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TMDs through jets and quarkonium 
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Part 1:  
TMD and groomed Jets

Part 2:  
EFT approach 



Part 1:TMD fragmentation within groomed Jets

- grooming procedure (soft-drop)  

- factorization of groomed jets with SCET 

- resummation in momentum space 

- resummation in impact parameter (b-)space  

- probing TMD evolution 

Light: arXiv:1712.07653: In collaboration with Duff Neill and Varun Vaidya 
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Heavy: arXiv:1807.09805: In collaboration with Varun Vaidya 

This Talk



C/A clustering algorithm 
 .  .  .  

- The algorithm is imposed only on the jet constituents 

- Record clustering history in each step

} Jet (R)

For details on soft-drop see: arXiv:1402.2657 A. J. Larkoski, S. Marzani, G. Soyez, and J. Thaler

Grooming algorithm: mMDT/soft-drop (         )� = 0
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- Particles closer in angle get clustered first



min{Ei, Ej}
Ei + Ej

> zcut

True 
Stop. Remaining particles 

consist groomed jet 

False 
Drop the softer of the two 

branchings

Declustering

“Declustering”  with the 
reverse order: 

 .  .  .  

i

j
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Grooming algorithm: mMDT/soft-drop (         )� = 0



 .  .  .  

- Isolates collinear-energetic radiation near the center of the jet

- Smaller sensitivity to underlying event  

Declustering

- Removes soft wide angle radiation sensitive to the cone/boundary    
  and non-global effects (NGLs) 
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Grooming algorithm: mMDT/soft-drop (         )� = 0



Factorization with groomed jets

d�

d~pJ dM =
X

i=g,q

Fi(Q,R, zcut, ~pJ , C) Ji(M, zcut, R,EJ)

Fraction of quark and gluon-initiated  
jets Independent of the  

measurement within the jet  

Collinear function describing 
radiation within groomed jet

C

M

: Collider specific + Initial conditions

: Measurements on the jet constituents (e.g. jets invariant mass) 
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Measurement

Jet/thrust axis 

groomed-Jet axis 

collimated spray of particles

jet algorithm grooming algorithm 
 (mMDT/soft-drop)

identified-hadron:h

Measurements: ~ph?, z =
Eh

EJ

Only the particles that pass the grooming process 
will determine the direction of the groomed-jet axis 
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�ph�
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Factorization with groomed jet(h)

groomed TMD Fragmenting 
Jet Function  (TMDFJF)

d�

d~pJ d~k?dzh
=

X

i=g,q

Fi(Q,R, zcut, ~pJ , C) Gi/h(zh,~k?, zcut, R,EJ)

   See also: 

- TMDFJF (measurement along the jet axis)   

   arXiv:1610.06508 (Reggie Bain, YM, Thomas Mehen) 
- JTMDFF (measurement along the winner-take-all axis) 

   arXiv:1612.04817 (Duff Neill, Ignazio Scimemi, Wouter J. Waalewĳn) 

- siTMDFJF (semi-inclusive) 
   arXiv:1705.08443 (Zhong-Bo Kang, Xiaohui Liu, Felix Ringer, Hongxi Xing)

is the transverse momentum of jet with respect to hadron~k?

~k? = �~ph?
zh

INT-18-3: Probing Nucleons and Nuclei in High Energy Collisions (week 2) Oct. 9 2018 9

Fraction of quark and gluon-initiated  
jets Independent of the  

measurement within the jet  



~pJ

~ph
~ph
T

~p J
T

~ph?

~k?

groomed-jet axis

hadron axis

beam axis

Groomed TMD fragmenting jet function

~k? = �~ph?
zh

~ph? = ~0

with respect to  
g-Jet axis 

with respect to  
hadron axis 
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soft

collinear-soft

collinear

pµs ⇠ zcutQ(1, 1, 1)

pµsc ⇠ zcutQ(�2
sc, 1,�sc)

pµc ⇠ Q(�2
c , 1,�c) �c =

ph?
Q

�sc =
ph?
zcutQ

ph? ⌧ zcutQ, zcut ⌧ R ⇠ 1

Factorization of the TMD (FJF) in SCET
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- collinear modes are energetic and always pass the grooming constraint 

- contains the non-perturbative information of the fragmentation process 

- describes collinear-soft radiation that can pass the grooming constraint 
- universal to all light hadrons independent of hadron’s 

energy fraction (zh)

independent of the cutoff parameter (zcut)

Factorization of the TMD (FJF) in SCET
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Matching onto collinear Fragmentation Functions 

Although                               is a fundamentally non-perturbative object, for                 

can be matched onto the collinear Fragmentation Functions:
k? � ⇤QCD

short distance matching coefficients 
and  collinear-soft  

calculable in perturbation theory 
rapidity divergences  

collinear 
Fragmentation 
Functions

Di/h

µ

µ ⇠ 1GeV

µ ⇠ k?

DGLAP

D?
i/h
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Renormalization Group and Resummation
Rapidity regulator and Rapidity Renormalization Group (RRG): 

Virtuality Renormalization Group (RG): 
⌫S = zcutQ ⌫D = Q

µS = µD = |~ph?|

µH ⇠ Q

RRG

RG

µ

⌫

J.-Y. Chiu, A. Jain, D. Neill and I. Z. Rothstein arXiv:1202.0814
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Talk by Ignazio S. for ambiguities   
regarding the path choice

d

d ln �
G(µ, �) = �G

� G(µ, �)
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d

d ln µ
G(µ, �) = �G

µ G(µ, �)
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�S
� + �D

� = 0
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The combined object soft+collinear does  
not evolve in rapidity 



NLL-Resummation in momentum space
Fourier Transform Solve RGE Inverse Fourier Tranform Fix Scales

GNLL
j/h (zh,~k?, zcut;µ) = V(~k?, zcut, µ0)U(µ, µ0)Dj/h(zh, µ0)

���
µ0=k?

V(~k?, zcut, µ) =
exp(�2�E!S)

⇡

�(1� !S)

�(!S)

1

µ2

⇣ µ2

k2?

⌘1�!S

U(µ, µ0) = exp
h
2⇡

�D⌦S(µ,zcut)

�0 ↵s(µ)
ln(↵s(µ0)/↵s(µ))

i

!S =
↵(µ)Ci

⇡
ln

⇣⌫D
⌫S

⌘

groomed TMDFJFtraditional TMDs

�↵(k?)Ci

⇡
ln(zcut)�↵(k?)Ci

⇡
ln

⇣k?
Q

⌘
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!S =
↵(µ)Ci

⇡
ln

⇣⌫D
⌫S

⌘

groomed TMDFJFtraditional TMDs

�↵(k?)Ci

⇡
ln(zcut)�↵(k?)Ci

⇡
ln

⇣k?
Q

⌘

Solution:  

Fix scales in coordinate space 
and take Fourier transform numerically 

In the perturbative region        is  
small, therefore we can fix the scales 
momentum space directly.   

!S

zcut = 0.1Common choice:

!S ⇠ 1 : Only in the non-perturbative  
regime 

NLL-Resummation in momentum space
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test against Pythia partonic shower: quark-to-quark case

NLL-Resummation in momentum space



Resummation in b-space

⌫S = zcutQ ⌫D = Q

µH ⇠ Q

RRG

RG

µ

⌫

µS = µD = µL ⇠ 1/b0

⌫S = zcutQ ⌫D = Q

µH ⇠ Q

µ

⌫

Rapidity anomalous dimension

Fourier Transform Solve RGE Fix Scales Inverse Fourier Tranform
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b⇤ =
bp

1 + (b/bmax)2
gK(b; bmax) ���!

b!0
0�S

⌫,i(µ) ! �S
⌫,i(µ)

���
b!b⇤

� gK(b; bmax)

Universal component of TMD observables:

Resummation in b-space
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Rapidity anomalous dimension



Non-perturbative TMD evolution 

b⇤ =
bp

1 + (b/bmax)2
�S
⌫,i(µ) ! �S

⌫,i(µ)
���
b!b⇤

� gK(b; bmax) gK(b; bmax) ���!
b!0

0

Model:Fits g2 bmax [GeV�1] bNP [GeV�1]

CSS:BNLY 2003 0.68 0.5 n.a.

CSS:KN 2006 0.18 1.5 n.a.

CSS:Pavia 2016 0.12 1.123 n.a.

AFGR: n.a. 0.10 0.5 2.0

BNLY:    arXiv:0212159       F. Landry, R. Brock, P.M. Nadolsky, C.-P. Yuan 
KN:       arXiv:0506225      A. V. Konychev, P. M. Nadolsky 

Pavia:    arXiv:1703.10157  A. Bacchetta,  F. Delcarro, C. Pisano, M. Radici, A Signori 

AFGR:   arXiv:1401.2654    C. A. Aidala, B. Field,  L. P. Gamberg, T. C. Rogers

CSS:

AFGR:
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NLL: momentum space vs b-space 
N d�

dk?
(e+e� ! jet+ jet(⇡)) CSS:
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Pavia:    arXiv:1703.10157  A. Bacchetta,  F. Delcarro, C. Pisano, M. Radici, A Signori 

Factorization

Perturbative region

Factorization



Rapidity anomalous dimension

variations of the cutoff parameter give as direct  
access to  the rapidity anomalous dimension: 

d

d ln zcut

h
N (zcut)

d�

dph?

i

Normalized  
cross section

b⇤ =
bp

1 + (b/bmax)2
gK(b; bmax) ���!

b!0
0�S

⌫,i(µ) ! �S
⌫,i(µ)

���
b!b⇤

� gK(b; bmax)

Universal component of TMD observables:

Resummation in b-space
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0.0

0.1

0.2

0.3

Perturbative region:  
Model independent 

Model dependent  
region:  
Good discriminating  
power over various  
models  

Proposed observable 
d

d ln zcut

h
N (zcut)

d�

dph?

i
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Summary

- Use EFT (SCET) for factorization and resummation of large logarithms 
- No logarithmic enhancements from boundary effects (NGLs) 
- Can easily extended for hadrons + jet substructure  (e.g. jet mass and 

angularities in preparation) 
- Observable easy to relate between e+ e- and EIC 
- This study was expanded for heavy quarks + threshold resummation 

- Groomed TMD fragmentation can be studied directly in momentum space 

- Good discriminating observable for extracting non-perturbative TMD evolution   

In the perturbative regime: 

In the non-perturbative regime: 

Study fragmentation within groomed jets:
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pQT ⇠ mQ
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Part 2: Effective Field Theory 
Approach for Quarkonium at Low pT
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Quarkonium production at moderate pT (standard NRQCD):

Quarkonium production at low pT (TMD region of NRQCD):

In collaboration with: Sean Fleming, and Thomas C. Mehen

1-slide review 

Preliminary



hO(2S+1L[1,8]
J )i ⇠ v3+2L+2E+4M

d�(a+ b ! Q+X) =
X

n

d�(a+ b ! QQ(n) +X)hOQ
n i

d�0(1 + ↵sC1 + ↵2
sC2 + ...)

NRQCD Scaling  
Rules

Perturbative expansion  
in the strong coupling.

Q
hO

Q
n i

QQ̄(n)
O

n
2 =  †

K
n�

O
Q
n = O

n
2
†

 
X

X

|X +QihX +Q|

!
O

n
2

ultra-soft 
+ 

soft

LDME: Long Distance Matrix Elements

n = 2S+1L[c]
J
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NRQCD Factorization
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NRQCD Factorization
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µ(v)s = mQv
<latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit>

µ(v)s = mQv
<latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit>

TMD/EFT Region NRQCD

Fragmentation 

Functions 

(+NRQCD)SFG…?

µc = µ(�)s = pT
<latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit><latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit><latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit><latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit>

Upsilon spectrum vs EFT regions



Many attempts that approach the problem in CEM and CSM

arXiv:1210.3432, Peng Sun, C.-P. Yuan, and Feng Yuan

NRQCD attempt (including evolution)

Cannot be improved the same way EFTs can.

CEM and CSM fail in other regions/aspects of quarkonium production 

Quarkonium at low pT (previous attempts)
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CGC methods 

arXiv:1408.4075, Yan-Qing Ma, Raju Venugopalan

Assumption: NRQCD factorization holds down to low pT?

small-x resummation/ NO pT/M resummation: OK for charmonium at LHC. 

arXiv:1503.07772, Yan-Qing Ma, Raju Venugopalan, and Hong-Fei Zhang



NRQCD+SCET scales and Lagrangian

L = LSCET + LNRQCD
<latexit sha1_base64="nBgtYWv1zsEFNg+9KUCi1P7c7l4=">AAACKXicbZDLSsNAFIYnXmu9VV26CRZBEEoigm6EYhVciLTaG7QhTKbTduhkEmZOxBLyOm58FTcKirr1RZxeFrXtgYGP/z+HOef3Qs4UWNa3sbC4tLyymlpLr29sbm1ndnarKogkoRUS8EDWPawoZ4JWgAGn9VBS7Huc1rxeYeDXHqlULBBl6IfU8XFHsDYjGLTkZvJNH0OXYB7fJhcT7MZNoE8QPxSuy0lyPMe5uy8VrpLEzWStnDUscxbsMWTRuIpu5r3ZCkjkUwGEY6UathWCE2MJjHCapJuRoiEmPdyhDY0C+1Q58fDSxDzUSstsB1I/AeZQnZyIsa9U3/d052BjNe0NxHleI4L2uRMzEUZABRl91I64CYE5iM1sMUkJ8L4GTCTTu5qkiyUmoMNN6xDs6ZNnoXqSs62cXTrN5i/HcaTQPjpAR8hGZyiPblARVRBBz+gVfaBP48V4M76Mn1HrgjGe2UP/yvj9A2dUqIg=</latexit><latexit sha1_base64="nBgtYWv1zsEFNg+9KUCi1P7c7l4=">AAACKXicbZDLSsNAFIYnXmu9VV26CRZBEEoigm6EYhVciLTaG7QhTKbTduhkEmZOxBLyOm58FTcKirr1RZxeFrXtgYGP/z+HOef3Qs4UWNa3sbC4tLyymlpLr29sbm1ndnarKogkoRUS8EDWPawoZ4JWgAGn9VBS7Huc1rxeYeDXHqlULBBl6IfU8XFHsDYjGLTkZvJNH0OXYB7fJhcT7MZNoE8QPxSuy0lyPMe5uy8VrpLEzWStnDUscxbsMWTRuIpu5r3ZCkjkUwGEY6UathWCE2MJjHCapJuRoiEmPdyhDY0C+1Q58fDSxDzUSstsB1I/AeZQnZyIsa9U3/d052BjNe0NxHleI4L2uRMzEUZABRl91I64CYE5iM1sMUkJ8L4GTCTTu5qkiyUmoMNN6xDs6ZNnoXqSs62cXTrN5i/HcaTQPjpAR8hGZyiPblARVRBBz+gVfaBP48V4M76Mn1HrgjGe2UP/yvj9A2dUqIg=</latexit><latexit sha1_base64="nBgtYWv1zsEFNg+9KUCi1P7c7l4=">AAACKXicbZDLSsNAFIYnXmu9VV26CRZBEEoigm6EYhVciLTaG7QhTKbTduhkEmZOxBLyOm58FTcKirr1RZxeFrXtgYGP/z+HOef3Qs4UWNa3sbC4tLyymlpLr29sbm1ndnarKogkoRUS8EDWPawoZ4JWgAGn9VBS7Huc1rxeYeDXHqlULBBl6IfU8XFHsDYjGLTkZvJNH0OXYB7fJhcT7MZNoE8QPxSuy0lyPMe5uy8VrpLEzWStnDUscxbsMWTRuIpu5r3ZCkjkUwGEY6UathWCE2MJjHCapJuRoiEmPdyhDY0C+1Q58fDSxDzUSstsB1I/AeZQnZyIsa9U3/d052BjNe0NxHleI4L2uRMzEUZABRl91I64CYE5iM1sMUkJ8L4GTCTTu5qkiyUmoMNN6xDs6ZNnoXqSs62cXTrN5i/HcaTQPjpAR8hGZyiPblARVRBBz+gVfaBP48V4M76Mn1HrgjGe2UP/yvj9A2dUqIg=</latexit><latexit sha1_base64="nBgtYWv1zsEFNg+9KUCi1P7c7l4=">AAACKXicbZDLSsNAFIYnXmu9VV26CRZBEEoigm6EYhVciLTaG7QhTKbTduhkEmZOxBLyOm58FTcKirr1RZxeFrXtgYGP/z+HOef3Qs4UWNa3sbC4tLyymlpLr29sbm1ndnarKogkoRUS8EDWPawoZ4JWgAGn9VBS7Huc1rxeYeDXHqlULBBl6IfU8XFHsDYjGLTkZvJNH0OXYB7fJhcT7MZNoE8QPxSuy0lyPMe5uy8VrpLEzWStnDUscxbsMWTRuIpu5r3ZCkjkUwGEY6UathWCE2MJjHCapJuRoiEmPdyhDY0C+1Q58fDSxDzUSstsB1I/AeZQnZyIsa9U3/d052BjNe0NxHleI4L2uRMzEUZABRl91I64CYE5iM1sMUkJ8L4GTCTTu5qkiyUmoMNN6xDs6ZNnoXqSs62cXTrN5i/HcaTQPjpAR8hGZyiPblARVRBBz+gVfaBP48V4M76Mn1HrgjGe2UP/yvj9A2dUqIg=</latexit>

pµc = (p+c , p
�
c , ~p

?
c ) ⇠ Q(�2, 1,�)

<latexit sha1_base64="cwqTceFTg5/SVe8OyEwoZYOvtd8="></latexit><latexit sha1_base64="cwqTceFTg5/SVe8OyEwoZYOvtd8="></latexit><latexit sha1_base64="cwqTceFTg5/SVe8OyEwoZYOvtd8="></latexit><latexit sha1_base64="cwqTceFTg5/SVe8OyEwoZYOvtd8="></latexit>

pµ(�)s = (p+(�)s, p
�
(�)s, ~p

?
(�)s) ⇠ Q(�,�,�)

<latexit sha1_base64="+v9ob7ZH8BlwXQPJm3mHRYuR8zM="></latexit><latexit sha1_base64="+v9ob7ZH8BlwXQPJm3mHRYuR8zM="></latexit><latexit sha1_base64="+v9ob7ZH8BlwXQPJm3mHRYuR8zM="></latexit><latexit sha1_base64="+v9ob7ZH8BlwXQPJm3mHRYuR8zM="></latexit>

pµ(v)s = (p+(v)s, p
�
(v)s, ~p

?
(v)s) ⇠ Q(v, v, v)

<latexit sha1_base64="hDfB765w6EHr204qhpjYhhejUQw="></latexit><latexit sha1_base64="hDfB765w6EHr204qhpjYhhejUQw="></latexit><latexit sha1_base64="hDfB765w6EHr204qhpjYhhejUQw="></latexit><latexit sha1_base64="hDfB765w6EHr204qhpjYhhejUQw="></latexit>

� =
pT
Q

<latexit sha1_base64="89swx0I/4pBBHmKkpi3jFiaQCIk=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJRNCNUHTjsoW+oAlhMpm0QycPZiZCCdn4K25cKOLWz3Dn3zhts9DWAwOHc87lzj1+yplUlvVtVNbWNza3qtu1nd29/QPz8Kgnk0wQ2iUJT8TAx5JyFtOuYorTQSoojnxO+/7kfub3H6mQLIk7appSN8KjmIWMYKUlzzxxuA4HGN0iJxSY5KnXKfJ24Zl1q2HNgVaJXZI6lGh55pcTJCSLaKwIx1IObStVbo6FYoTTouZkkqaYTPCIDjWNcUSlm88PKNC5VgIUJkK/WKG5+nsix5GU08jXyQirsVz2ZuJ/3jBT4Y2bszjNFI3JYlGYcaQSNGsDBUxQovhUE0wE039FZIx1D0p3VtMl2Msnr5LeZcO2Gnb7qt68K+uowimcwQXYcA1NeIAWdIFAAc/wCm/Gk/FivBsfi2jFKGeO4Q+Mzx81LZYn</latexit><latexit sha1_base64="89swx0I/4pBBHmKkpi3jFiaQCIk=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJRNCNUHTjsoW+oAlhMpm0QycPZiZCCdn4K25cKOLWz3Dn3zhts9DWAwOHc87lzj1+yplUlvVtVNbWNza3qtu1nd29/QPz8Kgnk0wQ2iUJT8TAx5JyFtOuYorTQSoojnxO+/7kfub3H6mQLIk7appSN8KjmIWMYKUlzzxxuA4HGN0iJxSY5KnXKfJ24Zl1q2HNgVaJXZI6lGh55pcTJCSLaKwIx1IObStVbo6FYoTTouZkkqaYTPCIDjWNcUSlm88PKNC5VgIUJkK/WKG5+nsix5GU08jXyQirsVz2ZuJ/3jBT4Y2bszjNFI3JYlGYcaQSNGsDBUxQovhUE0wE039FZIx1D0p3VtMl2Msnr5LeZcO2Gnb7qt68K+uowimcwQXYcA1NeIAWdIFAAc/wCm/Gk/FivBsfi2jFKGeO4Q+Mzx81LZYn</latexit><latexit sha1_base64="89swx0I/4pBBHmKkpi3jFiaQCIk=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJRNCNUHTjsoW+oAlhMpm0QycPZiZCCdn4K25cKOLWz3Dn3zhts9DWAwOHc87lzj1+yplUlvVtVNbWNza3qtu1nd29/QPz8Kgnk0wQ2iUJT8TAx5JyFtOuYorTQSoojnxO+/7kfub3H6mQLIk7appSN8KjmIWMYKUlzzxxuA4HGN0iJxSY5KnXKfJ24Zl1q2HNgVaJXZI6lGh55pcTJCSLaKwIx1IObStVbo6FYoTTouZkkqaYTPCIDjWNcUSlm88PKNC5VgIUJkK/WKG5+nsix5GU08jXyQirsVz2ZuJ/3jBT4Y2bszjNFI3JYlGYcaQSNGsDBUxQovhUE0wE039FZIx1D0p3VtMl2Msnr5LeZcO2Gnb7qt68K+uowimcwQXYcA1NeIAWdIFAAc/wCm/Gk/FivBsfi2jFKGeO4Q+Mzx81LZYn</latexit><latexit sha1_base64="89swx0I/4pBBHmKkpi3jFiaQCIk=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJRNCNUHTjsoW+oAlhMpm0QycPZiZCCdn4K25cKOLWz3Dn3zhts9DWAwOHc87lzj1+yplUlvVtVNbWNza3qtu1nd29/QPz8Kgnk0wQ2iUJT8TAx5JyFtOuYorTQSoojnxO+/7kfub3H6mQLIk7appSN8KjmIWMYKUlzzxxuA4HGN0iJxSY5KnXKfJ24Zl1q2HNgVaJXZI6lGh55pcTJCSLaKwIx1IObStVbo6FYoTTouZkkqaYTPCIDjWNcUSlm88PKNC5VgIUJkK/WKG5+nsix5GU08jXyQirsVz2ZuJ/3jBT4Y2bszjNFI3JYlGYcaQSNGsDBUxQovhUE0wE039FZIx1D0p3VtMl2Msnr5LeZcO2Gnb7qt68K+uowimcwQXYcA1NeIAWdIFAAc/wCm/Gk/FivBsfi2jFKGeO4Q+Mzx81LZYn</latexit>

µ(v)s = mQv
<latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit>

µc = µ(�)s = pT
<latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit><latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit><latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit><latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit>

µh = Q ⇠ mQ
<latexit sha1_base64="5m6Ad+8/+OxfCWAShCS/XpRVYTw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EYounHZgn1AE8JkOmmHzkzCzEQoITs3/oobF4q49Rfc+TdO2iy09cCFwzn3cu89YcKo0o7zbVVWVtfWN6qbta3tnd09e/+gq+JUYtLBMYtlP0SKMCpIR1PNSD+RBPGQkV44uS383gORisbiXk8T4nM0EjSiGGkjBfaxx9NgDK9hG3qKcsiDzONIjzFiWTvPA7vuNJwZ4DJxS1IHJVqB/eUNY5xyIjRmSKmB6yTaz5DUFDOS17xUkQThCRqRgaECcaL8bPZHDk+NMoRRLE0JDWfq74kMcaWmPDSdxY1q0SvE/7xBqqMrP6MiSTUReL4oShnUMSxCgUMqCdZsagjCkppbIR4jibA20dVMCO7iy8uke95wnYbbvqg3b8o4quAInIAz4IJL0AR3oAU6AINH8AxewZv1ZL1Y79bHvLVilTOH4A+szx8VIJjS</latexit><latexit sha1_base64="5m6Ad+8/+OxfCWAShCS/XpRVYTw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EYounHZgn1AE8JkOmmHzkzCzEQoITs3/oobF4q49Rfc+TdO2iy09cCFwzn3cu89YcKo0o7zbVVWVtfWN6qbta3tnd09e/+gq+JUYtLBMYtlP0SKMCpIR1PNSD+RBPGQkV44uS383gORisbiXk8T4nM0EjSiGGkjBfaxx9NgDK9hG3qKcsiDzONIjzFiWTvPA7vuNJwZ4DJxS1IHJVqB/eUNY5xyIjRmSKmB6yTaz5DUFDOS17xUkQThCRqRgaECcaL8bPZHDk+NMoRRLE0JDWfq74kMcaWmPDSdxY1q0SvE/7xBqqMrP6MiSTUReL4oShnUMSxCgUMqCdZsagjCkppbIR4jibA20dVMCO7iy8uke95wnYbbvqg3b8o4quAInIAz4IJL0AR3oAU6AINH8AxewZv1ZL1Y79bHvLVilTOH4A+szx8VIJjS</latexit><latexit sha1_base64="5m6Ad+8/+OxfCWAShCS/XpRVYTw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EYounHZgn1AE8JkOmmHzkzCzEQoITs3/oobF4q49Rfc+TdO2iy09cCFwzn3cu89YcKo0o7zbVVWVtfWN6qbta3tnd09e/+gq+JUYtLBMYtlP0SKMCpIR1PNSD+RBPGQkV44uS383gORisbiXk8T4nM0EjSiGGkjBfaxx9NgDK9hG3qKcsiDzONIjzFiWTvPA7vuNJwZ4DJxS1IHJVqB/eUNY5xyIjRmSKmB6yTaz5DUFDOS17xUkQThCRqRgaECcaL8bPZHDk+NMoRRLE0JDWfq74kMcaWmPDSdxY1q0SvE/7xBqqMrP6MiSTUReL4oShnUMSxCgUMqCdZsagjCkppbIR4jibA20dVMCO7iy8uke95wnYbbvqg3b8o4quAInIAz4IJL0AR3oAU6AINH8AxewZv1ZL1Y79bHvLVilTOH4A+szx8VIJjS</latexit><latexit sha1_base64="5m6Ad+8/+OxfCWAShCS/XpRVYTw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EYounHZgn1AE8JkOmmHzkzCzEQoITs3/oobF4q49Rfc+TdO2iy09cCFwzn3cu89YcKo0o7zbVVWVtfWN6qbta3tnd09e/+gq+JUYtLBMYtlP0SKMCpIR1PNSD+RBPGQkV44uS383gORisbiXk8T4nM0EjSiGGkjBfaxx9NgDK9hG3qKcsiDzONIjzFiWTvPA7vuNJwZ4DJxS1IHJVqB/eUNY5xyIjRmSKmB6yTaz5DUFDOS17xUkQThCRqRgaECcaL8bPZHDk+NMoRRLE0JDWfq74kMcaWmPDSdxY1q0SvE/7xBqqMrP6MiSTUReL4oShnUMSxCgUMqCdZsagjCkppbIR4jibA20dVMCO7iy8uke95wnYbbvqg3b8o4quAInIAz4IJL0AR3oAU6AINH8AxewZv1ZL1Y79bHvLVilTOH4A+szx8VIJjS</latexit>

µus = mQv
2

<latexit sha1_base64="3zSsp570CvnjWNSKRsNXKNqgVf8=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0I1QdOOyBfuANobJdNIOnZmEeRRL6K+4caGIW3/EnX/jtM1CWw9cOJxzL/feE6WMKu15305hY3Nre6e4W9rbPzg8co/LbZUYiUkLJyyR3QgpwqggLU01I91UEsQjRjrR+G7udyZEKpqIBz1NScDRUNCYYqStFLrlPjdhZtQM3kAeNuHksRa6Fa/qLQDXiZ+TCsjRCN2v/iDBhhOhMUNK9Xwv1UGGpKaYkVmpbxRJER6jIelZKhAnKsgWt8/guVUGME6kLaHhQv09kSGu1JRHtpMjPVKr3lz8z+sZHV8HGRWp0UTg5aLYMKgTOA8CDqgkWLOpJQhLam+FeIQkwtrGVbIh+Ksvr5N2rep7Vb95Wanf5nEUwSk4AxfAB1egDu5BA7QABk/gGbyCN2fmvDjvzseyteDkMyfgD5zPH8uNk5w=</latexit><latexit sha1_base64="3zSsp570CvnjWNSKRsNXKNqgVf8=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0I1QdOOyBfuANobJdNIOnZmEeRRL6K+4caGIW3/EnX/jtM1CWw9cOJxzL/feE6WMKu15305hY3Nre6e4W9rbPzg8co/LbZUYiUkLJyyR3QgpwqggLU01I91UEsQjRjrR+G7udyZEKpqIBz1NScDRUNCYYqStFLrlPjdhZtQM3kAeNuHksRa6Fa/qLQDXiZ+TCsjRCN2v/iDBhhOhMUNK9Xwv1UGGpKaYkVmpbxRJER6jIelZKhAnKsgWt8/guVUGME6kLaHhQv09kSGu1JRHtpMjPVKr3lz8z+sZHV8HGRWp0UTg5aLYMKgTOA8CDqgkWLOpJQhLam+FeIQkwtrGVbIh+Ksvr5N2rep7Vb95Wanf5nEUwSk4AxfAB1egDu5BA7QABk/gGbyCN2fmvDjvzseyteDkMyfgD5zPH8uNk5w=</latexit><latexit sha1_base64="3zSsp570CvnjWNSKRsNXKNqgVf8=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0I1QdOOyBfuANobJdNIOnZmEeRRL6K+4caGIW3/EnX/jtM1CWw9cOJxzL/feE6WMKu15305hY3Nre6e4W9rbPzg8co/LbZUYiUkLJyyR3QgpwqggLU01I91UEsQjRjrR+G7udyZEKpqIBz1NScDRUNCYYqStFLrlPjdhZtQM3kAeNuHksRa6Fa/qLQDXiZ+TCsjRCN2v/iDBhhOhMUNK9Xwv1UGGpKaYkVmpbxRJER6jIelZKhAnKsgWt8/guVUGME6kLaHhQv09kSGu1JRHtpMjPVKr3lz8z+sZHV8HGRWp0UTg5aLYMKgTOA8CDqgkWLOpJQhLam+FeIQkwtrGVbIh+Ksvr5N2rep7Vb95Wanf5nEUwSk4AxfAB1egDu5BA7QABk/gGbyCN2fmvDjvzseyteDkMyfgD5zPH8uNk5w=</latexit><latexit sha1_base64="3zSsp570CvnjWNSKRsNXKNqgVf8=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0I1QdOOyBfuANobJdNIOnZmEeRRL6K+4caGIW3/EnX/jtM1CWw9cOJxzL/feE6WMKu15305hY3Nre6e4W9rbPzg8co/LbZUYiUkLJyyR3QgpwqggLU01I91UEsQjRjrR+G7udyZEKpqIBz1NScDRUNCYYqStFLrlPjdhZtQM3kAeNuHksRa6Fa/qLQDXiZ+TCsjRCN2v/iDBhhOhMUNK9Xwv1UGGpKaYkVmpbxRJER6jIelZKhAnKsgWt8/guVUGME6kLaHhQv09kSGu1JRHtpMjPVKr3lz8z+sZHV8HGRWp0UTg5aLYMKgTOA8CDqgkWLOpJQhLam+FeIQkwtrGVbIh+Ksvr5N2rep7Vb95Wanf5nEUwSk4AxfAB1egDu5BA7QABk/gGbyCN2fmvDjvzseyteDkMyfgD5zPH8uNk5w=</latexit>

⇤QCD
<latexit sha1_base64="1dagekmFod/sAnc5LFz2swO6yms=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokIuizWhQsXLdgHNCFMJpN26GQSZm7EGoq/4saFIm79D3f+jdM2C209MHA451zunROknCmw7W9jaXlldW29tFHe3Nre2TX39tsqySShLZLwRHYDrChngraAAafdVFIcB5x2gmF94nfuqVQsEXcwSqkX475gESMYtOSbh+6tDofYz12gD5A369fjsW9W7Ko9hbVInIJUUIGGb365YUKymAogHCvVc+wUvBxLYITTcdnNFE0xGeI+7WkqcEyVl0+vH1snWgmtKJH6CbCm6u+JHMdKjeJAJ2MMAzXvTcT/vF4G0aWXM5FmQAWZLYoybkFiTaqwQiYpAT7SBBPJ9K0WGWCJCejCyroEZ/7Li6R9VnXsqtM8r9SuijpK6Agdo1PkoAtUQzeogVqIoEf0jF7Rm/FkvBjvxscsumQUMwfoD4zPH6h6lVg=</latexit><latexit sha1_base64="1dagekmFod/sAnc5LFz2swO6yms=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokIuizWhQsXLdgHNCFMJpN26GQSZm7EGoq/4saFIm79D3f+jdM2C209MHA451zunROknCmw7W9jaXlldW29tFHe3Nre2TX39tsqySShLZLwRHYDrChngraAAafdVFIcB5x2gmF94nfuqVQsEXcwSqkX475gESMYtOSbh+6tDofYz12gD5A369fjsW9W7Ko9hbVInIJUUIGGb365YUKymAogHCvVc+wUvBxLYITTcdnNFE0xGeI+7WkqcEyVl0+vH1snWgmtKJH6CbCm6u+JHMdKjeJAJ2MMAzXvTcT/vF4G0aWXM5FmQAWZLYoybkFiTaqwQiYpAT7SBBPJ9K0WGWCJCejCyroEZ/7Li6R9VnXsqtM8r9SuijpK6Agdo1PkoAtUQzeogVqIoEf0jF7Rm/FkvBjvxscsumQUMwfoD4zPH6h6lVg=</latexit><latexit sha1_base64="1dagekmFod/sAnc5LFz2swO6yms=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokIuizWhQsXLdgHNCFMJpN26GQSZm7EGoq/4saFIm79D3f+jdM2C209MHA451zunROknCmw7W9jaXlldW29tFHe3Nre2TX39tsqySShLZLwRHYDrChngraAAafdVFIcB5x2gmF94nfuqVQsEXcwSqkX475gESMYtOSbh+6tDofYz12gD5A369fjsW9W7Ko9hbVInIJUUIGGb365YUKymAogHCvVc+wUvBxLYITTcdnNFE0xGeI+7WkqcEyVl0+vH1snWgmtKJH6CbCm6u+JHMdKjeJAJ2MMAzXvTcT/vF4G0aWXM5FmQAWZLYoybkFiTaqwQiYpAT7SBBPJ9K0WGWCJCejCyroEZ/7Li6R9VnXsqtM8r9SuijpK6Agdo1PkoAtUQzeogVqIoEf0jF7Rm/FkvBjvxscsumQUMwfoD4zPH6h6lVg=</latexit><latexit sha1_base64="1dagekmFod/sAnc5LFz2swO6yms=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokIuizWhQsXLdgHNCFMJpN26GQSZm7EGoq/4saFIm79D3f+jdM2C209MHA451zunROknCmw7W9jaXlldW29tFHe3Nre2TX39tsqySShLZLwRHYDrChngraAAafdVFIcB5x2gmF94nfuqVQsEXcwSqkX475gESMYtOSbh+6tDofYz12gD5A369fjsW9W7Ko9hbVInIJUUIGGb365YUKymAogHCvVc+wUvBxLYITTcdnNFE0xGeI+7WkqcEyVl0+vH1snWgmtKJH6CbCm6u+JHMdKjeJAJ2MMAzXvTcT/vF4G0aWXM5FmQAWZLYoybkFiTaqwQiYpAT7SBBPJ9K0WGWCJCejCyroEZ/7Li6R9VnXsqtM8r9SuijpK6Agdo1PkoAtUQzeogVqIoEf0jF7Rm/FkvBjvxscsumQUMwfoD4zPH6h6lVg=</latexit>
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+ heavy quarks 
  

+ ultra-soft 



NRQCD at low pT - Factorization 
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<latexit sha1_base64="8Q7Wwy1FxDfjP/SF0Elo4J7tUJg="></latexit><latexit sha1_base64="8Q7Wwy1FxDfjP/SF0Elo4J7tUJg="></latexit><latexit sha1_base64="8Q7Wwy1FxDfjP/SF0Elo4J7tUJg="></latexit><latexit sha1_base64="8Q7Wwy1FxDfjP/SF0Elo4J7tUJg="></latexit>

Factorize the cross section using BPS field redefinition for 
decoupling collinear and heavy from ultra-soft modes. 
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NRQCD at low pT - Hard function 
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Factorize the cross section using BPS field redefinition for 
decoupling collinear and heavy from ultra-soft modes. 
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NRQCD at low pT - Beam function 
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Factorize the cross section using BPS field redefinition for 
decoupling collinear and heavy from ultra-soft modes. 
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Factorize the cross section using BPS field redefinition for 
decoupling collinear and heavy from ultra-soft modes. 

O
QCD
2+2 = (q̄i�qi)(Q̄�0Q)

<latexit sha1_base64="TM3WUqyJXDJVhrXI9clXyF2jfTw="></latexit><latexit sha1_base64="TM3WUqyJXDJVhrXI9clXyF2jfTw="></latexit><latexit sha1_base64="TM3WUqyJXDJVhrXI9clXyF2jfTw="></latexit><latexit sha1_base64="TM3WUqyJXDJVhrXI9clXyF2jfTw="></latexit>

d�

dy d2pT

=
X

n

⇣
�0(n)

m
2

s

⌘
⇥H

n
ij ⇥ Bi(x1)⌦ Bj(x2)⌦ S

Q
n ⇥

⇣
1 +O(�)

⌘

<latexit sha1_base64="uxKTNX99cX4LqLRNgDqFlaUEyQ4="></latexit><latexit sha1_base64="uxKTNX99cX4LqLRNgDqFlaUEyQ4="></latexit><latexit sha1_base64="uxKTNX99cX4LqLRNgDqFlaUEyQ4="></latexit><latexit sha1_base64="uxKTNX99cX4LqLRNgDqFlaUEyQ4="></latexit>

O
SCET
2 = ⇠̄nB̄

�⇠nB
<latexit sha1_base64="EqP5dHwtgCIokvMHUJqTHDukcCs="></latexit><latexit sha1_base64="EqP5dHwtgCIokvMHUJqTHDukcCs="></latexit><latexit sha1_base64="EqP5dHwtgCIokvMHUJqTHDukcCs="></latexit><latexit sha1_base64="EqP5dHwtgCIokvMHUJqTHDukcCs="></latexit>

NRQCD at low pT - Shape function

Quarkonium TMD shape function:
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S-waves: octet case, not IR finite cross section !

O
QCD(2 + 2) !

X

n

Cn
(2+2)

⇣
O

SCET
2 ⇥O

n
2

⌘

<latexit sha1_base64="8Q7Wwy1FxDfjP/SF0Elo4J7tUJg="></latexit><latexit sha1_base64="8Q7Wwy1FxDfjP/SF0Elo4J7tUJg="></latexit><latexit sha1_base64="8Q7Wwy1FxDfjP/SF0Elo4J7tUJg="></latexit><latexit sha1_base64="8Q7Wwy1FxDfjP/SF0Elo4J7tUJg="></latexit>

Factorize the cross section using BPS field redefinition for 
decoupling collinear and heavy from ultra-soft modes. 
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NRQCD at low pT - Shape function

Quarkonium TMD shape function:
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<latexit sha1_base64="CY7vZVm4ZwgXVQgGb6vouYNrD2c=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCQi6EZo68ZlhT5p0jCZTNqhkwczE6GE/IQbf8WNC0XcCu78GydtFtp64MLhnHu59x43ZlRIw/jWVlbX1jc2S1vl7Z3dvX394LAjooRj0sYRi3jPRYIwGpK2pJKRXswJClxGuu7kNve7D4QLGoUtOY2JHaBRSH2KkVSSo5/3nWSYWh4aZa1hHfadNMngDbQCJMcYsbSf5X69kcHWsOHoFaNqzACXiVmQCijQdPQvy4twEpBQYoaEGJhGLO0UcUkxI1nZSgSJEZ6gERkoGqKACDudfZXBU6V40I+4qlDCmfp7IkWBENPAVZ35tWLRy8X/vEEi/Ws7pWGcSBLi+SI/YVBGMI8IepQTLNlUEYQ5VbdCPEYcYamCLKsQzMWXl0nnomoaVfP+slJrFHGUwDE4AWfABFegBu5AE7QBBo/gGbyCN+1Je9HetY9564pWzByBP9A+fwCRMp5r</latexit><latexit sha1_base64="CY7vZVm4ZwgXVQgGb6vouYNrD2c=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCQi6EZo68ZlhT5p0jCZTNqhkwczE6GE/IQbf8WNC0XcCu78GydtFtp64MLhnHu59x43ZlRIw/jWVlbX1jc2S1vl7Z3dvX394LAjooRj0sYRi3jPRYIwGpK2pJKRXswJClxGuu7kNve7D4QLGoUtOY2JHaBRSH2KkVSSo5/3nWSYWh4aZa1hHfadNMngDbQCJMcYsbSf5X69kcHWsOHoFaNqzACXiVmQCijQdPQvy4twEpBQYoaEGJhGLO0UcUkxI1nZSgSJEZ6gERkoGqKACDudfZXBU6V40I+4qlDCmfp7IkWBENPAVZ35tWLRy8X/vEEi/Ws7pWGcSBLi+SI/YVBGMI8IepQTLNlUEYQ5VbdCPEYcYamCLKsQzMWXl0nnomoaVfP+slJrFHGUwDE4AWfABFegBu5AE7QBBo/gGbyCN+1Je9HetY9564pWzByBP9A+fwCRMp5r</latexit><latexit sha1_base64="CY7vZVm4ZwgXVQgGb6vouYNrD2c=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCQi6EZo68ZlhT5p0jCZTNqhkwczE6GE/IQbf8WNC0XcCu78GydtFtp64MLhnHu59x43ZlRIw/jWVlbX1jc2S1vl7Z3dvX394LAjooRj0sYRi3jPRYIwGpK2pJKRXswJClxGuu7kNve7D4QLGoUtOY2JHaBRSH2KkVSSo5/3nWSYWh4aZa1hHfadNMngDbQCJMcYsbSf5X69kcHWsOHoFaNqzACXiVmQCijQdPQvy4twEpBQYoaEGJhGLO0UcUkxI1nZSgSJEZ6gERkoGqKACDudfZXBU6V40I+4qlDCmfp7IkWBENPAVZ35tWLRy8X/vEEi/Ws7pWGcSBLi+SI/YVBGMI8IepQTLNlUEYQ5VbdCPEYcYamCLKsQzMWXl0nnomoaVfP+slJrFHGUwDE4AWfABFegBu5AE7QBBo/gGbyCN+1Je9HetY9564pWzByBP9A+fwCRMp5r</latexit><latexit sha1_base64="CY7vZVm4ZwgXVQgGb6vouYNrD2c=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCQi6EZo68ZlhT5p0jCZTNqhkwczE6GE/IQbf8WNC0XcCu78GydtFtp64MLhnHu59x43ZlRIw/jWVlbX1jc2S1vl7Z3dvX394LAjooRj0sYRi3jPRYIwGpK2pJKRXswJClxGuu7kNve7D4QLGoUtOY2JHaBRSH2KkVSSo5/3nWSYWh4aZa1hHfadNMngDbQCJMcYsbSf5X69kcHWsOHoFaNqzACXiVmQCijQdPQvy4twEpBQYoaEGJhGLO0UcUkxI1nZSgSJEZ6gERkoGqKACDudfZXBU6V40I+4qlDCmfp7IkWBENPAVZ35tWLRy8X/vEEi/Ws7pWGcSBLi+SI/YVBGMI8IepQTLNlUEYQ5VbdCPEYcYamCLKsQzMWXl0nnomoaVfP+slJrFHGUwDE4AWfABFegBu5AE7QBBo/gGbyCN+1Je9HetY9564pWzByBP9A+fwCRMp5r</latexit>

O
[8]
2 ! O

[8]
2 Yu

<latexit sha1_base64="22khPUYxoQtN55FaMlwq1gvzhV4=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCq5IUwborunFnBXuRNIbJdNIOnUzCzEQoIc/ixldx40JRV4IP46SNoG1/GPj5zjnMOb8fMyqVZX0ZS8srq2vrpY3y5tb2zq65t9+WUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj+6zOudByIkjfitGsfEDdGA04BipDTyzPNeiNQQI5ZeZ17tPnXqbgZ7KoIL+S+7y7zEMytW1ZoIzhu7MBVQqOmZH71+hJOQcIUZktKxrVi5KRKKYkayci+RJEZ4hAbE0ZajkEg3nZyYwWNN+jCIhH5cwQn9O5GiUMpx6OvOfEk5W8vhopqTqKDuppTHiSIcTz8KEgZ1BHlesE8FwYqNtUFYUL0rxEMkEFY61bIOwZ49ed60a1Xbqto3p5XGRRFHCRyCI3ACbHAGGuAKNEELYPAInsEreDOejBfj3ficti4ZxcwB+Cfj+wfwS6SH</latexit><latexit sha1_base64="22khPUYxoQtN55FaMlwq1gvzhV4=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCq5IUwborunFnBXuRNIbJdNIOnUzCzEQoIc/ixldx40JRV4IP46SNoG1/GPj5zjnMOb8fMyqVZX0ZS8srq2vrpY3y5tb2zq65t9+WUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj+6zOudByIkjfitGsfEDdGA04BipDTyzPNeiNQQI5ZeZ17tPnXqbgZ7KoIL+S+7y7zEMytW1ZoIzhu7MBVQqOmZH71+hJOQcIUZktKxrVi5KRKKYkayci+RJEZ4hAbE0ZajkEg3nZyYwWNN+jCIhH5cwQn9O5GiUMpx6OvOfEk5W8vhopqTqKDuppTHiSIcTz8KEgZ1BHlesE8FwYqNtUFYUL0rxEMkEFY61bIOwZ49ed60a1Xbqto3p5XGRRFHCRyCI3ACbHAGGuAKNEELYPAInsEreDOejBfj3ficti4ZxcwB+Cfj+wfwS6SH</latexit><latexit sha1_base64="22khPUYxoQtN55FaMlwq1gvzhV4=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCq5IUwborunFnBXuRNIbJdNIOnUzCzEQoIc/ixldx40JRV4IP46SNoG1/GPj5zjnMOb8fMyqVZX0ZS8srq2vrpY3y5tb2zq65t9+WUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj+6zOudByIkjfitGsfEDdGA04BipDTyzPNeiNQQI5ZeZ17tPnXqbgZ7KoIL+S+7y7zEMytW1ZoIzhu7MBVQqOmZH71+hJOQcIUZktKxrVi5KRKKYkayci+RJEZ4hAbE0ZajkEg3nZyYwWNN+jCIhH5cwQn9O5GiUMpx6OvOfEk5W8vhopqTqKDuppTHiSIcTz8KEgZ1BHlesE8FwYqNtUFYUL0rxEMkEFY61bIOwZ49ed60a1Xbqto3p5XGRRFHCRyCI3ACbHAGGuAKNEELYPAInsEreDOejBfj3ficti4ZxcwB+Cfj+wfwS6SH</latexit><latexit sha1_base64="22khPUYxoQtN55FaMlwq1gvzhV4=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCq5IUwborunFnBXuRNIbJdNIOnUzCzEQoIc/ixldx40JRV4IP46SNoG1/GPj5zjnMOb8fMyqVZX0ZS8srq2vrpY3y5tb2zq65t9+WUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj+6zOudByIkjfitGsfEDdGA04BipDTyzPNeiNQQI5ZeZ17tPnXqbgZ7KoIL+S+7y7zEMytW1ZoIzhu7MBVQqOmZH71+hJOQcIUZktKxrVi5KRKKYkayci+RJEZ4hAbE0ZajkEg3nZyYwWNN+jCIhH5cwQn9O5GiUMpx6OvOfEk5W8vhopqTqKDuppTHiSIcTz8KEgZ1BHlesE8FwYqNtUFYUL0rxEMkEFY61bIOwZ49ed60a1Xbqto3p5XGRRFHCRyCI3ACbHAGGuAKNEELYPAInsEreDOejBfj3ficti4ZxcwB+Cfj+wfwS6SH</latexit>

OctetSinglet 
K1 = �ab �(

2S+1LJ)
<latexit sha1_base64="zMpb9mx0nDPqy1WwC7BMOyNh/Yc="></latexit><latexit sha1_base64="zMpb9mx0nDPqy1WwC7BMOyNh/Yc="></latexit><latexit sha1_base64="zMpb9mx0nDPqy1WwC7BMOyNh/Yc="></latexit><latexit sha1_base64="zMpb9mx0nDPqy1WwC7BMOyNh/Yc="></latexit>

Y †
uYu = 1

<latexit sha1_base64="m1NL/m+yjYjEbszweCSdF7zggkQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQE3QhFNy4r2BdtDJPJpB06mYR5CCHEX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nSBmVynG+rZXVtfWNzcpWdXtnd2/fPjjsyEQLTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBtMbqZ+95EISRN+r7KUeDEacRpRjJSRfLvW9/VDPgzRqIB9P9cFvHJ9u+40nBngMnFLUgclWr79NQwTrGPCFWZIyoHrpMrLkVAUM1JUh1qSFOEJGpGBoRzFRHr57PgCnhglhFEiTHEFZ+rviRzFUmZxYDpjpMZy0ZuK/3kDraJLL6c81YpwPF8UaQZVAqdJwJAKghXLDEFYUHMrxGMkEFYmr6oJwV18eZl0zhqu03DvzuvN6zKOCjgCx+AUuOACNMEtaIE2wCADz+AVvFlP1ov1bn3MW1escqYG/sD6/AHs5pRH</latexit><latexit sha1_base64="m1NL/m+yjYjEbszweCSdF7zggkQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQE3QhFNy4r2BdtDJPJpB06mYR5CCHEX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nSBmVynG+rZXVtfWNzcpWdXtnd2/fPjjsyEQLTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBtMbqZ+95EISRN+r7KUeDEacRpRjJSRfLvW9/VDPgzRqIB9P9cFvHJ9u+40nBngMnFLUgclWr79NQwTrGPCFWZIyoHrpMrLkVAUM1JUh1qSFOEJGpGBoRzFRHr57PgCnhglhFEiTHEFZ+rviRzFUmZxYDpjpMZy0ZuK/3kDraJLL6c81YpwPF8UaQZVAqdJwJAKghXLDEFYUHMrxGMkEFYmr6oJwV18eZl0zhqu03DvzuvN6zKOCjgCx+AUuOACNMEtaIE2wCADz+AVvFlP1ov1bn3MW1escqYG/sD6/AHs5pRH</latexit><latexit sha1_base64="m1NL/m+yjYjEbszweCSdF7zggkQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQE3QhFNy4r2BdtDJPJpB06mYR5CCHEX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nSBmVynG+rZXVtfWNzcpWdXtnd2/fPjjsyEQLTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBtMbqZ+95EISRN+r7KUeDEacRpRjJSRfLvW9/VDPgzRqIB9P9cFvHJ9u+40nBngMnFLUgclWr79NQwTrGPCFWZIyoHrpMrLkVAUM1JUh1qSFOEJGpGBoRzFRHr57PgCnhglhFEiTHEFZ+rviRzFUmZxYDpjpMZy0ZuK/3kDraJLL6c81YpwPF8UaQZVAqdJwJAKghXLDEFYUHMrxGMkEFYmr6oJwV18eZl0zhqu03DvzuvN6zKOCjgCx+AUuOACNMEtaIE2wCADz+AVvFlP1ov1bn3MW1escqYG/sD6/AHs5pRH</latexit><latexit sha1_base64="m1NL/m+yjYjEbszweCSdF7zggkQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQE3QhFNy4r2BdtDJPJpB06mYR5CCHEX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nSBmVynG+rZXVtfWNzcpWdXtnd2/fPjjsyEQLTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBtMbqZ+95EISRN+r7KUeDEacRpRjJSRfLvW9/VDPgzRqIB9P9cFvHJ9u+40nBngMnFLUgclWr79NQwTrGPCFWZIyoHrpMrLkVAUM1JUh1qSFOEJGpGBoRzFRHr57PgCnhglhFEiTHEFZ+rviRzFUmZxYDpjpMZy0ZuK/3kDraJLL6c81YpwPF8UaQZVAqdJwJAKghXLDEFYUHMrxGMkEFYmr6oJwV18eZl0zhqu03DvzuvN6zKOCjgCx+AUuOACNMEtaIE2wCADz+AVvFlP1ov1bn3MW1escqYG/sD6/AHs5pRH</latexit>

O
[1]
2 ! O

[1]
2

<latexit sha1_base64="AuBy0GTf+drx0hJDc3EaTzCmhxE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJIUQZdFN+6sYB+QxDCZTtqhk0mYmQgl5CPc+CtuXCji1oU7/8ZJm4W2PTBwOOde5p4TJIxKZVk/RmVldW19o7pZ29re2d0z9w+6Mk4FJh0cs1j0AyQJo5x0FFWM9BNBUBQw0gvG14XfeyRC0pjfq0lCvAgNOQ0pRkpLvnnmRkiNMGLZbe43HzLH9nLoqhgu0X2zbjWsKeAisUtSByXavvntDmKcRoQrzJCUjm0lysuQUBQzktfcVJIE4TEaEkdTjiIivWwaKocnWhnAMBb6cQWn6t+NDEVSTqJATxanynmvEJd5TqrCSy+jPEkV4Xj2UZgyqEMXDcEBFQQrNtEEYUH1rRCPkEBY6R5rugR7PvIi6TYbttWw787rrauyjio4AsfgFNjgArTADWiDDsDgCbyAN/BuPBuvxofxORutGOXOIfgH4+sXfICecg==</latexit><latexit sha1_base64="AuBy0GTf+drx0hJDc3EaTzCmhxE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJIUQZdFN+6sYB+QxDCZTtqhk0mYmQgl5CPc+CtuXCji1oU7/8ZJm4W2PTBwOOde5p4TJIxKZVk/RmVldW19o7pZ29re2d0z9w+6Mk4FJh0cs1j0AyQJo5x0FFWM9BNBUBQw0gvG14XfeyRC0pjfq0lCvAgNOQ0pRkpLvnnmRkiNMGLZbe43HzLH9nLoqhgu0X2zbjWsKeAisUtSByXavvntDmKcRoQrzJCUjm0lysuQUBQzktfcVJIE4TEaEkdTjiIivWwaKocnWhnAMBb6cQWn6t+NDEVSTqJATxanynmvEJd5TqrCSy+jPEkV4Xj2UZgyqEMXDcEBFQQrNtEEYUH1rRCPkEBY6R5rugR7PvIi6TYbttWw787rrauyjio4AsfgFNjgArTADWiDDsDgCbyAN/BuPBuvxofxORutGOXOIfgH4+sXfICecg==</latexit><latexit sha1_base64="AuBy0GTf+drx0hJDc3EaTzCmhxE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJIUQZdFN+6sYB+QxDCZTtqhk0mYmQgl5CPc+CtuXCji1oU7/8ZJm4W2PTBwOOde5p4TJIxKZVk/RmVldW19o7pZ29re2d0z9w+6Mk4FJh0cs1j0AyQJo5x0FFWM9BNBUBQw0gvG14XfeyRC0pjfq0lCvAgNOQ0pRkpLvnnmRkiNMGLZbe43HzLH9nLoqhgu0X2zbjWsKeAisUtSByXavvntDmKcRoQrzJCUjm0lysuQUBQzktfcVJIE4TEaEkdTjiIivWwaKocnWhnAMBb6cQWn6t+NDEVSTqJATxanynmvEJd5TqrCSy+jPEkV4Xj2UZgyqEMXDcEBFQQrNtEEYUH1rRCPkEBY6R5rugR7PvIi6TYbttWw787rrauyjio4AsfgFNjgArTADWiDDsDgCbyAN/BuPBuvxofxORutGOXOIfgH4+sXfICecg==</latexit><latexit sha1_base64="AuBy0GTf+drx0hJDc3EaTzCmhxE=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJIUQZdFN+6sYB+QxDCZTtqhk0mYmQgl5CPc+CtuXCji1oU7/8ZJm4W2PTBwOOde5p4TJIxKZVk/RmVldW19o7pZ29re2d0z9w+6Mk4FJh0cs1j0AyQJo5x0FFWM9BNBUBQw0gvG14XfeyRC0pjfq0lCvAgNOQ0pRkpLvnnmRkiNMGLZbe43HzLH9nLoqhgu0X2zbjWsKeAisUtSByXavvntDmKcRoQrzJCUjm0lysuQUBQzktfcVJIE4TEaEkdTjiIivWwaKocnWhnAMBb6cQWn6t+NDEVSTqJATxanynmvEJd5TqrCSy+jPEkV4Xj2UZgyqEMXDcEBFQQrNtEEYUH1rRCPkEBY6R5rugR7PvIi6TYbttWw787rrauyjio4AsfgFNjgArTADWiDDsDgCbyAN/BuPBuvxofxORutGOXOIfgH4+sXfICecg==</latexit>

 ! Yu 
<latexit sha1_base64="D4xSZ3ff8wdQV7CUX5WoP3SArok=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9iFNCJPppB06mYSZiVBC/RU3LhRx64e482+ctFlo64GBM+fcy733hClnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjrkoySWiHJDyR/RArypmgHc00p/1UUhyHnPbCyU3h9x6pVCwR93qaUj/GI8EiRrA2UmDXvVQx5OkEPQR5NkPFN7AbTtOZA60StyQNKNEO7C9vmJAspkITjpUauE6q/RxLzQins5qXKZpiMsEjOjBU4JgqP58vP0OnRhmiKJHmCY3m6u+OHMdKTePQVMZYj9WyV4j/eYNMR1d+zkSaaSrIYlCUcWRuLZJAQyYp0XxqCCaSmV0RGWOJiTZ51UwI7vLJq6R73nSdpnt30Whdl3FU4RhO4AxcuIQW3EIbOkBgCs/wCm/Wk/VivVsfi9KKVfbU4Q+szx87kpR9</latexit><latexit sha1_base64="D4xSZ3ff8wdQV7CUX5WoP3SArok=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9iFNCJPppB06mYSZiVBC/RU3LhRx64e482+ctFlo64GBM+fcy733hClnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjrkoySWiHJDyR/RArypmgHc00p/1UUhyHnPbCyU3h9x6pVCwR93qaUj/GI8EiRrA2UmDXvVQx5OkEPQR5NkPFN7AbTtOZA60StyQNKNEO7C9vmJAspkITjpUauE6q/RxLzQins5qXKZpiMsEjOjBU4JgqP58vP0OnRhmiKJHmCY3m6u+OHMdKTePQVMZYj9WyV4j/eYNMR1d+zkSaaSrIYlCUcWRuLZJAQyYp0XxqCCaSmV0RGWOJiTZ51UwI7vLJq6R73nSdpnt30Whdl3FU4RhO4AxcuIQW3EIbOkBgCs/wCm/Wk/VivVsfi9KKVfbU4Q+szx87kpR9</latexit><latexit sha1_base64="D4xSZ3ff8wdQV7CUX5WoP3SArok=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9iFNCJPppB06mYSZiVBC/RU3LhRx64e482+ctFlo64GBM+fcy733hClnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjrkoySWiHJDyR/RArypmgHc00p/1UUhyHnPbCyU3h9x6pVCwR93qaUj/GI8EiRrA2UmDXvVQx5OkEPQR5NkPFN7AbTtOZA60StyQNKNEO7C9vmJAspkITjpUauE6q/RxLzQins5qXKZpiMsEjOjBU4JgqP58vP0OnRhmiKJHmCY3m6u+OHMdKTePQVMZYj9WyV4j/eYNMR1d+zkSaaSrIYlCUcWRuLZJAQyYp0XxqCCaSmV0RGWOJiTZ51UwI7vLJq6R73nSdpnt30Whdl3FU4RhO4AxcuIQW3EIbOkBgCs/wCm/Wk/VivVsfi9KKVfbU4Q+szx87kpR9</latexit><latexit sha1_base64="D4xSZ3ff8wdQV7CUX5WoP3SArok=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9iFNCJPppB06mYSZiVBC/RU3LhRx64e482+ctFlo64GBM+fcy733hClnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjrkoySWiHJDyR/RArypmgHc00p/1UUhyHnPbCyU3h9x6pVCwR93qaUj/GI8EiRrA2UmDXvVQx5OkEPQR5NkPFN7AbTtOZA60StyQNKNEO7C9vmJAspkITjpUauE6q/RxLzQins5qXKZpiMsEjOjBU4JgqP58vP0OnRhmiKJHmCY3m6u+OHMdKTePQVMZYj9WyV4j/eYNMR1d+zkSaaSrIYlCUcWRuLZJAQyYp0XxqCCaSmV0RGWOJiTZ51UwI7vLJq6R73nSdpnt30Whdl3FU4RhO4AxcuIQW3EIbOkBgCs/wCm/Wk/VivVsfi9KKVfbU4Q+szx87kpR9</latexit>

uµ = (1, 0, 0, 0)
<latexit sha1_base64="83Hw5OZlnB6bQOyiMpgfT3lav/o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQQcqMCLoRim5cVrAPaMeSSdM2NMkMeQjDUH/FjQtF3Poh7vwbM+0stPVcLhzOuZfcnDBmVGnP+3YKK6tr6xvFzdLW9s7unrt/0FKRkZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdTm4yv/1IpKKRuNdJTAKORoIOKUbaSn23bB7SHjdTeAWr/qmX1UnfrXg1bwa4TPycVECORt/96g0ibDgRGjOkVNf3Yh2kSGqKGZmWekaRGOEJGpGupQJxooJ0dvwUHltlAIeRtC00nKm/N1LElUp4aCc50mO16GXif17X6OFlkFIRG00Enj80NAzqCGZJwAGVBGuWWIKwpPZWiMdIIqxtXiUbgr/45WXSOqv5Xs2/O6/Ur/M4iuAQHIEq8MEFqINb0ABNgEECnsEreHOenBfn3fmYjxacfKcM/sD5/AE5YZKF</latexit><latexit sha1_base64="83Hw5OZlnB6bQOyiMpgfT3lav/o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQQcqMCLoRim5cVrAPaMeSSdM2NMkMeQjDUH/FjQtF3Poh7vwbM+0stPVcLhzOuZfcnDBmVGnP+3YKK6tr6xvFzdLW9s7unrt/0FKRkZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdTm4yv/1IpKKRuNdJTAKORoIOKUbaSn23bB7SHjdTeAWr/qmX1UnfrXg1bwa4TPycVECORt/96g0ibDgRGjOkVNf3Yh2kSGqKGZmWekaRGOEJGpGupQJxooJ0dvwUHltlAIeRtC00nKm/N1LElUp4aCc50mO16GXif17X6OFlkFIRG00Enj80NAzqCGZJwAGVBGuWWIKwpPZWiMdIIqxtXiUbgr/45WXSOqv5Xs2/O6/Ur/M4iuAQHIEq8MEFqINb0ABNgEECnsEreHOenBfn3fmYjxacfKcM/sD5/AE5YZKF</latexit><latexit sha1_base64="83Hw5OZlnB6bQOyiMpgfT3lav/o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQQcqMCLoRim5cVrAPaMeSSdM2NMkMeQjDUH/FjQtF3Poh7vwbM+0stPVcLhzOuZfcnDBmVGnP+3YKK6tr6xvFzdLW9s7unrt/0FKRkZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdTm4yv/1IpKKRuNdJTAKORoIOKUbaSn23bB7SHjdTeAWr/qmX1UnfrXg1bwa4TPycVECORt/96g0ibDgRGjOkVNf3Yh2kSGqKGZmWekaRGOEJGpGupQJxooJ0dvwUHltlAIeRtC00nKm/N1LElUp4aCc50mO16GXif17X6OFlkFIRG00Enj80NAzqCGZJwAGVBGuWWIKwpPZWiMdIIqxtXiUbgr/45WXSOqv5Xs2/O6/Ur/M4iuAQHIEq8MEFqINb0ABNgEECnsEreHOenBfn3fmYjxacfKcM/sD5/AE5YZKF</latexit><latexit sha1_base64="83Hw5OZlnB6bQOyiMpgfT3lav/o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQQcqMCLoRim5cVrAPaMeSSdM2NMkMeQjDUH/FjQtF3Poh7vwbM+0stPVcLhzOuZfcnDBmVGnP+3YKK6tr6xvFzdLW9s7unrt/0FKRkZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdTm4yv/1IpKKRuNdJTAKORoIOKUbaSn23bB7SHjdTeAWr/qmX1UnfrXg1bwa4TPycVECORt/96g0ibDgRGjOkVNf3Yh2kSGqKGZmWekaRGOEJGpGupQJxooJ0dvwUHltlAIeRtC00nKm/N1LElUp4aCc50mO16GXif17X6OFlkFIRG00Enj80NAzqCGZJwAGVBGuWWIKwpPZWiMdIIqxtXiUbgr/45WXSOqv5Xs2/O6/Ur/M4iuAQHIEq8MEFqINb0ABNgEECnsEreHOenBfn3fmYjxacfKcM/sD5/AE5YZKF</latexit>

Yu(x) = T
h
exp

⇣
ig

Z 0

�1
dt0 u ·Aa

s(~x, t+ t0)T a
⌘i

<latexit sha1_base64="ynjzIOGlewUFAQ8C4nGwLvj3KSk="></latexit><latexit sha1_base64="ynjzIOGlewUFAQ8C4nGwLvj3KSk="></latexit><latexit sha1_base64="ynjzIOGlewUFAQ8C4nGwLvj3KSk="></latexit><latexit sha1_base64="ynjzIOGlewUFAQ8C4nGwLvj3KSk="></latexit>

O
n
2 ! ( Yu)

†
Kn(Yu�)

<latexit sha1_base64="mTyhmRLLkTEEvv86Wfg1sPjjQrs="></latexit><latexit sha1_base64="mTyhmRLLkTEEvv86Wfg1sPjjQrs="></latexit><latexit sha1_base64="mTyhmRLLkTEEvv86Wfg1sPjjQrs="></latexit><latexit sha1_base64="mTyhmRLLkTEEvv86Wfg1sPjjQrs="></latexit>

The correct operator definition of the shape function is the same as  

before but with : 

NRQCD at low pT - Shape function
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Manifestly Soft Gauge Invariant Formulation of vNRQCD  
(Ira Z. Rothstein, Prashant Shrivastava, and Iain W. Stewart:   arXiv:1806.07398)

G. C. Nayak, J.-W. Qiu,  G. F. Sterman: arXiv:hep-ph/0501235, hep-ph/0509021

light-like wilson-lines for color octet LDMEs for gauge invariance and factorization  
of the fragmentation processes 

soft Wilson-lines  for gauge invariance of the Lagrangian 

uµ = (1, ~u)
<latexit sha1_base64="SZlF1/dqe2htgKnMdGXqUCACStc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClISEXQjFN24rGAf0MQymU7aoTOTMI9CCQF/xY0LRdz6He78G6ePhVYPXDiccy/33hOljCrteV9OYWl5ZXWtuF7a2Nza3nF395oqMRKTBk5YItsRUoRRQRqaakbaqSSIR4y0ouHNxG+NiFQ0Efd6nJKQo76gMcVIW6nrHpiHLOAmh1ew4p8GI4Izk5903bJX9aaAf4k/J2UwR73rfga9BBtOhMYMKdXxvVSHGZKaYkbyUmAUSREeoj7pWCoQJyrMpufn8NgqPRgn0pbQcKr+nMgQV2rMI9vJkR6oRW8i/ud1jI4vw4yK1Ggi8GxRbBjUCZxkAXtUEqzZ2BKEJbW3QjxAEmFtEyvZEPzFl/+S5lnV96r+3Xm5dj2PowgOwRGoAB9cgBq4BXXQABhk4Am8gFfn0Xl23pz3WWvBmc/sg19wPr4By92UuA==</latexit><latexit sha1_base64="SZlF1/dqe2htgKnMdGXqUCACStc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClISEXQjFN24rGAf0MQymU7aoTOTMI9CCQF/xY0LRdz6He78G6ePhVYPXDiccy/33hOljCrteV9OYWl5ZXWtuF7a2Nza3nF395oqMRKTBk5YItsRUoRRQRqaakbaqSSIR4y0ouHNxG+NiFQ0Efd6nJKQo76gMcVIW6nrHpiHLOAmh1ew4p8GI4Izk5903bJX9aaAf4k/J2UwR73rfga9BBtOhMYMKdXxvVSHGZKaYkbyUmAUSREeoj7pWCoQJyrMpufn8NgqPRgn0pbQcKr+nMgQV2rMI9vJkR6oRW8i/ud1jI4vw4yK1Ggi8GxRbBjUCZxkAXtUEqzZ2BKEJbW3QjxAEmFtEyvZEPzFl/+S5lnV96r+3Xm5dj2PowgOwRGoAB9cgBq4BXXQABhk4Am8gFfn0Xl23pz3WWvBmc/sg19wPr4By92UuA==</latexit><latexit sha1_base64="SZlF1/dqe2htgKnMdGXqUCACStc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClISEXQjFN24rGAf0MQymU7aoTOTMI9CCQF/xY0LRdz6He78G6ePhVYPXDiccy/33hOljCrteV9OYWl5ZXWtuF7a2Nza3nF395oqMRKTBk5YItsRUoRRQRqaakbaqSSIR4y0ouHNxG+NiFQ0Efd6nJKQo76gMcVIW6nrHpiHLOAmh1ew4p8GI4Izk5903bJX9aaAf4k/J2UwR73rfga9BBtOhMYMKdXxvVSHGZKaYkbyUmAUSREeoj7pWCoQJyrMpufn8NgqPRgn0pbQcKr+nMgQV2rMI9vJkR6oRW8i/ud1jI4vw4yK1Ggi8GxRbBjUCZxkAXtUEqzZ2BKEJbW3QjxAEmFtEyvZEPzFl/+S5lnV96r+3Xm5dj2PowgOwRGoAB9cgBq4BXXQABhk4Am8gFfn0Xl23pz3WWvBmc/sg19wPr4By92UuA==</latexit><latexit sha1_base64="SZlF1/dqe2htgKnMdGXqUCACStc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClISEXQjFN24rGAf0MQymU7aoTOTMI9CCQF/xY0LRdz6He78G6ePhVYPXDiccy/33hOljCrteV9OYWl5ZXWtuF7a2Nza3nF395oqMRKTBk5YItsRUoRRQRqaakbaqSSIR4y0ouHNxG+NiFQ0Efd6nJKQo76gMcVIW6nrHpiHLOAmh1ew4p8GI4Izk5903bJX9aaAf4k/J2UwR73rfga9BBtOhMYMKdXxvVSHGZKaYkbyUmAUSREeoj7pWCoQJyrMpufn8NgqPRgn0pbQcKr+nMgQV2rMI9vJkR6oRW8i/ud1jI4vw4yK1Ggi8GxRbBjUCZxkAXtUEqzZ2BKEJbW3QjxAEmFtEyvZEPzFl/+S5lnV96r+3Xm5dj2PowgOwRGoAB9cgBq4BXXQABhk4Am8gFfn0Xl23pz3WWvBmc/sg19wPr4By92UuA==</latexit>

Yu(x) = P
h
exp

⇣
ig

Z 0

�1
dt0u ·Aa

s(x
µ + uµt0)

⌘i

<latexit sha1_base64="f/bfEST6KWNgEagwlh3afGxjCXM="></latexit><latexit sha1_base64="f/bfEST6KWNgEagwlh3afGxjCXM="></latexit><latexit sha1_base64="f/bfEST6KWNgEagwlh3afGxjCXM="></latexit><latexit sha1_base64="f/bfEST6KWNgEagwlh3afGxjCXM="></latexit>

NRQCD at low pT - Soft Wilson lines
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+ perm.

q1
<latexit sha1_base64="LGZusxeJ5mwcCleCrmbKcq6cYBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MO55vXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/mpU3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeONnXCapQckWi8JUEBOT2d+kzxUyIyaWUKa4vZWwIVWUGZtOyYbgLb+8SpqXVc+tevdXldp5HkcRTuAULsCDa6jBHdShAQwG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD4i419</latexit><latexit sha1_base64="LGZusxeJ5mwcCleCrmbKcq6cYBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MO55vXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/mpU3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeONnXCapQckWi8JUEBOT2d+kzxUyIyaWUKa4vZWwIVWUGZtOyYbgLb+8SpqXVc+tevdXldp5HkcRTuAULsCDa6jBHdShAQwG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD4i419</latexit><latexit sha1_base64="LGZusxeJ5mwcCleCrmbKcq6cYBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MO55vXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/mpU3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeONnXCapQckWi8JUEBOT2d+kzxUyIyaWUKa4vZWwIVWUGZtOyYbgLb+8SpqXVc+tevdXldp5HkcRTuAULsCDa6jBHdShAQwG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD4i419</latexit><latexit sha1_base64="LGZusxeJ5mwcCleCrmbKcq6cYBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MO55vXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/mpU3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeONnXCapQckWi8JUEBOT2d+kzxUyIyaWUKa4vZWwIVWUGZtOyYbgLb+8SpqXVc+tevdXldp5HkcRTuAULsCDa6jBHdShAQwG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD4i419</latexit>

q1
<latexit sha1_base64="LGZusxeJ5mwcCleCrmbKcq6cYBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MO55vXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/mpU3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeONnXCapQckWi8JUEBOT2d+kzxUyIyaWUKa4vZWwIVWUGZtOyYbgLb+8SpqXVc+tevdXldp5HkcRTuAULsCDa6jBHdShAQwG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD4i419</latexit><latexit sha1_base64="LGZusxeJ5mwcCleCrmbKcq6cYBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MO55vXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/mpU3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeONnXCapQckWi8JUEBOT2d+kzxUyIyaWUKa4vZWwIVWUGZtOyYbgLb+8SpqXVc+tevdXldp5HkcRTuAULsCDa6jBHdShAQwG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD4i419</latexit><latexit sha1_base64="LGZusxeJ5mwcCleCrmbKcq6cYBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MO55vXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/mpU3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeONnXCapQckWi8JUEBOT2d+kzxUyIyaWUKa4vZWwIVWUGZtOyYbgLb+8SpqXVc+tevdXldp5HkcRTuAULsCDa6jBHdShAQwG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD4i419</latexit><latexit sha1_base64="LGZusxeJ5mwcCleCrmbKcq6cYBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MO55vXLFrbpzkFXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgtNRNNSaUjegAO5ZKGqH2s/mpU3JmlT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeONnXCapQckWi8JUEBOT2d+kzxUyIyaWUKa4vZWwIVWUGZtOyYbgLb+8SpqXVc+tevdXldp5HkcRTuAULsCDa6jBHdShAQwG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD4i419</latexit>

q2
<latexit sha1_base64="XummYiZ9ufQQ5qEHIp5In5wJzRc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0mKoMeCF48V7Qe0oWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uK/XzPI4inMApXIAHV1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gD6D41+</latexit><latexit sha1_base64="XummYiZ9ufQQ5qEHIp5In5wJzRc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0mKoMeCF48V7Qe0oWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uK/XzPI4inMApXIAHV1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gD6D41+</latexit><latexit sha1_base64="XummYiZ9ufQQ5qEHIp5In5wJzRc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0mKoMeCF48V7Qe0oWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uK/XzPI4inMApXIAHV1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gD6D41+</latexit><latexit sha1_base64="XummYiZ9ufQQ5qEHIp5In5wJzRc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbFU0mKoMeCF48V7Qe0oWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uK/XzPI4inMApXIAHV1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gD6D41+</latexit>

mQv
<latexit sha1_base64="nJso7hiDbYJgMQBtTtLx5NqxXmo=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48tuLXQLiWbZtvQJLsk2UJZ+hu8eFDEqz/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RqWNza3tnfJuZW//4PCoenzSNkmmKQtoIhLdiYhhgisWWG4F66SaERkJ9hSN7+f+04RpwxP1aKcpCyUZKh5zSqyTAtlv4Um/WvPq3gJ4nfgFqUGBZr/61RskNJNMWSqIMV3fS22YE205FWxW6WWGpYSOyZB1HVVEMhPmi2Nn+MIpAxwn2pWyeKH+nsiJNGYqI9cpiR2ZVW8u/ud1MxvfhTlXaWaZostFcSawTfD8czzgmlErpo4Qqrm7FdMR0YRal0/FheCvvrxO2td136v7rZta47KIowxncA5X4MMtNOABmhAABQ7P8ApvSKEX9I4+lq0lVMycwh+gzx9SlY5D</latexit><latexit sha1_base64="nJso7hiDbYJgMQBtTtLx5NqxXmo=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48tuLXQLiWbZtvQJLsk2UJZ+hu8eFDEqz/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RqWNza3tnfJuZW//4PCoenzSNkmmKQtoIhLdiYhhgisWWG4F66SaERkJ9hSN7+f+04RpwxP1aKcpCyUZKh5zSqyTAtlv4Um/WvPq3gJ4nfgFqUGBZr/61RskNJNMWSqIMV3fS22YE205FWxW6WWGpYSOyZB1HVVEMhPmi2Nn+MIpAxwn2pWyeKH+nsiJNGYqI9cpiR2ZVW8u/ud1MxvfhTlXaWaZostFcSawTfD8czzgmlErpo4Qqrm7FdMR0YRal0/FheCvvrxO2td136v7rZta47KIowxncA5X4MMtNOABmhAABQ7P8ApvSKEX9I4+lq0lVMycwh+gzx9SlY5D</latexit><latexit sha1_base64="nJso7hiDbYJgMQBtTtLx5NqxXmo=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48tuLXQLiWbZtvQJLsk2UJZ+hu8eFDEqz/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RqWNza3tnfJuZW//4PCoenzSNkmmKQtoIhLdiYhhgisWWG4F66SaERkJ9hSN7+f+04RpwxP1aKcpCyUZKh5zSqyTAtlv4Um/WvPq3gJ4nfgFqUGBZr/61RskNJNMWSqIMV3fS22YE205FWxW6WWGpYSOyZB1HVVEMhPmi2Nn+MIpAxwn2pWyeKH+nsiJNGYqI9cpiR2ZVW8u/ud1MxvfhTlXaWaZostFcSawTfD8czzgmlErpo4Qqrm7FdMR0YRal0/FheCvvrxO2td136v7rZta47KIowxncA5X4MMtNOABmhAABQ7P8ApvSKEX9I4+lq0lVMycwh+gzx9SlY5D</latexit><latexit sha1_base64="nJso7hiDbYJgMQBtTtLx5NqxXmo=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48tuLXQLiWbZtvQJLsk2UJZ+hu8eFDEqz/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RqWNza3tnfJuZW//4PCoenzSNkmmKQtoIhLdiYhhgisWWG4F66SaERkJ9hSN7+f+04RpwxP1aKcpCyUZKh5zSqyTAtlv4Um/WvPq3gJ4nfgFqUGBZr/61RskNJNMWSqIMV3fS22YE205FWxW6WWGpYSOyZB1HVVEMhPmi2Nn+MIpAxwn2pWyeKH+nsiJNGYqI9cpiR2ZVW8u/ud1MxvfhTlXaWaZostFcSawTfD8czzgmlErpo4Qqrm7FdMR0YRal0/FheCvvrxO2td136v7rZta47KIowxncA5X4MMtNOABmhAABQ7P8ApvSKEX9I4+lq0lVMycwh+gzx9SlY5D</latexit>

= �† Kn  
<latexit sha1_base64="WeFeJ4NvdTXDCNhtTUceN1LFC+c=">AAACDHicbVDLSgMxFM3UV62vqks3waK4KjMiKBSh4EZwU8E+oBlLJpNpQzOZIckIZZgPcOOvuHGhiFs/wJ1/Y6adhbYeCBzOOZfce7yYM6Vt+9sqLS2vrK6V1ysbm1vbO9XdvY6KEklom0Q8kj0PK8qZoG3NNKe9WFIcepx2vfFV7ncfqFQsEnd6ElM3xEPBAkawNtKgWruEiIzYfYp8PMxQA6IQ6xHBPL3JBgI1UKyYSdl1ewq4SJyC1ECB1qD6hfyIJCEVmnCsVN+xY+2mWGpGOM0qKFE0xmSMh7RvqMAhVW46PSaDR0bxYRBJ84SGU/X3RIpDpSahZ5L5qmrey8X/vH6igws3ZSJONBVk9lGQcKgjmDcDfSYp0XxiCCaSmV0hGWGJiTb9VUwJzvzJi6RzWnfsunN7VmseF3WUwQE4BCfAAeegCa5BC7QBAY/gGbyCN+vJerHerY9ZtGQVM/vgD6zPHyK/mvQ=</latexit><latexit sha1_base64="WeFeJ4NvdTXDCNhtTUceN1LFC+c=">AAACDHicbVDLSgMxFM3UV62vqks3waK4KjMiKBSh4EZwU8E+oBlLJpNpQzOZIckIZZgPcOOvuHGhiFs/wJ1/Y6adhbYeCBzOOZfce7yYM6Vt+9sqLS2vrK6V1ysbm1vbO9XdvY6KEklom0Q8kj0PK8qZoG3NNKe9WFIcepx2vfFV7ncfqFQsEnd6ElM3xEPBAkawNtKgWruEiIzYfYp8PMxQA6IQ6xHBPL3JBgI1UKyYSdl1ewq4SJyC1ECB1qD6hfyIJCEVmnCsVN+xY+2mWGpGOM0qKFE0xmSMh7RvqMAhVW46PSaDR0bxYRBJ84SGU/X3RIpDpSahZ5L5qmrey8X/vH6igws3ZSJONBVk9lGQcKgjmDcDfSYp0XxiCCaSmV0hGWGJiTb9VUwJzvzJi6RzWnfsunN7VmseF3WUwQE4BCfAAeegCa5BC7QBAY/gGbyCN+vJerHerY9ZtGQVM/vgD6zPHyK/mvQ=</latexit><latexit sha1_base64="WeFeJ4NvdTXDCNhtTUceN1LFC+c=">AAACDHicbVDLSgMxFM3UV62vqks3waK4KjMiKBSh4EZwU8E+oBlLJpNpQzOZIckIZZgPcOOvuHGhiFs/wJ1/Y6adhbYeCBzOOZfce7yYM6Vt+9sqLS2vrK6V1ysbm1vbO9XdvY6KEklom0Q8kj0PK8qZoG3NNKe9WFIcepx2vfFV7ncfqFQsEnd6ElM3xEPBAkawNtKgWruEiIzYfYp8PMxQA6IQ6xHBPL3JBgI1UKyYSdl1ewq4SJyC1ECB1qD6hfyIJCEVmnCsVN+xY+2mWGpGOM0qKFE0xmSMh7RvqMAhVW46PSaDR0bxYRBJ84SGU/X3RIpDpSahZ5L5qmrey8X/vH6igws3ZSJONBVk9lGQcKgjmDcDfSYp0XxiCCaSmV0hGWGJiTb9VUwJzvzJi6RzWnfsunN7VmseF3WUwQE4BCfAAeegCa5BC7QBAY/gGbyCN+vJerHerY9ZtGQVM/vgD6zPHyK/mvQ=</latexit><latexit sha1_base64="WeFeJ4NvdTXDCNhtTUceN1LFC+c=">AAACDHicbVDLSgMxFM3UV62vqks3waK4KjMiKBSh4EZwU8E+oBlLJpNpQzOZIckIZZgPcOOvuHGhiFs/wJ1/Y6adhbYeCBzOOZfce7yYM6Vt+9sqLS2vrK6V1ysbm1vbO9XdvY6KEklom0Q8kj0PK8qZoG3NNKe9WFIcepx2vfFV7ncfqFQsEnd6ElM3xEPBAkawNtKgWruEiIzYfYp8PMxQA6IQ6xHBPL3JBgI1UKyYSdl1ewq4SJyC1ECB1qD6hfyIJCEVmnCsVN+xY+2mWGpGOM0qKFE0xmSMh7RvqMAhVW46PSaDR0bxYRBJ84SGU/X3RIpDpSahZ5L5qmrey8X/vH6igws3ZSJONBVk9lGQcKgjmDcDfSYp0XxiCCaSmV0hGWGJiTb9VUwJzvzJi6RzWnfsunN7VmseF3WUwQE4BCfAAeegCa5BC7QBAY/gGbyCN+vJerHerY9ZtGQVM/vgD6zPHyK/mvQ=</latexit>

= �† Kn

⇣�g v ·As(q1)

v · q1

⌘
 

<latexit sha1_base64="4LILx98lvdsMrpBwBis/SSndhVc="></latexit><latexit sha1_base64="4LILx98lvdsMrpBwBis/SSndhVc="></latexit><latexit sha1_base64="4LILx98lvdsMrpBwBis/SSndhVc="></latexit><latexit sha1_base64="4LILx98lvdsMrpBwBis/SSndhVc="></latexit>

+ perm.= �† Kn

⇣g2 [v ·As(q1)][v ·As(q2)]

2 [v · q1][v · (q1 + q2)]

⌘
 

<latexit sha1_base64="tTSzrXkuy8TPMR5TEJk6hrFfzds="></latexit><latexit sha1_base64="tTSzrXkuy8TPMR5TEJk6hrFfzds="></latexit><latexit sha1_base64="tTSzrXkuy8TPMR5TEJk6hrFfzds="></latexit><latexit sha1_base64="tTSzrXkuy8TPMR5TEJk6hrFfzds="></latexit>

= �† Kn

⇣g2 [u ·As(q1)][u ·As(q2)]

2 [u · q1][u · (q1 + q2)]

⌘
 

<latexit sha1_base64="+5+KIK2BgkpDrtvDfeWFEydzH9Q="></latexit><latexit sha1_base64="+5+KIK2BgkpDrtvDfeWFEydzH9Q="></latexit><latexit sha1_base64="+5+KIK2BgkpDrtvDfeWFEydzH9Q="></latexit><latexit sha1_base64="+5+KIK2BgkpDrtvDfeWFEydzH9Q="></latexit>

= �† Kn

⇣�g u ·As(q1)

u · q1

⌘
 

<latexit sha1_base64="7SO9/4Jb1uU+KYb7O6heXhG1240="></latexit><latexit sha1_base64="7SO9/4Jb1uU+KYb7O6heXhG1240="></latexit><latexit sha1_base64="7SO9/4Jb1uU+KYb7O6heXhG1240="></latexit><latexit sha1_base64="7SO9/4Jb1uU+KYb7O6heXhG1240="></latexit>

= �† Kn  
<latexit sha1_base64="WeFeJ4NvdTXDCNhtTUceN1LFC+c=">AAACDHicbVDLSgMxFM3UV62vqks3waK4KjMiKBSh4EZwU8E+oBlLJpNpQzOZIckIZZgPcOOvuHGhiFs/wJ1/Y6adhbYeCBzOOZfce7yYM6Vt+9sqLS2vrK6V1ysbm1vbO9XdvY6KEklom0Q8kj0PK8qZoG3NNKe9WFIcepx2vfFV7ncfqFQsEnd6ElM3xEPBAkawNtKgWruEiIzYfYp8PMxQA6IQ6xHBPL3JBgI1UKyYSdl1ewq4SJyC1ECB1qD6hfyIJCEVmnCsVN+xY+2mWGpGOM0qKFE0xmSMh7RvqMAhVW46PSaDR0bxYRBJ84SGU/X3RIpDpSahZ5L5qmrey8X/vH6igws3ZSJONBVk9lGQcKgjmDcDfSYp0XxiCCaSmV0hGWGJiTb9VUwJzvzJi6RzWnfsunN7VmseF3WUwQE4BCfAAeegCa5BC7QBAY/gGbyCN+vJerHerY9ZtGQVM/vgD6zPHyK/mvQ=</latexit><latexit sha1_base64="WeFeJ4NvdTXDCNhtTUceN1LFC+c=">AAACDHicbVDLSgMxFM3UV62vqks3waK4KjMiKBSh4EZwU8E+oBlLJpNpQzOZIckIZZgPcOOvuHGhiFs/wJ1/Y6adhbYeCBzOOZfce7yYM6Vt+9sqLS2vrK6V1ysbm1vbO9XdvY6KEklom0Q8kj0PK8qZoG3NNKe9WFIcepx2vfFV7ncfqFQsEnd6ElM3xEPBAkawNtKgWruEiIzYfYp8PMxQA6IQ6xHBPL3JBgI1UKyYSdl1ewq4SJyC1ECB1qD6hfyIJCEVmnCsVN+xY+2mWGpGOM0qKFE0xmSMh7RvqMAhVW46PSaDR0bxYRBJ84SGU/X3RIpDpSahZ5L5qmrey8X/vH6igws3ZSJONBVk9lGQcKgjmDcDfSYp0XxiCCaSmV0hGWGJiTb9VUwJzvzJi6RzWnfsunN7VmseF3WUwQE4BCfAAeegCa5BC7QBAY/gGbyCN+vJerHerY9ZtGQVM/vgD6zPHyK/mvQ=</latexit><latexit sha1_base64="WeFeJ4NvdTXDCNhtTUceN1LFC+c=">AAACDHicbVDLSgMxFM3UV62vqks3waK4KjMiKBSh4EZwU8E+oBlLJpNpQzOZIckIZZgPcOOvuHGhiFs/wJ1/Y6adhbYeCBzOOZfce7yYM6Vt+9sqLS2vrK6V1ysbm1vbO9XdvY6KEklom0Q8kj0PK8qZoG3NNKe9WFIcepx2vfFV7ncfqFQsEnd6ElM3xEPBAkawNtKgWruEiIzYfYp8PMxQA6IQ6xHBPL3JBgI1UKyYSdl1ewq4SJyC1ECB1qD6hfyIJCEVmnCsVN+xY+2mWGpGOM0qKFE0xmSMh7RvqMAhVW46PSaDR0bxYRBJ84SGU/X3RIpDpSahZ5L5qmrey8X/vH6igws3ZSJONBVk9lGQcKgjmDcDfSYp0XxiCCaSmV0hGWGJiTb9VUwJzvzJi6RzWnfsunN7VmseF3WUwQE4BCfAAeegCa5BC7QBAY/gGbyCN+vJerHerY9ZtGQVM/vgD6zPHyK/mvQ=</latexit><latexit sha1_base64="WeFeJ4NvdTXDCNhtTUceN1LFC+c=">AAACDHicbVDLSgMxFM3UV62vqks3waK4KjMiKBSh4EZwU8E+oBlLJpNpQzOZIckIZZgPcOOvuHGhiFs/wJ1/Y6adhbYeCBzOOZfce7yYM6Vt+9sqLS2vrK6V1ysbm1vbO9XdvY6KEklom0Q8kj0PK8qZoG3NNKe9WFIcepx2vfFV7ncfqFQsEnd6ElM3xEPBAkawNtKgWruEiIzYfYp8PMxQA6IQ6xHBPL3JBgI1UKyYSdl1ewq4SJyC1ECB1qD6hfyIJCEVmnCsVN+xY+2mWGpGOM0qKFE0xmSMh7RvqMAhVW46PSaDR0bxYRBJ84SGU/X3RIpDpSahZ5L5qmrey8X/vH6igws3ZSJONBVk9lGQcKgjmDcDfSYp0XxiCCaSmV0hGWGJiTb9VUwJzvzJi6RzWnfsunN7VmseF3WUwQE4BCfAAeegCa5BC7QBAY/gGbyCN+vJerHerY9ZtGQVM/vgD6zPHyK/mvQ=</latexit>

QCD Non-relativistic limit

uµ = (1, 0, 0, 0)
<latexit sha1_base64="83Hw5OZlnB6bQOyiMpgfT3lav/o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQQcqMCLoRim5cVrAPaMeSSdM2NMkMeQjDUH/FjQtF3Poh7vwbM+0stPVcLhzOuZfcnDBmVGnP+3YKK6tr6xvFzdLW9s7unrt/0FKRkZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdTm4yv/1IpKKRuNdJTAKORoIOKUbaSn23bB7SHjdTeAWr/qmX1UnfrXg1bwa4TPycVECORt/96g0ibDgRGjOkVNf3Yh2kSGqKGZmWekaRGOEJGpGupQJxooJ0dvwUHltlAIeRtC00nKm/N1LElUp4aCc50mO16GXif17X6OFlkFIRG00Enj80NAzqCGZJwAGVBGuWWIKwpPZWiMdIIqxtXiUbgr/45WXSOqv5Xs2/O6/Ur/M4iuAQHIEq8MEFqINb0ABNgEECnsEreHOenBfn3fmYjxacfKcM/sD5/AE5YZKF</latexit><latexit sha1_base64="83Hw5OZlnB6bQOyiMpgfT3lav/o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQQcqMCLoRim5cVrAPaMeSSdM2NMkMeQjDUH/FjQtF3Poh7vwbM+0stPVcLhzOuZfcnDBmVGnP+3YKK6tr6xvFzdLW9s7unrt/0FKRkZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdTm4yv/1IpKKRuNdJTAKORoIOKUbaSn23bB7SHjdTeAWr/qmX1UnfrXg1bwa4TPycVECORt/96g0ibDgRGjOkVNf3Yh2kSGqKGZmWekaRGOEJGpGupQJxooJ0dvwUHltlAIeRtC00nKm/N1LElUp4aCc50mO16GXif17X6OFlkFIRG00Enj80NAzqCGZJwAGVBGuWWIKwpPZWiMdIIqxtXiUbgr/45WXSOqv5Xs2/O6/Ur/M4iuAQHIEq8MEFqINb0ABNgEECnsEreHOenBfn3fmYjxacfKcM/sD5/AE5YZKF</latexit><latexit sha1_base64="83Hw5OZlnB6bQOyiMpgfT3lav/o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQQcqMCLoRim5cVrAPaMeSSdM2NMkMeQjDUH/FjQtF3Poh7vwbM+0stPVcLhzOuZfcnDBmVGnP+3YKK6tr6xvFzdLW9s7unrt/0FKRkZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdTm4yv/1IpKKRuNdJTAKORoIOKUbaSn23bB7SHjdTeAWr/qmX1UnfrXg1bwa4TPycVECORt/96g0ibDgRGjOkVNf3Yh2kSGqKGZmWekaRGOEJGpGupQJxooJ0dvwUHltlAIeRtC00nKm/N1LElUp4aCc50mO16GXif17X6OFlkFIRG00Enj80NAzqCGZJwAGVBGuWWIKwpPZWiMdIIqxtXiUbgr/45WXSOqv5Xs2/O6/Ur/M4iuAQHIEq8MEFqINb0ABNgEECnsEreHOenBfn3fmYjxacfKcM/sD5/AE5YZKF</latexit><latexit sha1_base64="83Hw5OZlnB6bQOyiMpgfT3lav/o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQQcqMCLoRim5cVrAPaMeSSdM2NMkMeQjDUH/FjQtF3Poh7vwbM+0stPVcLhzOuZfcnDBmVGnP+3YKK6tr6xvFzdLW9s7unrt/0FKRkZg0ccQi2QmRIowK0tRUM9KJJUE8ZKQdTm4yv/1IpKKRuNdJTAKORoIOKUbaSn23bB7SHjdTeAWr/qmX1UnfrXg1bwa4TPycVECORt/96g0ibDgRGjOkVNf3Yh2kSGqKGZmWekaRGOEJGpGupQJxooJ0dvwUHltlAIeRtC00nKm/N1LElUp4aCc50mO16GXif17X6OFlkFIRG00Enj80NAzqCGZJwAGVBGuWWIKwpPZWiMdIIqxtXiUbgr/45WXSOqv5Xs2/O6/Ur/M4iuAQHIEq8MEFqINb0ABNgEECnsEreHOenBfn3fmYjxacfKcM/sD5/AE5YZKF</latexit>

Yu =
X

k

X

perm

(�g)k[u ·As(q1)] · · · [u ·As(qk)]

(k!)[u · q1] · · · [u · (q1 + q2 + · · · qk)]
<latexit sha1_base64="VmOu5IV/9iaJSrOIyCWMUJqoHwI="></latexit><latexit sha1_base64="VmOu5IV/9iaJSrOIyCWMUJqoHwI="></latexit><latexit sha1_base64="VmOu5IV/9iaJSrOIyCWMUJqoHwI="></latexit><latexit sha1_base64="VmOu5IV/9iaJSrOIyCWMUJqoHwI="></latexit>

+ perm.

NRQCD at low pT - Soft Wilson lines
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NRQCD at low pT - Soft Wilson lines
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(2) What are the different hierarchies between the two soft scales?

(3) Can we do a perturbative calculation of the shape function to check  
consistency of the factorization?  

(4) How this factorization is related with the standard NRQCD factorization if the  
small pT limit is taken?

(1)  This soft Wilson line is it a “  -soft” or a “  -soft”? v
<latexit sha1_base64="/0ZnIPJxing4BnlyzakDetPnMdw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZk1QZNb0IvHBMwDkiXMTnqTMbMPZmYDYckXePGgiFc/yZt/4yRZQUULGoqqbrq7vFhwpQn5sHJr6xubW/ntws7u3v5B8fCoraJEMmixSESy61EFgofQ0lwL6MYSaOAJ6HiTm4XfmYJUPArv9CwGN6CjkPucUW2k5nRQLBGbLIGJXSZO7dIxpFKrknINO5lVQhkag+J7fxixJIBQM0GV6jkk1m5KpeZMwLzQTxTElE3oCHqGhjQA5abLQ+f4zChD7EfSVKjxUv0+kdJAqVngmc6A6rH67S3Ev7xeov2qm/IwTjSEbLXITwTWEV58jYdcAtNiZghlkptbMRtTSZk22RRMCF+f4v9J+8J2iO00K6X6dRZHHp2gU3SOHHSF6ugWNVALMQToAT2hZ+veerRerNdVa87KZo7RD1hvny7EjS8=</latexit><latexit sha1_base64="/0ZnIPJxing4BnlyzakDetPnMdw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZk1QZNb0IvHBMwDkiXMTnqTMbMPZmYDYckXePGgiFc/yZt/4yRZQUULGoqqbrq7vFhwpQn5sHJr6xubW/ntws7u3v5B8fCoraJEMmixSESy61EFgofQ0lwL6MYSaOAJ6HiTm4XfmYJUPArv9CwGN6CjkPucUW2k5nRQLBGbLIGJXSZO7dIxpFKrknINO5lVQhkag+J7fxixJIBQM0GV6jkk1m5KpeZMwLzQTxTElE3oCHqGhjQA5abLQ+f4zChD7EfSVKjxUv0+kdJAqVngmc6A6rH67S3Ev7xeov2qm/IwTjSEbLXITwTWEV58jYdcAtNiZghlkptbMRtTSZk22RRMCF+f4v9J+8J2iO00K6X6dRZHHp2gU3SOHHSF6ugWNVALMQToAT2hZ+veerRerNdVa87KZo7RD1hvny7EjS8=</latexit><latexit sha1_base64="/0ZnIPJxing4BnlyzakDetPnMdw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZk1QZNb0IvHBMwDkiXMTnqTMbMPZmYDYckXePGgiFc/yZt/4yRZQUULGoqqbrq7vFhwpQn5sHJr6xubW/ntws7u3v5B8fCoraJEMmixSESy61EFgofQ0lwL6MYSaOAJ6HiTm4XfmYJUPArv9CwGN6CjkPucUW2k5nRQLBGbLIGJXSZO7dIxpFKrknINO5lVQhkag+J7fxixJIBQM0GV6jkk1m5KpeZMwLzQTxTElE3oCHqGhjQA5abLQ+f4zChD7EfSVKjxUv0+kdJAqVngmc6A6rH67S3Ev7xeov2qm/IwTjSEbLXITwTWEV58jYdcAtNiZghlkptbMRtTSZk22RRMCF+f4v9J+8J2iO00K6X6dRZHHp2gU3SOHHSF6ugWNVALMQToAT2hZ+veerRerNdVa87KZo7RD1hvny7EjS8=</latexit><latexit sha1_base64="/0ZnIPJxing4BnlyzakDetPnMdw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZk1QZNb0IvHBMwDkiXMTnqTMbMPZmYDYckXePGgiFc/yZt/4yRZQUULGoqqbrq7vFhwpQn5sHJr6xubW/ntws7u3v5B8fCoraJEMmixSESy61EFgofQ0lwL6MYSaOAJ6HiTm4XfmYJUPArv9CwGN6CjkPucUW2k5nRQLBGbLIGJXSZO7dIxpFKrknINO5lVQhkag+J7fxixJIBQM0GV6jkk1m5KpeZMwLzQTxTElE3oCHqGhjQA5abLQ+f4zChD7EfSVKjxUv0+kdJAqVngmc6A6rH67S3Ev7xeov2qm/IwTjSEbLXITwTWEV58jYdcAtNiZghlkptbMRtTSZk22RRMCF+f4v9J+8J2iO00K6X6dRZHHp2gU3SOHHSF6ugWNVALMQToAT2hZ+veerRerNdVa87KZo7RD1hvny7EjS8=</latexit> �

<latexit sha1_base64="VqNJ2wb713yKz4KRoufjgPBjIH4=">AAAB7nicdVBNSwMxFHxbv2r9qnr0EiyCpyVri7a3ohePFawttEvJZrNtaDa7JFmhlP4ILx4U8erv8ea/MW1XUNGBwDAzj7w3QSq4Nhh/OIWV1bX1jeJmaWt7Z3evvH9wp5NMUdamiUhUNyCaCS5Z23AjWDdVjMSBYJ1gfDX3O/dMaZ7IWzNJmR+ToeQRp8RYqdMXNhqSQbmCXbwAwm4Ve41zz5Jao46rDeTlVgVytAbl936Y0Cxm0lBBtO55ODX+lCjDqWCzUj/TLCV0TIasZ6kkMdP+dLHuDJ1YJURRouyTBi3U7xNTEms9iQObjIkZ6d/eXPzL62UmqvtTLtPMMEmXH0WZQCZB89tRyBWjRkwsIVRxuyuiI6IINbahki3h61L0P7k7cz3seje1SvMyr6MIR3AMp+DBBTThGlrQBgpjeIAneHZS59F5cV6X0YKTzxzCDzhvn4hJj7I=</latexit><latexit sha1_base64="VqNJ2wb713yKz4KRoufjgPBjIH4=">AAAB7nicdVBNSwMxFHxbv2r9qnr0EiyCpyVri7a3ohePFawttEvJZrNtaDa7JFmhlP4ILx4U8erv8ea/MW1XUNGBwDAzj7w3QSq4Nhh/OIWV1bX1jeJmaWt7Z3evvH9wp5NMUdamiUhUNyCaCS5Z23AjWDdVjMSBYJ1gfDX3O/dMaZ7IWzNJmR+ToeQRp8RYqdMXNhqSQbmCXbwAwm4Ve41zz5Jao46rDeTlVgVytAbl936Y0Cxm0lBBtO55ODX+lCjDqWCzUj/TLCV0TIasZ6kkMdP+dLHuDJ1YJURRouyTBi3U7xNTEms9iQObjIkZ6d/eXPzL62UmqvtTLtPMMEmXH0WZQCZB89tRyBWjRkwsIVRxuyuiI6IINbahki3h61L0P7k7cz3seje1SvMyr6MIR3AMp+DBBTThGlrQBgpjeIAneHZS59F5cV6X0YKTzxzCDzhvn4hJj7I=</latexit><latexit sha1_base64="VqNJ2wb713yKz4KRoufjgPBjIH4=">AAAB7nicdVBNSwMxFHxbv2r9qnr0EiyCpyVri7a3ohePFawttEvJZrNtaDa7JFmhlP4ILx4U8erv8ea/MW1XUNGBwDAzj7w3QSq4Nhh/OIWV1bX1jeJmaWt7Z3evvH9wp5NMUdamiUhUNyCaCS5Z23AjWDdVjMSBYJ1gfDX3O/dMaZ7IWzNJmR+ToeQRp8RYqdMXNhqSQbmCXbwAwm4Ve41zz5Jao46rDeTlVgVytAbl936Y0Cxm0lBBtO55ODX+lCjDqWCzUj/TLCV0TIasZ6kkMdP+dLHuDJ1YJURRouyTBi3U7xNTEms9iQObjIkZ6d/eXPzL62UmqvtTLtPMMEmXH0WZQCZB89tRyBWjRkwsIVRxuyuiI6IINbahki3h61L0P7k7cz3seje1SvMyr6MIR3AMp+DBBTThGlrQBgpjeIAneHZS59F5cV6X0YKTzxzCDzhvn4hJj7I=</latexit><latexit sha1_base64="VqNJ2wb713yKz4KRoufjgPBjIH4=">AAAB7nicdVBNSwMxFHxbv2r9qnr0EiyCpyVri7a3ohePFawttEvJZrNtaDa7JFmhlP4ILx4U8erv8ea/MW1XUNGBwDAzj7w3QSq4Nhh/OIWV1bX1jeJmaWt7Z3evvH9wp5NMUdamiUhUNyCaCS5Z23AjWDdVjMSBYJ1gfDX3O/dMaZ7IWzNJmR+ToeQRp8RYqdMXNhqSQbmCXbwAwm4Ve41zz5Jao46rDeTlVgVytAbl936Y0Cxm0lBBtO55ODX+lCjDqWCzUj/TLCV0TIasZ6kkMdP+dLHuDJ1YJURRouyTBi3U7xNTEms9iQObjIkZ6d/eXPzL62UmqvtTLtPMMEmXH0WZQCZB89tRyBWjRkwsIVRxuyuiI6IINbahki3h61L0P7k7cz3seje1SvMyr6MIR3AMp+DBBTThGlrQBgpjeIAneHZS59F5cV6X0YKTzxzCDzhvn4hJj7I=</latexit>



There is no hierarchy There is hierarchy 

No two modes to  
choose from.

Question 2

NRQCD at low pT - Soft Wilson lines

(1)  This soft Wilson line is it a “  -soft” or a “  -soft”? v
<latexit sha1_base64="/0ZnIPJxing4BnlyzakDetPnMdw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZk1QZNb0IvHBMwDkiXMTnqTMbMPZmYDYckXePGgiFc/yZt/4yRZQUULGoqqbrq7vFhwpQn5sHJr6xubW/ntws7u3v5B8fCoraJEMmixSESy61EFgofQ0lwL6MYSaOAJ6HiTm4XfmYJUPArv9CwGN6CjkPucUW2k5nRQLBGbLIGJXSZO7dIxpFKrknINO5lVQhkag+J7fxixJIBQM0GV6jkk1m5KpeZMwLzQTxTElE3oCHqGhjQA5abLQ+f4zChD7EfSVKjxUv0+kdJAqVngmc6A6rH67S3Ev7xeov2qm/IwTjSEbLXITwTWEV58jYdcAtNiZghlkptbMRtTSZk22RRMCF+f4v9J+8J2iO00K6X6dRZHHp2gU3SOHHSF6ugWNVALMQToAT2hZ+veerRerNdVa87KZo7RD1hvny7EjS8=</latexit><latexit sha1_base64="/0ZnIPJxing4BnlyzakDetPnMdw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZk1QZNb0IvHBMwDkiXMTnqTMbMPZmYDYckXePGgiFc/yZt/4yRZQUULGoqqbrq7vFhwpQn5sHJr6xubW/ntws7u3v5B8fCoraJEMmixSESy61EFgofQ0lwL6MYSaOAJ6HiTm4XfmYJUPArv9CwGN6CjkPucUW2k5nRQLBGbLIGJXSZO7dIxpFKrknINO5lVQhkag+J7fxixJIBQM0GV6jkk1m5KpeZMwLzQTxTElE3oCHqGhjQA5abLQ+f4zChD7EfSVKjxUv0+kdJAqVngmc6A6rH67S3Ev7xeov2qm/IwTjSEbLXITwTWEV58jYdcAtNiZghlkptbMRtTSZk22RRMCF+f4v9J+8J2iO00K6X6dRZHHp2gU3SOHHSF6ugWNVALMQToAT2hZ+veerRerNdVa87KZo7RD1hvny7EjS8=</latexit><latexit sha1_base64="/0ZnIPJxing4BnlyzakDetPnMdw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZk1QZNb0IvHBMwDkiXMTnqTMbMPZmYDYckXePGgiFc/yZt/4yRZQUULGoqqbrq7vFhwpQn5sHJr6xubW/ntws7u3v5B8fCoraJEMmixSESy61EFgofQ0lwL6MYSaOAJ6HiTm4XfmYJUPArv9CwGN6CjkPucUW2k5nRQLBGbLIGJXSZO7dIxpFKrknINO5lVQhkag+J7fxixJIBQM0GV6jkk1m5KpeZMwLzQTxTElE3oCHqGhjQA5abLQ+f4zChD7EfSVKjxUv0+kdJAqVngmc6A6rH67S3Ev7xeov2qm/IwTjSEbLXITwTWEV58jYdcAtNiZghlkptbMRtTSZk22RRMCF+f4v9J+8J2iO00K6X6dRZHHp2gU3SOHHSF6ugWNVALMQToAT2hZ+veerRerNdVa87KZo7RD1hvny7EjS8=</latexit><latexit sha1_base64="/0ZnIPJxing4BnlyzakDetPnMdw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZk1QZNb0IvHBMwDkiXMTnqTMbMPZmYDYckXePGgiFc/yZt/4yRZQUULGoqqbrq7vFhwpQn5sHJr6xubW/ntws7u3v5B8fCoraJEMmixSESy61EFgofQ0lwL6MYSaOAJ6HiTm4XfmYJUPArv9CwGN6CjkPucUW2k5nRQLBGbLIGJXSZO7dIxpFKrknINO5lVQhkag+J7fxixJIBQM0GV6jkk1m5KpeZMwLzQTxTElE3oCHqGhjQA5abLQ+f4zChD7EfSVKjxUv0+kdJAqVngmc6A6rH67S3Ev7xeov2qm/IwTjSEbLXITwTWEV58jYdcAtNiZghlkptbMRtTSZk22RRMCF+f4v9J+8J2iO00K6X6dRZHHp2gU3SOHHSF6ugWNVALMQToAT2hZ+veerRerNdVa87KZo7RD1hvny7EjS8=</latexit> �

<latexit sha1_base64="VqNJ2wb713yKz4KRoufjgPBjIH4=">AAAB7nicdVBNSwMxFHxbv2r9qnr0EiyCpyVri7a3ohePFawttEvJZrNtaDa7JFmhlP4ILx4U8erv8ea/MW1XUNGBwDAzj7w3QSq4Nhh/OIWV1bX1jeJmaWt7Z3evvH9wp5NMUdamiUhUNyCaCS5Z23AjWDdVjMSBYJ1gfDX3O/dMaZ7IWzNJmR+ToeQRp8RYqdMXNhqSQbmCXbwAwm4Ve41zz5Jao46rDeTlVgVytAbl936Y0Cxm0lBBtO55ODX+lCjDqWCzUj/TLCV0TIasZ6kkMdP+dLHuDJ1YJURRouyTBi3U7xNTEms9iQObjIkZ6d/eXPzL62UmqvtTLtPMMEmXH0WZQCZB89tRyBWjRkwsIVRxuyuiI6IINbahki3h61L0P7k7cz3seje1SvMyr6MIR3AMp+DBBTThGlrQBgpjeIAneHZS59F5cV6X0YKTzxzCDzhvn4hJj7I=</latexit><latexit sha1_base64="VqNJ2wb713yKz4KRoufjgPBjIH4=">AAAB7nicdVBNSwMxFHxbv2r9qnr0EiyCpyVri7a3ohePFawttEvJZrNtaDa7JFmhlP4ILx4U8erv8ea/MW1XUNGBwDAzj7w3QSq4Nhh/OIWV1bX1jeJmaWt7Z3evvH9wp5NMUdamiUhUNyCaCS5Z23AjWDdVjMSBYJ1gfDX3O/dMaZ7IWzNJmR+ToeQRp8RYqdMXNhqSQbmCXbwAwm4Ve41zz5Jao46rDeTlVgVytAbl936Y0Cxm0lBBtO55ODX+lCjDqWCzUj/TLCV0TIasZ6kkMdP+dLHuDJ1YJURRouyTBi3U7xNTEms9iQObjIkZ6d/eXPzL62UmqvtTLtPMMEmXH0WZQCZB89tRyBWjRkwsIVRxuyuiI6IINbahki3h61L0P7k7cz3seje1SvMyr6MIR3AMp+DBBTThGlrQBgpjeIAneHZS59F5cV6X0YKTzxzCDzhvn4hJj7I=</latexit><latexit sha1_base64="VqNJ2wb713yKz4KRoufjgPBjIH4=">AAAB7nicdVBNSwMxFHxbv2r9qnr0EiyCpyVri7a3ohePFawttEvJZrNtaDa7JFmhlP4ILx4U8erv8ea/MW1XUNGBwDAzj7w3QSq4Nhh/OIWV1bX1jeJmaWt7Z3evvH9wp5NMUdamiUhUNyCaCS5Z23AjWDdVjMSBYJ1gfDX3O/dMaZ7IWzNJmR+ToeQRp8RYqdMXNhqSQbmCXbwAwm4Ve41zz5Jao46rDeTlVgVytAbl936Y0Cxm0lBBtO55ODX+lCjDqWCzUj/TLCV0TIasZ6kkMdP+dLHuDJ1YJURRouyTBi3U7xNTEms9iQObjIkZ6d/eXPzL62UmqvtTLtPMMEmXH0WZQCZB89tRyBWjRkwsIVRxuyuiI6IINbahki3h61L0P7k7cz3seje1SvMyr6MIR3AMp+DBBTThGlrQBgpjeIAneHZS59F5cV6X0YKTzxzCDzhvn4hJj7I=</latexit><latexit sha1_base64="VqNJ2wb713yKz4KRoufjgPBjIH4=">AAAB7nicdVBNSwMxFHxbv2r9qnr0EiyCpyVri7a3ohePFawttEvJZrNtaDa7JFmhlP4ILx4U8erv8ea/MW1XUNGBwDAzj7w3QSq4Nhh/OIWV1bX1jeJmaWt7Z3evvH9wp5NMUdamiUhUNyCaCS5Z23AjWDdVjMSBYJ1gfDX3O/dMaZ7IWzNJmR+ToeQRp8RYqdMXNhqSQbmCXbwAwm4Ve41zz5Jao46rDeTlVgVytAbl936Y0Cxm0lBBtO55ODX+lCjDqWCzUj/TLCV0TIasZ6kkMdP+dLHuDJ1YJURRouyTBi3U7xNTEms9iQObjIkZ6d/eXPzL62UmqvtTLtPMMEmXH0WZQCZB89tRyBWjRkwsIVRxuyuiI6IINbahki3h61L0P7k7cz3seje1SvMyr6MIR3AMp+DBBTThGlrQBgpjeIAneHZS59F5cV6X0YKTzxzCDzhvn4hJj7I=</latexit>
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pT � mQv & ⇤QCD
<latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit><latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit><latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit><latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit>

pT ⇠ mQv ⇠ ⇤QCD
<latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit><latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit><latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit><latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit>

pT ⇠ mQv � ⇤QCD
<latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit><latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit><latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit><latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit>

Region (1) Region (2) Region (3)

(2) What are the different hierarchies between the two soft scales?

Two separated soft modes

SQ
n (pT ) ! Sc(pT )⇥ hO

Q
n i

<latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit>

As ! A(�)s +A(v)s
<latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit>

Ys,u ! Y(�)s,u ⇥ Y(v)s,u
<latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit>

|Xsi ! |X(�)si ⇥ |X(v)si
<latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit>

Hadronization effects happen  
at much lower scale but no  
re-factorization is possible. 

Can be matched onto a new  
set of LDMEs

SQ
n (pT ) ! Cn(pT )⇥ hO

Q
n i

<latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit>

No hierarchy of scales 

Shape function introduces 
 new non-perturbative  

effects 

No  further re-factorization

NRQCD at low pT - Soft Wilson lines
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(3) Can we do a perturbative calculation of the shape function to check  
consistency of out factorization?  

S[QQ̄]

n

���
NLO

= S[c]

���
NLO

+ hO
QQ̄
n i

���
NLO
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Region (1) Region (2) Region (3)

Two separated soft modes

SQ
n (pT ) ! Sc(pT )⇥ hO

Q
n i

<latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit>

As ! A(�)s +A(v)s
<latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit>

Ys,u ! Y(�)s,u ⇥ Y(v)s,u
<latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit>

|Xsi ! |X(�)si ⇥ |X(v)si
<latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit>

Hadronization effects happen  
at much lower scale but no  
re-factorization is possible. 

Can be matched onto a new  
set of LDMEs

SQ
n (pT ) ! Cn(pT )⇥ hO

Q
n i

<latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit>

Rapidity regulator and rapidity-RG:  
arXiv:1202.0814, J.-Y. Chiu, A. Jain, D. Neill and I. Z. Rothstein 

NRQCD at low pT - Soft Wilson lines
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(4) How this factorization is related with the standard NRQCD factorization if the  
small pT limit is taken?

pT � mQv & ⇤QCD
<latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit><latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit><latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit><latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit>

pT ⇠ mQv ⇠ ⇤QCD
<latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit><latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit><latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit><latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit>

pT ⇠ mQv � ⇤QCD
<latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit><latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit><latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit><latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit>

Region (1) Region (2) Region (3)

Two separated soft modes

SQ
n (pT ) ! Sc(pT )⇥ hO

Q
n i

<latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit>

As ! A(�)s +A(v)s
<latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit>

Ys,u ! Y(�)s,u ⇥ Y(v)s,u
<latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit>

|Xsi ! |X(�)si ⇥ |X(v)si
<latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit>

Hadronization effects happen  
at much lower scale but no  
re-factorization is possible. 

Can be matched onto a new  
set of LDMEs

SQ
n (pT ) ! Cn(pT )⇥ hO

Q
n i

<latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit>

S[QQ̄]

n

���
NLO

= S[c]

���
NLO

+ hO
QQ̄
n i

���
NLO

<latexit sha1_base64="PpjhatN7ND/dPZMH8LWIW6rtWWU="></latexit><latexit sha1_base64="PpjhatN7ND/dPZMH8LWIW6rtWWU="></latexit><latexit sha1_base64="PpjhatN7ND/dPZMH8LWIW6rtWWU="></latexit><latexit sha1_base64="PpjhatN7ND/dPZMH8LWIW6rtWWU="></latexit>

�H

µ
+ �S

µ
+ 2�B

µ
= 0
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arXiv:1210.3432, Peng Sun, 
 C.-P. Yuan, and Feng Yuan

NRQCD at low pT - Soft Wilson lines
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Rapidity regulator and rapidity-RG:  
arXiv:1202.0814, J.-Y. Chiu, A. Jain, D. Neill and I. Z. Rothstein 



Summary 

- Quarkonium production in low pT standard LDMEs are “promoted” to shape/soft functions 

- Time-like Wilson line is necessary for consistency in the case of color octet mechanisms 

- Small pT limit of NRQCD is recovered only in the limit: pT � mQv
<latexit sha1_base64="lb23r3eMQtBLlPjqw2/X7Z2BK/I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68dhCv6ANYbPdpEt3N3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLU860cd1vZ2Nza3tnt7RX3j84PDqunJx2dJIpQtsk4YnqhVhTziRtG2Y47aWKYhFy2g3HD3O/O6FKs0S2zDSlvsCxZBEj2FjJT4MWGsQxEkETTYJK1a25C6B14hWkCgUaQeVrMExIJqg0hGOt+56bGj/HyjDC6aw8yDRNMRnjmPYtlVhQ7eeLo2fo0ipDFCXKljRoof6eyLHQeipC2ymwGelVby7+5/UzE935OZNpZqgky0VRxpFJ0DwBNGSKEsOnlmCimL0VkRFWmBibU9mG4K2+vE461zXPrXnNm2r9voijBOdwAVfgwS3U4REa0AYCT/AMr/DmTJwX5935WLZuOMXMGfyB8/kDdxCRPA==</latexit><latexit sha1_base64="lb23r3eMQtBLlPjqw2/X7Z2BK/I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68dhCv6ANYbPdpEt3N3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLU860cd1vZ2Nza3tnt7RX3j84PDqunJx2dJIpQtsk4YnqhVhTziRtG2Y47aWKYhFy2g3HD3O/O6FKs0S2zDSlvsCxZBEj2FjJT4MWGsQxEkETTYJK1a25C6B14hWkCgUaQeVrMExIJqg0hGOt+56bGj/HyjDC6aw8yDRNMRnjmPYtlVhQ7eeLo2fo0ipDFCXKljRoof6eyLHQeipC2ymwGelVby7+5/UzE935OZNpZqgky0VRxpFJ0DwBNGSKEsOnlmCimL0VkRFWmBibU9mG4K2+vE461zXPrXnNm2r9voijBOdwAVfgwS3U4REa0AYCT/AMr/DmTJwX5935WLZuOMXMGfyB8/kDdxCRPA==</latexit><latexit sha1_base64="lb23r3eMQtBLlPjqw2/X7Z2BK/I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68dhCv6ANYbPdpEt3N3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLU860cd1vZ2Nza3tnt7RX3j84PDqunJx2dJIpQtsk4YnqhVhTziRtG2Y47aWKYhFy2g3HD3O/O6FKs0S2zDSlvsCxZBEj2FjJT4MWGsQxEkETTYJK1a25C6B14hWkCgUaQeVrMExIJqg0hGOt+56bGj/HyjDC6aw8yDRNMRnjmPYtlVhQ7eeLo2fo0ipDFCXKljRoof6eyLHQeipC2ymwGelVby7+5/UzE935OZNpZqgky0VRxpFJ0DwBNGSKEsOnlmCimL0VkRFWmBibU9mG4K2+vE461zXPrXnNm2r9voijBOdwAVfgwS3U4REa0AYCT/AMr/DmTJwX5935WLZuOMXMGfyB8/kDdxCRPA==</latexit><latexit sha1_base64="lb23r3eMQtBLlPjqw2/X7Z2BK/I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68dhCv6ANYbPdpEt3N3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLU860cd1vZ2Nza3tnt7RX3j84PDqunJx2dJIpQtsk4YnqhVhTziRtG2Y47aWKYhFy2g3HD3O/O6FKs0S2zDSlvsCxZBEj2FjJT4MWGsQxEkETTYJK1a25C6B14hWkCgUaQeVrMExIJqg0hGOt+56bGj/HyjDC6aw8yDRNMRnjmPYtlVhQ7eeLo2fo0ipDFCXKljRoof6eyLHQeipC2ymwGelVby7+5/UzE935OZNpZqgky0VRxpFJ0DwBNGSKEsOnlmCimL0VkRFWmBibU9mG4K2+vE461zXPrXnNm2r9voijBOdwAVfgwS3U4REa0AYCT/AMr/DmTJwX5935WLZuOMXMGfyB8/kDdxCRPA==</latexit>

- Shape function introduces new non-perturbative effects (universal ?). 

- Extension to:

- TMD-fragmentation

- polarized cross sections

- In-jet Quarkonia 
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cc̄ : v2 ⇠ 0.3

bb̄ : v2 ⇠ 0.1

Relative velocity of the heavy quark and  
antiquark in the quarkonium

bottomonium
charmonium

⇤QCD

mQv

mQv
2

mQ

µ

Perturbative 

Non-Perturbative 

|pQ| ⇠ mQv
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KQ ⇠ mQv
2

<latexit sha1_base64="3s2i8J5AD2tfWgAHaapX0Tzk4Mo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBD0WvQheWrAf0Maw2W7apbtJ2N0Uaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59sqbGxube8Ud0t7+weHZfvouK3iVBLaIjGPZTfAinIW0ZZmmtNuIikWAaedYHw79zsTKhWLowc9Tagn8DBiISNYG8m3y/d+s6+YQMJvosljzbcrTtVZAK0TNycVyNHw7a/+ICapoJEmHCvVc51EexmWmhFOZ6V+qmiCyRgPac/QCAuqvGxx+AydG2WAwliaijRaqL8nMiyUmorAdAqsR2rVm4v/eb1Uh9dexqIk1TQiy0VhypGO0TwFNGCSEs2nhmAimbkVkRGWmGiTVcmE4K6+vE7atarrVN3mZaV+k8dRhFM4gwtw4QrqcAcNaAGBFJ7hFd6sJ+vFerc+lq0FK585gT+wPn8AatmSRA==</latexit><latexit sha1_base64="3s2i8J5AD2tfWgAHaapX0Tzk4Mo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBD0WvQheWrAf0Maw2W7apbtJ2N0Uaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59sqbGxube8Ud0t7+weHZfvouK3iVBLaIjGPZTfAinIW0ZZmmtNuIikWAaedYHw79zsTKhWLowc9Tagn8DBiISNYG8m3y/d+s6+YQMJvosljzbcrTtVZAK0TNycVyNHw7a/+ICapoJEmHCvVc51EexmWmhFOZ6V+qmiCyRgPac/QCAuqvGxx+AydG2WAwliaijRaqL8nMiyUmorAdAqsR2rVm4v/eb1Uh9dexqIk1TQiy0VhypGO0TwFNGCSEs2nhmAimbkVkRGWmGiTVcmE4K6+vE7atarrVN3mZaV+k8dRhFM4gwtw4QrqcAcNaAGBFJ7hFd6sJ+vFerc+lq0FK585gT+wPn8AatmSRA==</latexit><latexit sha1_base64="3s2i8J5AD2tfWgAHaapX0Tzk4Mo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBD0WvQheWrAf0Maw2W7apbtJ2N0Uaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59sqbGxube8Ud0t7+weHZfvouK3iVBLaIjGPZTfAinIW0ZZmmtNuIikWAaedYHw79zsTKhWLowc9Tagn8DBiISNYG8m3y/d+s6+YQMJvosljzbcrTtVZAK0TNycVyNHw7a/+ICapoJEmHCvVc51EexmWmhFOZ6V+qmiCyRgPac/QCAuqvGxx+AydG2WAwliaijRaqL8nMiyUmorAdAqsR2rVm4v/eb1Uh9dexqIk1TQiy0VhypGO0TwFNGCSEs2nhmAimbkVkRGWmGiTVcmE4K6+vE7atarrVN3mZaV+k8dRhFM4gwtw4QrqcAcNaAGBFJ7hFd6sJ+vFerc+lq0FK585gT+wPn8AatmSRA==</latexit><latexit sha1_base64="3s2i8J5AD2tfWgAHaapX0Tzk4Mo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBD0WvQheWrAf0Maw2W7apbtJ2N0Uaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KEM6Ud59sqbGxube8Ud0t7+weHZfvouK3iVBLaIjGPZTfAinIW0ZZmmtNuIikWAaedYHw79zsTKhWLowc9Tagn8DBiISNYG8m3y/d+s6+YQMJvosljzbcrTtVZAK0TNycVyNHw7a/+ICapoJEmHCvVc51EexmWmhFOZ6V+qmiCyRgPac/QCAuqvGxx+AydG2WAwliaijRaqL8nMiyUmorAdAqsR2rVm4v/eb1Uh9dexqIk1TQiy0VhypGO0TwFNGCSEs2nhmAimbkVkRGWmGiTVcmE4K6+vE7atarrVN3mZaV+k8dRhFM4gwtw4QrqcAcNaAGBFJ7hFd6sJ+vFerc+lq0FK585gT+wPn8AatmSRA==</latexit>

typical momentum of heavy  quark:

typical kinetic energy of heavy  quark:

NRQCD = Non-Relativistic QCD 

(soft)

(ultra-soft)

1.5 GeV
<latexit sha1_base64="KMf08kIYI9kuYhnzfpwPNjMm/ag=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInpZdUfQY9KDHCOYByRJmJ51kyOyDmV4xLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+t+W4WV1bX1jeJmaWt7Z7ds7+03dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxhdT/3mAygt4ugexwn4IRtEoi84QyN17bLnnNMOwiNm9AYak65dcR13BrpMvJxUSI5a1/7q9GKehhAhl0zrtucm6GdMoeASJqVOqiFhfMQG0DY0YiFoP5sdPqHHRunRfqxMRUhn6u+JjIVaj8PAdIYMh3rRm4r/ee0U+5d+JqIkRYj4fFE/lRRjOk2B9oQCjnJsCONKmFspHzLFOJqsSiYEb/HlZdI4dTzX8e7OKtWrPI4iOSRH5IR45IJUyS2pkTrhJCXP5JW8WU/Wi/VufcxbC1Y+c0D+wPr8AUaekjA=</latexit><latexit sha1_base64="KMf08kIYI9kuYhnzfpwPNjMm/ag=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInpZdUfQY9KDHCOYByRJmJ51kyOyDmV4xLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+t+W4WV1bX1jeJmaWt7Z7ds7+03dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxhdT/3mAygt4ugexwn4IRtEoi84QyN17bLnnNMOwiNm9AYak65dcR13BrpMvJxUSI5a1/7q9GKehhAhl0zrtucm6GdMoeASJqVOqiFhfMQG0DY0YiFoP5sdPqHHRunRfqxMRUhn6u+JjIVaj8PAdIYMh3rRm4r/ee0U+5d+JqIkRYj4fFE/lRRjOk2B9oQCjnJsCONKmFspHzLFOJqsSiYEb/HlZdI4dTzX8e7OKtWrPI4iOSRH5IR45IJUyS2pkTrhJCXP5JW8WU/Wi/VufcxbC1Y+c0D+wPr8AUaekjA=</latexit><latexit sha1_base64="KMf08kIYI9kuYhnzfpwPNjMm/ag=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInpZdUfQY9KDHCOYByRJmJ51kyOyDmV4xLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+t+W4WV1bX1jeJmaWt7Z7ds7+03dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxhdT/3mAygt4ugexwn4IRtEoi84QyN17bLnnNMOwiNm9AYak65dcR13BrpMvJxUSI5a1/7q9GKehhAhl0zrtucm6GdMoeASJqVOqiFhfMQG0DY0YiFoP5sdPqHHRunRfqxMRUhn6u+JjIVaj8PAdIYMh3rRm4r/ee0U+5d+JqIkRYj4fFE/lRRjOk2B9oQCjnJsCONKmFspHzLFOJqsSiYEb/HlZdI4dTzX8e7OKtWrPI4iOSRH5IR45IJUyS2pkTrhJCXP5JW8WU/Wi/VufcxbC1Y+c0D+wPr8AUaekjA=</latexit><latexit sha1_base64="KMf08kIYI9kuYhnzfpwPNjMm/ag=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInpZdUfQY9KDHCOYByRJmJ51kyOyDmV4xLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+t+W4WV1bX1jeJmaWt7Z7ds7+03dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxhdT/3mAygt4ugexwn4IRtEoi84QyN17bLnnNMOwiNm9AYak65dcR13BrpMvJxUSI5a1/7q9GKehhAhl0zrtucm6GdMoeASJqVOqiFhfMQG0DY0YiFoP5sdPqHHRunRfqxMRUhn6u+JjIVaj8PAdIYMh3rRm4r/ee0U+5d+JqIkRYj4fFE/lRRjOk2B9oQCjnJsCONKmFspHzLFOJqsSiYEb/HlZdI4dTzX8e7OKtWrPI4iOSRH5IR45IJUyS2pkTrhJCXP5JW8WU/Wi/VufcxbC1Y+c0D+wPr8AUaekjA=</latexit>

NRQCD scales
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ultra-soft

soft

subheading

arXiv:hep-ph/9910209 M. E. Luke, A. V. Manohar, I. Z. Rothstein

pµs ⇠ mQv(1, 1, 1, 1)
<latexit sha1_base64="+bwPetbiY7t8HTFolxDa0tIXGWM=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG5ct2Ad0xiGTZtrQJDMkmUIZunXjr7hxoYhb/8Cdf2M6nYW2nsuFwzn3ktwTJowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHtzO/MyZS0Vjc60lCfI4GgkYUI22kwIZJkKnpQ+bxdAo9RTnkQROOYdU9z+sssCtOzckBl4lbkAoo0AjsL68f45QToTFDSvVcJ9F+hqSmmJFp2UsVSRAeoQHpGSoQJ8rP8kum8NQofRjF0rTQMFd/b2SIKzXhoZnkSA/VojcT//N6qY6u/YyKJNVE4PlDUcqgjuEsFtinkmDNJoYgLKn5K8RDJBHWJryyCcFdPHmZtC9qrlNzm5eV+k0RRwkcgxNQBS64AnVwBxqgBTB4BM/gFbxZT9aL9W59zEdXrGLnCPyB9fkDN2OYCg==</latexit><latexit sha1_base64="+bwPetbiY7t8HTFolxDa0tIXGWM=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG5ct2Ad0xiGTZtrQJDMkmUIZunXjr7hxoYhb/8Cdf2M6nYW2nsuFwzn3ktwTJowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHtzO/MyZS0Vjc60lCfI4GgkYUI22kwIZJkKnpQ+bxdAo9RTnkQROOYdU9z+sssCtOzckBl4lbkAoo0AjsL68f45QToTFDSvVcJ9F+hqSmmJFp2UsVSRAeoQHpGSoQJ8rP8kum8NQofRjF0rTQMFd/b2SIKzXhoZnkSA/VojcT//N6qY6u/YyKJNVE4PlDUcqgjuEsFtinkmDNJoYgLKn5K8RDJBHWJryyCcFdPHmZtC9qrlNzm5eV+k0RRwkcgxNQBS64AnVwBxqgBTB4BM/gFbxZT9aL9W59zEdXrGLnCPyB9fkDN2OYCg==</latexit><latexit sha1_base64="+bwPetbiY7t8HTFolxDa0tIXGWM=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG5ct2Ad0xiGTZtrQJDMkmUIZunXjr7hxoYhb/8Cdf2M6nYW2nsuFwzn3ktwTJowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHtzO/MyZS0Vjc60lCfI4GgkYUI22kwIZJkKnpQ+bxdAo9RTnkQROOYdU9z+sssCtOzckBl4lbkAoo0AjsL68f45QToTFDSvVcJ9F+hqSmmJFp2UsVSRAeoQHpGSoQJ8rP8kum8NQofRjF0rTQMFd/b2SIKzXhoZnkSA/VojcT//N6qY6u/YyKJNVE4PlDUcqgjuEsFtinkmDNJoYgLKn5K8RDJBHWJryyCcFdPHmZtC9qrlNzm5eV+k0RRwkcgxNQBS64AnVwBxqgBTB4BM/gFbxZT9aL9W59zEdXrGLnCPyB9fkDN2OYCg==</latexit><latexit sha1_base64="+bwPetbiY7t8HTFolxDa0tIXGWM=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG5ct2Ad0xiGTZtrQJDMkmUIZunXjr7hxoYhb/8Cdf2M6nYW2nsuFwzn3ktwTJowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHtzO/MyZS0Vjc60lCfI4GgkYUI22kwIZJkKnpQ+bxdAo9RTnkQROOYdU9z+sssCtOzckBl4lbkAoo0AjsL68f45QToTFDSvVcJ9F+hqSmmJFp2UsVSRAeoQHpGSoQJ8rP8kum8NQofRjF0rTQMFd/b2SIKzXhoZnkSA/VojcT//N6qY6u/YyKJNVE4PlDUcqgjuEsFtinkmDNJoYgLKn5K8RDJBHWJryyCcFdPHmZtC9qrlNzm5eV+k0RRwkcgxNQBS64AnVwBxqgBTB4BM/gFbxZT9aL9W59zEdXrGLnCPyB9fkDN2OYCg==</latexit>

pµus ⇠ mQv
2(1, 1, 1, 1)

<latexit sha1_base64="69hjlnVxJCRdubFZyF4mNvEME4k=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBEqSNktgh6LXjy2YH+gu12yadqGJtklyRbKsg/gxVfx4kERrz6AN9/GdLsHbZ0QGGbmI/kmiBhV2ra/rbX1jc2t7cJOcXdv/+CwdHTcVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M39zpRIRUPxoGcR8TgaCTqkGGkj+aVy5CexSvuJy+MUuopyyP0mnPZrsOJcZufCpOyqnQGuEicnZZCj4Ze+3EGIY06Exgwp1XPsSHsJkppiRtKiGysSITxBI9IzVCBOlJdky6Tw3CgDOAyluULDTP09kSCu1IwHJsmRHqtlby7+5/ViPbzxEiqiWBOBFw8NYwZ1COfNwAGVBGs2MwRhSc1fIR4jibA2/RVNCc7yyqukXas6dtVpXpXrt3kdBXAKzkAFOOAa1ME9aIAWwOARPINX8GY9WS/Wu/WxiK5Z+cwJ+APr8wdZHZkt</latexit><latexit sha1_base64="69hjlnVxJCRdubFZyF4mNvEME4k=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBEqSNktgh6LXjy2YH+gu12yadqGJtklyRbKsg/gxVfx4kERrz6AN9/GdLsHbZ0QGGbmI/kmiBhV2ra/rbX1jc2t7cJOcXdv/+CwdHTcVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M39zpRIRUPxoGcR8TgaCTqkGGkj+aVy5CexSvuJy+MUuopyyP0mnPZrsOJcZufCpOyqnQGuEicnZZCj4Ze+3EGIY06Exgwp1XPsSHsJkppiRtKiGysSITxBI9IzVCBOlJdky6Tw3CgDOAyluULDTP09kSCu1IwHJsmRHqtlby7+5/ViPbzxEiqiWBOBFw8NYwZ1COfNwAGVBGs2MwRhSc1fIR4jibA2/RVNCc7yyqukXas6dtVpXpXrt3kdBXAKzkAFOOAa1ME9aIAWwOARPINX8GY9WS/Wu/WxiK5Z+cwJ+APr8wdZHZkt</latexit><latexit sha1_base64="69hjlnVxJCRdubFZyF4mNvEME4k=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBEqSNktgh6LXjy2YH+gu12yadqGJtklyRbKsg/gxVfx4kERrz6AN9/GdLsHbZ0QGGbmI/kmiBhV2ra/rbX1jc2t7cJOcXdv/+CwdHTcVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M39zpRIRUPxoGcR8TgaCTqkGGkj+aVy5CexSvuJy+MUuopyyP0mnPZrsOJcZufCpOyqnQGuEicnZZCj4Ze+3EGIY06Exgwp1XPsSHsJkppiRtKiGysSITxBI9IzVCBOlJdky6Tw3CgDOAyluULDTP09kSCu1IwHJsmRHqtlby7+5/ViPbzxEiqiWBOBFw8NYwZ1COfNwAGVBGs2MwRhSc1fIR4jibA2/RVNCc7yyqukXas6dtVpXpXrt3kdBXAKzkAFOOAa1ME9aIAWwOARPINX8GY9WS/Wu/WxiK5Z+cwJ+APr8wdZHZkt</latexit><latexit sha1_base64="69hjlnVxJCRdubFZyF4mNvEME4k=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBEqSNktgh6LXjy2YH+gu12yadqGJtklyRbKsg/gxVfx4kERrz6AN9/GdLsHbZ0QGGbmI/kmiBhV2ra/rbX1jc2t7cJOcXdv/+CwdHTcVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M39zpRIRUPxoGcR8TgaCTqkGGkj+aVy5CexSvuJy+MUuopyyP0mnPZrsOJcZufCpOyqnQGuEicnZZCj4Ze+3EGIY06Exgwp1XPsSHsJkppiRtKiGysSITxBI9IzVCBOlJdky6Tw3CgDOAyluULDTP09kSCu1IwHJsmRHqtlby7+5/ViPbzxEiqiWBOBFw8NYwZ1COfNwAGVBGs2MwRhSc1fIR4jibA2/RVNCc7yyqukXas6dtVpXpXrt3kdBXAKzkAFOOAa1ME9aIAWwOARPINX8GY9WS/Wu/WxiK5Z+cwJ+APr8wdZHZkt</latexit>

ultra-soft:

soft:
NRQCD = Non-Relativistic QCD 

(v)NRQCD Lagrangian
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ultra-soft 
+ 

soft

LDME: Long Distance Matrix Elements

n = 2S+1L[c]
J

<latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit><latexit sha1_base64="BD0H5V4N4+tN+A87TUTaS81jFrc=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3ASLIAglKYJuhKIbERcV7QXSGCbTaTt0MgkzE6HELHwVNy4UcetruPNtnLZZaOsPAx//OYdz5g9iRqWy7W9jbn5hcWm5sFJcXVvf2DS3thsySgQmdRyxSLQCJAmjnNQVVYy0YkFQGDDSDAYXo3rzgQhJI36nhjHxQtTjtEsxUtryzV1+lmb3aeX2yMmu/fRKs4u9zDdLdtkey5oFJ4cS5Kr55le7E+EkJFxhhqR0HTtWXoqEopiRrNhOJIkRHqAecTVyFBLppeP7M+tAOx2rGwn9uLLG7u+JFIVSDsNAd4ZI9eV0bWT+V3MT1T31UsrjRBGOJ4u6CbNUZI3CsDpUEKzYUAPCgupbLdxHAmGlIyvqEJzpL89Co1J27LJzc1yqnudxFGAP9uEQHDiBKlxCDeqA4RGe4RXejCfjxXg3Piatc0Y+swN/ZHz+AHsVlb8=</latexit>

NRQCD Factorization
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i
<latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit>

j
<latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit>

k
<latexit sha1_base64="4k4wc5epfIngZWGE5jZJOI+hDKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWao16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gBA+IzD</latexit><latexit sha1_base64="4k4wc5epfIngZWGE5jZJOI+hDKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWao16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gBA+IzD</latexit><latexit sha1_base64="4k4wc5epfIngZWGE5jZJOI+hDKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWao16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gBA+IzD</latexit><latexit sha1_base64="4k4wc5epfIngZWGE5jZJOI+hDKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWao16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gBA+IzD</latexit>

Q+X 0
<latexit sha1_base64="r0bJuLbaqlIqFZXqDHXbcsCebwc=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyiIJREBPVW9OKxBWMLbSyb7aZdutmE3Y1SQv6HFw8qXv0x3vw3btoctHVgYZh5jzc7fsyZ0rb9bZWWlldW18rrlY3Nre2d6u7evYoSSahLIh7Jjo8V5UxQVzPNaSeWFIc+p21/fJP77UcqFYvEnZ7E1AvxULCAEayN9NALsR4RzNNWdto57ldrdt2eAi0SpyA1KNDsV796g4gkIRWacKxU17Fj7aVYakY4zSq9RNEYkzEe0q6hAodUeek0dYaOjDJAQSTNExpN1d8bKQ6VmoS+mcxTqnkvF//zuokOLr2UiTjRVJDZoSDhSEcorwANmKRE84khmEhmsiIywhITbYqqmBKc+S8vEvesflV3Wue1xnXRRhkO4BBOwIELaMAtNMEFAhKe4RXerCfrxXq3PmajJavY2Yc/sD5/AHEWkgM=</latexit><latexit sha1_base64="r0bJuLbaqlIqFZXqDHXbcsCebwc=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyiIJREBPVW9OKxBWMLbSyb7aZdutmE3Y1SQv6HFw8qXv0x3vw3btoctHVgYZh5jzc7fsyZ0rb9bZWWlldW18rrlY3Nre2d6u7evYoSSahLIh7Jjo8V5UxQVzPNaSeWFIc+p21/fJP77UcqFYvEnZ7E1AvxULCAEayN9NALsR4RzNNWdto57ldrdt2eAi0SpyA1KNDsV796g4gkIRWacKxU17Fj7aVYakY4zSq9RNEYkzEe0q6hAodUeek0dYaOjDJAQSTNExpN1d8bKQ6VmoS+mcxTqnkvF//zuokOLr2UiTjRVJDZoSDhSEcorwANmKRE84khmEhmsiIywhITbYqqmBKc+S8vEvesflV3Wue1xnXRRhkO4BBOwIELaMAtNMEFAhKe4RXerCfrxXq3PmajJavY2Yc/sD5/AHEWkgM=</latexit><latexit sha1_base64="r0bJuLbaqlIqFZXqDHXbcsCebwc=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyiIJREBPVW9OKxBWMLbSyb7aZdutmE3Y1SQv6HFw8qXv0x3vw3btoctHVgYZh5jzc7fsyZ0rb9bZWWlldW18rrlY3Nre2d6u7evYoSSahLIh7Jjo8V5UxQVzPNaSeWFIc+p21/fJP77UcqFYvEnZ7E1AvxULCAEayN9NALsR4RzNNWdto57ldrdt2eAi0SpyA1KNDsV796g4gkIRWacKxU17Fj7aVYakY4zSq9RNEYkzEe0q6hAodUeek0dYaOjDJAQSTNExpN1d8bKQ6VmoS+mcxTqnkvF//zuokOLr2UiTjRVJDZoSDhSEcorwANmKRE84khmEhmsiIywhITbYqqmBKc+S8vEvesflV3Wue1xnXRRhkO4BBOwIELaMAtNMEFAhKe4RXerCfrxXq3PmajJavY2Yc/sD5/AHEWkgM=</latexit><latexit sha1_base64="r0bJuLbaqlIqFZXqDHXbcsCebwc=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyiIJREBPVW9OKxBWMLbSyb7aZdutmE3Y1SQv6HFw8qXv0x3vw3btoctHVgYZh5jzc7fsyZ0rb9bZWWlldW18rrlY3Nre2d6u7evYoSSahLIh7Jjo8V5UxQVzPNaSeWFIc+p21/fJP77UcqFYvEnZ7E1AvxULCAEayN9NALsR4RzNNWdto57ldrdt2eAi0SpyA1KNDsV796g4gkIRWacKxU17Fj7aVYakY4zSq9RNEYkzEe0q6hAodUeek0dYaOjDJAQSTNExpN1d8bKQ6VmoS+mcxTqnkvF//zuokOLr2UiTjRVJDZoSDhSEcorwANmKRE84khmEhmsiIywhITbYqqmBKc+S8vEvesflV3Wue1xnXRRhkO4BBOwIELaMAtNMEFAhKe4RXerCfrxXq3PmajJavY2Yc/sD5/AHEWkgM=</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

NRQCD at large pT
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(Hadron colliders)



At sufficiently large pT the 
fragmentation processes will  
dominate the cross section: 

Only few simple  
diagrams for each mechanism 

Large Logarithms 
ln(pT /mQ)

<latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit>

↵s, v,
mQ
p?Expansion in:
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ln(pT /mQ)
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At sufficiently large pT the 
fragmentation processes will  
dominate the cross section: 

Only few simple  
diagrams for each mechanism 

Large Logarithms 
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<latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit>
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<latexit sha1_base64="bs2AAqiBhASKKvxLddXW6XWIKHE=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1Wom5KIoO5K3bis0NhCE8pkOmmHzkzCzEQoIT/gxl9x40LFrR/gzr9x2mahrQcuHM65l3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsH9ypOJSYejlksuyFShFFBPE01I91EEsRDRjrh+Gbqdx6IVDQWbT1JSMDRUNCIYqSN1LdPfCag36TDrJZDP5IIZz5P8yzpt3M4N87yvl116s4McJm4BamCAq2+/eUPYpxyIjRmSKme6yQ6yJDUFDOSV/xUkQThMRqSnqECcaKCbPZNDk+NMoBRLE0JDWfq74kMcaUmPDSdHOmRWvSm4n9eL9XRVZBRkaSaCDxfFKUM6hhOo4EDKgnWbGIIwpKaWyEeIROJNgFWTAju4svLxDuvX9fdu4tqo1mkUQZH4BjUgAsuQQPcghbwAAaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/gUJsD</latexit><latexit sha1_base64="bs2AAqiBhASKKvxLddXW6XWIKHE=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1Wom5KIoO5K3bis0NhCE8pkOmmHzkzCzEQoIT/gxl9x40LFrR/gzr9x2mahrQcuHM65l3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsH9ypOJSYejlksuyFShFFBPE01I91EEsRDRjrh+Gbqdx6IVDQWbT1JSMDRUNCIYqSN1LdPfCag36TDrJZDP5IIZz5P8yzpt3M4N87yvl116s4McJm4BamCAq2+/eUPYpxyIjRmSKme6yQ6yJDUFDOSV/xUkQThMRqSnqECcaKCbPZNDk+NMoBRLE0JDWfq74kMcaUmPDSdHOmRWvSm4n9eL9XRVZBRkaSaCDxfFKUM6hhOo4EDKgnWbGIIwpKaWyEeIROJNgFWTAju4svLxDuvX9fdu4tqo1mkUQZH4BjUgAsuQQPcghbwAAaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/gUJsD</latexit><latexit sha1_base64="bs2AAqiBhASKKvxLddXW6XWIKHE=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1Wom5KIoO5K3bis0NhCE8pkOmmHzkzCzEQoIT/gxl9x40LFrR/gzr9x2mahrQcuHM65l3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsH9ypOJSYejlksuyFShFFBPE01I91EEsRDRjrh+Gbqdx6IVDQWbT1JSMDRUNCIYqSN1LdPfCag36TDrJZDP5IIZz5P8yzpt3M4N87yvl116s4McJm4BamCAq2+/eUPYpxyIjRmSKme6yQ6yJDUFDOSV/xUkQThMRqSnqECcaKCbPZNDk+NMoBRLE0JDWfq74kMcaUmPDSdHOmRWvSm4n9eL9XRVZBRkaSaCDxfFKUM6hhOo4EDKgnWbGIIwpKaWyEeIROJNgFWTAju4svLxDuvX9fdu4tqo1mkUQZH4BjUgAsuQQPcghbwAAaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/gUJsD</latexit><latexit sha1_base64="bs2AAqiBhASKKvxLddXW6XWIKHE=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1Wom5KIoO5K3bis0NhCE8pkOmmHzkzCzEQoIT/gxl9x40LFrR/gzr9x2mahrQcuHM65l3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsH9ypOJSYejlksuyFShFFBPE01I91EEsRDRjrh+Gbqdx6IVDQWbT1JSMDRUNCIYqSN1LdPfCag36TDrJZDP5IIZz5P8yzpt3M4N87yvl116s4McJm4BamCAq2+/eUPYpxyIjRmSKme6yQ6yJDUFDOSV/xUkQThMRqSnqECcaKCbPZNDk+NMoBRLE0JDWfq74kMcaUmPDSdHOmRWvSm4n9eL9XRVZBRkaSaCDxfFKUM6hhOo4EDKgnWbGIIwpKaWyEeIROJNgFWTAju4svLxDuvX9fdu4tqo1mkUQZH4BjUgAsuQQPcghbwAAaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/gUJsD</latexit>
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<latexit sha1_base64="kMZ0TJrjyD1nSD7CAHBDOaG/Few=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0WpC0tSBHVX6sZlC9YWmhAm00k7dGYSZiZCCfkDN/6KGxcqbl2782+cPhbaeuDC4Zx7ufeeMGFUacf5tgorq2vrG8XN0tb2zu6evX9wr+JUYtLGMYtlN0SKMCpIW1PNSDeRBPGQkU44upn4nQciFY3FnR4nxOdoIGhEMdJGCuzTc48J6DXoIKvk0IskwpnH0zyr8aCVw5lzlgd22ak6U8Bl4s5JGczRDOwvrx/jlBOhMUNK9Vwn0X6GpKaYkbzkpYokCI/QgPQMFYgT5WfTf3J4YpQ+jGJpSmg4VX9PZIgrNeah6eRID9WiNxH/83qpjq78jIok1UTg2aIoZVDHcBIO7FNJsGZjQxCW1NwK8RCZTLSJsGRCcBdfXibtWvW66rYuyvXGPI0iOALHoAJccAnq4BY0QRtg8AiewSt4s56sF+vd+pi1Fqz5zCH4A+vzB8Lym3A=</latexit><latexit sha1_base64="kMZ0TJrjyD1nSD7CAHBDOaG/Few=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0WpC0tSBHVX6sZlC9YWmhAm00k7dGYSZiZCCfkDN/6KGxcqbl2782+cPhbaeuDC4Zx7ufeeMGFUacf5tgorq2vrG8XN0tb2zu6evX9wr+JUYtLGMYtlN0SKMCpIW1PNSDeRBPGQkU44upn4nQciFY3FnR4nxOdoIGhEMdJGCuzTc48J6DXoIKvk0IskwpnH0zyr8aCVw5lzlgd22ak6U8Bl4s5JGczRDOwvrx/jlBOhMUNK9Vwn0X6GpKaYkbzkpYokCI/QgPQMFYgT5WfTf3J4YpQ+jGJpSmg4VX9PZIgrNeah6eRID9WiNxH/83qpjq78jIok1UTg2aIoZVDHcBIO7FNJsGZjQxCW1NwK8RCZTLSJsGRCcBdfXibtWvW66rYuyvXGPI0iOALHoAJccAnq4BY0QRtg8AiewSt4s56sF+vd+pi1Fqz5zCH4A+vzB8Lym3A=</latexit><latexit sha1_base64="kMZ0TJrjyD1nSD7CAHBDOaG/Few=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0WpC0tSBHVX6sZlC9YWmhAm00k7dGYSZiZCCfkDN/6KGxcqbl2782+cPhbaeuDC4Zx7ufeeMGFUacf5tgorq2vrG8XN0tb2zu6evX9wr+JUYtLGMYtlN0SKMCpIW1PNSDeRBPGQkU44upn4nQciFY3FnR4nxOdoIGhEMdJGCuzTc48J6DXoIKvk0IskwpnH0zyr8aCVw5lzlgd22ak6U8Bl4s5JGczRDOwvrx/jlBOhMUNK9Vwn0X6GpKaYkbzkpYokCI/QgPQMFYgT5WfTf3J4YpQ+jGJpSmg4VX9PZIgrNeah6eRID9WiNxH/83qpjq78jIok1UTg2aIoZVDHcBIO7FNJsGZjQxCW1NwK8RCZTLSJsGRCcBdfXibtWvW66rYuyvXGPI0iOALHoAJccAnq4BY0QRtg8AiewSt4s56sF+vd+pi1Fqz5zCH4A+vzB8Lym3A=</latexit><latexit sha1_base64="kMZ0TJrjyD1nSD7CAHBDOaG/Few=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0WpC0tSBHVX6sZlC9YWmhAm00k7dGYSZiZCCfkDN/6KGxcqbl2782+cPhbaeuDC4Zx7ufeeMGFUacf5tgorq2vrG8XN0tb2zu6evX9wr+JUYtLGMYtlN0SKMCpIW1PNSDeRBPGQkU44upn4nQciFY3FnR4nxOdoIGhEMdJGCuzTc48J6DXoIKvk0IskwpnH0zyr8aCVw5lzlgd22ak6U8Bl4s5JGczRDOwvrx/jlBOhMUNK9Vwn0X6GpKaYkbzkpYokCI/QgPQMFYgT5WfTf3J4YpQ+jGJpSmg4VX9PZIgrNeah6eRID9WiNxH/83qpjq78jIok1UTg2aIoZVDHcBIO7FNJsGZjQxCW1NwK8RCZTLSJsGRCcBdfXibtWvW66rYuyvXGPI0iOALHoAJccAnq4BY0QRtg8AiewSt4s56sF+vd+pi1Fqz5zCH4A+vzB8Lym3A=</latexit>
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<latexit sha1_base64="rsqp23+nVj2xk3KfaGTCYeiUnbg=">AAACGXicbVDLSsNAFJ3UV62vqks3g0WoIDURQZdFN+6sYB/Q1DCZTNqhM5MwMxFLyG+48VfcuFDEpa78GydtF9p64MLhnHu59x4/ZlRp2/62CguLS8srxdXS2vrG5lZ5e6elokRi0sQRi2THR4owKkhTU81IJ5YEcZ+Rtj+8zP32PZGKRuJWj2LS46gvaEgx0kbyynbgpfRYZNWHI5cnh9BlSPQZgS5HeoARS68zLxXZ3QC6cux45Ypds8eA88SZkgqYouGVP90gwgknQmOGlOo6dqx7KZKaYkaykpsoEiM8RH3SNVQgTlQvHX+WwQOjBDCMpCmh4Vj9PZEirtSI+6YzP1jNern4n9dNdHjeS6mIE00EniwKEwZ1BPOYYEAlwZqNDEFYUnMrxAMkEdYmzJIJwZl9eZ60TmqOXXNuTiv1i2kcRbAH9kEVOOAM1MEVaIAmwOARPINX8GY9WS/Wu/UxaS1Y05ld8AfW1w9gJ6CL</latexit><latexit sha1_base64="rsqp23+nVj2xk3KfaGTCYeiUnbg=">AAACGXicbVDLSsNAFJ3UV62vqks3g0WoIDURQZdFN+6sYB/Q1DCZTNqhM5MwMxFLyG+48VfcuFDEpa78GydtF9p64MLhnHu59x4/ZlRp2/62CguLS8srxdXS2vrG5lZ5e6elokRi0sQRi2THR4owKkhTU81IJ5YEcZ+Rtj+8zP32PZGKRuJWj2LS46gvaEgx0kbyynbgpfRYZNWHI5cnh9BlSPQZgS5HeoARS68zLxXZ3QC6cux45Ypds8eA88SZkgqYouGVP90gwgknQmOGlOo6dqx7KZKaYkaykpsoEiM8RH3SNVQgTlQvHX+WwQOjBDCMpCmh4Vj9PZEirtSI+6YzP1jNern4n9dNdHjeS6mIE00EniwKEwZ1BPOYYEAlwZqNDEFYUnMrxAMkEdYmzJIJwZl9eZ60TmqOXXNuTiv1i2kcRbAH9kEVOOAM1MEVaIAmwOARPINX8GY9WS/Wu/UxaS1Y05ld8AfW1w9gJ6CL</latexit><latexit sha1_base64="rsqp23+nVj2xk3KfaGTCYeiUnbg=">AAACGXicbVDLSsNAFJ3UV62vqks3g0WoIDURQZdFN+6sYB/Q1DCZTNqhM5MwMxFLyG+48VfcuFDEpa78GydtF9p64MLhnHu59x4/ZlRp2/62CguLS8srxdXS2vrG5lZ5e6elokRi0sQRi2THR4owKkhTU81IJ5YEcZ+Rtj+8zP32PZGKRuJWj2LS46gvaEgx0kbyynbgpfRYZNWHI5cnh9BlSPQZgS5HeoARS68zLxXZ3QC6cux45Ypds8eA88SZkgqYouGVP90gwgknQmOGlOo6dqx7KZKaYkaykpsoEiM8RH3SNVQgTlQvHX+WwQOjBDCMpCmh4Vj9PZEirtSI+6YzP1jNern4n9dNdHjeS6mIE00EniwKEwZ1BPOYYEAlwZqNDEFYUnMrxAMkEdYmzJIJwZl9eZ60TmqOXXNuTiv1i2kcRbAH9kEVOOAM1MEVaIAmwOARPINX8GY9WS/Wu/UxaS1Y05ld8AfW1w9gJ6CL</latexit><latexit sha1_base64="rsqp23+nVj2xk3KfaGTCYeiUnbg=">AAACGXicbVDLSsNAFJ3UV62vqks3g0WoIDURQZdFN+6sYB/Q1DCZTNqhM5MwMxFLyG+48VfcuFDEpa78GydtF9p64MLhnHu59x4/ZlRp2/62CguLS8srxdXS2vrG5lZ5e6elokRi0sQRi2THR4owKkhTU81IJ5YEcZ+Rtj+8zP32PZGKRuJWj2LS46gvaEgx0kbyynbgpfRYZNWHI5cnh9BlSPQZgS5HeoARS68zLxXZ3QC6cux45Ypds8eA88SZkgqYouGVP90gwgknQmOGlOo6dqx7KZKaYkaykpsoEiM8RH3SNVQgTlQvHX+WwQOjBDCMpCmh4Vj9PZEirtSI+6YzP1jNern4n9dNdHjeS6mIE00EniwKEwZ1BPOYYEAlwZqNDEFYUnMrxAMkEdYmzJIJwZl9eZ60TmqOXXNuTiv1i2kcRbAH9kEVOOAM1MEVaIAmwOARPINX8GY9WS/Wu/UxaS1Y05ld8AfW1w9gJ6CL</latexit>

Expansion in:

NRQCD at large pT

INT-18-3: Probing Nucleons and Nuclei in High Energy Collisions (week 2) Oct. 9 2018 52

ln(pT /mQ)
<latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit>
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<latexit sha1_base64="byn3eBAGkYLTGavSCYGYogm1nmU=">AAAB+3icbVBPS8MwHE3nvzn/VXf0EhyCp9mKoN6GXjxusLrBVkqapVtYkpYkFUqZX8WLBxWvfhFvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbVXW1jc2t6rbtZ3dvf0D+/DoQcWpxMTDMYtlP0SKMCqIp6lmpJ9IgnjISC+c3hV+75FIRWPR1VlCfI7GgkYUI22kwK4nQfecB/mQIz3BiOWd2SywG07TmQOuErckDVCiHdhfw1GMU06ExgwpNXCdRPs5kppiRma1YapIgvAUjcnAUIE4UX4+Dz+Dp0YZwSiW5gkN5+rvjRxxpTIemskio1r2CvE/b5Dq6NrPqUhSTQReHIpSBnUMiybgiEqCNcsMQVhSkxXiCZIIa9NXzZTgLn95lXgXzZum27lstG7LNqrgGJyAM+CCK9AC96ANPIBBBp7BK3iznqwX6936WIxWrHKnDv7A+vwBaM2U0g==</latexit><latexit sha1_base64="byn3eBAGkYLTGavSCYGYogm1nmU=">AAAB+3icbVBPS8MwHE3nvzn/VXf0EhyCp9mKoN6GXjxusLrBVkqapVtYkpYkFUqZX8WLBxWvfhFvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbVXW1jc2t6rbtZ3dvf0D+/DoQcWpxMTDMYtlP0SKMCqIp6lmpJ9IgnjISC+c3hV+75FIRWPR1VlCfI7GgkYUI22kwK4nQfecB/mQIz3BiOWd2SywG07TmQOuErckDVCiHdhfw1GMU06ExgwpNXCdRPs5kppiRma1YapIgvAUjcnAUIE4UX4+Dz+Dp0YZwSiW5gkN5+rvjRxxpTIemskio1r2CvE/b5Dq6NrPqUhSTQReHIpSBnUMiybgiEqCNcsMQVhSkxXiCZIIa9NXzZTgLn95lXgXzZum27lstG7LNqrgGJyAM+CCK9AC96ANPIBBBp7BK3iznqwX6936WIxWrHKnDv7A+vwBaM2U0g==</latexit><latexit sha1_base64="byn3eBAGkYLTGavSCYGYogm1nmU=">AAAB+3icbVBPS8MwHE3nvzn/VXf0EhyCp9mKoN6GXjxusLrBVkqapVtYkpYkFUqZX8WLBxWvfhFvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbVXW1jc2t6rbtZ3dvf0D+/DoQcWpxMTDMYtlP0SKMCqIp6lmpJ9IgnjISC+c3hV+75FIRWPR1VlCfI7GgkYUI22kwK4nQfecB/mQIz3BiOWd2SywG07TmQOuErckDVCiHdhfw1GMU06ExgwpNXCdRPs5kppiRma1YapIgvAUjcnAUIE4UX4+Dz+Dp0YZwSiW5gkN5+rvjRxxpTIemskio1r2CvE/b5Dq6NrPqUhSTQReHIpSBnUMiybgiEqCNcsMQVhSkxXiCZIIa9NXzZTgLn95lXgXzZum27lstG7LNqrgGJyAM+CCK9AC96ANPIBBBp7BK3iznqwX6936WIxWrHKnDv7A+vwBaM2U0g==</latexit><latexit sha1_base64="byn3eBAGkYLTGavSCYGYogm1nmU=">AAAB+3icbVBPS8MwHE3nvzn/VXf0EhyCp9mKoN6GXjxusLrBVkqapVtYkpYkFUqZX8WLBxWvfhFvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbVXW1jc2t6rbtZ3dvf0D+/DoQcWpxMTDMYtlP0SKMCqIp6lmpJ9IgnjISC+c3hV+75FIRWPR1VlCfI7GgkYUI22kwK4nQfecB/mQIz3BiOWd2SywG07TmQOuErckDVCiHdhfw1GMU06ExgwpNXCdRPs5kppiRma1YapIgvAUjcnAUIE4UX4+Dz+Dp0YZwSiW5gkN5+rvjRxxpTIemskio1r2CvE/b5Dq6NrPqUhSTQReHIpSBnUMiybgiEqCNcsMQVhSkxXiCZIIa9NXzZTgLn95lXgXzZum27lstG7LNqrgGJyAM+CCK9AC96ANPIBBBp7BK3iznqwX6936WIxWrHKnDv7A+vwBaM2U0g==</latexit>

Preferred at

Resummation of
ln(pT /mQ)

<latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit><latexit sha1_base64="tUP6ArmdPLtKaDFma0PKVoJiZvk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL8Ei1EtNRFBvRS8eW2hsoQlhs920S3c3YXcjlBAv/hUvHlS8+jO8+W/ctDlo9cHA470ZZuaFCSVS2faXUVlaXlldq67XNja3tnfM3b07GacCYRfFNBb9EEpMCceuIorifiIwZCHFvXByU/i9eywkiXlXTRPsMzjiJCIIKi0F5oFHeSMJuqcsyDwG1RhBmnXy/CQw63bTnsH6S5yS1EGJdmB+esMYpQxzhSiUcuDYifIzKBRBFOc1L5U4gWgCR3igKYcMSz+bfZBbx1oZWlEsdHFlzdSfExlkUk5ZqDuLI+WiV4j/eYNURZd+RniSKszRfFGUUkvFVhGHNSQCI0WnmkAkiL7VQmMoIFI6tJoOwVl8+S9xz5pXTadzXm9dl2lUwSE4Ag3ggAvQAregDVyAwAN4Ai/g1Xg0no03433eWjHKmX3wC8bHN5colos=</latexit>

G. T. Bodwin, K-T. Chao, H. S. Chung, U-R. Kim,J. Lee,  
and Y-Q. Ma (PRD) 2016
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Quarkonium at low pT (shape function 
perturbative)

+ mirror diagram

+ mirror diagram

soft contribution  
to singlet: 

soft contribution to octet: 

n̄
<latexit sha1_base64="HI8Wx++s29b1+zAq+QKjrbmwUEA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuxdSnatpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+ve/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPAKePiw==</latexit><latexit sha1_base64="HI8Wx++s29b1+zAq+QKjrbmwUEA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuxdSnatpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+ve/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPAKePiw==</latexit><latexit sha1_base64="HI8Wx++s29b1+zAq+QKjrbmwUEA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuxdSnatpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+ve/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPAKePiw==</latexit><latexit sha1_base64="HI8Wx++s29b1+zAq+QKjrbmwUEA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuxdSnatpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+ve/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPAKePiw==</latexit>

v
<latexit sha1_base64="sPHO6F3hNLaqsW3strGAOXwdC6E=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtq1m03Y3RRK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwbuY3R6g0T+SDGacYxLQvecQZNVZqjLrlilt15yCrxMtJBXLUu+WvTi9hWYzSMEG1bntuaoIJVYYzgdNSJ9OYUjakfWxbKmmMOpjMD52SM6v0SJQoW9KQufp7YkJjrcdxaDtjagZ62ZuJ/3ntzETXwYTLNDMo2WJRlAliEjL7mvS4QmbE2BLKFLe3EjagijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfnyXlx3p2PRWvByWeO4Q+czx9RmYzO</latexit><latexit sha1_base64="sPHO6F3hNLaqsW3strGAOXwdC6E=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtq1m03Y3RRK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwbuY3R6g0T+SDGacYxLQvecQZNVZqjLrlilt15yCrxMtJBXLUu+WvTi9hWYzSMEG1bntuaoIJVYYzgdNSJ9OYUjakfWxbKmmMOpjMD52SM6v0SJQoW9KQufp7YkJjrcdxaDtjagZ62ZuJ/3ntzETXwYTLNDMo2WJRlAliEjL7mvS4QmbE2BLKFLe3EjagijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfnyXlx3p2PRWvByWeO4Q+czx9RmYzO</latexit><latexit sha1_base64="sPHO6F3hNLaqsW3strGAOXwdC6E=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtq1m03Y3RRK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwbuY3R6g0T+SDGacYxLQvecQZNVZqjLrlilt15yCrxMtJBXLUu+WvTi9hWYzSMEG1bntuaoIJVYYzgdNSJ9OYUjakfWxbKmmMOpjMD52SM6v0SJQoW9KQufp7YkJjrcdxaDtjagZ62ZuJ/3ntzETXwYTLNDMo2WJRlAliEjL7mvS4QmbE2BLKFLe3EjagijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfnyXlx3p2PRWvByWeO4Q+czx9RmYzO</latexit><latexit sha1_base64="sPHO6F3hNLaqsW3strGAOXwdC6E=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtq1m03Y3RRK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwbuY3R6g0T+SDGacYxLQvecQZNVZqjLrlilt15yCrxMtJBXLUu+WvTi9hWYzSMEG1bntuaoIJVYYzgdNSJ9OYUjakfWxbKmmMOpjMD52SM6v0SJQoW9KQufp7YkJjrcdxaDtjagZ62ZuJ/3ntzETXwYTLNDMo2WJRlAliEjL7mvS4QmbE2BLKFLe3EjagijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfnyXlx3p2PRWvByWeO4Q+czx9RmYzO</latexit>

n̄
<latexit sha1_base64="HI8Wx++s29b1+zAq+QKjrbmwUEA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuxdSnatpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+ve/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPAKePiw==</latexit><latexit sha1_base64="HI8Wx++s29b1+zAq+QKjrbmwUEA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuxdSnatpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+ve/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPAKePiw==</latexit><latexit sha1_base64="HI8Wx++s29b1+zAq+QKjrbmwUEA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuxdSnatpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+ve/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPAKePiw==</latexit><latexit sha1_base64="HI8Wx++s29b1+zAq+QKjrbmwUEA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuxdSnatpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+ve/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPAKePiw==</latexit>

n
<latexit sha1_base64="N5GBF5YiG88OB1uPGI105ir/qU4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0WBjMY=</latexit><latexit sha1_base64="N5GBF5YiG88OB1uPGI105ir/qU4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0WBjMY=</latexit><latexit sha1_base64="N5GBF5YiG88OB1uPGI105ir/qU4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0WBjMY=</latexit><latexit sha1_base64="N5GBF5YiG88OB1uPGI105ir/qU4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0WBjMY=</latexit>

n
<latexit sha1_base64="N5GBF5YiG88OB1uPGI105ir/qU4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0WBjMY=</latexit><latexit sha1_base64="N5GBF5YiG88OB1uPGI105ir/qU4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0WBjMY=</latexit><latexit sha1_base64="N5GBF5YiG88OB1uPGI105ir/qU4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0WBjMY=</latexit><latexit sha1_base64="N5GBF5YiG88OB1uPGI105ir/qU4=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0WBjMY=</latexit>

(a) (b) (c) (d)
+ mirror diagram + mirror diagram

1

2

X

i 6=j
<latexit sha1_base64="vlC56IIqERxI9MM+ytPsc43/su0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2JRPJWkCHosePFYwX5AE8pmO2nXbjZhdyOUELz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfh66nceQCoWizs9ScCPyFCwkFGijdS3j7xQEpq5eVbPsafSqJ8xTwC+z/t21ak5M+Bl4hakigo0+/aXN4hpGoHQlBOleq6TaD8jUjPKIa94qYKE0DEZQs9QQSJQfjZ7IcenRhngMJamhMYz9fdERiKlJlFgOiOiR2rRm4r/eb1Uh1d+xkSSahB0vihMOdYxnuaBB0wC1XxiCKGSmVsxHRGTiTapVUwI7uLLy6Rdr7lOzb29qDbOijjK6BidoHPkokvUQDeoiVqIokf0jF7Rm/VkvVjv1se8tWQVM4foD6zPHxJclx4=</latexit><latexit sha1_base64="vlC56IIqERxI9MM+ytPsc43/su0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2JRPJWkCHosePFYwX5AE8pmO2nXbjZhdyOUELz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfh66nceQCoWizs9ScCPyFCwkFGijdS3j7xQEpq5eVbPsafSqJ8xTwC+z/t21ak5M+Bl4hakigo0+/aXN4hpGoHQlBOleq6TaD8jUjPKIa94qYKE0DEZQs9QQSJQfjZ7IcenRhngMJamhMYz9fdERiKlJlFgOiOiR2rRm4r/eb1Uh1d+xkSSahB0vihMOdYxnuaBB0wC1XxiCKGSmVsxHRGTiTapVUwI7uLLy6Rdr7lOzb29qDbOijjK6BidoHPkokvUQDeoiVqIokf0jF7Rm/VkvVjv1se8tWQVM4foD6zPHxJclx4=</latexit><latexit sha1_base64="vlC56IIqERxI9MM+ytPsc43/su0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2JRPJWkCHosePFYwX5AE8pmO2nXbjZhdyOUELz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfh66nceQCoWizs9ScCPyFCwkFGijdS3j7xQEpq5eVbPsafSqJ8xTwC+z/t21ak5M+Bl4hakigo0+/aXN4hpGoHQlBOleq6TaD8jUjPKIa94qYKE0DEZQs9QQSJQfjZ7IcenRhngMJamhMYz9fdERiKlJlFgOiOiR2rRm4r/eb1Uh1d+xkSSahB0vihMOdYxnuaBB0wC1XxiCKGSmVsxHRGTiTapVUwI7uLLy6Rdr7lOzb29qDbOijjK6BidoHPkokvUQDeoiVqIokf0jF7Rm/VkvVjv1se8tWQVM4foD6zPHxJclx4=</latexit><latexit sha1_base64="vlC56IIqERxI9MM+ytPsc43/su0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2JRPJWkCHosePFYwX5AE8pmO2nXbjZhdyOUELz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOBLQ00xy6iQQSBRw6wfh66nceQCoWizs9ScCPyFCwkFGijdS3j7xQEpq5eVbPsafSqJ8xTwC+z/t21ak5M+Bl4hakigo0+/aXN4hpGoHQlBOleq6TaD8jUjPKIa94qYKE0DEZQs9QQSJQfjZ7IcenRhngMJamhMYz9fdERiKlJlFgOiOiR2rRm4r/eb1Uh1d+xkSSahB0vihMOdYxnuaBB0wC1XxiCKGSmVsxHRGTiTapVUwI7uLLy6Rdr7lOzb29qDbOijjK6BidoHPkokvUQDeoiVqIokf0jF7Rm/VkvVjv1se8tWQVM4foD6zPHxJclx4=</latexit>

+
X

i
<latexit sha1_base64="QCVu0O1oruWtA5M2I0CAFRqB150=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZFEMquCHosePFYwdZiW0o2zbahSXZJZoWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YSKFRd//9gorq2vrG8XN0tb2zu5eef+gaePUMN5gsYxNK6SWS6F5AwVK3koMpyqU/CEc3Uz9hydurIj1PY4T3lV0oEUkGEUnPZ6Tjk1VLxOTXrniV/0ZyDIJclKBHPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA245qqrjtZrOLJ+TEKX0SxcaVRjJTf09kVFk7VqHrVBSHdtGbiv957RSj624mdJIi12y+KEolwZhM3yd9YThDOXaEMiPcrYQNqaEMXUglF0Kw+PIyaV5UA78a3F1Waqd5HEU4gmM4gwCuoAa3UIcGMNDwDK/w5lnvxXv3PuatBS+fOYQ/8D5/ACvEkH4=</latexit><latexit sha1_base64="QCVu0O1oruWtA5M2I0CAFRqB150=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZFEMquCHosePFYwdZiW0o2zbahSXZJZoWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YSKFRd//9gorq2vrG8XN0tb2zu5eef+gaePUMN5gsYxNK6SWS6F5AwVK3koMpyqU/CEc3Uz9hydurIj1PY4T3lV0oEUkGEUnPZ6Tjk1VLxOTXrniV/0ZyDIJclKBHPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA245qqrjtZrOLJ+TEKX0SxcaVRjJTf09kVFk7VqHrVBSHdtGbiv957RSj624mdJIi12y+KEolwZhM3yd9YThDOXaEMiPcrYQNqaEMXUglF0Kw+PIyaV5UA78a3F1Waqd5HEU4gmM4gwCuoAa3UIcGMNDwDK/w5lnvxXv3PuatBS+fOYQ/8D5/ACvEkH4=</latexit><latexit sha1_base64="QCVu0O1oruWtA5M2I0CAFRqB150=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZFEMquCHosePFYwdZiW0o2zbahSXZJZoWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YSKFRd//9gorq2vrG8XN0tb2zu5eef+gaePUMN5gsYxNK6SWS6F5AwVK3koMpyqU/CEc3Uz9hydurIj1PY4T3lV0oEUkGEUnPZ6Tjk1VLxOTXrniV/0ZyDIJclKBHPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA245qqrjtZrOLJ+TEKX0SxcaVRjJTf09kVFk7VqHrVBSHdtGbiv957RSj624mdJIi12y+KEolwZhM3yd9YThDOXaEMiPcrYQNqaEMXUglF0Kw+PIyaV5UA78a3F1Waqd5HEU4gmM4gwCuoAa3UIcGMNDwDK/w5lnvxXv3PuatBS+fOYQ/8D5/ACvEkH4=</latexit><latexit sha1_base64="QCVu0O1oruWtA5M2I0CAFRqB150=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZFEMquCHosePFYwdZiW0o2zbahSXZJZoWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YSKFRd//9gorq2vrG8XN0tb2zu5eef+gaePUMN5gsYxNK6SWS6F5AwVK3koMpyqU/CEc3Uz9hydurIj1PY4T3lV0oEUkGEUnPZ6Tjk1VLxOTXrniV/0ZyDIJclKBHPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA245qqrjtZrOLJ+TEKX0SxcaVRjJTf09kVFk7VqHrVBSHdtGbiv957RSj624mdJIi12y+KEolwZhM3yd9YThDOXaEMiPcrYQNqaEMXUglF0Kw+PIyaV5UA78a3F1Waqd5HEU4gmM4gwCuoAa3UIcGMNDwDK/w5lnvxXv3PuatBS+fOYQ/8D5/ACvEkH4=</latexit>

i
<latexit sha1_base64="uYMWv5eCtQ034jwXJbBVyajdEEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6ueW/WatUr9Mo+jCGdwDlfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/HEYzR</latexit><latexit sha1_base64="uYMWv5eCtQ034jwXJbBVyajdEEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6ueW/WatUr9Mo+jCGdwDlfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/HEYzR</latexit><latexit sha1_base64="uYMWv5eCtQ034jwXJbBVyajdEEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6ueW/WatUr9Mo+jCGdwDlfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/HEYzR</latexit><latexit sha1_base64="uYMWv5eCtQ034jwXJbBVyajdEEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6ueW/WatUr9Mo+jCGdwDlfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/HEYzR</latexit>

j
<latexit sha1_base64="JA8y+7q/7nxBlXWcofYnv21/JEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasI7P+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuq56btVr3FRql3kcRTiDc7gCD26hBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4AyJWM0g==</latexit><latexit sha1_base64="JA8y+7q/7nxBlXWcofYnv21/JEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasI7P+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuq56btVr3FRql3kcRTiDc7gCD26hBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4AyJWM0g==</latexit><latexit sha1_base64="JA8y+7q/7nxBlXWcofYnv21/JEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasI7P+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuq56btVr3FRql3kcRTiDc7gCD26hBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4AyJWM0g==</latexit><latexit sha1_base64="JA8y+7q/7nxBlXWcofYnv21/JEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0lE0GPBi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasI7P+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuq56btVr3FRql3kcRTiDc7gCD26hBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4AyJWM0g==</latexit>

i
<latexit sha1_base64="uYMWv5eCtQ034jwXJbBVyajdEEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6ueW/WatUr9Mo+jCGdwDlfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/HEYzR</latexit><latexit sha1_base64="uYMWv5eCtQ034jwXJbBVyajdEEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6ueW/WatUr9Mo+jCGdwDlfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/HEYzR</latexit><latexit sha1_base64="uYMWv5eCtQ034jwXJbBVyajdEEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6ueW/WatUr9Mo+jCGdwDlfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/HEYzR</latexit><latexit sha1_base64="uYMWv5eCtQ034jwXJbBVyajdEEg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6ueW/WatUr9Mo+jCGdwDlfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/HEYzR</latexit>

ultra-soft gluon  
exchanges:  

self-energy  
diagrams: 

(e) (f)
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Quarkonium at low pT (shape function 
perturbative)

NLO hard function:



(4) How this factorization is related with the standard NRQCD factorization if the  
small pT limit is taken?
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NRQCD at low pT - Soft Wilson lines

pT � mQv & ⇤QCD
<latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit><latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit><latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit><latexit sha1_base64="wz4smdy3XZn/3siJETUId2lqkCE=">AAACE3icbVDLSgMxFM34rPVVdekmWBRxUWZE0GWhLly4aKEv6AxDJk3b0GRmSO4UyzD/4MZfceNCEbdu3Pk3po+Fth4IHM45N8k9QSy4Btv+tlZW19Y3NnNb+e2d3b39wsFhU0eJoqxBIxGpdkA0EzxkDeAgWDtWjMhAsFYwrEz81ogpzaOwDuOYeZL0Q97jlICR/MJF7Nex2+9j6dfwyDAwWYnde3NFl/ipC+wB0lrlNsv8QtEu2VPgZeLMSRHNUfULX243oolkIVBBtO44dgxeShRwKliWdxPNYkKHpM86hoZEMu2l050yfGqULu5FypwQ8FT9PZESqfVYBiYpCQz0ojcR//M6CfRuvJSHcQIspLOHeonAEOFJQbjLFaMgxoYQqrj5K6YDoggFU2PelOAsrrxMmpclxy45tati+WxeRw4doxN0jhx0jcroDlVRA1H0iJ7RK3qznqwX6936mEVXrPnMEfoD6/MH/tCdig==</latexit>

pT ⇠ mQv ⇠ ⇤QCD
<latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit><latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit><latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit><latexit sha1_base64="N8QVfAFox+NJpbtHoRMl0oXCSUI=">AAACEXicbZC7TsMwFIYdrqXcCowsFhWoU5UgJBgrlYGBoZV6k5oqclyntWonkX1SUUV5BRZehYUBhFjZ2Hgb3MsALb9k6dN/zrF9fj8WXINtf1tr6xubW9u5nfzu3v7BYeHouKWjRFHWpJGIVMcnmgkesiZwEKwTK0akL1jbH1Wn9faYKc2jsAGTmPUkGYQ84JSAsbxCKfYa2NVcYunV8XiO7r25oE+81AX2AGm9eptlXqFol+2Z8Co4CyiihWpe4cvtRzSRLAQqiNZdx46hlxIFnAqW5d1Es5jQERmwrsGQSKZ76WyjDJ8bp4+DSJkTAp65vydSIrWeSN90SgJDvVybmv/VugkEN72Uh3ECLKTzh4JEYIjwNB7c54pREBMDhCpu/orpkChCwYSYNyE4yyuvQuuy7Nhlp35VrFws4sihU3SGSshB16iC7lANNRFFj+gZvaI368l6sd6tj3nrmrWYOUF/ZH3+AFkOnKQ=</latexit>

pT ⇠ mQv � ⇤QCD
<latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit><latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit><latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit><latexit sha1_base64="7X6lgEpTiAwi/DrHinQDkEKfvXQ=">AAACEHicbVC7SgNBFJ31GeMramkzGHxUYVcELQOxsLBIIC/ILsvsZJIMmdldZu4Gw7KfYOOv2FgoYmtp5984eRSaeGDgcM493LkniAXXYNvf1srq2vrGZm4rv72zu7dfODhs6ihRlDVoJCLVDohmgoesARwEa8eKERkI1gqGlYnfGjGleRTWYRwzT5J+yHucEjCSXziP/Tp2NZdY+jU8wm6/j917k+8SP3WBPUBaq9xmmV8o2iV7CrxMnDkpojmqfuHL7UY0kSwEKojWHceOwUuJAk4Fy/JuollM6JD0WcfQkEimvXR6UIZPjdLFvUiZFwKeqr8TKZFaj2VgJiWBgV70JuJ/XieB3o2X8jBOgIV0tqiXCAwRnrSDu1wxCmJsCKGKm79iOiCKUDAd5k0JzuLJy6R5WXLsklO7KpbP5nXk0DE6QRfIQdeojO5QFTUQRY/oGb2iN+vJerHerY/Z6Io1zxyhP7A+fwBpDpwf</latexit>

Region (1) Region (2) Region (3)

Two separated soft modes

SQ
n (pT ) ! Sc(pT )⇥ hO

Q
n i

<latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit><latexit sha1_base64="iLcRcbnnDusW0OTPEZgOtn2EMOM="></latexit>

As ! A(�)s +A(v)s
<latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit><latexit sha1_base64="roSGHh0Xt6AxQGtz3VgHV/JsPs0=">AAACCXicbVBNS8MwGE79nPOr6tFLcAgbwmhF0OPUi8cJ7gPWUtI03cLStCTpYJRevfhXvHhQxKv/wJv/xnTrQTdfCHnyvO/Dm+fxE0alsqxvY2V1bX1js7JV3d7Z3ds3Dw67Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vPHt0W/NyFC0pg/qGlC3AgNOQ0pRkpTngmvPQkdFes7qztMCwPUkPlZ8Zw0oMw9s2Y1rVnBZWCXoAbKanvmlxPEOI0IV5ghKQe2lSg3Q0JRzEhedVJJEoTHaEgGGnIUEelmMyc5PNVMAMNY6MMVnLG/FRmKpJxGvp6MkBrJxV5B/tcbpCq8cjPKk1QRjueLwpRB7byIBQZUEKzYVAOEBdV/hXiEBMJKh1fVIdiLlpdB97xpW037/qLWuinjqIBjcALqwAaXoAXuQBt0AAaP4Bm8gjfjyXgx3o2P+eiKUWqOwJ8yPn8AJDuYsw==</latexit>

Ys,u ! Y(�)s,u ⇥ Y(v)s,u
<latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit><latexit sha1_base64="T2+dZ09HmoXzo/MTqYJSPC/Zc9c=">AAACGXicbZBLS8NAEMc39VXrK+rRy2IRKkhJRNBj0YvHCvYhTQibzbZdunmwOymU0K/hxa/ixYMiHvXkt3Gb5qCtAwv/+c0Ms/P3E8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv7oZlbvjJlUPI7uYZIwNySDiPc5JaCRZ1oPXqbOcDrFDsRYJzVH6OmAnObUAR4ylfPxnHhm1apbeeBlYReiiopoeuanE8Q0DVkEVBCleraVgJsRCZwKNq04qWIJoSMyYD0tI6IXull+2RSfaBLgfiz1iwDn9PdERkKlJqGvO0MCQ7VYm8H/ar0U+lduxqMkBRbR+aJ+KrA2YWYTDrhkFMREC0Il13/FdEgkoaDNrGgT7MWTl0X7vG5bdfvuotq4LuwooyN0jGrIRpeogW5RE7UQRY/oGb2iN+PJeDHejY95a8koZg7RnzC+fgAz4Z8p</latexit>

|Xsi ! |X(�)si ⇥ |X(v)si
<latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit><latexit sha1_base64="qCnU4I+POpGSJYHr3IvzYocXF40=">AAACPXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl047JCX9CUMJlM2qGTSZiZFErIj7nxH9y5c+NCEbdunbSh1tYLA4dzzr137vFiRqWyrBdjbX1jc2u7tFPe3ds/ODSPjtsySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UZ3ud4ZEyFpxJtqEpN+iAacBhQjpSnXbDpaVbDrpjKDjkB8wAh0VATnfNVhepyPLqDMfg00JHLBM87Veb9rVqyaNS24CuwCVEBRDdd8dvwIJyHhCjMkZc+2YtVPkVAUM5KVnUSSGOERGpCehhzp7f10en0GzzXjwyAS+nEFp+xiR4pCKSehp50hUkO5rOXkf1ovUcFNP6U8ThTheLYoSBjU6eRRQp8KghWbaICwoPqvEA+RQFjpwMs6BHv55FXQvqzZVs1+uKrUb4s4SuAUnIEqsME1qIN70AAtgMEjeAXv4MN4Mt6MT+NrZl0zip4T8KeM7x+xaK5B</latexit>

Hadronization effects happen  
at much lower scale but no  
re-factorization is possible. 

Can be matched onto a new  
set of LDMEs

SQ
n (pT ) ! Cn(pT )⇥ hO

Q
n i

<latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit><latexit sha1_base64="fX6jt9z5eX6BaNDnBw+C/zqJNw4="></latexit>

No hierarchy of scales 

Shape function introduces 
 new non-perturbative  

effects 

No  further re-factorization
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NRQCD at low pT - Numerics (preliminary)

p
s = 1.8 GeV

<latexit sha1_base64="9MlK4ws7xcWAtMXOYgSzyPYGkNo=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gVwVyEoAc9RjAPyIYwO+kkQ2YfzvSKYVm8+CtePCji1a/w5t84SfagiQUNRVU33V1eJIVG2/62FhaXlldWc2v59Y3Nre3Czm5dh7HiUOOhDFXTYxqkCKCGAiU0IwXM9yQ0vOHl2G/cg9IiDG5xFEHbZ/1A9ARnaKROYd/VdwoTndJzp1SmLsIDJvQK6mmnULRL9gR0njgZKZIM1U7hy+2GPPYhQC6Z1i3HjrCdMIWCS0jzbqwhYnzI+tAyNGA+6HYyeSGlR0bp0l6oTAVIJ+rviYT5Wo98z3T6DAd61huL/3mtGHvldiKCKEYI+HRRL5YUQzrOg3aFAo5yZAjjSphbKR8wxTia1PImBGf25XlSPyk5dsm5OS1WLrI4cuSAHJJj4pAzUiHXpEpqhJNH8kxeyZv1ZL1Y79bHtHXBymb2yB9Ynz8COpaF</latexit><latexit sha1_base64="9MlK4ws7xcWAtMXOYgSzyPYGkNo=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gVwVyEoAc9RjAPyIYwO+kkQ2YfzvSKYVm8+CtePCji1a/w5t84SfagiQUNRVU33V1eJIVG2/62FhaXlldWc2v59Y3Nre3Czm5dh7HiUOOhDFXTYxqkCKCGAiU0IwXM9yQ0vOHl2G/cg9IiDG5xFEHbZ/1A9ARnaKROYd/VdwoTndJzp1SmLsIDJvQK6mmnULRL9gR0njgZKZIM1U7hy+2GPPYhQC6Z1i3HjrCdMIWCS0jzbqwhYnzI+tAyNGA+6HYyeSGlR0bp0l6oTAVIJ+rviYT5Wo98z3T6DAd61huL/3mtGHvldiKCKEYI+HRRL5YUQzrOg3aFAo5yZAjjSphbKR8wxTia1PImBGf25XlSPyk5dsm5OS1WLrI4cuSAHJJj4pAzUiHXpEpqhJNH8kxeyZv1ZL1Y79bHtHXBymb2yB9Ynz8COpaF</latexit><latexit sha1_base64="9MlK4ws7xcWAtMXOYgSzyPYGkNo=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gVwVyEoAc9RjAPyIYwO+kkQ2YfzvSKYVm8+CtePCji1a/w5t84SfagiQUNRVU33V1eJIVG2/62FhaXlldWc2v59Y3Nre3Czm5dh7HiUOOhDFXTYxqkCKCGAiU0IwXM9yQ0vOHl2G/cg9IiDG5xFEHbZ/1A9ARnaKROYd/VdwoTndJzp1SmLsIDJvQK6mmnULRL9gR0njgZKZIM1U7hy+2GPPYhQC6Z1i3HjrCdMIWCS0jzbqwhYnzI+tAyNGA+6HYyeSGlR0bp0l6oTAVIJ+rviYT5Wo98z3T6DAd61huL/3mtGHvldiKCKEYI+HRRL5YUQzrOg3aFAo5yZAjjSphbKR8wxTia1PImBGf25XlSPyk5dsm5OS1WLrI4cuSAHJJj4pAzUiHXpEpqhJNH8kxeyZv1ZL1Y79bHtHXBymb2yB9Ynz8COpaF</latexit><latexit sha1_base64="9MlK4ws7xcWAtMXOYgSzyPYGkNo=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gVwVyEoAc9RjAPyIYwO+kkQ2YfzvSKYVm8+CtePCji1a/w5t84SfagiQUNRVU33V1eJIVG2/62FhaXlldWc2v59Y3Nre3Czm5dh7HiUOOhDFXTYxqkCKCGAiU0IwXM9yQ0vOHl2G/cg9IiDG5xFEHbZ/1A9ARnaKROYd/VdwoTndJzp1SmLsIDJvQK6mmnULRL9gR0njgZKZIM1U7hy+2GPPYhQC6Z1i3HjrCdMIWCS0jzbqwhYnzI+tAyNGA+6HYyeSGlR0bp0l6oTAVIJ+rviYT5Wo98z3T6DAd61huL/3mtGHvldiKCKEYI+HRRL5YUQzrOg3aFAo5yZAjjSphbKR8wxTia1PImBGf25XlSPyk5dsm5OS1WLrI4cuSAHJJj4pAzUiHXpEpqhJNH8kxeyZv1ZL1Y79bHtHXBymb2yB9Ynz8COpaF</latexit>

- All leading and subheading channels. 

- Octet LDMEs are fitted.

- Region (1) + (2) factorization


