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m Goal

Global analysis of Sivers

(Collins/Transversity) at the next-to-leading
logarithmic level

m Framework
CSS resummation in b. prescription
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QCD k; resummation

m Consider the production process h,h, —Z+X % AL BW
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Where Q- is the transverse momentum, and Q the mass of Z,

and L = Log[Q?/ Q
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m We have to resum these large logs to make reliable predictions
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TMD Evolution

At the small transverse

momentum limitation

W=H(M, 1) f,(x;,bjM, 1) £,(X,,b,M, 1) S(Ay, 1))

ﬁ Fourier transformation

.
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‘ factorization scale

W satisfies CSS evolution equation
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At one-loop order for Drell-Yan process
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N
gugs!l!u!mg !He agove result into the evolution equation,

and taking into account the running effects in K(b, u)
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" A
m Sudakov factor
There are two parts in the Sudakov factor

Sud = Spert(Q: 1) + Sxp(Q; )

the nonperturbative part

Snp(Q.b) =|g2(b) In Q + |gu((b; 21, zo)| THis term is from
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| t
Q dependence always satisfies CSS equation. N
u=Cy/b*

0-(b) is universal in Drell-Yan, SIDIS, and e*e—hh
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m Gaussian assumptions are usually made for
g,(b) and g,(b) (BLNY 2002):

Syp = gib* + ¢b*In (Q/3.2) + g1g3b* In(100z129)

g1 =021, go=0.68, g1g3=—0.2, with b,,,, = 0.5GeV~!

m However, these assumptions do not work for
SIDIS and Drell-Yan simultaneously in the range
of Q%2~(3—100)GeV-?

Sun,Yuan,1308.5003
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m Sun-Yuan (1308.5003) has shown that direct
Integration of the evolution kernel from low to high
Q can describe both Drell-Yan and SIDIS data

This suggests that Log(b) maybe a good choice
for g,(b).
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The leading power of q,/Q

The higher order correction of q,/Q

So, Y piece should be important in small Q region




Fitting Drell-Yan processes

Snp = gib* + goln (b/b,) In (Q/Qp) + gsb’ ((_Ig/ ) + (2] ;rg))*)

Parameter SYY fit :
g1 5.110L0.013|| A New non-perturabtive

g9 0.925+0.01s|| Sudakov factor is used.

g3 0.032+0.007|| Where x,=0.01, Q,°=2.4GeV?,
E28% [ Ny =097 ]land A =0.2
(28 points)| 2 = 44

E6O05 | Nyy = 1.02 and g. are free parameters
(35 points)| 2 = 62 d1» 9 J3 P
Tevatron | Ng;; = 1.02 _
(30 points)| 2 =32 ||Inour fit, we choose b,,=1.5GeV!
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For Z boson production A@ is very important




Compare to ResBos
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m In this fit, we take into account the A1 A2 Bl B2 Cl Y1,

m For these Drell-Yan process, the Y piece Is very
small, which is about few percent of resummation
part ( W function ).

m We have resolved the problem of S, then we can
matching SIDIS to Drell-Yan.



N
SIDIS at HERMES
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Where are the Y terms??
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Issues with the Y terms in SIDIS

m Leading behavior

do 1

1+€ 1+¢&

2P, ~ P?,

b

(1—§)++ (1—

m Subleading Y terms

Y ~

1+ 1+ ¢
§_|_ S

Q* [(1=&)+ (1—é)+

1

&)+

+ 6

> 45




m Similar terms arise in the azimuthal
angular asymmetries in Drell-Yan and
SIDIS

Boer-Vogelsang 2006, Qiu et al. 2007
Bacchetta-Boer-Diehl-Mulders, 2008

m Resummation or not?
m Fortunately, increasing Q2 can help
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The Q?is larger, and

the Y piece is less and less important.




Outlook

m Assuming the TMD applications in SIDIS

experiments, global analysis of Sivers and
Collins functions with new

parameterizations of the TMDs
Work In progress

m Y terms In SIDIS need more detailled
studies

Experiments with high Q2 at EIC is a must



Soft Gluon Resummations in Dijet Azimuthal Angular
Correlations at the Collider

Peng Sun,! C.-P. Yuan,? and Feng Yuan'
"Nuclear Science Division, Lawrence Berkeley
National Laboratory, Berkeley, CA 94720, USA
*Department of Physics and Astronomy.
Michigan State University, East Lansing. MI 4882, USA

Motivations:
reummation of large logs in dijet production
factorization breaking effects
Collins-Qiu, 2007; Vogelsang-Yuan, 2007,
Rogers-Mulders 2010
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After solving the evolution equation
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The soft factor satisfies

d
dIn p
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Thank you very much!



" A
m Sudakov factor
There are two parts in the Sudakov factor

Ss-ud = Spe:ﬂt(() b*) T ‘STPH.-TP(Q; b)

Forb — oo: Forb — O:

Cdp [, Q?
Spert —> COnStant Spert — lo/b ,L—é {Alnﬁ—2 + B]
Swe— P2, b, log(b) (=) Spp = O
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"
A unified picture

Decided by
Syp and S

pert

A

Dominated by
Spert (SMall b)

Decided by fixed
order calculation
( no large log )

AQCD

P+
<< P- << Q
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n=(1,0,0,1)—>n?=0

n.=1(1,0,sin(x), cos(x) ) with x>R

n,.n, = 1—cos(x) >R4/2

n, = (1% 0L, R%2) - n2 =R?

Then for any n, (n,2=0) , we have :

n,.n, >R2

The difference between these two way Is high order of R



. dii o 22 3
Seng =20y f : £ [ (f) +In Q;]E _ 4
0 0 =

m But, this Sudakov factor does not work In
the high k, region

m This Is because the small b behavior is
wrong In this Sudakov factor

So In this work, CSS formulism is chosen




" S
Outline

m |QCD resummation in TMD factorization

*Sudakov factor (2 parts)
m Nonperturbative Sudakov factor fitting from Drell-Yan

Processes

m Matching the SIDIS to Drell-Yan

m Summary

m Dijet production at hadron collider
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do
dr pdydz,d2 P, |

d%b

mis) | 1
oL f
“h .

(2m)?

Eiﬁh_ -Ef:h ﬁ{}_U (Q b] 1

vu(Q :/Ph)]

/

gﬁﬁilllllI”'"””"IIIlIIIIl””'””'””II” _/
D& E
(= Y

05F 3
0.45F
0.4F
0.35F

0.3

025k

:|III|IIII|IIII|IIII|IIII|III |IIII|III | III|IIII:

1 111
0101502 025 03 03504 045 05

-g_llllllllllIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

= r _-?7I)/r|||III|IIII|IIII|IIII|III|IIII|IIII|IIII|IIII_
51 Q'=10GeV’ (e+p >1'4X) : /_;E Q%=20GeV? (e+p ->*+X)
= r . T Ny
0.6 . '3-55— -
0 . ]
04- ]
04F - .
- 03F .
0F I
0.9~ ﬂ'g:_ ]
0.1_— 0. 15_ "'--LH_E _f
{J[lzlllllIIII|IIII|IIII|IIII|IIII|IIII|IIII|II.\-Iﬂ-\l-\.lqll:-;-{-lE G[J:IlllllllllllII|IIII|IIII|IIII|-I-I-I“II|“II“Illnl-llIII-Ill-.I-:IT-I:

01020304 05060708 p?'[%ah’}

010203 040506 07 08 p?'f%a‘u’)‘

The Q2 is smaller, and the Y piece is more important.




"
Summary
m A new Sy IS obtained by fitting the Drell-Yan
data
m This S, can be used in very small Q4 region

m \We apply the universal parameters in this
S\p 10 describe SIDIS processes at Hermes

m For the SIDIS process, at the Hermes energy

the Y piece Is so large that the data at
Hermes can not be described by leading
twist resummation
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