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Allows extraction of
fragmentation functions
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Drell-Yan
Processes

19 September 2017 M. Boglione - INT-17-3



Naive TMD approach

i Calculating a cross section which describes a hadronic process
over the whole g_range is a highly non-trivial task

Let's consider Drell Yan processes (for historical reasons)

ui Fixed order calculations cannot describe DY data at small q.:

At Born Level the cross section is vanishing
At order a, the cross section is divergent...
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Naive TMD approach

do - - xp(— P2 /{ P2
dP} j/;—z;fq/“(“)f”’”(mz)e p(ﬂ?%{; =
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Each data set is Gaussian but with a different width

T
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Drell-Yan phenomenology

w Does the q_distribution behave like a Gaussian 7

do . _ xp(—P2 /(P2
arz ™ 372 S Farn @1) Fayng (22)= p(ﬂ;%/)( )
q

1 Clearly this is not
.~ a Gaussian tail !
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o
o
(6]
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Drell-Yan phenomenology

Fixed order calculations
cannot describe correctly

DY cross sections at small g_
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Resummation / TMD evolution

w Fixed order calculations cannot describe correctly DY/SIDIS data at small q_

1 do 2CF M? 3
T g asIn| —-— 3
oo dqy  27mq7 1

i These divergencies are taken care of by TMD evolution/resummation

The cross section is written in b_ space:

Resummed term Finite term

/\

d?brpe'dr br
/ Ze W (21, x2, b, Q)—i—Y(Tl T2, quQ)

|

1 do B
o0 dQ2dydg?
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Resummation / TMD evolution

Resummed term Finitg term

di do / dg bTEiqT'bT 5 -
21 1.2 5 Zﬁjwj(iﬂquﬂzsz;Q) + Y (21, 22,91, Q)
oo dQQ*dydqr (27) :

Y = gFo . gAY

i The W term is designed to work well at low and moderate q_, when q_ << Q.
(Notice that W is devised to work down to q,~ 0, however collinear-factorization
works up to q,> M; therefore, TMD-factorization and collinear-factorization
can be simultaneously applied only when q_>> M).

i The W term becomes unphysical at larger q_, when q_ 2 Q, where it becomes
negative (and large).

i The Y term corrects for the misbehavior of W as q_gets larger, providing a
consistent (and positive) q _ differential cross section.

i The Y term should provide an effective smooth transition to large q_, where
fixed order perturbative calculations are expected to work.
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Resummation / TMD evolution

& Example: the CSS resummation scheme:

at small bT OPE works
- collinear PDFs

At large b_the scale p becomes too small!

Non-trivially connected to the physical region: Q% >> qT ~ AQCD

&1 All TMD evolution schemes require a model to deal with the non-perturbative region

il Working in b_space makes phenomenological analyses more difficult,

as we lose intuition and direct connection with “real world experience”.
(Experimental data are in q_ space).

T
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Non perturbative region

& This is a perturbative scheme. All the scales must be frozen when reaching
the non perturbative region:

. =
\/1 _|_ b%/b’%lﬂ:l? bT
@ Then we define a non perturbative function for large b_:

Wj (331, o, bT: Q)
LVJ (3313 €T, b*? Q)

= FNP(.’II:[,-’BE: br, Q)

Wi(w1,22,br,Q) = exp[S;(by, Q)] [Cji ® fi (-Thﬂb)] [ka ® fr (3321#5)] Fyp(21,@2,br, Q)

ik \% -/

b*& My bT

C, = 2exp(—E) Collins, Soper, Sterman, Nucl. Phys. B250, 199 (1985)
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TMD regions

i For this scheme to work, 4 distinct kinematic regions have to be identified

& They should be large enough and well separated

TMD evolution Matching region Fixed Order collinear QCD
(Y factor)
qT << Q
Intrinsic q_ Soft gluon radiation Hard gluon emission
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CSS for DY processes

To perform phenomenological studies we need a non perturbative function.

Fﬁrfj(jj]: ra, E‘;.T! Q)

Q
Davies-Webber-Stirling (DWS) exp| —g;—&»In ﬁ”sz
. 0/
dinsk R 2
Ladinsky-Yuan (LY) expy | —g;—g,In 20, b”—[g,g5In(100x,x,)]b;
2

Brock-Landry-

2
Nadolsky-Yuan (BLNY) 2

. 0 )
—| — In(100x,x
0 21851n( 1X2)

exp| —g;—&»In

Nadolsky et al., Phys.Rev. D67,073016 (2003)
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CSS for DY processes

Parameter DWS-G fit LY-G fit BLNY fit
Nadolsky et al.* analyzed successfully
low energy DY data and Z_ production data g1 0.016 0.02 0.21
, _ 00 2 0.54 0.55 0.68
using different parametrizations % 0.00 1.50 0.60
CDF Z Run-0 1.00 1.00 1.00
Ny (fixed) (fixed) (fixed)
: B::Er:'la\ized LY-G Fit CDF Z Run 1
EgeE Data |- i 800 |+ R209 1.02 101 0.86
T B e B O R [ L O ) O E = Data } for
700 Normalized LY-G Fit A
1 — — Normalized DWS-G Fit
————— Normalized BLNY Fit E605 l 15 107 100
600 |- |
z -, Niir
i — 500 [/ ]
7 ﬁ|> i E288 123 1.28 1.19
o — 400 F ! ] Ny
-2 F[ fit
i sle rf ]
:b_‘m; 300 |- 1 DO Z Run-1 1.01 1.01 1.00
h 200 ] Nyt
0.1 _
- { ] CDF Z Run-1 0.89 0.90 0.89
: Niir
o] 0.2 0.4 0.6 0.8 1 1.2 1.4 00 5 10 15 20 X2 416 407 176
P_ (GeV
e Fy 1898 ¥*/DOF 3.47 342 1.48

bpar=0.5 GeV~!

*Nadolsky et al., Phys.Rev. D67,073016 (2003)
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Resummation in SIDIS

i1 As mentioned above

-fixed order pQCD calculation fail to describe the SIDIS cross sections at small g_

-the cross section tail at large q_is clearly non-Gaussian.
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Resummation in SIDIS

i1 As mentioned above

- fixed order pQCD calculation fail to describe the SIDIS cross sections at small g_
- the cross section tail at large q_ is clearly non-Gaussian.

nt
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‘ The NLO collinear SIDIS cross section is not correctly normalized ! I
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Naive TMD approach

w Simple phenomenological ansatz can reproduce low g_ data

£ (kL) = )e—kimki) el = Bl )e—pi/w
T, Kl)= J\T)——5+— hig\Z,P1) = Upyelz
q/p ’IT(k‘ﬁ_} /q /aq ,ﬂ_<pi>
) e—P2/(P}) o
Fyy = Z €q fQ/P(xB) Dh/q(zh) D2 (Pr) = (p1) + z;,(k71)
W( T>
q
.
HERMES Mp"
10! 3
mz>—0.15 mz>—0.15
0 2>=0.23 0 2>=0.22 IS
wd S 5 5
e S (k1) = 0.57+£0.08 GeV
0" 3 (p?) =0.1240.01 GeV?
10! 3 5
e = Xdot = 169
10° ] v<z>-034 v<z>—0.34
<z>—0.42 *z>—0.42 -
O<z>=0.53 O0<z>=0.53
10t 3 Q°=5.20 GeV? Q°=9.20 GevZE
x=0.25 zp=0.41
0!1 — 0{4 — 0!7 — 1!0 0!1 — 0!4 — 0!7 - 1!0 .
Py (GeV) Anselmino et al. JHEP 1404 (2014) 005

Airapetian et al, Phys. Rev. D 87 (2013) 074029
.
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Fyy = Z 8621 fa/p(@5) Dpyq(2n)
q
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Naive TMD approach
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(Pr) =

0.60 & 0.14 GeV?
— 0.20 + 0.02 GeV?

Xdot = 3.42

Fit over 6000 data points with 2 free parameters !

SN
|_[\.'J |_l\3
il

N,=A+ By

“The point-to-point systematic uncertainty in the measured
multiplicities as a function of P'Er 1s estimated to be 5% of
the measured value. The systematic uncertainty in the over-
all normalization of the p%-integratcd multiplicities depends
on 7 and y and can be as large as 40%".

Erratum Eur.Phys.). C75 (2015) 2, 94
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Comparison with Jlab 6 data HALL C

M. Anselmino, M. Boglione, O. Gonzalez, S. Melis, A. Prokudin, JHEP 1404 (2014) 005, ArXiv:1312.6261

dc/dQ, dE,_ dz dP? dd (nb/GeV?/sr)
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R. Asaturyan et al., Phys. Rev. C85, 015202 (2012)

Predictions obtained
by using the parameter
values extracted from

HERMES multiplicities
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Comparison with EMC data

M. Anselmino, M. Boglione, O. Gonzalez, S. Melis, A. Prokudin, JHEP 1404 (2014) 005, ArXiv:1312.6261
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@’ dependence of HERMES data...

o—P2/(P2)

e (PF) = () + 2R (k2

fyy = Z 83 fa/p(@5) Dpyo(2n)
q

ot
HERMES M,

- (k%) = 0.57 £ 0.08 GeV?
: 2 2
oSy =,
. SR T08s Xdof 69
10
All four bins have
| been overlapped
107 7 in the same panel
O S N S Hard to decouple the
0.1 0.4 0.7 1.0 2
Py (GeV) Q° dependence from
Anselmino et al. JHEP 1404 (2014) 005 HERMES data alone
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Resummation of large logarithms

B To ensure momentum conservation, write the cross section in the Fourier conjugate
space

2
5*(qr —kir —kor — oo — k7 +..) = / DO —ior (ar—trr —har bzt

1 d d?bretdr br
° [/ L Xaiv(br) | + Yreg(ar)

oo dQ?dydg2. (27)2

Xgiv(br) — W(br) = exp [S(br)] x (PDFs and Hard coefficients)

dgtotal d? bTeiQT'bT
DIS/ WIS (3 » b, Q) + YIPR (2, 2. qr, Q)

dx dy dz dg3. - a0 (27r)2

Resummed part Reqgular part
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Fit of HERMES and COMPASS data

Attempting “Resummation” in SIDIS ...

2 —_
X HermEs T 1.32 a
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SIDIS| .. _ g1 +817/z 2
Fyp °(x,2,0) = exp{ {—f —£2In(Q/(2Q0)) — g1831n(10x) | b7

P

N

g2~0.5
g3 ~-0.03

| N ~ 2 (One overall normalization parameter is required)
g1 ~ 0.5 (too large compared to the value extracted from DY data)

J. Osvaldo Gonzalez Hernandez, work in progress
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TMD regions

i For this scheme to work, 4 distinct kinematic regions have to be identified

& They should be large enough and well separated

TMD evolution Matching region Fixed Order collinear QCD
(Y factor)
qT << Q
Intrinsic q_ Soft gluon radiation Hard gluon emission
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TMD regions

i For this scheme to work, 4 distinct} ave to be identified

TMD evolution

Intrinsic g Matching region FO QCD
Y factor

‘/ \-
/ N\
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What's wrong 22?
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SIDIS - Y factor

Vs=17 GeV, Q°=10 GeV?

_30 T T T T T T TS .
10 | NLO —— ] w The Y factor is very large (even at low q_)
ASY -=-= ]
W NLL+Y -----

= 107 i However, it could be affected by large
2 theoretical uncertainties
S
“e 102 Boglione, Gonzalez, Melis, Prokudin, JHEP 02 (2015) 095
O
%
B 103 The Y factor cannot be neglected !!!
=X

1074 ¢ ki New prescription for Y factor, b* and W

Collins, Gamberg, Prokudin, Rogers, Sato, Wang,
Phys. Rev. D 94 (2016) 034014

dO’NLO dO’ASY

dedydzdg?  dedydzdg2

o™= Q%q *[A Ln(Q%/q.?) + B + C]
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Other issues related to TMD regions ...

u TMD regions are defined in terms of q_ and not in terms of P_

qT=PT/ Z

9.=Q/4  q=Q q,=Q/4 9,=Q
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Possible issues ...

& This fit gives a very high quality description of a wide amount of data
points

& However, there are a few issues that are worth mentioning:

The NLL SIDIS cross section is not correctly normalized — N ~ 2

The Y factor has been neglected

More work required to include Drell-Yan data into the fit

See global fit by

Bacchetta, Delcarro, Pisano, Radici Signori
JHEP 1706 (2017) 081,

which includes SIDIS and DY data.
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Normalization and K factor

do /dp, (pb/GeV)

e re gz st How can we address the normalization problem ???

10°) =2 15<0° <70 GeV?

0.6

=200 GeV” i1 K factor depends on p_

! Kinematics cuts can affect the size
of K factors ... up to a factor 10!
Stringent cuts on the pion production angle in

H1 data suppresses LO and NLO contributions
in a different way

4 6 8 10 12

3 4 5 6 780910 15
pr (GeV)

1‘4 IIO
pr (GeV)

by
=

Daleo, De Florian, Sassot, Phys.Rev. D71 (2005) 034013

Daleo, De Florian, Sassot, Braz.J.Phys. 37 (2007) 585-590
Aktas et al., H1 Collaboration, Eur. Phys. J. C36 (2004) 441

2<0° <8 Gel”

—_—  HI cufts
----- No cuts

o
T

“The rather large size of the K-factor can be understood as a consequence
of the opening of a new dominant (‘leading-order’) channel, and not to the
‘genuine’ increase in the partonic cross section [...]. The dominance of the
new channel is due to the size of the gluon distribution at small x, and to

the fact that the H1 selection cuts highlight the kinematical region dominated
bythey +g—g +q + q partonic process. In particular, without the
experimental cuts for the final state hadrons, the gg component represents
less than 25% of the total NLO contribution at small x, .”

K=(dd\'w/(£\‘3 Mo O/d\'B )
b~
[=1

Daleo, De Florian, Sassot, Phys.Rev. D71 (2005) 034013

Daleo, De Florian, Sassot, Braz.J.Phys. 37 (2007) 585-590
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Kinematics of current region

Boglione, Collins, Gamberg, Gonzalez, Rogers, Sato
Phys. Lett. B766 (2017) 245

Need a quantitative way to identify the region of
validity of TMD factorization (current region)

y
/
/) Fracture
%’\@ :
Functions
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Kinematics of current region

ks

(Breit frame)

Hadron rapidity Yk f 1

_1 By Yki
ol L §)

Current and
fragmentation
\ regions should
~—— be well
separated in the

YR observed hadron
N rapidity

These beautiful drawings are courtesy of Osvaldo Gonzalez
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Kinematics of current region

K¢

Observable
Yk f 1

current region

(IMDs)

~——

\ ~
\’yh

These beautiful drawings are courtesy of Osvaldo Gonzalez
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Kinematics of current region

Factorization implies power counting for the momenta

Small mass

/ ;
Py-ks =0 (mz) k:
i
Py -k = O(Qz) Current region
Hard scale Py, - ks

R(yh, zZn, Xvj, Q) =

Py~

Collinearity must be small in the current region

These beautiful drawings are courtesy of Osvaldo Gonzalez
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Kinematics of current region

R(yn, 2n, Xbj, Q) < 1 : collinear to outgoing quark,

R(¥n, Zn, Xbj, Q)_1 < | : collinear to incoming quark .

T = 0.1 Q? =2 GeV? apj = 0.1 Q? =10 GeV? xpj = 0.1 Q? = 10° GeV?
I |

1 P+
L= —1 B
Yi 9 Ong;

1O}

=1
val
T

Ph i kf
Py, - k;

=
=N
T

=

1l
Collinearity

=]

=
(S
T

0 — z, =08 vi B |R| (2,=038)
yi=—In—— — z =04 = yr [Z= |R|'(z,=0.8) vi =In—
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Kinematics of current region

<z>=0.23
<z>=0.28
<z>=0.33
<z>=0.38
<z>=0.45

[Je<4d >ron

<z>=0.55

—~
U

<z>=0.75

10° [

10! |

COMPASS M;}""

the non-perturbative

- L e i Colored points belong to the
L e current fragmentation
2 P R region.
o s : .«0;2} g il Gray points are likely to be
=9.906-03 £y9.320-02 outside of current region
6.25 6.50 6.75 ll.OO [;.25 [;.50 6.75 i.OO
Pr (GeV) Py (GeV)
HERMES
[ ] <z>=0.14 1k
® z>=022 10 . M M
e . A <z>=0. =
This is just an example! U R
The actual implementation o ooz Ve o-
of these cuts crucially 0 <z>=053 - D
. -1 [ F - € i
depends on the choice of 07 . :
D) <z>=0.88 L Tl 0 i
€ - ? il : ‘I“
parameters of the model 0°—5.20 GeV? | Q=5.20 GeV?
2,;=0.25 2;=0.25
0.25 0.50 0.75 1.00 0.25 0.50 0.75 1.00
P, (GeV) P, (GeV)
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Kinematics of soft region

By | f;

?WTC

m&a
, : However, this neglects

—— the soft fragmentation

soft region

(No factorization theorem for this region)
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e*e scattering processes

/ .l Recent data on Collins
azimuthal asymmetries from
>vvm< BELLE, BaBar and BES Il
! No modern data available (yet)
e+e- on unpolarized cross sections

TASSO, MARKII data available
for unpolarized e'e” » h X

i Direct observation of
Yl the hadron momentum
' component transverse

to the fragmenting
parent parton (jet axis)

il pT distributions

- TMD evolution
&1 Different energies

i Integrated over z big limitation
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e*e scattering processes

TASSO, MARKII data available
for unpolarized e'e” » h X

il pT distributions
- TMD evolution
&1 Different energies

.l Integrated over z ;

big limitation

19 September 2017

il Recent data on Collins
azimuthal asymmetries from
BELLE, BaBar and BES Il

! No modern data available (yet)
on unpolarized cross sections

10%

=1
>
0
v
(=]

TASSO data

ke e
teRx
Q000
)

< = <

10¢

LI Direct observation of

100 ] the hadron momentum

2 component transverse
f:: to the fragmenting
i parent parton (jet axis)
5
i jo== [
7. Phys. C - Particles and Fields 47, 187-198 (1990)
%0 2.0 40 8.0

pl (GeV/c)
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Unpolarized cross section

do™ = LW = 4ra?
dzd*p, 3s

2F iz P00

-

” (TG p /0 uy
WH = We o+ W

coll

Wostn o= Z [H ¢ (Q; oV Dyys(z. p s . {p)
- i

T

|
Dy (z,zky5p1,8p) =

25 iki-bop g
(2m)? fd bue Diyy(z, b3, (D)

i

Cirr ® dnj(z: 1)/ zz}

Dyyp(z, by 51, 0p) =

2,

J

~ Calculable within
" d
Xexp{f ﬁ[?y(d;(}l) 1)~ ')/K(G’s(ﬂ))log( \f_D)]} ' perturbative QCD

Hb

W
@J(«»bl) + gk (by) log| | )’ég L g'%’;z,ear:;;';’bative
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Modeling the cross section

Boglione, Gonzalez-Hernandez, Taghavi, Phys. Lett. B772 (2017) 78-86

Assuming factorization ...

doh _ 4mo? 1

—_— gq- D2,

2P, Z ¢ Dg(z.p1; Q%) |
model To leading order
4Jroz h
Zeq Dy (z, Q) h(py)
TASSO data e
3 13223_ ////
7

Issues to investigate:

Use this ...

, _ L1 Appropriate functional form for g,
To get information ilp

about that ...

ki Scale evolution induced by g,

di ) I'n(Q)
2

EXp {é’ﬂP(x b.)+ gk(byi)log (5) )
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Modeling the cross section

Boglione, Gonzalez-Hernandez, Taghavi, Phys. Lett. B772 (2017) 78-86 /;}”

7 @/ch, \\\
Yo ey
F Identify the region where "o,
10° | - e TMD effects are dominant 7,7
SSO data iz | | |
- 35 Gev For fully differential cross
» Gt sections, matching region is
Expected to be at
pL~z0

100 -
"fg Use experimental <z> to make
§4 an estimate
€ 107 |
% 10 . 2 G
3 P ~ eV

107% | We start by concentrating

on a restricted range:
i, 7. Phys. C - Particles and Fields 47, 187198 (1990) ]
-3 —— N L el
* 0.0 2.0 4.0 6.0
pl (GeV/e)
46
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Modeling the p, dependence

Boglione, Gonzalez-Hernandez, Taghavi, Phys. Lett. B772 (2017) 78-86 / }},;\
4 /’/7/)/)70'@: k oF,
S\A\ R ¥ )2/////7?.00;\\\
h h N Yy @5,
3 Dq (z* pJ_) — Dq (Z) h(p_]_) . OG’\?‘ZC{?OO;\
102 ¢ LSS
10} w Gaussian p, dependence
e—PL1%/(pL?)
h(pl) =

10°
A 7 (p1?)
"%' 10~! F
;% i Power law p, dependence

h(py) =2(c — M2 @Dt

(p1) =2(a — 1M 5 N
(p1 +M?)

A 7. Phys. C - Particles and Fields 47, 187-198 (1990) . , 5

9700 2.0 T 40 6.0 M= (2 = 1)pyL

s Pyl =0.212GeV .
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1o do /dp,

1/og do/dp,

Modeling the p, dependence

Fit of TASSO data,
using gaussian p, dependence

1 doh e2Dh(z; Q2
— — mpiN fdzizq : q(2 @ h(p1)+8Q
oodp. model ZG €q
Normalization
problematic !
25
20
15
10
05 “De ,
o2k
—— %e PO
| VS =44 GeV —v—1 | R Q/Z,/ OfO/'
25 7 r9 gy,
35GeV —o— /14o Q[;O
22 GeV —e— Qs Q.
20 14 GeV —e—1 | &Qc,/ Ot
/s (% <
15 | o /
10 F N '
.'_:‘,-_:._:%:“w
5 CE W R,
e e
0 1 1 1 1 1 1 1 1 _E
0.2 0.4 0.6 0.8 1.0
P
2y _ 2 Q Tension between the shape of
(P1) =281 +28;7"log (—2 Qo) the peak and that of the tale

19 September 2017

Fit of TASSO data,
using power law p, dependence

1l/og do/dp

1
h(p) =2( - DM* @D ———
(p1 +M?)
- Q
0 =g+ &log (—
Qo
| | I | | 'u"SI: 44 GP.I.V I—v—il
Fy 35 GeV —o—
_— 22 GeV +—a—
I ¥ e = 14 GeV —e—1

Boglione, Gonzalez-Hernandez, Taghavi,
Phys. Lett. B772 (2017) 78-86

I
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Modeling the p, dependence

Fit of TASSO data, Fit of TASSO data,

using gaussian p, dependence using power law p, dependence
iﬂ —s wp. N dzw hip)y+60Q h =2 -1 M2 (a—1) 1
o0 b model I:f Zq E ] Normalization (pl) (a ) (pi + Mz)a

problematic

o5 o=y +&|Og (&)
| Qo
o
2 20+t
3
-.E’? 15
—
10 | R
S Tp g
0.5 b/};be /Q 4' P..
. , : : e /gefs O, 8
2 | Vs=44GeV —w— | R Q’Z///Ofof/b
35 GeV —=— 77140 U, 8
S 20 fi Eﬁfﬁ e e,\,&e Zbo(,,:\ -
= vk 4 OF
5 151§
‘;.6? 10 i
5 »:Hﬁs
. | | | I , , * I-—--QT:I—.T-E
0.2 0.4 0.6 0.8 1.0
Pl
(p2 V=2g,+2g 22 log (&) Tension between the shape of BOglione, GonzaleZ'HernandeZ, TaghaVi'
1 1 2 2Qq the peak and that of the tale PhyS Lett B772 (201 7) 78_86
e e e e e e
M. Boglione - INT-17-3 49
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Modeling the p, dependence

Fit of TASSO data,
using gaussian p, dependence

1 do" e2Dl(z: 0%
——1|  — mpIN fdzz”i"z h(p)+38Q
%o dPL madel ZG g
Normalization
problematic
25
o
2 2t
o
=]
(=]
L 15+
-
10 +
0.5
25 | Vs=44 GeV —=— |
35 GeV —a—
22 GeV —e=—
g 20 | 14 GeV —a—1 |
2
o 15 | §
=
(=]
5 10}
—
TRRE
51 ~E T U
=g
0 1 1 1 1 I
0.2 0.4 0.6 0.8 1.0
P

Pi)=2g1+2g zzlog(

19 September 2017

&)
2Qo

Tension between the shape of
the peak and that of the tale

M. Boglione - INT-17-3

Fit of TASSO data,
using power law p, dependence

1
2 (a—1
h(p)=2(a—1M* @ )2—2(1
(p1 +M?)
- Q
0 =g+ &log (—
Qo
‘ ‘ ‘ v’s:‘ZQGe‘V |—0—|
25 L s s
E ) MARKI|
815} \
S
: k 3
5+F " *
* -*
0.0 0.2 0.4 0.6 0.8 1.0
PL
0.4 | : : :
TASSO fit estimate
r TASSO —e—i +
PLUTO —=— &
0.3 -
A ]
g
\%
02 - % 8
Ei* %
m
=
Ol | L | L | |
10 20 30 40
Vs
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Interpreting our results ...

TMD
ol =
F-1 {dg dzpl} oc exp{ Ar(by) + gx (b, )) 10@

s B L Wew
il e T

bJ__’Z bJ_

, 1
MODEL  /i(p,) = 2(a — HM? " — -
(Pl + M

?___ | hmth_ ] bJ_ p\/; b, M )
(p’ + M") ’ Qu j?'.['r(fl-‘ 2 b M b, M
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Interpreting our results ...

MODEL

h(py) =2(a — 1)M? @D

1

(p? +m2)"

3.5

3.0

2.5

o (independent fits)

2.0

TMD scheme

(under the assumption that integration over z does not alter
the structural form of the non perturbative exponential)

| doh _ Q
Fl {dzfu ] ocexp[g{bl}lng (a) }

b exp {g(bl} log (E) ] xb®
Qo

Logarithmic behavior of alpha may be interpreted
as a consequence of the Log in the definition of
the TMD FF.

cr:angrdflog(—)

Qo

arge b,
gK(bJ_)l — alog(vb,)
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Interpreting our results ...

MODEL TMD scheme

(under the assumption that integration over z does not alter
the structural form of the non perturbative exponential)

1 Ll There are caveats on this interpretation:
h(py)=2(a — 1)M% @D - it is consistent with theoretical expectations but it
(p? +M2) is not unique.

L Lack of information on z-dependence of the TMD
FF in the TASSO and MARK Il measurements (and
possible correlations between Q and z of different

35 - ] origin) hinders a more solid conclusion about TMD
7 A evolution effects in these data sets.
Z 30f ]
5 Logarithmic behavior of alpha may be interpreted
8 25} a i as a consequence of the Log in the definition of
% the TMD FF.
20 | | | n | Q
14 22 35 44 @ =+ Y 10g .l
Qo

arge b,
gK(bJ_)l — alog(vb,)
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Conclusions

L4 Phenomenological studies of TMD factorization and evolution have come a long way.
Many aspects of the interplay between perturbative and non-perturbative contributions are now
better understood.

Ll Some issues remain open and need further investigation, especially as far as phenomenology is
concerned:
Difficult to work in b_ space where we loose phenomenological intuition

F.T. involves integration of an oscillating function over b_ up to infinity:
upon integration one loses track of what was small b_ and what was large b_.

i P_ distributions of SIDIS cross sections over the full P_range will have to be further investigated.

L4 Simultaneous fits of SIDIS, Drell-Yan and e*e” annihilation data are highly recommended, but they
should be performed within a consistent and solid framework where they can be implemented.

.1 Data selection is crucial in global fitting:
> not too many
(only data within the ranges where the TMD evolution schemes work should be considered)
> not too few
(too strict a selection can bias the fit results and neglect important information from
experimental data) — see our new criteria to select current fragmentation region events !
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