M UNIVERSITA
VB ) DI PAVIA

PROGRESS IN THE EXTRACTION OF
UNPOLARIZED TMDS FROM GLOBAL DATA SETS

Matteo Cerutti
University of Pavia - INFN PV



RESULTS OBTAINED WITH CONTRIBUTIONS FROM

Alessandro Bacchetta Marco Radici

Chiara Bissolottvi

Fulvio Piacenza




TMDS IN DRELL-YAN PROCESSES

.............................................. qT

antiquark

ky

nucleon

FllfU(mA LB, CICQF QQ)

T ZH (Q%, 1) /dszA d°k,  f{ 5’3A ks 1 ) fb (vp,k1pin*) 6% (ki —ar + kop)

i YUU (@% q7) +O(M?*/Q7)



TMDS IN DRELL-YAN PROCESSES

.............................................. qT

antiquark

ky

nucleon

FllfU(mA LB, CICQF QQ)

T ZH (Q%, 1) /dszA d°k,  f{ 5’3A ks 1 ) fb (vp,k1pin*) 6% (ki —ar + kop)

i YUU (@% q7) +O(M?*/Q7)

¢ The W term dominates in the region where gt «Q



TMDS IN DRELL-YAN PROCESSES
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¢ The W term dominates in the region where gt «Q

¢ Y term has been excluded in the Pavia analyses
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TMDS IN DRELL-YAN PROCESSES
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¢ At small gr the dominant part is given by TMDs
¢ Fourier-transformed space to avoid convolutions
¢ TMDs formally depend on two scales, but we set them equal.



TMDS IN SEMI-INCLUSIVE DIS PROCESS
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TMD STRUCTURE

fi(z, br; p?) = /dszeibT'“ff(w,ki;MQ)

see, e.g.,
Collins, “Foundations of Perturbative QCD” (11)
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TMD STRUCTURE

AN

fi(z,br; p?) = /dzk TRl fl(z, k5 )

perturbative Sudakov
> form factor
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)
2e—E : collinear PDF
’ nonperturbative part nonperturbative part
v of evolution of TMD
matching coefficients
(perturbative)
see, e.g.,

Collins, “Foundations of Perturbative QCD” (11)
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PERTURBATIVE ORDER OF EACH INGREDIENT

Orders in powers of g
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RECENT GLOBAL FITS OF UNPOLARIZED TMD DAIA

arXiv:1912.07550

Framework HERMES COMPASS DY Z production N of points X2/Npoints
X 508.10157 NLL v v v v 8059 1.55
X708 047 NNLL' X X v 4 309 1.23
arxl?va\s/aozz(.)cjsam NNLL' X X 4 v 457 1.17
arXS:\1/ 921(2).102532 NSLL- 4 v v v 1039 1.06
Pavia 2019 NSLL X X v v 353 1.02



http://arxiv.org/abs/arXiv:1703.10157
http://arxiv.org/abs/arXiv:1912.07550

OUR WORK IN THE LAST TWO YEARS

New Global Fit Simultaneously extraction of unpolarized TMD PDFs and FFs



OUR WORK IN THE LAST TWO YEARS

New Global Fit Simultaneously extraction of unpolarized TMD PDFs and FFs

o SIDIS + Drell Yan



OUR WORK IN THE LAST TWO YEARS

New Global Fit Simultaneously extraction of unpolarized TMD PDFs and FFs

10° ————
F E605

[ —— E288
. —— CDF
4| — DO
10 f —— HERMES
COMPASS
“> 103
Q
+ pre an 0,
NQ, 102 ¢
10! ¢
107° 10—
10°
104 L
5 10%
O :
S -
o™ 2 L
- 10 : E605
F —— E238
- —— CDF
10! L DO ‘
3 LHCb
i —— CMS
. —— ATLAS
+ —— STAR
100 - . M 1 PSPPI | PP | PR 2 1 2
107 10~ 1073 102 107! 10°




OUR WORK IN THE LAST TWO YEARS

New Global Fit Simultaneously extraction of unpolarized TMD PDFs and FFs

& SIDIS + Drell Yan

o Integrated variables



OUR WORK IN THE LAST TWO YEARS

New Global Fit Simultaneously extraction of unpolarized TMD PDFs and FFs

& SIDIS + Drell Yan

% |nteg rated variables Nanga Parbat: a TMD fitting framework

Nanga Parbat is a fitting framework aimad at the determination of the non-perturbative component of TMD distributions.

Download

You can obtain NangaParbat directly tfrom the githuk repository:
https://github.com/vbertone/NangaParbat/releases

For the last development branch you can clore the master code:

git clone git@github.con:vbertone/NangzParbat.git

If you instead want to download a specific tag:

https://qgithub.com/MapCollaboration
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RESULTS AT NLL: SIDIS (MULTIPLICITIES)

What we expected
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| () = 0.15
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Bacchetta, Delcarro, Pisano, Radici, Signori, arXiv:1703.10157
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RESULTS AT NLL: SIDIS (MULTIPLICITIES)

What we expected What we found
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RESULTS AT NLL: DRELL YAN
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RESULTS AT NLL: DRELL YAN
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We need to increase the accuracy!!
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Accuracy at N2LL and NSLL
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COMPARISON OF DIFFERENT ORDERS

Accuracy at N2LL and NSLL

What we expected Q) ~ 100 GeV
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Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici, arXiv:1912.07550
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COMPARISON OF DIFFERENT ORDERS

Accuracy at N2LL and NSLL
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COMPARISON OF DIFFERENT ORDERS

Accuracy at N2LL and NSLL

What we expected Q ~ 100 GeV What we get Q ~ 2 GeV
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Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici, arXiv:1912.07550
The description considerably worsens at higher orders!!
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COMPARISON OF DIFFERENT ORDERS - SIDIS

COMPASS multiplicities (one of many bins)

NP predictions NLL
NP predictions NNLL
NP predictions N3LL

| -
I
| *

N

0
0.2 0.3 0.4 0.5 0.6 0.7 0.8
2
PhT

The description considerably worsens at higher orders!!



RATIO DATA/PREDICTIONS: SIDIS

COMPASS multiplicities (one of many bins)

4.0
® ratio NLL
® ratio NNLL
3.5 @® ratio N3LL
3.0
2.5
® ®
e © ® o o ¢ o o
2.0 ® ®
O o ® o
® o © o ® ° o ®
1.5
1.0 o o © & o @ ® O ht o e ®
0.5
0.0
0.2 0.3 0.4 0.5 0.6 0.7 0.8
P2
hT

The discrepancy amounts to an almost constant factor!!
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OUR TENTATIVE SOLUTION

Introduction of a normalization prefactor

PREFACTOR(x, z, Q) =

do"

drxd(Q)?dz |nonmix.

f Wd4qr
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OUR TENTATIVE SOLUTION

Introduction of a normalization prefactor

do"

PREFACTOR(x, z,Q) = dmdf?;igonmix-
qT

do” e? g L , N
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OUR TENTATIVE SOLUTION

Introduction of a normalization prefactor

do"

PREFACTOR(x, z,Q) = dmdf?;igonmix-
qT

do” e cv
: 03 Hlors +0r) 2] DV 0 0T FIN 2.2.Q)]
dxd()*dz O(as) Y s |
nonmix.
02
/W ( ) Z_féff+5fg - [Dh/f@CffD®fif/N}(mﬁzﬂQ)
O(ag £ f

Independent of the fitting parameters!!
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SOME JUSTIFICATION: INITIAL SITUATION
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SOLUTIONT: RESTRICT TMD REGION
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SOLUTION2: ENHANCE TMD CONTRIBUTIONS

\ " Ry

— Fix order

— Resum
¢ Data
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MAP21 TMD FIT CHOICES (PRELIMINARY)
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MAP21 TMD FIT CHOICES (PRELIMINARY)
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FUNCTIONAL FORM (PRELIMINARY)

finp(z,b3) o< F.T. of (

2 2 2
kJ_ k:J_ k

e” 914 + \gkie 915 + \ce glLC>

Still working on the flexibility

(1 — ) 2° of the final form
= NV
91(33) 1 ( —j\j)a 40
g2A g2B
gi (V7)) = —=2bF — =20y

11 parameters for TMD PDF

+ 2 for NP evolution +14 for FF
= 27 free parameters
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NZLL: EXAMPLE OF GOOD BINS
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NZLL: EXAMPLE OF BAD BINS
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CONCLUSIONS

¢ DY data can NOT be described at NLL, but only at higher orders

¢ SIDIS data can be described very well at NLL, but require normalization
prefactors at NLL’ or higher

& The identification of the region of applicability of the TMD formalism is still an
open Issue

¢ Good global x2can be reached at N2LL, but some LHC data remain hard to
describe
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