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Separation of NP effects
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Scale-independent
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3 independent functions.
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The evolution

N3LO:
Y. Li, H.X. Zhu, Phys. Rev. Lett. 118, 022004
(2017)

A. Vladimirov, Phys. Rev. Lett. 118 (2017) 6,

062001
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Unpolarized TMD and data

Fit from DY:
D’ Alesio et al. JHEP11 (201

Bacchetta et al, JHEPO6 (2017)081
1.S., A. Vladimirov Eur. Phys. ]. C. 78 (2018) 2, 89 (Artemide)

V. Bertone, LS., A. Vladimirov JHEP06 (2019) 028

A Vladimirov JHEP10 (2019)090 (pion-proton)
V. Bertone et at. ]HEPO7(2020) 117 (Na,ngapa.rba,t) (Pavial9)

M. Bury et al. In Progress
A . Vladimirov JHEPO6 (2020) 157D

4) 098 (Evolution kernel)

Fit from DY+SIDI5: L. 5. N 195

W-production: '
ction: D. Gutierrez-Reyes, S. Leal-Gomez, L.S. e-print 2011.05351 [hep-ph]



Open q

~+ Which data are sensitive to TMD?

+ Do TMD fits depend on the choice of PDF sets?

* Do we have a unique fxr for all sets of PDF?
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Forgotten data at LHG?

For TMD we need LHC data with low boson mass: ex. LHCb-CONF-2012-013 ; CERN-LHCb-CONF-2012-013

Y *
do,. . /dy" [pb]

90
80
70
60
50
40
30
20
10

E p*>10GeVic LHCb Preliminary, \s = 7 TeV

= pf; >3 GeV/c Data_,

E 20 <M, <40 GeV/c® Data,,

- —— LO PYTHIA (CTEQSL)

;— o NLO FEWZ (MSTWO8)

= v NLO FEWZ (NNPDF20)

= %’ T f e NLO FEWZ (CTEQ66)

: ! t

3 T oyt

:—Q voF o ¢y %
L A T B

2 2.5 35 4 4.5

Dimuon rapidity

Please address trigger problem
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1T'MD vahdity range
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1T'™MD vahdity range

qr/Q 5 0.25




TMD aﬂd PDF Do TMD fit quality depend on PDF set choice?

In principle the TMD is independent but ..
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Difterences among PDF sets are visible in 1M D physms DY fit from LS, A. Vadimirov JHEP 06 (2020) 137
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™MD uncertaities in W production e

S. Leal-Gomez, I.S.

arXiv: 2011.05351
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I'™MD uncertainties in W production

D. Gutierrez-Reyes,
S. Leal-Gomez, I.S.
arXiv: 2011.05351

T— —

s /N includes PDF, data and theoretical error

CDF /s =18 TeV | DO /s = 1.8 TeV | ATLAS | CMS ev | CMS uv
Number of points 10 10 2 4 4
NNPDF31 0.540 1.485 0.463 1.674 3.165
HERA20 0.469 1.591 0.271 1.563 3.721
Comparison with CMS data Comparison with CMS data
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0.041 0.04
- B CMS: 1606.05864 T B CMIS: 1606.05864
S/ 0.03 === artemide S/ 0.03 === artemide
ks - 0 GeV < my e - ks - 0 GeV < my SSeess -
=T 0.02 "5 0.02
— <b] . ph > 25 GeV, |n| < 2.5 = — <b] . ph > 20 GeV, |n| < 2.1
0.01 prp—=W+X—=etr.+X 0.01 p+p—>W+X—=pu+v,+X
0.0 \ L ] 0.0 \ L ]
0 8 16 24 0 8 16 24

qr (GGV)

qr (GGV)

16



TMD uncertainties from a single PDI set

Fule =0.0L,Y) Fa(e = 0.1,0) T R@=050

I.S., A. Vladimirov [HEP 06 (2020) 137

1 Experimental uncertainty
PDF uncertainty (replicas, NNPDF31_nnlo_118)



I'™MD and PDF sets: bias removing

¢Spread among different sets

1 &
dy X /
Ff<—h($7 b) = Z / ?ka—f’ (ya L,uoPEv Us (MOPE))ffN—h (§7 MOPE)
T x _— w? :
i: fnp(x,b) = exp —Al(l _ai)/j_i‘z;;fg —2)s b ‘1‘ fnp(z,b) )
SV19 ansatz: . (1—z)3b2 v BHLSVZ21 ansatz: ~_
The non-perturbative ansatz used in previous fits is too rigid: S
We need flavor dependence of the ansatz to compensate the differences in different PDF

sets

18



T™MD and PDF sets:

preliminary results

PDF x?/N
NNPDF31 | 0.97
HERA20 | 0.90
CT18 0.98
MSHT20 | 0.88

The spread in the fit quality does not depend on PDF sets



TMD uncertainties from PDF sets

m =HERA20 g =NNPDF31 g =CT18

. 110

110

105" 1 105

1.00 1.00

0.95 0.95

0.90

0.90

The goodness of a set depends on x



TMD uncertainties from PDF sets

m =HERA20 g =NNPDF31 g =CT18 90GeV

TMD(PDF set)/ TMD(HERA) vs b




Conclusions

& Qreat progrese in the extraction of unpolarized TMD: Higher order perturbative extractiong available. The critical

point ig the inclugion of collinear functiong in TMD extractions (NNLO fragmentation functiong are needed)

& production i included in Artemide. W and DY data at LHC can be largely improved looking at neglected regiong
ot phage gpace

JLAB and EIC are/will be exploring fundamental regions of phage gpace

POF get dependence of TMUD is removed with flavor dependent models

*€C *€C
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F. Hautmann, L.S., A. Vladimirov Phys.Lett.B 806 (2020) 135478
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urbatwe TMD effects

We have tested several simple modeles for LHC with/without NP effects 1n

T™MD.

A non-perturbative part on evolution kernel 1s always necessary and 1t 1s
present 1n every code. We tested several possibilities.
Models with an fNP different from 1 give better agreement with LHC data.

Case Byp gk A1 (fup = exp—41b*) | x*/dof | x*/dof(norm.)
1 5.5 (max) | 0.116 +0.002 10~°(fixed) 3.29 3.04
2 2.2 +04 0.032 + 0.006 0.29 + 0.02 1.50 1.28
Case Byp Co A x>/dof | x*/dof(norm.)
3 1. (min) 0.016 +0.001 1073 (fixed) 2.21 1.99
4 30+1.5 0.04 +0.02 0.27 + 0.04 1.61 1.36
Case Bnp g% A1 x>/dof | x*/dof(norm.)
5 1.34 + 0.01 0.16 =+ 0.01 1073 (fixed) 1.70 1.52
6 2.43 + 0.66 0.05 +0.02 0.24 + 0.04 1.49 1.28
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F. Hautmann, L.S., A. Vladimirov Phys.Lett.B 806 (2020) 135478
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