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TMD Factorization - SIDIS process
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TMD Factorization - Drell Yan process

dr

Proton
P A

Fy(as Xp, 97, Q%) = Z Hy7(0%, 1) szklAdzkiBf [0eg, K 4o )Y (g, Ky o )8 (K 4 + K 3 — )

Arnold, Metz and Schlegel, Phys.Rev.D 79 (2009)
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TMD Factorization - Drell Yan process
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TMD Factorization - structure of TMDs

A HF d,u’
f?(xBa bT; Ui CF) = [C ®f1](x39 baéﬂb*’ ﬂg*)ﬁXp{ J //t' }/(,u’, Z:F)}
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y ( é )K<b*,ub*>/2l Qio ] —gK<bT>/2f{VP(x, bosC. 0

*

Collins, “Foundations of Perturbative QCD”
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TMD Factorization - structure of TMDs

SR

 Collinear PDFs |
' (previous fit) |

y ( s )K<b*,ub*>/2l Qio ] —gx(bp)/2 V(e b O

Collins, “Foundations of Perturbative QCD”



TMD Factorlzatlon structure of TMDs
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Collins, “Foundations of Perturbative QCD”

| Collins-Soper
kernel |

TMD Factorlzatlon structure of TMDs
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- . )

Fit extraction

/ part of |
_ Collins-Soper Kernel
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Perturbative accuracy

Orders in powers of s

Accuracy Hand C K and yr YK PDFs/FFs and as evol.
LL I 0 I I 1 I
""""""""""""" NL 012w
VTR A S > NGO
VTR T 2 s NGO
""""""""""" NN 223 N0
"""""""""""" Nl 23 4 NNLO4NLO
"""""""""""" N L 28 4  NwLO
"""""""""""" Nl s 3 4  NoO

Collinear fragmentation functions available beyond NLO only recently



A new global fit: MAPTMD22

Accuracy SIDIS DY Z production N of points X2/Ndata
08 10157 NLL v v v 8059 1.55
arXS:\1/ 921(2).102532 NLL ‘/ / t/ 1039 1.06
MAPTMDZ22 NOLL- v 4 4 2031 1.06

MAP Collaboration, JHEP 10 (2022)
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A new extraction of proton quark unpolarized TMDs

MAP Collaboration, JHEP 10 (2022)
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A new extraction of proton quark unpolarized TMDs

- Global analysis of Drell-Yan and Semi-Inclusive DIS data sets: 2031 data points
- Perturbative accuracy: N 3LL ]

e Normalization ot SIDIS multiplicities beyond NLL

- Number of fitted parameters: 217

- Extremely good description: )(2 / Ndata =1 . 06

MAP Collaboration, JHEP 10 (2022)
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MAPTMD22: datasets included
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MAPTMD22: Non perturbative part
-oc F.'T. of (e gklzil + Agkie gkliB + Ace gklic)
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MAPTMD22: Non perturbative part
B < .7 of (75 + Apk? 3 4+ Age 7 )
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MAPTMD22: Non perturbative part
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MAPTMD22: Non perturbative part
B < .7 of (75 + Apk? 3 4+ Age 7 )
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MAPTMD22: Non perturbative part
B < .7 of (75 + Apk? 3 4+ Age 7 )

PJQ_ pJQ_
0

11 parameters for TMD PDF

+ 1 for NP evolution + 9 for TMD FF
= 21 free parameters

)
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MAPTMD22: Normalization of SIDIS



MAPTMD22: Normalization of SIDIS

High Energy Drell-Yan
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0 0.05 3
2 . e N3LL
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MAPTMD22: Normalization of SIDIS
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The description improves at high orders
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MAPTMD22: Normalization of SIDIS

COMPASS multiplicities (one of many bins)
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MAPTMD22: Normalization of SIDIS

COMPASS multiplicities (one of many bins)

4.0
® ratio NLL
@® ratio NNLL
3.5 @® ratio N3LL
: 3.0
"6 25
O O
O e © °® o o ¢ o o
e 2.0 O ®
O ® ® O
% ® o © o O * e o
1.5
i
© O
- 1.0 © o O C o e . ® @ ® ¢
0.5
0.0
0.2 0.3 0 0.5 0.6 0 0.8



MAPTMD22: Normalization of SIDIS

COMPASS multiplicities (one of many bins)
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For different orders the discrepancy amounts to a nearly constant factor
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d d
SIDIS multiplicity M(@, 2, Phr, Q) = ddedZdPhT/dx;Q
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Khalek, Bertone, Nocera, arXiv: 2105.08725
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MAPTMD22: Normalization of SIDIS
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MAPTMD22: Normalization of SIDIS
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MAPTMD22: Normalization of SIDIS

d d
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MAPTMD22: Normalization of SIDIS

d d
SIDIS multiplicity M(x,2 Pur, Q) = 5 S / dng
Collinear SIDIS cross section do
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MAPTMD22: Normalization of SIDIS

d d
Collinear SIDIS cross section do
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/dP do B do -
T 42dOd=d Dy dzdQd- Fitting parameters

Independent

qP |
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AdxedQdzd Py /| dadQ
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MAPTMD22 — Results of

the fit y*/N,,
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MAPTMD22 — Results of the fit y°/N,, .
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Visualization of TMD FFs
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Impact studies - JLab 20+
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A new global fit: MAPTMD22

Accuracy SIDIS DY / production N of points X2/Ndata
Pavia 2017
arXiv:1703.10157 NLL ‘/ V 3059 1.55
SV 2019
arXiv:1912.06532 NSLL ‘/ V t/ 1039 1.06

MAPTMDZ22 NOLL- 2031 1.06

MAP Collaboration, JHEP 10 (2022)


http://arxiv.org/abs/arXiv:1703.10157
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SV 2019

arXiv:1912.06532 Ot h e r h a d rO n S ? 1039 1.06

MAPTMDZ22 NOLL- 2031 1.06

MAP Collaboration, JHEP 10 (2022)


http://arxiv.org/abs/arXiv:1703.10157
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Available fits of Pion TMDs

Accuracy DY N of points %2/Ndata
VZ?)Q\? 1e7t0671|.’o§200177 NLL v 96 1.61
s 1007.10356 NALL v a0 1 44
MAPTMDPion22 N°LL" v 138 1.54
ar)iarzgc)zz(?g 1% 92 N°LL v 93 1.37

MAP Collaboration, PRD 107 (2023)
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1.54

Jam 2023
arXiv:2302.01192

N2LL

AN NI NG R N
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1.37

| Best theoretical §
{ accuracy |

MAP Collaboration, PRD 107 (2023)
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MAPTMDPion22: Included datasets

Pion-induced Drell-Yan process

T +W-ou, +u_+X

Experiment | /s [GeV] Q [GeV] Npin o TF
E615 (Q-diff) 218 | 4.05<Q<1305| 10@®) | 0<azp <1
E537 (Q-diff) 15.3 4.0 < Q < 9.0 10 0l<zp <1

W. J. Stirling et al. 1993

E. Anassontzis et al. 1988
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MAPTMDPion22: Included datasets
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MAPTMDPion22: Included datasets

Experiment

Number of points

Statistical errors

Systematic errors

Theoretical errors

E615 (Q-diff) 74/155 5% 16% 5-8%
E537 (Q-diff) 64/150 15-20% 8% 5-8%
Total 138/305 Large Large Normalization| e -\ ncertainties

Uncertainties

Errors
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Experiment

Number of points

Statistical errors

Systematic errors

Theoretical errors

E615 (Q-diff) 74/155 5% 16% 5-8%
E537 (Q-diff) 64/150 15-20% 8% 5-8%
Total 138/305 Large Large Normalization| e -\ ncertainties

Uncertainties

Errors

Presence of many and different kind of errors
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MAPTMDPion22: Models

—» xFitter20

MAPTMD22 br

3 fitting parameters
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MAPTMDPion22: Fit Results
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MAPTMDPion22: Fit Results

i Good agreement}
1 inthe shape {x
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MAPTMDPion22: Fit Results
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Visualization of Pion TMD PDFs
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Visualization of Pion TMD PDFs
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Visualization of Pion TMD PDFs
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Visualization of Pion TMD PDFs
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Visualization of Pion TMD PDFs

N, 1GeV?] = 0.47 {0.12 )

o, = 4.50 .2 '

a, =440 H1.34 ]

o 2.00
\ xr = 0.2 / x = 0.2
f | 1.7 ‘ ? o x=0.3
. x=04

QQ = 10 GeV

(@ k1, Q. Q)

NEED OF NEW DATA

d
1,7

2

2rxf

O el

0.00 0.25 050 0.75 1.00 1.25 1.50 1.75 2.00 0.0 0.2

0.4 0.6
k1| [GeV] k1| [GeV]

0.8

MAP Collaboration, PRD 107 (2023)



Conclusions and outlooks

26



Conclusions and outlooks

e MAPTMDZ22 is the most recent extraction of unpolarized quarks TMDs in
the PROTON from a global fit

26



Conclusions and outlooks

e MAPTMDZ22 is the most recent extraction of unpolarized quarks TMDs in
the PROTON from a global fit

® MAPTMDPion22 is the first extraction of the MAP Collaboration of
unpolarized quarks TMDs in the Pion from a fit of pion-induced Drell Yan

26



Conclusions and outlooks

e MAPTMDZ22 is the most recent extraction of unpolarized quarks TMDs in
the PROTON from a global fit

® MAPTMDPion22 is the first extraction of the MAP Collaboration of
unpolarized quarks TMDs in the Pion from a fit of pion-induced Drell Yan

B Normalization of SIDIS beyond NLL

26



Conclusions and outlooks

e MAPTMDZ22 is the most recent extraction of unpolarized quarks TMDs in
the PROTON from a global fit

® MAPTMDPion22 is the first extraction of the MAP Collaboration of
unpolarized quarks TMDs in the Pion from a fit of pion-induced Drell Yan

B Normalization of SIDIS beyond NLL

B Effect of power corrections

26



Conclusions and outlooks

e MAPTMDZ22 is the most recent extraction of unpolarized quarks TMDs in
the PROTON from a global fit

® MAPTMDPion22 is the first extraction of the MAP Collaboration of
unpolarized quarks TMDs in the Pion from a fit of pion-induced Drell Yan

B Normalization of SIDIS beyond NLL

B Effect of power corrections

B Flavour Dependence

26



Conclusions and outlooks

e MAPTMDZ22 is the most recent extraction of unpolarized quarks TMDs in
the PROTON from a global fit

® MAPTMDPion22 is the first extraction of the MAP Collaboration of
unpolarized quarks TMDs in the Pion from a fit of pion-induced Drell Yan

B Normalization of SIDIS beyond NLL

B Effect of power corrections

B Flavour Dependence

B Refinement of Pion TMDs (COMPASS data, Power corrections, PRV model)

26



