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Unpolarized TMD structure
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Unpolarized TMD structure

_ Collins, “Foundations of Perturbative QCD”
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MAPTMD22 — Parameterization of TMDs
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MAPTMD22 — Parameterization of TMDs
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MAPTMD22 — Parameterization of TMDs
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MAPTMD22 — Parameterization of TMDs
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11 parameters for TMD PDF

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




MAPTMD?22 — Datasets included
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Slide by A. Bacchetta

see talk on Monday



MAPTMD22 — Quality of the fit
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MAPTMD22 — Results
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FIG. 13: The TMD PDF of the up quark in a proton at u = /¢ = Q = 2 GeV (left panel) and 10 GeV (right panel) as
a function of the partonic transverse momentum |k | for x = 0.001, 0.01 and 0.1. The uncertainty bands represent the
68% CL.



MAPTMD22 — Results
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FIG. 13: The TMD PDF of the up quark in a proton at u = /¢ = Q = 2 GeV (left panel) and 10 GeV (right panel) as
a function of the partonic transverse momentum |k | for x = 0.001, 0.01 and 0.1. The uncertainty bands represent the
68% CL.

As usual, the rigidity of the functional form plays a role

and probably leads to underestimated bands




What about new data sets?

Possible
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EIC impact studies with PV17

Parameter

g2
Ny

a

Slide by C. Bissolotti
see talk at SPIN2021

Average over replicas
0.1171 = 0.0145
0.283 1+ 0.0368
2.2393 * 1.2967

-0.1416 £ 0.0959
0.2548 &= 0.2549
0.2203 =+ 0.0222
2.9304 * 0.9978
0.1175 =+ 0.0506
2.4736 £ 0.1649

7-5475 £ 3.2037
0.0318 £ 0.0068

Correlation matrix

‘92N1040>\N3,357)\FN4

with NangaParbat

Il

71 0.5

a New fit with uncertainties

aimitere o PY1T
Xiop = 1.14£0.06

~ 2000 fitted data
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https://indico2.riken.jp/event/3082/contributions/17236/

EIC impact studies with PV17

generation of pseudo data N R T WY

7Z'+

configurations

/A 5x100 18x100
final state

hadrons KT 10x100
K-

Name, unpol.10x100_pip_ACC_opt8_cut
Comment,Ralf's pseudo data for EIC.
Reference,Ralf

Process type,SIDIS

Number of points,3837

Number of uncorr.errors,?2

Number of corr.errors,0

Number of norm.errors,1

List of norm.errors (relative), .03

Total cross—-section nomalized, False

List of points

Point id,process
id,s[GeV~2],<Q>[GeV],Qmin[GeV],Qmax [GeV] ,<x>,xMin, xMax,<z>,zMin, zMax,<pT>[GeV],pTMin [GeV], pTMax [GeV], xSec,Uncorr.Err.@,Uncorr.Err.1,Th.Fa
tor,FiducialCuts,yMin,yMax,W2min [GeV~2] ,W2max [GeV~2],TargetMass [GeV],ProductMass [GeV]
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EIC impact studies with PV17

generation of pseudo data

5x41 18x275

( configurations \

T 5x100 18x100

final state
hadrons KT 10x100

K-

~ 2300
central value of pseudo data obtained pseudodata points

using average parameters of the PV17 baseline fit

uncertainties of pseudo data

are given by simulations done

Slide by C. Bissolotti by the EIC SIDIS working group
see talk at SPIN2021
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https://indico2.riken.jp/event/3082/contributions/17236/
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EIC impact studies with PV17
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COMPASS Proton predictions with PV17

Measurement on LHs: Results for the Pr-distributions

Comparison with Pavia 2017 fit [A. Bacchetta et al., JHEP 06 (2017) 081]

@ SIDIS ep(D)—en® (KT)X (HERMES)

@ SIDIS pD— phX (COMPASS)

@ Drell-Yan (E228, E605)
@ Z boson production (CDF, DO)
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JLab20+ Impact Study
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Pseudodata generation

Central value obtained using average
parameters of MAPTMD22 baseline fit

Uncertainties of pseudodata

Stat 1/VN
Sys  7(1-5%)
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JLab20+ Impact Study

Included dataset Final-state hadrons
Q? > 1.4 GeV? T
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JLab20+ Impact Study

Included dataset

Q? > 1.4 GeV?
0.2 < 2z<0.7

Final-state hadrons

Py < min min [0.2Q,0.52Q] + 0.3 GeV, Q)|

-

10°

~ 2000 MAPTMD22 10}
+ é%;103
S)
~ 25000 |JLab 20+ &
pseudodata ol
Increasing of an order of magnitude! _,

[ —— E605
L —— E772

— E288

- —— STAR

[ —— PHENIX
[ —— CDF

L —— DO

LHCb

E —— CMS

ATLAS

L —— HERMES

COMPASS

T "”j

10~° 10—

M | N N T | .
103




JLab20+ Impact Study

Effect of systematic uncertainties on pseudodata

¢ ® o NP predictions
o ® PseudoData
°
°
°
S0 .
= .
0.09 -
°
0.08 -
Q? = 1.71 GeV? .
07
No systematics added °
06 - .
°
: .
3 o °
e ! ¢ . ¢ ® o . . .
" Py [GeV]
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JLab20+ Impact Study

PRELIMINARY results

1% sys

MAPTMD22
MAPTMD22 + JLab24

Q =2 GeV
x=0.1

k. [GeV]

1% SYS

MAPTMD22

MAPTMD22 + JLab24

Q) =2 GeV
x = 0.001

k| [GeV]
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JLab20+ Impact Study

PRELIMINARY results

1% sys

MAPTMD22
MAPTMD22 + JLab24

Q =2 GeV
x=0.1

k. [GeV]

5% sys

MAPTMD22

T MAPTMD22 + JLab24
Q =2 GeV
r = 0.1

k. [GeV]

1% SYS

MAPTMD22 + JLab24

MAPTMD22

Q) =2 GeV
x = 0.001

k| [GeV]

5% sys

. MAPTMD22 + JLab24

MAPTMD22

Q =2 GeV
x = 0.001

k. [GeV]
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JLab20+ Impact Study

Kernel of the rapidity evolution equation

alnfl(xabT;:qu)

Oln+/C

= K(br, 1)

K(br, ., ) = K(bs, o, ) + g (b7)
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JLab20+ Impact Study

Kernel of the rapidity evolution equation

81Hf1(33,bT

JING
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® MAPTMD22: global extraction of unpolarized quark TMDs

® Old studies with PV17 show impact of EIC only at low-x
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Outlook and Conclusions

® MAPTMD22: global extraction of unpolarized quark TMDs

® Old studies with PV17 show impact of EIC only at low-x

@® Preliminary study on JLab20+ shows impact at both low- and high-x
number of data?
flexibility of TMD model?

@® We have to understand the role of systematic errors and the methodology

22
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TMD factorization — Logarithmic counting

Orders in powers of
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TMD factorization — Logarithmic counting

Orders in powers of

Hard factor and Ingredients in

matching perturbative Sudakov

coeffici%’nt forry‘ectO\

Accuracy Hand C K and yr YK PDFs/FFs and as evol.
LL 0 1

NLL 0 1 2 LO
NLL’ 1 1 2 NLO
NNLL 1 2 3 NLO
NNLL’ 2 2 3 NNLO
NSLL 2 3 4 NNLO (NLO FF)
NSLL 2 3 4 NNLO
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TMD factorization — Logarithmic counting

Orders in powers of
Hard factor and

Accuracy

LL
NLL
NLL’

NNLL

NNLL’

NSLL
NSLL

matching

coeffici%’nt
Hand C

0

0
1
1
2
2
2

Ingredients in
perturbative Sudakov

forry‘ectO\

Kand yr

W W DN = =

YK PDFs/FFs and as evol.

LO
NLO
NLO
NNLO
NNLO (NLO FF)
NNLO

A~ A WO WO DD =

N° LL =N LL but with NLO collinear FF
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MAPTMD22 — Normalization of SIDIS
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MAPTMD22 — Normalization of SIDIS

High-Energy Drell-Yan beyond |

Q ~ 100 GeV

0.06 _ ATLAS 8 TeV, 1.6 < |y| < 2 i NLL _

[ ——
0.05 .

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici,
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MAPTMD22 — Normalization of SIDIS

SIDIS multiplicities beyond NLL High-Energy Drell-Yan beyond |

Q ~ 100 GeV

LT T T .
0.06 _ ATLAS 8 TeV, 1.6 < |y| < 2 e NLLY _

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici,
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MAPTMD22 — Normalization of SIDIS

SIDIS multiplicities beyond NLL High-Energy Drell-Yan beyond |

Q ~ 2 GeV Q ~ 100 GeV

LT T T T T .
0.06 _ ATLAS 8 TeV, 1.6 < |y| < 2 N NLL

- . @ NNLL

> - NNLL' -

0.05 - u

o ; s B NLL |
=, I { Data

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici,
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MAPTMD22 — Normalization of SIDIS

M7 (x, z, |Ppr], Q2)

SIDIS multiplicities beyond NLL High-Energy Drell-Yan beyond |
Q ~ 2 GeV Q ~ 100 GeV
HERMES - -7 T rrrrrrrr-or-rrrororr
’ 0.06 - ATLAS 8 TeV, 1.6 < |y| <2 i NLL’'
1 m— ey i mw NNLL |
: B | >  ——— NNLL' ]
-t -t § 0.05:— e mm NLL
s = [ f Data ]
b g‘ 0.04 B —— -
" A \ T [ ]
z 2 L 8\ ) -6 _
i — T | 0.03 | ]
p—— % L F—+————
% 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 m E I
' Prr 0.90 EE— :

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici,
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MAPTMD22 — Normalization of SIDIS

SIDIS multiplicities beyond NLL High-Energy Drell-Yan beyond |

Q ~ 2 GeV Q ~ 100 GeV

HERMES - L o LA e e ey e
0.06 - ATLAS 8 TeV, 1.6 < |y| < 2 i NLL

; tions : NNLL
ata - 3 — ]

M7 (x, z, |Ppr], Q2)

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici,

The description considerably worsens at higher orders!!
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MAPTMD22 — Normalization of SIDIS

COMPASS multiplicities (one of many bins)

J.O. Gonzalez-Hernandez, PoS DIS2019

Data/Prediction
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MAPTMD22 — Normalization of SIDIS

COMPASS multiplicities (one of many bins)

J.O. Gonzalez-Hernandez, PoS DIS2019

Data/Prediction

The discrepancy amounts to an almost constant factor!!

20




MAPTMD22 — Normalization of SIDIS
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MAPTMD22 — Normalization of SIDIS

SIDIS multiplicity ~ M(z.2 Par, Q) = Jom 75—

do
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MAPTMD22 — Output of the fit

Visualisation of TMD FFs
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MAPTMD22 — Output of the fit

Visualisation of TMD FFs
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MAPTMD22 — Output of the fit

Collins-Soper kernel
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MAPTMD22 — Output of the fit

Collins-Soper kernel

Kernel of the rapidity evolution equation
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MAPTMD22 — Output of the fit

Collins-Soper kernel

Kernel of the rapidity evolution equation; 5, sqev)
R 0.6}
8lnf1(at,bT;u,C) :
= K (br, p 0.4 o
0.2} = e T € )
K (br, p, ) = K (b, g, ) + gk (br) 1R L MAPTMD‘
v/ 4 5
l 0.2 b(GeV ™)
: — CASCADE SVZES
to be fitted — SV19 - ETMC/PKU
--- MAP22 N\
M Pavial9 v LPC20
perturbatively calculable Pavial7 - LPC22
Martinez, Vladimirov,
Xiv:2206.01105
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Logarithmic Accuracy

Sudakov form factor Matching coefficient
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Non-mixed terms in collinear SIDIS cross section

2

e
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1+(1-y)2 L1 L Ji ..0)

do"
dxdQ?dz




Non-mixed terms in collinear SIDIS cross section

2
do” ¢ { WP ff
= O ) +0 [D ®67 0% ]xg,
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Non-mixed terms in collinear SIDIS cross section

2

do” i { BF o f
= O, Orr+0 [D ® C ® ] X, Z,
dxdQ2dz o) 0; ) ( I'f fg) T f ( Q)
1 —_ ’ ’
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Mh(x, z, |Ppr|?, Q2)

Source of W-term suppression

Present situation at low|Q
COMPASS multiplicity

Full Hard Factor Hard Factor = 1
? ? NP predictions N3LL
T L T
+ : +



Mh(x, z, |Ppr|?, Q2)

Source of W-term suppression

Present situation at low|Q
COMPASS multiplicity

Full Hard Factor Hard Factor = 1
? ? NP predictions N3LL
T L T
+ : +



Mh(x, z, |Ppr|?, Q2)

Source of W-term suppression

Present situation at low|Q
COMPASS multiplicity

Full Hard Factor Hard Factor = 1
? ? NP predictions N3LL
T L T
+ : +



MAPTMD22 — SIDIS data selection

COMPASS multiplicities (one of many bins)
Py 7| max = min[min[0.2Q, 0.5zQ] + 0.3 GeV, zQ)]

—I—_i_ [ excluded bins
o o B R | ® included bins
b
& ]
C 10 5
o ]
a
< ]
g 1.3 < Q < 1.73 GeV
:
*‘2 0.02 < x < 0.032
0.3 < 2z < 0.4
"510—1
1.2 - ;F
~
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MAPTMD22 — SIDIS data selection

COMPASS multiplicities (one of many bins)
Py 7| max = min[min[0.2Q, 0.5zQ] + 0.3 GeV, zQ)]

11111

103

o [l excluded bins

T ® included bins

| Pur|/Q
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Results of the baseline fit

Error propagation

250 Molﬂecarlo
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Results of the baseline fit

Error propagation

250 MoLtecarIo
replicas

Correlation matrix

Hintslof the
appropriateness of
the chosen
functional form

2 eI RRr2REr2 22,98 2

g2 Niag 01 A N3 31 01 71 ArN;NgNic A2 az as o2 o3 B2 02 72
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Results of the baseline fit

Parameter | Average over replicas
g2 [GeV] 0.248 + 0.008
N; [GeV?] 0.316 + 0.025
ai 1.29 £+ 0.19
o1 0.68 + 0.13
A [GeV—1] 1.82 + 0.29
N3 [GeV?] 0.0055 + 0.0006
B1 10.23 + 0.29
81 0.0094 =+ 0.0012
T 1.406 + 0.084
Ar [GeV—2] 0.078 + 0.011
N3p [GeV?] 0.2167 + 0.0055
Nip [GeV?| 0.134 + 0.017
Nic [GeV?] 0.0130 + 0.0069
A2 [GeV™Y 0.0215 + 0.0058
as 4.27 + 0.31
a3 4.27 + 0.13
o2 0.455 + 0.050
o3 12.71 + 0.21
Bo 4.17 +£ 0.13
82 0.167 + 0.006
v2 0.0007 + 0.0110
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Impact of EIC

reduction by PV17 baseline
PV17 baseline factor 10 + EIC
Average over repli;as Parameter Averz:ge over replicas
0.1171 £/0.0145 | | 92 | B 0.119 = 0.0025
0283400368 | nop - perturbative | %43
2.2393 £ 1.2967 evoluti an 2.3882 1 0.5448
-0.1416 £ 0.0959 | | | -0.1445 * 0.0134
0.2548 4 0.2549 A T 0.3061 % 0.4085
0.2203 + 0.0222 N3 0.2122 + 0.0157
2.9304 * 0.9978 2.6773 + 0.3861
0.1175 =+ 0.0506 ) 0.1099 F 0.0358
2.4736 + 0.1649 Y 2.4643 £ 0.12
7.5475 + 3.2037 AF 5.3198 &+ 2.0531
0.0318 + 0.0068 Ny 0.0346 + 0.0048

Slide by C. Bissolotti
see talk at SPIN2021
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