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Unpolarized TMD structure
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Unpolarized TMD structure

. Collins, “Foundations of Perturbative QCD"
Fourier space
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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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MAPTMD22 — Parameterization of TMDs
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MAPTMD22 — Datasets included
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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 p = /¢ = Q = 2 GeV (left panel) and 10 GeV (right panel) as
a function of the partonic transverse momentum |k, | for z = 0.001, 0.01 and 0.1. The uncertainty bands represent the
68% CL.



MAPTMD22 — Results

x =01 = 0.1

x = 0.01 x = 0.01
x = 0001 x = 0.001
Q=2 GeV Q = 10 GeV
— ——— —
0.00 0.25 050 075 1.00 1.25 150 175 2.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0
k| [GeV] kL] [GeV]

FIG. 13: The TMD PDF of the up quark in a proton at p = /¢ = Q = 2 GeV (left panel) and 10 GeV (right panel) as
a function of the partonic transverse momentum |k, | for z = 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?
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EIC impact studies with PV17

Parameter Average over replicas
g2 0.1171 = 0.0145
Ny 0.283 + 0.0368

o 2.2303 + 1.2067
-0.1416 = 0.0959

A 0.2548 + 0.2549
N3 0.2203 £ 0.0222
B 2.9304 + 0.9978
] 0.1175 + 0.0506
y 2.4736 = 0.1649
AR 7.5475 == 3.2037
Ny 0.0318 + 0.0068

Slide by C. Bissolotti
see talk at SPIN2021
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~ 2000 fitted data



EIC impact studies with PV17

generation of pseudo data
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EIC impact studies with PV17

generation of pseudo data h] T 8275

[ conturatons

jr_ 5x100 18x100
final state |
—
K-
~ 2500

pseudodata points

central value of pseudo data obtained
using average parameters of the PV17 baseline fit

uncertainties of pseudo data

are given by simulations done

Slide by C. Bissolott by the EIC SIDIS working group
see talk at SPIN2021
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EIC impact studies with PV17

PV17 baseline

THMD distribution
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COMPASS Proton predictions with PV17

Measurement on LH5: Results for the Pr-distributions

Comparison with Pavia 2017 fit [A. Bacchetta et al., JHEP 06 (2017) 081]
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JLab20+ Impact Study

Kinematics
19 binsin Q2% : [1,20] GeV? (AQ? =1 GeV?)

20 binsin z: [0.04,0.84] (Az = 0.04)

20 binsin z: [0.05,0.95] (Az =0.05)

80 binsin gr: [0.05,7.95] GeV (Agr = 0.1 GeV)



JLab20+ Impact Study

Pseudodata generation

Central value obtained using average
parameters of MAPTMD22 baseline fit

Uncertainties of pseudodata

Stat 1/VN
Sys 7 (1-5%)



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<2<0.7

Final-state hadrons

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

~ 2000 MAPTMD22

+

~ 25000 |JLab 20+

pseudodata

Increasing of an order of magnitude!

[y

2
D‘iﬂ ;'_

10°

E605
ETT2
E288
STAR
PHENIX
CDF

i

LHCh
Chis
ATLAS
HERMES
COMPASS

10°°

1078

{1

102




JLab20+ Impact Study

Effect of systematic uncertainties on pseudodata
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JLab20+ Impact Study

PRELIMINARY results
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JLab20+ Impact Study

PRELIMINARY results
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JLab20+ Impact Study

Kernel of the rapidity evolution equation

dln fy(x, br; p,
ufg(il\/i%ﬂ ¢) _ K (br, 1) K(br, pmp,) = K(b«, . ) + gk (b7)




JLab20+ Impact Study

Kernel of the rapidity evolution equation

Oln fi(z,br; p,
fg(;\/z%ﬂ H = K(br, p) K(br, s, ) = K(bs, ps,) + gx (b7)

o MAP22
s MAP22 4+ JLab204
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D(br,p =
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Outlook and Conclusions

MAPTMDZ22: 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
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TMD factorization — Logarithmic counting

Orders in powers of

24



TMD factorization — Logarithmic counting

Orders in powers of

Hard factor and Ingredients in
matching perturbative Sudakov
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TMD factorization — Logarithmic counting

Orders in powers of

Hard factor and Ingredients in
matching perturbative Sudakov
cueﬁiciint furny»actm\
Accuracy Hand C Kand 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
N3LL 2 3 = NNLO (NLO FF)
NSLL 2 3 4 NNLO

Ne LL =N LL but with NLO collinear FF

24



MAPTMD22 — Normalization of SIDIS
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MAPTMD22 — Normalization of SIDIS
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MAPTMD22 — Normalization of SIDIS

IDIS multipliciti nd NLL High-Energy Drell-Yan beyond |
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MAPTMD22 — Normalization of SIDIS
SIDIS multiplicities beyond NLL High-Energy Drell-Yan beyond !
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MAPTMD22 — Normalization of SIDIS
SIDIS multiplicities beyond NLL High-Energy Drell-Yan beyond !
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MAPTMD22 — Normalization of SIDIS
SIDIS multiplicities beyond NLL

Q ~ 2 GeV

High-Energy Drell-Yan beyond |
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The description considerably worsens at higher orders!!
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MAPTMD22 — Normalization of SIDIS

COMPASS multiplicities (one of many bins)

J. 0. Gonzalez-Hernandez, PoS DIS20189

@ ratio NLL
#@ ratio hRLL

Data/Prediction
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MAPTMD22 — Normalization of SIDIS

COMPASS multiplicities (one of many bins)

J. 0. Gonzalez-Hernandez, PoS DIS20189

L] raci MMLL

Data/Prediction

<]

%2

The discrepancy amounts to an almost constant factor!!
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MAPTMD22 — Normalization of SIDIS
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MAPTMD22 — Normalization of SIDIS

[ [ L] dg d
SIDIS multiplicity M(z, 2, P "’T’Q):d:{:dezdFﬂ- da:;Q
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MAPTMD22 — Normalization of SIDIS

[ [ L] dg d
SIDIS multiplicity M(z, 2, P "‘*T’Q):d:sdezdPn-]- da:;Q

Collinear SIDIS cross secti%a(‘%

dz

27



MAPTMD22 — Normalization of SIDIS

do

do

SIDIS multiplicity Mz, 2 Par, Q) = 25575 — / 545
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MAPTMD22 — Normalization of SIDIS

[ [ L] dg d
SIDIS multiplicity  M(z, 2, P, "’T’Q):d:chdzdPnT dx;ﬁ?

Collinear SIDIS cross secti%i% No problems of normalization!!
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MAPTMD22 — Normalization of SIDIS

[ [ L] dg d
SIDIS multiplicity  M(z, 2, P, "’T’Q):d:chdzdPnT dx;ﬁ?

Collinear SIDIS cross secti%i% No problems of normalization!!

Normalization of prediction such that B
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MAPTMD22 — Normalization of SIDIS

SIDIS multiplicity ~ M(z,z Pir, Q) = zoam7 75—

Collinear SIDIS cross sectignrz r

dzdQ

No problems of normalization!!

Normalization of prediction such that:r
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27



MAPTMD22 — Normalization of SIDIS

[ [ L] dg d
SIDIS multiplicity  M(z, 2, P, hT*Q):dmdezdPﬂ dx;ﬁ?

Collinear SIDIS cross secti%f% No problems of normalization!!

Normalization of prediction such that:r
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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

dln f,(z, br; p, €)
d1In+/C

K(br,ps,) = K(be, ptp.) + gic (br)

— K(bT! .”*)
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MAPTMD22 — Output of the fit

Collins-Soper kernel

Kernel of the rapidity evolution equation

dln f,(z, br; p, €)
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MAPTMD22 — Output of the fit

Collins-Soper kernel

Kernel of the rapidity evolution equation

dln f,(z, br; p, €)
d1In+/C

f{_(bjn”u,b*:] = K(b” J'-‘-b,,} ‘|‘g}{'{b’1j

l

to be fitted

— K(bTrr .”*)

v
perturbatively calculable
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MAPTMD22 — Output of the fit

Collins-Soper kernel

Kernel of the rapidity evolution equation: 1, 5qev)
0.6F

alﬂf]_(I, bT;."-"":-g) :K(b'}"”ﬂ) ﬂ4—

d1In+/C

K(br,ps,) = K(be, pto.) + gr (br)

l

— CASCADE e SVZES

to be fitted — SV19 + ETMC/PKU
| —-- MAP22 . SVZ
. - Pa.ﬂ'%alg v LPC20
perturbatively calculable s Fidoeti » LPC22

Martinez, Wiadimirov,

arXiv:2206.01105
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Logarithmic Accuracy

Sudakov form factor Matching coefficient
TR L ) 5%
NLL' a3 (%), agment (%) (6% +asC)

the difference between the two is NNLL: a&%In**™* (9;)
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Non-mixed terms in collinear SIDIS cross section
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Non-mixed terms in collinear SIDIS cross section

2
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Non-mixed terms in collinear SIDIS cross section

2

do" i s l W' cf'f g I
. Spr+6 [D oC/ o f ] .2,
dxdQ2%dz| (1) U;‘ 2 Ors+ory) : 1 —
g 1 -y phlf’ L, ; (x,2,0) ¢,
cH = (;F { 86(1 —x)6(1 - 2)

| 2
+0(1 —x) | Pyy(z) In fl + Li(z) + La(2) + (1 - 3)‘
_ F

[ 2
+0(1=2) |Pyy(x)In % + Li(x) = La(x) + (1 —x)




MB(x. 2, 1Pwr]*. Q%)
o 2

Source of W-term suppression

Present situation at low|Q
COMPASS multiplicity

Full Hard Factor Hard Factor = 1
— e —
g > d o %:
i : i =
— B _'L_L ; ==
—& =
s T i T -

05 Y] 0.3 o4 0s
2 2
Per Fir



MB(x. 2, 1Pwr]*. Q%)
o 2

Source of W-term suppression

Present situation at low|Q
COMPASS multiplicity

Full Hard Factor Hard Factor = 1
— e —
g > d o %:
i : i =
— B _'L_L ; ==
—& =
s T i T -

05 Y] 0.3 o4 0s
2 2
Per Fir



MB(x. 2, 1Pwr]*. Q%)
o 2

Source of W-term suppression

Present situation at low|Q
COMPASS multiplicity

Full Hard Factor Hard Factor = 1
— e —
g > d o %:
i : i =
— B _'L_L ; ==
—& =
s T i T -

05 Y] 0.3 o4 0s
2 2
Per Fir



MAPTMD22 — SIDIS data selection

COMPASS multiplicities (one of many bins)
P 7| max = min[min[0.2Q, 0.5zQ] + 0.3 GeV, 2Q)]

T ; _ [T excluded bins
- i} | ® inchuded bins
i i
Ef 10° 4 §
™= ' i
B .
+y k)
8 1.3 < @ < 1.73 GeV
:EE .0KE < a0 <0 OLIE2
0.3 < =z < 0.4
T 7
E 1.2 14 ) : J
< 1 1 ¢ 7] ]
Z 10 4 -
2 . . s : e ok ]
15 .20 0.25 .30 L .40 045 .50 055

| Prrl/Q

33



MAPTMD22 — SIDIS data selection

COMPASS multiplicities (one of many bins)
P 7| max = min[min[0.2Q, 0.5zQ] + 0.3 GeV, 2Q)]
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Results of the baseline fit

Error propagation

250 MoLtecarlo
replicas
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Results of the baseline fit

Error propagation

250 MoLtecarlo
replicas

Correlation matrix

Hints J!:;\f the
appropriateness of
the chosen
functional form
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Results of the baseline fit

Parameter | Average over replicas
gz [GeV] 0.248 + 0.008
N1 [GeV?] 0.316 £ 0.025
o 1.29 + 0.19
a1 0.68 + 0.13
A [GeV~1] 1.82 + 0.29
N3 [GeV?] 0.0055 + 0.0006
51 10.23 + 0.29
81 0.0094 £ 0.0012
T 1.406 + 0.084
Arp [GeV—2? 0.078 £ 0.011
Nip [GeV?] 0.2167 + 0.0055
Nyg [GeV?] 0.134 + 0.017
Nic [GeV?) 0.0130 + 0.0069
Az [GeV 1] 0.0215 + 0.0058
g 4.27 + 0.31
ag 4.27 + 013
oa 0.455 <+ 0.050
a3 12.71 £ 0.21
Ba 4.17 + 0.13
82 0.167 + 0.006
2 0.0007 + 0.0110

i Nyogop A Na .ﬂt iy T lFNuNmN.:.- Jtz o ¥y
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Impact of EIC

PV17 baseline -

Average over replicas
._-‘:ﬁ_—.’ I'-.-F = ¥

0.1171 159.0145_'
0.283 = 6.0368"
2.2303 + 1.2067
-0.1416 + 0.0959
0.2548 1 0.2549
0.2203 + 0.0222
2.9304 + 0.0978
0.1175 == 0.0506
2.4736 * 0.1649
7.5475 = 3.2037
0.0318 + 0.0068

Slide by C. Bissolotti
see talk at SPIN2021

reduction by
factor 10

Parameter

g2

non - perturbative
evolution

A
N3

PV17 baseline

 +EIC

Averagé“ﬂwgr replicas

| o g

0.119 + 0.0025 "
0.2814 + d.ﬂ362
2.3882 + 0.5448

| -0.1445 + 0.0134

0.3061 + 0.4085
0.2122 + 0.0157
2.6773 + 0.3861
0.1099 + 0.0358
2.4643 1 0.12
5.3198 + 2.0531
0.0346 + 0.0048
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