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guark TiVMD PDFs

unpolarized TMD quark pol. /helicity
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Drell-Yan
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Semi-Inclusive DIS

(1) + N(p) = £(I')+ h(P,) + X

TMD FFs
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IMD PDF

scales matching to the

collinear region
collinear PDFs,
l longitudinal non perturbative part
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Logarithmic accuracy

d“b

do b .
CAN T TR —
dqr 4 perturbative expansion
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Recent TMD fits of unpolarized data

Framework | HERMES | COMPASS DY oo dfction N of points | X2/Npoints
arﬁfxi?og% 57 NLL v v v v 8059 1.55
arXiiY?%gleZ 473 NNLL' X X v v 309 1.23
arX?/i\g()229389474 NNLL' X X v v 457 1.17
arXi\§:\1/9212.1096532 NNLL' v v v v 1039 1.06
Pavia 2019 NG| X X v v 353 | 0o

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

N3LL Drell-Yan fit

A. Bacchetta, V. Bertone, C. Bissolotti, G. Bozzi, . Delcarro, F. Piacenza, M. Radici 10-1 L
JHEP 07 (2020) 117 e-Print: 1912.07530 |

PV1 9 data points 10
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https://arxiv.org/abs/1912.07550

Electron-lon Gollider

SIDIS as main process to access TMDs
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Unpolarized quark I'iiDs
at EIC




EIC pseudodata it~ 18275

generated by Ralf Seidl and available on |
https://github.com/VladimirovAlexey/EIC_YR_TMD CO nfigurations
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EIC impact studies

sensitivity coefficients

from E. Aschenauer, |. Borsa, G. Lucero, A.S. Nunes, R. Sassot
arXiv:2007.08300

ohservabhle distribution

S, O] = <'7;>—<<9><f7:>

TMD parameters

experimental uncertainty
(from pseudodata)
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TMD distribution
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attempts at reweighing
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EIC impact - fit of pseudodata

on up quark unpolarized TMD PDF |

green band is the SV19 extraction

. Scimemi, A. Vladimirov
JHEP 06 (2020) 137, arXiv: 1912.06532
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dark grey is a fit of SV19 + EIC pseudodata
from EIC Yellow Report
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https://arxiv.org/abs/1912.06532

Sivers quark TMDs




guark Sivers TMDs

A. Bacchetta, F. Delcarro, C. Pisano, M. Radici
arXiv:2004.14278

NLL analysis
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guark Sivers TMDs

NLL analysis - 2
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fl }1)a(x, b2; Q2) — 55 Q%) 8x(br)In(Q /Qo)fllT(l)a(x; ,Mg) ff}%(x, b%)

Sivers | I
. FSin(¢h—¢S)
Ai}l}((p"_%)(x, Z, P,%T, Qz) ~ I;T’T this ingredient is the same and
vu.r must be fixed by unpolarized TMDs
consistency with
l unpolarized TMDs

A 2 N2 2112 A
Fix, bf; Q%) = e5W2) osxbn@ L) faie, 2y i (x, b)
unpolarized TMD PDF




guark Sivers TMD extractions

from SIDIS data

JLab, HERMES and COMPASS
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Impact of RHIC
Drell-Yan data
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Impact of RHIC data

fit without RHIC W & Z data
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fit with RHIC W & Z data
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Impact of RHIC data

M. Bury, A. Prokudin, A. Vladimirov
JHEP 05 (2021) 151, arXiv: 2103.03270

fit with RHIC W & Z data

CAVEAT: positivity bounds

_ 05" " - } } are violated in some regions!
A 0.0 % i e S S —
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0.5- l % % i % . . | v 1T
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g5




Impact of EIC: reweighing
—fﬁﬂwme\j N g,.

EIC pseudodata set has about

two orders of magnitude

more points than current data

green bands represent the current uncertainty
blue bands after reweighing

CAVEAT:
are POSItIVILY bounds violated?

k
Al kD | < filx k)

must hold for any value of x and k.
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https://arxiv.org/abs/2103.05419

Conclusions

state of the art accuracy of unpolarized quark IMD PDF extractions is

[____ needed to describe present and future 10% ¢
very precise data |
10* §
EIC wilt have an enormous Impact on IMDs Bty
8 . —— E288 ;
" " " " I_I T CDF '
L___ largest impact will be in the regions that [ Sl
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10! = —— HERMES // E
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_ JLAB 12 o
better determination of f; influences the S B DY~ 4 KR . A AN
107° 104 1077 102 10~

accuracy of polarized TMDs as well

N3LL

I

I slvers

present extractions have difficulties in describing RHIC data
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TMDs: 3D maps

in momentum space Wigner distributions
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guark 1TMDs

TMD PDFS Quark polarization
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guark [iViDs

TMD PDFS Quark polarization
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Semi-Inclusive DIS

(1) + N(p) = £(I')+ h(P,) + X

do B o’ y? 1+ '7_2
drdydzdipdpn dP?,  zyQ? 2(1 —¢) 21

FUU,T(wa 2 Pig_b Q2)
+ e Fyu,L + \/26(1 + €) cos(¢n) Fl‘}°l5]‘7’h + € cos(2¢4) F&O{S}?qﬁh

— 4D quantities

Ae — ..1SF...- — polarized terms
+ 5 -...2SFs...-+
+ 5| Ae -...2SFs...-
+ 51 —...65Fs...-
+ 51 e -...3SFs...-}

— unpolarized

P < Q7

M? <« Q?

TMD factorization
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Factorization

lepton lepton lepton
V. \.\ , \
proton s plon proton - antilepton
semi-inclusive DIS Drell-Yan

electron TM D

e SALITY

UNIVERSALI

— In these cases, TMD factorization is well understood

positron pion see, e.g., Ji, Ma, Yuan, PRD 71

Collins, “Foundations of Perturbative QCD"

—n+ 1 - Rogers, Aybat, PRD 83
ce to plons Echevarria, Idilbi, Scimemi JHEP 1207




oV19

. Scimemi, A. Vladimirov, arXiv:1912.06532
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https://arxiv.org/abs/1912.06532

PV17 non perturbative functions

A. Bacchetta, F. Delcarro, C. Pisano, M. Radici, A. Signori
arXiv:1703.10157
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1NP( J_) T dla + )‘g%a

1 1 Pl P~ Pl
Da—)h Z, P2 — (6 93a—h —|— )\F—J_ € Y4a—h )

non-perturbative Sudakov factor

g (br) = —gab7 /2

X-dependence

totalof 11 parameters
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PV19 non perturbative function

Q-Gaussian
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non perturbative contribution to evolution
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- Nean replica
¢ Data

Central replica

PV19 and STAR data

STAR at 510 GeV, 73 GeV < Q < 114 GeV, |y| < 1
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perturbative expansion

I OlS(//t)

matching to the
collinear region

mlfl (xla | <1)$2fl (x27 y U CQ)

S —

d“b

Logarithmic accuracy

— |
dqr Am collinear PDFs,

hard factor longitudinal non perturbative part
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itb-qr
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\/<70 " H/ _ / _
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Sudakov form factor:
non perturbative Accuracy | H and C' | K and v¢ | 7k | PDF and a; evolution perturbative evolution,
transverse content 11, 0 } 1 i resummation of large logs
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NSLL 2 3 4 NNLO
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EIC impact studies

sensitivity coefficients
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attempts at reweighing . v

200 replicas compared with pseudodata
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https://arxiv.org/abs/1108.1758

guark Sivers TMDs: parameterization

A. Bacchetta, F. Delcarro, C. Pisano, M. Radici
arXiv:2004.14278

NLL analysis
d (1 + Agk2) e~ kM

I , J2
K (M2 + AgM%) Jinp(%s K7)
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Gmax

2 parameters for up, down, sea +2

= 17 free parameters
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NLL analysis

Sivers results

Slightly updated results w.r.t. arXiv (due to the inclusion of
correlated errors)

Total number of data points: 118
Total x2/dof = 1.08
M, Ag a, a, g
All replicas | 0.81 +0.35 | -0.50+0.73 | 1.13 +£0.98 0.16 +0.16 1.61 +1.52
Replica 105 0.78 -0.42 0.42 0.12 0.32
ﬁd ﬁu ﬁs Ad Au As
All replicas | 564 +432 | 147+141 | 464 +£4.55 0.79 + 8.63 —-0.98 +3.10 | —0.68 + 6.83
Replica 105 9.70 0.86 0.20 —0.88 —0.08 —1.52
Bd Bu Bs Ngiv Ngiv Ngiv
All replicas | 2.05+5.01 | 2.35+457 | 029+3.32 | —4.89%x 10°+1.00 | —0.07+0.50 | 0.02 +0.64
Replica 105 0.98 1.49 0.89 —1.00 0.29 0.44
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