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» Extraction of ff-T and gf-T

» Problems of these extractions




Factorization valid at:
Q>N Q>qr Q>kr Q>M
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Factorization valid at:
Q>N Q>qr Q>kr Q>M
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From the theory point of view
all LP asymetries are alike —
just substitute different function!
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Factorization valid at:
Q>N Q>qr Q>kr Q>M

2
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N3LO
coef.function

do d?b  ;py) Q2 v
i = e 0 (55) a0

From the theory point of view
all LP asymetries are alike —
just substitute different function! N4LO
is avalible! 47’4%(
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TMD evolution is very important
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Unpolarized part is critical!

104 10 102

ATLAS(1 16<()<130)[

150

fi(proton), D1 (m, K)
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Data for the Sivers function

0.3 N ' PR . JLab Dataset name Ref. Reaction # Points
0.255 'S » 4 ;,. . 3 4 Star.Z 4T+ ~* =t 1/9
P J— LR w4 v Star.W- " . _ )
0.2 . + Star W+ &M+t 1/9
o 0.15 . N 1. Hermes Compass08 [36] dt o K 179
01 %" %1 . CompassDY . !/
0.05 3 8ompasslﬁ dM 4~ = K- 1/9
a3 = 7 o Compass08 T, o T .
R — pl+4"—=h 5 /40
00 0 05 1 Compass16 B i h | 5 a0
Py =t | 11/64
g * — Fi
- - Hermes [35] PT + N‘L - H’Jr 1 g 61
TMD factorization is valid pl+" = K 12 /64
ONLY at pl4~" =K | 12/64
T - T 7
ar < QM < Q Bt o
JLab 41, 42
DY: gqr=qr @ l41. 42 Pl =K+ | 1/4
SIDIS: g7 = phTJ- pl 49" = K- 0/4
SIDIS total 63
estimation CompassDY [40] T +d — v 2/3
at 0 = % = 0.3 ~ 10% power-correction Star.W-+ P rp— W 575
at Q =2GeV  ~ 25% power-correction Star.W- [43] plp— W 5/5
Star.Z pl+p—=~v/Z| 1/1
DY total
Total
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Data for the Sivers function
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TMD factorization is valid P4y =K 12 /64
ONLY at pl4+" = K | 12 /64
f * =+ 7
ar <QM<LQ Pt o | 104
wo use JLab Lz | L T
6 <03 Q >2GeV pT 4 KT 0/4
SIDIS total 63
CompassDY [40] T +d =yt 2/3
Star. W+ pl+p— W+ 5/5
Star.W- 3] | pf+p—W~ 5/5
Star.Z pltp— /2 1/1
DY total
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Ansatz for Sivers function

(1 — z)zPa(1 + ¢,2) ( ro + 71 bg)
RSP S e N o e
n(By, €q) P V1 + roz2h?

N

Common for all flavors
Similar to unpol.

flji";q(—h(m7 b) =

=

SN

{u, d, s, sea(=1,d,3) }

DR T o T No restrictions for parameters

» {ro,r1,72} — TMD part
» {Ny.d,Bu,d€u,a} — valence quarks
> {Ns,sea: Bs = Bsea} — rest

» Data driven extraction
» Positivity (almost satisfied)

» No “T' ~ f1” assumption and fake
@Q-dependence
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Ansatz for Sivers function

l-x

oo n(x,b) = N,
flT,q(—h( ) q "(qu

i(1 + €g7)

(_ ro + ar] b2>
P V14 rox2b?

~\

N

b

No resctrictions
typical fit a € [0, 5]
fixa=1

Common for all flavors
Similar to unpol.

Sea is not constrained
Bq = Bseay €s = €sea =0

12 free parameters
» {ro,r1,72} — TMD part
» {Ny.d,Bu,d€u,a} — valence quarks
> {Ns,seay Bs = Bsea} — rest

Alex

y Vladimirov

No restrictions for parameters
» Data driven extraction
» Positivity (almost satisfied)

» No “T'~ f1” assumption and fake
@Q-dependence

K
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Example of data description

HERMES 7t STAR W*/Z
0< Py <023 023 < Py < 0.36 0.36 < Py < 0.54 054 < Py <2
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- o5 ar (Gev)
0.1 [ 3
. _Lé&ﬂ_i_{j*i—é— = ‘
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T
Filled points = in fit, Open point = prediction

Actually, we can explain more data (up to gr < 0.4Q in SIDIS)
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Sivers function

d-quark
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» Notably huge uncertainties
» Not sign definite
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Sivers function
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» Notably huge uncertainties
» Not sign definite
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Qiu-Sterman function

Un-biased ex-
EEsrvo o pvo traction of Qiu-
) 777 Sterman function.
Using the NLO
small-b matching
[Tarasov, Scimemi,
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Qiu-Sterman function
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Check sign-change

fi(SIDIS) = —fi (DY)

,
0.12f i
1
0.10f |
008f ,
O X = +foss
# 006}

2
B Xfoy = ~fomns
004}

0021

ffr]“(sea) — _flJi’(SGCL) Naive picture

X?/Npt = 0887088 vs. x?/Nps = 1.0070 22 :

sgss

Current data does not check sign-change!
If there would be DY at anti-proton...
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Data for the worm-gear-T function

6 = COMPASS s S Hermes Compass
5 HERMES Sl ] a7 [7- [KT K- || hT [h™
JLAB o © [Npe (111110111412
4 L
3t g O 0 o most part of data
9t o O Domill O E'. ] at very large §
Ele Nyt =170
o ‘ormm h 49 pt at = € [0.1,0.2]
0.01 0.05 0.10 0.50
z Also uncertanties larger ...
we use

5§<035  Q>2GeV
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Ansatz for worm-gear-T function

strgfot) =Y a [

d; T
ZyCZ‘ff (;»Mom) a1 (ys popr) + YO @ Tyl(x) + O(F7),
f - -

Twist-2 part (WW) Twist-3 part
helicity PDF

(qGq)

O (a1) = 14 a (W) [L,,(Zlnm —dn(l =)~ 1 - 22) 21— 2) — 2Inz — ’ﬂ 402, Complete NLO computation
[Rein,Rodini,AV:2209.00962]

O (1) = ay [—L,.(ln 2o+ 1ot %m £] +0(@),
(all distributions)
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Ansatz for worm-gear-T function

Yy e (T
stratot) =Y [ O (g‘uopﬁ) sty woer) + YICLY & THw) + O0),

Twist-3 part

Twist-2 part (WW)
helicity PDF

(@Gq)

2
o2 () = 14 ay(1)Cr |:L;,(21n;r —Aln(l—2)—1-22)-2(1-2) -2z — 'H +0(a?),

Complete NLO computation
C2 () = aq [—L,.(]n r+2-21)+1—x+ %m w‘] +0(a?), [Reln’ROdlnl’AV:QQOQ'OOQGQ]

(all distributions)

~tw-3 effects
Ansatz:

14 - A /(Agzl):pureWW
gir(x,b) = Zw/ ;yC”” (;u) 917y, 1) 2
f x

g f cosh(A\q Q\
WW b-profile
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Data barely constraints parameters
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Example of data description
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COMPASS /" = > 0.2]
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Worm-gear-T function (at b = 0.25GeV~1)

u-quark d-quark
' ' ' 0.000 . .
zgip(z,b = 0.25GeV )

u-quark

0.015
-0.001 1

0.010 N -0.002 ]
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0.005
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0.000 : : : :
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x x
[Bhattacharya, Kang, Metz, Penn, Pitonyak: 2110.10253]
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AF}4 in W/Z production

do ugm(Q){F AF%U is only due to P-violation by W/Z
AQ2dydpdgy — 9sQ2 LY alike Sivers asymetry turned by 90°
Hsr|sin(p — és) Fry + [sz| cos(p — 5)AFfy

> b2db
Fhy = =MICy (- 3 oy a | 20 0larl) [Fir g Supons + S Sirera]
Jf.ch.

b2db
AF}y = M|Cyv(-Q%, p)|? Z 2 Ad"/o _Jl Olar!) (911 en Frifreny = Girsfen, frprens] s

q.ch.




AF}4 in W/Z production

do 62,(Q AF%U is only due to P-violation by W/Z

__do F ! .
dQ?dydpdgy. — 9sQ? { v alike Sivers asymetry turned by 90°
Hszlsin(e — ¢s)Fry + |st| cos(e — ds)AFfy

> b2db
Fjy = =M|Cv(-Q% p)* Z Zle/"zj‘}"Ach‘/“ ?Jl(bqul) [flLT:/’eIu Srifren + ff'T:/’Hu fl;/,khg]
Jech.

A}y = MICV(-Q WP 3 sibsipac [

q.ch.
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Conclusions

Currently, the extractions of “off-diagonal” TMDs
are “questionable”
Issues both in the data (large uncertainties) and theory (problems with low-Q) sides

How we can overcome this problem
» New data: STAR W/Z, COMPASS(?)
» New unpolarized sector (MAP22, ART23) & more accurate uncertainty estimation

» New theory (corrections at low-energy)

» New generation of global fits (twist-3 collinear + TMDs)
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Q[GeV]

500

100

107
T

* data included for the first time

» ATLAS
» Z-boson at 8 (y-diff.)

107 102 107!
T

10 » CMS

» Z-boson at 7 and 8 TeV

» Z-boson at 13 TeV (y-diff.)

» Z/v up to Q = 1000GeV
STAR  |] » LHCb

» Z-boson at 7 and 8 TeV
10 » Z-boson at 13 TeV (y-diff.)

CMS

CDF, DO (W/boson)

LHCb

Total:
627 data points

» Further more:

Z-boson at Tevatron
W-boson at Tevatron
Z-boson at RHIC

DY at PHENIX

DY at FERMILAB (fix target)

ATLAS I

VVYVYYVYY

» Z-boson at 13 TeV (0.1% prec.!)

PHENIX

627 data points

107

107 1072
X

vs. 457 in SV19
vs. 484 in MAP22
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IATLAS
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qr [GeV]
TOTAL (Npy = 627):  x*/Npy = 0967007
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1.40rgpe =0.Gev 1-40rkpe =1.GeV
1.35} 1P |ar=ocey 1.35} 1P, [or=t6ev
1.30F 1.30¢
1.25¢ 1.25}
1.20¢ 1.20}
1.15} 1.15}
1.10f 1.10}
1.05¢ 1.05}F
1.00 1.00
0 1] 10 20 30 40 50 60 70
Q(GeV) Q(GeV)
1.40¢ kpc =5.GeV
1.35} 1P [ar=scev
1.30¢
1.25F » Mostly change the normalization
1.20¢ » ~ 1% at LHC energy
1.15¢ » ~ 50 — 100% at HERMES
L10f » Estimation for SV19 (¢ = 0)
1.05¢ 2GeV?
1.00, ~ T /zQ?

Q(GeV)
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