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Higgs P cross section: p+p—=2>H+X

wos * Higher transverse momentum
'§0.3— '§0.37 ] . .
5 5 | described by higher-order pQCD
| - * However, low transverse
R e e e w e w e W momentum also depends on
Echevarriaetal. JHEP 07  §' [ =iz ]  Intrinsic transverse momentum
(2015) 158 B of interacting partons = gluon
jj:{. i j TMD PDFs
o "Hi | * Relatively large uncertainties
[

ooy due to TMD evolution to Higgs

Py [GeV]

Lipatov et. al. PRD 107 (2023)1  Scales
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https://arxiv.org/abs/1502.05354
https://arxiv.org/abs/2211.03727

doidgr [pb/GeV]

data / theory
S = =

* Cross sections depend not only on the
aeen” " PDFs, but also on their transverse
e momenta

do/dqr [pb/GeV]
= =Y ) 5}
5] = (=2} o0

e Total transverse momentum of virtual
- photon to be matched with intrinsic
NN RS, momenta 5

qr [GeV]

Moos et al. 2305.07473 .

data / theory

TA, 2B, dT; Q)
qq qfd2k Afd kegga(z4,Q° kia)gp(xp, Q% kip)o 52 )(ktA+ktB +qr)

=D g q(M TA, Q% kia)Rq% (25, Q% kiB) p
3 O
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https://arxiv.org/abs/2305.07473

Q [GeV]

TMD factorization in SIDIS (e+p—=2e’h+X) )
! 3
COMPASS h™ :5 .E‘ %'{
\ \ * Cross section depends on
| TR NN intrinsic transverse momenta of
:{ NN PDFs and fragmentation
o T T P P functions
ER NN DN * Convolution over participating
. " e transverse momenta
M“’ e - % %‘* Fyy(z, 2,91, Q)
I B B e M < Y,ate ) Pk [ dPpe/Pa(z, Q7 ki) Dt (2, Q% pe)0 (ke + pe/2 +ar)
= 3,2 €2a(e. Q% k)O D} (2, Q2 p)
MAP: JHEP10 (2022) 127 p
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https://arxiv.org/abs/2206.07598

Leading Quark TMDPDF's O" Nucleon Spin @Quark Spin

—|— I\/I D P D FS Quark Polarization

o Un-Polarized Longitudinally Polarized Transversely Polarized
(at leading order)
1 _ —
. _ fr=( hi =(0)-@)
TMD: all except f;,g, and h, cancel upon integration Unpolarized Boer-Mulders

over Ky
Similar spin-orbit and spin-spin effects between

gr=(=r (= hff@*—@*

Helicity Worm-gear

parton and nucleon spins and transverse momentum

* Transversity h -
Pretzelosity

Sivers

Worm-gear

glJ’__T - é . é Transversny l

hl,q(ﬂj)
e Sivers Function
flj_T,q(xﬂ kT)

Boer Mulders function

TMD handbook: 2304.03302

Closely related:

* Higher Twist correlations
(TMD moments)  7x(x, )
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https://arxiv.org/abs/2304.03302

TMD Fragmentation functions

Leading Quark TMDFFS O—» Hadron Spin @ Quark Spin

e Similarly 8 TMD FFs at leading SuarkRolarizaton
th St Un-P?lIJa;rlzed Longltudln(alll)y Polarized Transvers¢(e_|rg){ Polarized
* Most typical final states are N
: D, = HL =(1)-
pions and kaons = only 2 FFs 1 Unpggzed 1 @;o..m@
* If polarized final state (and |
detection of spin possible) all 8 Gl:@;’ty_@ iy =(Zr=(e
FFs available, eg Polarizing A FF
. L H. = (1) —
discovered in Belle D = @ - @ G - é ~ @ Trans&ersityd) Cb
Polarizing FF H%T = @ — @

TMD handbook: 2304.03302
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https://arxiv.org/abs/2304.03302

Full SIDIS cross section

* Various terms depend on proton
spin, lepton helicity and
azimuthal angles of final state
hadron and proton spin relative
to scattering plane

* Single, double spin and
azimuthal asymmetries allow to
single out the different TMD
contributions
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https://arxiv.org/abs/hep-ph/0611265

Experimental access to Transversity/tensor charge
and Sivers function

* Sivers function obtained from sin
(¢,-¢5) modulation

sin(¢p—¢ 2a.g e2 fi7% (w,kt)®@D1(2,pe)
AUT h S)(.CC,ZpPT) X ST Zq,aegc?(w,ktle(fz,pt) l\/
Os
* Collins asymmetry and
transverseity obtained from Y
sin(¢,,+¢.) modulation P
1 82 T, K¢ 1J_ Z,PDt
Ai}rjlg¢h+¢8)(szjPT) X STZq,a q5Q( ki) QH{ (2,pt)

> q.g €39z, ke)®D1(2,pt)
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HERMES: Phys.Lett B COMPASS:

Latest SIDIS Collins data 693 2010 11 Phys.Lett B
5 ;_ 744(2015) 250
\ _ ] g 0;__LLHT_+__+_;_o__i-_t_*'__+_T__;_ffff_‘"__+___+_ JTer bl
* Final Collins asymmetries of ~ § === "
HERMES and COMPASS (<2017) °--+-ﬁ-+-*-+-+--+-+-+--+Hp-+---+- U R
published, including kaons B R l - { -
. NIRRT el et |
* More deuteron available by 005} ++;—fj;— S Lo
COMPASS (see next slides) s + SO M -
2% SRR Py L SR o
* Transverse target data expected £ o_--+--+-++----+-_-+--*-*-+--_+££;i-£-; AL h-
from JLAB in near future § oF +'K[ """ w ""*
o bt iﬁ*u
0 0 Ix Yy '0.6'2 - P:Ls[Ge\;]
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https://arxiv.org/abs/1006.4221
https://arxiv.org/abs/1408.4405

Belle Collins asymmetries

< 0.2 _ 0.2<z,<0.3 _ 0.3<z,<0.5
ois | -

* Red points : cos(¢; + ¢,) moment of o [ " i
Unlike sign pion plilrs over sign . ; g &L o W ®
pion pair ratio : A o b 8.t y Iy & @ .

« Green points : cos(¢, + ¢,) momentof  oos T T,
Unlike sign pion pairs over any < gp [ osz07 [ o7z '
charged pion pair ratio : AY¢ 015 | [ ]

. /- i S i
e Collins fragmentation is large effect ol ’ C +
_ _ o . 005, * . « [

* Consistent with SIDIS indication of R L. s S + _____
sign change between favored and . i —
disfavored Collins FF 02 04 06 0802 04 06 08

Zy Z

RS et al (Belle), PRL96: 232002
PRD 78:032011, Erratum D86:039905
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Transverse momentum =,..

* Add transverse momentum to
Collins asymmetries’ z dependence

e Currently only 1 or 2-dimensional
extractions available (q,, z,x z,, p. X

Pt2,Z1XPy1)
* Increasing asymmetries with both z
and pt, but pt reach limited

e Multidimensional extractions
needed

PRD100 (2019) 92008

F| T A% witnstat uncertaint HF E
0.04F AT, systematic uncertaint 1 -
0.02F . 1F t .

13
ot .
—0.02:— z=[0.20,0.30] - z=[0.30,0.50] —
(E‘{‘tﬁ 01;'_ """""""""""""""""""""" ;; i """""""""""""""""""""" :
0.08F 1E E
0.06F iF =
0.04F iE * £
0.02F ; s 4F l } =
0
_0.02F 2=[0.50,0.70] ET zep70.1.00 E
0.1 0.2 0.3 04 0.5 06 07 01 0.2 03 04 05 086 07
P, [GeV] P, [GeV]
=0T
< - AL 1
0.03F / —
C A[}LC { ]
N —— } y T -
002 i} —+ -
C == ]

0.01F ++H‘—|++—$—‘_,_

PRD 90 (2014) 052003 (Babar)
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http://inspirehep.net/record/1752523
http://arxiv.org/abs/arXiv:1309.5278

Transversity in proton collisions

* Nonzero Collins asymmetries
(hadron in jets) at central rapidities
at 200 and 500 GeV

Substantial theoretical progress for
hadron in jet measurements

* unpolarized: Kaufmann et al.

* polarized Kang et al.

* For roughly same x and kt similar
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STAR
p'+p

E jet, _
E_ (pT )=

Vs = 200 GeV

jT = jT.M:m

STAR: Phys.Rev.D 106 (2022) 072010, 2022

Ljet+ mt+X E antik; R=0.6

.............

6.7 GeVic

Xg
e®

~0.04f ® T

-0.06F

-0.08

size = evolution effects moderate?

* But generally slightly larger than
global fits from SIDIS/e+e-

e More to come from sPHENIX in

near future
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E jet, _
E_ (pT )'
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STAR: Phys.Rev.D 97 (2018) 032004 p
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https://arxiv.org/abs/2205.11800
https://arxiv.org/abs/1708.07080
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Sivers Function measurements

e Early fits of SIDIS data show
opposite signs, d quarks possibly
larger

* Recent updates including

evolution higher orders, and STAR
Wdata

Anselmino et al. Eur.Phys.J.A 39 (2009) 89
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Bury et al. Phys.Rev.Lett. 126

(2021) 112002
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https://arxiv.org/abs/0805.2677
https://arxiv.org/abs/2012.05135

New COMPASS deuteron dat COMPASS 2401.00309

}-lfrth_ } } ]

* Old COMPASS p+d data '0} *{}“*}H mf; : - gf&fﬁ}{{j # l
consistent with zero due to o | : | :
cancellations (Collins + R e _ .
transversity, u and d Sivers) N % :

- . % i, 1] :

* Larger statistics show slightly ﬂ}*“*#*ﬂ wlte ] h*ﬁ*ﬁ*ﬁ*ﬁ% } ﬁ
negative Collins asymmetries for ) P e —
h+ | 1[)I‘2 I 1(I]—l — I0!2I I IO.I4I I IO.IGI I ‘OTSI T IOI.SI 0 i - III.SI

x - P.. (GeV/c)
* Improved sensitivity to d quarks " | L E
compared to e+p = d L gd et b i
. . 07 {T ) ? % ﬁ] O_ .qJ gt i’ #
transversity negative % *% % o * ﬂ
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https://arxiv.org/abs/2401.00309

VM Collins asymmetries
PLB 843 (2023) 137950

* Interesting to look also to VM 3 1 | : %
production for TMD M b Tt : e
measurements ”;‘"H""{' """" }H """"" DA R iﬁ """ t

* Especially in Collins case expect T 0T 04 06 08 02040608 112

. f X z P. (GeV/e)
opposite sign to same charge PS
meson in Artru model T

similar to PS mesons oF

—0.1F

* Sivers asymmetries should be 3 OI%HH%#{' ; +

* p asymmetries consistent with T e 08 02040608 113"
expectations x z Py (GeV/e)
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https://arxiv.org/abs/2211.00093

Sivers Sign change

COMPASS: polarized NH; target + 160
GeV 1~ beam - Sensitivity to u quark
Sivers'and sign change

Transversely polarized o ‘Hadron absorber

To minimize multiple scattering of
muons and to maximize stopping
power for hadrons.

1. Long. pol.:
DNP & 2.5T
solenoid
2. Trans. pol:
0.6T dipole

Ammonia beads
immersed into
liquid helium;

dilution

sin((ps)

COMPASS DY 2014

factor=0.22

- mass & angle of vn'tual photon detectors with charged pa 10° El

- vertex position. E

capture of spallation neutron E
y {7 criedl@illinois.edu - Drell Yan at COMPASS RBRC Transverse Spin workshop, BN 1 04 Ll
10° =1
10° =t
101

1

0

5/16/2024

|-~

flJ_TDqY( ) _flj_T?qIS (SC, kT)

L o COMPASS Drell-Yan
— 0.1 B 4 <M, /(GeVieH) <9
< [ S S
0
| THEP 02(2021)166
L —— LFCQM
e SPM
- — TAM20
—0.1 __———— Torino
| | | | | | | |
A4x107* 107! 2%107

COMPASS 2312.17379

* Now a rather clear
indication of the sign
change!
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https://arxiv.org/abs/2312.17379

Transverse momentum dependent Cross sections

for pions, kaons and protons 2 TMD FFs

T i“fils| dependent measurements

g:zl;:. . 0.10<z<0.15 e%e 0.15<2<0.20 T 0.20<z<0.25 .o 0.25 <z <0.30
g sﬁ -.. -=:..:' l”'l:. Oi==:=o
s F L “rEe -
L] ]
E];E ] | A.. ‘:'
o
3 L it
1; 0.85 < T < 0.90 | b
. \ . . . . \ . . , \ . . \ . i . \
=)
E 10: T 0.30<z<0.35 e®®e 0.35 < z < 0.40 . 0.40 <z < 0.45 0.45 < z < 0.50 Important basellne for mOSt
& 10 1n A::a. !!!!EE"' .!!==! 8 iiii!'.l
’ ‘ : at t tum/spi
s ot “ulg “J. “a By ransverse momenium/spin
3 10t img amg i¥e L ue
o 5 L .
10%

UL | O e 1)1 | o 1111 at RHIC and EIC

I
I
r
Ir
I
I
I
r
I
|
T 10
s
(1]
@ 10 0.50<z<0.55 0.55<z<0.60 0.60 <z < 0.65 0.65<z<0.70
& i!!!"l |lll|.. 1LLIT 1L
= 40 E | Ahay,, Hp A4 LT ig
< A l. ' A l. “ “A‘ .. AkKay ..l
5" “°8 n ! : RIKEN P | ;
$ U }H 1183 i |8 5 08 ress reiease.
o

! https://www.riken.jp/press/2
L E—— e (AL B R S 019/20190615 1/
:.'... ' 0.70<z<0.75 T75<z<0. 80<z<0.

0 75 1 15 2 250 ) 5 2 250 ) y 2 2.5 7 n:
ky [GeV/S] k; [GeVic] K; [GeVic]
mm07—0~ﬂﬁx~ouw¢WM'
b RS. et. al. PRD99 (2019) 112006 ‘ )
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http://arxiv.org/abs/arXiv:1902.01552
https://www.riken.jp/press/2019/20190615_1/

TSSAs at RHIC>Quark-gluon dynamics! 3"
pT(p)@ p'(p)

« Sivers and Collins effects rely on an explicitly q-g correlation (-
transverse momentum dependent (TMD) quark Sivers)
framework where two scales are observed: ’
high scale (typically Q?) and intermediate scale
(transverse momentum P; << Q?)

* In inclusive pp measurements usually only
one, hard scale accessible (transverse
momentum P )

=>»requires higher Twist, collinear framework,
contributions are multi-parton correlators (both
in initial state and final state)

* Both frameworks found to be related via
moments over intrinsic transverse momenta g-g FF correlation (< Collins)

5/16/2024 Ralf Seidl: TMDs 18 O
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g-g correlation (trigluon <
gluon Sivers)

;
P, Sh 4 |
'

JP;,/‘Z Ra;/-’fl




Q

Single spin asymmetry contributions in p+p

pol proton PDF*  unpol proton PDF*  FS particle FF*

Y 64 (w1, 72, 5) ® ¢y 5(2') @ Doy (2) * Generally three pieces to p+p
a,b,c single transverse spin

3 e
S basiale, s) ® 65 (al 24) ® Desyo(z)  SYMmMetries: . |
ab e Twist three correlation functions

, (3) (quarks or gl_uons) in pc_>|arized
Z 0Ga/A(T,8) ® Po/B () @ D7 (21, 22) proton < Sivers function

a,b,e  Twist three correlation function in
NIVANAN unpolarized proton (with
a,b/C Iniual/final parton t1lavors .
A,B/C initial/final hadron/particle types transyerSIty) <> Boer Mulders
function
Efremov, Teryaev Phys.Left. B 348 (1995) 577 / \ .
Qiu, Sterman Phys.Rev.D 59 (1999) 014004 e Twist three correlation in
Kanazawa, Koike Phys.Lett. B 478 (2000) 121-126 fragmentation & Collins function
Metz, Pitonyak Phys.Lett. B723 (2013) 365-370
=>» Different final states single out different contributions (via hard processes) p
5/16/2024 Ralf Seidl: TMDs 19 O
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https://arxiv.org/abs/hep-ph/9806356
https://arxiv.org/abs/hep-ph/0001021
https://arxiv.org/abs/1212.5037

RIKEN Press release: https://www.riken.jp/press/

FirSt direCt photon ANS 2021/20211015_1/index.html

BNL Press release:
https://www.bnl.gov/newsroom/news.php?a=119077

* First direct photon Ay extracted PRL 127 (2021) 162001
at RHIC 002
| | ' - pl+p — y°+ X, (s =200 GeV, [n|<0.35
* Mostly sensitive to initial state i
) _ oof. PHENIX
effects (no fragmentation) 2 . f
< [ N e ot
quark-gluon and gluon-gluon o_ﬂf:.l_______..::::.._.-
correlation functions o Conibution Model 1, min/may
~0.01f, 7 998 Contribution Model 2 minmax
* Power to constrain gluon-gluon 5 6 7 8 9 10 11 12
P; [GeV/c]

correlation function well, since
qguark impact expected to be
small
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https://arxiv.org/abs/2102.13585
https://www.bnl.gov/newsroom/news.php?a=119077
https://www.riken.jp/press/2021/20211015_1/index.html

Heavy Flavor electron AyS  Pro107 (2023 052012

< 0.08 p'+p o> e*" + X .« Open Heavy Flavor e*
0 06:— /s = 200 GeV = Open Heavy Flavor e
* Almost only gluon related, no "k <035 PRD78. 114013
: i 0.04~ PHENIX (A A = (-0.01, 0.11) GeV
final state effects - tri-gluon oo — Brad 21001 011 &5
correlation SE=Ld Nl
O etk PRD84, 014026 -
* Potential to constrain parameter .F - Kg = 6.0x10" - Kg' = 2.5x10™
5 - L] i , .
ranges in D meson A theory ooab | Kg =6.0x10 - Kg' = 2.5x10™
calculations: PRD78, 114013 —0.06; 3.4% polarization scale uncertainty not included
' 1 2 3 4 5 6 7 8
(Z.B. Kang, JW. Qju, W. o Taevic
Vogelsang, F. Yuan) niehsp o HFE 2 X
* Comparison or charges provides 7200 Ge
o, A\ /o nl < 0.35
further sensitivity PHENIX

i ; : Theory: PRD78, 114013
el B ADD e
—q&_* N ( o d)
5/16/2024 Ralf Seidl: TMDs 25 -0.15 -0.05 o_gfs[eec\;/_]w y e
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https://inspirehep.net/literature/799913
https://arxiv.org/abs/2204.12899

7T
0.6:— pT+p = 1N+ X (Vs =200 GeV)
Forward eta As u 4 oG
0.2;— * #
SRy N T wB®a
L Yrdateol Torwagdn Ay i T e
. _0.2; {p,? (GeVie) = ,_\/___
mea}su.rements with better : PHENIX
Sta t I St I C S 04 :— 3.4% polarization scale uncertainty not shown p re | I m I n a ry
° Asymmetries Sizeable, maybe 3 Z 1.00.8 06 04 02 0 02 04 06 OXSF
hint of turnaround expected at R o
higher p; qlue to HT nature of oo 3 Bzemsts
asymmetries 0l
0.2 ﬁ+ &
NS U . UL S N
—0.2:— \\//‘
: PH: -ENIX
04 preliminary

- 3.4% polarization scale uncertainty not shown
— L 1 l 1 1 1 1 l 1 11 1 l 1 ] 1 1 l | — 1 1 l 1 | — 1 l 1 11 1 l |
0.6 2 2.5 3 3.5 4 4.5 S
] p.. (GeV/c)
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Diffractive contributions?
STAR forward EM-"jet” ANs

* Both single diffractive and L Photon multiphcity = 1or3 |

rapidity gap events show WE % m_}
asymmetry comparable to : %{F e %@ %-@
1 d

inclusive asymmetry et -
* To compensate for small N e -

contribution of diffractive events T S s ot )
to inclusive events asymmetry vos [ %

had to be much larger =
* Conclusion: Diffractive events CETTHE

are not main cause for nonzero i e o
ANS -0.05 |— STAR Preliminary P> 2.0 GeVie

- p' +p@ 200 GeV

o
||I||||i|||||||

0.2 0.3 0.4 Xg p
O
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Where to go from here? Global fits on transverse

guark-gluon structure
Cammarota et al, PRD 102 (2020) 054002

BRAHMS
< M
A e i Transversity
qﬂ =4.0
-5 6-23 m ¢

y STAR .

100 8:1J—r > o~ 2 + * + SIVG 'S
—~ oL @7 Pl x2 o 1 { .
< | S
S bt ] S } function
W] 1 1 1 W = | L5 Vi |
D, 05 0.0 05 Y oh 1 15 4gr o0 04 TF - e 1 .
_\ﬂ:-ﬂ 1o : EH - i :'ull.-l NG el :-; “15 5

ﬂ: 20+ * r * - e Hang et al 15 o
-50—+ + oL + | I + :-|.-| L —na K ..-"# Hadici, Bacchetts *18 \
! + _, oo gy | -l T Colling FF
| | \ ! —20 I |C'OM\PA5$ by LW " === Al et al <30
Pr 0.3 0 Theam0.1 015 Prarget o . ; = o . , =

RHIC, SIDIS DY Included

* Recent central rapidity PHENIX results (r,n,Heavy flavor electons,
direct photons) not yet included

* Impact on gluon Sivers function (tri-gluon correlator) expected p
24 O
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https://arxiv.org/abs/2002.08384

What to expect before

* Significantly more SIDIS data
from JLAB (Collins, Sivers, Di-
hadrons, unpolarized), high-x
and low scale

* More updates from RHIC on
Collins asymmetries (hadron-in-
jet)

* More Fragmentation

information from Belle(ll) —
unpolarized, HF, VMs, etc

EIC?

* Sea quark Sivers from SpinQuest
(polarized fixed-target DY)

* More high-scale unpolarized
data from LHC

3
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EIC TMD Goals: 3D Transverse spin and momentum
structure

Current coverage for transv
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Scale dependence (and inter
energies)

* An example of the expected
uncertainties in x and Q? to study
the scale dependence of the
Sivers/Collins asymmetries (as TMD
evolution is not very well
known/contains other =
nonperturbative pieces)

* Overlap of the different energies 0.2
shows how they increase the lever
arm

* Note: in future evolution analysis
likely more Q? bins and maybe not
as fine x binning p

-
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https://arxiv.org/abs/2207.10890

Impact for Sivers functions

_fllT;m—p [QGBV]

* Similar to YR impact studies L :@ |

following the latest BPV global fit e
(arXiv:2103.03270) for the Sivers ﬁ

function based on the existing o
SIDIS +DY data

* Uncertainties are shown for
current level of knowledge on _ |
up/down Sivers functions at Nl ——
various X vs kt and expected
impact from ePIC

flJ-T;d(—p[QGeV]

kr[GeV)
| NIM.A 1049 (2023) 168017 'E I
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https://arxiv.org/abs/2207.10890

Tensor charge impact

e Similar to Gamberg et al
Phys.Lett.B 816 (2021) 136255

(for YR) use fitting code from
latest global fit Cammarota et al
arXiv:2002.08384 to extract
impact on Transversity, Collins

functions and tensor charges

* Together with projected JLAB12
data precision to compare with
Lattice results (and check for
possible discrepancies)
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https://arxiv.org/abs/2101.06200
https://arxiv.org/abs/2207.10890

About TMD evolution

Moos et al.
https://arxiv.orqg/abs/2305.07473

* Large theoretical effort to "f P26
understand TMD evolution (see for
example Evolution and REF
workshop series)

* Large overlap with low-x e
community — SV19 — ART23
* Despite predominantly using CSS _

QIGev)

formalism large differences due toz, o 7
treatment of non-perturbative  : 5 °j] g g e o
terms in evolution = relevant for < | < oo\ Mo
many spin related TMDs ” 03
0.02 :
* Data needed to pin down TMD 001 f - ;
eVO I u t I O n ’ ' : ' : ' ; oo 20 40 60 80 100
10 20 30 40. 50 Q26(0GeV2) | Q* (G
Kang, Prokudin, Sun, Yuan Aybat, Prokudin, Rog
PRD 93 (2016) 014009 PRL 108 (2012) 24200
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http://arxiv.org/abs/arXiv:1505.05589
http://arxiv.org/abs/arXiv:1112.4423
https://arxiv.org/abs/2305.07473

z-dependence of multiplicities and widths

* Top: Explicit z dependence of
select pion multiplicities in 3 x-
Q? bins, including the double-
Gaussian fits

* Bottom: behavior of the narrow
Gaussian widths vs z for pions,
kaons and protons

* Small z discrepancies likely due
to target fragmentation
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https://arxiv.org/abs/2207.10893

Impact for unpolarized TMD functions

e Similar to YR impact studies
following the latest SV global fit
(https://arxiv.org/abs/1912.065
32) for the unpolarized TMDs w—_
based on the existing SIDIS+DY = =~ e

" Sfiz = 10T kp) /4 ]

data o e "

: / - 22092 == =

* Consistent with Yellow Report B E—— S S N
expected impact I
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https://arxiv.org/abs/1912.06532
https://arxiv.org/abs/2207.10893

Simple impact on TMD evolution and unpol TMDs

* Impact on
unpolarized TMDs at
lower X,
nonperturbative part
of evolution and
fragmentation
functions expected
from unpolarized
TMD measurements
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https://arxiv.org/abs/2103.05419

summary

* TMDs play a role from relatively ¢ EIC data will improve on these

low energies up to Higgs TMDs in great detail
§NEARIES e Particular interest on TMD

* They particularly allow to access evolution which is still poorly
the full spin structure understood

* Some knowledge on unpol. * Previous YR/ECCE/ATHENA
TMDs, Sivers function and impact studies are being
Transversity but many revisited with more realistic ePIC
uncertainties still simulations
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