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Theoretical tools : Non perturbative Maps
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Factorization Theorem

@ hard cross section, perturbatively calculable

@ non perturbative MAPS of - dynamics of colored partons inside colorless hadrons
- fragmentation of colored partons in colorless hadrons




Theoretical tools : Non perturbative Maps

h
electron / / electron / }
Q"

# Q’ ”f' >
hadron » X proton ’G

Factorization Theorem

@ hard cross section, perturbatively calculable

@ non perturbative MAPS of - dynamics of colored partons inside colorless hadrons
- fragmentation of colored partons in colorless hadrons

extract more | understand how
confinement comes about

ey dkddd J))
. ._((( )

(TS



EIC physics case : The key questions

FALAIOA 1) How are partons with their spins distributed in
5485 ., space and momentum inside the Nucleon, such

that its properties emerge from their interactions?

2) How do colored partons propagate and interact

v .
with nuclear medium such that eventually colorless %%ﬁf&h
hadrons emerge ?

3) Does gluon density saturate at high energy, giving
*  rise to a universal gluonic matter ?



The EIC physics case : Theoretical tools

What do we know about these
non perturbative MAPS ¢

And what can we learn
about them at the EIC ¢




The EIC physics tools
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The EIC physics tools

Transverse Momentum Dependent PDF

TMD
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Parton Distribution Function 1-dim map




3D-maps in momentum space

TMD (x,k1) can be extracted only in semi-inclusive processes
e.g., semi-inclusive DIS (SIDIS)

h
electron  / P,y soft scale Pn1/z <« Q to “feel” intrinsic krt
) related to confined motion

z fractional energy carried by h

} N
proton s TMD » factorization th.s available for various final states:

h = light- and heavy-quark hadrons, jets, hadron-in-jet,..
Ji, Yuan, Ma, PR. D71 (05)
Rogers & Aybat, PR. D83 (11)

Collins, “Foundations of Perturbative QCD” (11)
Echevarria, Idilbi, Scimemi, JHEP 1207 (12)




3D-maps in momentum space

TMD (x,k1) can be extracted only in semi-inclusive processes
e.g., semi-inclusive DIS (SIDIS)

h
electron / P,y soft scale Phi/z <« Q to “feel” intrinsic krt
Q2 »} related to confined motion , fractional energy carried by h
X
proton s TMD » factorization th.'s available for various final states:

h = light- and heavy-quark hadrons, jets, hadron-in-jet,..

Ji, Yuan, Ma, PR. D71 (05)

Rogers & Aybat, PR. D83 (11)

the TMD “zo0” at leading twist Collins, “Foundations of Perturbative QCD” (11)
Echevarria, Idilbi, Scimemi, JHEP 1207 (12)

Quark polarization

Unpc():Ja)rized Longitudin(a:;yPolarized Transversely Polarized deformatlons Induced by

spin-momentum correlations
- Y.
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N measurable SIDIS spin asymmetry




The EIC physics tools

localize partons — baseline info for MPI
(Multi-Particle Interactions)

3-dim map

Impact Parameter Distribution bt
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The EIC physics tools

localize partons — baseline info for MPI
(Multi-Particle Interactions)

3-dim map

Impact Parameter Distribution bt

P (x,br)
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two independent info @\f

PDF(x)
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3D-maps in position space

P (x,br) can not be directly extracted from experimental data

p (x,br) GPD (x,A*=0,Ar)
— Fourier Transform _»
electron /()2 Y Generalized Parton Distribution GPD (x,&,1)
p- pr-+ can be indirectly extracted from
V CFF : N
Py M pr  exclusive Deeply-Virtual Compton Scatt.
proton AP factorization th. for t«(Q?

the GPD “zo0” at leading twist

Compton Form Factor

Quark polarization

GPD R ,t Unpo:jirized Longitudina:IyPoIarized ra
CFF(¢, 1) = @[dx @ED L irGPDE £ 1)+ 6(1/0) g o
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3D-maps in position space

4

Lorentz invariance — Z/dmﬂq("”’f’”:M§2<t)+gd?(t)£2
orentz invari q

polynomiality of GPDs Z/dwaq(m’f’t) = 2J9(t) — MQQ(t) _ %d?(t)?

- 1
QCD Energy-Momentum Tensor (EMT) 7% = jy*= Dy — F¥F®, 4 gmF?

ALA, — g A2
SMn

P,P,
M N

i(Pyoy, + P,o,,) AP
2M N

(Pl T p') = a(p) | M5 (1) + (1) +d (1) + &(t)gu | u(p)




3D-maps in position space

4
Lorentz invariance — 2. / Ao H(3,6,1) = My (t) + < dY (1)€?
q

polynomiality of GPDs Z/dwaq(x’f’t) = 2J9(t) — MQQ(t) _ %d?(t)?

- 1
QCD Energy-Momentum Tensor (EMT) 7% = jy*= Dy — F¥F®, 4 gmF?

BITE ) = () 1 ) TP gy e L ROmBL | g6y B Z 9B ipyg,
Charges Energy Density Momentum Density
M>(0) = contribution of partons to mass and momentum T
J(0) = angular momentum of partons ;10 TR
di(0) = “D-term” related to internal pressure TP = 10 _shear forces
¢ = “anomalous” contribution to mass (trace TH,) T30 __ pressure
T%dSI Fnergy Flux Momentum Flux

Mechanical properties
of the Nucleon

Polyakov, PL. B555 (03) 57
Metz, Pasquini, Rodini, arXiv:2006.11171
Lorcé et al., arXiv:2109.11785




3D-maps in position space

4

Lorentz invariance — 2. / Ao H(3,6,1) = My (t) + < dY (1)€?

polynomiality of GPDs Z/dwaq(x’f’t) = 2J9(t) — MQQ(t) _ %d?(t)?

for each flavor g

1
Ji sum rule 5 /da:a:' {H(:c,0,0) + E(z,0,0)| = J

X. Ji, PR.L. 78 (97)

quark angular
momentum
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The EIC concept detector
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Detector: hermeticity, high PID over wide range,

high momentum resolution, calorimeter granularity,
coverage of far backward-forward region, ...
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Detector: hermeticity, high PID over wide range,

Enormous community effort: 902 pp, 415 authors, 157 instit.’s
Vol I (Exec. Summary) , Vol Il (Physics) , Vol. 1l (Detector)

high momentum resolution, calorimeter granularity,
coverage of far backward-forward region, ...

arXiv:2103.05419 (N.P.A in press)
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The EIC performance : PDFs

1-Dim Maps

collinear PDF (x)
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The EIC performance : unpolarized PDFs

arXiv:2103.05419,

& o N.PA in press impact on unpolarized sea-quark PDFs

moderate on large improvement on
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The EIC performance : unpolarized PDFs

Xiv:2103.05419, . .
& ez N.PA in pross impact on unpolarized sea-quark PDFs

current large uncertainties
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moderate on large improvement on — satiocey
- 77 NNPDF4.0 (NNLO) (68 c.l.+10)
7 ~ =~ 1.104 =1 CT18 (NNLO) (68% c.l.) ¥
u, d s Uu., d S,S 2110 =1 MSHT20 (NNLO) (68% c.l.) '
PP 120 NNBDFS 0 e
[=1. 7 dl—————— >
110 V5=140 GeV i-;"g NNPDF,,,, Vs=140 GeV S 1.00
1.05 1.20 E 0.95
1.10 2
1.00 100 & 0.90
0.95 : 0.90 0.5 L R R 3
0.90 v/uyvppr (%) 1F /i (x) | 080 i 10~ 10” )1(0- 10
: NNPDF 0.70 s/ e
™ ' - s Rojo @OCD-N 2021
110 | ddyppr ®) | I i i o also projected precision could help
@died g 696 ‘ to establish intrinsic charm content

1.05 015 F

0.10
0.05
0.00
0.05

085 s aaaal i s sl " s aaaal s aaaaal s s aaaal " s aaaal 0‘10 i s aaaaal s s aaaual " s aaaal s s sl A s aaaaal s sl
107 107 xg 107 10° 107 xg 10" 10 10° 107 xg 10" 10° 10”2 xg 10"

100 of the proton

0.95

important info for
BSM searches from

“BSM-independent”
source

0.90

EIC at \/s =140 GeV SIDIS ep — ¢ (Kxm) X  L=10 fb
Aschenauer et al., PR. D99 (19) 094004




The EIC performance : BSM explorations

Abdul Khalek et al., “Snowmass 2021 White Paper: EIC for High Energy Physics”
arXiv:2203.13199

Parity Violating DIS
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The EIC performance : BSM explorations

Abdul Khalek et al., “Snowmass 2021 White Paper: EIC for High Energy Physics”
arXiv:2203.13199
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The EIC performance : polarized PDFs

arXiv:2103.05419, . 1
& sexwawrmor  N.PA in press N Sp|n suUm rule 5 = AY + Ag + Lq + Lg

impact on gluon & quark helicities

singlet _
xAZ:xZAq XAg XAM .XAd xAS
q no EIC Bl EIC /s =45 GeV Bl FIC /s =45-140 GeV DIS & SIDIS pseudo-data
004 —— DSSV 14
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Borsa et al., PR. D102 (20) 094018

remarkable constraints in range 104 < x < 101, particularly for gluon helicity

still large uncertainties for x < 104 beyond reach of the El




The EIC performance : polarized PDFs

impact on gluon helicity

Heavy-flavor production represents ~15% of inclusive DIS cross section at EIC kin.
Main channel y-g fusion sensitive to Ag at tree level

t —
it 0 NNPDFpol1.1 DSSV14
baseline : :
g Q — 5 GeV x 41 GeV '
—— 5 GeV x 100 GeV " '
— 18 GeV x 275GeV ~ | 5 °
Simulation of ¢ p" - ¢+ D+ X at EIC Al config 3 3o
with Q2=10 GeV2 and £=100 fb-’ .
cc gCE . . N
Observable: Af « Flcé , reweighting
1 Es-
Impact on uncertainty o of xAg(x) before =
after ! .~

1074 1073 102 1071

Anderle et al, arXiv:2110.04489




The EIC performance : TMDs

3-Dim Maps in momentum space

TMD (x,kT)

v ,((( ),
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The EIC performance : unpolarized TMDs

the unpolarized quark TMD {9 (x,kr)

the best known TMD (most recent fits)

Framework | HERMES | COMPASS DY oro diction N of points )(2/ Npoints

oo N | v | v v | v 8059 15
e | NNLL | X X |v| v | 309 | 1.23
sveoe N | ox x |v| v | 457 | 117
orms | NSLL | v/ v | v 4 1039 | 1.06
e | NeLL | x x |v]| v | 353 | 1.07
o, | NSLL | v v | v v 2031 | 1.06

Repl. 105 (Q“=1CeV~)

tomography in
momentum space

PV 2017

Bacchetta, Delcarro, Pisano, Radici, Signori, P
JHEP 06 (17) 081 S0 e Ky



http://arxiv.org/abs/arXiv:1703.10157

The EIC performance : unpolarized TMDs

the unpolarized quark TMD {9 (x,kr)

| essons to be learnt : the best known TMD (most recent fits)
Z . -
e non-perturbative kr dependence is not Frameworic [ HERMES | COMPASS | DY proguction | M OIS | X/Mponrs
a simple Gaussian o e [ v | v [ v v | sose| 15
e average <k72> strongly depends on x, e CINNLL | x x |v]| v 300 | 1.23
and might depend on flavor (in particular I ,
f()r fragmentation) anxiviooz.osaza | NNLL X X v v/ 457 1.17
oo | NOLL [ &/ [ v/ v/ f v/ 11039 | 1.06
e (Gaussian non perturbative evolution seems ——
preferred ariviioizorsso | NSLL X X v / 353 1.07
e | NeLL | v | v | Vv | v [ 2031 ] 1.06
e modern fits can reach N3LL+NNLO o5l 105 (G-1 Gov)

perturbative accuracy with reduced X2 ~ 1
on thousands data points |

tomography in
momentum space

PV 2017

Bacchetta, Delcarro, Pisano, Radici, Signori,

JHEP 06 (17) 081 S Ky
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The EIC performance : unpolarized TMDs

the unpolarized quark TMD {9 (x,kr)

same accuracy as PDF the best known TMD (most recent fits)
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Yellow Report of CERN EW WG, in preparation !
PV 2017 ™ :

Bacchetta, Delcarro, Pisano, Radici, Signori, P
JHEP 06 (17) 081 S0 e Ky
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Impact on Mw extraction

surprising CDF result

SM
DO | 80478 + 83
CDF | 80432 + 79 —
DELPHI 80336 + 67 ——
L3 80270 + 55 ~—@—
OPAL 80415 + 52 |
ALEPH 80440 + 51 - —
Do Il 80376 + 23 —.—
ATLAS 80370 + 19 —.-
~ 70 | —» |cDFIl 80433 + 9 -
| | | | | |
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SM expectation: My = 80357 + 6 MeV

QCD radiation

intrinsic quark kr

~ lepton .
G~ yz—"" O prpm=m

q

,/V — NeUtrinG distributions

pt™V distribution




Impact on Mw extraction

QCD radiation q ~— 4 / lepton pTl meiss mT
SV 7 W — i distributions
Gnt”nS'C quark kD q, pt™V distribution NEUtrno

surprising CDF result  but all analyses assume a flavor-independent Gaussian

SM Physics Letters B 788 (2019) 542-545
DO | 80478 + 83
CDF | 80432 + 79 @ Contents lists available at ScienceDirect
DELPHI 80336 + 67 —— Physics Letters B
L3 80270 + 55 J}:ShR www.elsevier.com/locate/physletb
OPAL 80415 + 52 —_——
ALEPH 80440 + 51 —_—— .
Effect of flavor-dependent partonic transverse momentum on the
DO I 80376 + 23 | determination of the W boson mass in hadronic collisions
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Impact on Mw extraction
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The EIC performance : unpolarized TMDs
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The EIC performance : unpolarized TMDs

arXiv:2103.05419,
& =memmm  N.PA in press EIC : explore the unknown gluon TMD

- gluons carry “two color charges” — difficult to neutralize

L'/L 00 lzs+1 LJ(S)]

- useful channels: heavy-quarkonium — production of J/, ... [ )y

back-to-back di-jet production _‘%
luon TMD

Bacchetta et al., arXiv:1809.02056
D’Alesio et al., arXiv:1908.00446
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The EIC performance : unpolarized TMDs

arXiv:2103.05419,
d =mensn N.PA in press EIC : explore the unknown gluon TMD

- gluons carry “two color charges” — difficult to neutralize

%/L 00 lzs+1 LJ(S)]

- useful channels: heavy-quarkonium — production of J/, ... [ )y

back-to-back di-jet production _‘%
luon TMD

Bacchetta et al., arXiv:1809.02056
D’Alesio et al., arXiv:1908.00446

- unknown “Shape function” QQ — J/y

Boer et al., arXiv:2004.06740 depend on angular momentum and color structure of QQ
Boer et al., arXiv:2102.00003 . .
D Alesio et al., arXiv:2110.07529 must be extracted from experiment < opportunity at the EIC

Fleming et al., arXiv:1910.03586
Echevarria, arXiv:1907.06494

xpy " (GeV™) x=0.001

- also model calculation gluon density in unpol. proton
Bacchetta et al., arXiv:2005.02288 1 [ kZ—ky | ]
hte

py (GeV)

y
2M?
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The EIC performance : polarized TMDs

the Sivers TMD fi11a (x,ky)

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized
() (L
how the momentum distribution of U fi= (= X =1 - 1
unpolarized quarks is distorted by the
. . L X g1 = (o0 = (=~ hip = (7=~ (v
transverse polarization of the nucleon o
. [} [}
— access to quark orbital angular momentum =~ ) ‘ V=0 -
L D D = (o )
i = (o) - \;/ 91T = (=) - (= , ,
j h‘f_T — @ - //
Y 4
T ST 1.0
&= ' 3.0
. k =0:i é
X -1.0 —(')45 010 Ot5 1.0 -1.0 —(I),5 OTO 0?5 1.0
ky (GeV) ky (GeV)

Bacchetta et al., PL. B827 (22) 136961, arXiv:2004.14278




The EIC performance : polarized TMDs

the quark Sivers TMD is not universal !

e
.
—%dh in SIDIS, gauge link structure £
PN final is “future pointing” — describes

state . . . . ® : o
residual color final-state interactions &
SIDIS
P L+ A
initial % . in Drell-Yan, gauge link structure v T
° . . ] " A
A kD is “past pointing” — describes l..* Er o
pDrell—Yan color initial-state interactions | —_ E
E_

Prediction of QCD:
Sivers TMD (SIDIS) = - Sivers TMD (Drell-Yan)




The EIC performance : polarized TMDs

most recent extractions of quark Sivers

W/zZ .
Framework SIDIS DY production e+e- N of points
JAM 2020 extended
arXiv:2002.08384 | parton model 4 4 4 4 o17
Pavia 2020
arXiv:2004.14278 LO+NLL 4 4 4 X 150
EKT 2020 2
arXiv:2009.10710 NLO+N=LL v 4 v X 243
BPV 2020
arXiv:2012.05135 C prescription V ‘/ ‘/ x 76
arXiv:2103.03270
0.01
=8 PV11[Q%=1.0GeV?]
L : : A e ] 2 1o,
all parametrizations are in fair = 74 o i socer)
agreement for valence flavors o] T R
~0.031 N 7 u
~0.04 1 0.021 !:,
sea-quarks ~ O(10-3) smaller R =L
008 5 S 00 PESAAS
B This work [02;4.0 GeV?]
~0.07 : : . : : —0.01 + : : — : :
1072 107! 10° 1072 107! 10
xr X

Bacchetta et al., arXiv:2004.14278




The EIC performance : polarized TMDs

predictions on recent STAR Drell-Yan data

< 08E pip 5> W@ {5=510GeV
()‘6;_ L;,=350 pb’! \‘6\"\“'\“““‘Y - -
04F ﬁ&n ¥ < STAR preliminary p+p 510 GeV (L = 340 pb™
02f i 0.4=) 5 PZ < 10 GeV/e
r " R~ c
O g 0.3
o2 j BPV 2020
F 0.2-
~0.4F E
-0 6:— L. Adamczyk et al. (STAR), PRL 116 (2016} 132301 0 11
E Bury, Prokudin, Viadimirov, PRL 126 (2021) 112002 E Y
ost N oo e e 0- 1 Pavia 2020

vl by by by by by by by a1y
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y -0.1-

<Z ().8:— + 1.49% polarization uncertainty not shown _0 25_ _+_ ZO N I+ I-
06 "= [ arXiv:2103.03270
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Y g Ve sign change:
—0sf
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yW.rccu 0.]2: 0088 1 COO
1 |
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Bury et al., arXiv:2103.03270




The EIC performance : polarized TMDs

arXiv:2103.05419, .
@) =evonmror  N.P.A in press EIC Im pacC t
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The EIC performance : polarized TMDs

arXiv:2103.05419, o
“(ET)» EICYELLO\)Q{“EEEE%I:;I; /\/.P.A In press EIC ImpaCt
N
o ’ _E\ e 5.10°
S— A : A 1072
- o 2.0 ,

2.0/ ’ N L - — Bury et al.,

N e 0.1 10 B PR.L. 126 (21) 112002

| i 0.5 ‘ ‘ ‘ el

O 05 005 1.‘00'5 0.f ; \ 0.5 -+ EIC 5x41 GeV
i br(GeV] Y e M7 18 x 275

i opportunities with jets and Heavy Flavors
Arratia et al., arXiv:2007.07281

= electron-jet azimuthal correlations OO [ X275 GoV, 107 12— e -0 Gy

S I pe
I ,1;9 0.05 Q?> 50 GeV?

€ - — | 77e —>jet —jet 0.04 - 0.1<y<0.85
g7l =P+ P3| <IP7 | ool
< ooz th uncertainty
0.01 | . . .
AuT ~ dO(ST) _ dO(—ST) 000l + ; ; 1porc1)JJected precision
Sivers effect free from TMD FF e S
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jet
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also access to gluon Sivers TMD from DYDY, charm di-jets  Zieng et al., arxiv:1805.05290
and J/LIJ production Rajesh et al., arXiv:2108.04866




The EIC performance : polarized TMDs

transversity hqa (x, k)

Quark polarization

_ - , _ - net density of L-pol. quark in L-pol. proton
Unpolarized Longitudinally Polarized Transversely Polarized . .
©) - prototype of chiral-odd parton densities

survives kt integration

l -

collinear PDF hja (x)

- no chiral-odd structures in SM Lagrangian; potential doorway to BSM physics

Example: SMEFT studies of strong CP violation via neutron EDM d,
1
bounds from exp. — dn, :d’“ +@dd +d8 tensor charge 5"(Q2)=J dx h{™(x, 0%)

0




The EIC performance : polarized TMDs

transversity is chiral-odd — needs a chiral-odd partner in the cross section
two different fragmentation mechanisms:

requires knowledge of chiral-odd

s r A S - locP Collins TMD FF H}
e e Z AN t—~ () 1O

/' _g7x— Collins effect

Collins, N.P. B396 (93) 161 :
probes transversity as TMD PDF

di-hadron mechanism requires knowledge of
- hiral-odd DiFF H?
./ S7-PyxPy=S7 -PhixRr [ © waoo | 6\

Collins et al., N.P. B420 (94) d— Q) - < *— O}

if RZ o Mfihz < 0? define di-hadron fragmentation function (DiFF) probes transversity as PDF




The EIC performance : polarized TMDs

most recent extractions

Mechanism Framework SIDIS e+e- p-p collisions | N pts
PV 2018 arXiv:1802.05212 | collinear DiFF LO v (V4 v 78
JAM 2020 arXiv:2002.08384 |  Collins effect generalized parton model v / o/ 517
MEX 2019 arXiv:1912.03289 | collinear DiFF LO v v X 68
CA 2020 arXiv:2001.01573 Collins effect generalized parton model v / X /6
JAM 2022 arXiv:2205.00999 |  Collins effect generalized parton model v v/ 4 634
1
2\ — —( 2 —
tensor charge 6%Q% = | dxh!™%x, 0% gr = Ou - dd
0
5d JAM22 @ Goldstein et al (2014) —— : : Pitschmann et al (2015)
) ™ Dodicl Bacchetta (2018) Il Hasan et al (2018)
% Gupta et al (2018) I: Gupta et al (2018)
JAM20+ %¥ Alexandrou et al (2020) I Alexandrou et al (2020)
0.1F # Pitschmann et al (2015) :'I Anselmino et al (2013)
Q:2 Gev —r-'— Goldstein et al (2014)

Radici et al (2015)

=
=
!

—— | : I Kang et al (2015)
—_—l— 1.1 Radici, Bacchetta (2018)
—_—y— : : : Benel et al (2019)
—.—r- I D’ Alesio et al (2020)

T+ JAM20+
@4 . | JAM22 (no LQCD)

i JAM22

[ |

0o 1.0 15 20 gt



http://arxiv.org/abs/arXiv:1802.05212
http://arxiv.org/abs/arXiv:1912.03289
http://arxiv.org/abs/arXiv:2001.01573

The EIC performance : polarized TMDs

arXiv:2103.05419, o
) serowseor NP A in press EIC ImpaCt
" fg,v'ff,
o 5d
\_Am T JAM20 g1 gk
‘ JAM20 + EIC(ep) ey
. B JAM20 + EIC(ep+e’He) —0.10 | ; ol ,
Collins effect 0.750.850.95 1.05
—0.15F -«

£=10 fb-", 8223 data pts.

proton [GeV]: 5x41, 5x100, 10x100, 18x275 | Gupta et a1 (2018)
3He [GeV]: 5x41, 5x100, 18x100 —0200 4

Alexandrou et al (2019)

0.65 0.70 0.75 0.80 ou

1.2] di-hadron mechanism
1.0 R j & & 1 £=10 fb1, 3852 data pts, proton&3He [GeV]: 10x100
g 0.8; - lattice
i-, I 1) ETMC ’19 Alexandrou et al., arXiw:1909.00485
< 06"
e - Pavial8 2) Mainz’19  Harris et al, PR. D100 (19) 034513
o)) B
0'4: Pavial8 + EIC (ep) 3) LHPC’19 Hasanetal, PR.D99 (19) 114505
0.2r @ Pavial8 + EIC (ep + e3He) 4) JLQCD "18 lYamanakactal, PR D98 (18) 054516
0.0' 1 2 3 4 5 6 7 8 5)  PNDME 18 Gupta et al, PR. D98 (18) 034503

6)  ETMC7 i androu et al, PR D95 (17) 114514; (E) PR. D96 (17) 099906
7)  RQCD "14 Buii et al, PR. D91 (15) 054501




The EIC performance : polarized TMDs
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& 1 JAM20 gr ..,(.."H
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Collins effect

£=10 fb-", 8223 data pts.
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comparable/higher precision than lattice
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Jlg 0.8] - lattice
S 06:
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> 04l
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0.0 :
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EIC impact
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di-hadron mechanism
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The EIC performance : polarized TMDs

a new opportunity: jet substructure

e+p—e +jet(h)+X

if j7 < (P))? hybrid factorisation scheme: requires knowledge of
- TMD framework for fragmentation Collins TMD FF HIJ'
- collinear framework for collision but probes transversity as PDF

hadron-in-jet Collins effect
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a new opportunity: jet substructure

e+p—e +jet(h)+X

if j7 < (P))? hybrid factorisation scheme: requires knowledge of
- TMD framework for fragmentation Collins TMD FF HIJ'
- collinear framework for collision but probes transversity as PDF

hadron-in-jet Collins effect
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The EIC performance : nuclear PDF

1-Dim Maps in nuclei

nuclear PDF (x)

v ,((( ),
U




The EIC performance : nuclear PDF

arXiv:2103.05419,

& o N.PA in press the nuclear modification factor Ra

L ey . .rf', e,
nuclear PDFs are different from free proton PDFs : <13 S ' :
8 1.2 antishadowing maximum
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Y] R . ol e

- provides input on initial state for heavy-ion collisions
- complementary to LHC and RHIC p-A collisions 7]
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The EIC performance : nuclear PDF

arXiv:2103.05419,

NP A in press the nuclear modification factor Ra
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The EIC performance : saturation

Op
F  CTEQ 6.5 parton

[
& 3.5} distribution functions
E Q* =10GeV?

gluon self-interaction
— proliferation of # gluons

dramatic rise of gluon density @ low x o o oty s

unitarity = gluons must recombine to Zﬁ B
balance splitting (saturation) B @:

effect not clearly seen at HERA




The EIC performance : saturation

gluon self-interaction
— proliferation of # gluons
dramatic rise of gluon density @ low x T T

unitarity = gluons must recombine to 3 B gs:
balance splitting (saturation) B
effect not clearly seen at HERA

- EIC: reach same saturation scale Q; at larger x — smaller /s
- nucleus acts as Qs amplifier

1
A\3 o
2
Qua ) ~ (2 -
the Color Glass x<001 "
Condensate model I e o= 40 Gov (o

| EIC s ppa = 90 GeV (eAu)

lancu et al., PL. B510 (01) 133

implications for astrophysics
of neutron stars

—————— perturbative regime ——»
! | ! ) N : | , ) ) ) | . ) | . |
T T T T T T T T 1 t t T b + + t |
Q2 (GeV?)




The EIC performance : saturation

arXiv:2103.05419,
) serowseor NP A in press
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The EIC Users Group map

WWwWw.eicug.org

EIC Collaboration, Institution Locations over the World

at Jun. 6th 2022

36 countries i |
266 Institutions
1330 members

Leaflet | Tiles © Esri — National GARRISL A 0 4l me, NAVTEQ, UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA, iPC



http://www.eicug.org

The EIC Users Group composition

at Jun. 6th 2022
Members

PEr area

strong community
of theorists

. Experiment

M Theory
" Accelerator

B Software and Computing

I Support
B Unknown
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young students
and/or postdocs
welcome to join!




* the EIC addresses fundamental (open) questions about visible matter:
- spin and flavor partonic structure of nucleons and nuclei
- 3D-imaging (tomography) in momentum and position space

- matter at extreme parton densities = onset of saturation

* As high-luminosity, high-polarization collider with wide range in
energy and ion species, the EIC is unique in the panorama of next
two decades

* The EIC offers unprecedented opportunities to advance our
knowledge of the confined partonic structure of hadrons, with
scientific outcomes that are complementary to the LHC and other
colliders
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The EIC performance : GPDs

impact parameter distribution p (x,br)

seaquark HERA data
. : 1 gluon in N + EIC pseudo-data
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The EIC performance : GPDs

impact parameter distribution p (x,br)

seaquark HERA data
. . 1 gluon in N + EIC pseudo-data
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models: GK
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VGG
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reggeized diquark
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The EIC performance : GPDs

impact parameter distribution p (x,br)

Seaquark HERA data
. : 1 gluon in N + EIC pseudo-data
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The EIC performance : GPDs

impact parameter distribution p (x,br)

Seaquark T I . HERA C(Ijatad
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future developments: neural network techniques for GPDs
combine DVCS, DVMP, TCS to solve amblgurcy

|n extraction of GPD from CFF
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The EIC performance : origin of N mass

Xiv:2103.05419, . .
& ez N.PA in pross Nucleon mass decomposition with QCD EMT Thv
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The EIC performance : origin of Nucleon mass

Xiv:2103.05419, . .
& ez N.PA in pross Nucleon mass decomposition with QCD EMT Thv

~ PP, iPJ,/Aéja AP AN, —A4,,0%
(p| T/%G ") = a(p) [MgG(t)]\Z—N + J9E (1) (P ST o) -+ d?’G(t) K = + c(t)gW] u(p)

forward matrix elements
(A=p-p'=0 — t=A2=0)

_ _ _ p(g) _
My= Eyp+ Eg +¢,(0) ( = (ymy) ) +C,(0) < = (2—ng + Y my)
relativistic motion quark condensate trace anomaly
of quarks and gluons  g-term from TN scatt. 2

(~70% ?) (~9%?)




The EIC performance : origin of Nucleon mass

Xiv:2103.05419, . .
& ez N.PA in pross Nucleon mass decomposition with QCD EMT Thv

~ PP, iPO',/Aé/O' AP AN, —A4,,0%
(p| T/%G ") = a(p) [MgG(t)]\Z—N + J9E (1) (P ST o) -+ d?’G(t) K = + c(t)gu,,] u(p)

forward matrix elements

(A=p-p'=0 — t=A2=0) |
My,= E,+ E +c,(0)( = (ymy) +¢,(0) —(—ﬂ(g)F2+ ymy)
relativistic motion quark condensate trace anomaly
of quarks and gluons  g-term from N scatt. 4
(~70% ?) (~9%?)
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