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Luminosity (cm2 sec)

Facts about the EIC
What is the EIC:

A high luminosity (1033 - 1034 cm-2s!) polarized electron proton / ion collider
with /s, = 20 - 140 GeV

What is new/different:

Hera: factor 100 to 1000 higher luminosity
both electrons and protons / light nuclei polarized
nuclear beams: d to U
Two Proposals:
BNL: add an electron Beam to RHIC  JLab: add a hadron facility to Cebaf

1042,

PERLE ] FIXED TARGET

- = I HERA

10%. MESA JLaE%& 12 [] CERN Projects .
- P EIC Projects US‘E.IC'. ) )

8 polarization, ion species
1o%e together with its luminosity

| and /s coverage makes it a

US EIC FEceen completely unique machine

i 0 i worldwide.

, COMPASS LieC

BCON Documents on EIC:

& - Physics: arXiv: 1212.1701 and arXiv:1708.0152

= e
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T — — . T
“‘> 10" current polarized DIS data: =
8 OCERN ADESY ¢JLab-6 O SLAC vy
N'_' current polarized BNL-RHIC pp data:
Olo 3 ® PHENIX p° 4 STAR 1-jet v W bosons
2% Jlab-12
102k
10
S
oS
1 E =
E I | . I | -
10 X 1

A high luminosity (1033 - 1034 cm2s-1)
polarized electron proton / ion
collider with /s, = 20 - 140 GeV

B
\‘,(’l'

EIC's kinematic reach in x and Q?

EIC extends kinematic coverage

for data with polarised beams and
nuclei by 2 decades in x at a fixed Q?
and by 2 decades in Q? at a fixed x

eA:

[ |IIII||
[0}

Measurements with A =56 (Fe):

e eA/uA DIS (E-139, E-665, EMC, NMC)
JLAB-12

vA DIS (CCFR, CDHSW, CHORUS, NuTeV)
DY (E772, E866)
DY (E906)

non-perturbati

Il 1111 l1 - i I‘v|.lll|I]
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The inner life of hadrons
Parton distribution functions

a%, '
Nedag )
'l(( ))))‘

/}
IS ({ (W



The Path to Imaging Quarks and Gluons

Wigner function

W(Ir kTa bT)

fd*hT d?kyp
~not relate b+t — 0
f(}.': kT) related bY\ f(xj bT) = H(]{, D! t] ‘E_ H[I"-l &: t)

_F T
24+1- D transv. mom. dep. PDF ourier r‘anSf,Impacw‘ par. dep PDF generalized PDF

>+ semi-inclusive DIS

oS 20 q't;gs.vf,
o 25 2
g i
' oo [d®k d*b
lwx T T O“F5 10 05 06 o5 To 13
r/m'2 by (fm)
/_s
0 0.2 0.4 0.6 0.8 110 ¢
—
[ O =10 GeV? A
ut :
e
\

4+1-D QCD genetic map of nucleons

exclusive processes

(Q"’)l"’)

Quark transverse momentum (Ge V)

1-D

e
par“ron ensmes form factor _

There are many reasons why one wants to have a 3d picture of nucleons and nuclei
collective effects is one of them.

Obtaining a full
mforma’ruon iS an

E.C. Aschenauer



HOW TO ACCESS PARTONS IN DIS

DIS / SIDIS:

scattered lepton

incoming lepton Detect scattered lepton - limited flavor separation

-> Detector: excellent e/h separation, p+ and ® resolution

“/vd) Detect identified hadrons in coincidence to scattered lepton

. - needs fragmentation functions to correlate hadron type
o with parton flavor

u/\\§ " > Detector: PID over a wide range of n

target nucleon

virtual photon

Charge Current:

W-exchange: direct access to the quark flavor
no FF - complementary to SIDIS
- Detector: large rapidity coverage and large /s

tag sea-quarks through the sub-processes and
jet substructure
-~ Detector: large rapidity coverage and PID

LPC Workshop on Physics Connections between the LHC and EIC : *  E.C, Aschenauer



A. Accardi et al. PerQn PDFS at high X

T -~ NNPDF3.0 NLO dataset - Baseline: CJ-15
El & FTOY : : : b ase l ne . -
6| | » revew 2 . A%Q%
10°E] « revam : i : » 245’? .
ElLg: i o X AL e 12 - — ; : : 13
M| * wcEEW : : L ‘56 o Q? = 10 GeV? 1.6 CJ15 907%CL .
SMOCE & seien B 15 65% CL L2
2 El o neme 14} — MMHTL Ll
0] ] © ANASETS2TGTEY . — H_ER.APDFI. ]
—,J 04 E— O ATLAS HKGH MASS 1.2 — NNPDFa.{ 10
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<10° ] o cwsEm s sl
s F| o cwswcror ’I';‘f/?},(w_”,r, - d/d(:.n.; Q/Qc'.nr;
| © cusworar 0.8k . . L A 1 . i ’ L 1 . 0.7k . . i .
102 O uLKe2 01 107 1072 01 02 05 0.7 00 wt 1w 1w? o0l 02 05 07 09 wt 1P wd ool 02 03 04
E T10A8 T I T
10
,— - J,Lllt[ — L Lllllll e

— — - p—— .s — . 1 L
10° 10* 19" 107? 10" 1

Sicy
S,
&

Opeltt / pel U135 Ordd /O3 Relative error impr'ovemem':

1.0 1.0
~—— | O pseudo-data for 0.01< x<0.9
05 f\/_/x [ NC Cross sections on
proton target
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8 d an from deuterium with
509/ Soadons s tagged proton spectator
N CJ154DIS 0 10x100 GeV? at 100 fb,
— CJ15+DIS+ntag [ energy scan /s=57, 49, 28 GeV

B N at 10 fb!

- more studies in progress
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Observables: Charge Current in ep and eA

W-exchange: .G
direct access to the quark flavor

Ws are maximally parity violating
- Ws couple only to one parton helicity

W +p— ud
W_ + ﬂ - d‘_l Neutrino

Complementary to SIDIS:

d high Q?-scale: > 100 GeV?
[ best way to measure at very high x
[ extremely clean theoretically
O No Fragmentation function
- stringent test on theory
approach for SIDIS _
UNIVERSALITY of PDFs 25f J: °

E 1.5F

5

.5
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.5

3

.5

2

5E c
O R, &

. 2
(] 0. ;
E PN I | i
& Q10 120 130 140 150 160 170 180 190 200

& 1 1 1 1 1 1
0 60 70 80 90 100 110 120 130 140 150
p [GeV] p [GeV]

effective neutron target:
(un)polarized Deuterium or /and He-3
through tagging the spectator proton(s)

Deuterium spectator protons: He-3 spectator protons:
x10° 3107 18

10 GeV x 100 GeV 10 GeV x 166 GeV |5

80 : 14

45F

0 [rad]

-]

o N & O
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Observables: Charge Current in ep

rrrTTT LR T TrTTTTTg TorTTTT T rrTTTT
100k HERA CC e+p DIS data 7 .
- Projected CC DIS data: ./; o o ]
" e EIC e+p Vs =141 GeV 6 ® o o ¢
i e T Electron
3 e o o0 i <y S
10°F o o0 3
o & o ]
% i e o ]
9102 B o o _:
[ : ; R | .
10f 1 [ s™[pb] '
: e 110°F  NLO,0.01 <y <0.95 e
S 1 0r i
1?.././...| ol el Ll TRy i ]
10 103 10t 1 [ 1
: : 0 E
EIC has a large kinematic coverage for o :
charge current events (O) i ;
P> > ©
LE S 3 © E
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CC@EIC: Impact on PDFs

Generated 10 fb! worth of ep CC events with DTANGOH for 20 GeV x 250 GeV

XIFITLer is used to get the impact on PDFs

good agreement between pseudo-data and prediction

G 10gep VX (CO) i k! E &P — VX (CO), ] T e VKICO), P T 1gEp - vXICO) i
g E o E o 2 2 E
s 1L T ik T 107 B 107
% s f ° F ®
E C r 10 L
10l 10" L :
E E L ¥ 107 E
104?+Emsymnmo’=11u 102E —= E1Csym Data 0* - 130 | — EiCsym Data 0* =700 , [~ ElCsym Data G* = 1000
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Impact of CC@EIC to PDFs

1157 G° = 1.9 GeV* -
;. : .-HHEFIAPDFEE.I:} g . ""EE;A;]DGF‘Z";
L 2 HERAPDFE2.0-profiled X L - . . _
11: i 22 HERAPDF2.0-protfiled XU — Xu + XC
- 1.05—
oSt ; XD =xd + xs
By xU = xu + x€

O X R e e

u.95§— xD = xd + x§
u.gf— XUy = xU —xU
1:|.ﬂ5E de — XD — XD

—
=
—

Very strong impact on xD

E i Q*=1.9 GeV? 2 F Q%= 1.9 GeV?
HERAFPDF2.0 E L i HERAPDF2.0 M Y M
1.4 < ) e ¢ ] g mp
& 14r 33 HERAPDF2.0-profiled 2 | >3 HERAPDF2.0-profil signiricant | act on xu,,
' Need to still understand in
=T [ &4 detail why there is impact on
- et h NN TR IT
- i O ) - T G K

- T o Y B i el U

T TR | TR

Bl R

I - e

i R I s

- very promising first results

0.8 Lsts & L
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Access the Flavor Structure: SIDIS

Up@’ @ Down
s E W

Strange Charm  Top scattered lepton
Incoming lepton

virtual photon
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What can SIDIS@EIC Teach us
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PDFs: flavor separation from SIDIS@EIC

Use reweighting method to define EIC SIDIS data impact on

collinear unpolarized PDFs and Fragmentation functions _
30 : exp. uncertainty

Observable
A PDF in Observable

Correlation factor of observable O to a flavor i
account for

olfi O] = (O - fi) = (O){fi)  uncertainties S[f,.0] (O f) — (OY(f)

AOAT; ’ 50 - EAOAT; ’
¢=20
* & - a Vs=15 GeV
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Js=45 GeV

PDF Constrain from SIDIS@EIC

_ NNPDF3.0 ——

NNPDF3.0,, Do ||
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PDF Constrain from SIDIS@EIC

Js=45 GeV
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Lesson learnt

E 0.10 1k 1k 1k .
- L | AL
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If one wants to obtain the best PDF and FF constrain it will be critical
to perform a combined fit
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Jets at [BIC
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Observables: Di-Jets

Soe: 2 2 2 2
10° m** Q° = 1-10 GeV oo, Q7 = 10-100 GeV
~ 104 - e fam e
o) - —— ""_._. ——
g —_— —— —e— . .
5 10° —— - —— Experimental Aspects of Jet Physics at a
c —i— .
3 102 = — Future EIC arXiv:1911.00657
O —— —.—
—_——
10 e Vvs=141GeV
= Vs=63GeV ——
1 [ AR NN AN AR AR N R RN NN AN ARl RN AN AR E NN AN NN AR RN
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Qoo
o Vs=90GeV 0 o 20
- 10 o Vs=40GeV -o-:_o_. 5 18E- Photon-Gluon Fusion
= dh, o - S 16E-
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£ 14E o V5 =40 GeV
8 12E- ] l
O 10E-
£ M *
© E
I
T 4E
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0 5 10 15 20 25 30
Jet p; (GeVic)

Only with highest EIC center-of-mass energies one can reach high di-jet masses
' canno‘r be compensated with higher lummosn’ry at lower /s
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Underlying Event

hard scattered parton

final state
radiation

beam beam remnants

Y

initial state
radiation

7~
multiple parton interaction U
hard scattered parton

Underlying event: everything except the particles fragmented from the hard scatted partons

A 20
Trigger Jet Away O Toward: |A®| < 60 degree,
Direction O Transverse: 60<|A&| < 120,
\A(l‘) Transverse | Away: |A@| >120
O Trigger Jet is Jet with highest pr,
(I) A= Qpar"r- @Jeﬂ
Toward O Measurements
Transverse O charged multiplicity density,
sum p; density
J Away O Density difference in 3 regions
0 —

X
WA
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Underlying Event

g o7 T T
—————————————————————————1 5 o Toward
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O The underlying event is very small, which A O o
makes jet physics at an EIC extremely : ]
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Cone (minus) Jet

\ |
\\\ .
W Cone (plus)
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Underlying Event: Comparison to pp

v" In each event, we analyze jets with high momentum, jet by jeft.

v" For each jet, we define two cones (r = 0.4).

v' Each cone is centered at the same as the jet but +m/2 away in &
from the jet &.

v' Take the particles from the two cones as underlying event.

£ 0.6:
= osf E
= oaf 1 Results from the two different
§ osf L i1 methods are consistent.
2,_ 0.1;— :¢;+. £
R A R R MR R
Trigger jet P, [GeV]
pp@200GeV R=0.6 FullJet NoTofMatch
%‘ £ o | : 1 GeV2< Q%< 10 GeV?, transverse
B ',f H i ” region, py corrections at EIC, much
o g——r T T + smaller than STAR
¥ 4 : 4+ | EICrapidity cut (-4,4) instead of
nr using (-1,1) as for STAR
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Example for Jet Physics at an EIC:
Unpolarized and polarized parton structure of photons

Details: X. Chu, ECA arXiv:1705.08831
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Photon Parton Structure

In high energy ep collision, two types of processes lead to the production of di-jets:

e e
Y Y
q
q
q T
q/ 4
P U P U
direct: point-like photon resolved: hadronic photon

Di- jets@EIC ideal probe to constrain (un)polarised Photon-PDFs

* Direct/resolved contributions can be separated reconstructing x,

— — 3
(pTle nl +pT2€ ?72) (/)] >_<'1'9 """ LI L B B B B B AL B
c 14 p#e —
c 3 SR +++ * .
L3S 1.2 -
X O 1EE L gt Wity ]
10? 1:_+ ﬁ ¥ E
. + .
-+ P S -
0.6 — + * - ~
10 - Resolved + Direct* i
0.4+ . + —
B .'.' »> .
0.2 o -

.....#0' . @ 5 :
1 ) IPORSRCEEE L v DI NP DU DU T o
0 0.1 02 03 04 05 06 07 08 09 1} S
khop on Physics Cd x;ec Aschenauer



unpolarized cross section:

EI 10’ L B T T T
c 8 ——
—~
I~ 7 N —k
3 10 — A
Y o
)] % A
<l o 10° o b
© o —O—
'C_J 4 —V—
5 10 o
_ D
—A—
10° — Ay
——
10 . .
1 E-Quat=1" P

—K— x[*°=0.7-1 ("107)

10-1 —A— x{%=0.6-0.7 (7 102)
—H— x{*=0.5-0.6 ("10°)
2 [ —— x°=0.4-0.5 ("10%
10 —¥— xI*=0.3-0.4 ("10°)
3 [ —&— x{*=0203 ("10%)
10 —M— x®=0.1-0.2 ("10)

10-4 i(;ec-o o 0|1 L1 L L L

10%
di-jet\2

d’Ds

Photon Parton Structure

polarized cross section:

106 llllll 1 1 lllllll
.
10°
n—A—q
104 N —
'_D_‘
10°
10°
n—O—|
n—v—q
10
1 n—A—q
OLdt=11b"
10 B K x[*=0.7-1("10")
—A— x!*°=0.6-0.7 ("10°)
, ® — x[*°=0.5-0.6 (" 10°)
10 o D Xit=0.405( 109
—¥— x[*°=0.3-0.4 ("10°)
3 —A— x{°=0.2-0.3 (107
10 M- x[*°=0.1-0.2 ("10)
—@— x/*°=0.01-0.1
10-4 1 IIIIIII 1 1 IIIIIII
2 3
10 10
di-jet\2

(o

)’ [GeV]
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10° _ Photon Parton Structure

1.8 —
42 C Jet from the photon S|de ' Jet from the proton side
5 1.6 Qg—ag 0 e qg—dg
Q ——4dg>qq e q9-qq
© 14 gg—,9q 0 "mmne 99—499
— gg—gg A\ I 99—499

1.2
Jets from photon and proton side

are well separated in n for' quaple=—
initiated pr‘ocessesﬁf —

0.8
0.6
0.4
0.2

'p_ fraction>0.3 E:
B p_fraction>0.6 3
[ ] p fraction>0.8

7:
+

identified hadron tagging in jet “E .
enhances flavor sensitivity osf

o

5
apdoe bbb b b b L bty
T T T T T T I T T




Jet Amgularity

1 . _
Tqg = — 2}9% (ARU)Z !
Pt

€] arXiv:1910.11460
what's another

words for orthogonality, right-angledness,
right-angularity? rectangularity

L D

\\.._,‘
g

Wl Thesaurus.plus

BEPVorkshop on Physics Connections between the LHC and EIC : E.C. Aschenau‘er



Photoproduction Cross Section

T T
res, NLO4+NLL ———— |

dir, NLO-NLL O CC(I"I"Y out angulari‘ry studies in
30000 . photoproduction region (10> < Q2 < 1)

[pb], anti-kr, B =08
25000 '\/g =141 Gev, Ep = 250 GeV, Eg = 20 GeV

02<y <08, pr> 4GV O Resolved and direct cross sections

35000

< Q%ae < 1 GeV? : )
£ 20000 . . from PYTHIA in good agreement with
< 1so0n theoretical expectations (F. Ringer,
i~
K. Lee)
10000
1ooo | | T |
res GRS, NLO-NLL
5000 dir, NLO+NLL B
. res, Pythia .
800+ PF > 10GeV dir, P;thja N .
() tee [pb], anti-kr, R = 0.8
—2 V8 =141 GeV, E, = 250 GeV, E. = 20 GeV
o 600 - 02<y<08 Q.. <1GeV2 |
=
S
S odateletslele ere
: < 400 Bk
O Jet Radius = 0.8 i SRR e, )
d 0.2 < inelasticity < 0.8 W <oa
d Lab Frame 200 i SRk 1
O Cross sections shown for jet
W

. pr>4and jetf p

MNS " q D,
W :
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Angularity: Theory Vs PYTHIA

2.5
[ Pythia massive m?/p% L NLL
i i 7 I :35 Ge R
/E 2 7 L Pythia 7, 7 V=141 GeV, —2 < map, < 4 7 NLL + NP(Qa = %) R
= [ I pr > 10 GeV, anti-kr
% 1.5 02<y<08 )
= ; a=—1, R=08 /%,
~ 1 L %
° , ¢
FU_. [
05
0 —
N
= : 1, R=04
L a=—1, = 0.
£ 15 0
< i
e L
v i
05 | )
-
0 =
—4

log;((7a) logyo(7a) logy((7a) logy((7a)

Good agreement with PYTHIA if non-perturbative effects, if the
purely perturbative result obtained within QCD factorization are
convolved with a shape function
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Non-Perturbative Effects

0.025  THEPIBIO (2018) 137 NLL == [ Non-perturbative effects are modeled
a3 ¢ NLL + NP(Q = 8) using a single parameter shape function
[ g gle param P
0.02 | ATLAS e which is convoluted with the perturbative
! . Pythia - - - - cross section
s %H 0.015 | /= 200 < pr < 300 GeV F.(k) = 4’; exp (_ ﬁ)
~lt [ ' Qs Q.
[ 2.5
0.005 | : NLL
: 'NLL + NP(Q =0.5GeV) [
0 : L L T 2 N Pythia
001015000 VRS e o
= - pT > 10 Ge 7, Il < 2.5
mj (GeV) 3 1.5 | R 0s
O Non-perturbative effects (MPI and pileup)  —
are large at the LHC but the correction ~ 1t
shifts the perturbative results fo match < : /T
the data H'bo - | ’ N
A F
0 At the EIC, the perturbative results / :
already agree quite well and only a small N Z |
0 make the 4 _3 9 1
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Generalized Parton Distributions (GPDs)

-.} J Gl E_' ’

e P e POLICE ——

or




XgF(Xg, by) (fm2)

2+1d-Imaging in coordinate space

Current DVCS data at coliders:

10%L0 ZEUS-totalxsec O Hi-total xsec
[ ® ZEUS-do/dt W H1-do/dt
o B Hi-Acy

- Current DVCS data at fixed targets:
[ A HERMES-A; A HERMES-AcU
L A HERMES-ALy, AuL, AL

A HERMES-Ayr * Hall A- CFFs

High precision

L] L]

lmagl ng a"' EI< P *¥ CLAS-Ay * CLAS-Ay
S E Planned DVCS at fixed targ.:

o [0} F 2555 COMPASS- dodt, Acsy, AcsT
0} JLABA2- dofdt, AL, AL, Au
art Iow an g X o
(¢)
10 |

Golden channel: -
DVCS 1

&

Y +p—=>y+p

© 10°
Y¥+p—=y+p X
104 : : : : : : :
[\‘%}* 20 GeV on 250 GeV
A e+p—e+p+y
fLat =10 fo"! o
0.3
10<Q°<17.8 GeV? Vs = 45 GeV
- 02
08 6.3x102 < x < 0.1
05 |- 01 _
08 04 & g I R T R &
03 B =
0.7 E =
0a b Vs = 45 GeV
0.6 T 1.6x107 < x < 2.5%107 &
01 S~ -
0.5 E ~— &
0 AP I I PR B | —— 3_<’
0.4 0 0.2 0.4 0.6 0.8 1 1.2 L
o
03 Vs = 140 GeV =
02 1.6x108 < x < 2.5x1073
0.1
0 P L Lo L 1
0 0.2 0.4 0.6 0.8 1 1.2
|
by (fm)
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5 GeV on 100 GeV

A Vs=140Gev

1.6x10°% < x <2.5x107
0.5;
0.4F
03
0,2§—
01E _ 32<Q%<5.6GeV?
r “‘*-\__7
O\l‘\l\‘|\||\|‘|\—f__-!—4‘—|—_L|\
0.2 0 0.2 0.4 0.6 0.8 1 1.2
0.1 —_ 18<Q®?<3.2GeV?
0Z 1 P e S T
0 0.2 04 0.6 0.8 1 1.2
s
b, (fm)
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What will we learn about 2d+1 structure of the proton

GPD H ardtiEEad ddction of t, x and Q2 arXiv:1304.0077

[ r r r r 1
x ¢*“(x,0,0%) [fm™%] x q"*(x,b,0%) [fm™’] x g(x,b,0°) 1fm™
15k x=107 1| x=10"° 4| x=107°
b,=0 fm b,=0 fm b,=0 fm
Q% = 4GeV? Q7 = 4GeV? Q7 = 4 GeV?
ly 1 1 (x 0.19)
0.5F
OL . .
} ' [0.99 ,1.00]
1.5F L [0.97 ,0.99]
= [0.94 ,0.97]
1k v - | [0.90 ,0.94]
e [0.80 , 0.90]
0.5F /JL\ ] 1070080
—_ e | 1060,0.70]
& - ./ (G _ | [050,0.60]
) I B
| [030,040]
-0.5F \—I/ i . 1020,030]
%/ . [0.10,020]
—1F e, j | [0.05,0.10]
| | 10.02,005]
_15F P E—— | 10.01,002]
: : i ! i : : : : i i : : : : : i ; ; [0.00,0.01]
-15 -1 -0.5 0 0.5 1 15 -15 -1 -0.5 0 0.5 1 15 -15 -1 -0.5 0 0.5 1 15 -
by [fm] by [fm] by [fm]
recornsiruciion o) rz (1rom dosati) =i ey |
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http://arxiv.org/abs/arXiv:1304.0077

Proton structure important for QGP in small systems

Collective phenomena seen in pA collisions, i.e. ATLAS & CMS

Pb+Pb (60-70%) p+Pb (High-Multiplicity) p+p (High-Multiplicity)

H. Madntysaari & B. Schenke
arXiv:1607.01711

In a hydro-picture (used in AA)
fluctuations in the proton are

crucial to understand the seen e
pA@LHC behaviors 7 @ | @ | § S’rudy EIC can .map out
| 11 coherent D\ the spatial quark
— and gluon

~ || e | 04 incoheren structure of the
% I @ | §o2 J/Y prod. proton in x and

y[fm]

Examples of proton density
profiles at x ~ 10-3

y[fm]
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GPD Ho: J/gg

M N N 10%F 102
To improve imaging on gluons - on 0w
B at5 + 100 GeV 10° r at 20 + 250 GeV
add J/y observables _ | - |
> = > L
Q? p. 6, J/1,DVCS . ® ®
o s O
O cross section & | e S
aA 30 3o
uT C 102 9 f 0
t=—q? D cecee r [
| PR M| PR L TERNENIEY. 71 Lo TRl IR Lo
10’5 10 10° 102 10" 1 10 30'5 10* 10° 102 10" 1
Xy Xy
A e+p—oe+p+Jy
Xy 15.8< Q2 + M3, < 25.1 GeV?
2 0.12
0.1
1 0.08
2 0.16 < x, < 0.25 ggg
0 1 1 1 1 1 8
g 0 02 04 06 08 1 0.02
— 0
(@)] 12 14 1.6
“—
o 0.12
c 0.1
o 5 Tr 0.08
5 0.016 < xy < 0.025 0.06
re al 0 : : : : : : ) 0.04
= 0 ©02 04 o086 08 1 12 14 16 0.02
7 0
= 3r 12 14 16
Q
2 0.12
0.1
1F 0.08
0.0016 < xyy, < 0.0025 0.06
0 : . : - : s : 0.04
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 0.02
0 1
1.2 1.4 1.6
[

by (fm)



What about Nuclei?
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Inclusive Cross-Sections in eA

arXiv:1708.05654 cc c
Sro4(%,Q )-Ioglo(x)llo
~ 5 o o o o o
ke F e+AU o V5=31.6GeV O Ok PN L w 9@ b C
Q 45_ s \s=44.7 GeV I_‘C) O = O N O W o1 &~ O1 C
8’) “~E . o Vs =89.4GeV e g8 888goooo o
[ y World Data (A > Fe) B RENEEEY ot +
— L 10 A i o o i,
(\/I'\ 4r o %‘33\452‘/*?%\,(5" &03 — CT14NLO+EPPS16 B &F\}%"O%\’Oy E
: = ?,‘/\ 3 } o gk}
o Lo Y M oS [Ldt =10 fb A — E oo,
3 3.5F o T *= Ao o [ 1%70\7
~5 - O/e/ %‘3"”523003 - +\‘7’o'>
8 3pe et : RS
7)) [ o> © ° (=82 R ] SN
oo /e/ o 2 — S, Q@ 0y
2 5 -—.D .(m/e’ X= 13X10 H E_ ‘ +\\d> V?I‘?O?—JOW
[ .M x = 2.0x10° < ' o) %
) .M e 3.2x107 i 5 e O
2 [ .W B iy ! e | o =
o .Wo x =5.2x107 n * ‘,;2 'c:?’ o Q7 @ @
Ny o x=8.2x10" = E x o5 5 o T TR
1.5 o on—omom—om—om—om—o—o— N o " i N S o S @ pw
' . o Xx=1.3x10 rC)N w X X X § S@ 5 5 f -f, ;
- _ - _— - o w N e 2 + O O @
= . x = 2.0x10™" L PP o @ 9 I
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Direct Access to gluons at W
Q°(GeV’)  medium to high x by tagging |
photon-gluon fusion throughi
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Direct Access to Gluons in eA

For Details: arXiv:1708.05654

O 0.08¢
[ e+Au ; e s=63.2,775,89.4 GeV
+ 0.07 [ [Ldt=10fb/A o Vs=31.6,387,44.7 GeV
g VAT CT14NLO+EPPS16
K 0.7
5 0-06F o ferAu o (5=63.2 77.5,89.4 GeV
o) \) + - [Ldt=10fo/A o {5=31.6,38.7, 44.7 GeV
S 005k *i T \‘** & 0.6 CT14NLO+EPPS16
[ t N @] :
0.04f Ry N\ Z, 0% it
L Q2 - 247 Gev?
0.03¢ 35 Cb%{) : C=0.025 L 0.4 I']:::{ e goi?’gc‘ ve
[ l 0%l 0:0932:25 o i .ﬂ* 'l ! }
002 _ 1 Q2 = 14 GeV? O 3 g q**{ { .I
X “H CDO(:)% €=0.01 I ] {J (} C=025
001 [~ Q? - 4.4 GoV2 [ | ::'% QP = 25 Gev?
iy R oo 0.2k ] %
0 _ m.;* w000¢ 8;0=1.4Gev2 Tl q** 0:0(}{7% cors
: 1 1 1 IIIIII 1 11 IIIIII 1 1 1 IIIIII 1 11 IIIIII 0-1-_ -’**l Cwb%% 8221.4GGV2
1 0-4 1 0-3 1 0-2 1 0-1 1 3?1025.5 GeV?
C=0
. ' X2 0]y .,H* CDO({)#% Q= 1.4 GeV?
D|reCT ACCeSS 1-0 gluons a* W 11 1 |ll||l 11 1 IIIIII 11 lIllIlI 11 lllllll 1
medium to high x by tagging — 104 10° 102  10° ’

photon-gluon fusion through

charm events

high precision F charmwill offer an
opportunity to benchmar'k different

L ?({ NTé
”‘lm\\\\\w
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EIC: Impact on the Knowledge of 1D Nuclear PDFs

[s <45 GeV /s <90 GeV
C;: ig [T T, c;: L6
= e ] = | Ratio of PDF of Pb over Proton
I os wmizig 3 ) O Without EIC, large
S il basclne  os heslne uncertainties
T - ¥ avirci 020 o HEmAaeed > With EIC significantly
- - - reduced uncertainties
— O Complementary to RHIC
3 and LHC pA data.
= Provides information on
3 initial state for heavy ion
: ) | collisions.
R 00 e v i 5 0o o ot Does the nucleus behave
R A ' Wt w0t like a proton at low-x?
£ 20 & 20 g 5 relevant to very
o S high-energy cosmic
I I ] ray studies
[ - critical input to AA
: = i O submitted to PRD
el T arXiv:1708.05654
10 10 10 10 1 10 10 10 10 1

‘“» AAl

N

(T
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The influence of the initial state in AA

IP-GLASMA

IP-Glasma
1=0.2 fm/c

05

0.4

0.1

Glauber
WOO d - SGXO MC-Glauber

AdS/CFT predicts for a perfect fluid:

n/s = 1/(4m) ~ 0.08

Schenke, Tribedy, Venugopalan arXiv:1202.6646

IP-Glasma  s——
MC-KLMN

03 | /N

02

n/s=0.08, bﬂfm

Different initial
states =
different
fluctuation scales

LPC Workshop on Physics Connections between the’

0.03
0.028|— o Au+Au
0.026/—

K L
0.024f2a, S
0.022— &W _|

aal | 1% Most Central ZDC Selection . i
., | 1 T 1 I
0.03 === Glauberx,_,=0.13 ]

e UsU

=== Glauber Const. Quarks
mm CGC-IPGlasma

| | 0. 125‘}{: Most Centlal ZDC Sele{:llon
085 09 0. 95 1 1 (}5 11 115
Mult/(Mult)




Diffraction in DIS at Small x

< —e AR Y AR AR AR RARR AR AR
3 | e+p * TF (PRAL VA—JWA
2 | : * 15 Hs ‘rﬁe momen‘rui’n: fraction-
e —8 of \{the struck pdron!hWMeYc
A 1¢hg Pomeron -
& Xtp B X/prmomentum.... -
» 3 ,firaction of fREERCHENGed
ol X (M) g ob)] Pomeron) w.r.t. the
;’: ii 1(&3(§d Coherent -
| _| Largest rapidity 8 E
! Jap in event B
P breakup offz /\ E
1N .
d4 o " ) y2 )
dﬂfﬁ@‘da;@‘dm4 @_r 1|_\12_ Yy + 2) ( Q 7ﬁ7t) T~ L (ma Q 7/6a t)
’ o t (GeV?) t (GeV?)
Diffraction in e+p: Diffraction in e+A:
> f:oher'en‘r < p Intact > coherent diffraction (nuclei intact)
» incoherent < breakup of p » breakup into nucleons (nucleons m‘rac‘r)
» HERA: 15% of all even‘rs are > incoherent diffractio

\V
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EIC = Gluon distribution in nuclei

" fLdt =10 fb"1/A o coherent - no saturation JLdt= 10 fb- 1/A
MéThod: 1<a?<10Gev? o incoherent - no saturation y2
o x <0.01 = coherent - saturation (bSat)

N’lef active: i clan.meson production:

(D

d()'(e +Au—e' +Au’ + J/Lp)/dt (nb

>
>

. dat@ @mmTWodd-ﬁdmnjlon effects, smaller J/yshows no effect

eRHIC: Spatial Gluon Distribution from d //dt

5066 Waastremaat af prhagerigrotor) digtribwiendin ruglay, o, p
Ongoing: Measurement of neutron distribution in nuclei

ott = 5%

O3 omen’rum transfer t = |pau-pav|? cohj

¢ PRC 87 (2013) 024913

***wﬁ

=
e TTTIT

..... 10:2III|III|.LII|III|l.|||III|IIII|III|IIII

17 {Elv2)

Converges to input F(b) rapidly: |t| < 0.1 almost enough

0° 0.02 004 006 008 01 0.12° 0.14 0.16'°0.18

Recdurdticdififatalyivnypanperrditioipufremusedd o préckel used to generate pseudo-

o1 rgg’r Jaitrce Hifdribation
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Studying non-linear effects

Scattering of electrons off nuclei:
[ Probes interact over distances L ~ (2my x)!

Q ForL>2R,~ A3 probe cannot distinguish between
nucleons in front or back of nucleon

O Probe interacts coherently with all nucleons

2
1
Y% XGU; .07) HERA: xG ~— A dependence : xG, ~ A
7R -

O;

11 144 1/3
Nuclear “Oomph” Factor

A
AN2 2
Pocket Formula: (Q; )" =cQ, ;

Enhancement of Qs with A = non-linear QCD regime can be reached at
significantly lower energy in A than in proton

Coverage of Saturation
Region for Q2 > 1 GeV?

10

Tagging centrality in eA collision

will be important

E———) > stringent cut on centrality ~ 1%
> effective energy boost by ~3
> effective increase of A

- utilized in p/dA and A

Q@ (GeV?)
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Key Observables for Saturation
Diffraction:

e'(k’)

e(k)
Diffractive events are indicative of a

color neutral exchange between the
virtual photon and the proton or nucleus
over several units in rapidity.

AP = T — )

M,2: Squared mass is the diffractive final state

Xrp: Momentum fraction of the “Pomeron” with respect to the hadron.
The rapidity gap between produced particles and the proton or

hucleus is Y ~ In(1/xp )

E.C. Aschenauer
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(1/040p) dogi/dMZ (GeV2)

ratio (eAu/ep)

0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

p
0.9 08 0.7 06 05 04 03 02

= I | I | | | | |
ERELLLEL eAu - Saturation Model 2 _ 2
- — ep - Saturation Model S_;;g_%v
— e eAu - Shadowing Model (LTS) -
- —— ep-Shadowing Model (LTS)
- . 20 GeV on 100 GeV
= b + RN fLdt =1 fb-1/A

IIII|III||IIIIIIIIII|III|IIIIIII TT1 III|III

saturation model

© T

Inclusive Diffraction

O HERA observed: ~14% of all
events are diffractive

O Saturation models (CGC)
predict up to odiff/otot ~
25% in eA

O Ratio enhanced for small
MX and suppressed for
large MX

O Standard QCD predicts no
MX dependence and a
moderate suppression due
to shadowing.

SIT would be nice to have equally
rigorous extraction of diffractive
PDF as the "std. PDFs"
- both for proton and nuclei
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Key Observables for Saturation
Di-Hadron Correlations:

side-view: beam-view:
M A..'..:..,.
e High gluon density (eA):
Ty 2 — many process

jet-2 = expect broadening of away-side

Coverage of Saturation

Low gluon density (ep): erage of Saturation
pQCD predicts 2—2 process oF o o0 GV
= back-to-back di-jet Vom0 GeY

EIC allows to study the evolution 5 |
of Q with x S

F

o = Vs=40 GeV
c § s Vs=63 GeV ” e ‘ e
10 10 10
o @ e Vs=90 GeV x
= B
3 3 i Q2 (GeV?)
) ~ LT A 200 150 1.20 0.95 0.85
E g 17";{_ ------------------ ] 014 £ w/‘—QOG\‘/ —(‘)06 peak‘—0017 |
= Z i _+_ _4_ . 5= eV, (xg)=0.08, x§°**=0.
O o —— —— RGT'O 012 | V5=63 GeV, (x)=0.08, xE°3=0,032
[ _ - eak_
| 3 08 +—4 . +—A—+ 7l o b V5=40 GeV, (x4)=0.13, xE°%=0.068
~ B A— —A——@— [
i ———A—_, Y S 0.08
O i —0—_g —O— s
| 0.6 N 0.06
vy " i 0.04 |-
L | R T B | 0.02/ =
26, 3 35 4 ot e S S
A¢ (rad)

Xg



osismceve:  TMDS and "QGP” in small systems

0.22r
020 I qimason oo oo 111 ot s .
0.1gf * PrAuzm oS SHe+Au d+Au
0116, 5= sowc vn Collective flow signatures 2014 2008
o T seen even in the smallest a® O
SO ; systems and at °
008" y : RHIC energies p+Au
S:ZZ ’ g@ﬁPh;/s. Rev. C 95 (2017) 034910 : 2015 Q
0-02; arxiv:1609.02894 PHENIX *

0_41\|Ax\|||x1:|11||l;|xx||xx|fx|vx_
p,(GeVic)

TMD formalism in DIS predicts a distribution for linearly polarized gluons in an
unpolarized target. This is reflected in cos(2¢) asymmetries in dijet production

Study azimuthal anisotropy as a function
of the rapidity dis-balance of the jets

0.15

2 2 k* -

A. Metz and J. Zhou, Phys. Rev. D84 , 051503 (2011), arXiv:1105.1991.
m—m—— O D. Boer, P. J. Mulders, and C. Pisano, Phys. Rev. D80, 094017 (2009), arXiv:0909.4652

= ol - Process sensitive to unpolarized and

S linearly polarized gluon distribution

& / . 1( .. 2k'Kk’

£ oosl- f’! XGZW = O8'xGV == 57 =22 | xp DV

D. Boer, S. J. Brodsky, P. J. Mulders, and C. Pisano, Phys. Rev. Lett. 106 , 132001 (2011), arXiv:1011.4
I'F. Domingue A. Qiu. B iao. and n. Phys. Rev. D85 . 045003 ).
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Kinematics: Di-jets in 7*A

v=zx,+(1-z)x,

G

vvzzxyl+(]_z)x)2

Key observables: P+ and g+
O the difference in momenta

=

Amplitude Conj[u‘ga;e (imbalance)
amplitude N N
—
qr = kq + ks
[ the average transverse momentum of
the jets

PT — (I‘Z)kl - Zkz
[ @ is angle between P+ and q+
[ work in “correlation limit" Py > g+
Q azimuthal asymmetry arising from the
linearly polarized gluon distribution:
v, = ({cos 2d)
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Elliptic Anisotropy in Di-Jet Production

Dipartons from McDijet event generator (V. Skokov) — showers via Pythia —
experimental cuts — jet-finding with ee-kt (FastJet)

. . * *
Trans. ong.
e All polarizations 10° Y e Long.x
?D:— :
M 35t
EDM o
— 5010 _F —_
o VVE o o5F ire)
E f E L £
= 40 — Al photon polarizations = 20F -
L2 F vx=-004(-0.04) 7 2
% BD__ L % 15F Transversal photon polarizations -B
C e+Au Vs = 90 GeV E vp=-0.14 (:0.13) -
20 125 <q; < 1.75 GeVic 10F ) ) [ Longitudinal photon polarizations
E 275 = PT < 325 GeVic E e Parton level Vo = 0.16 {DH}
10 JLat=1ma 5F e Reconstructed dijets [ 100
D:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII D:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i IIIIIIIIIIII|IIII|IIII|IIIIII
0 1 2 3 4 5 6 0 1 2 3 4 5 6 1 2 3 4 5 B

¢ (rad)

¢ (rad)

¢ (rad)

[ Dijets recover the anisotropy (v2) quite well
O NOTE: phase shift between long. and trans. y*

_art R (z,qu)
€t + Pt GO (x,qy)

1 h-(l)(x q1)
Ansa'rz for Gluon TMDs ob = 2L

E.C. Aschenauer
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Summary

EIC will provide highest precision data to unravel the secrets of hadron structure
- critical information for LHC science program

Let’s get to work

amd built EIC
W? Fan Do It!

’.

o "
o ‘f,"‘- e /
e
{ W, '
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Outlook

Proposal to DFG:
"Next Generation Perturbative QCD for Hadron Structure:
Preparing for the Electron-Ion Collider”

Fully approved, started October 2019

Work packages:

> QCD evolution at one percent precision

> Parton distributions and fragmentation functions

> Multiparton interactions and higher-twist effects

> Theoretical and experimental interplay to optimize the
EIC design

> Semi-inclusive reactions from low to high pT

LPC Workshop on Physics Connections between the LHC and EIC : *  E.C, Aschenauer
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Kinematics:

e'(k')

ek
electron

v 29 ;
p/A(p) { XP - W
proton/
nucleus )

Deep Inelastic Scattering (DIS):

> As aprobe, electron beams provide
unmatched precision of the
electromagnetic interaction

> Direct, model independent
determination of parton kinematics of
physics processes through scattered
lepton

=
P
»

s 3 .
A\ LPC Workshop on Physics Connections between the LHC and EIC

Deep Inelastic Scattering

Measure of
resolution
power

5=2|E,E,

0*=2E,E,(1-cos0 )=—-g>

9 9 2
y=1—§c052 & x=Q7

E, 2 2pq

Measure of Measure of center-of-mass
inelasticity momentum energy of
fraction of electron-hadron
struck quark system

> ()2=s5e0xey

map the transition from non-perturbative to perturbative regime
Non-pert'urbativ'e’ - ]
Regime _ —( i Perturbative
NG Regime
Transition
Region
EIC
RHIC
HC _>
HERMES, COMPASS, JLAB 6 and 12 HERAhigh Qz
L L L | o

104 [GeV?]

| | | !
10 1 10 102 103
“olor Confinement Asymptotic freedon~, R (6eV?)

Probi
200 N;ev (1 fm) 2 GeV (1/10) fm) "mn"zm
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s(x) and sbar(x) where do we stand?

NNLO, Q = 100 GeV

NNPDF 3.1 arXiv:1706.00428

B NNPDF3.1
% CT14

Kinematic coverage

-
N
T T T 171

©  Fixed target DIS — NNNEN
v Collder DI 2 = ==2=2 MMHT2014
4 Fixed target Drell-Yan P [} ANN
< Collider Inclusive Jet Production 44 —
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Z transverse momentum ded « (Y]
106 4 Top-quark pair production 2 O
O Black edge: New in NNPDF3.1 <<<< :n
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Observables: Charge Current in ep and eA

Just some of the physics opportunities:

polarized ep/en:
O test models based on helicity retention Ad/d > 1

(Phys.Rev.Lett. 99 (2007) 082001)
O precision test models assuming charge symmetry violation
O precision test handiness of Ws
O tag charm in coincidence with CC event > As

unpolarized ep/en:
Q impact on PDFs > high x quark PDFs
» tag charm in coincidence ot CC event > s
[ precision constrain on light quark weak neutral current couplings a,, v,, a4 V4

unpolarized eA:

O Test Models for the EMC-effect
> charge symmetry violation
» Isovector EMC effect

(Cloet, Bentz, Thomas et. al., PRL 102 252301 )

LPC Workshop on Physics Connections between the LHC and EIC : *  E.C, Aschenauer



How to access

Gluons in DIS

Several different complementary channels to access gluons

Photon Gluon Fusion
Scaling Violation F. Di-jets Charm

all x-Q? only accessible if | wide coverage in same coverage in
y is large Xp;~Q? Xp;~Q? as incl. F

Xg = Xp; Xg =Xg(1+M?/Q?)> xg; | X ZXp;

“need several — needawide — needsexcellent m-
ga e beam energies acceptance vertex detector
detector and particle ID

104E  current polarized DIS data:
OCERN ADESY ¢JLab-6 O SLAC vvvvvvve
current polarized BNL-RHIC pp data:

103L  ®PHENIX p’ 4 STAR1-jet v W bosons

558 JLab-12

£
‘A X
SIS XS,

K2 COSBS
B eSS SRS

<
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What can an EIC Do?

Should study what NC and CC cross sections at EIC can tell us on the
vector and axial-vector weak neutral current couplings

?=n'-n_""I""I""I""I""I""I""I""I""I"". = [ rrrrrrrrrTreTT T TTT T T L ]
- ] 04 by
08F = LHeC * | Hiprel (9407) - [ == | HeC * | Hiprel(8407) ]
07 68% CL [(= ] ZEUS prel (94-06)] 02 68% CL [ = | ZEUS prel (94-08)
u.Ef— -------------- LEPEWWE - 0 .
05f oo 1 2k ]
04f E [ ]
' 1 04r ]
03F 3 [

N ] -ll.E_— ]
02F E [ _
F 1 s -
l.'l.l_— ] [ .
: [ ~-m--- LEP ENWG ]
oE I -l_— w Standard Model ]

- ] — DO
_n‘-l'|||||||||||||||||||||||||||||||||||||||||||||||||' _12-|||||||||||||||||||||||||||||-
0 01 02 03 04 05 06 07 0B DB 1 -1 08 <06 -04 -D2 (i} 0.2 04
a, 3
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PDFs: flavor separation from SIDIS@EIC

Use reweighting method to define EIC SIDIS data impact on

collinear unpolarized PDFs and Fragmentation functions _
30 : exp. uncertainty

Correlation factor of observable O to a flavor i Observable
account for

oy O fi) —(O){fi) uncertainties o (O fi) = {O)(fi) A PDF in Observable
p [f“ O] N AOAfz 1 5@ - S[f“ O] N &AOAJF-E ’
‘=20
10° — .IFT.....O. KD S N — ﬁ:ﬁGe} ——r
E S[s(x).d ofdx dQ” dz] F S[sbix) 4 o/dx 4Q” dz] j

Vs=140 GeV

5 Kt o K o
107 e

E T T Ty THE T T Ty T
E S[s(x).d’o/dx dQ” dz] E S[sb(x).d’o/dx dQ” dz]

) ‘t{,'

LI o



The DVCS Phase Space

.

I rrrri 1 1 ) rrrri 1 1 I LILILIL II 1 1 ) LI I L 1 ) LI
Current DVCS data at colliders:
103_—0 ZEUS- total xsec O H1- total xsec —
- @ ZEUS- do/dt B Hi-do/dt .
N B Hi-Agy §
- Current DVCS data at fixed targets: .
" A HERMES-A; A HERMES-AcU T
L A HERMES- ALy, AuL, ALL i
A HERMES-Ayr * Hall A- CFFs
5| ¥ CLAS-AL ¥ CLAS-AyL
C\I’-\ 10 A\ A -
> - Planned DVCS at fixed targ.: ]
(0)) - [$55% COMPASS- do/dt, Acsu, AcsT d
(D i JLAB12- dO/dt, ALU: AUL, A|_|_ ]
~ B e imaging in
o~ HERA results on GPDs 1
&) very much limited by < ut limited t-range
e 5 .
10 L lack of statistics ?: ) /9 i
u 0‘0:, .
- % .
N s .
[ S5558 ]
o 030,009 -1
_ :’:0,:‘: i
KL ’0:000:’:::’0’:4’:’ *
i SRS s B .
IR e B
XRXHRRIXRIXIE LR X
KRR KR AL S KooK
1 |k CRRRK KRR REAES -
B 1 L1 1 11 I 1 1 1 1 111 I 1 1 1 11 111 I 1 1 1 11 1 11 I 1 1 1 11 11 I_
-4 -3 -2 -1
10 10 X 10 10 1
quantum numbers of final state > selects different GPD —

~
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DVCS at eRHIC
DVCS: Golden channel

theoreftically clean

wide range of observables

(o, Aur. ALy, Aul. Ac)

to disentangle different GPDs

) DVCS data at end of HERA D. Mueller, K. Kumericki

S. Fazio, and ECA
arXiv:1304.0077

|

—@" sy )L/

(0
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http://arxiv.org/abs/arXiv:1304.0077

DVCS Asymmetries

% % 2 2
@m ~ (T Tores + Toves T )+ Tau 1Ty

- different charges: e* e-:

Acc. ~ cosp -Re{ H + gﬁ +... } mmp H

- polarization observables:

Ac,y ~ sing:Im{H + &H + KE}

AGy, ~ sing-Im{H + £H + ...}

AGyr ~ sing-Im{k(H - E) + ... }

kinematically suppressed
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Disentangle different GPDs

Vary electron and proton beam Spm directions:

1 T r r r r r 1 T T a:lné — 1 T T T r 1 1T T T T _='_'sin$ LA | LR | WL SN
0.6 ALU(¢) 0’ =44 GeV2 TAL @ =446ev’ | T ALya, 2| ] |
s | 1 = Sk -t=0256ev2|]1 electron
04k xg =32x107° |1 xp=32x107 |1 ¢ \,\ PN E
E = —t=025GeV? | T —— % _—— I | \ S, BFA ‘\l h beam
o I 7 - I A F b : :
0.2 t » 1 T \i h Ok 5 * Fe 1 longitudinal
ofA 4 1 ! ket e 1 polarised
0.2 [ N, }/ I I| EIC pseudo data (KM10) ]
“2“F [EIC pseudo data (KM10) ;\4 T [ EIC pseudo data (KM10) = ExE, _?dso?z, GeV? ] ||- H
-04F|e & X E,=5x100 GeV? + le = X E,=5x100 GeV? + * ) e
e e E,xE ,=20x250 GeV
! L=2x5 fp~! 1 L=2x5 fb~! N ]
_0'6'-: +——t :“: ——t " +—t—t—f " } jb ———++ ———+H+H E
08F 477?70 (g) @ =ascev | T Ay ! T viam FAT TS (=025602|]  profon
0.4F xp =82x107 | 1 xp =82x107° |1 - 3
E -1=025GeV’ | T _{,..--L—---o-—-.... 1 A E 7 ] beam
L + - el PO LT O A~ SN RS TN -
N } A% 3% E: i S W g _® . { ftransverse
of ! ,}/x 1 ==& T===--3 polarised
- N\, Y I I 2 2 ]
—02F } ‘\{ ’ 1 1 n —— %= 25GeV E -
0.2 ~. i_ 1 1 1 0 -~ Q’=139GeV? ji H’E
04f T.,.,,__ n—}‘ * ¥ + A —— 0P= 25GeV? ]
C } I I A —— @*=139GeV? ]
_0'6'-: — —— :“: et -E'-: -+ =t - E
» I . sing I ,sin¢ _'
08FAyrL(4) 0’ =446ev | ¥ AuL =446 | TAuL _ 2 N proton
xp=13x10~2 | F xp = 13x10° | ¥ ~t=025Gev / v
0.4 B F Li - 3 b
i —t=025GeV* | 4—;\;54 I / N eam
0'2 % * 1} 1 Rk ST T longitudinal
S~ 1 1 “1---4 ;
° <2 ey t I — i polarised
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I *‘%”} I ;| Srpmes | =y F7
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TMDs at STAR

IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 LI
[ current data for Collins and Sivers asymmetry: 1
4
10 " —
- 0O HERMES  p°* K" P, <1GeV ]
- ¥ JLab Hall-A p* P, <0.45 GeV o 7
. [ X JLab 12 (upcoming)

N> 10"F e RHIC 500 GeV -1 < h <1 Collins E
O O RHIC 200 GeV -1 < h <1 Collins ]
O, [ = RHIC500GeV 1<h <4 Colins i

N 4
(@ ¥ STAR W bosons

102 < STAR-ppDY Vs =500 GeV 4

10 ¢ =

1 rlllllll 1 1 lllllll 1 1 lllllll 1 1 Illllll 1 1 llllll_-'
-4 -3 -2 -1

10 10 10 10 X 1

Before STAR TMDs came only from fixed target data > high x @ low Q?
S needed to establish concept at high Q? and wide range in x

2 polarised pp at RHIC
\‘ . <7 "’.'9},\ .

{{(‘(m\

5 ' :
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TMDs @ EIC

/s=140 GeV / 45 GeV / 15 GeV

W 050 <z 055 /40/'??

o P VaVabi= J o

ol el b ! ! ! ol | | | ! Al/l .x " A E /
;i Og;_ ;_ S(GeV) . __ . l/ " 2 I/é . -3

A2t i 0 s P08l £ om0 02 04 06 0.8] 118

o) I S ' %0’"' . Quarktransverse momentum 8&eV) 2

. 3 C — - —~

;:i:i:iEIIHII: 38 R I B 1! r ] Iy [®)

3 ) i @
- S . can be viewed as pdrtorsflow
z T DI S % inside_ nucleus -
= . i - - ~ ‘ 41
- -2 | 1 el 1 bt i Ced vt
o 08<P, ;<10 x f1(x, kr, S1)
o
_3 \
s '
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https://arxiv.org/pdf/1805.05290.pdf

3d-Imaging of Nuclei

1950-60: Measurement of charge (proton) distribution in nuclei
Ongoing: Measurement of neutron distribution in nuclei
EIC = spatial gluon distribution in nuclei - Saturated or non-saturated ?

Method:
Diffractive vector meson production: e+ Au—e'+Au +J/y,0,p
> Momentum transfer t = |pau-pav|? conjugate to br

500 . T 500
- Kinematic limits for Kinematic limits for
_e+AU—>e'+AU'+J/1p | e+Au_)e'+Au'+p
|
|
100 |- 100 | |
C e“ E
L N |
o o) - !
S | S | :
(3] (3] I
O 10} C 10 |
C C !
i _ St | Saturation models
| Saturation models - :_> not reliably
| not reliably applicable 5 I applicable
|
1 | 1 1 | ||||= 1 | 1 1 | T T I I | 1l 1 L1l 1 1 ||||||| 1 Ll
0.001 0.002 0.005 0.01 0.02 0.05 0.1 10 1073 0.01 0.1
XIP XIP
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Are other effects important?

What is the impact of sudakov factors € > parton showers?

0.45

13 L I L L MR L e
04 E_ 10 GeV x 100 GeV ep, No Sudakov —E -PYTHIA$4 & N
0.35 F Q°=1GeV? —— eAu, No Sudakov 3 0.8~ —— kT+|S+FS+I0fTrag 7]
. g - - - ep, With Sudakov g - —a— K;+IS+FS -
0.3 = - - - eAu, With Sudakov 3 0.6 { —o— koIS _
& 0.25F 3 - - —eo— Ky .
=) E 3 =) i ]
O 02F E O o4t -
0.15 F TR = I -
O.l;— L ’, RN\ N —; 0_2__ ;
0.05F _..=2> e 2 [ ]
0 = | 1 [P RPN L 0 O W 1) W et PP ]
4 26 28 3 32 34 36 38
Df [rad] Df [rad]
0-45'"|""|""|""|""|""|':
:_ theory Without Sudakov_:
Sudakov / parton showers 0-35F ' :
og . L - = = theory With Sudakov -]
have a critical impact 0.3F o 3
> how well do we know them 0.25 E T S
in nuelei? g E ] PYTHIA With PS E
. 8 02F -
- can use forward correlation peak O - -
to calibrate them 015 E
. 0.1F =
For details on the study: . : :

arXiv:1403.2413
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