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- EICUG-ePIC meeting, July 22-28: presentation by Elke with proposal for
Early Science Program (CD4 < Year 1,2..)

- EIC Project Strategy workshop, Aug. 21: revised version after discussions,
linked on Indico page (next slide)

- ePIC Early Science workshop, Sept. 13: open discussion in order to define
a meaningful and impactful early
science program

- planning goal: deliver science within 10 years from RHIC shutdown (2025)

- Phase-I Physics: start of promised NSAC/NAS science program
alignment with order in commissioning the collider
having new physics results early to get impact papers
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From S.Nagaitsev slides
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Phase I:
- HSR: no 41-GeV bypass, no cooling,
~130 GeV/N, “centered hadron beam”
- ESR: 5-10 GeV, 7nC max, unpolarized e-,
no crabs?
- RCS: at 7nC, 3 — 5-10 GeV
- beam-beam energy at peak luminosity
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From Elke’s slides

Proposal for EIC Science Program in the First Years

Year - 1
Start with Phase 1 EIC
Commission electron

polarization in parallel
Run:

heavy ion beams (Ru or Cu)
Physics:
gives world-wide new data on

saturation

10 GeV electrons on 115 GeV/u

nPDFs, NFF and a first look on

Year - 2

Start with Phase 1 EIC
Commission electron
polarization in parallel

Commission hadron polarization
in parallel
un:
10 GeV electrons on 130 GeV/u
Deuterium
Physics:
= gives world-wide new data >
critical baseline for nPDFs and
saturation
= free vs. bound proton structure
Run:
Last weeks 10 GeV electrons
and 130 GeV polarized protons
Physics:
first look to 3d imaging of the
proton

no polarization

Year - 3

Start with Phase 1 EIC
Commission electron
polarization in parallel
Commission hadron polarization
in parallel

Commission running with hadron
spin rotators

Run:

10 GeV electrons on 130 GeV
transverse polarized protons
Physics:

3d imaging of the proton / mass
of the nucleon

Run:

Last weeks switch to longitudinal
proton polarization

Physics:

first look helicity structure of the
proton — unravel quark, gluon
and orbital angular contributions

pT

Year - 4

Start with Phase 1 EIC
Commission electron polarization
in parallel

Commission hadron polarization in
parallel

Commission running with hadron
spin rotators

Commission hadron accelerator to

operate with not centered orbits

Run:

10 GeV electrons on 100 GeV Au

Physics:

gives world-wide new data on A-

dep.of nPDFs, nFF and saturation

Run:

10 GeV electrons on 250 GeV

transverse and longitudinal

polarized protons

Physics:

= 3d imaging of the proton at low x

= helicity structure of the proton —
unravel quark, gluon and orbital

| angular contributions

2

Year -5

Start with Phase 1 EIC

Commission electron polarization in

parallel

Commission hadron polarization in

parallel

Commission running with hadron spin

rotators

Commission hadron accelerator to

operate with not centered orbits

Run:

10 GeV electrons on 100 GeV Au

Physics:

gives world-wide new data on A-dep.of

nPDFs, nFF and saturation

Run:

10 GeV electrons on 166 GeV transverse

and longitudinal polarized He-3

Physics:

= 3d imaging of the nucleons - flavor
separation

= helicity structure of the nucleon—
unravel helicities for different quark
flavors

= first look to nuclear binding

Y
Time to install additional ESR RF and HSR PS to
reach design Current and max. Energies

Electron-lon Collider
EIC Project Strategy Workshop August 21 2024

pl &P

SHe! & 3He 16

updates after discussion at EICUG/ePIC



From Elke’s slides

Proposal for EIC Science Program in the First Years

2

Year -5

Start with Phase 1 EIC

Commission electron polarization in

parallel

Commission hadron polarization in

parallel

Commission running with hadron spin

rotators

Commission hadron accelerator to

operate with not centered orbits

Run:

10 GeV electrons on 100 GeV Au

Physics:

gives world-wide new data on A-dep.of

nPDFs, nFF and saturation

Run:

10 GeV electrons on 166 GeV transverse

and longitudinal polarized He-3

Physics:

= 3d imaging of the nucleons - flavor
separation

= helicity structure of the nucleon—
unravel helicities for different quark
flavors

= first look to nuclear binding

Year - 6

Start with Phase 1 EIC

Commission electron polarization in parallel
Commission hadron polarization in parallel
Commission running with hadron spin
rotators

Commission hadron accelerator to operate
with not centered orbits

Commission ESR & HSR at max. energy

and beam currents

Run:

18 GeV polarized electrons on 275 GeV/u

polarized (longitudinal & transverse) proton

beams

Physics:

= 3d imaging of the proton at low x

= helicity structure of the proton — unravel
quark, gluon and orbital angular
contributions

Year -7

Start with Phase 1 EIC

Commission electron polarization in
parallel

Commission hadron polarization in parallel
Commission running with hadron spin
rotators

Commission hadron accelerator to operate
with not centered orbits

Commission ESR & HSR at max. energy
and beam currents

Operate HSR with 41 GeV bypass
Run:

5 GeV polarized electrons on 41 GeV
transverse polarized proton beams
Physics:

first look to moderate-x 3d imaging and
Kaon structure/ mass

Electron-lon Collider

EIC Project Strategy Workshop August 21 2024

transition to polarized e- at max. energy

e& pl&p 17

updates after discussion at EICUG/ePIC



InCIUSiVE DIS WG Tyler Kutz (MIT)

Stephen Maple (Birmingham)

- NC cross section = PDF and nPDF

- lon beam: any - ep DIS: largest impact at high x
- Polarization: not required - eA DIS: lots of room for impact
- c.0.m. energy \/s : any - early eD DIS — baseline for eA

- F2/F| separation in p and A

- lon beam: any - better larger A(y/s) — larger lever arm
- Polarization: not required - better 2 1/s on same target early on

- C.0.M. energy \/E : multiple o ePIC24.040 | wemscey
. . x=0000082 [ 10x100 Gev
7: o:::zos I Sxa1 GeV
. : 10 . : : : : T=::ﬂ:’::0515 OW acceptance
- N spin structure function . i::::::f:ff":;f;fm — largest impact
- at lowest x
- lon beam: p and 3He o o \/-
s — highest v/
- Polarization: both electron and hadron = speie--oowemer 5
7:}1—1—0})1-?.--.--,X=ﬂ-05|453 s
- C.0.Mm. energy \/E - any T e start with
ol 1 } }}}p;}.,,,luo.zmss
LRI T | 10 % 100 2
: - Fhooo bl o :
- 0A/A ~ 1/(PePh\/ZT’) — high polarization EX,Stwnésngsﬁﬁmen oo
- neutron — 3He beam too e o 1ot e

Q? (GeV/c??



Ralf Seidl (Riken)
Sl D I S WG Stefan :)iehII(Giessen & UConn)

- Year 1: 10x115 with heavy ion beams (Ru, Cu)
— nPDF and nFF, poorly known in EIC kin.

- Year 2: 10x130 with Deuterium

— proton & neutron PDF, FF; improve strange and down PDF?

— early unpolarized TMD; first look at TMD evolution?

- Year 3: 10x130 with p' ; last weeks with also p

— structure functions with target polarization; early look at Ayt
(Au still not possible )

limited luminosity — no fully differential measurements



Raphaél Dupré (Paris-Saclay)

EXCI Us ive WG Rachel Montgomery (Glasgow)
Kong Tu (BNL)

- Year 1-2: low luminosity, no polarization, medium-light ions

— [Odiffi/Otot (Zr, Cu)] / [Ouii/Otor (p)]: hints of saturation
— vector meson production: gluon spatial distribution  (need special FF detectors)

— DIS on deuteron with tagging: neutron structure, SRC.. (need OMD and ZDC)

- Year 3-4: some polarization, increased luminosity, proton target

— DVCS: proton 3D-structure  (need Roman Pots, high lumi)
— (di)jets and Y production: OAM and origin of mass (need all detectors, high lumi)

— backward u-channel production, DEMP: 1t/ K structure functions (high lumi,
need all detectors)

- Year 5-7: Heavy lons and protons
— (in)coherent physics with 3He: DVCS, VM, ... (need FF detectors, high lumi)

— eA (A=Au,Pb) at highest \/s : gluon saturation ( “ * “ 3 i

— near-threshold J/g and Y production in ep at lower 4/s : origin of mass
(need Roman Pots, high lumi)

need FF detectors, high lumi and polarized e- as early as possible



Olga Evdoki (UIC)
]EtS & HF WG Roﬁ?;r(;/ngo Nlll:(()l‘S/NL)

- Running conditions: ep & eA (A=Au preferred) at 10x100

— measuring D%, D% A, ... : charm structure function F3° at large x
constrain gluon nPDF at large x
fragmentation & hadronization (ep ;é eA ?2)

20 . |

parton propagation in nucleus

— measuring jets: TMD measurements complimentary to SIDIS
(year > 3, polarized TMDs in proton: Sivers and Collins effects)

(high /s preferred)



Flash Talks

Opportunities for unpolarized TMDs Marco Radici, INFN - Pavia -
- Andrea Bressan, INFN & Univ. - Trieste
Wlth early data Salvatore Fazio, INFN & Univ. Calabria

- SIDIS with unpolarized electron and proton

b ey 2 2 : :
- conditions for TMD factorization: M~ < ¢ — neglect higher twists
ga= Bl <08

- integrate azimuthal angle of final hadron, ‘dth

I o o B
dxdzdqrdQ ] 2xQ3 Y, [FUU,T(X, Z C]%, Qz)] Vot [1 + (1 - Q2/xs)2]
T
Q=2GeV mm o FUU,TZX%(QZ) Zeé [ f1q 0% qu_)h
Y =7 TMDPDF hard part ©  TMDPDF  TMDFF

@ | (normalized at kt=0)

1.0

MAPTMD24 extraction

Bacchetta et al. (MAP Coll.),

[
Sl
%S

W \
0:0'8 A\ N

Exos \ first time JHEP 08 (24) 232, arXiv:2405.13833
N\ flavor dependence Ndat = 2031 (484 DY + 1547 SIDIS)
AN of quark intrinsic kr X*/Ndat =1.08, N3LL accuracy

N -
0.0 e = _
'0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
|kL| [GeV]




The EIC impact: quark up

x = 0.1
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0.050
0.025 o "
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\\\
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—0.100
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e MAPTMD24
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N
e P -

- L pus—
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0.6
|k1|[GeV]

0100 { T

up

0.075
0.050
0.025
0.000
—0.025
—0.050
—0.075

—0.100

. MAPTMD24
B MAPTMD24 + EIC

Q=2GeV 2 =0.001

0.0 0.2

0.4 0.8 1.0 1.2

0.6
|k 1|[GeV]

TMDa - <TMDa>

<TMDa>

(conditions of simulation campaign in May)

MAPTMD24 2031
EIC # pts.
10x100 1611

lumi [fb-1]
51.3

significant impact (at large x)
summing on all energies

MAPTMD24 2031

EIC # pts. lumi [fb-1]
5x41 1273 2.85
10x100 1611 51.3
18x275 1648 10

L. Rossi, Ph.D. Thesis, in preparation



0.3

The EIC impact: quark down

x = 0.1 x = 0.001

0.2

0.1

—0.1

—0.2

—-0.3
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TMDa - <TMDa>

<TMDa>

(conditions of simulation campaign in May)

MAPTMD24 2031
EIC # pts.
10x100 1611

lumi [fb-1]
51.3

significant impact (at large x)
summing on all energies
significant impact at small x
already with 10x100

MAPTMD24 2031

EIC # pts. lumi [fb-1]
5x41 1273 2.85
10x100 1611 51.3
18x275 1648 10

L. Rossi, Ph.D. Thesis, in preparation



The EIC impact: quark anti-up

il N ESO0 - TMDd - <TMDa>

t 0 MAPTMD24 » “ MAPTMD24
oas{ ANCI-UD gy \APTMD2A + 10x100 015 | QIWCI=UD g A paip24 + 10x100 <TMDa>

0.10 0.10

(conditions of simulation campaign in May)

MAPTMD24 2031
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summing on all energies
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%0 oz o4 e B TRy — L. Rossi, Ph.D. Thesis, in preparation
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The EIC impact: quark anti-down
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The EIC impact: sea quarks
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Flash Talks

Open charm production in DIS

L S Xuan Li, LANL
e+p and e+A collisions

Heavy flavor production at 10x100 — constrain PDF & nPDF
hadronization in medium

Projected jet ReAu at 63.2 GeV

Loy aw _
¥ s F . 63. ottom jets
Example #1: projected jet R,, % % e lam.to?+ Cramiets
Gep 8 155 e+Auint. lumi. =500 pb!  #Lightjets partOn
S b 2035
L energy loss
é 1.2F
5 1.1
(0]
. 0 /O SR = Fl4—l—‘—-—‘—lH—I—o—i—o7+7
_ Projected D" (D) R_ vsZ 3 0ok
1.3F ;HHHHHHHHHH
0& 5 0 5 20 25

Jet P, (GeVic)

discriminating models
of heavy flavor
production in medium

o
©
T

Example #2: Rea of DO
inside charm jet

D° (B”) stat. 2<n<3.
D’ ( )sys 2<n<3.5

Nuclear modification factor R,

o
)

o
N
T

0 T T T T T I
0 01 02 03 04 05 06 O 0.9 1

hadron momentum fraction z oraj0° = Ppo /p oot




Flash Talks

Heavy vs. medium nuclei for
EIC early physics

Spencer Klein, LBNL

eA at 10x110 GeV/N with Ruthenium (Ru) and Copper (Cu)

Ru ~23% smaller than Pb; Cu ~33% smaller than Pb

— smaller shadowing need more .data to measure difference from
no-shadowing

— smaller path length ~ coherent energy loss ~ (length)?
for energy loss — photoproduction of )/ at large pr

— extensive RHIC / LHC data for comparison purposes



Flash Talks

Early measurements on saturation Thomas Ullrich, BNL

O4it/ Oor(€A)

O4ifr/ Oor(€P)

Key measurement: A & Q2 dependence of R =

0° < 0 0 > 0
_ R ~ Q? R~ 1/Q°
saturation R(t A O) L2 A4/3 _A5/3 R(f i O) 59 A2
R~A*—A R ~ A%3
no saturation different trend

large A more favorable; need anyway to vary A

need measurement on p as a reference



Future plans

- Future discussions planned at the 2025 ePIC collaboration meeting, and
probably in another ad-hoc meeting in March 2025

- Meantime, discussions within groups are encouraged and/or concerns with
Phase-I choices are welcome (but “~70% of Phase-I is constrained by
accelerator commissioning” - A. Deshpande)

- Early Science planning and TDR efforts should run in parallel because

- Phase-I Physics: start of promised NSAC/NAS science program
alignment with order in commissioning the collider
having new physics results early to get impact papers

- TDR: demonstrate that the ePIC detector is able to address the full EIC

science program as defined in the NAS report
THANK YOU
for your
ATTENTION!
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The EIC impact: 5x41, x = 0.1
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The EIC impact: 10x100,

x = 0.1
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The EIC impact: all energies, x = 0.1
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The EIC impact: 10x100, x = 0.01
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The EIC impact: all energies, x = 0.01
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The EIC

impact: 5x41, x =0.001
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The EIC
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The EIC impact: all energies, x = 0.001
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