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Motivation

- 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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https://indico.bnl.gov/event/24432
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From S.Nagaitsev slides

The collider (2)

725/08/2023 - HEP-EPS/Hamburg P. Antonioli - The ePIC experiment

IR-6

IR-8

• High Luminosity: L= 1033 – 1034cm-2sec-1, 10 – 100 fb-1/year
• Highly Polarized Beams:  70%

à requires high precision polarimetry
• Large Center of Mass Energy Range: 

Ecm = 29 – 140 GeV
à Large Detector Acceptance 

• Large Ion Species Range:  protons – Uranium
à unique opportunity to study Qs evolution with x

e: 5 GeV to 18 GeVp: 41 GeV, 100 to 275 GeV
p/A beam e beam

HRS

41-275 GeV

ESR

5-18 GeV

until  
Apr. ‘24 Sept. ‘24

HRS

ESR

RCS

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

16EIC Project Strategy Workshop August 21 2024

Proposal for EIC Science Program in the First Years 

Year - 1
Start with Phase 1 EIC
New Capability:
Commission electron 
polarization in parallel
Run:
10 GeV electrons on 115 GeV/u 
heavy ion beams  (Ru or Cu) 
Physics:
gives world-wide new data on 
nPDFs, NFF and a first look on 
saturation

Year - 2
Start with Phase 1 EIC
Commission electron 
polarization in parallel
New Capability:
Commission hadron polarization 
in parallel
Run:
10 GeV electrons on 130 GeV/u 
Deuterium
Physics:
§ gives world-wide new data à 

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 

Year - 3
Start with Phase 1 EIC
Commission electron 
polarization in parallel
Commission hadron polarization 
in parallel
New Capability:
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

Year - 4
Start with Phase 1 EIC
Commission electron polarization 
in parallel
Commission hadron polarization in 
parallel
Commission running with hadron 
spin rotators
New Capability:
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

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 à flavor 

separation
§ helicity structure of the nucleon– 

unravel helicities for different quark 
flavors

§ first look to nuclear binding

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

updates after discussion at EICUG/ePIC

no polarization p↑

  & p↑ ⃗p   & 3He↑ ⃗3He



From Elke’s slides

updates after discussion at EICUG/ePIC
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Proposal for EIC Science Program in the First Years 

Year - 5 Year - 6 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
New Capability:
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

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
New Capability:
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

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 à flavor 

separation
§ helicity structure of the nucleon– 

unravel helicities for different quark 
flavors

§ first look to nuclear binding

transition to polarized e- at max. energy

 &   & ⃗e p↑ ⃗p



Inclusive DIS WG Tyler Kutz (MIT) 
Stephen Maple (Birmingham)

- NC cross section  PDF and nPDF→
- Ion beam:  any
- Polarization:  not required

- ep DIS: largest impact at high x
- eA DIS: lots of room for impact
- early eD DIS  baseline for eA→

- F2/FL separation in p and A

- Ion beam:  any
- Polarization:  not required
- c.o.m. energy  :  multiples

- better larger Δ( )  larger lever arms →
- better 2   on same target early ons

- N spin structure function

- Ion beam:  p and 3He
- Polarization:  both electron and hadron
- c.o.m. energy  :  anys

- c.o.m. energy  :  anys

Inclusive Physics 

• Nucleon spin structure function:
• Ion beam: proton, helium-3
• Polarization: both electron and hadron
• COM energy: any  highest impact at low-

x/high COM energy
• Double spin asymmetries require multiple 

polarization configurations
• Best to start with 10x100 GeV? (Only 

fringe of 18x275 GeV overlaps with 
existing measurements)

• New results, but will overlap with existing 
measurements for validation

Summary ESW 8

Tyler Kutz (MIT)
Stephen Maple 
(Birmingham)

- high polarizationδA /A ∼ 1/(PePh N ) →
- neutron  3He beam→

largest impact  
at lowest x 

 highest  → s

start with  
10 x 100 ?



SIDIS WG Ralf Seidl (Riken) 
Stefan Diehl (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  ; last weeks with also p↑ ⃗p
 structure functions with target polarization; early look at AUT→
 ( ALL  still not possible )

limited luminosity  no fully differential measurements→



Exclusive WG
Raphaël Dupré (Paris-Saclay) 
Rachel Montgomery (Glasgow) 
Kong Tu (BNL)

- Year 1-2: low luminosity, no polarization, medium-light ions
 [σdiffr/σtot (Zr, Cu)] / [σdiffr/σtot (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:  π / K structure functions→           (high lumi,  
need all detectors)

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

 eA (A=Au,Pb) at highest   : gluon saturation→ s (  “    “     “           “       “   )

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

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



Jets & HF WG Olga Evdokimov (UIC) 
Rongrong Ma (BNL)

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

 measuring  :  charm structure function  at large x 
                                            constrain gluon nPDF at large x 
                                            fragmentation & hadronization (ep  eA ?) 
                                            parton propagation in nucleus

→ D0, D̄0, Λc, … Fcc̄
2

≠

Jets and HF Physics

• Proposed running conditions
• e+p, e+A at matching energies: 

10x100
• Large nucleus: Au is preferred 

(connection to RHIC)
• Physics to address

• Charm structure function
• Constrain PDF/nPDF over a broad x 

range
• Fragmentation & hadronization
• Propagation of colored objects in cold 

nuclear matter
• What to measure?

• Charm hadrons (D0, Λc)
• HF and inclusive jets

Summary ESW 11

Olga Evdokimov (UIC), 
Rongrong Ma (BNL)

Does charm quark fragment 
differently in e+p and e+A?  

How does nuclear environment 
alter parton propagation? 

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

≥ 3
(high  preferred)s



Flash Talks

Opportunities for unpolarized TMDs  
with early data

Marco Radici, INFN - Pavia 
Andrea Bressan, INFN & Univ. - Trieste 
Salvatore Fazio, INFN & Univ. Calabria

q2
T = P2

hT /z2 ≪ Q2
M2 ≪ Q2

- conditions for TMD factorization:                           neglect higher twists→
- SIDIS with unpolarized electron and proton

- integrate azimuthal angle of final hadron, ∫ dϕh

dσ
dxdzdqTdQ

= 8π2α2z2

2xQ3 Y+ [FUU,T(x, z, q2
T, Q2)] Y+ = [1 + (1 − Q2 /xs)2]

FUU,T = x ℋ(Q2) ∑
q

e2
q [ f q

1 ⊗ Dq→h
1 ]

hard part TMDPDF TMDFF

MAPTMD24 extraction
Bacchetta et al. (MAP Coll.),  
JHEP 08 (24) 232, arXiv:2405.13833

χ2/Ndat =1.08, N3LL accuracy
Ndat = 2031 (484 DY + 1547 SIDIS)

NOT FOR DISTRIBUTION JHEP_020P_0624 v1
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FIG. 9: Comparison between the unpolarized TMD PDFs extracted in the MAPTMD24 fit with a flavor dependent
approach, for a up (purple), anti-up (light blue), down (green), anti-down (red), and sea (orange) quark, as functions of
the partonic transverse momentum |k?| at µ =

p
⇣ = Q = 2 GeV and x = 0.1 (left panel), x = 0.01 (central panel), and

x = 0.001 (right panel). The uncertainty bands represent the 68% C.L.
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FIG. 10: Comparison between the normalized unpolarized TMD PDFs extracted in the MAPTMD24 fit with a flavor-
dependent approach, for a up (purple), anti-up (light blue), down (green), anti-down (red), and sea (orange) quark, as
functions of the partonic transverse momentum |k?| at µ =

p
⇣ = Q = 2 GeV and x = 0.1 (left panel), x = 0.01 (central

panel), and x = 0.001 (right panel). The uncertainty bands represent the 68% C.L.

sensitive to sea quarks. On the contrary, at larger x (left panel) the uncertainty bands of the TMD PDFs for up
and down quarks are very narrow, due to the large amount of SIDIS data in combination with high-precision
DY data. Finally, it is useful to remark that the uncertainties for all flavors increase as x decreases, confirming
the need for experimental data in this kinematic region.

In Fig. 11, we display the unpolarized TMD FFs for the fragmentation into a ⇡+ of up (purple) and down
(green) quarks, as functions of the hadronic transverse momentum |P?| at µ =

p
⇣ = Q = 2 GeV and z = 0.4

(left panel), and z = 0.6 (right panel). We note that the favored fragmentation channel (in this example,
u ! ⇡+) dominates over the unfavored one. Also, both TMD FFs show a second bump at intermediate |P?|
which decreases in size at larger z, as already observed in Sec. IV A.

In Fig. 12, we display the same TMD FFs of the previous figure but normalized to each corresponding central
replica at |P?| = 0. The unfavored channel (here, d ! ⇡+) is a↵ected by larger error bands. This is mainly
due to the larger uncertainties in the corresponding collinear FFs. There is generally no significant di↵erence
between favored and unfavored channels at high z, probably due to the limited sensitivity of SIDIS data in that
kinematic region.

In Fig. 13, we show the unpolarized TMD FFs for the fragmentation of quarks u, d, and s̄ into a K+ in the
same kinematic regions and with same conventions as in Fig. 11. Similarly, in Fig. 14 we show the normalized
versions, as we did in Fig. 12 for the fragmentation into a ⇡+. We note that in general the extracted TMD
FFs for kaons are a↵ected by larger uncertainties than for pions. Also, the bump at intermediate |P?| is more
pronounced than in the case of pions, as was also observed with the hadron-dependent MAPTMD24 HD fit (see
Fig. 8). Due to the size of the corresponding collinear FFs, the fragmentation channel s̄ ! K+ is dominant,
also in the normalized case. An interesting feature of our extraction is that the two favored channels (u ! K+

and s̄ ! K+) are quite di↵erent from each other. The large uncertainties in the s̄ ! K+ fragmentation channel
may be related to the fact that this TMD FF appears in the SIDIS cross section through the convolution with

(normalized at kT=0)
TMDPDF

first time 
flavor dependence  

of quark intrinsic kT



The EIC impact:  quark up

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
10x100          1611       51.3

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

TMDq - <TMDq>
<TMDq>

(conditions of simulation campaign in May)
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Strong impact at different values of x
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Prelim
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x = 0.001
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18x275          1648       10
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significant impact (at large x)  
      summing on all energies



The EIC impact:  quark down

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
10x100          1611       51.3

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

TMDq - <TMDq>
<TMDq>

(conditions of simulation campaign in May)
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The EIC impact:  quark anti-up

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
10x100          1611       51.3

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

TMDq - <TMDq>
<TMDq>

(conditions of simulation campaign in May)

x = 0.1 x = 0.001

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
5x41              1273        2.85 
10x100          1611       51.3 
18x275          1648       10

significant impact at small x  
      summing on all energies
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The EIC impact:  quark anti-down

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
10x100          1611       51.3

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

TMDq - <TMDq>
<TMDq>

(conditions of simulation campaign in May)

x = 0.1 x = 0.001

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
5x41              1273        2.85 
10x100          1611       51.3 
18x275          1648       10

significant impact at small x  
      summing on all energies 
      but already at 10x1000.0 0.2 0.4 0.6 0.8 1.0 1.2
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The EIC impact:  sea quarks

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
10x100          1611       51.3

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

TMDq - <TMDq>
<TMDq>

(conditions of simulation campaign in May)

x = 0.1 x = 0.001

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
5x41              1273        2.85 
10x100          1611       51.3 
18x275          1648       10

significant impact summing  
                   on all energies 
           particularly at small x
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Flash Talks

Open charm production in DIS  
e+p and e+A collisions

Xuan Li, LANL

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

→

Example #1:  projected jet ReA = 1
A

σeA

σep

Charm jet ReA measurements to study parton energy loss

Early EIC ScienceXuan Li (LANL) 2

• Projected nuclear modification factor ReA of jets with different flavors in e+p 
and e+Au collisions at 28.6 GeV (right) and 63.2 GeV (left).

Parton energy loss

𝑅 =
1
𝐴
𝜎
𝜎

• Great precision to explore the flavor dependent parton energy loss 
mechanism especially in the low pT region.

parton 
energy loss 

Example #2:  ReA of D0  
                     inside charm jet 

Validate charm fragmentation university in early EIC operation

Early EIC ScienceXuan Li (LANL) 3

• Pseudorapidity dependent D0 (𝑫𝟎) inside charm jet ReAu measurements help 
explore the university of charm fragmentation function in cold nuclear medium.

• Good discriminating power in separating different model calculations on the heavy 
flavor production in a nuclear medium can be provided by future EIC heavy flavor 
measurements over a wide pseudorapidity region.

EPJ Web of Conferences 296, 16001 (2024)

discriminating models 
of heavy flavor 
production in medium 



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  
     for energy loss
→ coherent energy loss ~ (length)2   

 photoproduction of J/ψ at large pT→

  extensive RHIC / LHC data for comparison purposes→



Flash Talks

Early measurements on saturation Thomas Ullrich, BNL

Key measurement:  A & Q2 dependence of R = σdiff /σtot(eA)
σdiff /σtot(ep)

saturation 

Q2 < Q2
S Q2 > Q2

S

R ∼ 1/Q6

R(t = 0) ∼ A2

R ∼ A4/3

R ∼ Q2

R(t = 0) ∼ A4/3 − A5/3

R ∼ A2/3 − A

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)

- 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

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

- TDR:  demonstrate that the ePIC detector is able to address the full EIC 
            science program as defined in the NAS report 



Backup slides



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

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
5x41              1273        2.85

TMDq - <TMDq>
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ū 1
(x

,k
2 ?
,Q

,Q
2
)i

anti-up

Q = 2 GeV x = 0.1

MAPTMD24

MAPTMD24 + 5x41

0.0 0.2 0.4 0.6 0.8 1.0 1.2

|k?|[GeV]

°0.20

°0.15

°0.10

°0.05

0.00

0.05

0.10

0.15

0.20

anti-up

Q = 2 GeV x = 0.01

MAPTMD24

MAPTMD24 + 5x41

0.0 0.2 0.4 0.6 0.8 1.0 1.2

|k?|[GeV]

°0.20

°0.15

°0.10

°0.05

0.00

0.05

0.10

0.15

0.20

anti-up

Q = 2 GeV x = 0.001

MAPTMD24

MAPTMD24 + 5x41

0.0 0.2 0.4 0.6 0.8 1.0 1.2

|k?|[GeV]

°0.3

°0.2

°0.1

0.0

0.1

0.2

0.3

f
d̄ 1
(x

,k
2 ?
,Q

,Q
2
)°

hf
d̄ 1
(x

,k
2 ?
,Q

,Q
2
)i

hf
d̄ 1
(x

,k
2 ?
,Q

,Q
2
)i

anti-down

Q = 2 GeV x = 0.1

MAPTMD24

MAPTMD24 + 5x41

0.0 0.2 0.4 0.6 0.8 1.0 1.2

|k?|[GeV]

°0.3

°0.2

°0.1

0.0

0.1

0.2

0.3

anti-down

Q = 2 GeV x = 0.01

MAPTMD24

MAPTMD24 + 5x41

0.0 0.2 0.4 0.6 0.8 1.0 1.2

|k?|[GeV]

°0.3

°0.2

°0.1

0.0

0.1

0.2

0.3

anti-down

Q = 2 GeV x = 0.001

MAPTMD24

MAPTMD24 + 5x41

0.0 0.2 0.4 0.6 0.8 1.0 1.2

|k?|[GeV]

°0.6

°0.4

°0.2

0.0

0.2

0.4

0.6

f
s 1
(x

,k
2 ?
,Q

,Q
2
)°

hf
s 1
(x

,k
2 ?
,Q

,Q
2
)i

hf
s 1
(x

,k
2 ?
,Q

,Q
2
)i

sea

Q = 2 GeV x = 0.1

MAPTMD24

MAPTMD24 + 5x41

0.0 0.2 0.4 0.6 0.8 1.0 1.2

|k?|[GeV]

°0.6

°0.4

°0.2

0.0

0.2

0.4

0.6

sea

Q = 2 GeV x = 0.01

MAPTMD24

MAPTMD24 + 5x41

0.0 0.2 0.4 0.6 0.8 1.0 1.2

|k?|[GeV]

°0.6

°0.4

°0.2

0.0

0.2

0.4

0.6

sea

Q = 2 GeV x = 0.001

MAPTMD24

MAPTMD24 + 5x41
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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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MAPTMD24 extraction - EIC Pseudodata
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MAPTMD24 extraction - EIC Pseudodata
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Strong impact at different values of x
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The EIC impact:  all energies,  x = 0.01

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
5x41              1273        2.85 
10x100          1611       51.3 
18x275          1648       10

TMDq - <TMDq>
<TMDq>

(conditions of simulation campaign in May)
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The EIC impact:  5x41,  x = 0.001
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The EIC impact:  10x100,  x = 0.001

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
10x100          1611       51.3

TMDq - <TMDq>
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(conditions of simulation campaign in May)
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MAPTMD24 extraction - EIC Pseudodata
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MAPTMD24 extraction - EIC Pseudodata
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The EIC impact:  all energies,  x = 0.001

MAPTMD24   2031 
EIC                # pts.       lumi [fb-1] 
5x41              1273        2.85 
10x100          1611       51.3 
18x275          1648       10

TMDq - <TMDq>
<TMDq>

(conditions of simulation campaign in May)


