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. F2: 938 MeV/c? ~ 1.67 x 1072" kg
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Mass without mass

1.62x 107 kg <« 1.67 x 107’ kg
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[Figures from Office of Brookhaven National Laboratory Affairs (SUNY)]
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Electron-lon Collider (EIC) in the U.S.

Approve Start of
[FY 2026 Congressional Justification] Operations: 2036
Conceptual Final
Fiscal Year CD-0 Design CD-1 CD-2 Design CD-3 CD-4
Complete Complete
FY 2026 12/19/19 01/12/21 | 6/29/2021 |2Q FY 2026 [3Q FY 2025|2Q FY 2027 | 1Q FY 2036
Cost: 1.7-2.6 billion dollars / 2f 2-4%x & v

Current status: CD-3B approved,;
long-lead procurements underway

20-SC-52 Electron lon Collider (EIC), BNL
Brookhaven National Laboratory, BNL
Project is for Design and Construction

1. Summary, Significant Changes, and Schedule and Cost History

Summary

The EIC project will acquire facilities, infrastructure, systems, and equipment that will enable scientists to
Investigate the basic building blocks of nuclei and how quarks and gluons, the particles inside neutrons and
protons, interact dynamically via the strong force to generate the fundamental properties of neutrons and
protons, such as mass and spin. The FY 2026 Request for the EIC is $110,000,000 of TEC funding and
$2,850,000 of OPC funding. The current TPC range is $1,700,000,000 to $2,800,000,000. The Critical Decision
(CD)-1, Approve Alternative Selection and Cost Range, attained on June 29, 2021, included a TPC range with an
upper bound of $2,800,000,000.

[U.S. Department of Energy (DOE)]
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Generalized parton distributions

Deeply Virtual Compton Scattering

—

3D Tomography

N(P) N(P’)
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GPD = 2—e’ N @ (=An/2)y ny(An/2) | N)
T

DOE & EIC programs
Measured in CLAS collaboration
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Deeply Virtual Compton Scattering
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Energy-moment tensor

. graviton®
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UxtAst (Quantum ChromoDynamics)

QCD= =2F20| Oi7iist= 3 Alo[e] Het d=28= E8st= 7|= O|=0]C},

QCD zt1grx|et

Leinweber 2000




QCD QIAELE ZIZ: BEEI /f=20|=

Instanton: Classical gluon dominating the non-perturbative QCD

Chirality flip (Gq) # 0 Instanton ensemble
Interacting with instantons
Bare quark @ —> 0 Dressed quark
| | Instanton
[QCD Z1&]

K "~ Emergence of Goldstone
A boson (pion) field
Seff = — Jd xylioty, + iMU |y

K Dressed quark mass
/
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u =~ 0.6 GeV

QCD gluon — Chiral interaction

JYKim, C. Weiss PLB (2024)

Tl =

W

(y”i@”r+iF(MUy5)> W
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@ S20|Z 7|8 EMT dE A 74t
——R)— > Relativistic and field-theoretical approach
> >
: N, 5 7\
> > <N| (Teff)q |N>
X} A2l 28l (Ji's sum rule)
J=S1+L9+]J5 Dominance of the instanton-induced contribution

L*9kin] = - 0.04 < L““pot] = —0.21 JYKim, Won, Weiss (2026) arXiv:2605.23125






Theoretical Development I: Nonperturbative Gluon Dynamics

EIC 2532 0= H|ES =F

EMT AAXIE f& H4KIZ Het
JYKim, Weiss PLB (2024)
JYKim, Weiss, in preparation

Zlak Al B2 M} LIE 21X 1Y
JYKim, Kim, Won, Weiss PRD (2024)

JYKim, Won, Weiss (2026) arXiv:2605.23125
JYKim, Lorce, Weiss Won, Kim, in preparation
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Theoretical Development lI: New Physics

[EIC M 2t=2k: F2i Sl 21X
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Won, JYKim, Kim PRD (2023)
Won, JYKim, Kim JHEP (2024)

Studying the Strangeness D-Term
in Hall C via Exclusive ¢
Electroproduction

A Letter of Intent to Jefferson Lab PAC 52




Theoretical Development lI: New Physics

X 'A PP, iP,0,,,0A AN, - g, A |
NI|T IN)=u [ + J(t + D(t + c(H)M U,
(N|T,,|N) ()MN (?) M, (1) A (OMyg,,

Q2|7 2T Ql= 7 OfH AlAHH
3

Core of a White Dwarf Nucleus

Mariana Trench
F o~ 5
l Core of the Sun l l Proton 7|12 ~ 1 x10° Pa

l l

| N (N N AN Y U NN SN [ N S S N S U U N S N S S S N S S S S S " |

10° 10° 10" 10" 107 10® 10® 10® 10® 102 10%
[ T Pressure Scale (pasca|) T JYKim, Kim, Son, Polyakov, PRD (2020)

Core of the Earth Neutron Star JYKim, Sun, EPJC (2020)
JYKim, Kim, PRD (2021)

Won, JYKim, Kim PRD (2022)

Atmosphere




Theoretical Development lI: New Physics

A Ao Db iP,0,,,A" o 2y 8,7 y
N|T,|N)=u|A(t + J(¢ + O + c(t u,
(N|T,,IN) ()MN () oM, () M, (DM 8,

Polyakov, Son, JHEP (2022)

M 22|:  Won, JYKim, Kim, PLB (2024) aﬂTg" = — OﬂT’gf” = fv @} =52 AMo|2] &
JYKim, Kim, PRD (2025)

Stretching force Squeezing force

tH2F 10,000 N =~ 1,000 kgf



Theoretical Development lll: 3D tomography of the nucleon

“ 3xtel E@I2lm| (2024 - $xH)
=== LQCD (P.=1.67 GeV)
’\ =+ = Discrete level

—— F20|Z20|M GPD sum ruleX} polynomiality Y4

GPD Zt AS+#=8t M= ==

JYKim, PRD (2025)
JYKim, C.Weiss, PRD (2025)

QB0|2 7|4t GPD 2% 0%

JYKim, C.Weiss, in preparation

0| GPD (2022 - &ixl)

N Ad =& (JLab); EIC, J-PARCO|N =& 75
S. Diehl et al, PRL (2023)

M ARE T30 0|2 7|ute 2E3INLL.
JYKim, PLB (2022)

JYK, Won, Goity, Weiss, PLB (2023)

JYK, Semenov, Weiss et al, PRD (2025)

JYK, Weiss, PLB (2025)

APCTP-ECT* transition GPD Workshop / White paper
S. Diehl et al, EPJA (2025)




US Collaboration on EIC
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Supported by DOE topical collaboration
program (DE-SC0023646)

Involved Institutions

JLab, Argonne Lab, LBNL, Maryland,
Temple, Kentucky, Penn State, MIT,
Duke, William & Mary, Stony Brook,
Connecticut, Hampton, Washington ...

Contributions

[JYK, PRD (2023)]

[JYK, Goity, Won, Weiss, PLB (2023)]
[JYK, Weiss, PLB (2024)]

[JYK, Kim, Won, Weiss, PRD (2024)]

[JYK, Semenov, Won, Son, Weiss, PRD
(2025)] ...

Quark-gluon tomography (QGT) topical collaboration

https://qgtcollab.github.io/

“3D quark-gluon structure of hadrons: mass,

spin, and tomography.”

Support measurements at EIC, JLab, HERMES, and COMPASS.

QGT Al

7t

|

I-Hands Meeting

u i =il MUX] &



International Network [co-authors are marked in blue.]

France Germany

China
Beijing, Inst. High Energy Phys. Ec. Polytech. [ C. Lorcé, H.-Y. Won, Ruhr U., Bochum [ M. V. Polyakov', E. Epelbaum, U. Wuppertal [P. Kroll]

[ YB Dong, DY Fu]
Zhengzhou U. [ Qin-Tao Song ]

R. Boussarie, C. Marquet, B. Pire ]

BEANFORT SEA

‘f_ﬂf n—

Japan

Nishina Ctr.,
RIKEN and JAEA
[ M. Oka]

X ": "!? ‘
2 ‘k

J.Y. Panteleeva, H. Alharazin, BD Sun]
Mainz U. [ M. Vanderhaeghen, V. Pascalutsa ]

,,,,,,

Osaka U.[T. - wx Voo

Hyodo ]

Tohoku U. and
Nishina Ctr.,
RIKEN [ E.
Hiyama]

Taiwan

Taiwan, Inst. Phys.
[W.C. Chang] USA

JLab [ C. Weiss, Jianwei Qiu, Volker
Burkert, L. Elouadrhiri,... ]

Hampton U. [ J. L. Goity ]
SUNY [ I. Zahed, E. Shuryak ]
BNL[Y. Hatta ]

Connecticut U. [ P. Schweitzer, K. S. Joo, S. Diehl ]
Virginia Tech [ Marie Boer, T. Kemal ]
Virginia U. [ S. Liuti ]
George Washington U. [ |. Strakovsky ]
NC State U. [C. R. Ji]

+ QGT collaborators

Russia

St. Petersburg,
INP [ K. M.
Semenov-Tian-
Shansky ]

Poland

Jagiellonian U.
[M.
Praszalowicz]

Italy

Pavia [ B. Pasquini ]



Summary

3Ef 2IXEZE QACE.

2d S
- S

GPDe} &

ofl

OjCt.

78 49 Z0|0, Yok

h

(o

SIC.

[

KEH2 = HHEA|F LE7t2A}

Thank you very much!



|2} ¢4+ (1960s)

o

|

- Ol
__OH_ |_H_|__I
[\ =)
3 o)
0 KO
IHO KIr
min K1
< KT
) =
7o or
Ho o M oF
o__._ IH B. =
= of ©
T H a0
s K N
K| ol <0
K- -
o <] ol or
. K o

o ™ —_ K
w0 ol  mr
Ko Kl K Ko

.Mo

o0

*
A S
O =3 R
5 | 0 =
< S

S0 S0

I\ F RPN AN

| =3li7F OlE=

ol

(N|T*|N)

N(P’)

N(P)

[Kobzarev & Okun (1962), Pagels (1966)]



