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OCD: still unsolved in non-perturbative region
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Quark momentum and * 2004 Nobel prize for “asymptotic freedom”
flavor distribution *  non-perturbative regime QCD ?2?2?
Polarizabilities *  One of the top 10 challenges for physics!

h QCD: Important for discovering new physics beyond SM
Strangeness, charm content *  Nucleon structure is one of the most active areas
Three-dimensional structure



Proton Charge Radius and the Puzzle

* Proton charge radius:
1. An important quantity for proton up 2013 + — e CODATA-2014
2. Important for understanding how QCD works

3. An important physics input to the bound state e | r spectroscopy
QED calculation, affects muonic H Lamb shift . e-p scatt,
(2S;, — 2P;)») by as much as 2%, and critical in B R ﬁfmcharligradiusR°'|9[fm]
detemlining the Rydberg Constant RP, Gilman, Miller, Pachucki, Annu. Rev. Nucl. Part. Sci. 63, 175 (2013). ch
* Methods to measure the proton charge radius:
1. Hydrogen spectroscopy (atomic physics) @
» Ordinary hydrogen
» Muonic hydrogen
2. Lepton-proton elastic scattering (nuclear physics)
» ep elastic scattering (Mainz-A1, PRad,..)
» up clastic scattering (MUSE, AMBER)
» Important point: the proton radius measured in lepton
scattering defined the same as in atomic spectroscopy -
(G.A. Miller, 2019) AE = —47aG"(0) |0 (0)%00 <72 = \/_6 d?i(gz ) »
2 q
= dma-L[1n0(0)|* .
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Electron-proton elastic scattering
« Unpolarized elastic e-p cross section (Rosenbluth separation)

do a? cos?y F G%Q + TGﬁf L 9rgP Qtan2g
dQ ~ 4E?sin*? E L+ M2
0 2
= oM fron (A+Btan2—) — ¢
2 T = 4M2 One-photon-exchange

* Recoil proton polarization measurement (pol beam only)

G* P, E+ E 0
E _ _ ¢ = tan —

Gt~ P 2M 2

e Asymmetry (super-ratio) measurement

(pol beam and pol target)
RA:é: al—bl-G%/G]])W
AQ as — bz . G%/GZJDW Right sector

— 27V COS H*Gﬁf + 2\/27'(1 + 7)vpp sin 0 cos ¢*G€\4ng
(1 + T)ULG%Q -+ 27'UTGZ])\42
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Hydrogen Spectroscopy
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Relativity

The absolute frequency of H energy levels has been measured with an
accuracy of 1.4 part in 10'* via comparison with an atomic cesium fountain
clock as a primary frequency standard.

Yields Rydberg constant R _ (one of the most precisely known constants)

Comparing measurements to QED calculations that include corrections for the finite
size of the proton can provide very precise value of the rms proton charge radius
Proton charge radius effect on the muonic hydrogen Lamb shift is 2%
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Muonic hydrogen Lamb shift at PSI (2010, 2013)
naqu C Nature 466, 213-216 (8 July 2010)
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2010 value is r, = 0.84184(67) fm
r, = 0.84087(39) fm, A. Antognini ez al., Science 339, 417 (2013) - Antognini talk EFB265
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The situation on the Proton Charge Radius in 2013 and 2018

T T T T
_ Sick

This proton charge radius puzzle

—o— Bernauer et al . . . .
N triggered intensive experimental and
—eo— aneta . . .
g theoretical efforts worldwide in the
—o— Arrington & Sick
last decade or so
L o CODATA
] CODAT"
(Spectroscopy d
Pohl et al A
Antogninietal A CODATA-2014
—_——
) | ) ] ) ] L 1 pp 2013
0.78 0.82 0.86 0.90 0.9-
s i | Dk
Proton Charge radius | 2010
™ H spectroscopy
(CODATA-2014)
[
H spectroscopy 2018
—_—— P
.H s!oecltros|c0|?y2|017l d oo s
0.8 0.82 0.84 0.86 0.88 0.9 0.92
Proton charge radius Rp (fm)
Electron scattering: 0.879 £ 0.011 fm (CODATA 2014)

Muon spectroscopy: 0.8409 + 0.0004 fm (CREMA 2010, 2013)
H spectroscopy (2017): 0.8335 = 0.0095 fm (A. Beyer et al. Science 358(2017) 6359)
H spectroscopy (2018): 0.877 +0.013 fm (H. Fleurbaey et al. PRL.120(2018) 183001)

ep scattering (ISR): 0.870 + 0.014,, +0.024,,, +0.003,,,. (Mihovilovic 2019)

(not shown) 0
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Hydrogen
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High resolution, large acceptance, hybrid e-beam
HyCal calorimeter (PbWO, and Pb-Glass) %f/, Elastic
Windowless H, gas flow target /

Simultaneous detection of elastic and Moller
electrons

Q? range of 2x10* - 0.06 GeV?
XY - veto counters replaced by GEM detector
Vacuum chamber

0.95}

. : 0.94F Mainz low Q? data set
Spokespersons: A. Gasparian (contact), Phys. Rew, C 93, 065207, 2016
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The PRad Experimental setu
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Analysis — Event Selection

Event selection method

1. For all events, require hit
matching between GEMs
and HyCal

2. For ep and ee events,
apply angle-dependent
energy cut based on

kinematics
1. Cut size depend on local
detector resolution

3. For ee, if requiring
double-arm events,

apply additional cuts
1. Elasticity

2. Co-planarity

3. Vertex z
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Elastic ep Cross Sections

Differential cross section v.s. Q?, with 2.2 and 1.1 GeV data

Statistical uncertainties: ~0.15% for 2.2 GeV, ~0.2% for 1.1 GeV per point

Systematic uncertainties: 0.3%~1.1% for 2.2 GeV, 0.3%~0.5% for 1.1 GeV

(shown as shadow area)

Stat. Uncertainty (right axis)

[%]

Syst. Uncertainty (right axis)

O=NO=N

10° 1072
Q? [(GeV/c)?]

—2

»
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Systematic uncertainties shown as bands

Xiong et al., Nature 575, 147—150 (2019)
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Proton Electric Form Factor G’y (Normalized)

* n; and n, obtained by fitting PRad Gg to nif (Q?), for 1GeV data Using rational (1,1)
n,f(Q?), for 2GeV data 1 +p,02
2\ _

« G’p as normalized electric Form factor: | Ge/M1, for 1GeV data
Gg/n,, for 2GeV data vap o o1, PRCY8,025204 (2018)

» PRad fit shown as 1(0%) r,= 0.831 +/-0.007 (stat.) +/- 0.012 (syst.) fm

1.000 | 1.1 GeV data 1.000
{ 2.2 GeV data
0.9751 0.975
0.950 0.950
o w0.925 - o w0.925
o o
0.900 0.900
0.875- 0.875{ — PRad fit, rp = 0-831(7)Stat.(12)syst. fm
——- Alarcon 2019, r, = 0.844(7) fm
0.850 1 0.8501 Bernauer 2014, r, = 0.883(8) fm
001 002 003 004 005 0.0 T g g2
2 2 2 2
Q’ [(GeVic)’] Q’ [(GeVic)’]

n, = 1.0002 +/- 0.0002(stat.) +/- 0.0020 (syst.), n, =0.9983 +/- 0.0002(stat.) +/- 0.0013 (syst.) 5
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Proton radius at the time of PRad publication

+  PRadresultr,: 0.831 +/- 0.0127 fm, Xiong et al., Nature 575, 147-150 (2019)
- H Lamb Shift: 0.833 +/- 0.010 fm Bezginov et al., Science 365, 1007-1012 (2019)
- CODATA 2018 value of r,,: 0.8414 +/- 0.0019 fm, E. Tiesinga et al., RMP 93, 025010(2021)

Pohl 2010 (uH spect.) b —e— Bernauer 2010 (ep scatt.)
Antognini 2013 (uH spect.) “ - ® i Zhan et al. (ep exp.)
Beyer 2017 (H spect.) - o - } s} | CODATA-2014 (ep scatt.)
CODATA-2018 HH p—— o—1— CODATA-2014 (H spect.)
Bezginov 2019 (H spect.) b L
L 2 i Fleurbaey 2018 (H spect.)
PRad exp. (ep scatt.) b -
2 i Mihovilovic 2021
(ep scatt.)
1 ' L [ 1 L 1 l | 1 | l 1 1 L [ 1 L : - L | l | 1 L l L
0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92

(i) tm

CODATA has also shifted the value of the Rydberg constant.
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(Re)analyses of e-p scattering data

Pohl 2010 (uH) " R Mainz 2010 (ep exp.)
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Gao and Vanderhaeghen, Rev. Mod. Phys. 94, 015002 (2022)

Cui et al., arxiv:2204.05418, Chinese Physics C
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Ordinary hydrogen spectroscopy

2S > 4P
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More from ordinary hydrogen spectroscopy

Ho gas
Lyman-a detector
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r, = 0.8482(38) fm
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Proton radius from ordinary and muonic H spectroscopy

Pohl 2010 (uH 2S - 2P)
Antognini 2013 (uH 2S - 2P)

Beyer 2017 (H 2S - 4P)

Bezginov 2019 (H 2S - 2P)

Grinin 2020 (H 1S - 3S)

CODATA-2014 (H spect.)

et
S
——
@
—_——
——i
] ] ] | ] ] ] |

Fleurbaey 2018 (H 1S - 3S)

0.78 0.8 0.82 0.84 0.88
(ry,) [fm]
Experiment |Type| Transition(s) \,,,""f\': ‘r';’,jp > (fm) yos ey
Pohl 2010 | pH [2S{3' — 2Pf;5%| 0.84184(67)
Antognini 2013| pH (25773 — 2P5%| 0.84087(39)

Beyer 2017

Fleurbaey 2018

Bezginov 2019
Grinin 2020

H

H

H
H

2812 — 2Py
28 - 4P
with (15 — 2S5)
18 - 38
with (1S — 25)
98P
1S - 38
with (15 — 25)

0.8335(95)

0.877(13)

0.833(10)
0.8482(38)

10 973 731.568 076 (96)

10 973 731.568 53(14)

10 973 731.568 226(38)

Not included:
Brandt PRL128, 023001 (2022):

measured 2S.,-8Ds, transition
& used 1S-2S

Result:
r,=0.8584(51) fm
R.=10973731.568332(52) m-'.
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PRad-II: goals and approaches

* Reduce the uncertainty of the r, measurement by a factor of 3.8!
« Reach an unprecedented low values of Q?: 4x107 (GeV/c)?
* How?

Improving tracking capability by adding a second plane of tracking detector

Adding new rectangular cross shaped scintillator detectors to separate
Moller from ep electrons in scattering angular range of 0.5% 0.8

Upgrading HyCal and electronics for readout
« Replacing lead glass blocks by PbWO4 modules (uniformity, resolutions, inelastic channel)
* Converting to FADC based readout

Suppressing beamline background
* Improving vacuum
* Adding second beam halo blocker upstream of the tagger

Reducing statistical uncertainties by a factor of 4 compared with PRad

Three beam energies: 0.7, 1.4 and 2.1 GeV — 0.7 GeV is critical to reach
the lowest O (4Xx107 (GeV/c)?)

Improve radiative correction calculations by going to NNL order
Potential target improvement (not used in projection)

Approved with the highest rating by the

JLab Program Advisory Committee in summer 2020
H. Gao EFB25



e-p scattering: magnetic spectrometer and calorimetric method
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PRad-1l Experimental Setup (Side View)
e Upgrade HyCal

* Adding 2" GEM

. Hydrogen GEM-uRWELL GEM-pRWELL
""" gas Scintillator detectors inside plane 1 plane 2
l
5H00 Cryocooler
Harp
Halo blockers bellows brilows

/ \ Il]_'I o PRedlclingiden S
(¢%]
: : 3 vacuum box ™

1.7m

20m

Front view

GEM-uRWELL GEM-uRWELL
plane 1 plane 2

LLCLCEEELEEREELL
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Projections for PRad-I1

Differential Cross section

Electric form factor

Proton charge radius rp [fm]

Lin, Hammer, Meif3ner, PLB 827, 136981 (2022)

H. Gao EFB25

.. o 0.7GeV 1.00 o666 @ ecem coos $  0.7GeV
104 . . o 14Gev e, } 14Gev
e o, o . R . . 2.1 GeV 098 ® Py % 2.1 GeV
103 0-..' . .0.....:.:.\“ 0.96 °® %w
é 102 Te T 0.94 -
= ° ] ° .. ®e & ms
g L., © 092 .
3 10! g e o
= e, el 0.90 .
10° e 0.88 :
10—1 st . 0.86 i
0.5 15t (%) 0.003 | AG
0.0 B e R R L o B R 1 R EE SR 0.000 — e R g S N R S1T iRl SS R R AR
-05 ~0.003
Lolsyst (%) 0.006 AGY
0.5 0.003
0.0 10—4 10—3 A 0—2 0.000 10_4 10_3
Q* [(GeVicy*] Q? [(GeV/eY]
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Lin and Zou, arxiv:1910.13916
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*  New physics?
Beyer 2017 (H spect.) —e——— )
e —— '_ . o
[ ]
CODATA.2018 L, Most precise frofm ordinary
hydrogen Lamb shift:
Bezginov 2019 (H spect.) +——e—— an CODATA-2014 y 8
PRad 2019 (ep scatt.) r,=0.84821+0.0038 fm
e projection e +———e——— Fleurbaey 2018 (Hspect) | Grinin ef al., Science 370, 1061 (2020)
Grinin 2020 (H spect) o * PRad-II: total uncertainty 0.0036
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Gasparian et al. arXiv:2009.10510
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The ongoing MUSE Experiment at PSI

\ Straw-Tube
‘ Tracker (STT)

Beam momentum values:

115,153,210 MeV/c
Scattering angle: 20° -100°

Experiment Beam Laboratory Q* (GeV/c)? orp (fm) | Status

MUSE 2™ 0.0015 - 0.08 0.01 Ongoing

AMBER s CERN 0.001 - 0.04 0.01 Future

PRad-I1 e Jefferson Lab |4 x 107° -6 x 1072 0.0036 Future

PRES e Mainz 0.001 - 0.04 0.6% (rel.) | Future

A1TQMAMI (jet target)| e~ Mainz 0.004 - 0.085 Ongoing
MAGIX@MESA e Mainz > 1071 - 0.085 Future
ULQ? e~ |Tohoku University|3 x 107% - 8 x 107% |~ 1% (rel.)| Future

H. Gao EFB25 Gao and Vanderhaeghen, Rev. Mod. Phys. 94, 015002 (2022)
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The proton charge radius saga continues

Proton charge radius r'; [fm]

Brandt PRL128, 023001 (2022): measured 2S,,-8D;;, transition & used 1S-2S

H. Gao EFB25
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Beyer 2017 (H spect.)
® Fleurbaey 2018 (H spect.)
CODATA-2018 HH
Bezginov 2019 (H spect.) 1
Xiong 2019 (ep scatt.) u i
Grinin 2020 (H spect.) —e— Mihovilovic 2021
; u (ep scatt.)
Brandt 2022 (H spect.) —e—i
MUSE proj. (ep and pp scatt.) /—'I—I
PRad-Ill proj. (ep scatt.) it
AMBER proj. (up scatt.) s S
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The proposed DRad experiment at JLab

The DRad experiment
* Two beam energies, E = 1.1 and 2.2 GeV to measure e-d elastic cross
sections

at very low Q2 range: [2x10™* — 5x1072] (GeV /c)?.
e Experimental technique based on PRad-II,
with a new two-layer cylindrical recoil detector for reaction elasticity

Deuterium GEM-yRWELL GEM-pRWELL

was plane 1 plane 2
2H00 Cryocooler Recoil detector
Harp

Halo blockers bellows
/ \ & bellows

ElectronBeam

HyCal

-~ -

Helium
| ox

PRad cylindrical £
vacuum box ™~

2m

.
oo==" T I
.

Tagger

1.7m 50m 20m
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Rational (1,1) Rational (2,1) CF(3)/Rational (1,2) Polynomial Z (4)
T T T T
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Proposed fitter: fixed Rational(1,3)
* Good ability to control the variance and acceptable bias
« Describe the GZdata at high Q2 much better than the other fitters

1+ a;Q?

ffixed Rational(1,3) (Qz) =p

Tie = 4/6(aq — by)

0
14+ b1Q? + b fixedQ* + b3 fixed Q®

1
DRad proj.
—e—
0.8
e-D 1973
e
e-D 1981 0.6
n-p scatt. 1990 ki
————
e-D 1970 0.4
e-D 1998 (Sick et al. 1998) 0.2
e e e e L e L L
2.07 2.08 2.09 2.1 2.11 2.12 2.13 2.14 2.15 0

Deuteron charge radius r [fm]

The most precise single measurement from e-d elastic scattering
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® Data
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J. Zhou et al., Phys. Rev. C 103, 024002

« Previous data
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OCD: still unsolved in non-perturbative region
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Credit: D. Leinweber
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Charge and magnetism (current) distribution

Spin and mass decomposition
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Quark momentum and * 2004 Nobel prize for “asymptotic freedom’’
flavor distribution *  non-perturbative regime QCD ?2?2?
Polarizabilities *  One of the top 10 challenges for physics!

h QCD: Important for discovering new physics beyond SM
Strangeness, charm content *  Nucleon structure is one of the most active areas
Three-dimensional structure



Nucleon electromagnetic polarizabilities and
nuclear Compton scattering

Electric polarizability (ag) Magnetic polarizability (f,)

; Paramagnetic IB

SR
$ )
W
Lt H

=

M = B,,(w)H (v)

IVAVAE - >

Polarizabilities characterize responses of the nucleon to the external EM field,
another aspect related to its internal structure

In nuclear Compton scattering, the incident real photon acts as an external EM

field applied to the nucleon
H. Gao EFB25 27



Differential cross section of Compton
scattering N (7, y’) N’

do 1 se*Z?
10 = 5( v ) ( ) 1+ g(w?, k)] Born term
N w ' (nucleons are assumed as point-like particles)

( ez )(w’) (ww)[l(a+5)(1+cosﬁ)2 ;(a—ﬁ)(l—COSO)z]

47T M N
3 \ Y ] \ Y ]
+f (w » 115772, 7735 V4 ziominant in dominant in
forward-angle cross section backward-angle cross section
+0O(w*)
eZ : nucleon charge o : incident photon energy
M, : nucleon mass o' : scattered photon energy To extract a and B of the proton:

* Measure the forward and
backward Compton scattering
cross sections

* Hydrogen targets

x: anomalous magnetic moment

H. Gao EFB25 28



Differential cross section of Compton
scattering N (y, y’) N’

do 1 (62Z2)2(w’)2[1 + g(@?, K)] - Born term

df2 2\ My w (nucleons are assumed as point-like particles)
2Z2 AN 1 1
_(4(;MN> (%) (ww) [i(a + B)(1 + cos 0)* + 5(04 —B)(1 - cos9)2]
\ J \ ]
| I
+f (wg’ Y1,%2,73,¥a)  dominant in dominant in

forward-angle cross section  packward-angle cross section

+0O(w?*) More difficult!

eZ : nucleon charge o : incident photon energy
My : nucleon mass @' : scattered photon energy To extract a and P of the neutron:
x: anomalous magnetic moment * No stable free neutron target

* Neutron cross sections are small
« Effective neutron targets: 2H, 3He, “He,

H. Gao EFB25 29



Status of a and By from yEFT global

[ )
extraction
Baldin sum rule (BSR):
6,
a, =10.65+0.35(star)
, =13.8+04
5 %*h +0.2(BSR) 0 3(theory)
i a +p =152+04 _
N . B, =3.15F0.35(star)
e 4r + +
f : PDG 2015 +0.2(BSR) = 0.3(theory)
< a, =11.55=1.25(stat)
=0 +0.2(BSR) +0.8(theory)
2 p PDG 2013 B,
I p PDG 2012 x OZ(BSR) x 08(th€0ry)
L T ST NV

L. S. Myers et al., Phys. Rev. Lett. 113, 262506 (2014)

agq [1074 fm?]

H. W. GrieBhammer, J. A. McGovern, D. R. Phillips, and G. Feldman, Prog. Part. Nucl.
Phys. 67, 841 (2012)
J. A. McGovern, D. R. Phillips, and H. W. GrieBhammer, Eur. Phys. J. A 49, 12 (2013)
H. W. GrieBhammer, J. A. McGovern, and D. R. Phillips, Eur. Phys. J. A52, 139 (2016)
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The High Intensity y-Ray Source
(HIyS) facility at Duke University

» Photon beam energy: 1 - 120 MeV
» Nearly 100% circular/linear photon beam

polarization
> Total flux: ~101%y/s (E,<20 MeV) and~ 108

v/s (E,>60 MeV)

Operated by Triangle Universities
Nuclear Laboratory (TUNL)
Free-electron laser (FEL)
Compton backscattering
Quasi-monoenergetic
intense y-ray beams

G. Feldman’s presentation Tuesday H. Gao EFB25 31



Experimental apparatus for Compton (@
HIyS

y-ray beam

Detector array Cryogenic targets
Eight Nal(Tl) core detectors * liquid “He (LHe)
§ = 55°, 90°, 125° « Liquid hydrogen (LH,)
¢ = 0° 180°, 270° » Liquid deuterium (LD;)

Active shield structure

H. Gao EFB25 32



do/dQ (nb/sr)

do/dQ) (nb/sr)

Proton Compton scattering results at HIyS

22
20
18
16
14
12
10

HIGS (¢ = 0°)
HIGS (¢ = 180°)
HIGS (¢ = 270°)
SAL, 81.8 MeV
MAMI, 79.2 MeV
— HByPT, 81.3 MeV

O @b

25

20

15

10

(9]

P IS R R
| —— HByPT, 83.4 MeV

OL

oO

80

PR (NS S SR NN S SR NS SRR SR
100 120 140 160 180
0, (deg)

Opol = Uunpol(l + 5l 23 COS 2¢)
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V. Olmos de Leon et al., Eur. Phys. J. A 10, 207 (2001)

X. Li et al., Phys. Rev. Lett. 128, 132502 (2022)

* Polarized differential cross sections measured

for the first time

* Provided a novel experimental approach to

extract ¢, and f,

[}
¢

HIGS, 83.4 MeV
MAMI, 79-98 MeV
—— HByPT, 83.4 MeV

|
S
+
Q
[
3
[TTT [T I I T [ TITITo[Tr]

I
+

~20

orm

40

60

80

PR T YT T T TSN SN SN AT SR S NSS!
100 120 140 160 180
0,55 (deg)

*HIGS X3 values were calculated
from polarized cross-section data

B. E. MacGibbon et al., Phys. Rev. C 52, 2097 (1995)

V. Sokhoyan et al. (A2 Collaboration), Eur. Phys. J. A 53, 14 (2017)
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Elastic Compton scattering from ‘He at HIyS

- - * Fore-aft asymmetry
€N C . 0 C o o
81805 [« This work 2199 1, His, E =61 Mev indicates a strong
= 160 = 160 ee .
8 4of L tund =67 MeV S 4ok 1 sensitivity to sub-
o] 3 5 C
© o0k Ziof T g - nuclear effects
100F s 100F . x
80F !% 80F : * a and p for the
e0F : e0F neutron can be
40 40 .
20 20 extre}c.t fr(:m the high
0] S I P I I N B 0 S I T T P BT precision He data
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160 :

0., (deg) 6., (deg) from HIyS with
future yEFT
calculation

K. Fuhrberg et al., Nucl. Phys. A 591, 1 (1995) M. H. Sikora et al., Phys. Rev. C 96, 055209 (2017)
X. Li et al., Phys. Rev. C 101, 034618 (2020)
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Compton scattering from SHe at HIyS

The first measurement on 3He:

Previously limited by the cryogenic technique
The cross section is sensitive to the neutron polarizabilities

O~Z. 0 3y3,~20¢

Higher binding energy than deuteron, less stringent
requirement for the detector resolution
The coherent cross section arises from a different linear

combination of the nucleon contributions, another test case for
the EFT formalism

60

50

40

30

do/Q (nb/Sr)

20

10

rrrrjrrrrjrrrr|yrrrr [ rrrrj]rrir
\ \ | | |

A(aa - Bw): 0

-4 3
——- Ao, - B, )= 2% 10% fm

4¢3
______ A(aa - Bw): +2 x 10 fm

-

o v b b b L T R
20 40 60 80 100 120 140 160 180

O1ap (deg)

H. Gao EFB 2023

G. Feldman’s presentation Tuesday

Expected uncertainties
of ag,and By

0.75x10™* fm3

Data taking
Spring 2024

35



The Electron-Ion Collider
2015 NSAC LRP g

“We recommend a high-energy high-luminosity polarized
EIC as the highest priority for new facility construction
following the completion of FRIB."

* Project Design Goals
High Luminosity: L= 1033-10%**cmsec’!,
10-100 fb-!/year
Highly Polarized Beams: ~70%

Large Center of Mass Energy Range: E_,, =
20-140 GeV

Large Ion Species Range: protons —
Uranium .
Large Detector Acceptance and Good -~ Sl P
Background Conditions ? X

Accommodate a Second Interaction Region
(IR)

CF CANCER

i/ AFRIGA

*Conceptual design scope and expected

performance meet or exceed NSAC Long
Range Plan (2015) and the EIC White Paper
requirements endorsed by NAS (2018)

WTEQ, UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA, iPC

1391 collaborators, 37 countries, 276 institutions

NSAC Long Range Plan (2023) expected to endorse EIC. %



EIC Physics at-a-Glance

How are the sea quarks and gluons, and their spins, distributed in space
and momentum inside the nucleon?

How do the nucleon properties (mass & spin) emerge from their
interactions?

4
How do color-charged quarks and gluons, and colorless jets, interact

. with a nuclear medium?
>MMM > %ﬁ How do the confined hadronic states emerge from these quarks and

e gluons?
How do the quark-gluon interactions create nuclear binding?

How does a dense nuclear environment affect the quarks and
gluons, their correlations, and their interactions?

What happens to the gluon density in nuclei? Does it saturate gjyon A gluon
at high energy, giving rise to a gluonic matter with universal emission recombination
properties in all nuclei, even the proton?

[~
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