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Synergies & Complementarities

Physics @ LERF
at very low beam energies

I,<10mA P_>80% T.< 10 MeV

MESA

Ip< 10 nA Pp< 60%

T, < 10 MeV

CEBAF Polarized

123 MeV Positrons

North Linac

~— Electron Injector Injected to North Linac l

f@ﬂ O

South Linac

= 2
Jefferson Lab

Physics @ Ce*BAF
at high beam energies

Ip>50 nA Pp>60%. Tp<12 GeV
l,>1pA P,<10% T,<12 GeV

New Beamline

to CEBAF =
Tunn?l \

Physics @ LERF
at low beam energies

I.<1mA P,>80% T,<150 MeV
Ip >50 nA Pp > 60% Tp <123 MeV
Ip >1 uA Pp< 10% Tp< 123 MeV

@@@@@@

2/35

December 9"~ 10", 2024



%Cuo

Iréne Joliot-Curie

LY O A

%, O MEASRORAN

X, S By
- - -
=N
-\
'\

The HP2030 program ran at the /nstitut Pascal of the Université Paris-Saclay from October 21st up to November 8" 2024,
associating the theoretically oriented MDHS initiative and the experimentally oriented JPhys** initiative.

https.//indico.ijclab.in2p3.fr/event/1064 1/
MDHS : Multidimensional Hadvon Structure at the Dawn of the High-Precision Lra

The scientific goal of MDHS was to initiate the reflexion about the theoretical and
phenomenological tools needed to exploit the full potentiality of high-precision data (JLab,
EIC) and to connect experimental data with hadron structures.

C. Mézrag and collaborators

JPhys+* : Physics Opportunities with Jefferson Lab Positron and Energy Upgrades

[
= N e The scientific goal of JPhys*™ was to develop and obtain the scientific material necessary for
-—’i | new experimental proposals and new directions of research in support of the JLab Upgrade
Initiatives.

+
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E. Voutier and collaborators
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JFor/n factors
p

l. The proton charge radius rg
Il.  The proton electric form factor G5 (Q?)
ll.  The proton axial form factor Gk (Q?)

Muti-photon exchansge

. Two-Photon Exchange (TPE) effects in elastic scattering
Il. Coulomb corrections in DIS
Ill.  Mott polarimetry

Compton form Factors

. Hadron dynamics
Il. Deeply Virtual Compton Scattering (DVCS)
lll.  Double Deeply Virtual Compton Scattering (DDVCS)

Tests of the Standard Model

l. Dark matter search
. Electroweak processes
lll.  Other phenomena
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Q‘» Outline

Jorm factors
p

l. The proton charge radius rg
l.  The proton electric form factor Gi(Q?)
ll.  The proton axial form factor Gk (Q?)

Muti-photon exchansge

. Two-Photon Exchange (TPE) effects in elastic scattering
Il. Coulomb corrections in DIS
Ill.  Mott polarimetry

Comptop form factors

. Hadron dynamics
1. Deeply Virtual Compton Scattering (DVCS)
IIl.  Double Deeply Virtual Compton Scattering (DDVCS)

Tests of the Standard Model

. Dark matter search
. Electroweak processes
lll.  Other phenomena
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Proton Radius PuzzleS

o The proton radius puzzle originates from the disagreement between muonic hydrogen spectroscopy and
electron scattering as well as ordinary hydrogen spectroscopy measurements of the proton electric charge

radius.
W Xiong, C. Peng, Universe 9 (2023) 182 * Are the state-of-the art QED calculations
incompletete?
Pohl 2010 (uH spect.) ot P Bernauer 2010 (ep scatt.) « Are there additional corrections to the
Antognini 2013 (uH spect.) . —_— Zhan 2011 (ep scatt.) muonic Lamb shift due to the proton
Beyer 2017 (H spect.) ———— by CODATA-2010 (H spect.) structure?
CODATA-2018 e . CODATA-2010 . A're 'hlg.her moments of the. charge
_ | | distribution accounted for in the
Bezginov 2019 (H spect.) +——e—— " . + Fleurbaey 2018 (H spect.) extraction of the charge radius?
Xiong 2019 (ep scatt.) ¢ = . . ' .
i s Is there an gxtrapolatlon problem in
b i b = +  (ep scatt.) electron scattering data ?
rinin spect. —e—i . . . .
2  Has the violation of lepton universality
Brandt 2021 l(H spect.) I | -—ol—c b : l been discovered?
0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 e Is this an indication of new force carriers?

Proton charge radius r: [fm]

Decemper 9"-10", 2024
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o After 14 years of investigations, the current status of electron scattering data points towards a tension between
the latest PRad 2019 and Mainz 2010 data.

Iy (&g)sm (SFE)SYS- Reference

(fm) (fm) (fm)
Mainz 0.879 0.005 0.005 PRL 105 (2010) 242001
PRad 0.831 0.007 0.012 Nature 575 (2019) 147
Mainz ISR 0.878 0.011 0.031 EPJ A 57 (2021) 107
Alarcon 2020 0.842 0.002 0.010 PRC 102 (2020) 035203
Lin 2022 0.840 0.003 0.002 PRL 128 (2022) 052002
Atac 2021 0.852 0.002 0.009 EPJ A 57 (2021) 65
Gramolin 2022 0.889 0.005 0.006 PRD 105 (2022) 054004
Atoui 2024 0.826 0.001 0.008 PRC 110 (2024) 015207

Decemper 9"-10", 2024

W. Xiong, C. Peng, Universe 9 (2023) 182
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PRad-IT

A. Gasparian et al. PR12-20-004
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o The second PRad experiment is designed to be 3.5 times more precise than the first one, taking down the
precision to 0.0043 fm.

o This involves improved statistics (4 times less uncertainties) and hardware upgrade to reduce systematics.

* Full tracking capabilities with a second GEM/uRwell detection plane

Small scintillators downstream of the target to veto Moller electrons
and reach very low Q?

Upgrade DAQ electronics to fADCs

Upgrade HyCal leadglass crystals to PbWO,
New beam halo blockers

2500

N
[~]
o
o
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Halo blockers
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Tagger

December 9~ 10",

Hydrogen GEM-yRWELL GEM-pRWELL
gas plane 1 plane 2
Cryocooler l

bellows

1.7m
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PRad cylindrical ~ E| 1|

% z N © 04m
50m 20m

Reconstructed scattering angle [deg]

2024

Data taking to start in November 2025
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MAGIX

o The MAinz Gas Injection target eXperiment (MAGIX) is designed to operate at the Mainz Energy recovering
Superconducting Accelerator (MESA) at a luminosity of 103°cm™2s™ 1.

o Involving a windowless jet gas target, high resolution spectrometers (~10~*, 1 mrad), and a 1 mA electron
beam current, the setup is expected to achieve electromagnetic form factor measurements with a precision
better than 0.1%.

- Jet Target & quadrupole
1.0 | T LER 5 T T T T T T Scattering Chamber \ | a
1.02 - — ¥
L B B NN R ERRLIlL RRLL Y 1]
LN B N B AR R R R R R R RRR it
1.01 |~ L O IR R R R R R XTILIN 0 RTElit —
o 1 nyﬂ%l% )
g 't
Q * MAGIX E = 20 MeV
@ 099 = .MAGIX E- 45MeV o
oy = MAGIX E =105 MeV [
: o Bernauer (Mainz 2010) ©
+ Xiong (JLab 2019) o
0.97 — .-E
Scintillation T
L B Detectors
1 l 1 L 1 l 1
1e-05 0.0001 0.001 0.01 0.1

B.S. Schlimme et al. NIM A 1013 (2021) 165668
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SBS-GEP @ Hall A

E. Cisbani, M.K. Jones,N. Lyanage, L. Pentchev, A. Puckett, B. Woijtsekhowski et al. E12-07-109

o The large Q% behaviour of the proton electromagnetic form factor ratio will be measured in the SBS-GEP
polarization transfer experiment.

* Novel high-temperature lead-glass calorimeter (ECAL) to detect scatterred electron with
scintillator based coordinate detector (CDET)

* GEM-based trackers with CH2 analyzer for proton polarimetry

* HCAL for trigger and selection of high analyzing power scattering events

HCAL

ECAL + CDET

| ) | |

I

CH; analyzer
(HDPE)

SBS w/front and
rear GEMs

11 1 1 I 11 1 1

2 SBS low-Q add-on
Incident electron, 10.6 GeV,
85% polarized, 70 uA

—— Global fit (Ye 2018) —--- Diehl 2005 (GPD)

30-cm LH, " |
target

—— Segovia 2014 (DSE) ]
1 L 1 l 1 L 1 l 1 1 1 L
5 10 15

Q? (GeV/cf

Data taking to start in February 2025
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Axial Form Factor @ LERTF

A. Deur @ HP2030

o Taking advantage of a high intensity (I, < 1 mA), highly polarized (P,> 80%) electron beam with low energy
(T, < 150 MeV), the axial form factor G,(Q?) of the proton can be measured in elastic scattering, that is
inverse B-decay.

o The experiment does not require new technology but demands a well- e +p—n+v,
designed detector and very efficient background suppression techniques. o
=0.11 Ge
] N A E=0.09 GeV
Inverse -decay is the cleanest access to G,(QF) S 065 ¥ E=007Gev :
= E=0.05 GeV 1 ol
& 0.625 |- | g t
\\_\Q | ] A -
o 06} : =
Recoil detector to further suppress EM \\\\1\‘ ’ I )
background (tag EM reaction with n in final state). P - Pulsed (50 MHZ) electron beam - | L :
Simple plastic scintillator slates may be good enough \:\;;\\\ 0.575 - t v ; ’
N St - High efficiency neutron detector — y .
back-scattered electrons 055 ; '
from EM reactions .Lﬂf H 4 8
Pulsed electron beam e ) Sweeplng magnet
---------- T ered neutrino . 0.525 |-
o ek reactions w, - Electron recoil detector
(not detected) Sweeping pt e . . . . 05
warm solenoid "”//,,)_s - ngh purlty LHZ target with Be windows
(BdL=600 G.m) “oy _
e _ i 60 days @ I,., = 100 pA
Yo, Shielded I 4% systematics bands
‘/%l Neutron 045l o TR L ) L
Y detector 70 0005 001 0015 002 0025 003 0435

0 (GeV?)
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JFor/n factors
p

. The proton charge radius rg

Il.  The proton electric form factor GIE) (Q%)
Ill.  The proton axial form factor GK(QZ)

Muti-photon exchange

. Two-Photon Exchange (TPE) effects in elastic scattering
Il.  Coulomb corrections in DIS
lll.  Mott polarimetry

Comptop form factors

. Hadron dynamics
1. Deeply Virtual Compton Scattering (DVCS)
Ill.  Double Deeply Virtual Compton Scattering (DDVCS)

Tests of the Standard Mode/

. Dark matter search
. Electroweak processes
lll.  Other phenomena
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The Dilemma

P.A.M. Guichon, M. Vanderhaeghen, PRL 91 (2003) 142303 P.G. Blunden, W. Melnitchouk, J.A. Tjon, PRL 91 (2003) 142304

o Measurements of polarization transfer observables in electron elastic scattering off protons question the
validity of the 1y exchange approximation (OPE) of the electromagnetic interaction.

A.J.R. Puckett et al. PRC 96 (2017) 055203

T l T T T I T T T l T T T I T

1.5

T ; T 1 T l T
};

——O—
)
LN
(N l I | l | I I | | |

1.0 é % %
‘ti - 1 Hard two-photon exchange (TPE) may be the cause of the
-} B . .
G_ 0.5 @ Punjabios form factor discrepancy at high Q2.
= ~ M Pucketti2
- A This work ]
- V Christy04 — = .
) O Andivahis94 1 o If TPE, the electromagnetic structure o TPE can only be calculated within
| mmmm Global it | Global fit II I of the nucleon would be parame‘rerized model-dependent approaches.
- Crawford07 Ron11 . by 3 generalized form factors ie. 8
- V¥ Zhanit Paolone11 - )
- ¢ Qattan05 ¥ This work (Q? = 2.5 GeV?) - unknow quantities.
—0'5’_ 1 | | | 1 1 1 | | 1 1 l 1 Il Il I 1 1 =
0 2 4 6 8
Q? (GeV?)

Ce*BAF has the unique opportunity to bring a definitive answer about TPE.

Decemper 9"-10", 2024
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TPE Mapping

J.C. Bernaver et al. EPJ A 57 (2021) 144
A. Schmidt, J.C. Bernauer, V. Burkert, E. Cline, I. Korover, T. Kutz, S.N. Santiesteban et al. PR12+23-008

o Alternating e~ and e* at 2.2-4.4-6.6 GeV and an intensity of 50 nA, the TPE@CLAS12 experiment proposes to
map-out TPE effects, detecting leptons in the Central Detector and protons in the Forward Detector.

o The CLAS12 trigger will be modified to accept lepton
detection in the Central Detector and elastic protons in the

O,+
Forward Detector. R,, =—=~1+34,
Y T g 14
e
1.25 | | | \ 1.25 - \ \ \
Forward Detector Q*-dependence 6.6 Gev 6y, e-dependence
Central ..-.Q.Qi._- 1.2 4.4 GeV - . . -
Detector | : u g s
] e /et = S ' ]
Solenoid =
S 11 .
1.05 .
Prg
i
™ w© 1
0.95 | | | | | 0.95 | | | |

Q? [GeV?/c?] €
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J.R. Arrington, M. Yurov EPJ A 57 (2021) 319
M. Nycz, J.R. Arrington, S.N. Santieseban, M. Yurov et al. PR12+23-012

o The direct comparison of the &-slopes of the positron and electron elastic cross section doubles the sensitivity

to a TPE signal.

o The positron and electron average data cancels TPE effects and allow to test the existence of additional
effects from the comparison to polarization transfer data expectations.
o The Super-Rosenbluth technique will be used to measure the e-dependence of the cross section.

)
Orp = GI\Z,I + GMaUZy + ;(Gé + Aazy)

s . 0_01557\IIII\\\\\\\\\IIIII\\\\IIIII\\\\\\\\IIII7 O_OOB_II T L LA I R ]
; - . T - ] - Q*=4.10GeV? -
: . #‘ - 1 0.0058— -
F L] 0.015 — — C .
B . .L._‘_ a I : ] 0.0056— ]
.k x 0.0145 1 0.0054— 7
o S— wowd] S oo : : i
N (R - i 0.005 — —
‘‘‘‘‘‘ ARt - . C ]
L P 0.0135 - 4 ooods- . -
M B8 B . C .
e . ] - : " + ]
- h sy 2 T S W W 1 ) \-'- ‘=' - 1 00046’7 °v R

1 ‘“‘“1‘___ ] ‘\‘m.\“f\‘- \"‘\li‘n 0-013\III|I\\\‘\\\\‘\\Illlll\‘\\\llllll‘\\\\‘\\\\‘IIII 11 | | | | Lol Lol |
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Polarization Transfer

A.J.R. Puckett, J.C. Bernauer, A. Schmidt EPJ A 57 (2021) 188 A.J.R. Puckett, J.C. Bernauer, A. Schmidt et al. LOIT12+23-008

o The theoretical evaluation that polarization transfer experiments are much less sensitive to TPE effects than
cross section measurements must be confronted to experimental measurements.

o Within the same detector configuration as the SBS GEP experiment and a longer LH, target (40 cm), the
beam-to-proton polarization transfer in elastic scattering is proposed to be measured with a 2-4% precision
(statistics limited) in the 2.5-3.4 GeV? domain.

Electron Arm: High-T Lead-Glass (ECAL) +
Scintillator planes (CDET)

40 cm LH2 target e : CH2 (HDPEV)r - - 7
5 — ¥ Analyzer, ~56 cm GM
P 2¢e G e OF
— -\ Pr APy +me[f1(5GE,5F3)]
60% polarized et beam Pl (1 + E)T GM GE
2.2-4.4 GeV, 50 nA \ _2 me[fz ((SGM, dﬁg)] /
SBS magnet \ GM )

24 T.m

Front (FT) and rear (FPP) GEM trackers for
proton reconstruction and polarimetry

December 9~ 10", 2024
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Coulomb Effects

D. Gaskell, N. Fomin, W. Henry et al. PR12+23-003

o The comparison of positron and electron cross sections in the DIS regime provides unambiguous information
about the size of Coulomb corrections.

o The double ratio of Au/D DIS cross sections tests the

. . . . —_— O-Au O-Au —
prescriptions of Coulomb corrections, of interest for the Rc = ool ) ol 1+Ac
. + -
understanding of the EMC effect. € €
—~ 1.3
o 1.2 a 1.2 +Q I _ _
‘Q:, = ® E03103, 40 deg. (Norm. 2.0%) \D.: 3 @ E03103, 40 deg. (Norm. 2.0%) { 3 E e EB_4'4 Gev’ 8_0'2
O< 0 SLAC E139 (Norm. 2.5%) O< [0 SLAC E139 (Norm. 2.5%) B mE- _
040l 5=11 GeV, ¢=0.7
{ g "
! ~
1 1 D< {
11 -
 — iim I i E
0.8 i | | | 1 1 %i }I | 0.8 | | | 1 | | | | i E
01 02 03 04 05 06 07 08 09 1 01 0.2 03 04 05 06 07 08 09 1 1 EEE==—====seeeeeeee e
X X -
Impact of Coulomb corrections on JLab Hall C EMC data, determined S

from the Improved Effective Momentum Approximation. 0 1 2 3 4 5
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et Commissionning @ LTRF

D. JakubafRa-Amundsen @ HP2030

o Multi-Photon Exchange is responsible of the sensivity of the elastic e*A interaction to the transverse
polarization of the incoming lepton beam, which is expressed in terms of the Sherman function.

o Itis the principle of operation of Mott polarimetry (Mott polarimeter at the CEBAF injector).

180
170 |
_ | » The measurement of the angular
S 2 distribution of the Sherman function
g L 450t with polarized e and e* in 1-10 MeV
% § range is an opportunity for the
= o 140 r commissionning of the Ce*BAF e/e*
% ? 130 | source at LERF and is of interest to
N electron and positron polarimetry.
T \'\/! 120 } .
(a) 0.3 MeV e . (a)
-0.6 110

40 60 80 100 120 140 160 180 0O 05 1 15 2 25 3 35 4 45 5
Scattering angle (deq) Collision energy (MeV)
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JFor/n factors
p

. The proton charge radius rg

Il.  The proton electric form factor GE (Q%)
Ill.  The proton axial form factor GX(QZ)

Muti-photon exchansge

. Two-Photon Exchange (TPE) effects in elastic scattering
Il. Coulomb corrections in DIS
Ill.  Mott polarimetry

Compton form Foctors

l. Hadron dynamics
Il. Deeply Virtual Compton Scattering (DVCS)
lll.  Double Deeply Virtual Compton Scattering (DDVCS)

Tests of the Standard Mode/

. Dark matter search
1. Electroweak processes
lll.  Other phenomena
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Gravitational Form Factors

V.D. Burkert, L. Elouadrhiri, F.-X. Girod, C. Lorcé, P.E. Shanahan RMP 95 (2023) 041002

o Experimental access to the Gravitational Form Factors (GFFs) of hadrons is the novel quest for understanding
nucleon structure and dynamics.

o GFFs may be probed indirectly in various exclusive processes: (Double) Deeply Virtual Compton Scattering,
Time-Like Compton Scattering, Meson Production, J/'¥ production at threshold...

114 — 7 o PPy P, 0yqt+Pyoyq)A% Apdy—guyh? -
(p'|T |p) = u(@', 3" [;wz"(t) Puly +]q(t) i(Pyo s Oua) +D‘i£t) I ]u(P,S)

Mass/energy distribution Angular momentum distribution \ Forces & pressure distribution
Mechanical properties of hadrons ) 1 d [ D( )
. S(r) =— T — r
can be obtained from the total D(r) = d3Ae‘1MD( AZ) AM ~ dr|rdr
D(t) = X, D(t) + DI9(t) GFF and (2m )3
its Fourier transform in terms of p(T‘) — 1 ii TZ—D(T)
their mechanical radius and shear , D(0) 6M? r2dr |
force and pressure distributions. "mech. = © 79
J_ dtD(t)
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Experimental Access to D(t)

V.D. Burkert, L. Elouadrhiri, F.-X. Girod, Nature 557 (2018) 39

o The GFF D(t) can be accessed from the skewness dependence of the 2" Mellin moment of the GPDs H and E
which requires the GPDs knowledge over the whole physics phase space.

1 1
j x Hi(x,&,t) dx = MI(t) + &2 DI(¢) f x E9(x,&,t) dx = 2 J9(t) — M (t) — 2 DI(t)
-1 -1

V.D. Burkert et al. RMP 95 (2023) 041002

o GPDs are accessed in DVCS and DDVCS through Compton Form _ . —
Factors (CFFs) which real and imaginary parts are related by a fixed-t f? e el
dispersion relation 5

_Bi Chiral Quark:Soliton Madel ...

1 1 1 -
Re[H (£, )] + i Im[H(E,0)] = Z | [ e ie] H(x, &,t) dx - Dispersive -
-1 © analysis :
_125_ | bata Fn
mel3¢(6.012 0+ 7| | [ - | smisece 01 ax] N ]
1.6

1 nd
cﬂ(t)_zg f b ‘e”"(z D4 Do (o) =(-2 Y i ¢

2n+1 : : ; : ; _
4 SyStematiCerrOfS ..... .......
— q \—I 111 | L1l ] - | L1l I L1 1] | L1l ] L1l [ | 53 H 1R | I I Bt B | 111
Dq (t) - d1 (t) 0O 005 01 015 02 025 03 035 04 0.425;
: -t (GeV
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Q‘~ ¥ Compton Form Factors - |

Dynamical Imaging

V.D. Burkert @ HP2030 Y. Hatta @ HP2030

o Measuring independently the real and imaginary parts of H provides access to D(t) and the mechanical

properties of hadrons.

V.D. Burkert et al. RMP 95 (2023) 041002

— p p
- r =0.634+0.057fm< r
£ 0015 — Data fit mech. - E
(0]
S .~ 4 xQSM
«\4_3 - Hadron stability suggests D(0) < 0, as
0.01 _ found from DVCS data and theoretical
Repulsive
models.
pressure

- A Skyrme modeling of nuclei predicts
D(0) increases with the baryonic number
as Dg(0) < B17,

0.005

- Within the Skyrme model, the pressure
Confining is found negative at the center for all
pressure nucleus.

&

[ I 111 | I i | l {1 | L1l l | O | l R 1 T I o 15 [ I 1
0 02 04 06 08 1 12 14 16 18 2
r (fm)

V.D. Burkert, L. Eloudrhiri, F.-X. Girod, Nature 557 (2018) 396  M.V. Polyakov, P. Schweitzer, JIMP A 33 (2018) 1830025

r’p(r) (GeV /fm)

0.06 1

0.04 1

0.02 1

0.00 1

—0.02 -

—0.04 -

A.G. Martin-Caro et al. PRD 110 (2024) 034002

fev Bl o e I e[~ B e T L o e
P I R O I

= w .

Skyrme model evaluations

0 1 2 3 4

r (fm)

A.G. Martin-Caro, M. Huidobro, Y. Hatta PRD 108 (2023) 034014
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Interference Amplitude

A. Afanasev et al. EPJ A 57 (2021) 300  V.D. Burkert et al. EPJ A 57 (2021) 186

@ x) " f_ oy © The comparison between electron- and positron-induced photon production enables
- the separation of the 4 unknown amplitudes of the (e,epy) process.
- o Particularly it isolates the components of the DVCS®BH interference amplitude,
<~ providing a clean access to the real part of CFFs.

d’oqy = d°ogy + d°opycs + d° oy Apy = Ay =

dSogy + d°0pycs d>opy + d° opycs

do/dQdxdtd¢ (pb/GeV?) do/dQdx _dtdo (pb/GeV*) do/dQ’dxdtdd (pb/GeV*) 0.8 04r
2 : - Ay, @ E=10.6 GeV L A}, @ E=10.6 GeV
YOE 70 70F Electron ——— %3=0.13 Q%=2.0 GeV? -t=0.16 GeV? E
: Posit O-Gj Xg=0.24 Q°=1.7 GeV* -1=0.51 GeV?
ook ok 3 ostron L X5=0.65 Q%=5.5 GeV? -t=1.00 GeV>
<t>=-0.17 GeV’ <t>=-0.36 GeV? ] B [ —KM --PARTONS VGG
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DVCS off neutrons

S. Niccolai et al. EPJ A 57 (2021) 226  H. Huang @ HP2030  S. Niccolai @ HP2030 L. Xu @ HP2030

o The real part of the CFF E, of importance for the Ji sum rule, the Gravitational Form Factors of the neutron,
and for flavor separation is hardly constrained experimentally without Beam Charge Asymmetry data.

—~ 10— A. Hobart et al. PRL 133 (2024) 211903
E n o2k T+
g | L4 AUUOC—ERe[EH - sk
4 85 ® o' and e beams | T i ] #=
T @ e beam only i _gof= =021 GeV'  J=-t==0.39 GeV* =-t==0.83 GeV?
- - _=:;XE|;-==0_1_~,, '{:XE.::::O']'Q =::XB‘;:=_ 27
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6: < I ] . .
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4F {——1 ———————————— bt % o= ?Ge\, | -X& —2'3 GeV? =z:§:z=l=3_.3 GeV?
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e S L e s T Bt S R ECREE RS 1 e S e . ..
| { | ' 3 or ' ' - CLAS12 cross section analysis in progress.
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DVCS off Helium

S. Fucini et al. EPJ A 57 (2021) 273  W. Cosyn @ HP2030 R. Dupré @ HP2030 M. Rinaldi @ HP2030

o The association of the ALERT recoil detector and the CLAS12 spectrometer together with high-energy electron
and positron beams offer a new tool to investigate the nuclear force and a new path to study the EMC effect.

Re[Hs (£, 0] = P [ |7z + 5| HaCe. 6.0 dxe = 2P [ | + 5| SmlHaCe %, 0] dx = Cog, (0

Connected to

the nuclear GFF
Unpolarized Beam Charge Asymmetry

04 T TLQ=4S GEVL0.09 GeVE, EproreondGey —— 2 B e GV ot
031 xy=0.193,Q°51.61 GeV~}=-0.126 GeV 2Eﬁm=6.064 GeV [ )
. Xp=0.130,Q°=2.00 GeV~t=-0.160 GeV", Ey ., =10.6 GeV [
02F .
021 i ]
0.1 0.1F ]
0r i
'0.1 B 0 :_ —:
0.2} ]
—0.1p ]
0.3} - 3He _
_0 4 PR T TS A S TS S S RS —0.2 PR BT TR BT SRR B RN B
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
¢[deg] ¢ [deg]
Nuclear tomography & dynamics Sensitivity to neutron GPDs
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Double DVCS

M. Guidal, M. Vanderhaeghen, PRL 90 (2003) 012001  A.V. Belitsky, D. Miller PRL 90 (2003) 022001; PRD 68 (2003) 116005

o Because of the virtuality of the final photon, DDVCS allows a direct access to GPDs at x + +¢, which is of
importance for their modeling and for the investigation of nuclear dynamics.

2
—inF, (£, £,0) F,(x,£ 1) = Z (%") [Fi(x,,0) F F9(=x,&,0)]

, 1 1 1
:F(f,f,t)=?j dxF+(x'€'t)[x—f'ix+f']
-1

q
wp 1

o.gi—

08F-

g Q? —Q'* +t/2 07E-
T 207/x - Q7= Q7+t oY 4
0.5;— QP QAQ

2 12 0.4;—

f = Q + Q - o.az—

ZQZ/xB_QZ_QZ-l_t 0.25—

01F-

0 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1

* Following the sign change of & around Q"?=Q?, the CFF H'and £ change sign,
providing a testing ground of GPDs universality.
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DDVCS Detectors

A. Camsonne, M. Boer, E. Voutier, Z. Zhao et al. LOI12-15-005/LOI112-23-012  S. Stepanyan et al. LOI12-16-004

o Two projects aim at measuring DDVCS on an unpolarized proton target either with a complemented SoLID
or a transformed CLAS.

o The CLAS is designed to support a luminosity of 1037cm~2.s~! while the SoLID may be capable of 10 times
higher luminosity.

_EM _Calorimeter -

EM[Calorimeter

Target
— il

i

Adding forward muon detection capabilities to SoLID. Transforming CLAS into a muon detector.

Light Gas Heavy Gas
Cherenkov Cherenkov

27/35
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DDVCS Projections

S. Zhao et al. EPJ A 57 (2021) 240

J.S. Alvarado et al. @ HP2030

K. Deja et al. PRD 107 (2023) 094035
V. Martinez-Fernandez et al. @ HP2030

Z. Zhao @ HP2030

o Phase space and statistics projections have been worked out with the EplC event generator assuming 100 days
of beam at 1037cm~2.s~! within the SoLID detector acceptance and considering some physics constraints.
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Kinematic coverage

Sensitive BSA and BCA measurements can be achieved.
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JFor/n factors
p

. The proton charge radius rg

Il.  The proton electric form factor GIE) (Q%)
Ill.  The proton axial form factor GK(QZ)

Muti-photon exchansge

. Two-Photon Exchange (TPE) effects in elastic scattering
Il. Coulomb corrections in DIS
Ill.  Mott polarimetry

Comptop form factors

. Hadron dynamics
1. Deeply Virtual Compton Scattering (DVCS)
Ill.  Double Deeply Virtual Compton Scattering (DDVCS)

Tests of the Standard Model

l. Dark matter search
Il. Electroweak processes
lll.  Other phenomena
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X17 Search @ PRad-II

A. Gasparian, D. Dutta, H. Gao, T. Hague, N. Liyanage R. Paremuzyan, C. Peng, et al. E12-21-003

%Cuo

Iréne Joliot-Curie

o Changing the interaction target for a 1 um Tatalum foil, the PRad-Il detector will perform a search for a dark

photon in the 3-60 MeV mass range in the e*e™ and yy visible decay channels.

* Two GEM planes 40 cm apart tag charged particles, veto neutrals, and discriminate
events not originating from the target

3000 - T T T T T T =
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1000 | 7]
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Data taking to start after PRad-1I
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Dark MESA

' X
. __—»— o The beam dump of the P2 experiment at MESA may serve as a source of dark matter

particles via the eZ - eZ(y' — yx) reaction.
o The eventually produced dark matter particles are detected through the energy deposited
into a large volume calorimeter (possibly complemented with a TPC) via scattering
o o— interaction.  pppack

OV-Mount \
| »‘ ¥~ov-Back
I IV-Back

0p=05;m =3m,

Pb-Main 10°°
5x5 PbF,
Prototype IV—Mount\k\
105
Pb-Front

—

<
-
(&)}

IV-Front IV = Inner Veto

OV = Outer Veto

L L g N TR E T | N £ 3. J gy
10°° 1072 107 ,
QNEFromE D.S.M. Alves et al. EPJ C (2023) 83 dark matter mass m, (GeV/c)

exclusion limit for y=e2aD(mx/my.)4

) SN
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P2 Experiment
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MOLLER
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Integrating Cherenkov-
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o Measuring the weak mixing angle sin®(08y,) at low Q2 procures a
stringent test of the Standard Model probing the existence of BSM
physics at a ~50 TeV mass scale, and also can constrain the

existence of dark matter particles.

Precision Masse
Exp. Part. (%) limit
° (TeV)
Qweak p 4.5 33
P2 p 2.0 49
MOLLER e 2.3 39
SolLID q 0.6 22

0.245

T T v T

[ mz, =200 MeV
L myz, = 100 MeV

E158

JLab-PVDIS |

T

sin? 0y (Q) :

0.23 | :
0.225 [ ~ P2GMESA MOLLER SOLID g )
0.001 0.01 0.1 1 10 100 1000
Q[GeV]
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Electroweak Coupling @ Ce* BAF

X. Zheng, J. Erler, Q. Liv, H. Spiesberger, EPJA 57 (2021) 5  X. Zheng et al. PR12-21-006
R. Trotta @ HP2030

o Comparing unpolarized electron and positon DIS scatterings accesses the (3, axial-axial neutral current
coupling, and the F’?:Z structure function.

N =

Cau=—-2g50a =1

a = 6
G - _ — _ B 5L .
£==L% [Clq Y ystqyuq + Cag Ly Cay,ysq + Cay fy“ysfqyﬂsq] g f @ crsoliD(projected)
V2 & 5 b O BCDMS
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+ — -
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Atoms as Accelerators

F. Arias_Aragon, L. Darmé, G. Grilli di Cortona, E. Nardi, arXiv:2407.15941

o The Hadronic Vacuum Polarization (HVP) is the leading theoretical uncertainty in the determination of (g-2),,.
o Serious disagreements on o, exist among different experiments as well as between data driven and lattice
QCD results for HVP.
Taking advantage of the relativistic motion of inner atomic shells electrons of high Z materials,

the ete~ — mtm™ cross section can be measured at Ce*BAF
over a s-range of interest for the determination of (g—2),.

12
7 = [ a5 paas) K 0 ' ! ' '
— U target
Sth. C:\‘> {p = 0.5 mm
A lattice BMW (2022 o 100k Neor = 1021 H
~YeTo -
= av. R-ratio (2022) Sy = %‘0 + 2 Ee+<p7€l> — (pnl>2 O Ce*BAF Ep =12 GeV
CMD-3 (2023) P © —— JLAB
P SND = 10 —— KLOE
—— CMD-2 2m, (Ee"' +m,) ~
—— BaBarl2 _g
——ri KLOE12 = o
S Atom acceleration effects g 10
have already been observed O KLOE = N,,,,(,, [Phys. Lett. B 720 (2013) 336-343]
—e—i KLOE10 i . m——
in Moller polarimetry. . , , , )
amem  BIEN Koroe 10 0.2 0.4 0.6 0.8 1.0
360 365 370 375 380 385 L.G. Levchuk, NIM A 345 (1994) 496 ' ' ' ‘ '
af"* x1071°, [0.6, 0.9] Gev~? S [GGVQ]
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» Arrich and diverse experimental program is developing at MAMI| and CEBAF in nuclear,
hadronic and particle physics.

 Exciting hours to come with the advent of new accelerator capabilities, tomorrow MESA
and Ce*BAF in a near future.

It is ideal time for
developing collaborations
and preparing future with
training a new physicist generation.
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« Arich and diverse experimental program is developing at MAMI| and CEBAF in nuclear,
hadronic and particle physics.

 Exciting hours to come with the advent of new accelerator capabilities, tomorrow MESA
and Ce*BAF in a near future.

It is ideal time for
developing collaborations
and preparing future with
training a new physicist generation.

What about producing positrons at MESA and accelerating them with MAMI?
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