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PAC Approved experiments (September 10, 2021)

Topic Hall A Hall B Hall C Hall D Total

Hadron spectra as probes of QCD 0 2 1 4 7

Transverse structure of the hadrons 7 4 3 1 15

longitudinal structure of the hadrons 1 3 7 1 12

3D structure of the hadrons 6.5 9 6.5 0 22

Hadrons and cold nuclear matter 10 6 8 1 25

Low-energy tests of the Standard Model and Fundamental 

Symmetries
3 1 0 1 5

Total 27.5 25 25.5 8 86

Total Experiments Completed
10 10 8.0 1.0 29

Total Experiments Remaining 18 15 17.5 7 57.5



12 GeV Experiments by PAC Days (September 10, 2021)
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Topic 9/10 Hall A Hall B Hall C Hall D Total

Hadron spectra as probes of QCD 0 219 11 740 970

Transverse structure of the hadrons 152.5 125 146 25 448.5

Longitudinal structure of the hadrons 42 170 211 33 456

3D structure of the hadrons 371 872 225 0 1468

Hadrons and cold nuclear matter 254.5 305 205 15 779.5

Low-energy tests of the Standard Model and Fundamental Symmetries 547 180 0 79 806

Total Days 1367.0 1871.0 798.0 892 4928.0

Total Days - (includes MOLLER) 893.0 1871 798 892 4454

Total Approved Run Group Days (includes MIE) 1319.5 1066 755 692 3832.5

Total Approved Run Group Days (includes MOLLER) 893 1066 755 692 3406

Total Days Completed
256.5 323 173.0 206 958.5

Total Days Remaining
610.5 743 561.0 486 2400.5



JEFFERSON LAB 12 GEV VISION: 
LUMINOSITY FRONTIER
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• CEBAF has a long program ahead that is complementary to the 
envisioned EIC program

• CEBAF will remain the prime facility for fixed target electron 
scattering at the luminosity frontier

Approved Hall A Program – projected schedule:



PROJECTED EIC SCHEDULE
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JLAB IS UNIQUE AND COMPLEMENTARY
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HIGHER LUMINOSITY PHYSICS

8

Double Deeply Virtual Compton Scattering (DDVCS)

• Access GPD’s away from x=± x

• Cross section 100x smaller than DVCS

• Requires large acceptance, high luminosity 
detector with superb muon detection 

• Two Letters of Intent submitted to PAC 
𝑒𝑝 → 𝑒′𝑝′𝜇+𝜇−



TWO OPTIONS FOR DDVCS
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CLAS12 Upgrade ⇒ 𝜇-CLAS12 SoLID with Muon detectors

Muon detector

Muon detector

Can run at luminosities > 1037𝑐𝑚−2𝑠−1

With target inside the solenoid and added shielding 
luminosity of  1038𝑐𝑚−2𝑠−1 can be reach

Will handle few × 1037𝑐𝑚−2𝑠−1 luminosities

Calorimeter is for electron detection. The 
shielding in front of the CLAS12 forward 
detector converts it into a muon detector.



JLAB POSITRON WORKING GROUP
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(E. Voutier)



PHYSICS WITH POSITRON BEAMS
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(E. Voutier)



CLAS12 PROPOSAL
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(E. Voutier)



HALL C PROPOSAL
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(E. Voutier)



• Key Idea: positron annihilation off atomic 
electrons opens new
dark sector production
channels

➢ Enhanced yield

➢ Unique kinematics
permits inference
of A’ mass & model-
independent
searches

• Two proposed experimental configurations 
with thin and thick targets yield 
complementary sensitivity
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s-channel annihilat ion, the final relic density depends

only on one variable that , for mχ ⌧ mA 0, reads:

y ⌘"2↵D

✓
mχ

mA 0

◆4

. (2)

Depending on the DM nature the typical values of y

required to match the relic density target can vary by

a few orders of magnitude. A simple example of the ef-

fect of the dark sector st ructure on the relic density is

found in the inelast ic DM scenario (see [25,26] and sub-

sequent literature). The dominant annihilat ion chan-

nel at low masses, χ1χ2 ! A0⇤ ! e+ e− , depends on

the mass split t ing between the states (co-annihilat ion

mechanism [27,28]) as well as on whether the media-

tor can be produced resonant ly when mχ 1
+ mχ 2

.

mA 0 (resonant annihilat ion mechanism [27,29]). The

former suppresses exponent ially the annihilat ion rate,

thus great ly increasing the thermal target in y, while

the lat ter enhances theannihilat ion, decreasing the ther-

mal target . Finally, the presence of a dark Higgs boson,

typically required in UV realisat ion of this scenario can

open addit ional annihilat ion channels [30,31,32].

Although LDM models represent a part icularly in-

terest ing target , the experimental setups described in

this work can be used more generally to search for a

large range of FIPs. In part icular the limits shown in

the case of a dark photon straight forwardly apply to

any invisibly-decaying vector boson with coupling to

elect ron/ posit ron ge with the matching ge $ e" . In

the case of a (pseudo)-scalar mediator (resp. axion-like

part icle) with coupling ye (resp. gaeme) we have, away

from the kinemat ic threshold, the approximate equiv-

alence e✏$ ye/
p

2 $ gaeme/
p

2 where the
p

2 arises

from the different number of degrees of freedom.

2 D ar k sect or sear ches wit h posi t r on beams on

fixed t ar get s

The product ion of LDM part icles can be generated in

collisions of elect rons or posit rons of several GeV with a

fixed target by the processes depicted in Fig. 1, with the

final state A0 decaying to a χχ pair. For experiments

with elect ron beams, diagram (a), analogous to ordi-

nary photon bremsst rahlung, is the dominant process,

although it was recent ly shown that for thick-target

setups, where posit rons are generated as secondaries

from the developing elect romagnet ic shower, diagrams

(b) and (c) give non-negligible contribut ions for selected

regions of the parameters space [19] – see Ref. [5] for

a comprehensive review of past / current experiments

and future proposals. On the other hand, for experi-

ments with posit ron beams, diagrams (b) and (c) play

A0
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γ

e− + e−e+

Z Z

e−

e+

A0
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e−

e+
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(b)

(c)

F ig. 1 T hree different A 0 product ion modes in fixed t arget

lepton beam experiment s: (a) A 0-st rahlung in e− / e+ -nucleon

scat tering; (b) A 0-st rahlung in e+ e− annihilat ion; (c) reso-

nant A 0 product ion in e+ e− annihilat ion.

the most important role. In this document , we present

two complementary measurements to search for light

dark mat ter with posit ron beams at Jefferson Labora-

tory, exploit ing the unique potent ial of the proposed

e+ -beam facility. In the following, we int roduce the two

approaches and, for each one, we briefly discuss the ex-

perimental setup, the measurement st rategy, the data

analysis and the envisioned results. We underline that

Jefferson Laboratory is playing a leading role in the

LDM searches, with different experiments already run-

ning, HPS [33] and APEX [34], or approved to run in

the near future, BDX [35] and DarkLight [36].

2.1 Thin-target measurement

This measurement exploits the A0-strahlung product ion

in elect ron-posit ron annihilat ion described by diagram

(b). The primary posit ron beam impinges on a thin

target , where a photon-A0 is produced. By detect ing

the final-state photon in an elect romagnet ic calorime-

ter, the missing mass kinemat ic variable M m i ss can be

computed event -by-event :

M 2
m i ss = (Pbeam + Pt ar get − Pγ )2 . (3)

The signal would show up as a peak in the missing

mass dist ribut ion, centered at the A0 mass, on top of a

smooth background due to SM processes result ing from

events with a single photon measured in the calorime-

ter. The peak width is mainly determined by the en-

ergy and angular resolut ion of the calorimeter. Sev-

eral experiments searching for A0 with this approach

Positron Beam → New Dark Sector Opportunities

Figure credits: Battaglieri et al. 2105.04540 
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Thin target: Model-
independent
search for new 
forces

Thick target/active 
dump: Powerful 
probe of dark matter 
production



FEMTOGRAPHY AT 24 GEV BEAM ENERGY
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DVCS cross section grows with 
electron energy relative to BH 
contribution 

Higher Q2 , lower x for
SIDIS

Q2 = 2, 4, 6, 10 GeV2



THRESHOLD CHARMONIUM PRODUCTION
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• Proton mass decomposition… mass radius?

• Connection to pentaquarks at LHCb

• Connection between GlueX -> SOLID -> CEBAF energy upgrade…

GlueX (current): PRL… SoLID 12 GeV (2029+) CEBAF Energy Upgrade



EXCLUSIVE XYZ PRODUCTION
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CEBAF 
24 

GeV

EIC?

𝛾𝑝 → 𝑍+𝑛

• Unexpected XYZ structures observed in charmonium, with many models for 
interpretation: resonant states, meson molecules, re-scattering, etc.

• Novel photoproduction mechanism, with models suggesting enhanced 
production near threshold for X and Z states

• Unique access with high luminosity, CEBAF energy upgrade



REALIZATION OF POLARIZED POSITRONS AT CEBAF
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(E. Voutier)



FFA 

Arc

FFA 

Arc

CEBAF FFA UPGRADE CONCEPT
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Starting with 12 GeV CEBAF as a 

baseline

NO new SRF (1090 MeV per linac)

Remove the highest pass recirculation 

arcs  (Arc 9 and Arc A) and replace them 

with a pair of FFA arcs and time-of-flight 

chicanes

Recirculate as many times as 

feasible to get to 24 GeV: 

4 passes with the current 

CEBAF (Arcs 1-8) 

7 passes through non-

scaling FFA arcs

Permanent magnets used for 

power and cost savings(A. Bogacz)
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White Paper

arXiv:2112.00060

To be published in Progress in Particle and Nuclear Physics, 2022



White Paper Contents
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• Overview
• Electromagnetic Form Factors and Parton Distributions
• Nuclear Femtography
• Hadron Spectroscopy
• QCD and Nuclei
• Standard Model and Beyond
• Experimental Equipment
• Positron Beams at CEBAF
• CEBAF Energy Upgrade
• Computation for NP



SUMMARY
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• CEBAF has a long program ahead that is complementary to the 

envisioned EIC program

• Upgrades for higher luminosity, polarized and unpolarized positron 

beams, and higher energies up to 24 GeV are envisioned

• CEBAF will remain the prime facility for fixed target electron 

scattering at the luminosity frontier


