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Experimental Setups

Hall-A: SBS
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JLAB Physics program

* Nucleon and nuclear structure « Cold nuclear matter, NN
studies, spatial and correlations,
momentum tomography, form- hadronization, color
factors ...

transparency...

» Exploring origin of
confinement — meson
and baryon
spectroscopy, exotics

» Low-energy test of the
Standard Model and
fundamental symmetries.
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‘ Recent overview and plans for future

The 12 GeV Experimental
Program is now in full swing.

The overview includes recent
results, updated projections,
and plans for the future.

It emphasizes the need for
high-luminosity facilities
(SoLID and CLAS12).

Discusses the program with
positron beams, and the
possible energy upgrade to
20+ GeV.
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EM form factors

 Electron scattering has been a tool of choice for many decades for studies of the
structure of the nucleon.

« However, at each new stage of experimental e "
. . . Antognini 2013 (mH spect.) ——e— Bernauer 2010 (ep scatt.)
Investigation, new challenges and ey 07 gty +e
Inconsistencies arose. CODATA-2018 e

Bezginov 2019 (H spect.) +——e— e CODATA-2014

* New experiments at Jefferson Lab address most | e s —e

I

+———e——— Fleurbaey 2018 (H spect.)

of discrepancies, but some issues still remain: PRad-) prjection e
" . yy . Grinin 2020 (H spect.) —o—
- the proton radius puzzle ,dlscrepanc_y between B I I
muonic-hydrogen and electron scattering; Proton charge radius r_ [fm]

- the high Q? behavior of the proton elastic form factors Gz(Q?) and G,,(Q?) has also been a puzzle.

alectron
+ .. .
)Cfi The SBS (Hall-A) form factor experiments.
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Structure of the valence quark distributions

Precision measurements of F*/F? in the unpolarized DIS
to constrain models for (u + %) /(d + d). The SU(6) .
symmetry predicts FZ"/FZP:ZIB, the pQCD =3/7 at x = 1.
* BoNus in Hall-B uses the low-energy spectator proton tagging:  °*1
en(ps) — e'psX. New experiment with 11 GeV beam extends
reach (0 x,~0.8 1
« The Marathon experiment in Hall A measure inclusive scattering N
on two mirror nuclei with very similar wave functions, *He and 3H. *'/; P i o 7
Bjorken x
Study polarized parton distributions with high precision measurements of 47, A%, and 431
(HaII A B and C) for xp ~ 0.8 and Q%~10 GeV2,
"iban G ‘;t’ o s | ; Use global analysis to extract Au and Ad, and the
o -5 asymmetry of polarized see, x[Au(x) — Ad(x)].
. — g:::;l:;.:l(;é%(;}) Y Y :: :_ e;éilé){i{?onﬁes Sgl[gr?\gz]enzanon ) :E
Leader et al. (2007) — Gliick et al. (2001) and CTEQ6L parameterization 3
0.5 ® CLAS06 0.15 |- == yQSM B |

SU(6) symmetric
quark model

| |
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4 JLab/Hall A
® CLAS12 projected
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‘Protons gluonic FF — near threshold J/w production

» Directly probe nucleon’s gluonic field,

access to the matter distribution, mass
radius, and the trace anomaly of the EMT.

« Experiments in Hall C, and D (GlueX)
already published results, the Hall-B
CLAS12 (p, n) will follow.

Total cross section asymptotic - power counting

._.
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o(yp — J/yp), nb

107!
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ERRE U N S . Brodsky et al. fit to GlueX
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102k L i —
8 9

E,,Gev 20
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Differential cross-sections - forward extrapolation
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3-D Structure of the Nucleon: TMDs and GPDs  ¢loS§

DIS Parton Distribution Functions Elastic Form Factors

ek,
" E
elk) %)
" L4
L e

J
—‘_...-':i:ﬁ X(p,0
r tp"l -

No information on
the spatial location
of the constituents

No information about
the underlying
dynamics of the
system

Transverse Momentum Distributions & Generalized Parton Distributions
3-D imaging of the nucleon, the correlation of quark/antiquark transverse spatial and
longitudinal momentum distributions, and on the quark angular momentum distribution
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Nucleon tomography: GPDs
A major thrust of the JLab 12 GeV facility.

(x-£) P GPDs — PDFs (in the limitt — 0)
. . Hq(X,0,0) = Q(X),—q(—X)

Four |ead|ng-tW|St Hq(X,0,0) _ ACI(X),A(T](—X)

chiral-even GPDs:

H% E% HY; E® GPDs — FFs (first moments of GPDs)

(x+5) P

[TaxHx e =F (M) [, oA xED =gl

[ dxE"(x,£,0) = FA() [axEe(x,£,t)=hi()

Nucleon tomography

Link to the energy-momentum tensor
1

[ ax xB(x.c.0) = A%(E) + €2D7() H(x, b, ) = /

(27’(’)2 bLAlHq<X707_A2L)

Burkardt, Int.J.Mod.Phys.A, 2002

/_1 dx xE9(x, £,t) = Bi(t) — £2D9(t)

Decomposition of the nucleon spin
the D-term characterizes the distribution

1 1
o Jo=S"2 [ dxx(H9x £ 0)+Ex, £, 0
of forces inside the nucleon Q zq: 2 /1 x x(H(x,£,0) + E%(x,£,0))
Polyakov, Physics Letters B, 2003 Ji, Phys. Rev. Lett, 1997
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‘Compton Scattering and GPDs

Started in 2001, PRL 87, 182002

Is the large part of the CLAS12 physics program

@ Hard scale is defined Hard scale is defined DVCS
= TCS - by@'glme-hke photons by space-like photon
e
7
@] /
o Y
O i
o Re (&) =PV [ doC (€ )H(z 61 _
)] .
< | Im H(E,t) =imH(E,€,1) TEEEY
O Access to the Re-part gf the - e
Compton amplitude
e -
(@) g D DVCS +1 p H(.T, 6, f-)
E o g &t f,l 20 —€) tie
Y— = 0 _
8 = Both space-like and time-like 26=¢)
g .?‘j = photons can set the hard scale H(2¢ —&.6,t)+ H(—(2¢ —€),¢,1)
| OlE
2o
‘Q 8_7% p v
=] . .
Q g ] o-DDVCS is three orders of maanitude smaller than -DVCS
(&) . . . . .
The main driver of the high luminosity upgrade
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‘DVCS program

Program covers measurements of beam helicity, longitudinal and transverse
polarized target asymmetries using detectors in Halls A, B, and C.

First BSA results from CLAS12
_ asin¢
1+ ccos¢ +dcos2¢

Fit with ANNSs, constrained on 6 GeV data.

ALy

< [ r
4 Q? ~2.1Gev? 3 Q' -~ 1.6Gev?

0.5 % Xg - 020 0.5 e X, - 0.15
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. T A

AUL X F]_Imj:[ | v 3 s
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2 1
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First measurements of TCS wit

l

Bethe-Heitler (BH)

e

S

h CLAS12

* BHA, Agy~sinpImM™",
universality of GPDs

U w\f\//%/’ A T
- 5~ « FBasymmetry,
C D
+ i Apg~cos@ReM™ ", access
"/,r/' = - == R 1 Q -
3 5 to the EM FF D% (t) (D
P , P+ B term).
o(yp —pee ):UBH‘l‘UTCS
al m . 14cos“ 6 __
4 LNT=N" do"—do” _ _ﬁ—%?ﬁ)ﬂ/—i_f%smﬁb( S m )
U T PNt +N-—  dot +do ] dopp ]
A (60, 00) A7 (00:00) = Aol — .7+ o) _ it 25 G 7 A= i os b0 i R
FBY0:507 ™ 46 (6o, do) + do(m — O, 7 + o) dopu (Ao, do) + dosu(m — O, 7 + do)
0.6¢
0.5 ;— 0.6~ : oéwlsag‘:,’s%?f l:p'aé [I:It%:", 40°]
0'45— I ______ F .. PO A S A LI IL 0.4——
0.3;'__ "'_.-" e :
> 02F | " p 0B W W
0'1;_ L = nE— -’ ................
0;— A A & e 0:— ze e A e
0.1 4 DATA []Tot. Syst. - <4 DATA [] Tot. Syst.
_025_ -+ BH s QK i ¥ -«=BH - GK, noD-term
' 3 ' : [ Y ele P I T T T — VGG ~--'VGG, no D-term
030702 03 04 05 06 07 08 ~%1 02 03 04 05 06 07 08
-t (GeV?) -t (GeV?)
P. Chatagnon, et al. (CLAS Collaboration),"Phys. Rev. Lett. 127, 262501 (2021).
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.262501

3D Imaging iIn momentum space — SIDIS

» Experiments in a wide kinematical region, with polarized beam and targets,
variety of final states.

» Will study hadronization in both the target and current fragmentation regions

o= Fyy + PiF; ) ?sin2¢ 4+ BF) Psing. .. | N

Projected precision of extracted tensor charge
for u and d quark from SoLID experiments with
! . transversely polarized proton and 3He targets.

* DSE = Lattice QCD  » Models
¢+ Phenomenology ¢ Future Experiment

u

* [P Wang et al. (2018)
L] . Yamanaka et al. (2013}
] H Bhattacharya et al. (2016)
[ - Abdel-Rehim et al. {2015)
M W Gockeler ot al. (2005)
N " Cloet et al. (2008)
A A Wakamatsu (2007)
" A Pasguini et al, (2003)
— —_ Gamberg, Goldstein (2001)
Y
==
A
A

' Schweitzer et al. (2001)
[ Ma, Sehmidt (1998)
A Barone et al. (1997)
A Schmidt, Soffer (1997)
] k * {  He, Ji (1996)
" A Kim et al. {1996}
p—— Kang et al. (2016)
L t + | p—p—] Radici et al. (2015)
P ) h - ——— Goldstein et al. (2014)
L = lL [ S— —— Anselmino et al. (2013)
= —— Ye et al. (2017)
L] H JLab12 SoLID Baseline

_l_ _l | |r’ | | | |
T | £ o 05 00 05 gm 15 20 25
i
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Di-hadron production in SIDS

BSA in the Process ep - enr*n~ X with CLAS12

« Extraction of twist-3 collinear PDF
ASin(d)RJ_)

LU ~e(x)

0.04

0.03

0.02-

0.01~

sin(ép—¢r | )

0.00

-0.01

» Sensitive to the helicity-dependent two-pion

in(¢n—dr,)

fragmentation function Aiu ~G1

0.5

= -0.02
< _o.04

0.06
0.04
0.02
0.00

-0.06

0.

3 0.4 0.5 0.6 0.7 0.8

BSA in back-to-back di-hadron production in the reaction ep — epn*X

) ) : i VA.Lh
Ay = —V1 —¢€? |Pral|Pra| Clws i " D] sin A¢.

(P

jil

MMy,

V1 —e2Pri Prs

One of hadrons in CFR another in TFR,
provides access to leading twist fracture
functions, I1" and 1.

sin A¢

S
-~

A

my ms
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0.02

0.00

-0.021

-0.04

Lt

epmX

~0.06™=
0.0

0.1

C[ﬁ,l D]]
2

b ¢

€2Pry Prs

=
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0.021

0.00

F —0.02F=

-0.04
0.1
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Hadron spectroscopy

> 300000

=
» Role of gluonic excitations, gluonic degrees of =
freedom — search for exotic states. u

» Spectrum of excited nucleon states, transition FF.
« Strangeness production, polarization transfer

Min°n) GeV
PRC 103, L02201 (2021) asymmetry

dN , o .
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s el e i if A “‘“‘"""%’"F_. - ——;—r”;f a3 —— Nys etal. (JPAC), PLB 779, 77 (2018)
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QCD and nuclel

 Nuclear DVCS

Ruling out color
transparency in quasi-
elastic 12C(e,ep) up to
Q? of 14.2 (GeV/c)2

Transparency
© 2 2 2 2 2 2 2
o = N W B o =~ © w

B C52.SCIENCE

(2]
T

Nucleon modification, tagged EMC.
Short range NN correlations.
Quark/hadron propagation and CT.

T*(a) Y(9-4)

Pp [GeV/e]

F o JLab99

Prediction with Color
Transparency

%’“1 r11]-—-n'-Lj'ﬂ,t:;.:::::::t""“"

o

Data has flat dependence

+ This experiment  No Color Transparency !

E ¢ Bates
0 SLAC - Constant value
A JLab 95/96 --=- Glauber + CT(l, ll)

| T Flellativistlic GlalubeHICT

E
3
3

-
r

0

2 4 6 8 10 12 14 16 18
Q?[(GeV/c))]

S. Stepanyan, IWHSS2022
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EMC-SRC correlation

PREX and CREX experiments: electroweak
asymmetry in elastic eA scattering
O-3J"“""'\""‘""I"""“'\' T
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‘ Precision test of the SM electroweak interactions

PV Moller scattering: Purely leptonic probe — test of sin? 8y, .

0.245 - r r T T
Eb =11 Gev T ::ft?:;’eu::reshold
75 pA 80% polarized ¢ Measurements
Luminosity: 3x10% cm2sec? 7 - ¢ Proposed staccmiss [ Foc-ep
' e u fu,
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’:?- apv Qweak
F ZY(l - Y) Q <®§0 235 LHeC
PV O'R+O'L \/_1'[0_!1+y +(1 y)‘* w NE TR N e e >
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Qi = —49¢ 9¢ = —(1— 4sin?6y)
0.23 { MOLLER W"sLc N
APV = 35.6 ppb . o
S(APV) = 0.73 parts per billion The most precise measurement o e
o(Q%y) = £ 2.1 % (stat.) £1.0 % . H
(@ b (stat.) £1.0% (syst) of weak mixing angle at low Q2  ozesb ot ]
10 10 102 107" 1 10 102 10% 10
LL[GeV]

PV deep inelastic scattering: precision test of the SM prediction for hadronic axial-vector currents

] Qweak+APV [ all data 2019
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A Large Accéplt’nahce Detector. can « BSM physics search - sensitive to contact interaction i
. oo 39 2 enng  Of high mass particles (~20 TeV — 40 TeV). ) |
handle high luminosity, 10 cm=sec™ Will help to disentangle dimension-6 from dimension- Co | reemear-ant-ase
8 SM Effective Field Theory couplings. 057 08 08 -07 '?':geif'}]'o"‘ 203 02 0.1 0
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Search for dark sectors

(5" SEARCH

\ _
APEX % @ HEAVY PHOTON
ete

Direct Detection oM
Search for X17 do(e~Z — e~ Z(A' “_"_)L bt _my
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x Leptophobic
1 —= B'y = 7%y, (0.14 < mp: < 0.62 GeV)
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nn = Ay s ete .
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Physics with polarized positrons beams

A rich and exiting experimental program, will account for

Physics Motivations

A = (Y +YH) - (Y, +Y0)
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‘CEBAF energy upgrade

HIGH ENERGY WORKSHOP SERIES 2022

» 3 passes with the current CEBAF
(Arcs 1-6)

+ 8 passes through a pair non-
scaling FFAs (4 + 4)

With the goal to probe the science that would be opened up by a
higher energy electron beam (~20-24 GeV) at Jefferson Lab.

== p,{4440) 0
Flaseg Hadron Spectroscopy with a CEBAF Energy Upgrade
+(4240) —P(4312) June 16 & 17
- TEon Zes(4220) Marco Battaglieri, Sean Dobbs, Derek Glazier, Alessandro Pilloni, Justin Stevens, Adam Szczepaniak, Patrizia Rossi
2
Z,(4020)
e e Z,(2000) Recent obse n heavy-quark spectroscopy have provided numerous candidates for hadronic

nces which are exotic in nature, the so-called XYZ

2(3900)  Z(3985)

and Pc states. With a CEBAF energy upgrade to 20-24 GeV these states and other charmonia may be

studied in photoproduction and electroproduction
measurements at JLab. This workshop aims to identify the key measurements made possible by such an upgrade, utilizing recent theoretical models for
production and evaluating the detector performance requirements,

» == Science at Mid x: Anti-shadowing and the Role of the Sea
Art shdowing
s July 22,23
> John Arrington, Mark Dalton, Thia Keppel, Wally Melnitchouk, Jianwei Qiu

ucwns A upgrade of CEBAF at Jeffarson Lab beyond 20 GeV will apen up key science that is not possible to access at 12 GeV. Ona kinematic regime whers this is

E ~20GeV —24GeV .

most passible is in the “middie* Bjorken x regime around x~0.1, where the avaitable momentum transfers at 12 GeV have heret

fare limited or prevented
several exciting measurements. Here, for example, the long-standing mystery of anti-shadowing may now be probed for the firs @ in decades. The strange
sea may now be measured with minimal ¢

retical bias using parity-violating electron scattering. Mora generally, the interplay of the vale

and sea regimes

may be be

disentangled. Nove! tagged measu

ents may provide access to meson

cture and the role of mesons in nuclei. All of these measureme

leverage the unicue capabilities of luminosity and precision po!

ble at Jefferson Lab in the EIC era. This workshop seeks 10 enhance our knowledge of these

topics and broadly identify exciting new science opened up in U

iddle x regime vis experiments that initially utilize largely existing or already-planned Hal

The Next Generation of 3D Imaging
July7&8

Harut Avagyan, Carlos Munoz Camacho, Jian-Ping Chen, Xiangdong Ji, Jianwel Qiu, Patrizia Rossi

equipment.

Studies o ering measurements,

variety of observables b

actions, are

20 emarge dy,

3 J/Psi and Beyond
August 16 & 17 9am - 1p0

program, and drvin

o0 of the iture

Jeffes

atlarge parton fr il be the main

Ed Brash, lan Cloet, Zein-Eddine Meziani, Jianwei Qiu, Patrizis Rossi

The majoe frma the limited cow

transfee and lan
erest in
parucles o

The
my

9-s1anding puzzles in
ruclesr anc and future (SoLID in Hall A)
equipment possible via an energy increase, and (2)
with 20+ GeV that can set the bridge between JLab12 snd EIC (complementariay speciy the correspo Id be addressed. For axample, what & the Impact of
Pui{25) dsta near and above

Physics Beyond the Standard Model PRI
August 1

rison with the

shold J/psi production data? With the

energy beam, do we

PECt a1 impeovement in & Uac

aomaly (which is

063 having the J recisely, especially with 19:20 GeV beam, help to address the tension that currently

exists between JLa

nd SLAC data from 40 years age

Marco Battaglieri, Bob McKeown, Xiaochao Zheng, Patrizia Rossi

Possibilities for testing the Standard Model and searching for new physics beyond the Standard Model enabled by 20-24 GeV electron beams at CEBAF will

be discussed. There will be opportunities for presentations and discussions where new ideas can be brought forward,

@ "67.SCIENCE '

S. Stepanyan, IWHSS2022

®Thomas Jefferson National Accelerator Facility



https://www.jlab.org/conference/hews22

Complementarity with facilities worldwide

Jefferson Lab stays very relevant and complementary to other facilities with the
high luminosity (~103°cm™2sec™1), high x reach of fixed target experiments.

1.6
1.41 CJ15nlo Proton PDF
19] @*=10GeV? | i

Sy § = * Precision measurements in

0] 5 =t the valence quark region

5 : = d—u . . . . .

N 2; | requiring high luminosity are
0.0 ; clearly the purview of CEBAF.
107

B} | » The 20+ GeV energy upgrade

Ly 1077 | JLab 12 (SoLID) . . .

. | will provide important overlap

210 ; Soab 12 into the sea quark region

£ 1] | where the EIC is designed to

S oLl e probe at low x.

HERA
10~ 1079 102 0.1 0.3 0.5 0.7 0.9

T

Kinematic regions of Deep Inelastic Scattering and the
comparative reach of different facilities.
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To conclude

Jefferson lab is the home of high luminosity experiments and will remain the
prime facility for fixed target electron scattering for decades to come.

JLAB started the execution of a vibrant physics program with up to 12 GeV
electron beams and will continue for the next 10 years or so.

New experiments yielded ground-breaking Nuclear Physics results in 3-D
imaging of the nucleon, isospin decomposition of nucleon structure functions,
near-threshold J/y production, proton charge radius measurement, and new
information on neutron matter.

There are exciting physics opportunities with positron beams, and machine
upgrade is now under study.

Looking forward to a new round of upgrades, building a case for high energy,
~24 GeV, machine.
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