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J. Grames, E. Voutier et al. Jefferson Lab LOI12-18-004 (2018), arXiv:1906.09419

Letter-of-Intent to PAC46
LOI12-18-004

Physics with Positron Beams

at_Jefferson Lab 12 GeV

Ibrahim Albayrak’, Salina Al
a D'Angelo!™ ., John An

Letter of Intent submitted to JLab PAC46 (July 2018)

Highlighting 7 mini-LOI’s
Supported by 127 members 39 institutions

Arthur Mkrchyan®, Hamlet Mkrichyan, Aram M

I (nA) Beam Time
e et Polarization (d)
Two-photon exchange
TPE @ CLAS12 60 60 No 53
TPE @ SupRos - 1000 No 18
TPE @ SBS || 40000 100 Yes 55
' Generalized Parton Distributions
p-DVCS @ CLAS12[| 75 | 15 Yes || 83
n-DVCS @ CLAS12 60 60 Yes 30
p-DVCS @ Hall C | - | 5000 No | 56
Test of the Standard Model . .
Asearch [ - [10100[  No 180

Total Data Taking Time | 525

"These measurements all have significant physics interest.
The proposers should carefully evaluate feasibility and
present the best case possible in a future proposal.”

PR12-20-009 PR12-20-012 e*@JLab White Paper

Stony Brook, June 26", 2020
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P.A.M. Guichon, M. Vanderhaeghen, PRL 91 (2003) 142303

» Measurements of polarization transfer observables in electron elastic scattering

Electromagnetic Form Factors

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

of f protons question the validity of the 1y exchange approximation of the

A.J.R. Puckett et al. PRC 96 (2017) 055203
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4 6
Q2 (GeV?)

8

electromagnetic interaction.

Within the 2y exchange hypothesis, the
electromagnetic structure of the nucleon may
be parametrized by 3 generalized form
factors, corresponding to 8 unknow quantities.

Gy =Gy (Q%) +¢,5G(Q%,¢)
Gg =Gp(Q%) +¢,3GE(Q%,¢)
F, = ¢ 8F;(Q,¢)
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Experimental Observables

M.P. Rekalo, E. Tomasi Gustafsson, NPA 742 (2004) 322 C. Carlson, M. Vanderhaeghen, ARNPS 57 (2007) 171

» Unpolarized e* elastic scattering and polarization transfert observables off the
hucleon involve up to 5 unknown quantities.

o= G2, +§G§ £2G, R/, (65, oF, )| 2§GE9%[ﬁ(5GNE,5ﬁ3)]
Cross Section

——opbh=- M (GeGrr G5y [ Gy {1 (6Gp, 75 )

con B =A1-¢2 (Gj%l £2G, R/, (5G~Méﬁé)])
Polarization

Transfert o .
5 unknown contributions for 6 independent observables
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Experimental Observables

M.P. Rekalo, E. Tomasi Gustafsson, NPA 742 (2004) 322 C. Carlson, M. Vanderhaeghen, ARNPS 57 (2007) 171

» Unpolarized e* elastic scattering and polarization transfert observables off the
hucleon involve up to 5 unknown quantities.

o= G2, +§G§ £2G, R/, (65, oF, )| 2§GE9%[ﬁ(5GNE,5ﬁ3)]
Cross Section

——opbh=- M (GeGrr G5y [ Gy {1 (6Gp, 75 )

o B = 1-&2 (G2, 226,916, o)

Polarization

Transfert o .
5 unknown contributions for 6 independent observables

Combining polarized electrons and positrons allows a model independent separation
of the electromagnetic form factors of the nucleon.

Stony Brook, June 26", 2020 8/ 26



Two-photon physics
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LOI12-18-004

J. Arrington, J. Bernauer, V. Burkert, A. Schmidt et al.

> A modified CLAS12 hosting an electromagnetic calorimeter in place of the Central
Neutron Detector would allow to map out the 2y-effects in the (Q2?,¢) space,
providing a conclusive answer about the relevance of 2y-effects.

- Particle ID by TOF for p < 1.5 GeV/¢
- No direct electron/positron ID

- Particle ID by TOF for p < 6 GeV/c

- e-/e* rejection in HTCC

O'e+
O-p_
1.3
Forward Detector
Central _.DCs 1.25
Detector | ! ;| " &
el/et 12 =2
Solenoid| b E 5 S 1.2
—i|“ — L15
=" \‘ Or, S
; - d, =
i W 1.1
Torus
Central Detector: DetectPr: o o Forward Detector:
- Charged particle tracking in solenoid field - Charged particle tracking in Torus field 1.05
- Polar angle range 8 = 35 - 125° - Polar angle range 8 = 6 - 35°
-Azimuthal angle range Ad= 360° - Azimuthal angle range (0.6 — 0.9)x2n 1

Stony Brook, June 26" 2020

[
Eoean = 2.2 GeV, 10h
Eoea™ Z 33 GeV. 50h
Eore™ 474 GeV, 200h
Eori™ 6.6 GeV, 1000h
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Two-photon physics
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LOI12-18-004

J. Arrington, J. Bernauer, A. Puckett, A. Schmidt et al.

> High impact measurements are also feasible in Hall A & C to sign the existence
of 2y-effects, better control systematics with the Super-Rosenbluth technique, and
to provide unique polarization transfer data.

1.18
1.16 »\I
AEAN
1.14 N
N

1.12

11

1.08

Ry,

1.06

1.04

1.02

Foeam = 3.1 CeV
Foet™_ 355 G&V — —

Ebeam =4.01 GeV ----

Cross section ratio
measurements with e*

e* polarization transfer
measurements with SBS

--------- on fh38

0.98

Stony Brook, June 26" 2020
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Parton Imaging

D. Miiller, D. Robaschik, B. Geyer, F.M. Dittes, J. Horejsi, FP 42 (1994) 101  X. Ji, PRD 55 (1997) 7114  A. Radyushkin, PRD 56 (1997) 5524

» GPDs parameterize the partonic structure of hadrons and offer the unprecedented
possibility to access the spatial distribution of partons.

GPDs encode the correlations between partons
and contain information about the dynamics of
the system like the angular momentum or the
distribution of the strong forces experienced
by quarks and gluons inside hadrons.

T flxby)

X. Ji, PRL 78 (1997) 610 M. Polyakov, PL B555 (2003) 57

M. Burkardt, PRD 62 (2000) 071503 M.Diehl, EPJC 25 (2002) 223 A new |i9h-|-

on hadron
structure

GPDs can be interpreted as a distribution in the
transverse plane of partons carrying some fraction of
the longitudinal momentum of the nucleon.

Stony Brook, June 26", 2020 1 1/ 26
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Nle,e'yN) Differential Cross Section

M. Diehl at the CLAS12 European Workshop, Genova, February 25-28, 2009
DVCS Bethe-Heitler (BH

\/\/ \/
/O\

oc(eN—-eNy) =

e _ ~~ ~
Gpp =0BH +Opvcs T P Opves + € (GINT + P GINT)
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Nle,e'yN) Differential Cross Section

M. Diehl at the CLAS12 European Workshop, Genova, February 25-28, 2009

DVCS Bethe-Heitler (BH)
| — 1
_J 2
oc(eN—-eNy) = § + ff: N |
S X
/O\ /O\

e _ ~~ ~
Gpp =0BH +Opvcs T P Opves + € (GINT + P GINT)

Electron
observables

‘ Goo =O0BH t Opvcs ~ OINT

0.0~ 0_9 =20pycs —20INT

Stony Brook, June 26", 2020 12 / 26
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Nle,e'yN) Differential Cross Section

M. Diehl at the CLAS12 European Workshop, Genova, February 25-28, 2009

DVCS Bethe-Heitler (BH)
I N

+ *

I
2
c(eN—eNy) =

e _ ~~ ~
Gpp =0BH +Opvcs T P Opves + € (GINT + P GINT)

Electron Electron & positron
observables observables
- _ + —
‘ Goo =OBH T Opvcs ~OINT Goo~ G0 = 2O INT E \
- - _h= ~ + + - - ||+ - + - |l_ax=
6.0~ 0_9 =20pycs ~20INT [0+0 - 0—0]— [0+0 - 0—0]— [0+0 - G+0]— [0—0 - 0—0]— 46Nt
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Nle,e'yN) Differential Cross Section

M. Diehl at the CLAS12 European Workshop, Genova, February 25-28, 2009

DVCS Bethe-Heitler (BH)
I ~

o(eN—-eNy) = + ‘ + ‘

2

s =69 +S[P Acgy + (ASpycs + P Acpycs )+ € (AS it + P Aoy )]

Electron Electron & positron
observables observables
‘ - N _ \
Goo =OBH T Opvcs ~OINT Goo—C00 = 20INT
- - _Aa= ~ + + - - |_ |+ - + - |l
6.0~ 0_9 =20pycs ~20INT [0+0 - 0—0]— [0+0 - 0—0]— [0+0 - 0+0]— [0—0 - 0—0]— 46Nt
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Nle,e'yN) Differential Cross Section

M. Diehl at the CLAS12 European Workshop, Genova, February 25-28, 2009
DVCS Bethe-Heitler (BH)

I o

o(eN—eNy) = + +

s =69 +S[P Acgy + (ASpycs + P Acpycs )+ € (AS it + P Aoy )]

Additional observables

Electron + P ~ Electron & positron
G+ —Og- = 2AGpycs T 2AG Nt P
observables observables
[csir - Gir_]— [csir - Gf_]: 4 Aogy +4Acpycs T4AoNT
- N _
Goo =OBH T Opvcs ~OINT Goo—C00 = 20INT
- - _Aa= ~ + + - - |_ |+ - + - 4=
6.0~ 0_9 =20pycs ~20INT [0+0 - 0—0]— [0+0 - 0—0]— [0+0 - 0+0]— [0—0 - 0—0]— 46Nt
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Nle,e'yN) Differential Cross Section

M. Diehl at the CLAS12 European Workshop, Genova, February 25-28, 2009
DVCS Bethe-Heitler (BH)

I o

o(eN—eNy) = + +

s =69 +S[P Acgy + (ASpycs + P Acpycs )+ € (AS it + P Aoy )]

Additional observables

Electron + P ~ Electron & positron
G+ —Og- = 2AGpycs T 2AG Nt P
observables observables
[csir - Gir_]— [csir - Gf_]: 4 Aogy +4Acpycs T4AoNT
- N _
Goo =OBH T Opvcs ~OINT Goo—C00 = 20INT
- - _Aa= ~ + + - - |_ |+ - + - 4=
6.0~ 0_9 =20pycs ~20INT [0+0 - 0—0]— [0+0 - 0—0]— [0+0 - 0+0]— [0—0 - 0—0]— 46Nt

Polarized electrons and positrons allow to separate the
unknown amplitudes of the cross section for electro-production of photons.

Stony Brook, June 26", 2020 1 2 / 2 6
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Nucleon Internal Pressure

V. Burkert, L. Elouadrhiri, F.-X. Girod, Nature 557 (2018) 396

M.V. Polyakov, P. Schweitzer, Int. J. Mod. Phys. A33 (2018) 1830025

K. Kumericki, Nature 570 (2019) E1

j_le(x,E,t) dx = M,(t) + =>

The 2nd order Mellin moment of GPDs allow to access
the pressure distribution inside hadrons through the
skewness dependency of GPDs... (DDVCS).

CFF

"0 =j_ll[f—;—ie_€+;—ie]H(x'f't) dx

LO Tr1 1
iRe[}[(f,t)]=D(t)+?{j_1[€_x—f+x
1 (1 D(z¢t)
D(t)=fj_11—z z

D(zt) = (1 —z%) [dl(t) C32(2) + ]

Stony Brook, June 26", 2020

] Sl (x, £)] dx}

REPULSIVE
PRESSURE

CONFINING
PRESSURE

SN O T A
0 02 04 06 038 1 12 14 16 18 2
r(fm)
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Nucleon Internal Pressure

V. Burkert, L. Elouadrhiri, F.-X. Girod, Nature 557 (2018) 396 = M.V. Polyakov, P. Schweitzer, Int. J. Mod. Phys. A33 (2018) 1830025

K. Kumericki, Nature 570 (2019) E1

1 4 The 2nd order Mellin moment of GPDs allow to access
j x H(x,§,t) dx = M,(t) + Z{> the pressure distribution inside hadrons through the
-1

CFF

1

LO Tr1 1 1.

Te[H (&, t)] = D(t) +7’U_1 L‘—x_f+x]‘5m[}[(x’t)] dx}
1D(zt)
j_ll—z g

D(t) = E

D(zt) = (1 —z%) [dl(t) C32(2) + ]

skewness dependency of GPDs... (DDVCS).

"0 =j_ll[f—;—ie_€+;—ie]H(x'f't) dx

REPULSIVE
PRESSURE

CONFINING
PRESSURE

«—
I N T N S |
Real part of Compton form factors 0O 02 04 06 08 1 12 14 16 1.8(f )2
r(fm
(o)

Also accessible in TCS testing GPDs universality.
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V. Burkert, L. Elouadrhiri, F.-X. Girod, C. Mufoz Camacho et al.

> It is proposed to measure polarized and unpolarized beam charge asymmetries
off protons and neutrons (CLAS12), and unpolarized p-DVCS cross section with

positrons (HMS+NPS).

H. Avakian, V. Burkert, V. Guzey (JPos09) AIP CP 1160 (2009) 43 . .
Kinematic coverage

ep—e'p'y
3 5<0' < ‘;\12 = =
<! 021 <x 038 > "I Approved e settings
06 I P @ [Proposed e* setting
Ty FRCI
. ‘* .| B0
0.2 . . <° i ¢
0 . ] 025 L -
02 . . TINT 8-
-04 | y . ' ‘ : 4
0 50 100 150 200 250 300 350 0 02 03 04 05 06, 0.7 08 09 1 -
] -t(GeV’) 6
0 0 i
al A
§ ' . g T . . . * * : / ;
_g-'-oz . . . . . g"-ﬂl L4 . |
<° < 2
PyGinT + OInT SAGiNT + 01N L
%02 03 o4 os 06, 0.7 08 09 1 04 02 03 04 05 08 07 08 09 1 00 0.1 0.2 03 04 05 06 0.7 08 0.9
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LOI12-18-004

S. Niccolai, E. Voutier et al.

» Contrary to H, the GPD E flips the spin of the nucleon and is consequently not
constrained by Deep Inelastic Scattering data.

X. Ji, PRL 78 (1997) 610

1
M. M tal., PRL 99 (2007) 242501
o o el j x[H(x,E,t > 0) +E(x, &t > 0)]dx =]
-1
—~10—
JLab Hall A g b
n-DVCS ~ ‘ | |
© 8 > u‘* ; ++ M ‘.W.‘ HO 0"** "w * ’3“# w M Hi .H H'
vl ’# " u “ { | il W | ) }
’ { W W
[P S 6 ] |
i -ﬁrﬂ%;reeggDSSF (quenched) 1 ‘
-0.2/~ [JLattice QCDSF (unquenched) 5 el el il o el b il S ——
. [OJLHPC Lattice (connected terms) Lot b b b T | | |
-0.4f- EJAW. Thomas, anxiviep-phi 0803.2775 . [ ’W K W { el Rt
ol I T TR o| ik bt
8 g gI. ) P ) x ’{ﬁ:: n.,,...-us-.wlvgwurwgg v W‘"’*me 5mmw ihww ] HHHW
0.8 HERMES Preli 2 =
- . p-DvCS zj}gjﬁj o I e e
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Generalized parton distributions
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LOI12-18-004

S. Niccolai, E. Voutier et al.

t
A, oc—SRe [&1 - Ey ]

» The BCA on the neutron accesses the real

part of the CFF E, and is sensitive to H at
some kinematics.

10—
> -
> [
S of T
Nc E ) o AC —
8F @ e*ande beams Lv —
T ® e beamonly T
4 ™ S N SR b ]
6F ’
55 “.n.zn.M“.n.s.“n.elnil = .02. * .04. * .0.5. * .0.5. .t(.le.)
I el
| {”‘I’ ., }”3”’1”” ., ”””” B o I -
- {W“L" flm‘m*m* | |
1 0.1 0.2 0.3 0.4 0.5 0.6 0.7
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(d*ofy —d*oy) — (d*ory — d*oZy)

d*o}, +d*of, +d*o;, + d*o

(d40-+0 - d40-1-0) + (d40'_:0 - d40-__0)

X OINT

X Opycs

dtof, +d*ofy +dro;, +d*o2,

Ay =

Polarized positron beams provide a different
access to the imaginary part, and probe the
importance of higher twists.
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Structure Functions

« Neutral and charged currents DIS
« Charm production
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Deep Inelastic Scattering

E. Aschenauer, T. Burton, T. Martin, H. Spiesberger, M. Stratman, PRD 88 (2013) 114025

» Charge current DIS access quark flavors combination different from those
measured with the electromagnetic interaction.

€

(1+eP ) ny [Y+g§V teY g }

Leadling order

d’Ac}, B Sna’

dx dy sz

Polarized electron
off protons

\—>glw —Au+Ad+AS+Ac  gY =—Au+Ad+AS—Ac ~ DirectaccesstoAr
w- Wt
|—>glw+ =Au+Ad+As+Ac gV =Au—-Ad-As+Ac g +g =AX

Polarized positron
off protons

Access to strange polarized PDF free of hadronization ambiguities

g (p)-gi (p)+gd (n)-g (n)=2[Ac+Ac|-2[As+AS]

Stony Brook, June 26", 2020 18 / 2 6
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Strangeness Tagging

» The modest center-of-mass energy at the EIC can be compensated by the
high luminosity and polarization degree of the lepton beam, to help for
precise measurements of the small charge current cross section.

g 102 _E .......... i
‘% E M-—-_ B
& 10 /
S — e
c 107 ;_! Q? >110% GeV?
= —_— CCep
10° — cCetp
10+ ;g/ CC-e*p (s->c)
1075 E 1 | EIC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
. . 50 100 150 200 250 300 350
« Charm production via charged current exchange sat(s)
preferentially couples to the strange content of .\ B
the nucleon. e"+p 2V +c+X

e"+p ov,+c+X

An integrated luminosity of 10 fb-!/year would provide ~1500 events/year.

M. Arratia, Y. Furletova, T.J. Hobbs, F. Olness, S.J. Sekula, arXiv:2006.12520
Stony Brook, June 26", 2020 19/ 26



Standard Model Tests

« Charge conjugation violation
 Right-handed W-bosons
« Dark photon

Stony Brook, June 26", 2020 20/26



Charge conjugation violation

Fric Voutier E!J got-LC?rE
Weak Neutral Current Couplings

S.M. Berman, J.R. Primack , Phys. Rev. D 9 (1974) 2171

X. Zheng, JPos09, Newport News (2009)
» The comparison of polarized electron an polarized positon scatterings provides
access to the charge conjugation-violation coupling Cs;, from the interference
between the weak neu

tral and electromagnetic currents.
_Gr
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1.65 = 0.45

Cs, are known only within 30%
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Weak Neutral Current Couplings

S.M. Berman, J.R. Primack , Phys. Rev. D 9 (1974) 2171

» The comparison of polarized electron an polarized p

access to the charge conjugation-violation coupling Cs,
between the weak neutral and electromagnetic currents.
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There exists a unique opportunity for a polarized electron
and positron beam to improve the C;, knowledge.

Tric Voutier t) CLab

Iréne Joliot-Curie

ositon scatterings provides
from the interference



Tric Voutier %) CLab

Iréne Joliot-Curie

Polarized Charged Current Cross Section

Y. Furletova, S. Mantry, (JPos17) AIP CP 1970 (2018) 030005

» The polarization dependence of the charge current cross section can be
measured to potentially reveal deviations from the Standard Model prediction.

EIC projections
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Search for dark photon

Fric Voutier %J CLab

Iréne Joliot-Curie

10—4,

10—5,

LOI12-18-004

M. Battaglieri, A. Celentano, L. Marsicano et al.

> The e*e -annihilation offers an

et ; ! alternative way to probe the existence
€ of a dark photon by measuring the
., A photon spectra in the A' invisible

decay chanel.

P. Valente, J. Alexander, (JPos17) AIP CP 1970 (2018) 020007
L. Marsicano, (JPos17) AIP CP 1970 (2018) 020008

10-°

10—7,

10—9,
10710
10—11,

102

10—13,

Stony Brook, June 26" 2020

10

LDMX

T

Belle 11

10

180 days data taking with
a high energy positron beam
would extend the
A’ mass reach up o 100 MeV
and would improve by a
factor 10 the coupling strength sensitivity.

m_A" (MeV)
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Polarized Positrons

See J. Grames’ talk

Photo-pumping
Laser Beam

polarized

electron emission

Wien Filter

Stony Brook, June 26", 2020
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FCup

Chopper

Apertures

Emittance Filter
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Buncher Capture Cavity
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500 keV Dump
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Collection and energy
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/_/ e* Production target

Synchrotron
Light Monitor

Injection
Chicane

123 MeV Dump

FC as a matching accelerating structure
device
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(4
Polarized positron beams Fric Voutier 'PJJ .Cthab

Polarized Electrons for Polarized Positrons

(PEPPo Collaboration) D. Abbott et al. , PRL 116 (2016) 214801

» PEPPo demonstrated efficient polarization transfer from 8.2 MeV/c electrons to
positrons, expanding polarized positron capabilities from GeV to MeV accelerators.
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The PEPPo technique can achieve up to 100% transfer of the electron.

Stony Brook, June 26", 2020
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5(.//77/770/”}/ Fric Voutier“} CLab

Iréne Joliot-Curie

etr@ eRHIC

Unpolarized and polarized positron beams provide a unique opportunity
to enhance the physics reach at JLab and eRHIC.

Interferences, neutral and charged currents, test of the Standard Model...

Unpolarized positron beams are determinant for the GPD program.

/= Positron beams would be a small addition to eRHIC.

/- Unpolarized beams are straightforward, polarized beams are challenging
but achievable.

The e*@JLab White paper will be soon available.... Stay tuned !!
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