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Highlighting 7 mini-LOI’s
Supported by 127 Members from 39 Institutions

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

Physics with Positron Beams
at_Jefferson Lab 12 GeV

Andrei Afanasev®, Ibrahim Albayrak?, Salina I,
Moskov Amaryan®,  Annalisa D'Angelo™, John As
John A

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
e n-DVCS @ CLASI2 | 60 | 60 Yes 80
B o e p-DVCS @ Hall C | - | 5000 No | 56
Test of the Standard Model . .
Asearch [ - [10100[  No 180

Rong W: Wojt ;
Hans.Gearg Zauni jinlong Zhang”
‘Shenying Zhao?. Xiaochao Zheng”, Carl Zorn'

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
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Beam Charge Asymmetries for

and the CLAS Collaboration

AAAAAAA
P

« We propose to measure the unpolarized and polarized Beam Charge Asymmetries (BCAs) of
the étp — e py process on unpolarized Hydrogen with CLAS12, using polarized positron and

electron beams at 10.6 GeV.

The azimuthal and t-dependences of the unpolarized and polarized BCAs will be measured over a
large (xg,Q2) phase space using a 2400 hours run with a luminosity of 0.6 X 103° cm2-s1. »
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This project has received funding from the European Union’s Horizon 2020 research and innovation program under agreement No 824093.
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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.
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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
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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

c(eN—eNy) = /£\ + k +
7 /O\ /O\

e _ ~~ ~
G%0 = 6pn + Opves + P Spves + €1 (ot + P St
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Electron
observables

‘ Goo =OBH t Opvcs ~OINT
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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)
| —

2

e _ ~~ ~
G%0 = 6pn + Opves + P Spves + €1 (ot + P St

Electron Electron & positron
observables observables
p— _ + —
‘ Goo =OBH t Opvcs ~OINT Goo— G0 = 20INT ) \
- - ~ ~ + + - - + - + - ~
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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)

| - 1.5

+ ‘ +

\/
o(eN—-eNy) = ;

e _ ~~ ~
G%0 = 6pn + Opves + P Spves + €1 (ot + P St

Electron Electron & positron
observables observables
p— _ + —
‘ Goo =OBH t Opvcs ~OINT Goo— G0 = 20INT ) \
- - ~ ~ + + - - + - + - ~
0.0~ 0_9 =206pycs — 20NT [5+0 - 0—0]— [0+0 - 0—0]: [0+0 - c’+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.
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Compton Form Factors

> GPDs enter the epy cross section via Compton Form Factors (CFFs) representing an
integral over the intfermediate quark longitudinal momentum.

/ O INT,DVCS
4 GPD(x,&,t) oo . GPD(x,¢&,1) i @D = +2.2.0)

B x+*&Fie
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Experimental Observables

A.V. Belitsky, D. Miller, A. Kirchner, NPB 629 (2002)

> At twist-2 and leading aqep-order, the epy reaction accesses the four chiral even and
parton helicity conserving GPDs of the proton {#,#,&, £}

Z N /4 R A N /4 R
m"'m ¢ *ﬂ/@\&\"'m
A N /4 R _ 7 e /4 R
KN D m-m

)88*

CPVES = 4(1 — xp)[HH" + HH*| — xZ[HE + EH* + HE + EH*| - (xB + 2= xp)°

t
INT _ —_
CINT = F 90 — E[F, + Fy|H s
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Experimental Observables

A.V. Belitsky, D. Miller, A. Kirchner, NPB 629 (2002)

> At twist-2 and leading aqcp-order, the epy reaction accesses the four chiral even and
parton helicity conserving GPDs of the proton {#,#,&, £}

7 N /4 R 7 N /4 N
KON 0G E N
_ A N /4 R 7 N /4 N
I el L e Yl .

7 | 7 Y o N 7 N

t
4M?

2 t CC*
— XBng

CPVES = 4(1 — xp)[HH" + HH*| — x2[HE + EH* + HE + ER*]| - (x§ + (2 — xp)? )55*

- Importance of the separation of the
CNT = FiH — §[F + F]JH — — & DVCS and INT reaction amplitudes
M for the determination of CFFs.
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Experimental Method

A.V. Belitsky, D. Miller, A. Kirchner, NPB 629 (2002)

e _ ~ ~~
6%0 = 6pn *+ Opves + P Spves + €1 (ot + P St

dSoy
dQ? dxg dt d¢, do

Ox

> The BH differential cross section is exactly calculable
from the proton form factors (F;,F,) known at small 7.

1 N BH
- p o = B 2y )

» At fwist-2 and leading agqcp-order, the cross section components exhibit specific
azimuthal dependences.

INT INT
co' +ci' cos(p)
Opves = €5 ¢ Re[CPVES] OINT = P.(0)P, (@) Re[CINT]
INT _:
~ B s; " sin(e)
o =0 G = Sm[CINT]
S INT = B ()P ()
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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 27 order Mellin moment of GPDs allows to access
j x H(x,&,t) dx = M,(t) + Z{> the pressure distribution inside hadrons through the
-1 skewness dependency of GPDs... (DDVCS).

1 1 1
CFF 7.0 =j_l[f—x—ie_€+x—ie]H(x'f't) dx

REPULSIVE
PRESSURE

Lo Ir 1 1 1.
Ne[H (&, )] = D(b) +7’U_1 [S(_x—€+x]om[}[(x,t)] dx}
1 (1 D(z¢t)
D(t)=z’[_1 1—2 VA

CONFINING
PRESSURE

D(zt) = (1 —z%) [dl(t) C32(2) + ]

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 27 order Mellin moment of GPDs allows to access
j x H(x,&,t) dx = M,(t) + Z{> the pressure distribution inside hadrons through the
-1 skewness dependency of GPDs... (DDVCS).

1 1 1
CFF 7.0 =j_l[f—x—ie_€+x—ie]H(x'f't) dx

REPULSIVE
PRESSURE

Lo Tr1 1 1.
Te[H (&, t)] = D(t) +7’U_1 L‘—x_f+x]‘5m[}[(x’t)] dx}
1 (1 D(z¢t)
D(t)=zj_1 1—2 VA

CONFINING
PRESSURE

D(zt) = (1 —z%) [dl(t) C32(2) + ]

«—
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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Proposed Measurements

Using polarized electron and positron beams, we are proposing to measure

- The unpolarized beam charge asymmetry Af,,, which is sensitive to the CFF real part
- The polarized beam charge asymmetry AS;, which is sensitive to the CFF imaginary part
- The neutral beam spin asymmetry AY;, which is sensitive to higher twist effects

C

YYD - +Y0)

VU Y YR Y4 YC
OINT

Opy + Opycs

+
= Afy # ATy =

Observables

|

A6 — YF-YH -y -v2)
W Yy +Yr+Yo+Yo
_ OINT
—ogy + opycs
+P(GiNnTE0DVCS)
opH+0pycstOINT

0
ALy =

YY) - +Y0)
Yr+Yr4+Yo+Yo
&DVCS

Opn + Opycs

+ _ -
A, = w if BH dominates

Yfpi = is the beam polarization and accumulated charge normalized yield.
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Experimental Signal

A.V. Belitsky, D. Miller, PRD 82 (2010) 074010

K. Kumericki, D. Muller, NPB 841 (2010)

0.6 0.4
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0.2 -
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o The magnitude of unpolarized and polarized BCAs is sizeable and kinematics dependent.
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Partonic Content Sensitivity

A.V. Belitsky, D. Miller, PRD 82 (2010) 074010
K. Kumericki, D. Muller, NPB 841 (2010) 1  B. Berthou et al. EPJC 78 (2018) 478 M. Vanderhaeghen, P.A.M. Guichon, M. Guidal, PRD 60 (1999) 094017

0.4
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=
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IIII
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—KM ---PARTONS -

0.4

|IIII|IIIIJ__|_1.
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o Both the shape and magnitude of unpolarized and polarized BCAs are sensitive to the
specific GPD model.
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Impact of Positron Measurements

K. Kumericki, D. Miller, NPB 841 (2010) 1  E.C. Aschenauer, S. Fazio, K. Kumericki, D. Miiller, JHEP 09 (2013) 093

» The importance of positron beams for the determination of CFFs can be
quantified in a model-dependent way depending on : the cross section model, the
GPDs model, and the hypotheses of the fitting approach.

KM15Re Hvs t KM15 A Re H without / with positrons
05 10 .
€ gt e | € 9
w / < 8-
C C §-15: N g 7;
Observable | oyy || Arv | Avr | A | Apy Ad X r i/ = 6- :
[ b E L]
Time (d) || 80 || 80 | 100 [ 100 | 80 | 80 2 %«\ﬁ% /{ 5E .
L£(x10%cm2s ) [ 06 06| 2 | 2 |06]o06 —25¢ S / 4r S
Packing Fraction | 1 1 o17]o1r| 1 | 1 -3- \'\ A/ g .o o vt
Sytematics (%) || 5 3 3 [3®3] 3 3 -3.5- ~, 1; . e LT
424 08 06 04 Lo.zt‘(c‘i ‘Vp 92 08 06 04 ‘—0.2; (é ‘\/20
. . Loy . ~ - e - e
Fitting of {#¢, 7 } CFFs assuming model values for {&,& } CFFs. R AFKM A R H without/ with posirons
T I T 10¢
05 & 9
E L ]
§ 0F _S 35 ik
= = E [ ]
o Improvement of the <05 E B
= E L)
A : 1 50
statistical and systematical , 5o . »
15" ] .
error on Re|F]. 2 e e e e
25, ! e . R .
S2 4 08 06 04 02 D 92" 7 08 06 04 02 __p
T (GeV 1 (GeV
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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.

)

—
e
=

e beam polarization

o
=]

852+ 0.6 £0.7%

-~ [=a)

=) =
\\\‘\\\‘\\\‘\H‘\\l

-

[
=]

Positron polarization P (%o

=

100

80

60

40

Transfer efficiency €, (%)

The PEPPo technique can achieve up to 100% transfer of the electron polarization.

Newport News, July 24", 2020
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e+/e— |pA/uA]

Positron Beam Concept

Collection and enerqgy

L. Cardman et al. (JPos17) AIP CP 1970 (2018) 050001

selection sytem

e’ Production target

Emittance Filter ———TT T T
. ™\ i
> Positrons would be created at the CEBAF L L
injector, using the 123 MeV electron beam. / Synchrotron
': I: I N LightMonitor
H el el el el el el B Q
Ch Mott Polarimeter
opper Bunchlength 4
Buncher Capture  Cavity B MAAMAL  AAAAAAAA Injection
Gun#2 D E ’ T | Chicane
- 59 FC#1 1 Fo#2 WIWWY WV
= § © Apertures Cryounit Cryomodules
3 8 500 keV Dump
. = a 123 MeV Dump
10 E R=0.5mm, dE=1 MeV, 10 mm-mrad @ 123 MeV 10 [ RZ0.5mm, dE=1 MeV, 10 mm—mrad @ 123 Mev ]
[ R=0.5mm, dE=1 MeV, Ang<10 deg i R=0.5mm, dE=1 MeV, Ang<10 deg 1
08 [ .
I 5 : v Selecting 60 MeV positrons
ol o 1.7°F maximizes the FoM (60%, 100 nA).
04 F o ]
. v' Selecting 6 MeV positrons
: R S ] maximizes the flux (0%, 5 pA).
101 N R P B oo L v v 0w v
0 20 40 60 80 0 20 40 60 80
E_Pos (MeV) E_Pos (MeV)
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Beam Properties

Y. Roblin at the International Workshop on Physics with Positrons at Jefferson Lab, Newport News, September 12-15, 2017

> Despite much larger momentum dispersion and emittance at the source, e* and e-
beams at target have the same 8p/p with a spot size 2-3 times larger for e*.

. % .
Transverse Emittance* and Energy Spread? Transverse Emittance* and Energy Spreadt
Arca dp/p €, g, 7 Area op/ .
1 : 12GeV config e PP - R Positrons
[x107 [nm] [nm] [x107] [nm] [nm]
Chicane 0.5 4.00 4.00 1 Chicane 10 500 500
Arc 1 0.05 0.41 0.41 Damping Arc 1 1 50 | 50 Damping
Arc 2 0.03 0.26 0.23 Arc 2 0.53 26.8 266
Arc 3 0.035 0.22 0.21 Arc 3 0.36 19 18.6
Arc 4 0.044 0.21 0.24 . . Arc 4 0.27 14.5 138
¢- beam is dominated |
Arc 5 0.060 0.33 0.25 A 4 b h. rad at 12GeV Arc 5 0.22 12 1.2
Arc 6 0.090 0.58 0.31 - by synch. rad at =€ Arc 6 0.19 10 9.5
Arc7 0.104 0.79 0.44 Arc7 0.17 8.9 8.35 V\/
Arc 8 0.133 1.21 057 Sync. Rad. Arc 8 0.16 8.36 7.38
Arc9 0.167 2.09 0.64 Arc 9 Co- mne 8 Syne. Rad.
MYAATO1 0.18 9.13 6.19 N
Arc 10 0.134 — * Emittances are geometric ~—— — * Emittances are geometric
Hall D Q.‘IS 2.70 1.03 2 <t + Quantities are rms + Quantities are rms
‘ | Courtesy Yves Roblin .
P Office of Office of

rson National Accelerator Faciliyy S (&) 4 grionce

¥ Rolis, JPOSIT waksioy, 1215 S0 2017 G5, DEPVETMENT @F EWERGY

14 S T L. DMFRATAMNT OF ARBASY

ot I |'homas Jefferson National Accelerator Facility m-.go/‘ scienc91
¥ RoNIn BUS1T uerker 17

e Reasest Acorekrar foere U8 Dvpoermen o | rergy

=== This motivates a change of the target cell with a 50% larger diameter (15mm).
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CLASI12

V. Burkert et al. NIMA 959 (2020) 163419

)y | —
[~

Tecsron Joll AT L > The e*p — ep reaction will be measured
/bﬂ—\ I~/ 7> with CLAS12, using the regular detector
| N e [cooe] arrangement and reversing magnet polarities
' between e~ and e* data.

= 2 | o L=06x10%cm 257!

o New 5 cm long target cell
featuring entrance and
exit windows with larger
diameter.

- There is no difference bewteen e- and e* beam transport in Hall B beam line, nor in beam related
detector background.

- Beam diagnostics are expected to operate similarly with e- and e* beam.

* The Megller polarimeter needs adaptations to operate in Bhabha mode: change of the detector
configuration to allow for single and coincidence detection operation.

Newport News, July 24", 2020 18/25
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Detector Acceptance

From a subset of out-bending RGA data

> The CLASI12 torus will operate in OUT-Bending mode for both e and e*.

tlectrow (Positron) Proton Photon

6-\45:
@ 40"

PR Y

10
p (GeV)

05 1 15 2

25 3 10
p (GeV) p (GeV)

o Scattered electrons (positrons) are detected in the Forward Detector (FD).

o Recoil protons are detected essentially in the Central Detector (CD), but also
in the FD at large -t.

o Produced photons are measured in the Electromagnetic Calorimeter (Ecal) of
the FD and in the Forward Tagger Calorimeter (FTCal).

19/25
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Kinematic Coverage

From a subset of out-bending RGA data

R electron Q% vs xB ; DVCS -tvs ¢
o 10F
ST
T 8f

6

ar

2~

N I I U DU DU DU B cegre e SRR B

00 01 02 03 04 05 06 07 %8 1 100 150 200

X
electron 6 vs ¢ photon 6 vs ¢

@45: — 40
@ 40¢

- 107

150 -100 -50 0 50 100 i5g('°)
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Beam Related Systematics

» The measurement of BCAs is comparable to the measurement of relative cross
sections where some of systematical effects cancel out while others ask for careful
control and monitoring.

Secondary Positron Beam properties # Primary CEBAF Electron Beam properties

o Different transverse profile — different target cells

o Different emittance — different background conditions

o Different target cells - no compensation of target related systematics

o Different background conditions — additional systematic effects

- Take DVCS data with the secondary electron beam simultaneously
produced at the positron production target.

Newport News, July 24", 2020 21/25
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Detector Related Systematics

> Potential false asymmetries may occur due to e~ and e* from same vertex and
kinematics passing through different parts of the detector shifted in ¢ in a sector.

Forward Detector Switch the
Central solenoid
Detector w Q B-field
° >
. <
Solenoid “ - g™
|
 m— Q.
/@“ @-/
® Reverse e
the Torus
B-field

- Switch the solenoid field to reveal false asymmetries in FD, which may create false
asymmetries in proton tracking.

- Measure, simultaneously tfo DVCS, elastic scattering cross sections for e- and e* at
low-Q?2 where 2y-effects are small.
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Evaluation of Systematics

> Solid angle and detector efficiency differences between e~ and e* result in corrections

(n¢) to raw normalized yield asymmetries (Y§,,YS, ), and related systematic
uncertainties.

o ole’Ve = ole” Ve = olAQ*VAQ" = olAQ J/AQ S E oleVe = ole Ve = olAQ'VAQ" = olAQ VAY
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Assuming 5% systematic uncertainty on e'AQ and raw asymmetries within -50%-50% :
o Unpolarized BCA systematics are contained < 0.09;

o Nul polarized BCA can be measured within a systematic uncertainty about 0.03.
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Beam Time Request

We are asking for a total of 100 days of beam, operating CLAS12 with a modified 5 cm
long LH, target under 45 nA e~ and e* beam exposure polarized at 60%, distributed in :

. o Beam p;rametelrs ) _— Sol | Tor. N
urpose abe q | arge ime
Nat. Pol. | Pol.
(©) (@V) | () | (%) () : :
- > * 80 days for physics data taking:
i m »  * 20 days for commissioning and calibration;
ep — ep Cal. 2.2 0 i .
45 5 cm . 24 . .
woan | P | | n, =1 |0 using lepton beams of different nature
e SEL 10.6 60 - 4;12 o?2 days with the CEBAF e- beam;
e G - ~ o 46 days with the secondary e beam;
——— " —  © 52 days with the secondary e* beam;
epsep | Cal > 0 i ;i and different energies
Commissioning i g 15 5 cm - _ 72 ©) 9 days GT 2.2 Gev;
ep — epy Phy. 60 LH, = 480 @) 91 days at 10.6 GeV
Background | Cal. 10.6 — 48
ep — epy Phy. + 430
Background | Cal. -+ 48
[Total || 2400|
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p-DVCS BCAs @ CLASI12
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This project has received funding from the European Union’s Horizon 2020 research and innovation program under agreement No 824093.
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p-DVCS BCAs @ CLASI12
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We are proposing to measure Beam Charge Asymmetries for the DVCS reaction off protons at
10.6 GeV with CLAS12 and using the secondary polarized electron and positron beams
produced at a PEPPo positron source.

The separation of the DVCS and INT reaction amplitudes will provide unambiguous experimental
signals and will benefit CFFs and GPDs determination, particularly Re[F{].

The direct access to the real part of the INT amplitude via positron beams will
constitute a real qualitative shift for DVCS studies.

This project has received funding from the European Union’s Horizon 2020 research and innovation program under agreement No 824093.
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An experimental program with positron beams

at Jefferson Lab

discussing 15 possible experiments covering:

0O O O O

Generalized Parton Distributions physics,
Two-Photon Exchange physics,

Tests of the Standard Model,

and other specific measurements.

Supported by 196 Members from 59 Institutions
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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 . -
T~ T~ T~

o(eN—=eNy) = + +

s =0pg + S|P Aogy +(ASpycs + P Acpycs )+ e (AS iyt + P Aoy )]

Additional observables
Electron Electron & positron

+ A =
observables Gg+ —Gg- = 2AGpycs £ 2AG Nt observables

+ + + +
[G++_G+_]_ [G_+_0__]:4AGBH +4AODVCS i4AGINT
- .
Goo =OBH T Opvcs ~OINT G0 — 000 = 20|NT
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Polarized electrons and positrons allow to separate the
unknown amplitudes of the cross section for electro-production of photons.
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Existing Data

(H1 Collaboration) F.D. Aaron et al. PLB 681 (2009) 391  (HERMES Collaboration) A. Airapetian et al. JHEP 06 (2008) 066 - 11 (2009) 083 - 07 (2012) 032

> Pioneering measurements of DVCS with electron and positron beams at HERA
demonstrated the existence of a BCA-signal.
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o The COMPASS experiment operating high energy n* beams should release in a
hear future BCA data in the sea-quark region.

Newport News, July 24", 2020



Beam Charge Asymmeftries rric voutier W) CLab

Iréne Joliot-Curie

Bethe-Heitler Dominance

A.V. Belitsky, D. Miller, PRD 82 (2010) 074010
K. Kumericki, D. Muller, NPB 841 (2010) 1  B. Berthou et al. EPJC 78 (2018) 478 M. Vanderhaeghen, P.A.M. Guichon, M. Guidal, PRD 60 (1999) 094017
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o
o

o BH-dominance is a kinematics- and GPD model-dependent hypothesis eventually
testable at CLASI12.
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Experimental Projections

> A sample of expected experimental data...
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