Positron beam opportunities with CLAS12

Volker Burkert
Jefferson Laboratory

(Shorter Version of Introductory talk given at JPOS17 Workshop)

*) Rate calculations by Harut Avakian

1W khp Phy

JPos17

related talks at JPos17:

M. Defurne - Positrons in DVCS

F.X. Girod - Positrons in DVCS
www.jlab.org/conferences/JPos2017
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High Impact Science Program for Positrons?

e Deeply Virtual Compton Scattering (DVCS) with et*/e-

e Extraction of leading twist Compton Form Factors (CFF)
and GPDs

* 3D-imaging of quarks in proton

* Access the gravitational form factors - quark
confinement forces, spin distribution, mass distribution
In protons

* Two-photon contributions to electron-proton elastic
scattering

* How well do we know the fundamental electromagnetic
elastic proton form factors?

 What can we do better with positron beams?

* |s CLAS12 suitable for these programs?
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Accessing GPD through DVCS

! Cross section of ep—epy at Q%=2 GeV/c® and Xg=0.35
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AbH:given by elastic form factors F,, F, 10 _ “/ T
APVES: determined by GPDs - N
DVCS
-3
I~ Z(ABH)Im(.ﬂDVCS) 10 é 20 é 210
GW*, degree

BH-DVCS interference generates spin-dependent and charge-dependent cross section
differences => use spin-polarized electrons/positrons and polarized targets.
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GPDs & Compton FFs

« DVCS amplitude contains convolution integrals of the form

+1 R
fd.x-M_P/ H(”‘: ZWED  rHE. e,
-1

x—&+1e

» There are 8 GPD-related quantities that can be extracted from the
DVCS process:

|
MM&UEP/dﬂHm&H—HHL&UWWLQ, )
0 with:

|
Eno(6,1) =T dx[E(x,&, 1) — —x. £, *(x. £).
Compton Form Re(§. 1) P[ Y[E(x, & 1) — E(—x,& D] C*(x,£),

. C*(x,§) =
Factors (CFF) Hpe(£,1) =P / dx [Fl(x,s, t)+ H(—x,E, 1)] C™(x,£),

x—§& x+§&

|
Ege(€. 1) E'P/ dx [E(x.&,t)+§(—x.£,—‘.t)] C—(x, ),
0

Him(E,1) = H(,E,1) — H(—£,E,1),
Em(E, 1) =E(E,E,1)— E(—£,E,1),
A 1) =HEE 0+ H(-EE,1),
EmE )= EE E.0+E(—£,&,1),
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Accessing the forces & pressure on quarks

Nucleon matrix element of EMT contains:

2 . |
M,(t) : Mass distribution inside the nucleon r’p(r) in GeV fm

J (t) : Angular momentum distribution
d,(t) : Shear forces and pressure distribution

1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 I 1 1
0.01 [ Pressure on quarks 1n rest frame

Chiral quark—soliton model g

P. Schweitzer et al.

Mg(t)—i-%dl(t)fQ = %/1 dexHI(z,§&,t) 0.005 [

-1

To determine d,(t) we need Re{H%} and - \/
Im{H4} I Z

-0.005 | -

Measuring d,(t) will access the pressure AT BT BN
distribution and shear forces on quarks in 0 05 1
protons => how is confinement realized.

rinfm

High-impact part of the GPD program. Form factors
M,(t) and J(t) may also be accessed.
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Structure of differential cross section

Polarized Beam, unpolarized Target:

y X -
k ~
\\\s
Z

Oep—eyp = OBH + € OINT + Fpep oinT + 0ves + Proves

where o even in ¢ ornT X Re Ay« vy N
o odd in qb 5_INT X ImAfy*N_vyN
beam charge beam pol. combination
e~ difference  —oinT 4+ dves
e* difference none OINT
? difference fixed PyornT + oinT

only pol. e~

unpol. e~ and e™
pol. e~ and pol. e™

need Rosenbluth to separate ginT from Gy cos
(different y at same zp and Q°)

get oINT
get oinT and separate oint from oves
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Structure of differential cross section

Polarized Target:

Oep—evyp = OBH + €¢ 0INT + FPree oinT + 0ves + Pe oves

+ S[Pg Aopu + e¢ Agint + Preg Aoint + Acves + Py 30\‘(“\']

where polarization S can be longitudinal or transverse

beam charge beam pol. target pol. combination
e none difference —Aoint + Adves
e" difference none fixed SAcINT + OINT
e’ difference fixed fixed

SAcinT + SPeAoint + Peoint + 0INT

only pol. e~ need Rosenbluth to separate Agint from Adgves

unpol. e~ and e™ can separate Adint from Adves
pol. e~ and pol. e™ can separate Adnt from AGves and get AoinT
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CLAS12

Region 3 4 \)

s

DVCS kinematics:
B _ Region 2
€ p -> € pv Central IV Region1 -

e.,.p > e_,_pv Detector

i
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A= ~— |1 @ Forward
e’/e* scattered to small angles Wopa s b B Detector

detected in CLAS12 FD q
0, =6°-35° / B, = 6°—35°

(reverse Torus field) HTce 6 , i
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C

|’

) |

S

1

Proton in full CLAS12 CD/FD
8,= 10-70°
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DVCS kinematics E =11 GeV

e+/e-
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CLAS12 e*pl/ep experiment (generic)

Forward Detector

Central | u
Detector | <
] Py
, O <
Solenoid 1O - ?g
-
§\@\/@~‘
Central Detector: Forward Detector:
- Charged particle tracking in solenoid field - Charged particle trafkmg 'nOTO"US field
- Polar angle range 8 = 35 - 125° - quar anglerange =6 - 35
- Azimuthal angle range Ad= 360° - Azimuthal angle range (0.6 — 0.9)x2nt
-e*fe ID in HTCC & ECAL

- Particle ID by TOF for p < 1.5 GeV/c

Event selection:
Detect/identify all particles -> exclusivity

A Jefferson Lab
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Charge Asymmetries — Target unpolarized

Positrons: L = 2x103*cm2s1; P=0.6
Electrons: L = 103°cm2s1; P=0.8
E=11 GeV, 1000hrs. 0.5 M S b ‘ +
.
5 ep—e'ply g o
o 1 25<Q%<35 «
<l b
0.8 - : : OINT
0.6
LR LR
0'4; + + o bt i
0.2 | + + 02 03 04 O.SGIO.\?2 07 08 09 1
of . . H(GeV')
-0.2 + + 0
0.4 | | L + + + N R B
50 100 150 200 250 300 350 I +
¢ =)
Sl b
g -0.2
Dual model: V. Guzey (2009) a0
Charge asymmetries A_ = e*-e'/e*+e in VCS are Pyoint + oint
large and show strong azimuthal modulations.
. _0_4\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
They can be measured with good accuracy. 02 03 04 05 06, 0.7 08 09 1

-t(GeV?)
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Charge Asymmetries — Target polarized

S AcinT + OINT

SAcint + SPrAoint + Proint + 0Nt
0 0.3
- + + ~ 0.2
5 -
2, |
£ 2|t
< 8 o
<ol
_0.4 vl b b b b b by by
02 03 04 05 06, 07 08 09 1
-t(GEV) 0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
02 03 04 05 06, 0.7 08 09 1
Other bins in Q% and x are

-t(GeV?)
measured simultaneously.

Errors on polarized target asymmetries marginal,
would benefit from higher positron luminosity.
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Two-photon effects in elastic ep scattering

1.6 | [ |
1.4F =
1.2F i N
1.0 -—; T
= L
&) - e g % X
N - %
m 0.8 g -
Ua. C i i
< o06F 3 § ; =
0.4 ¢ i i { .
0.2 :— Polarization data }—
C Super—Rosenbluth data -
0.0 o P SR T R T PR [ TR TR WY T N RN TR S SN M1
0 2 4 6 8
Q*(GeV?)

= 2y effects are significant in cross
section differences but largely
cancel in the G./G,, ratio from
polarization measurements.

= Can the full discrepancy
between the polarization data
and the Rosenbluth data be
explained with contributions
from 2y effects alone?

=> Measure 2y effects in elastic cross section ratio of e*p/ep

Ry, ~1-25,,

(6,, is 2y correction from interference of 1y and 2y amplitudes)

Expected effects are small O(%), making experiments challenging to
1) get sufficient statistics and 2) to keep systematic uncertainties at < 1%.
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Three recent e*/e- experiments

Review article “Two-photon exchange in elastic electron-proton scattering”,
A.Afanasev, P.G. Blunden, D. Hassel, B.A. Raue, PPNP 95 (2017) 245-278

1. 6GeV = VEPP-3 1.0GeV
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Conclusions from direct 2y searches

| o | |
0.04 - | No TPE -
= The 3 experiments are in reasonable ‘IR 4 1
agreement with several theoretical " 0.02 § ©
. i . 2 .
calculations that include different I : o L
models for 2y effects. . 0.00
2 i
“The 6, = 0 hypothesis is ruled out K o2l -
at greater than 99.5% confidence level” ; 1
—0.04 - .
T SR N SRR SR S N S S S S R S S S T
0.2 0.4 0.6 0.8 1.0

“The results of these experiments are by no means definitive. Most of the data are
well below where the form factor discrepancy is significant (Q? > 2GeV?). Questions
regarding the sources of the discrepancy remain largely unanswered”

“There is a clear need for similar experiments at larger Q% and at € <0.5”.
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What to do?

» After 3 dedicated recent experiments (one making use of CLAS), and
after many earlier attempts to measure 2y exchange contribution
we only know that they do exists and that the results are not
inconsistent with the discrepancy observed in elastic ep scattering.

What are the contributing factors to the limited success?

» Kinematics coverage in Q2 and in € are mostly where effects are
expected to be small

e Systematic uncertainties are marginal in some cases

* Rates at higher Q2 and smaller € are low, corresponding to high
energy and large electron scattering angles.

Can we do better with CLAS12 ?

Cc—
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CLAS data & predictions

CLAS <> = .55 GeV? CLAS «<Q"> = 145 GeV?
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=> Need to go to high Q?, small «. ,_
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A possible scenario with CLAS12

Assumptions on beam properties
= Positron beam current: I, = 60 nA

= Polarization: not needed, so phase space at e* source
can be chosen for maximum yield

= Extract electron beam from same source to keep
systematic effects low ?

= Switching from e* to e beam in £1 day (keep machine
stable, control of systematic errors)

= Luminosity (5 cm IH, target): 0.8x10%>cms?
= Use Central Detector for e*/e” detection 6_,=40-125°
= Use Forward Detector for proton detection 8,=7-35°
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CLAS12 e*-ple*p experiment (generic)

Forward Detector

Central .DCs N
Detector | | Al 2 e /e
1ol >
. ) | <
Solenoid 4
i 5
~ I /’Olcco \ 'O/‘OZt
1 > K
Central Detector: o o Forward Detector:
- Charged particle tracking in solenoid field _ Charged particle tracking in Torus field
- Polar angle range 6 = 35 - 125°  Polar angle range © = 6 - 35°
'AZ'WUthaI angle range A= 360° - Azimuthal angle range (0.6 — 0.9)x2m
- Particle ID by TOF for p < 1.5 GeV/c - Particle ID by TOF for p < 6 GeV/c
- No direct electron/positron ID - e'/e* rejection in HTCC
Event selection: If direct electron/positron ID needed:

-> back-to-back e-p kinematics

. => replace Central Neutron Detector
- > ep ->eX missing mass: M, = M,

with e.m. calorimeter
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Limits in scattering angles
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Rate calculations
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Event rates for e*"p -> e*p with CLAS12
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Conclusions

CLAS12 provides equipment options for nuclear/hadronic science
with positrons/electrons beam that promise high impact in two
areas:

* The extension of the GPD program in DVCS with strong
sensitivity to the real part of scattering amplitude { AL

* The quantitative assessment of the 2-photon contributions in
elastic ep scattering, with high statistics data in a large
kinematic range.

Next steps:
- Simulate trigger options, study systematic uncertainties.

- Prepare Letter of Intent for PAC46 ?

For positron source & injector/machine options:
www.jlab.org/conferences/JPos2017
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Other equipment option — HallA/ C

Detector Beam Target Luminosity et/e FOM/ FOM =
current length (10%) AQ (sterad) FOM(CLAS12) L x Aer
(nA) (cm)
HRS 60 10

0.006 0.0096 0.0024
HMS 60 10 1.6 0.006 0.0096 0.0024
BigBite 60 20 3.2 0.080 0.26 0.065
SBS 60 20 3.2 0.070 0.22 0.055
CLAS12 60 5 0.8 5.0* 4.0 1

 HRS/HMS — due to limited solid angle may be competitive for
positron currents |, >> 1 pA or if high resolution is needed.

* BigBite Spectrometer or SBS — may be used as electron
spectrometer with large solid angles.

*) includes a factor 2/3 for proton detection
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EC for electron detection in CLAS12 CD

Replace Central Neutron Detector with very dense electromagnetic calorimeter, e.g.
compacted tungsten powder with optical fiber readout (~density of bulk lead,
i.e. 1rad.length =5.5mm

W-powder, embedded optical fiber

4 e o I

readout

beamline

Y ENERGY | s THA Jefferson Lab




Summary of DVCS part

* Positron beams (polarized/unpolarized) of the same energy as
electrons will significantly enhance the GPD program by
enabling the separation of different combination of GPDs in the
charge-dependent interference terms of the cross section.

 Combined use of electron and positron beams will directly
address questions regarding quark confinement forces and the
angular momentum distribution in protons.

* A positron current of ~10nA and P_, = ~0.6 is required for an
initial GPD program with positrons.
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Summary of 2-photon physics

* Positron beams (unpolarized) of ~60nA will enable a 2-y
program in elastic e*/-p scattering to significantly extend
previous measurements at VEPP-3, CLAS, Olympus.

e As polarization is not required positrons may be drawn from
the source in phase space where the unpolarized yield is
maximum.

* Such data may resolve the discrepancy between Rosenbluth
separation and polarization transfer elastic form factor
measurements.

e CLAS12 can be used (possibly with additional electron
trigger at large angles) to reach low € kinematics.
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Why positrons?

* Much of the science program in nuclear/hadron physics with
external lepton beams can be obtained more easily with
electrons than with positrons

e e obtained through secondary process, e.g. e +X-> e+y ->e*te X
positron beam current much lower

e e* polarization obtained through polarization transfer
e X->ey,X..;y,->e" e X, sotypically lower, but can be high
for high e* energy.

* In some cases low or modest positron beam currents may be
sufficient to access high impact science that is not accessible
(or is more difficult to access) with electron beam alone.

e Opportunities if large acceptance detectors can be employed.
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The GPD program with DVCS

j GPDs depend on 3 variables, e.g. E(x, & t). They
probe the quark structure at the amplitude level.

Deeply Virtual Compton Scattering (DVCS)

hard vertices
\;}’V/ o

x - longitudinal quark
momentum fraction

2E - longitudinal

_f X+E X-E N\ momentum transfer
-
N GPDS 2-Xp
H,H, E, E t - Fourier conjugate

to transverse impact
parameter

How to access the GPDs/CFFs?
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CLAS12

A UL DEFAATEENT O C'.Y”..': (_l'
° ENERGY | scionce

Design Parameters

Forward Central
Detector Detector
Angular range
Tracks 50 — 350 350 - 1250
Photons 2.50—350 ---
Resolution
Sp/p (%) 0.3 @ 5 GeV/c 2@ 1GeV/c
60 (mr) 1 3
Ad (mr) 3 1.5
Photon detection
Energy (MeV) >150 ---
00 (mr) 4 @ 1GeV ---
Neutron detection
N, < 0.7 (EC+PCAL) 0.1 (CND)
Particle ID
e/n Full range -—-
7t/p <5GeV/c <1.25 GeV/c
7t/K <2.5GeV/c < 0.65 GeV/c
K/p <4 GeV/c <1.0GeV/c
0—yy Full range ---

A
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A, projections for JLab@12GeV

Aoy ~ sing {F,H + E(F,+F,)H +kF,E}d¢ ?‘p --> e py
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7:— )
6:_ f\//\//\/f\/%f\//\/ f\\/ With e* beams of
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o 02|03 1045 |06 larger errors from
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GPDs and imaging in transverse space

The GPD can be accessed in DVCS processes with polarized beam and/or target.
Fourier transform in Mandelstam variable t = charge densities in b space.

7 2A E(x,0, ( R
px(x,by) = / ?23; {H(x. 0,t) — (ZI\SI t) (‘)[iy e iAL-by

N polarization > N polarization =
=1 —~1 ; , |
ug 5 § !0 2
N P l
o =
0. 4 0.

0 3 0
2
-0.5 | — -0.5
g 1
-1 B : 1 B - 0.
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
b, (fm) b, (fm)
Contribution of H+FE Contribution of £

—
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Coverage of DVCS @ 11GeV
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Large range in x and in —t is essential for imaging
=> high luminosity, large acceptance
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E=2.2,4.4,6.6 GeV

10
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« BigBite detector frame modifications are defined to include GEMs and GRINCH.
Drawings being detailed.
» BigBite magnet operates at 710A for integral of 1.1 T-m
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SBS Equipment

Plastic Analyzers-in

\ Rear Field Clamp-in storage

GEMs A ™
frame-parts N

storage 48D48 Magnet-in storage

Front Field Clamp-in storage

in storage

Exit Beam Pipe-parts in
storage

Scattering
Chamber &

. Corrector -
Counterweight Support Nt Vacuum Snout-in
S F agnets- storage

tructure-in storage | .
storage
JL_ y g

DENERGY [0 EFA Jefferson Lab



