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Composite structure of the nucleon

The magnetic moment of the proton was measured by the method of
the magnetic deflection of molecular beams employing H, and HD.
The result is yP=2.46u,=3 percent.
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The possible existence of a potential interaction between neutron and electron has been
investigated by examining the asymmetry of thermal neutron scattering from xenon. It has
been found that the scattering in the center-of-gravity system shows exceedingly little asym-
metry. By assuming an interaction of a range equal to the classical electron radius, the depth
of the potential well has been found to be 30045000 ev. This result is compared with estimates
based on the mesotron theory according to which the depth should be 12000 ev. It is concluded
that the interaction is not larger than that expected from the mesotron theory; that, however,
no definite contradiction of the mesotron theory can be drawn at present, partly because of the
possibility that the experimental error may have been underestimated, and partly because of
the indefiniteness of the theories which makes the theoretical estimate uncertain.

INTRODUCTION of nuclear forces. According to these theories,
proton and neutron are basically two states of
the same particle, the nucleon. A neutron can
transform into a proton according to the reaction:

HE purpose of this paper is to investigate

an interaction between neutrons and elec-

trons due to the possible existence of a short

range potential between the two particles. If N=P+p. (1)
such a short range force should exist, one would

. expect some evidence of it in the scattering of
E . Ferml, 1947 neutrons by atoms. The scattering of neutrons Actually, a neutron will spend a fraction of its
by an atom is mostly due to an interaction of the time as neutron proper (left-hand side of Eq. (1))

(N =neutron, P =proton, i =negative mesotron)
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The nucleon structure in terms of GPDs

Motivation

SBS collaboration,

Reduction formulas at € =t =0
for DIS and & = O for FFs

Hi(z,§ =0,t =0) = q(x)
I:Iq(was =0,t =0) = Ag(z)
Fi'(Q%)

fj_ll dx H9(x,0,Q?)

' da E9(x,0, Q%) = FI(Q?)

Bogdan Wojtsekhowski
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Experimental Program

% SBS Nucleon FF program will provide precision results up to:
G @ 12 GeV?
Ge@10 GeV?
Gy @ 13.5 GeV?
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Experimental Program

% SBS Nucleon FF program will provide precision results up to:
G @ 12 GeV?
G'e @10 GeV? 75% done
G"y @ 13.5 GeV? done

done | in the provisional schedule

«» Other items include: nTPE; Pion ALL/KLL; GEn-RP;

approved | new 1deas

move to Hall C => SIDIS; TDIS; DVCS; g2p; pDVCS,; ...
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Experimental Program

% SBS Nucleon FF program will provide precision results up to:
G @ 12 GeV?
vG': @10 GeV? (g1/g2 as a byproduct)
v G, @ 13.5 GeV?

v | in the provisional schedule

«» Other items include: nTPE; Pion ALL/KLL; GEn-RP;

approved | new ideas with large Q

move to Hall C => SIDIS; TDIS; DVCS; SANE; polDVCS; ...

approved | new 1deas

reuse of the detectors: WACS, polWACS, TCS, sFF
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JLab detector landscape

A range of 10° in luminosity.
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JLab detector landscape

A range of 10# in luminosity.

B . e A big range in solid angle:

: : from 5 msr (SHMS)
L to about 1000 msr (CLAS12).

The SBS i1s in the middle:
for solid angle (up to 70 msr)
and high luminosity capability.

In several A-rated experiments
SBS was found to be the best
match to the physics.

Luminosity [ Hz/cm? ]

GEM allows a spectrometer
with open geometry (-> large

5 25 5 s 3125 acceptance) at high L.
Acceptance (electron) [msr]
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JLab detector landscape

A range of 10# in luminosity.

A big range in solid angle:
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The nucleon FFs
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The nucle

on FF's

T ‘ T T \ T — l_~ T T T T T T T | T T T T | T T T
‘ GMp - published - walker 1oFd 2022 data taken
Py % o, | - ) .
L v Kirk = e
o 1if % 4 _ _| 11 b"'-o..
O = Sill | = ‘ “nnssg
c o Christy o B* ANy P
- 7 G 09
e o Rock = E
g 1 =osb
o Q) E 7
3. 0.8— ) — - D R EE P ——
= « This work 0.7¢ .’
- _ E « CLAS (2008),~
(55 7—Global fit * 0.6F A SLAC (1992) BBBA
> Andivahis (8 GeV) o5t 512-9%9, SCBI?AS — Kelly
- ~YE o ® 12:07-104, 12
+ Andivahis (1.6 GeV) T T
O ! ! ! ! 1‘0 L ! ! ! 2‘0 310 ! 0.4 - 7 ) 4 6 8 ) Eg V]122 14 16 1¢
Q?[GeV])? -~ SBS Q e
- T T TN T T T T T IRRRRNRERR
1.0y I I I ’ ML H  MAMI(AY) / -
% 2024 — — VMD - Lomon (2002f 1.0-% oo 75% data taken..------=
AN — — DSE, q(qa) - (2012) 4 -0 mewospoeted S __oemT .
sk \‘x\t‘,‘ CQM - Miller (2002) - s T =
o ol *‘h\l -- - FJF s I(QIADIQP o= i N o (2006):
alu : }\ \L\ /,/ A =0.24 GeV : >u 05 /// D L —_ DSE-CI.oet (2010) —
(5 \ SO . (5 //T )*: — Galster fit
) - O \\Lﬁ\ - . - B / N = BLAST fit ]
3. 00 o Q ~—% ] = - AN —<_E02-013 fi s
- = GEP-l O - I ‘u N ]
= GEP-II i .
i 1 . l
ogl 7 GEP . B 0.0f 5 : N
5 o GEp/SBS i \
L L L | L L L L | 1 1 1 1 | 1 _|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||‘
0 5 10 15 20 1 2 3 4 5 6 7 8 9 10 11 12
Q? [GeV? Q® [GeV?]



Two-arm setup

o,/p =0.08 4 0.004 x p[GeV] o, /p = 0.0029 + 0.0003 x p|GeV]
— — () 1/ a a

ol — N 1ra = N A d
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One- and Two-Arm experiments (O&TA)

Many productive experiments in the field belong to

the category One- and Two-Arm:
Among them are DIS, SIDIS, FFs (GEP), WACS, DVCS, ....

The main advantage of these “simple” (e,e’) and (e,e’h/g) is

the simplicity of such processes for physics interpretation

The productivity of an experiment or Figure-of-Merit:

FOM = L X Q1(%xQ2)



One- and Two-Arm experiments (O&TA)

FOM = L X Quectron = 10%%-0.07 = 7 x 10°

electron/s x nucleon/cm?® X sr

Now we can formulate detector configuration
for productive one- and two-arm experiments

» Magnetic analysis with “vertical bend”
» Moderate solid angle

» Independent arms

» Small angle capability

» Space for segmented PID, polarimeter



One- and Two-Arm experiments (O&TA)

FOM = L X Quectron = 1038 -0.07 = 7 x 1036

electron/s x nucleon/cm?® X sr

Now we can formulate detector configuration
for productive one- and two-arm experiments

» Magnetic analysis with “vertical bend” => protected detector
» Moderate solid angle => high luminosity

» Independent arms => full range of angles
» Small angle capability => high x, t, low x

» Space for segmented PID, polarimeter => RICH counter, HCAL



Super Bigbite Spectrometer
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Solid angle 70 msr for the central angle > 15°
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SBS tracking detectors
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INFN development of the GEM and the modern readout
UVa development of the world largest GEM chambers
and construction of two multilayer trackers (BB and SBS).
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Polarized He-3 target performance

BW, High-t reactions (2002)
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SBS physics program

GMn

GEn (He-3)

GEp (p -> p polarimeter)

GEn-RP (n -> p & n -> n polarimeters)
SIDIS

TDIS

Wide Angle Pion Production yn,7~p =>KLL
L/T cross section for neutron - nTPE

WAPP from polarized He-3: 77,7 p =>ALL

Strange FF at 2.5 GeV?
J/Ps1 with proton polarimeter: e+ e- p

g1, g2 for DIS with 12 GeV and BB/SBS
DVCS on transversely polarized target and BB/SBS

¢ as Deeply Virtual Vector Meson production



GMn group of experiments

 GMn

PI team: J.Annand (emeritus), A.Camsonne, R.Gilman (left), D.Hamilton,
B.Quinn, B.Wojtsekhowski*

* GEn-RP

PI team: J.Annand (emeritus), E.Bellini (emeritus), K.Gnanvo (left),
D.Hamilton*, M.Kohl*, N.Piskunov (left), B.Sawadsky (left), W.Tireman,
B.Wojtsekhowski

- nTPE
PI team: S.Alsalmi, E.Fuchey*, B.Wojtsekhowski

- WAPP
PI team: J.Arrington, A.Puckett*, A.Tadepalli, B.Wojtsekhowski

7117123 SBS collaboration, Bogdan Wojtsekhowski
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7/17/23

GEn group of experiments

* GEn
PI team: T.Averett, G.Cates, S.Riordan (left), B.Wojtsekhowski*

- WAPP-ALL
PI team: G.Cates, R.Montgomery, A.Tadepalli, B.Wojtsekhowski*

SBS collaboration, Bogdan Wojtsekhowski
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GEp group of experiments

- WAPP-KLL
PI team: J.Arrington, A.Puckett®*, A.Tadepalli, B.Wojtsekhowski

* GEn-RP
PI team: D.Hamilton*, M.Kohl*, W.Tireman, B.Wojtsekhowski

- GEp
PI team: E.Cisbani, M.Jones, N.Liyanage, L.Pentchev, A.Puckett, B.Wojtsekhowski*

7117123 SBS collaboration, Bogdan Wojtsekhowski 22



F, decomposition at very large Q-
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GEp/SBS Q? acceptance, projected accuracy
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GEp/SBS Q? acceptance, projected accuracy

C.Roberts’ talk 6/29/23
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Method: Focal Plane Polarimeter

Ay analyzing power vs.
Inverse proton momentum

y
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fringe field correction
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Electron arm calorimeter CAD model
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737 lead-glass modules

Elevated temperature of the glass (225-185 C)

provides continuous annealing of radiation damage
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Twist-3 contributions to wide-angle photoproduction of pion

7/17/23
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DOI: 10.1103/Physl
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FIG. 3. Results for the cross section of 7° photoproduction versus
the cosine of the c.m.s. scattering angle, 6. The solid (dashed,
dotted) curves represent our results at s = 11.06(20,9) GeV?>.
The data at s = 11.06 GeV? are taken from CLAS [34]. The cross
sections are multiplied by s’, and the theoretical results are only
shown for —¢ and —u larger than 2.5 GeV?.
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Twist-3 contributions to wide-angle photoproduction of pion
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FIG. 4. Predictions for spin observables of 7° photoproduction
at s = 11.06 GeV?. The parametric uncertainty is ~15% near
90 deg.
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In Fig. 4 we show predictions on the spin-dependent
observables for 7' photoproduction. One sees that Ay
and K;; are large in absolute value and almost mirror
symmetrical. The observables A; g and K g are small in

7/17/23
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How to do experimental study?

The case for T~ from a neutron (see also talk in SBS-2019)
ALL from 3]:76(5, T p)epp

KLL from D(€, 7~ p)ep

SBS and BB are as in the GEn-II experiment
(thanks to the two-arm detector system)
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ALL experiment challenges and solutions

 The goal 1s to measure ALL asymmetry, so the target polarization

should be oriented along the beam direction.
However, the design of the mirror mounts does not allow 1it.

 The natural way to study photo-production requires a radiator
However, the radiator was not designed and which holded ERR

e Solution is to measure ALL and ALS with two symmetrical arms.
Design group confirmed space availability of such geometry.

if Pion in BB if Pion in SBS

BB CalleventL CalleventR A, =ALL*P,cosf® + ALS*P, sin0
v* i: Proton in SBS Proton in BB Ar = ALL*P, cos® — ALS*P, sin0

SBB

 The high performance polarized target allows us to use
Intensive electron beam, so quasi real photons will be used.
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Layout for the KLL experiment

LD2

5-10 uA beam

N N proton arm
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Summary

“* SBS + BB provide a flexible instrument which 1s the best
choice for many high-z high-Q? exclusive reactions.

¢ Approved experimental program is large and additional
1mportant physics proposals could be developed.
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