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Background: Electron-Nucleon Scattering

e

/

« Scattering cross section (early version of one photon
exchange): considering finite charge distribution

do_ ()
dQ  \ dQ Mot

* Nucleon Vertex: H — lqul(QQ) 1 L0y F2(Q2)]

 F,-> Dirac FF (helicity conserving) and F, -> Pauli FF

(helicity non-conserving) In the static limit (Q2=0):

« Rosenbluth Formula F,o=1,F, =k
P / P P

do do 5 R Q? 2 50 Fi.=0, F5, = K,
aQ <d—Q>Mott[(F1 T ople) T p (it ) tanty
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Background: Electron-Nucleon Scattering

- Sachs Form factors (FF):  Gp(Q?) = F, — <2, F, and G (Q?) = F, + F

T 4AM?2

do  (do G%L+ (2)G%, .0  Q* ., L0
a0 <d—Q>Mott|: 1+ (Q2/402) CcOS 5 + 2M2GMs1n 5

d d 1 In the limit (Q?=0):
—U = —O €G2E + TG?\/[ G..=1. G =

aQ — \dQ /), ., e(l+7) ep = - Omp T Hp

GEn = Or GMn - |~‘ln

« Virtual photon polarization: € = (1 +2(1 4 7) tan® g)_l

Q2
AM?

T =

« Form Factors describes the internal structure of nucleon in terms of charge and
magnetization distribution, and study on form factors started from 1950’s.
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Motivation

« Understanding the internal structure of nucleons precisely (for both proton and neutron)

 Test of nuclear models (VMD, pQCD, DSE...)
« Powerful tool to understand non-perturbative QCD
 |Information of hadron structure as first moment of GPD

Reduction formulas at € =t =0
for DIS and £ = O for FF's

HYzt=0t=0) = qglx)
H(x,£ =0,t =0) = Aq(x)
fj—ll dx H(z, 0, Qz) — qu(Qz)

[t dx E9(2,0,Q%) = FI(Q?)
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Motivation: Flavor Decomposition
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Formalism of Accessing FF

* Accessing form factors:

— Rosenbluth separation method ¥
do do
e (8], et
« Slope of fit -> Gg2 and intercept -> Gy, o

 Not suitable at high Q¢ as cross section is dominated by i
Gy (Gg? is suppressed by factor T) '

« Should incorporate radiative corrections

Quattan et al. Phys. Rev. Lett. 94, 142301 (2005)
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* Accessing form factors:

Formalism

— Polarization transfer (Recoil polarization) method: eN — eN
— Only Longitudinal and transverse component (no normal

component on reaction plane)

E.+ E,.

P = \/7'(1—|—7')

M

0c
G?W tan2 5/[0

Pt — —2\/7'(1 —i_T)GEGMtan%/IO

Spin rotation Spin-orbit
in the magnet

_ Track in ’ S
Iy =Gy + -G
’ Booe M Track out
+ _ €U, p) PP iy p . DIPP
GE S Pt E6+Ee’ 96 f (197 90) — (1 + Ay(Px S @ P COS 90))
= = tan == o y
C _ _ A = _ — frp _ frp
- FF ratio is independent of beam polarization fraf- (Ay 2™ sinp — Ay By cos )
. C . P pfer
FF ratio is independent of analyzing power (A,) lef _ Pg}pp sin vg + 7 (1 — 1) A
Y
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Formalism

polarization axis

» Accessing form factors:
— Double polarization asymmetry method

momentum
transfer

eN — eN
ot —o~ 24/7(1+ 1) tan(f,/2 0 . o .
A:ﬁ:_ (G%nL)EG%w( /)[\/T<1—|—<1—|—T)tan2§)008(9 G5, +sin0* cos "G Gp

— Target polarization perpendicular to momentum transfer in reaction plane (0*=n/2, $*=0 or
180)

24/7(1+7) tan(96/2))g—]\’i

(G2)2+ 1

A= _

\_/
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Global FF data: Experimental result

ek;) e'k,) e e
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Global FF data: Experimental result

. Gross08 (GCS)
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Global FF data: global fit

« Parameterization of global fit of proton and neutron data:

Zhihong Y. et al. Physics Letters B 777 (2018)
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Form Factors with SBS @Hall A

« SBS -> Super Big-Bite Programs

—E12-09-019 -> GMn (data collection completed in 2020)

—E12-09-016 -> GEn/GMn (data collection 75% completed during 2023)

—E12-17-004 -> GENn-RP (2024)
—E12-07-109 -> GEp/GMp (2024)

Scattered electrons

Electron /\ y \ S
beam &\
N

A o . ’
B S0 N
o ‘ \\\"‘-\ (;V
ot <0 HCAL
\\
SBS magnet T

Recoil nucleons

GMn and GEn experiments
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SBS Program: E12-09-019 (GMn)

* Quasi-elastic electron scattering on deuterium target

« Ratio method to extract from nuclear target

2 ld(e.em)
p _ dizld(e,en
R T do

aQ ’d(e,e’p)

« Correction due to nuclear target
do

R/ . d_Q n(e7e/> _ R/,
- do / B 1 —l_ €nuc
a2 1p(e,e’)

« At Large Q2

9Mott n n
N2 (G ~ TNOMott 1~ G
R _ R/ ;;7— ( E) _ ;)U 1+ ( )
a2 lp(e,e) d21p(e,e’)
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Q? up to 13.5 (GeV/c)?
Beam time -> 25 days

[ ' [
Data taken

e CLAS (2008)
A SLAC (1992) l A ----BBBA
o E12-09-19, SBS — Kelly
e [E12-07-104, CLAS12
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SBS Program: E12-09-016 (GEn)

» Polarized electron scattered from Polarized Helium-3

target
* Double polarization asymmetry (A)
NT — N~
Ae:cp —
NT 4+ N~
A Aexp

phys —
g beamP 3HeP nDNzDFSIDnDback

A =

) 24/7(1+ 1) tan(96/2))g—]\i

(GE)+%

€

« Large angular acceptance of big-bite => Longitudinal

contribution
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Q? up to 10 (GeV/c)?
Beam time -> 50 days
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SBS Program: E12-17-004 (GEn-RP)

« Polarized electron scattered on deuterium target Q2 at 4.5 (GeV/c)?
« Polarization transfer method with recoil Beam time -> 5 days
Olarimetr rTTTTrTrrrT rrrryrrrT LI L LI LU LI rrrrTrrirTrirrrT
P y T e @
* Neutron polarimeter added to SBS-arm 1.0 /~ // . i -
L E02-013 Prelimi a
Gg E.+ Eo 6. Pxf b S/ . : E12-11-00;?;T;|T?3ry
eIy tan > \ o sin xg + Yp(pp — 1)A¢ : /// =77 W Er209016 HalASs
Y = W ®__Present Proposal =
cS /s ® Future Data Pionts
° I I I 0 / //, g S o
Independent of beam polarization and analyzing gm gl /‘// e
power of polarimetry, but need to maximize for O i T TS
higher efficiency (and higher statistics) = ’ DS Com@i) -
— F2/F1,‘A =300 MeV |
» Possible to access without changing beam / S ﬂ\
energy and detector 2ol —3 e | *\
L | M L
Y
_IIII|IIlI|lIII‘I|II|IIII|IIII|IIII|IIIIlllllllJIlllIIlllIlI\_
« Scheduled for 2024 1 2 3 4 5 6 7 8 9 10 11 12
Q* [GeV?]
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SBS Program: E12-07-109 (GEp)

 Polarized electron scattering on liquid Hydrogen Qup to 12 (GeV/c)?
. . . . Beam time -> 45 d
 Polarization transfer method with recoil polarimetry eam time = W
* Proton polarimeter in the SBS-arm oy——————————————————
Y — — VMD - Lomon (2002)
Gg E,+ E. 0. [ PIPP I \\a — — DSE, q(qq) - (2012)
Go = o (Pf sin Xo + Yp(kp — 1)A¢) " \&* CQM - Miller (2002) 1
y L L ‘Til\l -- - - FyJF, x In(QY/A%)/IQ?
¢ NV A=0.24GeV T
. . . ol | N ' |
* Independent of beam polarization and analyzing %' [ \ij\ ]
power of polarimetry, but need to maximize for = 0.0 5 \,f \?\ _
higher efficiency (and higher statistics) - = GEP-| \\ . T
- Gamma factor y, ~ Q2 I gEP_':lII ]
= On large Q?, mixing of transverse and longitudinal 05 | GEp/SBS A .
components p,l.
0 5 10 15 20
Q* [GeVd

 Scheduled for 2024
>
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SBS @Hall A
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Summary

Higher uncertainty of Nucleon FF at higher Q2

Measurement of FF is crucial to better understand the nucleons
Ongoing effort to measure FF with SBS program in Hall-A

One experiment has completed data taking in 2022, and analysis in progress

Another experiment took 75% data during 2023, and analysis in parallel
« Two more experiments scheduled for 2024
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