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Gerasimov-Drell-Hearn (GDH) Sum Rule

= Relate photoabsorption cross sections to the target’s static properties
— Anomalous magnetic moment k, spin S, mass M

" dy K
JEPH — J — (op(v) —0a(v)) = 41?0~ S
1% M? AN E_k

Vth

= Prediction based on general principles h, h, hy
— Dispersion relation - -« -
— Unitarity o5

— Lorentz and gauge invariance
Circularly polarized photons incident

on longitudinally polarized targets

=  GDH sum rule can be tested experimentally
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Experimental Tests of the GDH Sum Rule

. 1 3
= Valid for nucleon and nuclear targets (S = S L3, ..) with real photons (Q? = 0)
Target IGPH (b)) | Measured Range (MeV) Igf H (ub)
Proton 204.8 200-2000 254 +5+ 12 — 175+ 5.6
Neutron 233.2
Deuteron 0.65 200-1800 452+ 9+ 24
*He 497.9 200-500 135+ 20 + 12

— Proton: Verified in 10% - Mainz, Bonn, LEGS

— Neutron (D and 3He): Mainz, Bonn, LEGS, HIGS

— Light nuclear target (D and 3He) measurements are interesting
 GDH integrands and sums
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Generalized GDH Sum Rules

Virtual Compton amplitudes are connected with the moments of spin
dependent structure functions

— Connect moments of spin-dependent structure functions with the Compton
amplitudes

ITT(QZ)_ M J KJTT(UQ) dv

4l v2

Vth

2M2 AM?x?
J [gl(x Q*) — Qx g2 (x, Q)| dx

= g, and g, are experimentally accessible, I77(Q?) predicted by theories
— Chiral Effective Field Theory (ChEFT)

— Lattice QCD (not available yet)
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Generalized Spin Polarizabilities

= Longitudinal-Transverse (LT) interference polarizability

16aM?

Q6
— Quantifies the spin precession from LT interference (analogous in classical view)
— Avrises because of virtual photon (Q% # 0) can be longitudinally polarized

— “Gold-plated” observable for ChEFT because of suppression in A(1232)
contributions

5,7(Q%) = j 1910607 + 9 (x, Q)]xdx
0

= Forward spin polarizability

2
2) _ 16aM

f [.91(95 Q%) ——-x%g,(x,Q%) | x
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Other Spin Sum Rules

= First Moment of g,

1
[, (02) = f 9:(x, Q) dx
0

— Connects to the total spin carried by the quarks
— Inelastic contribution: another generalized form of GDH sum

16m2a [*th Ji and Osborne, J. Phys. G27, 127 (2001)
K@) =0 [ 91 (. @ax = 21205, 0,0%) '
0

QZ
=  Bjorken Sum Rule
[P (@) - I (@) =& + 0(as (@) + 05

— ga, hucleon axial charge
— Consistent with experimental result within 10%
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Importance of the Generalized GDH Sum Rule

\PT Lattice QCD pQCD
—
Q*=0 Q2 = o
‘ B Hgdroqic . i Par’gf)nic
GCuUMR oum ~ulie BJorken sum Rule

= Constraints at two-ends
— GDH sum for real photons (Q%= 0)
— Bjorken sum rule (Q?— )

= Tests the theoretical calculations for the Compton amplitudes at very low Q?
— Baryon Chiral Perturbation Theory (HBChPT, IRBChPT, RBChPT)
— Future Lattice QCD

= Study the transition from non-perturbative to perturbative QCD
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Experiments Summary

Recent Low-Q experiments at JLab:

Observable H target D target 3He target
91,92, 1 & SLAC SLAC SLAC
at high Q2 JLAB E97-117
JLAB SANE JLAB E01-012
JLAB E06-014
g1 & I'1 at high Q2 SMC SMC
HERMES HERMES HERMES
JLAB EG1 JLAB EG1
'y &' at low Q2 JLab RSS JLab RSS | JLab E94-010
JLab E97-103
I'; atlow Q2 SLAC SLAC
HERMES HERMES HERMES
JLAB EG1 JLAB EG1
I, Q% << 1GeV? JLab EG4 JLab EG4 |/JLab E97-110

I2, Q? << 1 GeV?

JLab E08-027

\JLab E97-110

10

1. EG4 (CLAS): NH, and ND, to
measure g,

2. E08-027 (Hall A): NH; to

measure g,

3. E97-110 (Hall A): 3He to

measure g, and g,

All measurements down to at least
Q2 ~ 0.02 GeV?

AAAAAAAAAAAAAAAAAA



Motivation for E97-110

= Precision measurement of the moments of
spin structure functions at low Q2, 0.02 to
0.24 GeV? for the neutron (3He)

= Covered an unmeasured region of 0 v Bernard et al (Xp)
. . . . L Lensky et al. (2016), X pf|
kinematics to test theoretical calculations Y Jietal
— MAID

(Chiral Perturbation theory)

V¥ E94010 (Resonances+DIS)
B HERMES
Y A E97110 (Expected Results)

-250

-300 +

L

= Complements data from experiment E94-010
covered region from 0.1 to 0.9 GeV? e

QZ GeVéo

Spokespersons: J.-P. Chen, A. Deur, F. Garibaldi
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E94-010 Results

Neutron Helium-3
= 50 2500
~
v 2000 ®  CHe(Data)
B ’He(Data+DIS)
——  MAID+ QE. (IA)
-50 1500 ¥  GDHSumRule
o0 = 1000 \
5 Turning point?
-150 Bernard et al (X pt) B@
M Lensky et al. (2016), X pt| = 500
ook (11315 A — Jietal
— MAID 0 o*—
— GDH Sum Rule
250 - V¥ E94010 (Resonances+DIS)
\ ; W HERMES 509K
U . Better agreement?
O T, -1000;5 02 04 06 0.8 1
0’ Ge” 0 (GeV)
M. Amarian et al., Phys. Rev. Lett., 89:242301, Nov 2002. K. Slifer et al., Phys. Rev. Lett., 101:022303, Jul 2008.
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Measurement of SSF

= Experimental access to the spin-dependent structure

functions
— Doubly polarized inclusive scattering
— Different polarization configurations
— Effective neutron target (He)

=2 @ 4a? E'

A E + E'cos6 —2M
- @ oy = Mv QZ E —[(E + E'cos8) g, xgz]
\,
-5 4q® E'? 2E
@ AO'J_ M—QZ—SmH[gl + —gz]
= @
o

(@) ENERGY JZsnims iy, 13

Helmhotz Coil for
Holding Field

E97-110: P, = 40%

Polarizing Optics

Pick-up Coils

[ ——

RF-Drive Coil

Laser Diodes

Target Cell

JLab Polarized 3He System
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Kinematic Coverage

. T : : 8 datasets covering 1.1 — 4.4 GeV @ 6° or 9°
- — Quasi-elastic, resonances, and partially DIS
- P ; : — Constant Q? interpolation based on the 5 low-Q
- datasets
— 3 high-Q datasets for constraining
107 — Q2 values selected to minimize syst. from
= f interpolation (close to real-data threshold region)
1]
S [ Target Cell || Angle | Beam Energy (MeV)
o | Penelope || 6.10° 2134.2
| Priapus 6.10° 2134.9
Priapus || 6.10° 2844.8
o FirstPeriod {°H i % g : Priapus 6.10° 4208.8
10— o Second Period | E)oo ° Priapus 9.03° 1147.3
L — 2Body Breakupi | ° Priapus 9.03° 2233.9
| —Constant@? i | i Priapus 9.03° 3318.8
— I5t|J0I - I10|r:réI = I15|r:roI - Ezoiool - I:zsir:roI | Pr?apus 9-03° 37754
W [MeV] Priapus 9.03° 4404.2
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Setup and Analysis

— I\rm"ﬁ 2PN2
00 - J'\rincpfclet LT " ACC. - P+ PNo UNQ
. _.\“Pp'f{ﬁ'c‘}r,% 'taq'?e . Tsity N, dilution
* Right-arm HRS + septum magnet ‘
— Extend forward angle to below 12.5° N - | | ou |
*  Cross-section analysis and asymmetry
. . Radiative
analysis combined Corrections
— |
1,82
Data EOII.J_ =
Hall A floor plan ;‘: :é::'e To Beam A GDH
li -::. c Cherenl-m\.r:I Dump
~ Septum
L Pp=75% Pt | A"\
\ o, > , e -

\ Scintillators

PID and Charge & Pt,Pb and

Preshower : S8 .2
\\ Shower/ . Acceptance cuts Deadtime N, dilution
‘e : ) Nt N-
S Right HRS L7 A _ 1 QtLT+ Q—LT—
o e ”"L - fN-)Ptg&cam N+ + N_—
~o _e” - QrLTt "V Q=hr=
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Elastic Radiative Tail Subtraction

=  Significant contribution to syst. in Q.E. at the lowest Q2
— A dedicated simulation for elastic radiative tails
— EM FF was based on Amroun et al. Nucl. Phys. A579, 596-626 (1994)

— Radiative effects from different recipes evaluated

Akushevich & Shumeiko (AS), Journal of Physics G, 20(4):513, 1994.
Mo & Tsai (MT), Rev. Mod. Phys., 41:205-235, 1969.

2500, 2500, 500~

. —— Sim. ERT - — Sim. ERT c - — Sim. ERT
—_ ! ERTsubdata - ! ERT sub data 450 ERT sub data
“ i r & P
| 200077 { Rawdata 2000 { Rawdata 400 — { Rawdata
= H . . r F o .
S . r <] 3% o ' .
R 1147 Mev@9 | © 1mmeved || - | |2234meveo
R : 1| 1500 | 300 e :
= r : = |
~ 1000 1000 o 200 (- *ﬂuﬂﬁ
s i B g A
[=] L 15(}: g
v L = -
& 500 5001 u““nu | 100 e

r \__% ------- 50;_ S U0 IS SOOI RO SRR AU
| Ol T - TR B L L SO Y T W | | ]
GU 300 400 500 600 700 GU 20 40 60 80 100 GU 20 40 60 80 100 120 140 160 180 200
T
E — E' (MeV)
U.8. DEPARTMENT OF _ Argonne National Laboratory is a
(W ENERGY 5 Sy 16 Argonne &




Inelastic Radiative Correction

= |terative correction

I. Akushevich et al., Comput. Phys. Commun. 104, 201-244 (1997)

Experimental
Data

: Born Cross
] [

N\

[ Sections

Radiative
{ Correction ]<='[

Pseudo Cross
input Section Model

N\

J
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Ends if
[————%

T
converged &

0y (nb-MeV™

Build a pseudo-model with the experimental data

Bilinear/bicubic interpolation for unmeasured points
A few of points extrapolated with models
Radiative effects calculated following POLRAD

2500 30
Fe ¢ ERT sub. data F t Perp Born data
200 ::‘ ¢ Borndata 20f % % Perp ERT sub. data
[e [ Syst. ~ [][J | Perp Syst.
o : DT =t
1500/~ " [ o 5
e |1147I\/|eV@9 ok i T N
- Lo B 1 T e
1000[- 3 f Vg " :
uio; S % i
‘é a ¥ ParaBorn data
500 E F
o 20 & Para ERT sub. data
<
- . |[7 Parasyst.
O "Fo0 200 300 400 500 600 700 3% 200 300 400 500 800 700
E —E' (MeV)

—
~
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Quasi-elastic Calculations

= Quasi-elastic contribution subtracted for neutron results

— Faddeev calculations from Hannover or Golak
— MAID model with ENPA plus Smearing for 3He
— Separation of Q.E. and inelastic contributions with fits

o 2845 MeV, 6.10, 3He 0 2845 MeV, 6.10, 3He
5 lu’* 5
N e N
0 3 =T 5 ==
. TR e T8
< K T ¥ & 1%
& -5 { y : "3 I __.‘
= |7 5 D
2 o] £
2 ER 2 _10]
_ g - ==
§-15] i % Data s
' —— Faddeev from Hannover _15]
-200 W e Faddeev from Golak
2 PWIA from Salme
-25] Hannover + *He MAID -20]
---- Golak + *He MAID
30505 88 Tobo 1050 1100 1150 1200 1250 1300 505 880 Tob0 1050 1100 1150 1200 1250 1300
W [MeV] W [MeV]
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Neutron Results — First Moments

Nuclear corrections follow the recipe from C. Ciofi degli Atti and S. Scopetta (1997)

c
- i B *
—0.03F — Burkert-loffe —— Jietal., HBXpt L B
: _ 0.04— # X0
0.02F - Pasechnik et al. -
001 7 ,,,,,,,,,, MAID 2007 Bernard et al., XEFT B
01 . 0.02—
R GDH slope > Lensky et al., XEFT : 0
0 F SRR — [
............................. tb 07 L ¢ T i $+\ & -
-0.01 : " ::‘ L WWW%% * * * i % % .
002 T e ~ [ . E97-110 Resonance
il -0.02— o E97-110 Resonance+extr.
: E97-110 data . i ) B o E97-110 Resonance+extr.+elastic
'0'03: CRSE - D B A E94-010 Resonance+extr.+elastic
'@ E97-110 data + extr. " ™ "f X ¥ | o 0.04- D SLAC E155x
-0.041 R | Bl o RSS Resonance
EA E94-010 data + extr. i . E01-012 Resonance+extr.+elastic
-0.05 :7% EG1bI data Ti. exl‘tr' . . L ““\ . . -0 067 1 M\A!P\‘QOO7 ! Lol 11
2 1 in-2 1
10 10 Q*(GeV?) 10 10°@2 (GeVicy?

V. Sulkosky, J. Singh, C. Peng, J.-P. Chen, A. Deur et al.,
Phys. Lett. B 805 (2020) 135428
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Neutron Results — Spin Polarizabilities

A
*,
1 A Hall AE94-010 Alarcdn et al. yEFT
3{ %  CLAS EG1b data+extr. Bernard et al. yEFT
1 e HallAE97-110  =resem Kao et al. Of p*} HByPT
27 —— MAID 2007 —m Bernard et al. RByPT
. o
- ;“*
E £
ey e
¢ <
e 5
- - _t'
S - c o 1 %G
e Ll ]
q s _z_ -~
_H —— MAID 2007 Alarcon et al. yEFT ] RO
1 A Hall AE94-010 Bernard et al. xEFT -3]
i ® Hall AE97-110  =====" Kao et al. O[ p"} HByPT
—2_ = Bernard et al. RByPT _47:
I e o — —— ‘ _5] N —
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.15 0.2 0.25 0.3
Q? (GeV/c)? Q? (GeV/c)
V. Sulkosky, C. Peng, J.-P. Chen, A. Deur et al.,
Nature Physics 17, p687-692 (2021)
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3He Spin-dependent Structure Functions

4E |
3 g:’ t | 02 =0.032 Gev? |
H = Sysl.
=  Two lowest Q2 point 25 29 i
= b4 I
— Interpolated from T I
S e R P :
1.1 GeV @ 9°
2} =
21 GeV @ 60 _S _25 1 gl
D —3=|[gl syst.
2.8 GeV @ 6° g F
@ uE 4 00 200 300 400 500 600 700
E 2.5
|5 =
5 2E g2 2 = 0.050 GeV?
= g1+9g,~0forA(1232) 5 155 |messt ¢ ¢
1E ¥
05E . g S
0%‘ i LS S ¢
~0.5E
—1.52 ol
—2E—{[C]g1 syst.
2% 200 400 600 800 1000 1200




3= -
C 2 2
3 - 2;_ g: et Q“ = 0.088 GeV
He Spin-dependent | ==’ ™
Structure Functions “ e
40
_25 31 syst.
) ) v 30300 400 600 800 4000 1200 1400 1600 1800 2000
= Three higher Q2 point g e ——
— Interpolated from S 155 [Meesyst =0 < |
= 1E gt
2.8 GeV @ 6° L 05: ¥ Ly :
B Oin;Ae‘sz 1 . 1 - - .
2.2 GeV @ 9° A e ;
33GeV @ 9° R —
— Additional constraints from 2= [Eg1 syst
_2_5_ L L 1 L L L L L L L L L L s s L n L L n n
4. 2 Gev @ 60 20: 200 400 600 800 1000 1200 1400
3.8 GeV @ 9° 15|t g2 Q% = 0.230 GeV?
4 4 GeV % 90 1; g2 syst. %
. = BEREARSREN f
0w+ X « A
= v ‘ ‘ : H i N . 1
—0.5;
_15 Igl
—1.5;— [Tgl syst.
_20_ 260 460 600 800 1000 1200 1400 1600 1800




SHe First Moments I}, I,

Consistent with E94 results at overlapping Q2, trend is turning at < 0.1 GeV?

0.02 0.0200
BN E97 syst. NN E97 syst.
E94 syst. E94 syst.
{ E97 data 0.0175 t E97 data
$ E94 data | $  E94 data

0.00

N

0.0125

-0.02 ‘ }

% 2 0.0100
{ o

—0.04 ‘

0.0150

r (Q?)

0.0075

—0.06 [
0.0025

-0.0 .
%.0 0.1 0.2 0.3 0.4 0.5

e memmrmenor  mronanen Q? (GeVv?) Q? (GeVv?)
(@) ENERGY $75% iz rgymrney 24 Argonne s Y

.0 0.1 0.2 4 0.5




SHe Results - Sum Rules I, ;1

A turning point observed at < 0.1 GeV?, data curve is approaching the real photon point.

lopn(Q*) =31r1(Q*) Al =30 M (216, Q) + g2(x. Q7)) dx
0 : .
I E94data + \\\\\\\\\\\\\ E
1000 } SN E94 syst. ~107 N
- { sk Real Photon Value
i) &
2 : i S0 |
Z 500/ 5
S $ : ~
} \ ? E97data
%\\ ° . —30 B E97 syst.
0 RED : } E94 data
S E94 syst.
5004 —40 gk Real Photon Value
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.1 0.2 0.3 0.4 0.5
0% (GeV?) 0? (GeV?)
(@ ENERGY LEsims st 25 Argonne °




Summary

= JLab E97-110 has measured the spin sum rules for neutron and 3He at low Q2

= (Generalized spin polarizabilities of the neutron do not agree well with ChEFT
predictions at Q% < 0.1 GeV?
— Lattice QCD inputs will be important to understand the discrepancy on
neutron result

= The turning point of 3He GDH sum rule is observed at around Q? = 0.1 GeV?,
correct trending to the real photon point
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Thank you
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Science, Office of Nuclear Physics, under Contract No. DE-AC02-06CH11357.
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Data Table - §; 7

Q2

[GeV?]

Vmax (Wmaa:)

[GeV]

5,1 765 (Q2) 4 (stat) +(syst)

[10~* fm?]

S % (Q%) £ (stat)£(syst)

[10~% fm?)]

870 (Q?%) H(stat)+(syst)

[10~% fm?]

0.035

0.057

0.079

0.100

0.150

0.200

0.240

1.690 (2.00)
1.700 (2.00)
1.710 (2.00)
2.885 (2.49)
2.910 (2.48)
2.655 (2.38)

2.320 (2.23)

—0.356 £ 0.280 £ 0.583

0.174 £ 0.061 £ 0.169

0.360 £+ 0.084 £+ 0.168

0.410 £ 0.072 £+ 0.180

0.178 £0.045 £ 0.149

0.091 £0.024 £ 0.078

0.090 =0.017 £ 0.041

—0.379 £+ 0.326 £ 0.677

0.229 £ 0.071 £ 0.197

0.439 £ 0.098 £ 0.195

0.493 £+ 0.083 £ 0.209

0.216 =£0.053 £0.173

0.112 = 0.028 £ 0.091

0.110 = 0.020 £ 0.043

—0.383 £+ 0.326 £ 0.677

0.225 +0.071 £ 0.197

0.435 £ 0.098 £0.195

0.491 + 0.083 £ 0.209

0.2154+0.053 £0.173

0.111 £ 0.028 = 0.091

0.108 £ 0.020 = 0.043

o s e oo o
ENERGY :..5:50
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Data Table -y,

Q% | Vmaz Winaz) ng @ T (QP) £ (stat) £ (syst) | vy "F(Q?) £(stat)£(syst) | 77 (Q?)E(stat)E(syst)

[GeV?]|  [GeV] [10~% fm?] [10~% fm?] [10~% fm?]

0.035 | 1.690 (2.00) | —2.590 £0.111 +0.225 | —3.092 £ 0.129 4 0.270 |—3.094 4 0.129 + 0.270
0.057 | 1.700 (2.00) | —2.613+0.121 +£0.215 | —3.115 4 0.141 4+ 0.259 |—3.117 4 0.141 + 0.259
0.079 | 1.710 (2.00) | —2.274+0.121 +0.226 | —2.715 £ 0.140 4 0.270 |—2.717 4 0.140 + 0.270
0.100 | 2.885(2.49) | —1.725+0.063 +0.143 | —2.070 £0.074 4+ 0.170 |—2.070 & 0.074 £ 0.170
0.150 | 2.910(2.48) | —1.135+0.044 +0.105 | —1.370 £ 0.051 4 0.125 |—1.370 & 0.051 + 0.125
0.200 | 2.655(2.38) | —0.798 4 0.027 £ 0.056 | —0.964 4 0.032 4 0.065 |—0.965 4 0.032 + 0.065
0.240 | 2.320(2.23) | —0.612+0.022 £0.043 | —0.740 & 0.026 & 0.050 | —0.742 4 0.026 £ 0.050
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Data Table - I;

QQ Vmax (Wma:r:)

[GeV2]|  [GeV]

TpATe 7o (Q) £ (sta)£(syst) | T (Q?)+(staty£(syst)

I (Q?)" +(stat)£(syst)

0.035 | 1.690 (2.00)
0.057 | 1.700 (2.00)
0.079 | 1.710 (2.00)
0.100 | 2.885 (2.49)
0.150 | 2.910 (2.48)
0.200 | 2.655 (2.38)

0.240 | 2.320 (2.23)

—0.326 £ 0.272 £ 0.520

0.285 £ 0.117 4+ 0.333

0.610 £ 0.128 4+ 0.268

0.879 £ 0.098 £ 0.280

0.339 £ 0.049 £+ 0.198

0.289 £ 0.047 + 0.228

0.391 = 0.057 = 0.163

—0.294 £ 0.316 £ 0.604

0.413 £ 0.136 = 0.387

0.786 + 0.149 £+ 0.312

1.092 £ 0.114 £ 0.327

0.458 £+ 0.057 £+ 0.231

0.389 £ 0.055 + 0.265

0.511 £ 0.067 = 0.190

—1.112 £ 0.316 £ 0.606

—0.862 £ 0.136 £ 0.389

—0.721 £0.149 £ 0.314

—0.126 £ 0.114 + 0.329

—0.266 £ 0.057 £ 0.233

—0.345 £ 0.055 £ 0.267

—0.267 £+ 0.067 £ 0.192

2 U.3. DEPARTMENT OF Argonne National Laboratory is a
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Measurements of I',

Proton
(=2 1
E 1
/ -
015 Jf‘ A
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012 - f{ =
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" g l
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& b2 %
0.075 f et 1 eee
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Y. Prok et al. Phys. Lett. B672 12, 2009
MAID: phenomenological model with only resonance contributions.

E 50 r
of
S0t
100 |
-150 Bernard et al (with A)
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The Bjorken Sum

Proton — Neutron
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Proton Spin Polarizability: y,

—~3 e
E i Kao et al, O(p*)+A(eY)
- r ---- Kao etal, O(p*)+O(p*) 16aM?2 [0 AM2
- 2 o 2 . 2
~ ——  MAID 2003 () 70 = 6 191 5 T g2
as Q 0 Q
- Bernard et al.
1 —
=0
S : :
< Calculations also fail for proton y,
S|
at A
2
3 R’
L =" syst_err_expt
i syst_err_extr
m A Mainz
4 O EG1b Data
moy ® EGI1b Data+extr.
L |I' PLB672 12, 2009 |
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Neutron Forward Spin Polarizabilities

16aM? [T AM2
70 = QG 0 T g1 — Q2 g2

-5 N — - NLOHBgPT
N . — NLORByPT
e NLO REgPT (VM4

16aM?  [*0
OLT = — g — / z? (91 + g2
Q 0

PRL 93: 152301 (2004) |

"
0 . | . | = Failure of xPT?
0 0.1 02 0.3
Q (GeV')
Heavy Baryon xPT Calculation Relativistic Baryon xPT
Kao, Spitzenberg, Vanderhaeghen Bernard, Hemmert, Meissner
PRD 67:016001(2003) PRD 67:076008(2003)
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Summary of Data Comparison with xPT

State of ypt affairs (2006):

no unmeasured low-x data

Ref. r? |t P
Bemardetal. | X | X | A
Jietal. X [X] A
Kao et al. - | - -

A suppressed A suppressed A suppressed
(expected)
“8,rcrisis”

A: agree with data
X: disagree with data
-: ho calculation available
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Recent Experimental Efforts at JLab

1. EG4 (CLAS): NH; and ND to measure g,
2. EO08-027 (Hall A): NH; to measure g,
3. E97-110 (Hall A): *He to measure g, and g,

All measurements down to at least
Q2 ~ 0.02 GeV?
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Right Arm of HRS

HRS

Calorimeter (Shower)
Calorimeter (Preshower)

Scintillator S1

Vertical Drift Chambers

s
./
Detection
Package
//
Dipole
Q2
Q1
fffffff L |
SIDE VIEW
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Systematic Table (V. Sulkosky)

Source

Systematic Uncertainty (%)

Target density
VDC tracking efficiency
Beam charge
Detector efficiencies
v-dependent stability
Spectrometer acceptance
Beam polarization
Target polarization

1.6
1.0
1.0
1.4-1.9
0.0-1.25
2.0-3.0
3.5
3.0-5.2

2 U.3. DEPARTMENT OF Argem\e National Laboratory is a
ENERGY US. Department of Energy laboratory
managed by UChicago Argonne, LLC.
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E94-010 Results

"o 4M* ]
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16aM? [*o
brr = ——— / 2% (g1 + gzi
()

Q()
oL | . | | o+ | Need further tests at low Q2
0 0.1 0.2 0.3
Q (GeV')
Heavy Baryon ChPT Calculation Relativistic Baryon ChPT
Kao, Spitzenberg, Vanderhaeghen Bernard, Hemmert, Meissner
PRD 67:016001(2003) PRD 67:076008(2003)
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Theoretical developments

~
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3 | | E IRBChPT
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o 55 ] Bernard et al. (2013)
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7; 2.0 Lensky et al. (2014)
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Radiative Correction

» Born level cross sections are retrieved after radiative corrections

Born exTp
o] =0, +Ac
0 0 RCH e e e e’
Born __ exp
AO‘”,J_ = AGHJ- +6(AU||‘J_)RC.,
Y v

= External Energy loss
— Bremsstrahlung ) (B) ©
— lonization

= Internal effects
— Bremsstrahlung, energy loss
— Virtual photon, no loss

(D) (E) (F)

Ls R on | Acgonne NationalLaboratory is o
U.S. Department of Energy laboratory 4 1 A
ENERGY ‘managed by UChicago Argonne, LLC. r on ne
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Elastic Radiative Tail

*  Generated with Monte-Carlo simulation
— 3He form factor parameterization from Amroun, Nuclear Physics A, 579(3):596 — 626, 1994

* Internal effects
— Akushevich & Shumeiko (AS), Journal of Physics G, 20(4):513, 1994.
— Mo & Tsai (MT), Rev. Mod. Phys., 41:205-235, 1969.
— Main difference lies in Bremsstrahlung calculation, MT — modified Bethe-Heitler formula, AS —
QED calculation

= External effects
— Bremsstrahlung, Tsai’s formula (SLAC-PUB-848)
— lonization, Landau theory
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Faddeev Calculation Comparison

Good agreement at lowest Q2

U.S. DEPARTMENT OF
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1147 MeV @ 9°
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Faddeev Calculation Comparison

= Good agreement at lowest Q2

2135 MeV @ 6°
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Faddeev Calculation Comparison

=  Both Faddeev and PWIA are not working well at intermediate Q2

3319 MeV @ 9°
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25 ;92' 2135 MeV @ 6°
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Structure functions
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Interpolation to Constant Q2 (He3 results)

2 =0.032 ~ 0.23 GeV?
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