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The EG4 experiment Group

Main goal: measurement of the generalized Gerasimov-Dreall-Hearn (GDH) sum
for the proton and deuteron at low Q?.

E03-006 (NH,):
Spokespeople: M. Ripani, M. Battaglieri, A.D., R. de Vita
Students: H. Kang (Seoul U.), K. Kovacs* (UVa)

E06-017 (ND,)

Spokespeople: A.D., G. Dodge, M. Ripani, K. Slifer
Students: K. Adhikari* (ODU)

EG4 ran from Feb. to May 2006.

Main goal: inclusive analyses. Also, exclusive analysis by X. Zheng
X. Zheng et al. (CLAS Collaboration), PRC 94, 045206 (2016)

4 Graduated.

J)Tehffe?sont Lq\b

omas Jefferson National Accelerator Facility

Exploring the Nature of Matter A. Deur, CLAS col. meeting. 03/09/2018

Friday, March 9, 2018



The EG4 experiment Group

Main goal: measurement of the generalized (GDH) sum
for the and at low Q2.

E06-017 (ND,)

Spokespeople: A.D., G. Dodge, M. Ripani, K. Slifer
Students: K. Adhikari* (ODU)

EG4 ran from Feb. to May 2006.

Main goal: inclusive analyses. Also, exclusive analysis by X. Zheng
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The GDH and Generalized GDH Sum Rules

Sum rule: relation between an integral of a dynamical quantity (cross section, structure function,...) and a global
property of the target (mass, spin,...).
Can be used to:
eTest theory (e.g. QCD) and hypotheses with which they are derived. Ex: GDH, Ellis-Jaffe, Bjorken sum rules.
eMeasure the global property (e.g. spin polarizability sum rules)
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The GDH and Generalized GDH Sum Rules

Sum rule: relation between an integral of a dynamical quantity (cross section, structure function,...) and a global
property of the target (mass, spin,...).
Can be used to:
eTest theory (e.g. QCD) and hypotheses with which they are derived. Ex: GDH, Ellis-Jaffe, Bjorken sum rules.
eMeasure the global property (e.g. spin polarizability sum rules)

GDH sum rule: derived for real photons (Q?=0): fine structure
/ constant

< | 2
oa(v)-op(v) | Am2Sax2 | target ?{nomalous
Y vV M2 magnetic moment
Vthr T \ s \\

| ! target spin
photoprod. cross \ target mass -
section with photon “photon spin anti-parallel to S

spin anti-parallel to S
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The GDH and Generalized GDH Sum Rules

Sum rule: relation between an integral of a dynamical quantity (cross section, structure function,...) and a global
property of the target (mass, spin,...).
Can be used to:
eTest theory (e.g. QCD) and hypotheses with which they are derived. Ex: GDH, Ellis-Jaffe, Bjorken sum rules.
eMeasure the global property (e.g. spin polarizability sum rules)

GDH sum rule: derived for real photons (Q?=0): fine structure
/ constant

< | 2
oa(v)-op(v) | Am2Sax2 | target ?{nomalous
Y vV M2 magnetic moment
Vthr T \ s \\

| ! target spin
photoprod. cross \ target mass -
section with photon “photon spin anti-parallel to S

spin anti-parallel to S

Generalized GDH sum rule: valid for any Q2. Recover the original GDH sum rule at Q?=0

~h ) gl(v,Qz): first spin structure function (mostly a longit.

Fl(Qz) — (_)‘-gl(X,Qz)dX: NG II(O’Q2) target pol. observable)

I,(v,Q?): first covariant polarized VVCS amplitude

66% 6%
=Study QCD at any scale &0‘\ oO° (@0\ oO°
we O&&@ Q2 Og%@
o ' — 62
Chiral perturbation OPE, pQCD

II(O>Q2) + theory (ypt)
Jeffe?son Lab Lattice QCD, SDE, AHS’QCD
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The GDH and Generalized GDH Sum Rules

between an of a dynamical quantity (cross section, structure function,...) and a global
property of the target (mass, spin,...).
Can be used to:
eTest theory (e.g. QCD) and hypotheses with which they are derived. Ex: GDH, Ellis-Jaffe, Bjorken sum rules.
eMeasure the global property (e.g. spin polarizability sum rules)

GDH sum rule: derived for real photons (Q?=0): fine structure
constant
i - 47 S 01k
_[ dv —
Vthr

photoprod. cross
section with photon
spin anti-parallel to S

Generalized GDH sum rule: valid for any Q2. Recover the original GDH sum rule at Q*=

. g,(v,Q?): first spin structure function (mostly a longit.

FI(Q2) J.gl(X Q2)dX 2M2 I (O Q ) target pol. observable)

[,(v,Q?): first covariant polarized VVCS amplitude

Jeff;tjs'on Lab

DThomas Jefferson National Accelerator Facility

Exploring the Nature of Matter i A. Deur, CLAS col. meeting. 03/09/2018

Friday, March 9, 2018



Spin polarizabilities sum rules

between an of a dynamical quantity (cross section, structure function,...) and a global
property of the target (mass, spin,...).
Can be used to:
eTest theory (e.g. QCD) and hypotheses with which they are derived. Ex: GDH, Ellis-Jaffe, Bjorken sum rules.
eMeasure the global property (e.g. spin polarizability sum rules)

Spin polarizability sum rules involve higher moments:

Generalized forward spin polarizability:

2 2 o) g,(v,Q?): second spin structure function (mostly a perp. target
&g f (g - X gz)dx pol. observable)
T

Longitudinal-Transverse polarizability:

_4e’M” (2
gl I x*(g,+g,)dx

Yo~

LT
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Spin polarizabilities sum rules

between an of a dynamical quantity (cross section, structure function,...) and a global
property of the target (mass, spin,...).
Can be used to:
eTest theory (e.g. QCD) and hypotheses with which they are derived. Ex: GDH, Ellis-Jaffe, Bjorken sum rules.
eMeasure the global property (e.g. spin polarizability sum rules)

Spin polarizability sum rules involve higher moments:

Generalized forward spin polarizability:

2 AM?> .2 g (v,Q?) suppressed in yo
y,=4M [x (g =5 xg)dx 7
0 1TQ 2

Longiludinal—Tmnsverse polarizability:

0, = =M M I x*(g +g )dx
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Previous data: high to intermediate Q2
Before EG4 run (2006):

L' \p (no elastic)

Proton Neutron Deuteron
: SLAC E143 v g Y1 £ "W CLASEGIa
0160w CLASEGIa I g 3 op g o ® cLasiGy XpT Bernard et al
04l @ CLASEGID L eyl T ] SLAC E143
o T Soffer-Teryaev (2004) 1 B .?\ 0.02 . S~006 Soffer-Teryaev (2004)
012k —— Burkert-loffe Ot 002t . e GDH slope i i
i V' HERMES ‘ 003 a oodb Burkert-Ioffe %
., A JLabRSS ol 7"V HERMES ———— 3
Cpo GDH slope 004 oo : ol fiema--tETTT
- .. Bernard “E T
0.08 - R et al, Xpt - Burkert-loﬁez ® r
F o, Ji et al, Xpt -0.05 |- Soffer-Teryaev 0
0.06 -~ L % JLab E97110 (preljmi -
I -006 - A JLab Hall C RSS . -0.02 |3
0045 i SLAC E143 : [ N o o
f 007 M CLAS EGla N -0.04 - . '
0.02 - -V JLab Hall A E94010 i CNge  Serebxer o
- 008" @ CLASEGIb | 006~ ~0.02F N I T PR
0 -V HERMES - I
= -0.09 |- -~ Ji et al, Xpt | -0.08 - i
-0.02 r W Bernard et al, Xpt i r
: A o 01y 25
10 10 " 5 5 2
0 (GeV) O (GeV

Precise mapping of intermediate Q? region for p, n and d.
PQCD, models and data agree.
Not so clear for ypT.
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Previous data: high to intermediate Q2

State of ypT affairs

before EG4 run (2006):

No low-x No low-x No low-x
 / NoA ¥ |
r Y, 5 d,

a™"=4.31+0.31£1.36

Proton |a"=3.89
Up to Q°~0.08 GeV*
Neutron
No
A= P-N
a%P=6.97+0.96+1 .48
P+N a'=7.11

Up to Q°~0.1 GeV”

Jeffe?son Lab

JThomas Jefferson National Accelerator Facility
Exploring the Nature of Matter

Up to Q°~0.1 GeV?
(Bernard er al. only)

No low @ data

No low O’ data

No low Q@ data

No low Q° data

No low @ data

No low Q° data
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Previous data: high to intermediate Q2

State of ypT affairs
before EG4 run (2006): Nolow-x  Nolow-x  No low-x
* No A * *
I Yo o dz
a”™P=4.31+0.31%£1.36
Proton |a'=3.89 No low @F data No low Q° data
Up to Q*~0.08 GeV*
Neutron Up to Q°~0.1 GeV?
(Bernard er al. only)
EO » P-N No low O data No low Q° data
a”=6.97+0.96+1 48
P+N [a*=7.11 No low @ data No low Q° data
Up to Q*~0.1 GeV?

=>Need new data on P and n (d+3He) at Very low Q2 (i.e. for sums, low angles).

Purpose of EG4.
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Up to date state of ypT affairs (2018):

Previous data: high to intermediate Q2

Ref. oy
Jietal. 1999 X | X A
Bernard et al. 2002 | X | X A
Kao et al. 2002 - - -
Bernard et al. 2012 | X | X A
Lensky etal. 2014 | X | A A
A:agree with data A suppTressed A supgressed A supgressed

X: disagree with data

-: no calculation available

“OrT Ccrisis’

=>Need new data on P and n (d+3He) at Very low Q2 (i.e. for sums, low angles).

Jeffe? son Lab

oma Jff
E,o/ ing t eN

celerator Facility

Purpose of EG4.
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- EG4 setu
*(Q*>(: electron beam (polarized). Energies: 3.0, 2.3, 2.0, 1.3 & 1.0 GeV

egP:: ~Jongitudinally polarized target

P —

/4

_— Long NH; (1.0 cm)

DNP NH3 and
NDs target:

Short NH; (0.5 cm)

~ Raster

Long Carbon (2.30 mm)

" Short Carbon (1.15 mm)
Empty
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- EG4 setu
*(Q*>(: electron beam (polarized). Energies: 3.0, 2.3, 2.0, 1.3 & 1.0 GeV

egP:: ~Jongitudinally polarized target

_— Long NH; (1.0 cm)

DNP NH3 and
NDs target:

Short NH; (0.5 cm)

~ Raster

Long Carbon (2‘30 mm)

" Short Carbon (1.15 mm)
Empty

eSmall angles: outbending torus field, new
Moller shield; target at -1m

eCross-section = controlled (1.e high) efficiency

at small angles. New Cerenkov detector (INFN).
Installed 1n sector 6. Cover down to 6°

<

CLAS éénter

Friday, March 9, 2018




EG4 kinematic coverage

Jeff;tjs'on Lab
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Proton Deuteron
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08 1.2 16 20 24 0.8 12 1.6 2.0 24
W (GeV) W (GeV)
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EG4 kinematic coverage

Proton Deuteron
C;l_\ (@}
> :

L )
< <
(o
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g1P from EG4 polarized cross-section difference
K. Adhikari, S. Kuhn

A EG4 data
B systematic uncertainty

“Model” (used as intermediary
step to extract g;P.

oft.GCQmBY
T-Sys.E . @*=0.020
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g1P from EG4 polarized cross-section difference
K. Adhikari, S. Kuhn

A EG4 data

systematic uncertainty

“Model” (used as intermediary
step to extract g;P.

------

......

<Q2>=0.1 GeV?

I|I
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K. Adhikari, S. Kuhn

[P ng1D(X,Q2)dX

K.P. Adhikari et al.

(CLAS Collaboration). PRL 120, 062501 (2018)

Bernard et al.

Lensky et al.

_ Pasechnik et al.

GDH slope
Burkert—Ioffe

Data only
Data + Model

JLab (EG1b)
SLAC E143

Y "'.";" .’\.I i,
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Ay

u>}:x
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}"\.." WA
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0

A
RAAAARAARAAR,

L
005 — -
0
005+
B [l
— ]
0.1
- O
1072

e[owest Q? decreased by factor of ~2.5

107"

*Much improved precision
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=(lean test of ypt

eSmall unmeasured low-x and large-x contributions
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[P =Jg1P(x,Q?)dx
K. Adhikari, S. Kuhn
K.P. Adhikari et al. (CLAS Collaboration). PRL 120, 062501 (2018)
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— | Bernard et al.

3 2
005 — = Lenskyetal.
- - = Pasechnik et al.

| —— GDH slope
- — — - Burkert-Ioffe
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~0.05 . e Data only
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.

107 107! y r 1

*EG4 and EG1 I' data agree well. Q7 (GeV)

£G4 data agree well with yPT results of Lensky et al.

eBernard et al. yPT calculation agrees only for the lowest Q? points.
Jefferdon Lab *Phenomenological models (Pasechnik et al, Burkert-lIoffe) agree well.
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107!

eData agree well with yPT results of Lensky et al.
0.

1072

eBernard et al. yPT calculation does not agree as well.

eMaid model disagrees at low Q?
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Generalized GDH sum Itr=| oA(v)-or(v) 4,

H
H
| — -
0 e
Tl
e
~
-1
2 | i Data—only
i m  Data + Model
S Model
i =~ Lensky et al.
4 :_ Bernard et al.
i - = - MAID-2007
_5 |
— s S s s s E— — " T N B
107 107! 1
eData agree well with xPT results of Lensky et al. Q2(GeV)>

eBernard et al. yPT calculation does not agree as well

*Maid model disagrees at low Q?=0.
eExtrapolation to Q*=0 tests original GDH sum rule:

Jeffgon Lab

DThomas Jefferson National Accelerator Facility

Irpd = —1.724+0.027(stat)=0.050(syst)
Sum rule expectation: —1.574+0.026
[Tt = —0.9554+0.040(stat)+0.113(syst)
Sum rule expectation: —0.803
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Higher moment yoP

A~
Ny ===
E 0 o =TT
Y B Ez”ii = &
S | E ot
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o T . =3 JLab (EGlb)
L m 7T ? =
N i ... Model
2 = )\ =
B n ii —— Lensky et al.
C N % g %%2 y
4 = * o Bernard et al.
B - = MAID-2007
_5 —
—6 —
_7 B | | | | | L1 1 | | | | | | L1 1 |
102 10-1

*yPT results of Lensky et al. now disagree with data.
eBernard et al. yPT calculation agree for lowest Q? points only.
eMaid model disagrees at low Q-.
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No yPT single method describes well both T'1, ITT, and yo, except at the lowest Q2.

A satisfactory theoretical description of spin observables at low Q? remains challenging.
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Summary and perspectives
*EG4: Low Q” measurement using polarized e- on polarized p and d, over a large

x-range 1n order to study spin sum rules.

*New detector necessary to reach these kinematics.
*Main goal: unambiguous test of yPT.

*Doubly polarized inclusive cross-section analysis.

eExclusive data for n* and n spin-dep. electroprod. on p published in 2016 (asym.
. X. Zheng et al. (CLAS Collaboration), PRC 94, 045206 (2016)
analysis).

eInclusive analysis on d just published. |

K.P. Adhikari et al. (CLAS Collaboration). PRL 120, 062501 (2018)
eData on I'y, Itt, and yo for the deuteron shows that yPT has mixed success,
depending on the ¥PT method and observable.

*Original GDH sum rule (Q*=0) checked on d and n.

eFirst result of larger JLab program to measure benchmark spin observables for yPT
=>More low Q? data to come:

oo, I'1, ITT, and yo for the proton (CLAS EG4). Late 2018, early 2019.
°o;, oo, I'1, I'2, ItT, Yo and ot for the neutron and “He (Hall A E97110). Soon.

%90y gy, [, I't, Itt, orr and yo for the proton (Hall A E08027). Soon.
Jefferson Lab
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The GDH and Generalized GDH Sum Rules

between an of a dynamical quantity (cross section, structure function,...) and a global
property of the target (mass, spin,...).

Can be used to:

eTest theory (e.g. QCD) and hypotheses with which they are derived. Ex: GDH, Ellis-Jaffe, Bjorken sum rules.
eMeasure the global property (e.g. spin polarizability sum rules)

GDH sum rule: derived for real photons (Q?=0):

o0

J’ \; 47’ 2]

Vthr

Generalized GDH sum rule: valid for any Q. Recover the original GDH sum rule at Q*=0

S A2 o (v.03?): first spin structure function (mostly a longit.

1pt: low energy effective theory of QCD obtained using a Lagrangian consistent
with QCD’s chiral symmetry (neglecting quark masses).

Captures the main essence of QCD at low Q?, without the complicated details.
Systematic perturbative expansion Vahd for e.g. Q<<m7t

Jeffe? son Lab

JThomas Jefferson Nato al Accelerator Facility
Exploring the Nature of Matter

A. Deur, CLAS col. meeting. 03/09/2018

Friday, March 9, 2018



