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THE COULOMB SUM RULE IN NUCLEI

COULOMB SUM RULE

Inclusive electron scattering cross-section:
d?o q?
— OUMott
dQddw |ql*
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COULOMB SUM RULE

Inclusive electron scattering cross-section:

d*o q° q° 20 -
dQdew Mot _\q\‘*RL(T Ll ( an _) fr{w la)

Scattering response Scattering response
due to charge properties due to magnetic properties
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COULOMB SUM RULE

Inclusive electron scattering cross-section:

25 - 4 2 9 -
! RL(w,\qD—I—( 1 tanz—) Rr(w,|ql|)

— OUMott
dSddw |q? l 2|q? 2 _
v
Scattering response Scattering response
Coulomb Sum Rule definition: due to charge properties due to magnetic properties

~qla R (w,|q])
Sulal) = || do gz b e o
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COULOMB SUM RULE

Inclusive electron scattering cross-section:

d20. -4 2 0 Ny
O = OMott 4 RL((U, ‘QD + ( 1 | tan2—) RT(w, ‘QD

4 2
|q| | 2|q| 2 _
v
Scattering response Scattering response
Coulomb Sum Rule definition: due to charge properties due to magnetic properties

~

n ZGQEP(QQ) + NG%n (QZ) scattering on nucleons in nuclei.

SL(‘CID — /‘ql dww IiL (w’ ‘QD D This is measured through inclusive electron
w
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COULOMB SUM RULE

Inclusive electron scattering cross-section:

d20. -4 2 0 Ny
O = OMott 4 RL((U, ‘QD + ( 1 | tan2—) RT(w, ‘QD

4 2
|q| | 2|q| 2 _
v
Scattering response Scattering response
Coulomb Sum Rule definition: due to charge properties due to magnetic properties

RL (wa ‘QD \ This is measured through inclusive electron
ZéQE (Qz) + Né% (QZ) scattering on nucleons in nuclei.
p n

\ This is calculated according to expected

structure for unbound nucleons.
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COULOMB SUM RULE

Inclusive electron scattering cross-section:

25 - 4 2 9 -
! RL(w,\qD—I—( 1 tanz—) Rr(w,|ql|)

— U Mott
dSddw |q? l 2|q? 2 _
4
Scattering response Scattering response
Coulomb Sum Rule definition: due to charge properties due to magnetic properties
q
SL(‘QD __ deo 1193 (wa ‘QD If one integrates the charge response divided by the
et Zé%p(QQ) + Né%?n (Q2) total charge form factor over all available virtual photon

energies, naively one might expect the integral to go to
unity.
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COULOMB SUM RULE

Inclusive electron scattering cross-section:

25 - 4 2 9 -
! RL(w,\qD—I—( 1 tan2—> Rr(w,|ql|)

— U Mott
dSddw |q? l 2|q? 2 _
4
Scattering response Scattering response
Coulomb Sum Rule definition: due to charge properties due to magnetic properties
q
SL(‘QD __ deo 1193 (wa ‘QD If one integrates the charge response divided by the
et Zé%p(QQ) + Né%?n (QZ) total charge form factor over all available virtual photon

energies, naively one might expect the integral to go to
At small |q|, S. will deviate from unity unity.

due to long range nuclear effects, Pauli blocking.
(directly calculable, well understood).
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COULOMB SUM RULE

Inclusive electron scattering cross-section:

25 - 4 2 9 -
! RL(w,\qD—I—( 1 tanz—) Rr(w,|ql|)

— U Mott
dSddw |q? l 2|q? 2 _
4
Scattering response Scattering response
Coulomb Sum Rule definition: due to charge properties due to magnetic properties
q
SL(IQD __ deo 1193 (wa ‘QD If one integrates the charge response divided by the
et Zé%p(QQ) + NéQEn (QZ) total charge form factor over all available virtual photon

energies, naively one might expect the integral to go to
At small |q|, S. will deviate from unity unity.

due to long range nuclear effects, Pauli blocking.
(directly calculable, well understood).

At large |g| >> 2k¢, SL. should go to 1. Any significant* deviation from this
would be an indication of relativistic or medium effects distorting the nucleon form factor!

*Short range correlations will also quench S, but only by < 10%
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» Long standing issue with many years of LOF 7 7 * T ;l -
theoretical interest. ' I L. ::"__'!.F:,i ...... -
0.8_ .°. °/—. -.-:.-.’Utl-rea_ra—.

» Even most state-of the-art models cannot M em TS

predict existing data. 0.6

e free current — Hartree |

0.4 g free current — RPA -
; 12C current — RPA
NM current — RPA
208Ph — experiment
12C - experiment

12C — GFMC |
0.8 1.0

Sr(|ql)

» New precise data at larger |g| would
provide crucial insight and constraints to
modern calculations. 0.9

At large |g| >> 2k¢, SL. should go to 1. Any significant* deviation from this
would be an indication of relativistic or medium effects distorting the nucleon form factor!

*Short range correlations will also quench S, but only by < 10%
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EXPERIMENTAL CONSTRAINTS S, (Iql) /"" —CH ]
ON INTEGRATION ot ZGE,(Q%) + NG, (Q?)

» We consider the scattering on

the constituent nucleons in the |
Nuclear Response function

nucleus, and focus on the quasi- R(Q%, w)
. . A
elastic to delta region. .
lant
Resonance
A N* Total photo-absorption on a nucleus
_ ‘ |
L= 2 MeV 300 MeV "W

v =
Elastic ' Lepton scattering off nucleus
l A4 Deep Inelastic
h ‘ | QuaSi “EMC” .
o Nucleus Elastic o

/ Lepton scattering off nucleon
/,"/ A -
6/ Deep Inelastic
"I “QUARKS”
l" ’
W
Q> Proton .= 0?2
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EXPERIMENTAL CONSTRAINTS S, (Iql) é; P 1CH )
ON INTEGRATION ZG

» We consider the scattering on
the constituent nucleons in the

Nugfear Response function

nucleus, and focus on the quasi- R(Q%, w)
. . A
elastic to delta region. .
lant
e el e . Resonance
» The lower limit is constrained by
. . A N* Total photo-absorption on a nucleus
avoiding the nuclear elastic ‘
. . = = |
contribution. d /oy SoMev aded . o
Elastic "/G) + A Lepton scattering off nucleus
l N Deep Inelastic
h‘l Quasi “EMC” ’
@'/' Nucleus Elastic W
4 Lepton scattering off nucleon

Deep Inelastic
“QUARKS”
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EXPERIMENTAL CONSTRAINTS

ON INTEGRATION

» We consider the scattering on
the constituent nucleons in the
nucleus, and focus on the quasi-
elastic to delta region.

» The lower limit is constrained by
avoiding the nuclear elastic
contribution.

» The upper-limit is first limited by

Q2 = 0, and then by accessible
experimental phase-space.

2 2
q]" —w
A Response function
R(Q?* m)
A
Giant
Resonance
‘ A N* Total photo-absorption on a nucleus
Qz =' 2 | > w
Elastic Lepton scattering off nucleus

|
Nl

@ Nucleus

Deep Inelastic
44 EMC”

> w
Lepton scattering off nucleon

Deep Inelastic
“QUARKS”
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T Solid line is calculation |
- #3He : . P
PUBLISHED EXPERIMENTAL RESULIS 1. 3ike witheut medium modiication:
11" @40Ca (Adjusted for experimental phase-space)
X 56Fe / -
1.0 S )
» First group of experiments from Saclay, s |
Bates, and SLAC show a quenching of 09 | +
S| consistent with medium modified =
form-factors. = 08 | :
= T
q| N "
S.(lql) :/ v Ri(wql) 07 _
w+ ZGzEp(QQ) + NGQEn (Q?)
06/ _
. Dash-dot line is calculation
i with medium modifications
(Adjusted for experimental phase-space)
"0 a0 600 800 1000 1200

G| [MeV/c]

lgef| is |q| corrected for a nuclei dependent mean coulomb potential.
Methodology agreed on by Andreas Aste, Steve Wallace and John Tjon.
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1.2 . T - . . T .
Solid line is calculation

- #3He : . . -
PUBLISHED EXPERIMENTAL RESULIS .. 328 without medium modification:
| @40Ca (Adjusted for experimental phase-space)
X 56Fe / |
1.0 S )
» First group of experiments from Saclay, T |
Bates, and SLAC show a quenching of 09 | vé ¥
Si consistent with medium modified = VP
form-factors. = 08 :
= +
i
» Very little data above |g| of 600 MeV/c, 707 T Y .
where the cleanest signal of medium /e ® ? |
effects should exist! 06 /: i

05 |/ Dash-dot line is calculation
» Saclay, Bates limited in beam energy = with medium modifications

reach up to 800 MeV. (Adjusted for experimental phase-space)

"0 40 600 800 1000 1200
» SLAC limited in kinematic coverage q.g| | MeV/c]
of scattered electron at |g| below | | ,
lgef| is |q| corrected for a nuclei dependent mean coulomb potential.
1150 MeV/c.

Methodology agreed on by Andreas Aste, Steve Wallace and John Tjon.
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THOMAS JEFFERSON NATIONAL ACCELERATOR FACILITY
,,‘!’ .

Located in Newport News, Vlrgmla
Four main experimental halls

Recently completed upgrade
allows electron beam energies up
to 12 GeV ~

Jefferson Lab Accelerator Site
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THOMAS JEFFERSON NATIONAL ACCELERATOR FACILITY

Beam line
=32 | 2~ r———
W s R o/

s
-

Hall-A

"" -

Jefferson Lab Accelerator Site

-
.~
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THOMAS JEFFERSON NATIONAL ACCELERATOR FACILITY

Beam line

e dad // e P N

: ‘w_ \v“'r' l B B

_‘ 2 = ; \ | '.;A v ;VA_."_D =2
\' Rl DN s Xy )

Hall-A

Ta rg et 5 7.-:,'_::?.\3 7";;"‘;?“._&? —
o A

Chamber |

’ .

Jefferson Lab Accelerator Site
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EXPERIMENTAL DESIGN

€ 6/Cyy (GeV)

o
»

» Need R — Use Rosenbluth separation!

Q4
al Slope = — Rr
< _ [, Rp(w,|ql) q
L(‘q‘) T W ~9 2 =9 2
o 2G, (@) + NG, (@) 0
Intercept = ﬁRT

~

o
o

5.8

5.6

5.4

5.2

12C 15 deg
lIq| = 650 MeV/c

w = 300 MeV

120 deg
] | ] ] | ] ] ] | ] ] ] |

0.2 0.4 0.6 0.8

» Experiment run at 4 angles per target: 15, 60, 90, 120 degs. Very large lever arm for precise

calculation of R;!

» Need data for each angle at a constant |g| over an w range starting above the elastic peak up to |q|.

» When running a single arm experiment with fixed beam energy and scattering angle, |g| is NOT

constant over your momentum acceptance.

» Need to take data at varying beam energies, and "map-out” |g| and w space.
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EXPERIMENTAL DESIGN

q_ (GeV/e)

» If one wants to measure from 100 to
600 MeV w at constant |g| = 650
MeV/c

CSR calculated at constant |q]| !!

/ q|
RL(W7 ‘QD
S — d ~ ~
r(lql) /w+ “ 263 (Q?) + NGB, (Q?)

1.2

1

0.8

0.6

0.4
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e L
>
QO -
S
EXPERIMENTAL DESIGN i
7 L " Ebeam = 3.68 GeV
» If one wants to measure from 100 to 1 i
600 MeV o at constant |q| = 650 : T 285 GeV
MeV/c -
08— e Ebeam = 2.45 GeV
» Take data at different beam e g

######## Ebeam = 2.1 5 GeV

energies, and interpolate to - _—7_
determine cross-section at 0.6

* gt Ebeam = 1.65 GeV
constant [q]. -

0.4 - Ebeam = 1.26 GeV

0 0.2 0.4 0.6 0.8 1
o (GeV)

g vs. w coverage for 15 degree Iron data
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o L
>
8 -
EXPERIMENTAL DESIGN K3l
° L " Ebeam = 3.68 GeV
» If one wants to measure from 100 to 1
600 MeV w at constant |g| = 650 i " Epeam = 2.85 GeV
Vevie - | Ebearn = 2.45 GeV
0.8 _-=" Ebeam = £. 5 Ge
» Take data at different beam T
energies, and interpolate to -~
determine cross-section at 0.6
constant |q]. i
» |g| can be selected between 550 0.4 Epeam = 1.26 GeV
and 1000 MeV/c i
- | | | | | | | I | | | | | | | I | | | I
0 0.2 0.4 0.6 0.8 1
Repeat this “mapping” for 60, 90, g vs. w coverage for 15 degree Iron data  (GeV)

and 120 degree spectrometer central angles.
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1.2

EXPERIMENTAL DESIGN

1.2

q_, (GeV/e)
|

1.1

" Epeor = 3.68 GeV

-
-
-
-
-
-
-
-

Ebeam = 1.65 GeV

0.4

0.4 L : l : 1 . 1 i 1 ' -

200 400 600 800 1000 1200 -

Ebeam = 1.26 GeV

| | I | | | | | | | | | | | | | | | I

q. MeV/c) 0

Repeat this “mapping” for 60, 90,
and 120 degree spectrometer central angles.

0.2 0.4 0.6 0.8 1
o (GeV)

g vs. w coverage for 15 degree Iron data
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30 ¢ - . e
- L Beam E (MeV): 16— ; i; fﬁi {i Beam E (MeV):
i g B : A
EXPERIMENTAL SPECIFICS = 20| WA
Hi, — ¢ Ii 3
. 1646 | L . 240
- [ I B . ¥ Py i i !
E 2145 B , E 845
» E05-110: L 248 | E L r ) ML T o5y
: i o | B s . 1030
» Data taken from October 23rd T e PR it
2007 to January 16th 2008 = G0 - 1260
5 T bl B .
. ~~ E . e 2~ .
} 4centra| angle SettlngS. 15' 60' '§ O_—Lo—»J—J-—"—ﬂ".'"l. || e—— L 1 e | 0%I-1..|:‘|'..|-1'|-|.|.|-L'r.rTI||||||||||||||||||||||||||||||
90 120 degs \% 0 200 400 600 800 0 100 200 300 400 500 600 700 800 900
, .
= -
. S - A 12C, 90 deg, LHRS x b 2C, 120 deg, LHRS
» Many beam energy settings: s - 70k '
35 b E ;
0.4to0 4.0 GeV : e # }}ﬁ Beam E (MeV): 60— i {I} fd ﬁieam E (MeV):
WE 4 - . | : 4
y T T / sfinE e 00
» Many central momentum . . . 528 ¢ g 528
= ! E t
settings: 0.1 to 4.0 GeV : o ﬁ SO es Loy 1 eas
20:— . : }*i s;&é;; Eiii ;i ﬁ;ﬁ 740 305 . ; iiimimiii} ;E }}{ 740
. B , ! e 3 & B i ;i 5338 i
» LHRS and RHRS independent 151 . = . . g8
- e H;i’ii ! 957 20— i - i ot I;*957
(redundant) measurements for 10F Ea a .
: B 0- - v
most settings 5 B
2 . 0 i
OTI1.1-1|.4~r°L!1-¥'1.1.-1-r'|L.|-1-1.||||1|||1||111|||1|||1 :|||||||||||||||||||||||||||||||||||||
» 4 ta rgets: 4He, 12C, 56Fe, 208PDh. 0 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700

Energy Transfer (MeV)
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30 i = . e
- L Beam E (MeV): 16— ; i; f} y Beam E (MeV):
EXPERIMENTAL SPECIFICS = -, 20|
. 1646 | I VS s A0
e 2145 B f%ﬁf%;! . i 845
» E05-110: e e 2448 | P, M S W 957
: ffz s s L 1030
B 4 s E :
» Data taken from October 23rd 1o Lot . =
2007 to January 16th 2008 : _
- AII these spectra again for the RHRS
} 4centra|ang|esettin93:15’60’ § 0:_I_._._|_._I-_uzl'l1 I I I | I I l I I I | L I| OTI‘LIILIIIIlLPTI||IlI|IIIIIIIII|IIII|IIII|IIII|
= 0 200 400 600 800 0O 100 200 300 400 500 600 700 800 900
90, 120 degs. § _ |
. < 40 # 12C, 90 deg, LHRS B & 2C, 120 deg, LHRS
» Many beam energy settings: 5 = 70k '
35 Py E ;
0.4t04.0 GeV : e # Iﬁ Beam E (MeV): 60 i {I} I #Beam E (MeV):
o H ﬂj }g 400 50;_ {0 i P 400
» Many central momentum - . o eE II M, ## . 528
B : ! * B f
settings: 0.1 to 4.0 GeV : " } - = . s
20:_ i }g :iig;i;;; 3} EEE‘ H;; 740 30: . ; iiim bagtod ; {}} 740
. B . : ff 1 & i . ii 5380 K.
» LHRS and RHRS independent 15 s . s gﬂ :
B e o5 g0 T X957
(redundant) measurements for 10 L AN - i :
: B o= ! 5
most settings 5 - T
B . o : § X 0_— : ]
INNPLEPH AR AT HANVHL N TANEE ENEEE AN FNEEE N e e e e
» 4 ta rgets: 4He, 12C, 56Fe, 208PD, %0 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700

Energy Transfer (MeV)
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30 i = . e
- L Beam E (MeV): 16— ; 1 ;ﬁi {i Beam E (MeV):
EXPERIMENTAL SPECIFICS = - 20| W
Hi, — i k 3
B i 1646 - : : 1 ;: gﬂﬁ 740
201 - e o
i ; 2145 B ; ""%f;;gi V| %%* 845
» EO05-110: T 2448 | b, L Ay
: ?fz 2845 | & . . . 1030
n i ' B i
» Data taken from October 23rd 10 fo . = g
2007 to January 16th 2008 E _
- AII these spectra again for the RHRS
» 4 central angle settings: 15, 60, :§ Fo .
— . 00
20, 120 degs. E __And again (LHRS & RHRS) for 4He,
. ~ 40— S
. Q B
» Many beam energy settings: g S6Fe. and 208Pp
0.4t04.0 GeV : ; i j beam & (iviev): 60— e I Yrbeam E (IVIEV):
» Many central momentum - . ol : ﬁ; h, #ﬁ ; {f | 528
. B f 3t i ﬁ’ :_ ' i ’
settings: 0.1 to 4.0 GeV . = gﬁy . sl e s
: A s i i el
. - . : ity ; & B ; i . SHE iii
» LHRS and RHRS independent 151 .. . = i - f} .
L s . 051 20 . 957
(redundant) measurements for 10, h - .
. B o . ;
most settings 5 B .
: . . : . X 0__ ; N1
IR N VAR MNP RTINS NS R B
» 4 ta rgets: 4He, 12C, 56Fe, 208PD, %0 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700

Energy Transfer (MeV)
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EXPERIMENTAL SPECIFICS

» E05-110:

4

Data taken from October 23rd
2007 to January 16th 2008

4 central angle settings: 15, 60,

90, 120 degs.

Many beam energy settings:
0.4 t0 4.0 GeV

Many central momentum
settings: 0.1 to 4.0 GeV

LHRS and RHRS independent

(redundant) measurements for
most settings

4 targets: 4He, 12C, >¢Fe, 208Ppb,

30

25

20

15

10

25

20

15

10

30+

AII these spectra again for the RHRS

12C, 15 deg, LHRS

Beam E (MeV):

1260
1646
2145
24438
2845
3250

56Fe, and 208Pb

Al mmg for 1% to 2% precmon on XS 3

| | oo | erl.‘f‘

%

N

iiiii

l. [ | |

| | | I

64
740

Hg 845

997
1030

| 1 111

|

100 200 300 400 500 600 700 800
Energy Transfer (MeV)
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20
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20—

16—
14?—
12?—
8-

6__

[T [ T T | 1T T | T T | T T |

Of '

P

[ | I I

12C, 60 deg, LHRS

" And again (LHRS & RHRS) for 4He, ~

if}iiiiiiii

a 740

L]
IR 3
hvﬁ,

Beam E (MeV):
646

yi 845
957
1030
1102

T I 646

i 740

100

200

300

400

500 600 700
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EXPERIMENTAL CHALLENGES

» Data collection for many different settings!
» Special calibration data needed to be strategically scheduled.

» Elastic runs and optics runs could not be reasonably done for all settings, so improved algorithms
needed to be developed to apply calibrations to all run-settings.

» Very low momentum settings push the limits of the HRS spectrometers.
» Negligible effects in high momentum settings must be considered with care.
» Hysteresis effects and magnetic field read-back on the central momentum of the spectrometer
» Backgrounds from magnet-rescattering.
» Extra care needed for calculations of multiple-scattering and radiation loss.

» Accurate interpolation routines needed to be developed for both radiative corrections and general
analysis.

» Systematic uncertainty analysis of each spectrometer arm independently.
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ELASTIC XS CALCULATIONS AND ELASTIC TAIL CORRECTIONS

10000

oo
sonof-
6000:
o]

2000

hdps

Eniros 34102
Mean 0.03348

Sid Dov  0.0004675

8000
6000
4000

2000

[ TN T W T T T T N U T U T O T O s e e
-0.035 -0.0345 -0.034 -0.0335 -0.033 -0.0325

dp

hphs

Eniros 34102
Mean 0.01083

Sid Dev  0.007865

ol b o o oo oo L Ly G99
-0.02-0.015-0.010.005 0 0.0050.01 0.0150.02

phi (rad)

3000

2500

2000

1500

1000

500

60000[-

50000[-

40000

30000

20000

10000

Eniros 34102
Moan 564008
Sid Dov 0.02221

0'111 111

12C elastic XS at 1260 MeV, 15 degrees

1
-0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04

theta (rad)

83

05-0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04 0.05

Data
Sim

|

!

hys

Enirios 34102
Mean 0.0027&7

Sid Dev  0.002347

y (m)

» Blue histograms are reconstructed data.
» Red histograms are monte-carlo:

» Event sample generated from expected
XS calculations (Fourier-Bessel fit to world
data)

» Radiative effects (internal, external, vertex)
are handled, including exact
bremsstrahlung distributions.

» Resolution effects are applied by
calculating the expected material effects
of tracks passing through the VDC
chamber materials.
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ELASTIC XS CA!;CULATIONS AND

ELASTIC TAIL CORRECTIONS

_ hths
10000 SaTo ssa0l 34102
: Meoan 0.03346 — Mean 5640 05
- SidDov  0.0004675 N SdDev  0.02221
8000 3000~
i 2500 -
6000 -
. 2000
4000} 1500~
i 1000
2000 - -
I 500
0 ll llllllllllllllllllll .' - 0:lll lllllllllllllllllllllllllllllllllllllll L1l
~0.0 0345 —0.034 -0.0335 —0.033 -0.0325 ~0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04
dp theta (rad)
o
12C elastic XS at 1260 MeV, 15 degrees
hphs hys
B Eninos 34102 60000 D £ninos 34102
- Mean  0.01083 B ata Moan 0.002747
10000 B SidDev  0.007866 - ) ﬂ SidDev  0.002347
. 50000 Sim
8000 - I
I 40000~
6000 — -
- 30000
4000 n
i 20000~
2000~ 10000
0 —I [ | I
. 8050.04-0.030.02-0.01 0 001 0.02 0.03 0.04 0.05

y (m)

Run: 3503 BeamE: 1259.66 MeV Angle: 15deg dp-peak: -0.0337

0.0025

0.002

0.001

0.0005

McCarthy
Reuters
Data
Raveshift Calc
diff: 0.936 +/- 0.654 (stat) +/- 2.116 (sys) +/- 2.685 (model)
Data adjusted Raveshift

. . . . - .
& & & & & & 3
- - - - - -

<1 % deviation
¢. from calculation

156 158 1.6 1.62 1.64 1.66 1.68 1.7 1721741'ﬁ7§
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ELASTIC XS CALCULATIONS AND ELASTIC TAIL CORRECTIONS

soof® : - - Run: 4978 BeamE: 401.11 MeV  Angle: 35 deg  dp-peak: -0.0045
- Mean 0.004615 45000:_ ﬂ%ﬂﬁﬂ%ﬂ%@ﬁw; 7.0210 06 _ .
B SidDev 0001188 : pev 002208 4+ McCarthy
2501~ 400005_ O 07 — \ & Reuters
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EXCITED ELASTIC STATES

2 World Data

10_1 10‘1 E 10—1 = 2

Fit

F(q)’

F(a)*
I
F(a)
¢
_|_

1072k
10°E
1074k

10°E

q (fm) q (fm)
Extractions of excited elastic states based on fit of
- 4+ - transition form-factors to world data.
Tal 10 1
10k 102 Functional form follows an analytic, global, and model-

independent analysis introduced recently* (mostly in the
study of the 07 "Hoyle" state)

1 i 2nmax
F(g) = —e 29 c,(bg)™"
(q) > ;:1, (Dbq)

* M. Chernykh, et al. Phys. Rev. Lett. 105
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EXCITED ELASTIC STATES
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Angle: 15 degs
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Excited states calculation allows for:

A) More accurate elastic + excited
tail subtraction

B) Subtraction and access to lower
energy transfer
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* M. Chernykh, et al. Phys. Rev. Lett. 105
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COMPARISON TO WORLD DAIA

» By using our available w /|g| space over 4 angles, we can interpolate to any w / |g|, and use
Rosenbluth fits to calculate at a given angle.

Iron Comparisons
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COMPARISON TO WORLD DAIA

» By using our available w /|g| space over 4 angles, we can interpolate to any w / |g|, and use
Rosenbluth fits to calculate at a given angle.

More Iron Comparisons
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COMPARISON TO WORLD DAIA

» By using our available w /|g| space over 4 angles, we can interpolate to any w / |g|, and use
Rosenbluth fits to calculate at a given angle.

. Carbon Comparisons

(nb/GeV/sr)
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SOME RESULTS

» Three of the four targets (12C, 5¢Fe) have been analyzed extensively.

» 208Pb and 4He need extended target analysis (preliminary results exist for 4He, but are not shown
here)

» 208Pb needs analytic calculations for the Coulomb Correction, plus proper LH2 subtraction

» Large w is the region where sensitivity to systematics is most pronounced. This is especially true in
the region above the quasi-elastic peak (the "dip" and A region where Rt dominates).

» This area needs higher order corrections to reduce systematic uncertainty. Some of these
studies are ongoing,.
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COMPARISONS TO EXISTING SUM-RULE CALCULATIONS

» We have some coverage at the lowest end of |g| to compare
results at |g| = 550 MeV/c with prior calculations.

» Note: Thisis on the edge of our available phase space.
Most slopes are calculated with only 2 or 3 angles.
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COMPARISONS TO EXISTING SUM-RULE CALCULATIONS

)

» We have some coverage at the lowest end of |g| to compare T | 12¢C

% 9_—
results at |g| = 550 MeV/c with prior calculations. S I lal = 550 MeV/c
o . C 8 * * Hall-A data
» Note: This is on the edge of our available phase space. - ﬁ |
Most slopes are calculated with only 2 or 3 angles. 7 } H
» For Carbon: 6 ﬁ +
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COMPARISONS TO EXISTING SUM-RULE CALCULATIONS

» We have some coverage at the lowest end of |g| to compare

i 9__ [ 12C
results at |g| = 550 MeV/c with prior calculations. &05: : 1] lq] = 550 MeV/c
T 8- -- Hall-A d
» Note: Thisis on the edge of our available phase space. : N.Hi* __ Ba"e:u (19:;
Most slopes are calculated with only 2 or 3 angles. [ +A + I
» For Carbon: we have very nice agreement with Barreau, et. al. 6 ++‘ l ,*
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COMPARISONS TO EXISTING SUM-RULE CALCULATIONS

30

» We have some coverage at the lowest end of |g| to compare
results at |g| = 550 MeV/c with prior calculations.

» Note: Thisis on the edge of our available phase space.
Most slopes are calculated with only 2 or 3 angles.

» For Carbon: we have very nice agreement with Barreau, et. al.

» For lron:
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COMPARISONS TO EXISTING SUM-RULE CALCULATIONS

~ 30
» We have some coverage at the lowest end of |g| to compare ST " .
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LONGITUDINAL RESPONSE AT LARGER MOMENTUM TRANSFER

» We can look at various larger |g| values, here | will discuss |g| = 650 MeV/c and |g| = 800 MeV/c
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LONGITUDINAL RESPONSE AT LARGER MOMENTUM TRANSFER

» We can look at various larger |g| values, here | will discuss |g| = 650 MeV/c and |g| = 800 MeV/c

The highest omega
portion of each spectra
has uncertainties
dominated by the linearity
of the Rosenbluth fit.

Systematic effects in this
region are still being
investigated.
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SUMMARY

» The Coulomb Sum Rule can be used to directly compare the integrated electric response of nucleons
bound in a nucleus to the expected incoherent sum of electric structure of unbound nucleons:

» Inthis way, we get a model independent test of medium-modification of nucleon structure with a
purely electromagnetic probe.

» Early experiments reported a quenching of the CSR in heavy nuclei, since then theoretical interest has
remained high.

» Experiment E05-110 was run at Jefferson Lab to investigate a critical region of |g| where no world data
existed.

» Latest results show an agreement with earlier calculations at |g| = 550 MeV/c.

» The longitudinal response for larger |g| have been measured, but the especially sensitive large omega
region of the response is still being investigated with hopes of correcting systematic effects and reducing
the uncertainty of the total sum.
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