Nucleon form factors in the
space-like region




Electron as probe of nucleon FF

Incident

Nucleon vertex:
Electron Scattered

Electron Lu(@'sp) = ,Fl(Qz)% mp F2(Q2)quq'/

Dirac Pauls

Virtual y
Q* v Gp(Q) = Fy(Q%)- ka7 F5(Q )
Gu(Q?) = Fi(Q%) + kn Fo(Q?) -

My,
At QQ =0 GMp = 2.7 Gy, = —1.91
Gy =1 Gan =0

P
Proton



Electron as probe of nucleon FF

Incident

Nucleon vertex:
Electron Scattered

Electron Lu(p'sp) = ,Fl(Qz)% mp Fz(QQ)UWQ

Dirac Pauls

Virtual y
Q° w GE(Q ): 1(@2) rNT F2(Q?)
Gu(Q?) = F1(Q?) + kn Fo(Q?) ;- = -2,

N
At Q2 =0 GMp = 2.79 Gy, = —1.91
Gy =1 Gan =0

P
Proton

*Form factors are a window into the nucleon’s constituents



Electron as probe of nucleon FF

Incident

Nucleon vertex:
Electron Scattered

Electron Lu(p'sp) = ,Fl(Qz)% mp Fz(QQ)an

Dirac Pauls

Virtual y
GE(Q ): 1(@2) /‘GNTF2( )
Gu(Q%) = F1(Q%) + sy F2(Q?) -

My,
At Q2 =0 GMp = 2.7 Gy, = —1.91
Gy =1 Gan =0

P
Proton

*Form factors are a window into the nucleon’s constituents

Probe quark gluon DOF

Q2=0 Probe nucleon
Prob i ., ‘ meson baryon DOF ‘ Current quarks
robe ENHre Constituent quark pQCD

nucleon



Ge/Gp

G /G,

Proton Form Factors: G,,, and G,
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Measure cross section at several
€ and separate Ggand G,

At large Q?, G; contribution is
smaller so difficult to extract

)2

G,, measured to Q% = 30

G measured well only to Q°=1




Proton Form Factors Gy, and G,

GE > 1 then large error R B |
bars and spread in data. -
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= (1+Q2/.71)72

Measure cross section at several
€ and separate Ggand G,

At large Q?, G; contribution is
smaller so difficult to extract

)2

G,, measured to Q? =

G measured well only to Q%=1




Neutron Magnetic Form Factor: G,,.

Extract G,,, from inclusive

L I LI IR L UL UL I LI IS I ] . ;
PR T d(e,e’) quasielastic scattering
¢ d(e.e’) SLAC PRL 49 (1982) .
% (% o dee) Knukovsov LNPAs 087  CFOSS Section data
O d(ee’) SLAC PRL 61 (1988)
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Ry o« (G)? + (G%)
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3 | Rroc(Ghy)*+(Ghy)?




Neutron Magnetic Form Factor: G,,.

Extract G,, from inclusive
— d(e,e’) quasielastic scattering

(e.e”) SLAC PRL 49 (1982)

T
q d
¢ d .
CD) jl:c.cjjJKhu]'l\m- Sov. . NP 45 (1987) Cross SeCt|On data
> d

(e.e”) SLAC PRL 61 (1988)

(e.e”) SLAC PRL 70 (1993)

‘% M . o x Rr+€Ry,

R o< (G)? + (Gg)?

00—
—0—_v:
_V_
q:(r
]

J Ry o (G7))? + (szw)2
08 =05 1 15 2 . (zé,ev) 3 35 4 45 5
Difficulties:

® Subtraction of large proton contribution
® Sensitive to deuteron model



Neutron Electric Form Factor: G,

0.12 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

Measure elastic electron-
| deuteron cross section

Nijmegen NN potential

P e s
| EA(Q2)=F3(Q2)+§¢2F5(Q2)+§7F§4(Q2)

B(Q*) = 37(1+7)F3(Q°)

L)

Reid Soft Core NN potential

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 1

Q° (GeV)

Extract G, using deuteron model
but very sensitive to NN potential.



Extend Q° range of proton G

Measure spin observables: Sensitive to G./G,,

Need high intensity, high duty factor and high polarization electron beams

Recoil polarization measurements

Continuous beam accelerators like JLab and MAMI

GE _ _PT (Ee‘I_Ee/) 0
G ) Zr—Y tan(ﬁ)

Combine with fixed and internal polarized H targets

Beam-target asymmetry measurement

A

Ky cos0*+KsGg /Gy sin8* cos ¢
G%/G?\J—I—T/e




Extend Q? range of Neutron FF

Measure spin observables and coincidence deuteron quasi-free cross-sections

Recoil polarization measurements

o8 = — P S tan(3)
Fixed and internal polarized 3He and %H targets

Beam-target asymmetry measurement
A — K1 cos 0*+K.2GE./GM sin 0™ cos @™
G4 /G5,+T/€

Need improved theory of electron quasi-free scattering on 3He and %H
= Determine kinematics which reduce sensitivity to nuclear effects

= Determine which observables are sensitive to form factors

=  Use model to extract form factors



Neutron Magnetic Form Factor: G,,.
d(e,e'n)

i B ! I ! I ! -Bates
mDetect neutron in [ o, MIT-Bat
coincidence 115:_
mBut still sensitive to the 11I:_
deuteron model :

= [
L
(L] 1.05_—
sNeed to know absolute == |
neutron cross section 1:_
efficiency -
0.95:—
[ | | | ]
0'90 0.2 0.4 0.6 0.8

Q° (GeV)



Neutron Magnetic Form Factor: G,,.

o(e,e’'n)
o(e,e’p)

n ! ' ! ' ! 6. MIT-Bates
=Measure ratio of quasi- - G,/6, Bonn
elastic n/p from deuterium 1.15F
=Sensitivity to deuteron d
model cancels in the ratio -

2
(_'JD 1.05
="Proton and neutron s
) ©
detected in same detector -
simultaneously T
=Need to know absolute 0.95
neutron detection efficiency [

[ ] ] ] ] ] ] 1 ]

0'90 0.2 04 0.6 0.8

‘ Q’ (GeV)
» Bonn used p(’y, 7T+)TL




Neutron Magnetic Form Factor: G,,.

o(e,e'n)

/ ' ' | ' ' & . MIT-Bates
[ | .
Measure 0‘(6,6 p) 6,/6,_. Bonn
5 & Gn."ﬁp,NIKHEF
=Sensitivity to deuteron HsE ® oo, MAMI
. . o /o  MAMI
model cancels in the ratio ® o

=Proton and neutron = f {
detected in same detector & 105
| LR ; ¢
simultaneously R i
N

="Need to know absolute - { {
neutron detection efficiency [ }{ ¢

095

»Bonnusedp(’y,’ﬂ'_l_)n

. Qz(GeV)
» NIKHEF and Mainz used |p(1, p)n.

with tagged neutron beam at PSI



Neutron Magnetic Form Factor: G,,.

— - /
= Extract from SHG(G, € )
Transverse
asymmetry, A;

At Q2=0.1and 0.2, By
use full 3-body non- 5

relativistic Fadeev
calculation of A;

*Q? > 0.2 use PWIA
calculation of A;

115}

0.95

0.9

1.1}

Om & @&

G MIT-Bates
o /o . Bonn
ap
6 /6. NIKHEF
o o . MAMI
o p
o /o  MAMI
i p
He(e' '), T.ab Hall A
He(e' '), T.ab Hall A |

F{ F :

0.2

Q° (GeV)



Neutron Magnetic Form Factor: G,,.

o(e,e'n)

"Measured o(e.e’p) A B B B B I QP SV Ty
1.35 Gn."ap, Bonn _
with CLAS in Hall B at s ¢ /o, NKHEF
. & cn.fcp,MAMI :
_”ab 1.95 ® /0, MAMI k!
B He(¢ '), Lab Hall A
12 O °He(c'.e'), JLab Hall A f
. O ©.SLAC g
= Simultaneously have ='* 5-
1 2 g 1 ICE
H and “H targets o= ;

§§¢¢¢¢¢i¢¢¢¢¢¢¢++w

o] O'nfc)'p Preliminary JLab CLAS data J‘> (%)(% E

1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 -
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Q° (GeV)

0.95

5

0.9

0.85

0.8

CLAS data from W. Brooks and
J. Lachniet, NPA 755 (2005)



Neutron Electric Form Factor: G,

In Hall C at Jlab measurgd

0.12 1 T T I T T T I T T T I 1 T 1 I 1 T 1
. /
T,, from elastic d(e,e’ d)
: e Sott Core NN Potentia {  Combine T,,(Q?) with A(Q?) and
©  Schiavilla & Sick .
0.08} 4  B(Q?) to determine all 3

deuteron form factor

% '% 1 Extract Gg with less
theory uncertainty

Q° (GeV)

Schiavilla and Sick,PRC64:041002,2001.



Neutron Electric Form Factor: G,

0.1 1 I 1 I 1 I 1 I

o T,,, Schiavilla and Sick

*Determine neutron charge
radius from low energy

E [ ’ | neutron-electron scattering
0.05 % '% J( 7 using 2%8Pb and 29°Bi

*S. Kopecky et al., PRC 56,
2229 (1997).

B Slope from atomic experiments

0 —

[ I N AN T N T N T N T N TR N T R T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Q° (GeV)




Neutron Electric Form Factor: G,

At MAMI using polarized 3He

0.1 1 I 1 I 1 I 1 I 1

o T,,, Schiavilla and Sick

¢ Polarized “He target

3 n(a o
G, from quasi-free He(e,e Il)

In PWIA

41 Lt | 6* — 90°

% % AJ_OCPBPTGE/GM

B Slope from atomic experiments

° : AH X PBPT

[ I N AN T N T N T N T N TR N T R T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Q° (GeV)

Theory important for reliably
extracting G./G,, from nuclear effects



0.1

0.05

0

Neutron Electric Form Factor: G,

;Jﬁﬁ AR

o T,,, Schiavilla and Sick
¢ Polarized “He target
® Polarized "H target

B Slope from atomic experiments

02 04 06 08 1 1.2 14 16
2
Q" (GeV)

1.8

ﬂ
- _/
d(€,e'n)
G, from beam-target asymmetry

In PWIA

vV _ aGEG M
Aed — PBPTV GQE - )
NIKHEF used electron storage ring

with internal gas target.

JLab used solid °ND, target
Measured to Q% =1

Recent data from MIT-Bates used internal gas target and large

acceptance BLAST detector



0.1 T

Neutron Electric Form Factor: G,

0.05

0

T T T Ty T,,» Schiavilla and Sick
¢ Polarized 3H£‘ target
®  Polarized 2H target
A

Recoil polarization

|

B Slope from atomic experiments

Mhwih, .

0

02 04 06 08 1 1.2 14 16 18
2
Q" (GeV)

d(e,e’ 17)
Recoil Polarization

In PWIA
GE - PT (E€+Ee/) 9
o = — p-—pre— tan(z)
At Mainz,

Q?=0.15t0 0.8

At JLab,
Q?=0.45, 1.13, 1.45



Neutron Electric Form Factor: G,

0.1 LI LI I LI I LI L I LI . . . LI _) H
o T,,, Schiavilla and Sick 3He( e e/n)
[ ¢ Polarized “He target | !
= . 2 7 .
¢ Eﬂlarllzedl H target Recently completed JLab experiment
i A Recoil polarization ]
G" _ _ . Large solid angle electron
E Expected Errors for 7 . .
0.05 completed JLab experiment _ spectrometer combined with a large
solid angle neutron detector
45% polarization in 3He

0 0.5 1 1.5 2 2.5 3 35 4
2
Q" (GeV)

JLab Hall A Spokespeople: G. Cates, K.
McCormick, B. Reitz and B. Wojtsekhowski



Measuring G¢, /G, at Q*> > 1 GeV?

T TRT T T T T T 17771 T TT T TT T TT T TT 0 World “n | I TTT
1.0] T B
o

0.8 - % ‘#J%} (% —
= |

g-.m 0.6 - |
€ i
i —

0.4 .

0-2 __ —

0-0 _I 1 1 | I | | 11 1 | I | | 1 11 1 | 1 11 1 | 1 11 1 | 1 11 1 | I | | 11 1 ]

1 2 3 4 5 6 7 8 9 10
Q° [(GeV/c)]
J. Arrington PRC 68:034325, 2003

Recent compilation of world data
which was careful in combining
data from different experiments
and correlating normalization
systematics



Measuring G¢, /G, at Q*> > 1 GeV?

T TRT T 1T I TTT T TT1 T T TT T T TT T T TT 0 World “n ] Measure reCOiI pOIarization
& JLAB recoil pol| T
1.0 ‘ol B -/
9 #%} (% - p(ev € ﬁ)
0-3-_ *“ 1 i GE _PT (E6+E€/) tan(@)
. T ¢ 1 G~ P 2M 2
S o6l ) ¢ * .
= L
2 I + | Measurements done in Hall A
0.4 + . at JLab
02l + | First set 0.5< Q%< 3.5
i ] Measured using two
- spectrometers
0.0 1 2 3 42 5 6 7 8 9 10
Q [(GeV!c)Z] First set 3.5<Q%2<5.6

Measured using large calorimeter
to detect electrons and
spectrometer for protons



Measuring G¢, /G, at Q*> > 1 GeV?

1.0

0.8

0.2

0.0

T T | T T T | T T T | T T T | T
' o
——

!

__#t_—o—
i

O World xn

& JLAB xn ( proton detected)

¢ JLAB recoil pol

1 2 3 4

Q° [(GeV/c)]

7 8 9

I. Qattan et al. PRL 94, 142301 (2005)

10

At JLab in Hall A measured
elastic ep detected scattered
proton instead of electron

Advantages:

*Proton momentum fixed at
each ¢

*Cross section is nearly
constant with ¢

*Reduces size of e-dependent
radiative corrections
*Reduces systematic error
from beam energy and
scattering angle



Measuring G¢, /G, at Q*> > 1 GeV?

In middle of new experiment

T 2 :T_c::::{ proton detected) atJlab in Hall C
1.0/ O € JLAB recoil pol
t:) T S #® New JLAB recoil pol
08l ‘%“ ] Use a large calorimeter to
I s T detect electron combined
= L _ with Hall C HMS
"U‘m i * ] spectrometer with new focal
g’ I Preliminary data + | plane polarimeter
04— JLab Fall07 5
I * ] Data taken the fall confirm
ool + . earlier Hall A measurements
N T T T T T P

1 2 3 4 5 6 7 8 9 10

Q° [(GeV/c)]



Measuring G¢, /G, at Q*> > 1 GeV?

T TRT | T T I.l IIIIIIIIIIII | T T TT T T TT
O World xn
T & JLAB xn ( proton detected)
1
1.0 ) O ¢ JLAB recoil pol
}
t:) % #‘ S #® New JLAB recoil pol

April 4% started taking

JLab Spring08

Expected error bars _

I

*+ recoil polarization . data for h|gh QZ = 8.5

I Preliminary data
0.4 — JLab Fall07

5 6 7 8 9 10

|
4
Q° [(GeV/c)]



0.2

o-olllll

Why the discrepancy in G;/G,,?

I Preliminary data
— JLab Fall07

T T
O World xn

¢ JLAB recoil pol

& JLAB xn ( proton detected)

#® New JLAB recoil pol

5 6 7 8 9

Q° [(GeV/c)]

Neglected 2y contributions to
the ep elastic cross section
could explain the difference




Theory of 2y in ep elastic reaction

KP“

F,u(plap) GM7u+ F2M ‘I_FS
Gy = Gy + 0Guy : F,=F, —|—5F2, F; purely from 2~

(r + S2)R(5E5))

P G 2¢e G vF
P~ Ty T<1+e{ o= g Rgee )

To explain discrepancy need R(M—”ng”—) ~ 3% with
M

Small Q2 and € dependence. P.A.M. Guichon and M. Vanderhaegen, PRL (2003)

OR n~




Theory of 2y in ep elastic reaction

KP“

F,u(plap) GM7u+ F2M ‘I_FS
Gy = Gy + 0Guy : F,=F, —|—5F2, F; purely from 2~

(r + SE)R ()

P G 2¢e G vF
P~ Ty T<1+e{ o= g Rgee )

To explain discrepancy need R(M—”ng”—) ~ 3% with
M

Small Q2 and € dependence. P.A.M. Guichon and M. Vanderhaegen, PRL (2003)

OR n~

Calculations by E. Tomasi-Gustafsson and G. |. Gakh predict large non-
linearities in e-dependence of cross section which are not seen in the data.



Calculations of 2y effects

» Effects predicted to change cross sections but small effect on
polarization observables:

» Hadronic Model of Blunden, Melnitchouk and Tjon

» GPD model of Chen, Afanasev, Brodsky, Carlson and
Vanderhaeghen

*But no significant 2y effect predicted in calculation of Y. Bystritskiy, E. Kureav
and E. Tomasi-Gustafsson

*Recent calculation of Jain, Joglekar and Mitra predict large effects to the
polarization observables.



Calculations of 2y effects

» Effects predicted to change cross sections but small effect on
polarization observables:

» Hadronic Model of Blunden, Melnitchouk and Tjon

» GPD model of Chen, Afanasev, Brodsky, Carlson and
Vanderhaeghen

*But no significant 2y effect predicted in calculation of Y. Bystritskiy, E. Kureav
and E. Tomasi-Gustafsson

*Recent calculation of Jain, Joglekar and Mitra predict large effects to the
polarization observables.

Need new experimental data



1.08 ¢

1.06
1.04
1.02

0.98
0.96

(.72

0.7

0.68

0.66

0.64

Experimental searches for 2y effects

Blunden et al.

----- Born approx.

i Super Rosenbluth

Blunden et al.

----- Born approx.
® GEP-I
® GEP-2G PROJECTED

0.2 03

04 05 06 07 08 09
2.6 GoV*

Measure G./G,,
as function of ¢

Look for deviations from a
constant



Experimental searches for 2y effects

Experiment at Jlab in Hall C measured ep elastic cross sections
0.4<Q%?<5.0and 0.05<£<0.95

completed Spring 2007
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1.5

2
Q°F JF,
o

05

0-0 1 1 1

pQCD and proton G./G,,

| m_JLab Recoil Pol

Convert G¢/G,, directly to F,/F,

F, is helicity non-conserving amplitude

In pQCD, F, is power-law suppressed

Q*Fy/F} o constant

dThe Q2 scale were pQCD applies is
not predicted

(dData indicates that is above Q2 =6



Summary of present data set

Proton Form factors

L TP TN T e woud data (pol. trans)
.= 0.8~ JLab Spring08 ]
Q N ¢# Expected error bars -
:E:Lﬂ L + -
% 04 ++ —
“T‘.|.|.|.I|I.|.|.|.‘
0 2 4 6 8 10 12 14 18

1.2 T T 11T T TTTT] T
] M _

a % o ﬂw ﬁﬁ

EO Y -
_ 4
0.6 —

1 1 ||||||I 1 1 ||||||I 1
01 1 10 30

Q’ (GeV?)

Neutron form factors

0.12 _ 1 I 1 I 1 I 1 I 1 'ﬂ‘ World data 1 I 1 i
0.08k Finished JLab Hall A _
Expected error bars -
n -
Gy \Z )
0.04f- —
L I I ] -
o W IR T T N T T T T
12 3 45 6 7 8 91
1 | LI III I I IIII I
i . i
q & qq& Pﬁi’l
=] 1.-#'4' +'“ QI"F‘:' @
- Ve '
=
c= 0.8 JLab CLAS —
O
0.6 —
1 L1 111 III 1 L1 11 IIII 1
0.1 1 10
Q* (GeV?)



Relevant features of new data set

e Measured all form factors to Q2 = 3.5

QAllows comparison of models from where pion clouds or constituent
quarks are important to Q?region where sensitive to quark core.

LCan determine isoscalar and isovector form factors for comparison to
LQCD, since it presently can’t handle disconnect diagrams.

- Linear fall-off in proton G./G,,to Q2 = 5.6

Q Helicity non-conservation .

Quark counting rules do not apply in this Q2 region
LDemonstrates the importance of relativity in understanding nucleon
structure

Indicates angular momentum in nucleon



Upgrade of Jlab to 12 GeV
addnewﬂl #

upgrade

* and power supplies
S new cryomodules

Upgrade expected to be completed by 2013



Upgrade of Jlab to 12 GeV

New 11 GeV spectrometer in Hall C Upgrade large acceptance
spectrometer in Hall B




Nucleon FF with Jlab@12GeV

Proton Form factors

R '| ® World data (pol. trans)
. =08 JLab Spring08 ~
14 5 # E tpu,LLd error bars -
a B &
% 0.4} + ab@ I.-}LTL‘.\"!
- + um‘ bar -
“T‘.|.|.|..|.|.
0 2 4 6 10 12 14 16
1.2 T T

)

-5 o .w’,ﬂﬂﬁw%

", -
o =08 L -
° 1 Y
06 -

||||||||I ||||||||I 1

0.1 1 10 30

Q’ (GeV?)

Neutron form factors

012

& World data

] Finished JLab Hall A
Expe LT.Ld error bars
E
0.04

Ul e
1 2 3 45 6 7 8 9 1
IIIIIIII 1 IIIII 1
W T
[=} 1|¢¢+‘ QI;.? ¢
Fy / '
=,
c=08F JLab CLAS -
(4]
0.6 —
L IIIIIIII [ IIIIIIII [
0.1 1 10

Q’ (GeV?)

Can continue proton
Ge/Gm to Q%= 13 by
moving FPP into Hall C
SHMS

Possible to go to Q%= 14.8
specially built polarimeter
and electron detector in
Hall A



Nucleon FF with Jlab@12GeV

Proton Form factors

R 1 ®  World data (pol. tsans)

B JLab Spring08 ]

5 ¢? E ‘;["z..t.,[ui error bars -

-— ++ JLab@12GkV

- + um‘ bar -
“T‘.|.|.|.|.|.|.

o 2 4 6 8 10 12 14 16
1-2 I |||||||| 1 |||||||| I

; i, _

% @ ﬂw qﬁﬁ'

N P

| $

_ #

1 1 IIIIIII 1 1 IIIIIII 1

0.1 1 10 30

Q’ (GeV))

0.12 [ 1 I 1 I 1 I 1 I 1 * o World data 1 I 1 |
o0.08k Finished JLab Hall A _
Expected error bars -
Gg - i
E JLab@12GeV 4
0.041- error bars ]
R I I 1 1 1 -
G SO N O AP AP AN O AP
1 2 3 4 5 6 7 8 91
1 LI III 1 | IIII 1
2 9ot w&ﬁﬂ
=] 1- g 4o +Q=' + *
O 4
=
c = 0.8 JLab CLAS -
O
06 —
1 L1 111 III 1 L1 11 IIII 1
01 1 10

Neutron form factors

Q’ (GeV?)

Extend neutron
electric form factor

by either
3He(&,¢'n)
-/ —))

d(e,e’' n



Nucleon FF with Jlab@12GeV

Neutron form factors

Proton Form factors

R 1 ® World data (pol. trans)

B JLab Spring08 ]

5 ¢? E ‘;["z..t.,[ui error bars -

-— ++ JLab@12GkV

- + um‘ bar -
“T‘.|.|.|.|.|.|.

o 2 4 10 12 14 16
1-2 I |||||||| 1 |||||||| I

; i, _

% @ ﬂw qﬁﬁ'

B P

| $

B JLab@12GeV +++

- error band

1 1 IIIIIII 1 1 IIIIIII 1

0.1 1 10 30

Q’ (GeV))

0.12

Finished JLab Hall A
Expected error bars

1 1
O wodddan | |

E JLab@12GeV 4
0-04__ error bars 7
R I I 1 1 1 -
L il B P I P P B P I
1 2 4 5 6 7 B 9 1
1 M1 |||||| 1 ||||| 1
n"
13 t o w -
.n o
w: 4 & PH’
%03_ JLab CLAS -
:I:(5 - n.].-] N o _
JLab@12GeV
0.6 error band
1 L_1.1 ||||I 1 1 L1 ||||I 1
01 1 10
Q’ (GeV?)

Extension of previous
techniques will
measurement of
neutron G,,to Q* =14
GeV? with new CLAS12

Proposed measurement
of proton G, between
7< Q%< 14 GeV?



Backup slides



Calculations of 2y effects

New paper using the “hadronic” model by J. Arrington, W. Melnitchouk,
J. A. Tjon nucl-ex/0702002
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Calculations of 2y effects

New paper using the “hadronic” model by J. Arrington, W. Melnitchouk,

J. A. Tjon nucl-ex/0702002




