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 Formaggio and Martoff  ARNPS (2004)

 “Cosmic ray muons produce neutrons through several 
different mechanisms…”

1.  Negative muon capture on nuclei. 
2. Electromagnetic showers generated by muons. 
3. Muon interactions with nuclei via the exchange of virtual 

photons ==> muon nuclear interactions and photoneutron 
production.

4. Muon-nucleon quasielastic scattering.

These energetic neutrons (100’s of MeV) are produced thru 
quasielastic and inelastic processes from moving nucleons in the 
nucleus
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Nuclear Response FunctionB. Frois / Electron scattering at intermediate energy 59c 
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FIGURE 1 
Schemat ic re~resent~t jon2 of  the nuctear response funct ion to efectromaqnet ic 
probes.  D2 is the four vector ~~nturn transfer defined by if2 = ?j2 -  G2 and Y 
is the energy transfer v = E -  E '  fv E w) .  The absorpt ion of  real  photons 
(02 = 0)  is a purely transverse exci tat ion dominated bv the giant  resonance 
below the pion threshold and by the data resonance abave the pion threshold.  
For lepton scat tering (D2 )  D)  the absorbed photon is virtual .  This enables not  
only to vary ?j  and w independent ly,  but  also to have longi tudinal  and trans-  
verse exci tat ions.  Lepton scat tering on bath a nucleus and a proton has been 
represented.  This comparison stresses the modificat ion of  the response funct ion 
due to the nuclear medium.  The very deep inelast ic region is the region where 
both D2 and v are extremely large.  In this region scal ing effects are observed 
giving clear evidence of  the presence of  quarks.  Differences in the scal ing 
behavior of  heavv nuclei  such as the observat ions of  the European Muon Col labo-  
rat ion (EMC)  are interpreted as modificat ions of  quark dynamics in the nuclear 
medium.  

independent ly.  West3 predicted about  ten years ago that  the response funct ion 

should then depend only an the variable y,  defined by y = k 6.  This variable 

is the component  of  the momentum t  of  the knocked out  nucleon paral lel  to the 

momentum transfer 6.  The experimental  data plot ted as a funct ion of  y al l  l ie 

on the same curve represent ing the scal ing funct ion Ftyf .  This can be used to 

map out  ~~nturn distribut ions at  very high ~~nturn transfers provided that  

final  state interact ions and relat ivist ic effects are understood.  Only two 

experiments at  SLAC on deuterium4 and %e [ref .5]  have reached the very high 

momentum region where the condi t ion of  val idi ty q >> kF is sat isfied.  Roth 

show clearly this scal ing behavior.  At  present  none of  the three-body 

ν = (E − E
′) (ν ≡ ω)

Q2
= !q2 − ν2
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What studies motivate inclusive inelastic electron scattering from nuclei?

hadronization
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A variety of topics

• Momentum distributions and the spectral function S(k,E).

• Short Range Correlations and Multi-Nucleon Correlations

• Scaling (x, y, φ’, ξ ) - tests and the violation of ‘laws’

• Medium Modifications -- effects of the nuclear environment 
(EMC, exotic quark states)

• Duality - The strongly Q2 dependent resonance structure 
function averages to DIS scaling - access to pdfs  at very 
high x

The inclusive nature of these studies make disentangling all the 
different pieces a challenge but we have a couple of knobs….
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�e
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MA M∗
A−1, −�k

�k
W2 ≥ (Mn + mπ)

2

Inclusive Electron Scattering from Nuclei
Two distinct processes Quasielastic from the nucleons in the nucleus

Inelastic (resonance production) and 
DIS from the quark constituents of 
the nucleon.

�e
�e�

MA M∗
A−1, −�k

�k
�k + �q, W2 = M2

Inclusive final state means no 
separation of two dominant processes

x > 1 x < 1

x  = Q2/(2mυ)

υ,ω=energy loss
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The two processes share the same initial state
d2σ
dΩdν

∝
�
d�k

�
dEσei Si(k, E)���

Spectral function

δ()QES in IA

d2σ
dΩdν

∝
�
d�k

�
dE W

(p,n)
1,2 Si(k, E)���

Spectral function

DIS

However they have very different Q2 dependencies
σei ∝ elastic (form factor)2 W1,2 scale with ln Q2 dependence

n(k) =
�
dE S(k, E)

There is a rich, if complicated, blend of 
nuclear and fundamental QCD interactions 
available for study from these types of 
experiments.

pX

k1
k2

q

PA
PA - 1

p

Exploit this dissimilar Q2 dependence

The limits on the integrals 
are determined by the 
kinematics. Specific (x, Q2) 
select specific pieces of 
the spectral function. 
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Helium-3

Hanover group, T = 0 and T = 1 pieces (right)

XEMPT Meeting Donal Day
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in terme of two-body interactions .

with

p a (E)
r Q (E)

5(p,E)

vá(E-E a ) 2 + 4 tá(E)

9& (e, e 'p)

P (MdY~

10-50

Fig . 10 . Proton separation energy spectra for the 9 Be(e,e 'p) reaction, urithin di f -
ferent recoi l momentum bins . The energy resoZutian of ti 0 .8 MeV renders visible
acme di fferent excited states of BLi at Zo~u separation energy . Azta have been cor-
rected for radiative effects, but the overal l absolute aoaZe is arbitrary .

Several attempts have been made recently to compute the spectral function from mi -
croscopic theories -32) but most o£ the calculations are not at a stage where
a direct comparison with the experimental data is possible . Aowever, Orlaad and
Schaeffer32) have shown that it is possible to explain the general shape and the
width of the hole states in a simple way . In their model , the nucleus is described
as a Ferrai gas with two body col l isions . The width of the hole state, essential ly
given by the avai lable phase space for those col l isions, ís energy dependent, which
gives the asymmetric shape . The energy distribution p a

(E) of the a-hole state can
be written as

Pa(E)
~ Ca(E-EF)pg

~E-EF~ /BEF

C being related to the nucleon-nucleon cross section is nuclear matter . Curves in
f ig . 12 show that this model provides a useful parametrization of the data .

The momentum distributions for the 12 C(e ;e 'p) reaction and for two separation ener-
gy bins corresponding to lp and is proton knock-out ara~shawa on f ig . 13 . A good

Spectral Function

9Be(e,e’p)8Li

Helium - 3

Faddeev, Hanover group
Saclay, J. Mougey

E

p
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fm-10

decreasing at large k as powers of k , it has been argued that
the nucleon spectral function at high values of both k and
E should be governed by ground-state configurations in
which the high-momentum k� 1�k� of a nucleon is almost en-
tirely balanced by the momentum k� 2��k� of another
nucleon, with the remaining (A�2) nucleons acting as a
spectator with momentum k�A�2�0.2 When the momentum
and the intrinsic excitation energy of the (A�2) system are
totally disregarded, the energy conservation would require
that

EA�1* �EA�1
R �

k2

2M , �35�

where EA�1
R �k2/2(A�1)M is the recoil energy of the

(A�1)-nucleon system; thus the intrinsic excitation of the
(A�1) system would be

EA�1* �
A�2
A�1

k2

2M . �36�

Within such a picture, the nucleon spectral function
P1(k ,E) has the following form:

P1�k ,E ��
1
4�

n1�k ���E�E1
�2NC��k �� , �37�

with

2Configurations corresponding to high values of �k�A�2� should be
ascribed to three-nucleon correlations; indeed, high values of
�k�A�2� can be due to ground-state configurations with a third
‘‘hard’’ nucleon, whose momentum balances the CM one of par-
ticles 1 and 2.

FIG. 2. The nucleon momentum distributions of Fig. 1 shown
all together �a� and their ratio to the deuteron momentum distribu-
tion n (D)(k) �b�. The solid, dashed, dotted, dot-dashed, long dashed,
dot-long dashed lines correspond to 2H, 3He, 4He, 16O, 56Fe, and
nuclear matter, respectively.

FIG. 3. The saturation of the momentum sum rule in 3He �a�
and infinite nuclear matter �b�. The dotted and solid lines corre-
spond to the momentum distribution n0(k) and to the total momen-
tum distribution n(k), respectively. In case of 3He the dot-dashed,
dashed, and long dashed lines correspond to Eq. � 34� calculated in
Ref. �20� at E f�17.75,55.5,305.5 MeV, whereas for nuclear matter
the dot-dashed and dashed lines correspond �11� to E f�100 and
300 MeV, respectively.

53 1695REALISTIC MODEL OF THE NUCLEON SPECTRAL FUNCTION . . .

4
2H, 3He, 4He, 16O, 56Fe, NM

n(k) =
�∞

0
S(k, E)dE

n(k) =
�2.2 MeV

0
S(k, E)dE

Momentum distribution is integral of 
spectral function over the separation 
energy
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Independent Particle Shell model: describes basic properties like
  spin, parity, magic numbers ...

-100        0        100      200                      -100       0        100      200
pm [MeV/c]
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But there is a problem! 

Spectroscopic factor
single particle 

state α

≠ number of nucleons in shellZα = 4π

∫kf
dE dk k2S(k, E)
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k > 250 MeV/c
15% of nucleons
60% of KE

k < 250 MeV/c
85% of nucleons
40% of KE

Short Range Correlations (SRCs)

Deuteron

Carbon
NM

Similar shapes for k > kf

3/18/08 5:12 PMNuclear Forces

Page 1 of 4http://www.cartage.org.lb/en/themes/sciences/physics/NuclearPhysics/WhatisNuclear/Forces/Forces.htm

Themes > Science > Physics > Nuclear Physics > What is Nuclear Physics? >
Nuclear Forces

The force that holds protons and neutrons together is extremely strong. It has to be
strong to overcome the electric repulsion between the positively charged protons. It
is also of very short range, acting only when two particles are within 1 or 2 fm of
each other.

1 fm (femto meter) = 10^{-15} m = 10-15 m = 0.000000000000001 meters.

The qualitative features of the nucleon-nucleon force are shown below.

This picture shows a rough sketch
of the force between two nucleons.

There is an extremely strong short-range repulsion that pushes protons and
neutrons apart before they can get close enough to touch. (This is shown in orange.)
This repulsion can be understood to arise because the quarks in individual nucleons
are forbidden to be in the same area by the Pauli exclusion principle.

There is a medium-range attraction (pulling the neutrons and protons together) that
is strongest for separations of about 1 fm. (This is shown in gray.) This attraction
can be understood to arise from the exchange of quarks between the nucleons,
something that looks a lot like the exchange of a pion when the separation is large.

The density of nuclei is limited by the short range repulsion. The maximum size of
nuclei is limited by the fact that the attractive force dies away extremely quickly
(exponentially) when nucleons are more than a few fm apart.

Elements beyond uranium (which has 92 protons), particularly the trans-fermium
elements (with more than 100 protons), tend to be unstable to fission or alpha decay
because the Coulomb repulsion between protons falls off much more slowly than the
nuclear attraction. This means that each proton sees a repulsion from every other
proton but only feels an attractive force from the few neutrons and protons that are
nearby -- even if there is a large excess of neutrons.

~1 fm

Mean field contributions: k < kF  Well understood, SF Factors ≈ 0.65

High momentum tails: k > kF

• Calculable for few-body nuclei, 
nuclear matter

• Dominated by two-nucleon short 
range correlations

• Poorly understood part of nuclear 
structure

• Sign. fraction have k > kF
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Ciofi degli Atti, PRC 53 (1996) 1689

This strength must be accounted for when trying 
to predict the cross sections
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σ(x, Q2) =
A�

j=1

A
1
j
aj(A)σj(x, Q2)

=
A
2
a2(A)σ2(x, Q2) +

A
3
a3(A)σ3(x, Q2) +

...

In the region where correlations 
should dominate, large x,

aj(A) are proportional to finding a nucleon in a j-nucleon correlation. 
It should fall rapidly with j as nuclei are dilute.

⇒
2
A
σA(x, Q2)
σD(x, Q2)

= a2(A)

�����
1<x≤2

3
A

σA(x, Q2)
σA=3(x, Q2)

= a3(A)

�����
2<x≤3

In the ratios, off-shell effects and 
FSI largely cancel.

CS Ratios and SRC

σ2(x, Q2) = σeD(x, Q2) and σj(x, Q2) = 0 for x > j.

aj(A) is proportional
to probability of finding
a j-nucleon correlation

13Thursday, April 14, 2011



Ratios and SRC 

aj(A) is proportional
to probability of finding
a j-nucleon correlation

2
A
σA
σD

= a2(A); (1.4 < x < 2.0)

FSDS, Phys.Rev.C48:2451-2461,1993 E02-019, Fomin at all, in prep
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Nucleus kF ε
6Li 169 17
12C 221 25
24Mg 235 32
40Ca 251 28
natNi 260 36
89Y 254 39
natSn 260 42
181Ta 265 42
208Pb 265 44

Early 1970’s Quasielastic Data

Li C

Pb

500 MeV, 60 degrees
!q ! 500MeV/c
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• The shape of the low ν cross section is determined by the momentum 
distribution of the nucleons.
• As Q2 >> inelastic scattering from the nucleons begins to dominate
• We can use x and Q2 as knobs to dial the relative contribution of QES and 
DIS.

The quasielastic 
contribution dominates 
the cross section at low 
energy loss (ν) even at 
moderate to high Q2.3He SLAC (1979)
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A dependence: higher internal momenta 
broadens the peak

Also note while broadening the 
qep it also sweeps strength from 
the inelastic regions
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Scaling
• Scaling refers to the dependence of a cross section, in certain 
kinematic regions, on a single variable. 
• Scaling validates the assumptions about the underlying physics
• Scale-breaking provides information about conditions that go 
beyond the assumptions. 

• At moderate Q2 inclusive data from nuclei has been well described in 
terms y-scaling, one that arises from the assumption that the electron 
scatters from quasi-free nucleons.

• We expect that as Q2 increases we should see for evidence (x-scaling) 
which could be interpreted as scattering from the more fundamental 
constituents - quarks.
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y-scaling in inclusive electron scattering (3He)

F (y) = σexp

(Zσ̃p+N σ̃n) · K n(k) = −
1

2πy
dF (y)

dy

y is the momentum of the struck nucleon parallel to the momentum transfer and is

determined from energy conservation. Assumption is that we are scattering from a "quasi"

free proton or neutron in the nucleus. We find momenta on the order of 1 GeV/c !

Correlations are the source of high momenta

in the nucleus – probe extreme and rare condi-

tions inside the nuclear volume when the nu-

cleons are nearly overlapping.

Assumption:  scattering takes place from a quasi-free proton or neutron in the 
nucleus.  y is the momentum of the struck nucleon parallel to the momentum 
transfer:

y-scaling in inclusive electron scattering from 3He
y = 0 at quasielastic peak

y = y(q, ω) �
�
ω(2mn + ω) − q
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Deuteron F(y) 
and 
calculations 
based on NN 
potentials 

Assumption:  scattering takes place from a quasi-free 
proton or neutron in the nucleus. y is the momentum 
of the struck nucleon parallel to the momentum 
transfer

F(y) =
σexp

(Zσp + Nσn)
· K

n(k) = −
1

2πy
dF(y)
dy

SRC region, nucleons with k ≈ 500 MeV/c

Independent of q

y = y(q, ω) �
�
ω(2mn + ω) − q
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Iron

Iron

Presented in this way F(y) 
demonstrates a independence of q

Independent of q

21Thursday, April 14, 2011



Scaling of a second kind
independent of A 

kA =
�
< k2 >A = kf

f(q, y) ≡ kA · F(q, y)

ψ � y/kA
Independent of A

Super Scaling - independent of A and q

There exists only one universal (QE) scaling function,  fQEL  longitudinal 
response, which contains the nuclear physics information of the process

I Sick, T.W. Donnelly, C.F. Williamson, C. Maieron, J.E. Amaro, M.B. Barbaro, A. Molinari, A. 
Antonov, M. V. Ivanov, M. K. Gaidarov,  J.A. Caballero, E. Moya de Guerra,
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Beyond the QE-Peak: Delta Region

Inclusive electron scattering from 12C and 16O in the ∆  regions -- energies 
extending from 300 MeV to 4 GeV and scattering angles from 12 to 145 degrees, 
Amaro et al, PRC 71, 015501(2005)

28/10/2009 C. Maieron - Trento ECT*
[Amaro et al, PRC 71, 015501(2005)]

Reasonable scaling at the left of the ∆ 
peak (with noise at large negative ψ

∆ 

Fit to data checked vs eA cross sections
 where ∆ is dominant (10-15%); 
then used to predict cross sections
in the ∆ region for neutrino scattering

BEYOND THE QE-PEAK:  DELTA REGION 
 formalism & previous results

SuSA

11ψΔ
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12C, 3.6, 16o

12C, 3.6, 30o

Inelastic contribution increases with Q2

2.2 (GeV/c)20.9 (GeV/c)2

Energy LossEnergy Loss

x = 1

x = 1

Cr
os

s 
Se

ct
io
n

DIS begins to contribute at x > 1 
Convolution model

y = 0

y = 0

12C, 5.77, 50o

x = 1
y = 0

Cr
os

s 
Se

ct
io
n

7.4 (GeV/c)2

 We expect that as Q2 increases to see 
evidence (x-scaling) that we are 
scattering from a quark at x > 1
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2.5 
3.3 
4.1
5.2
6.4
7.4

x and ξ scaling

νWA
2 versus x νWA

2 versus ξ

νWA
2 = ν ·

σexp

σM

�
1 + 2 tan2(θ/2) ·

�
1 + ν2/Q2

1 + R

��−1

x =
Q2

2Mν
ξ =

2x

1 +
�
1 + 4M2x2/Q2

→ x

2H
2H

Remarkably when the data  is presented is presented in terms of the 
nuclear inelastic structure functions evidence of scaling emerges.
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FA2 (ξ) =
�A

ξ
dzF(z)Fn2(ξ/z)

� � �
averaging

ξ (fraction of nucleon light cone momentum p+)  
is proper variable in which logarithmic 
violations of scaling in DIS should be studied.

Local duality (averaging over finite range in x) 
should also be valid for elastic peak at x = 1 if 
analyzed in ξ

νWA
2 versus x 2.5 

3.3 
4.1
5.2
6.4
7.4

νWA
2 versus ξ

12C

12C

Evidently the inelastic and quasielastic 
contributions cooperate to produce ξ scaling.  Is 
this local duality?

Especially for the heavier nuclei

Can we extract nuclear pdfs 
in this region?
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Two measurements (very high Q2) exist 
so far: 
CCFR (ν-C): F2(x) ∝ e-sx     s = 8
BCDMS (μ-Fe): F2(x) ∝ e-sx  s = 16 

A connection to quark 
distributions at x > 1

12
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3
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Data

(a)

10
3

Buras-Gaemers
Cteq 4

(b)

10
2

10
3

0.6 0.7 0.8 0.9 1 1.1

Fermi gas
Quasi-Deuteron

(c)

10
3

0.6 0.7 0.8 0.9 1 1.1 1.2

Exponential
s=8.3

(d)

x

FIG. 10: CCFR distribution of events as a function of x, compared to some PDF fits (top right and lower left), and compared
to a fit of F A

2 ∝ exp (−sx), for s=8.3 (lower right).

FIG. 11: BCDMS 200 GeV muon data from C. An exponential fit of F A
2 ∝ exp (−sx)) agrees with the JLAB 89-008 data with

an exponent s # 16 when fit in ξ

dependence was in general agreement with the BCDMS measurement with F A
2 ∝ exp (−sξ) with

s # 16. However, there are significant contributions from the quasielastic peak in the vicinity of
ξ = 1 at these kinematics, and there is still some Q2 variation to the structure function fall off at
the largest Q2 values from E89-008. With the proposed measurements, we can reach Q2 values of 20
GeV2 for ξ ≥ 1, where quasielastic scattering is only a small contribution to the total cross section
and scaling violations should be much smaller than those observed in previous measurements.

B. Sensitivity to Quark Degrees of Freedom in Nuclei

The EMC effect provides clear evidence that the quark distribution in nuclei is not a simple sum
of the quark distributions of it’s constituent protons and neutrons. Many explanations of the EMC
effect were proposed which involved non-hadronic degrees of freedom in the nucleus. Many were ruled

We can, but first we must account for 
the fact that none of these 
measurements are at the asymptotic 
limit.

Low statistics
Poor resolution, limited x range

CCFR results suggested large 
contribution from SRC or other 
exotic effects

125

60 (50-200)
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10-6

10-5

10-4

10-3

10-2

10-1

 1  10  100  1000

F 2
(0

) (
,Q

2 )

Q2 (GeV)2

1.15

=
1.25

0.95

1.05

=
0.55

0.65

0.75

0.85

( =0.75,0.85,0.95,1.05)

E02-019: C
BCDMS: C
SLAC: D*EMC(C/D)
CCFR: Fe

E02-019 carbon
SLAC deuterium
BCDMS carbon
× CCFR projection
(ξ=0.75,0.85,0.95,1.05)

Fomin et al., Phys. Rev. Lett.105:212502,2010

Application of ‘target mass 
corrections”
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In any effort at prediction you must have the e/m FF right and 
there have been surprises
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Nucleon Elastic Form Factors

Current Status of the Experimental Effort
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Abstract. The nucleon form factors are still the subject of active investigation even after an experimental
effort spanning 50 years. This is because they are of critical importance to our understanding of the
electromagnetic properties of nuclei and provide a unique testing ground for QCD motivated models of
nucleon structure. Progress in polarized beams, polarized targets and recoil polarimetry have allowed an
important and precise set of data to be collected over the last decade. I will review the experimental status
of elastic electron scattering from the nucleon along with an outlook for future progress.

PACS. 14.20.Dh Protons and neutrons – 13.40.Gp Electromagnetic form factors of elementary particle –
24.70.+s Polarization phenomena in nuclear reactions

1 Introduction

The experimental and theoretical study of the nucleon
elastic form factors that began more than 50 years ago
has returned to an examination of its roots - the Rosen-
bluth formula and the validity of one-photon approxima-
tion on which it depends. Deviations from this approxi-
mation are being examined to understand how they might
alter our analysis of past, current and future electron scat-
tering data. The Rosenbluth formula, which describes the
elastic electro-nucleon cross section in terms of the Paul
and Dirac form factors and is valid only in the one-photon
approximation, had been considered unassailable until the
appearance of high Q2 polarization transfer data on the
proton from Jefferson Lab.

In the single photon exchange, the Rosenbluth formula
for the elastic cross section is written (with F1 and F2 the
Dirac and Pauli form factors, respectively and which are
functions of momentum transfer, Q2 = 4E0E′ sin2(θ/2)
alone) as,

dσ

dΩ
= σMott

E′

E0

{

(F1)
2 + τ

[

2 (F1 + F2)
2 tan2 (θ) + (F2)

2
]}

,

(1)

where τ = Q2

4M2 , θ is the electron scattering angle, E0, E′

are the incident and final electron energies respectively,
and σMott is the Mott cross section. Because of their di-
rect relation (in the Breit frame) to the Fourier transforms
of the charge and magnetization distributions in the nu-
cleon, the Sachs form factors are commonly used. They
are linear combinations of F1 and F2: GE = F1 − τF2 and
GM = F1 + F2. Early measurements of the form factors

established a scaling law relating three of the four nucleon
elastic form factors and the dipole law describing their

common Q2-dependence, Gp
E(Q2) ≈

Gp

M
(Q2)

µp
≈

Gn
M (Q2)
µn

≈

GD ≡

(

1 + Q2/0.71
)−2

. This behavior is known as form
factor scaling. The neutron electric form factor has been
usefully parametrized by Gn

E = −µNGD
τ

1+5.6τ [6].

2 Proton Form Factors

The proton form factors have been, until recently, only
separated through the Rosenbluth technique, which can
be understood by re-writing Eq. 1 using the Sachs form
factors,

dσ

dΩ
= σNS

[

G2
E + τG2

M

1 + τ
+ 2τG2

M tan2(θ/2)

]

, (2)

and rearranging, with ε−1 = 1 + 2(1 + τ) tan2(θ/2) and
σNS = σMottE′/E0, to give:

σR ≡
dσ

dΩ

ε(1 + τ)

σNS
= τG2

M (Q2) + εG2
E(Q2). (3)

By making measurements at a fixed Q2 and variable ε(θ, E0),
the reduced cross section σR can be fit with a straight line
with slope G2

E and intercept τG2
M . Figure 1 gives an ex-

ample of the reduced cross section plotted in this way.
The Rosenbluth formula holds only for single photon ex-
change and it has been assumed (until recently) that any
two-photon contribution is small.

At a Q2 = 6 GeV/c2 you would make about a 6% error ignoring the 
electric form factor of the neutron
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Neutron spectrumMuon mean energy

Talk by V. A. Kudryavtsev, 2002

What this suggests to me.

p = 0 p = 2.75
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Finish

The e/m community is contributing to experimental studies of neutrino 
oscillations at GeV energies MiniBooNE and K2K/T2K experiments. These involve 
neutrino energies of several GeV.

I can not offer much on the fate of the neutron - there transport codes 
that are proving useful to the neutrino community for just this problem - 
GIBUU.

Any reliable calculation for muon scattering must be tested 
against electron scattering data

Inclusive quasi-elastic electron-nucleus scattering.
O. Benhar , DD, I Sick,  Rev. Mod. Phys. 80 (2008) 189-224

There is a significant body of experimental and theoretical work on 
inclusive electron scattering which has direct application to muon 
scattering

Lots of things to worry about - correct nucleon FF, medium modifications, 
SRC, FSI .. but it appears that scaling holds over a very large range of Q2 
and x which should allow reliable predictions of the cross sections
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http://faculty.virginia.edu/qes-archive/index.html
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