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Road Map for the
Quasielastic Journey

• Startup

• Taking the Data

• Reducing the Data

• Comparing Results



When a theorist thinks of a quasielastic 
cross section, the following may come

to mind:
d2σ("q, ω, θ)

d! dω
= σMott [vL RL ("q, ω) + vT (θ)RT ("q, ω)]

When an experimentalist thinks of a 
quasielastic cross section, the following

may come to mind

d2σ(pinc,ω, θ)
dΩdω

= 265.98
(

Z

Qtot

) (
A

X

) [
Ndet/εdet

(∆Ω)(∆ω)

]
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Detector System

• Proportional gas drift chamber array - position and trajectory 
of incident particle.

• Fast trigger scintillator - provides time reference for drift 
chambers.

• Gas Cherenkov detector - only produces a signal for electrons 
or positrons.

• Total energy absorbing calorimeter - shower counter for an 
approximate measure of total energy of incident particle.

Information from all elements is digitized and stored temporarily in a 
fast buffer.  This buffer is then read to a hard disc for offline analysis. 



Experimental Errors

I.  Statistical Error
A.  Determined by total number of

recorded events
B.  Limited by available beam time

II. Systematic Error
A.  Determined by uncertainty in measuring 
      experimental parameters
B.  Must be propagated through the analysis

independently of the statistical error



Where

Z = charge of incident particle
A = atomic weight of target [ AMU ]
pinc = incident particle momentum [ MeV ]/c
θ = laboratory scattering angle
Qtot = total integrated charge [µC]
(∆Ω) = solid angle acceptance [msr]
(∆ω) = energy acceptance of spectrometer [MeV ]
εdet = efficiency of detector system
Ndet = number of recorded events
X = target thickness [mg]/[cm]2

d2σ(pinc,ω, θ)
dΩdω

= 265.98
(

Z

Qtot

) (
A

X

) [
Ndet/εdet

(∆Ω)(∆ω)

]
[nb]/[sr]/[MeV]



Scattered Electron Momentum

10% Momentum Range



Target

Detector  System

Magnet Yoke

Target Chamber

Beam
Pipe

Vacuum
Enclosure

Vacuum
Window

Schematic of a 
Generic Magnetic
Spectrometer



Beam Envelope

Target Normal to
Incident Beam

Target Tilted to
Incident Beam

Target Tilted 
and Wrinkled

Target Thickness Issues



Radiative Corrections

• Subtraction of the elastic radiative tail.

• Radiative unfolding of the continuous 
inelastic spectrum.

L. W.  Mo and Y. S. Tsai, Rev. Mod. Phys. 41, 205 (1969)



Diamonds - corrected for detector efficiencies
Squares - radiative tail subtracted
Circles - radiatively unfolded data

Bates Data, 372 MeV, 90 deg

From Phys. Rev. C56, 3152 (1997)



Coulomb Distortion Corrections
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Dashed line - locus of quasielastic peak

Dot-dash line - locus of delta resonance peak

Solid straight line - real photon line

Curved solid lines - loci of Bates data



Total Responses at Constant Scattering Angle



The Rosenbluth formula can be written in a form more convenient
for extracting the response functions as

1
2σMottvT (θ)

√
vL

(
d2σ(q, θ,ω)

dΩdω

)

exp

= εRL(q, ω) +
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RT (q, ω)
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)2
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q2
µ

2q2
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qµ = 4-momentum transfer

q = 3-momentum transfer

Where



Typical Rosenbluth Separations
q = 400 MeV/c



Longitudinal Responses for 40-Ca

Solid Line - Relativistic Fermi Gas Model
Dashed Line - Relativistic Hartree Shell Model



Transverse Responses for 40-Ca

Solid Line - Relativistic Fermi Gas Model
Dashes Line - Relativistic Hartree Shell Model



Si(q) =
∫ ∞

ω+

RL(q, ω)
(1+τ)
1+2τ

[
ZG2

EP (q2
µ) + NG2

EN (q2
µ)

]dω

Coulomb Sum Rule

Where

RL(q, ω) = Longitudinal nuclear form factor
GEP (q2

µ) = Sachs electric form factor for the proton
GEN (q2

µ) = Sachs electric form factor for the neutron
Z = proton number of the nucleus
N = neutron number of the nucleus
q = 3-momentum transfer
q2
µ = square of 4-momentum transfer

τ = q2
µ/(2Mn)

Mn = nucleon mass



40-Ca, Bates-MIT Data

Dotted Line - Asymptotic Sum Rule
Solid Line - Relativistic Fermi Gas Sum Rule




