
Measurement of Quasi-elastic Transverse
and Longitudinal Response Functions

in the range

Hamza Atac
Temple University

 HUGS 2016

        



➔The structure of the nuclear response seen in inclusive electron
scattering can be classified as :  elastic peak , nuclear excitation levels,
giant resonance, quasi-elastic peak,meson exchange currents, Δ 
peak,higher resonances and deep in-elastic scattering.  Jiang-Ping Chen (1990) 

       Quasi Elastic Electron Scattering



 In the Born approximation:

       Quasi Elastic Electron Scattering

 Virtual  photon
  polarization          :

 Mott Cross
  Section                  :

   Invariant mass

   Four-momentum squared

  Charge  information :   Magnetization information :



Rosenbluth Separation

➔  In order to extract the transverse and longitudinal response functions
Rosenbluth Separation can be used.

At a constant     , measuring d²σ/dΩdω at  two or more angles            

Slope        =   

Intercept   =



Coulomb Sum Rule(CSR)

   Coulomb Sum Rule

 Integration of        to be used to
get CSR :

     

 Denominator includes protons and
neutrons electric form factors and a
relativistic correction:

Longitudinal Response
Function

 At sufficiently large        

This picture becomes complicated
due to various effects inside
nucleus :

 At low

•Pauli Blocking
• NN long range correlations

 At 

•Short range correlations 
•Nucleon Properties in the nuclear medium

De Forest(1984)



Existing Data of CSR Puzzle

 (a)Saclay data only

 (b) Saclay+SLAC NE3+Bates

Morgenstern&Meziani(2001)

Existing experimental results in low    range show a quenching of CSR
from 1 for heavy nuclei.

Deviation from the CSR above 2kf  might indicate a possible modification of
the nucleon electric properties in the nuclear medium. ?

Not enough Data inNot enough Data in
high        regionhigh        region



Thomas Jefferson Lab (JLAB)

JLAB Top View  Hall A

JLAB Schematic view
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E05-110 Experiment at JLab 

Experiment Details :Experiment Details :

Both LHRS and RHRS used independently 
550 MeV/c <      < 1000 MeV/c
Incident electron energy : 0.4 - 4 GeV
Scattered electron energy : 0.1- 4 GeV
Scattering angle : 15°, 60°, 90° and 120°

Targets :                         



E05-110 Experiment -Kinematics

Each dotted line with different color corresponds to a different angle
and beam energy .Black solid curves are positions of peaks. Light
blue lines are lower and upper limit of Rosenbluth separation  .



Advantages Of This Experiment

Momentum   transfer values from 550 MeV/c to 1000 MeV/c
High enough      for clean observation of CSR
Previously unexplored region

•Comfortable reach of high values of 

•Comprehensive single experiment

Largest lever arm (Δε) in a
single experiment
Measurement at 4 angles



Elastic Form Factors

Elastic form factors has been well studied by World. 
Elastic form factors are extracted to compare with World Data.

Experimental cross section Mott cross section Form Factor

Preliminary



Elastic form factors agree with world data.

Elastic Form Factors

Preliminary



Corrected Cross Sections

Extracted  Cross sections for two independent spectrometers
give same results. 

PreliminaryPreliminary
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Corrected Cross Sections

Extracted  Cross sections for two independent spectrometers
give same results. 

PreliminaryPreliminary
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Preliminary Results



Preliminary Results

•RL

•Coulomb Sum



Status

 Cross sections extracted.
Elastic Form Factors extracted.
Positron Cross Sections extracted.
Elastic Tail extracted.
Acceptance and Radiative correction  studies are done.
Rosenbluth Separation needs to be studied more carefully.
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