
  

Hall A Analysis Tutorial

1) Hall A equipment

2) GEANT Simulations

3) Data Analysis
The goal is to measure the average cross 
section per missing momentum bin.



  



  

Hall A Equipment

1) Two high resolution magnetic spectrometers
a) three magnetic quadrupole focussing magnets
b) dipole magnet for momentum analysis
    I) F = qv x B, Lorentz force

2) Concrete shielding Hut contains detectors
a) plastic scintillators with photomultiplier tubes
b) vertical drift chambers(VDC) for trajectories
c) Cherenkov detectors for particle I.D.
d) electromagnetic shower counters for particle I.D.



  

Hall A with High Resolution Magnetic Spectrometers



  Proton Spectrometer



  

Cryogenic target
Tuna Can target
T=20K, p=190psia
Thin walls of Al
About 0.010” thick



  

GEANT SIMULATION

Monte Carlo simulations are crucial for data analysis

Assumes we know basic process to follow particles
from the target through materials until they enter the
Spectrometer entrance apertures.

GEANT allows us to store the information about the 
positions and momenta of particles throughout their history.

GEANT allows us to create root files which can 
subsequently be analyzed and treated like data



  

Electrons and protons 
from a vertex 
interaction in the 4He 
gas enter the electron 
and proton 
spectrometers through 
apertures. The 
momenta at the vertex 
and at the apertures 
are recorded by 
GEANT.



  

GEANT Simulation steps



  

In the GEANT simulation we can specify the final three 
body state of e, p, and 3H. We can plot the missing 
energy and missing momentum spectra.

Emiss = Ee +mass(4He) - ( Ee' + Ep - mass(3H) )

Pmiss = Pe – Pe' – Pp (note: Use vector momenta!)



  Missing energy (GeV)

GEANT 
simulation



  

GEANT 
simulation

Missing momentum, GeV/c



  

GEANT 
simulation

Missing momentum, GeV/c



  

Data acquisition flow

Scalers are fast and have 
small, but measurable, 
deadtime.

DAQ gives the main 
deadtime effect. Events 
actually recorded on disk 
are compared to total 
triggers sent to the scalers 
to get DAQ live time.

Basic Data Acquisition for Hall A



  

Data Analysis

1) Tabulate the triggers t1, t2, t3, t4, t5 and events 
recorded per run to get data acquisition dead time.

2) Select the cut in the missing energy spectrum to 
determine the valid region for triton (3H) events. This 
is needed to make the correction for the radiative tail 
under the high missing energy portion of the 
spectrum.

3) Record the target temperature and pressure and 
total charge that passed through the target. Record 
the beam current magnitude to make the beam 
heating effect correction.



  Missing energy (GeV) for run 3500, data

4He(e,e'p)X
3H, triton ground state

Multi particle breakup



  

Missing energy (GeV)

Run 3500 
expanded 
view 
showing the 
region 
assumed to 
be good 
tritons



  Missing momentum GeV/c

Missing momentum 
spectrum with a cut 
on the triton peak in 
the missing energy 
spectrum.

The cross section 
for a missing 
momentum bin 
requires that we 
divide the measure 
counts per p

miss
 bin 

by the detection 
efficiency for that 
pmiss bin.

Use the GEANT 
simulation to obtain 
the p

miss
 detection 

efficiency.

Run 3500, 0.153 GeV/c
data



  Example of obtaining the p
miss

 detection efficiency from GEANT
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