
E02-109/E04-001 (Jan05) Analysis Update 
 

Simona Malace  

for the Jan05 collaboration 

What is Jan05?     Physics motivation 
                                 Experimental setup 
 
 Status of the analysis:     HMS data 
                                              SOS data 
 
 Finalizing the analysis: to do list 
 

Overview: 



What is Jan05? 
Experiment  target(s)    W

 
range     Q2 range

        
L/Ts          Status    

  E94-110           H                   RR              0.3 - 4.5          ✔         nucl-ex/0410027 

  E99-118           H,D                DIS+RR      0.1 - 1.7          ✔         published  

                          C,Al,Cu                                                    ✔         Finalizing 

  E00-002           H,D               DIS+RR      0.03 - 1.5     some       Publ. in progress                       

  E00-116           H,D               RR               3.9 - 6.5          ✘          Published 

  E02-109              D                RR+QE       0.2 - 2.5          ✔          Analyzing 

  E06-009              D                RR+QE       0.7 - 4.0          ✔          Pub. in progress 

  E04-001 - I       C,Al,Fe         RR+QE       0.2 - 2.5          ✔          Analyzing 

  E04-001 - II      C,Al,Fe,Cu    RR+QE       0.7 - 4.0         ✔          Publ. in progress 

  Low Q2 run      H,D,Al,C        Delta+QE  0.02 – 0.25      ✘           Analyzing      

  E03-103           H,D,3He,4He   DIS+RR     2.0 - 6.5          ✘           Published (light targets) 

                         Be,C,Al,Cu,Au Publ. In progress  

(heavy targets) 
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Jan05: Physics Motivation 

Low Q2 run: 
Targets: H, D, C, Al 
QE + Delta region 

  L/T separations on nuclei in the resonance region: nuclear medium 
modifications of R 
 Deuteron/Neutron moments, quark-hadron duality in the neutron SF 
 Quark-hadron duality in nuclei, the EMC effect 
 Neutrino cross section model development (Miner a): constraints on 
nuclear medium effects 
 

3 – 8 % uncertainty 
1.6 % p.-to-p. uncertainty 



Jan05: Experimental Setup 

 Targets: D, C, Al, Fe, some H 

 Beam Energies: 1.2 GeV, 2.3 GeV, 3.5 GeV and 4.6 GeV 

 Inclusive measurement in Hall C: A(e,e’) 
  

        HMS detected the scattered electrons: E’ = 0.4 – 4.3 GeV/c 
 
        SOS measured charge-symmetric background, e+ : E’ = 0.47 – 1.68 GeV/c 

 There has been at very least one pass through both the HMS and SOS 
data already (2 students and 1 postdoc working intermittently on this 
analysis since 2005) 

 Logging of the analysis progress was not always done and to some degree all 
corrections, efficiencies etc. must be checked/estimated/have uncertainties 
assigned 

Comments on Analysis status: 

 Thanks to the work of many all (most) issues have been identified and some 
have been addressed already 



Jan05: HMS Data Analysis Summary 

 Detector Calibrations: done, (very few runs would need drift chamber and 
calorimeter recalibration) 

 PID (Cherenkov + Calorimeter) efficiency 

 Tracking efficiency 

 Pion contamination 

• Need to be recalculated + have 
uncertainties assigned 
• From previous passes: there 
should be no outstanding issues 

 Trigger efficiency: S1X discriminator issue during the experiment; 
would be applied as (focal plane) position dependent correction 

 Acceptance corrections: problem with enhanced multiple scattering of 
low momentum particles due to HMS thick vacuum exit window    

 Modeling for radiative corrections and bin centering corrections 



HMS Data Analysis: Trigger Efficiency 

 Trigger efficiency: faulty 
discriminator serving S1X 
eventually replaced  

 We will not apply a “run 
averaged” trigger efficiency 
correction anymore 

 Offline there were 
attempts to apply a position 
dependent trigger efficiency 
correction 

• No conclusion on this from 
previous analysis passes  

Work in Progress 



HMS Data Analysis: Acceptance Corrections 

Reconstruction problem:  
 

 thick titanium HMS exit 
window results in enhanced 
multiple scattering of low 
momentum particles 

 

 these events will end up in 
regions of the FP where the fitted 
reconstruction matrix elements 
are not constrained (calibrated)  
 
 
 
 

 they will be reconstructed 
incorrectly back to the target 
(see data – MC comparison of 
y’tar) 

Work in Progress 

MC – we use the COSY matrix for reconstruction of x, 
y, x’, y’ from focal plane to target 
  

Data – we use the optimized matrix coefficients from 
optics calibrations 

Work by Eric 



HMS Data Analysis: Acceptance Corrections 

Reconstruction problem:  
 

 We use MC to find out 
where these events distribute 
at the FP: 
  
     from previous slide: data 
never reconstruct above y’tar of 
32 mrad 

 

     use y’tar > 32 mrad and 
|dp/p| < 9% to isolate these 
events and see where they 
distribute at the focal plane 
 

  optimize focal plane cuts to 
select these events 

An event will be declared “special” if it will 
occupy the “blue region” in all four panels 
simultaneously  

Work in Progress Work by Eric 



HMS Data Analysis: Acceptance Corrections 

Reconstruction problem:  
 
 What happens if we cut 
them out with FP cuts? 

MC – data comparison 
looks much better 

The solution proposed: 
 

 Use COSY matrix 
elements to reconstruct this 
subset of events back to the 
target 

Need to check implementation in the analyzer, then replay all runs and 
verify the MC – data comparisons 

Work in Progress Work by Eric 



Jan05: SOS Data Analysis Summary 

 Detector Calibrations: done, I had to recalibrate  

 PID efficiency: done, extraction complicated by the large /e ratio 

 Pion contamination: almost done 

What’s next? 

 Finalize the pion contamination parametrization 

 Extract positron cross sections  

 Parameterize this background at fixed energy as a function of momentum 
and angle 

 Compare to results from Rosen07 (may have similar kinematics) 

  SOS measured charge-symmetric background, e+ : E’ = 0.47 – 1.68 GeV/c 



SOS Data: DC Calibrations 

 Drift time calibration:  
small adjustments to the “zero” 
of the drift time for some planes, 
runs 

Monitor the drift time distribution for each run 



SOS Data: DC Calibrations 

 Drift distance calibration:  
recalibrated quite a few runs; 
per run just some of all DC 
planes needed recalibration 

Drift distance calculated from the drift time 
and added to the wire coordinate to improve 
the resolution of the chamber 

Monitor the drift distance distribution “flatness” 
for each run 



SOS Data: DC Calibrations 

residuals = the difference between where the 
particle hit the plane after the drift distance 
correction and the projection of the track on 
the plane 

 Residuals improved 
considerably in few cases after 
recalibration 



SOS Data: Calorimeter Calibrations 

 Went through another 
iteration for the calorimeter 
calibration for some runs 



SOS Data: PID Efficiencies 
 Very (too) few runs taken in SOS with negative polarity: just 20 runs at  
Ebeam = 4.6 GeV and Ep = 1.68 GeV/c 

no Cerenkov cut 
Cerenkov > 2 
Cerenkov > 5 

Cerenkov > 2 + calorimeter > 0.7 
Cerenkov <= 1 

 These runs are useful for PID calibrations and PID efficiency calculation 
since they contain a decent sample of electrons  

 Positron kinematics: Ebeam = 1.2, 2.3, 3.5, 4.6 GeV and Ep = 0.5 - 1.68 GeV/c 

SOS - SOS - /e ~1.2 



SOS PID Efficiencies: Calorimeter 
 Calorimeter cut efficiency: SOS negative polarity runs 

 It is fairly easy at this kinematics to select a clean sample of electrons 
just with a Cerenkov cut  

Clean sample of e-: 
Cerenkov > 10 
|xptar| < 0.04 
|yptar| < 0.06 
ssdelta: (-10,15) 

cut = (scal_et > 0.5)/(scal_et > 0.7) 

wt= (ssshtrk > 0.7)/(scal_et > 0.7) 

0.9965 +/- 0.002 

0.9994 +/- 0.002 



SOS PID Efficiencies: Cerenkov 
 Cerenkov cut efficiency: SOS negative polarity runs 

Clean sample of e-: 
ssshtrk: (0.9,1.1) 
scal_e1/ssp > 0.3 
|xptar| < 0.04 
|yptar| < 0.06 
ssdelta: (-10,15) 

 It is fairly easy at this kinematics to select a clean sample of electrons 
just with calorimeter cuts  

 Unlike the calorimeter, the Cerenkov cut efficiency should not be 
intrinsically kinematic dependent 



 It is impossible to select a clean sample of positrons just with 
Cerenkov cuts  

SOS Calorimeter Efficiency: Positron Runs 

no Cerenkov cut 
Cerenkov > 2 
Cerenkov > 5 

SOS + 

/e ~400 

/e ~17 SOS + 

SOS + 

Reason: very large non-positron to positron ratio (low 
positron cross section compared to the rest) Eb = 1.2 GeV 

Ep = 0.5 GeV 

Eb = 1.2 GeV 
Ep = 0.7 GeV 



SOS Calorimeter Efficiency: Positron Runs 
 It is impossible to select a clean sample of positrons just with Cerenkov 
cuts  

Solution: extrapolate to zero /e ratio at fixed beam energy and 
momentum 

/e /e 



SOS Calorimeter Efficiency: Positron Runs 
Solution: extrapolate to zero /e ratio at fixed beam energy and 
momentum 

 The Calorimeter cut efficiency as obtained from the extrapolation is then 
parametrized as function of momentum  

2 runs “accidentally” taken 
with negative polarity 

/e 



SOS Positron Runs: Pion Contamination 
 We need to calculate the contamination of the positron sample after PID 
cut selection and correct for it 

What we do typically: 
 If we can still identify the pion peak 
after a Cerenkov cut for electron 
selection, we can calculate a scale factor 
to rescale the pion distribution 

2003 HMS - 

Jan05 SOS + 

 For the low momentum positron data 
we need to find a different method 



SOS Positron Runs: Pion Contamination 
 With some ambiguity, we can calculate the contamination to the positron 
sample by: 

 fitting the pion tail after applying a Cerenkov 
cut for positron selection    
  

extrapolate the fit into the region  of the 
calorimeter distribution where the positron 
sample of interest resides (calorimeter > 0.7) 

 

 integrate this contribution 
fit range 

extrapolation 

contamination 

Questions: 

 How do we determine the fit range? 
     A: from the width of the positron 
distribution 

 How do we choose the fit function? 
     A: at least it should extrapolate 
“smoothly” 

 How do we determine the uncertainty 
of this method? 
     A: I hope to find positron kinematics 
where both methods can be applied 



SOS Positron Runs: Pion Contamination 
 Contamination of the positron sample calculated with the extrapolation 
method 

Work in Progress 

 It will be parametrized 
for each target separately 

 Certainly NOT negligible 

 The angular and 
momentum dependences 
need to be studied 



Summary 

Left to do: 
 
 Finalize the background analysis 

 

 Calculate efficiencies and their uncertainties for HMS data 
 

 Data – MC comparisons for HMS 
 

 Modeling for  radiative and bin-centering corrections calculations + 
iterations for HMS data 

 

 Cross sections extractions for L/Ts 


