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Particle Identification in SPS-H8 "

Particle ID with Cherenkov counters	


• Two Cherenkov threshold counters upstream W-AHCAL"
• Helium (Cherenkov 1 / 2) or Nitrogen (Cherenkov 2 for some runs), 
  adjustable pressure: 0.02 < P < 3 bar"
• PMT + Discriminator system (beyond our control)"

à get only ON/OFF signal in DAQ"
à only used offline (hundreds of ns delay, too slow for trigger)"

• Threshold pressure for Cherenkov light emission depends on  
gas type (refractive index), mass and momentum of particles"

à used to discriminate between pions, kaons, protons"
• Turn-on behavior for detection efficiency after threshold is passed"
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Threshold pressures "

Particle ID with Cherenkov counters	
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•  Helium for higher energies"
•  Nitrogen gives better K/pi/p separation for lower energies"
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Cherenkov efficiency turn-on (I)"

Particle ID with Cherenkov counters	
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• Tag-and-probe method:"
• Cer1 and Cer2 at same P"
   eff1=N(1&2)/N(2)"
   eff2=N(1&2)/N(1)"

• Poisson distribution for 
probability to detect one or 
more photo-electrons"

 eff=1-exp(-Np.e.)"
 Np.e. = A L 2 (n-1) (P – Pth)"
"
A: quality factor (efficiency of 
optical system, photon 
collection efficiency, quantum 
eff. of photocathode, discr. 
threshold, ...) à fit parameter"
L: length of counter"
n: refractive index"

• poor fit for Cer1: mismeasurement?"
•  reasonable fit for Cer2, except first point"
• consider also simple linear interpolation"

p=50 GeV, Helium"
Pth,π=0.12 bar"
Pth,μ=0.07 bar"
fit range: P>=0.2 bar"
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Cherenkov efficiency turn-on (II)"

Particle ID with Cherenkov counters	
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Particle content in H8 beamline"

Particle ID with Cherenkov counters	


• Mixture of electrons, muon, pions, kaons, protons"
• electrons: "
• in e-runs: no absorber in beam line, assume ~100% pure electron beam 
à not considered here"
• in hadron runs: e efficiently removed by 18 mm lead absorber, some remaining 
e contamination in early runs with 8 mm lead absorber, suppressed based on 
shower-shapes "
à not considered here  
"

• muons:"
• from in-flight pion + kaon decay,  
collimators, ..."
• present in all runs à see following slides"
• efficiently identified by cut on energy sum 
 in calorimeter:"45 MIPs< ΣEμ < 150 MIPs 
"

• pions, kaons, protons:"
• similar response in calorimeter,"
consider all events with ΣE > 150 MIPs"
à discrimination based on Cherenkov counters"

p=50 GeV"
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Predicted pion + kaon decays"

Particle ID with Cherenkov counters	
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•  for lower energies: large fraction of pions and kaons decay before 
reaching calorimeter"

•  complication for particle ID if decay happens between  
Cherenkov counters and calorimeter  
à expected to affect only small fraction of events"

"
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Observed muon content in data"

Particle ID with Cherenkov counters	


•  we observe large fluctuations in muon content for all energies"
•  no clear correlation with beam conditions (secondary/tertiary beam)"
•  muons can easily be removed based on energy sum in calorimeter"
"

fraction of events  
in muon peak,  
no Cherenkov 
selection"
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Predicted particle content"

Particle ID with Cherenkov counters	


•  expected particle content of secondary beam obtained from 
PARTPROD particle production calculator (L. Gatignon), 
based on CERN-80-07 (calculation, not simulation!): 
400 GeV protons on beryllium target, particles at 0 mrad"

•  should be in rough agreement for secondary beam runs"
•  tertiary beam runs may have very different particle composition "
"
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Predicted particle content excl. muons"

Particle ID with Cherenkov counters	


•  to be able to compare with data samples: "
•  remove expected muons from in-flight pion/kaon decays"
à  expected fractional particle content at calorimeter surface"
(Kaon decays to pions not considered here)"

"
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Particle identification in 2011 W-AHCAL runs"

Particle ID with Cherenkov counters	


• 159 hadron runs with mixed beams, -300 GeV < p < 200 GeV  
"
• aim during data taking was: select Cherenkov-counter gas and operation 
pressures such that clean samples (purity >~ 80%) of pions, protons and kaons 
can be obtained  
"
• however: Cherenkov pressures not always the same for runs with same momenta;  
some runs have non-optimal settings; limited separation due to available gas types"
 à for many runs not possible to obtain pure samples of all particle types 
"
• efficiencies are obtained from calibration measurements (limited precision) 
"
• purities depend on efficiencies (limited precision)  
and on beam content (limited knowledge)"
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Estimation of particle content"

Particle ID with Cherenkov counters	


• attempt to obtain beam content from observed event numbers:"
•  nobserved = effπ * nπ + effK * nK + effp * np "
à  solve system of linear equations"
à  4 disjunct event samples for 2 Cherenkov counters:"

Cer1on&Cer2off, Cer1off&Cer2on, Cer1off&Cer2off, Cer1on&Cer2on "
à over-constrained system (4 equations, 3 unknowns)"
à use singular-value decomposition (SVD) method  

 to estimate nπ, nK ,np  (~ matrix inversion)"
à  takes into account statistical uncertainties on nobserved,  

but not uncertainties on efficiencies and constraint that nπ,K,p≥0"
à good results only for good Cherenkov separation and sizeable samples"

• compare with expected beam content from PARTPROD"
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Particle content in data"

Particle ID with Cherenkov counters	


for runs with  
p<-30 GeV and p>80 GeV:"
no separation pions/kaons"
à  include kaons in pion data 

points 
"

note: no kaon/proton separation  
for p<50 GeV  
à fits result in ~equal numbers 
for kaons and protons"

• qualitative agreement with expectation from PARTPROD, except:"
• data favors larger anti-proton content in runs with negative polarity"
• expected drop in pion content for low momenta due to in-flight decays 
is not observed in data"
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Estimated purities"

Particle ID with Cherenkov counters	


For given Cherenkov selection:"
purity(π) = effπ * nπ /  
(effπ * nπ + effK * nK + effp * np)"
"
à  for each run chose Cherenkov 

selection with highest purity"
"
estimates of nπ, nK, np from 
PARTPROD  
(estimating particle content from 
data not always possible / reliable)"

•  almost all pion samples pure (>90%)"
•  high-energy proton samples pure (>~90%), for <50 GeV only ~85%"
•  anti protons pure only up to 100 GeV"
•  few runs with pure (>80%) kaon selection: 15-60 GeV"
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Estimated purities (fixed anti-particle content)"

Particle ID with Cherenkov counters	


With this assumption:"
•  slightly reduced π - purities, but still above 90%"

same as before, 
but use fixed particle content  
for the negative polarity runs:"
    90% π -, 7% p -, 3% K-"

 
motivated by measurement, 
see slide 13"
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Conclusions"

Particle ID with Cherenkov counters	


• Cherenkov counters used to obtain pure samples of kaons, protons, kaons 
for 2011 W-AHCAL analysis (CAN-044, see following talk by Angela)"
• observed limitations:"

• accuracy and understanding of calibration"
• non-optimal operation conditions for some runs"
• fluctuations in muon content"
• a-priory unknown particle composition of beams 
"

• Possible improvements for current W-AHCAL (and W-DHCAL) analysis:"
• consistency checks for Cherenkov efficiencies: look at runs with P1=P2"
• improve parameterization of Cherenkov turn-on curve"
• obtain better estimates for particle content of beams 
(Simulation? Try fit instead of SVD for observed beam content?) 
"

• Possible improvements for future data taking:"
• improve precision of Cherenkov efficiency calibration:  
more/longer calibration runs, record them also with calorimeter"
• optimize Cherenkov operation settings (aim for higher purity)"
• combine with other detectors for particle ID?"
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References"

Particle ID with Cherenkov counters	
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Additional material"

Particle ID with Cherenkov counters	
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Cherenkov pressure settings"

Particle ID with Cherenkov counters	


p [GeV]
-300 -200 -100 0 100 200

 [b
ar

]
C

er
P

0

1

2

3  (both He)Cer.1P
 (both He)Cer.2P
 (Cer. 1 He, Cer. 2 N2)Cer.1P
 (Cer. 1 He, Cer. 2 N2)Cer.2P



D. Dannheim	
 20	


Efficiencies for selections with highest purity"

Particle ID with Cherenkov counters	
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Rejection for selections with highest purity"

Particle ID with Cherenkov counters	
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The rejection power 
is defined as "
rej = eff / (1 − purity) 
and is set to 105 for 
cases where the 
purity reaches 100%."
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Particle content in data (raw results from SVD)"

Particle ID with Cherenkov counters	
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no constraint on"
nπ,K,p≥0  
à unphysical results for small 
samples 
"
in general: poor accuracy for 
cases with bad discrimination / 
small samples"
"
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Pure pion runs"

Particle ID with Cherenkov counters	
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Pure proton / kaon runs"

Particle ID with Cherenkov counters	



