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Electron/Positron	  	  Measurement	  	  in	  	  FGT	  

….. very	  much	  a	  work	  in	  progress	  



☙ ~3.5m	  x	  3.5m	  x	  6.5m	  STT	  (ρ≃0.1gm/cm3)	  
☙ 4π-‐ECAL	  in	  a	  Dipole-‐B-‐Field	  (0.4T) 
☙ 4π-‐μ-‐Detector	  (RPC)	  in	  Dipole	  and	  Downstream
☙Pressurized	  Ar-‐target	  (≃x5	  FD-‐Stat) ➾ LAr-FD

Transition	  Radiation     ➳ e+/-‐	  ID	  ⇒ γ  
dE/dx	                             ➳ Proton,	  π+/-‐,	  K+/-‐	  	    

Magnet/Muon	  Detector ➳ μ+/-  e+/-

(⇒ Absolute	  Flux	  measurement)
1X0	  ~	  600	  cm	  /	  1λ	  ~	  1200	  cm

High-‐Resolu,on	  Fine	  Grain	  Tracker:	  	  
Reference	  ND	  of	  DUNE	  

	  	  	  	  	  STT	  &	  Ar-‐Target

μ	  Detector	  

Dipole-‐B

ECAL	  

ν
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HiResMν: A High Resolution

Near Detector for the LBNE

R. Petti

University of South Carolina, USA

LBNE Collaboration meeting

Deadwood SD, October 5, 2009

Roberto Petti South Carolina Group

A �µ CC candidate in NOMAD

μ-‐

Observation ➾  
(1) Hadrons are tracks, enabling the momentum vector measurement 
(2) μ is kinematically separated from Hardon-vector ⇒ Miss-PT Measurement

(3) FGT offers ~x5 higher tracking-points for hadronic tracks
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HiResMν: A High Resolution

Near Detector for the LBNE

R. Petti

University of South Carolina, USA

LBNE Collaboration meeting

Deadwood SD, October 5, 2009

Roberto Petti South Carolina Group

A �̄e CC candidate in NOMAD

e-/e+ ID using TRD, ECAL

Conclusion ➾  

(1)  e⇐νe	   ↔ μ⇐ νμ	    are  Tracks: Curvature & Direction with very high precision

(2) Universality equivalence:   μ-νμ	    ↔ e -νe	   

e+

➾ Most difficult to measure among the 4 ν-species 
In  FGT,  >x5 higher track-points
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Resolutions in FGT

☙ ρ ≃ 0.1gm/cm^3	  
☙ Space	  point	  position ≃ 200μ 

☙ Time	  resolution ≃ 1ns
 

☙ CC-‐Events	  (≥2Trk)Vertex:	  δ	  ≃ O(100μ)
☙	  Energy	  in	  Downstream-‐ECAL	  ≃	  6%/√E	  
☙	  μ-‐Angle	  resolution	  (~3	  GeV)	  ≃	  O(2	  mrad)	  

☙	  μ-‐/+	  Energy	  resolution	  (~3	  GeV)	  ~	  3.5%	  
☙	  e-‐/+	  Energy	  resolution	  (~3	  GeV)	  ~	  3.5%	  

 HiResM! for B=0.4T, "=0.1g/cm
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 Electron/Positron   Measurement  in  FGT 

✴νe	  ↔	  e-‐;     anti-‐νe	  ↔	  e+;      

✴ e- Momentum Vector Measurement:  
       Track-reconstruction in STT:  
         Curvature ⇒ |p| &  “-”  or  “+” 
         Direction-cosines  ⇒ STT Track-fit extrapolated to the vertex including dE/dx  

         Energy  ⇒ Cluster & Brem-Strip in the ECAL: A more precise measure of  |pe| 

✴ e-ID Measurement:   

      1st: Transition Radiation (TR) measurement in the STT  

        2nd: Energy-profile, Transverse	  and	  Longitudinal	  energy-‐deposition	  pattern, in the ECAL  
        (match the STT-Track with the ECAL-Track) 
      Note: ECAL	  has	  a	  4π-‐coverage	  ⇒	  Wide-‐angle	  e-‐/e+	  acceptance	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ➾	  	  π/𝜇	  	  reduced	  by	  ~10-4	  	  while	  Electron-‐Eff	  >	  90%	   
        3rd: Pattern of  energy loss (Helical track-fit) in STT  
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HiResMν: A High Resolution

Near Detector for the LBNE

R. Petti

University of South Carolina, USA

LBNE Collaboration meeting

Deadwood SD, October 5, 2009

Roberto Petti South Carolina Group
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angular distribution of emitted photons peaks 

around the initial particle direction (the mean angle 

of emission is about l/y). 

The algorithm developed for electron identifica- 

tion [21] is based on a likelihood ratio method and 

relies on test beam measurements and detector 

simulation. The TRD simulation has been exten- 

sively tested in situ using the muons (5 GeV/c 

< pi, < 50 GeV/c) crossing the detector during the 

flat top between the two neutrino spills. Fig. 13 

shows a comparison between the experimental and 

simulated distributions of the energy deposited in 

straw tubes by 5 GeV/c muons (ionization losses 

only) and by &ray electrons with a mean mo- 

mentum of about 2 GeV/c, emitted by muons (sum 

of ionization losses and detected transition radi- 

ation photons). 

A pion rejection factor greater than 1000 is ob- 

tained with the 9 TRD modules in the momentum 

range from 1 to 50 GeV/c, while retaining an elec- 

tron efficiency of 90% (see Section 3.4). 

2.7. Preshower detector 

The preshower (PRS), which is located just in 

front of the electromagnetic calorimeter, is com- 

posed of two planes of proportional tubes (286 

horizontal and 288 vertical tubes) preceded by 

a 9 mm (1.6X,) lead-antimony (96%4%) conver- 

ter, see Fig. 14. 

The proportional tubes are made from extruded 

aluminium profiles and are glued to two aluminium 

end plates of 0.5 mm thickness. Each tube has 

a square cross-section of 9 x 9 mm2 and the walls 

are 1 mm thick. The 30 urn gold-plated tungsten 

anode is strung with a tension of 50 g and secured 

at each end in hollow copper pins. In order to avoid 

wire vibrations, the anodes are also glued in the 

middle of the preshower on small resofil spacers. 

The proportional tubes operate at a voltage of 

1500 V, with a mixture of (80: 20) Ar : CO,. 

Signals from each tube are fed into charge pre- 

amplifiers; at the output of the preamplifier, two 

5 GeV/c muons 

Fig. 13. Comparison of experimental (points with error bars) and simulated (solid lines) distributions of the energy deposited in TRD 

straw tubes by 5 GeV/c muons (open circles) and 2 GeV/c electrons (closed circles). 

2 GeV/c electrons

NOMAD TRD reaches a 0.1% pion contamination for isolated tracks 

of momenta 1-50 GeV/c with 90% electron efficiency

126 The NOMAD CoNahorationiNucl. Instr. md M&h. in Ph_v,.p. Res. A 404 (IYY8) Y6-128 
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Fig. 31. The likelihood ratio distributions for pions and electrons with track momenta 10 GeV/c crossing nine TRD modules 

(Monte-Carlo simulation). Pion rejection is better than 1OOO:l at 90% electron efficiency. 

combinations were properly identified, which is in 

agreement with the 75% expected. 

The NOMAD TRD reaches a lo3 pion rejection 

factor for isolated tracks in the l-50 GeV/c 

momentum range with a 90% electron detection 

efficiency. The algorithm developed for the identi- 

fication of non-isolated tracks allows the number of 

misidentified particles to be reduced, particularly in 

large multiplicity events. 

3.4..?. Using the preshower and the electromagnetic 

calorimeter 

A PRS prototype consisting of two layers of 10 

tubes each was exposed to beams of electrons and 

7c mesons at the CERN PS and SPS accelerators. 

Based on the data obtained, a procedure was de- 

veloped for electron identification. The PRS pulse- 

height (measured in m.i.p.) was required to be larger 

than: 

0.836 + 6.86111(E) - 0.22(ln(E))2, 

where E is the energy of the particle in GeV, correc- 

ted for linearity and for the energy loss in the PS, as 

explained in Ref. [24]. 

For energies greater than 4 GeV this yields an 

efficiency of 90% with a residual 7~ contamination 

smaller than 10%. 

The x/e separation is substantially improved 

when ECAL is used in association with the PRS. 

Using a test-beam setup comprising PRS and 

ECAL prototypes, the response to both electrons 

and pions was measured. Fig. 32 shows the scatter 

plots of PRS vs ECAL pulse-height for 5 GeV 

electrons and pions. The rectangular regions in the 

figure correspond to events in which the energy 

deposited by electrons is consistent with the beam 

energy within the resolution of ECAL, and the PRS 

pulse height satisfies the condition described above. 

A rejection factor against pions of about lo3 is 

obtained in the energy range 2-10 GeV, while re- 

taining an overall efficiency of 90% to detect elec- 

trons. An additional rejection factor of about 2-3 

10 GeV/c pions/electrons

Analog readout: pulse height

✺Atlas-‐TRT’s-‐simulation	  conducted	  for	  the	  FGT	  
con8ig.	  veri8ies	  the	  e/μ-‐π	  separation	  	  	  	  	  	  	  	  	  	  	  	  ➣
(See  P.Nevski  LBNE-DocDB#432-V1)

Electron TR-Eff as a function of Pe 
for 10-3 rejection of  π/μ

  Electron  ID:	  	  TR	  -‐	  The	  most	  	  potent	  	  discriminant	  
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 Electron ID:	  	  ECAL	  -‐	  Energy,	  Longitudinal	  and	  Transverse	  ProSiles	  as	  discriminants	  

 Measure  ➳ e, γ,  &	  	  n/K0s  

✴ Scintillator-Pb calorimeter:  Motivated by the T2K-ECAL design 
        Alternating planes of  X/Y planes 
        2.5cm Sci-slats read on both ends (SiPM) 

✴ Downstream (Forward) ECAL:  
       60 Layers with 1.75mm Pb-sheets: 20X0  
         Single electron  ⇒ ~6%/√ E 

✴ Barrel ECAL:  
       18 Layers with 3.5mm Pb-sheets: 10X0  

✴ Upstream ECAL:  
       18 Layers with 3.5mm Pb-sheets: 10X0  
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Electron  Efficiency  in  FGT (Prelim.) 

Efficiencies/Purity from Fast-MC. (TR cut: 40-planes of  ST)  
Cross-checked against NOMAD Data -vs- MC  

✴ P > 0.5 GeV: Efficiency ~ ~58%; Purity >90%  
               
✴ Efficiency  & Purity largely energy independent  

✴ Fast-MC of  NOMAD yeilds            : Efficiency ~ ~38%; Purity ~82%  
   NOMAD Geant-MC (Data-driven): Efficiency ~ ~40%; Purity ~79%

Electron  Energy Resolution in  FGT (Prelim.) 

✴ 𝜹|P| ~ 10% (@FWHM) 
  
✴ 𝜹|E| (ECAL) ~ 3.6%  ( consistent with  6%/ √E) 
              
✴ NOMAD Geant-MC (Data-driven): 𝜹|P| ~ 13% (@FWHM) 
                                                                  𝜹|E| (ECAL) ~ 2.0%  ( ~ 3%/ √E)

Will	  be	  updated:	  More	  details	  (plots/#s)	  later
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 A  final  separation  of  νe	  ⇒ e   from the non-prompt  !0/!+-⇒ e/e-‐like 

✴Use the Lepton-Hadron kinematic isolation to reduce the impurity (…later)  
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Test-Beam Calibration	  of	  	  STT	  (TR)	  and	  ECAL	  (Shape)	  	  

✴Measurement of  the STT prototype in a Test-Beam  
       ⇒ Check/obtain calibration 
       ⇒ dE/dx, TR: e vs  𝜇 vs π vs …. in momentum bins 

      ⇒ Essential before full-scale fabrication  

✴Measurement of  the STT and ECAL prototypes in a Test-Beam  
       ⇒ Obtain energy (ADC ⇒ GeV) calibration 
       ⇒ Measure the energy-dependent non-Gaussian tails  
       ⇒ Particle ID: e vs  𝜇 vs π shower-shape discriminant in momentum bins 

      ⇒ Essential before full-scale fabrication  
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in situ  Constraint  on	  	  the	   Electron-efSiciency	  	  

✴Measure the TR and ECAL Efficiencies using source of pure e+e-

     (1) Select  γ➳ e+e-  conversions using track reconstruction 

            & kinematics 

       ⇒ A V0 separated from the vertex (>1cm)  
       ⇒ The opening angle in X-Z plane is <5 mrad 
       ⇒ Mee   < 30 MeV (consistent with a Photon)  

       ⇒ ~ 5. 107 reconstructed Photons with Purity > 99%  

Sanity-Check: Apply the analysis to, and learn from, the NOMAD data (see fig.) 
                         Estimates of  the parametrized calculation, Purity & Eff, agree within 15%.  

    (2) On the e-/+ tracks, impose the TR-cuts (Data & MC)  
            ⇒ Evaluate the TR efficiency in Data and MC  

    (3) On the e-/+ tracks, impose the ECAL Shower-Shape cuts (Data & MC)  
            ⇒ Evaluate the ECAL-Id efficiency in Data and MC 

12

γ➳ e+e- 



e-‐/e+	  TR-‐Ef*iciency	  in	  Data	  .vs.	  MC	  Using γ	  ➳ e+e- sample
(γ’s come from π0➳γγ) 

Conclusion ➾ Data-‐Eff	  -‐	  e- =  MC-‐Eff - e-  at << 1% 

(E-averaged)
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NOvA  experience:	   EM-‐Shower-‐ID	  	  

✴NOvA is a tracking calorimeter 
       ⇒ Cell: 4cm(X) * 15.6m(Y) * 6.6cm(Z)  [ ND: 4.2m(Y) ] 
       ⇒ Longitudinal Sampling: 0.17X0 along the beam-direction (6.6cm)  
       ⇒ Transverse Sampling: ~4cm alternating X/Y planes 
       ⇒ Timing: 500 ns window in 10 𝜇s spill  

versus  

✴FGT-ECAL 
       ⇒ Cell: 2.5cm(X) * 4m(Y) * 20cm(Z)   
       ⇒ Longitudinal Sampling: 0.3X0 along the beam-direction (0.55X0 for Barrel) 
       ⇒ Transverse Sampling: ~2.5cm alternating X/Y planes  
       ⇒ Timing: ~1 ns Ecal-Cluster time-resolution in 10 𝜇s spill 
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in situ Constraint on the Em-Shower reconstruction in NOvA

✴Use the 𝜇-Removed Cosmic-Brem in FD

Example 1: Cosmic Track Hits

Event display of hits of a cosmic track candidate with EM (Brem) Shower from

NO⌫A simulation.

3 / 22

Example 1: Isolated Shower Hits

Event display of hits of the EM shower after the removal of hits associated with

the muon track from NO⌫A simulation.

4 / 22

𝜇-Rm 
➾

Reconstructed Energy

Data .vs. MC comparison of the reconstructed shower energy after the cosmic

MR. Showers with energy between 0.5 GeV and 5 GeV are selected. Good

data/MC agreement is seen.

5 / 27

νe El-ID 

➾

EID

Multivariate EID of the reconstructed showers after the cosmic ”MRCC” in

Data .vs. MC. EID shows the showers are dominately electromagnetic, with

good data/MC agreement. EID>0.7 cut are applied to select EM showers for

e�ciency calculation. 17 / 22
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in situ  Constraint  on	  	  the	   Electron/ECal	  Energy	  Scale	  	   	 

✴Measure π0  produced in the ν-interactions  
   Expect ~ O(10M) reconstructed  π0 using  γ-conversion and γ-clusters  

   Use  π0 mass, constrain the ECAL energy scale (…see Figs.) 

✴Measure K0  produced in the ν-interactions  
   Expect ~ O(200k) reconstructed   K0 ➳ π0 π0 using  γ-conversion and γ-clusters  

   Use sharp K0 mass, constrain the ECAL energy scale 

✴Measure η ➳  γ γ   produced in the ν-interactions (…see Fig.) 
   Expect ~ O(0.4M) reconstructed  η using  γ-conversion and γ-clusters  

   Use sharp  η mass, constrain the ECAL energy scale 
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	  (background:	  Kit	  data	  excluding	  80<	  Mγγ	  <170	  MeV)
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π0 Reconstruction	  in	  NOvA	  	  (NC⇔no-‐𝜇	  Sample)	  
Constraint	  on	  the	  EM-‐energy	  Scale	  
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      Summary/Outlook: Electron	  Measurement	  in	  FGT	  …	  in	  progress	         

    (1) 100% distinction between  e- .vs.  e+ in ~0.3 - 50 GeV  

    (3) Measure Pe in STT  

            ⇒ Direction-cosines using the track-fit     

            ⇒ Resolution of  |Pe| ~ 12%  using curvature       

            ⇒ Resolution of  |Ee| ~ 6%/√Ee 

            ⇒ Resolution of  θe ~ 3 mrad (3 GeV e-)        

    (4) Electron-ID measurement via  

            ⇒ TR (Transition Radiation) in STT  

            ⇒ Shower-shape in ECAL  

            ⇒ Patter of  Energy-Loss (track-fit)  in STT 

    (5) in situ constraints on the electron-ID efficiency using e+/e-  tracks originating  

            from the reconstructed γ➳ e+e- 

    (6) in situ constraints on the electron-energy using reconstructed  

            ⇒ ~O(10M) π0 using  γ-conversion and γ-clusters 

            ⇒ ~O(200k)  K0 ➳ π0 π0     &    ~O(400k) η ➳  γ γ
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