
A Fine-Grained Tracker (FGT) As the DUNE ND 
• ∼3.5m×3.5m×6.5mSTT (ρ ≃ 0.1 g/cm3).  
• 4π ECAL in a dipole magnetic field  (B = 0.4 T).  
• 4π MuID (RPC) in dipole and up/downstream.  
• Pressurized 40Ar target ≃ ×10 FD statistics and 40Ca target. 

Electron Identification 

Informations that can be used for identification of electron: 
• Transition radiation (TR) measurement in the Staw Tube Tracker (STT). 
• Longitudinal and transverse energy deposition pattern in the ECAL.  
• Pattern of energy loss (helical track-fit) in STT. 
• Efficiency ~58%, Purity > 90%. (p>0.5GeV, from fast MC) 

Summary 

A Fine-Grained Tracker ND for DUNE is able to precisely identify and measure electrons and positions. The particle identification involves 
measurements of the transition-radiation in the high-resolution straw tube tracker (STT) and the profile of the energy deposition in the ECAL; the 
momentum is determined from the track reconstruction in the STT within a dipole B-field. The ability to reconstruct the electron/positrons and the 
hadrons from the anti-electron neutrino interactions permits an accurate determination of the anti-electron neutrino content of the beam.

Anti-Electron Neutrino Event in FGT 

• Electrons and anti-electrons make tracks in the FGT. 
• Hadrons are also tracks. 
• Able to measure lepton and hadron momentum vectors with high 

precision   

Electron Momentum Measurement 

• Use the track curvature in the  
dipole magnetic field for the  
momentum measurement. 

• Use ECAL for more precise  
energy measurement 

• e+/e- momentum resolution: 
 ~ 3.5% (at ~3 Gev). 

• Dipole magnetic field allows 
distinguish e+ for e-, and  
therefore a measurement of  
anti-electron neutrino content  
in the beam. 

Electron Measurement Validation  

• Proposal to built STT and ECAL prototype in a test beam 
• e+/- sample from gamma conversion for identification efficiency.  
• π0 /K0/η for energy scale constraint. 
• Experience from other experiments: NOMAD (STT), NOvA (ECAL).

Hongyue Duyang, University of South Carolina 
On behalf of the DUNE Collaboration
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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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Near Detector

• ND goals: 
• Constrain systematics to the νe appearance measurement.  
• Precision physics measurements on its own.  

• Alternative designs:  
• LArTPC 
• High-Pressure Argon Gas TPC 
• Hybrid detector.

72 3 Project and Design

Figure 3.21: The LBNE near neutrino detector reference design with the dipole magnet open to show
the straw-tube tracker (grey) and electromagnetic calorimeter (yellow). RPCs for muon identification (red
squares) are embedded in the yoke steel and up- and downstream steel walls.

calorimeter inside of a 0.4-T dipole magnet, illustrated in Figure 3.22, and resistive plate chambers
for muon identification (MuID) located in the steel of the magnet and also upstream and down-
stream of the tracker. High-pressure argon gas targets, as well as water and other nuclear targets,
are embedded in the upstream part of the tracking volume. The nominal active volume of the STT
corresponds to eight tons of mass. The STT is required to contain sufficient mass of argon gas in
tubes (Al or composite material) to provide at least a factor of ten more statistics than expected in
the far detector. Table 3.4 summarizes the performance for the fine-grained tracker’s configuration,
and Table 3.5 lists its parameters.

Figure 3.22 shows the locations of the electromagnetic calorimeter and MuID next to the magnet
steel and magnet coils. The fine-grained tracker has excellent position and angular resolutions due
to its low-density (≥ 0.1 g/cm3), high-precision STT. The low density and magnetic field allow it to
distinguish e+ from e≠ on an event-by-event basis. The high resolution is important for determining
the neutrino vertex and determining whether the neutrino interaction occurs in a water or argon
target. Electrons are distinguished from hadrons using transition radiation.

The Long-Baseline Neutrino Experiment

Straw Tube Tracker (Argon target)

Muon Detector

Dipole BECAL

•  

• •  ∼3.5m×3.5m×6.5mSTT (ρ ≃ 0.1 g/cm3).  
 • 4π ECAL in a dipole magnetic field  

(B = 0.4 T).  

 • 4π MuID (RPC) in dipole and  
up/downstream.  

 • Pressurized 40Ar target ≃ ×10 FD statistics 
and 40Ca target. 

• The reference design:  
High Resolution Fine-Grained Tracker.

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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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
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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/�

  Electron  ID:11TR1-1The1most11potent11discriminant/
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in situ  Constraint  on11the1 Electron-efSiciency11

�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 
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γ➳ e+e- 

High Resolution Fine-Grain Tracker (Reference Design)

• ⇠ 3.5 m ⇥ 3.5 m ⇥ 6.5 m STT

(⇢ ' 0.1 g/cm

3
)

•
4⇡ ECAL in a dipole magnetic

field (B = 0.4 T)

•
4⇡ MuID (RPC) in dipole and

up/downstream

•
Pressurized

40
Ar target ' ⇥10

FD statistics and

40
Ca target

•
Trasition Radiation : e

±

•
dE/dx : ⇡±

, K

±
and proton

•
Magnet : + .vs. -

•
MuID : µ
) Absolute flux measurement

Radiator (Target) Mass 7 tons
Other Nuclear Target Mass 1–2 tons
Vertex Resolution 0.1 mm
Angular Resolution 2 mrad

E

e

Resolution
6%/

p
E

( 4% at 3 GeV)
Eµ Resolution 3.5%
⌫µ/⌫̄µ ID Yes
⌫
e

/⌫̄
e

ID Yes
⇡� .vs. ⇡+ ID Yes
⇡+ .vs. proton .vs. K

+ Yes

NC⇡0/CCe Rejection 0.1%
NC�/CCe Rejection 0.2%
CCµ/CCe Rejection 0.01%
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Overview 
DUNE is a long-baseline neutrino experiment aiming to solve remaining questions in neutrino physics by measuring νμ to νe/ν̅μ to ν̅e  oscillation in one 
single experiment.  It is therefore critical for DUNE to identify and measure the electrons and positrons precisely. The fine-grained tracker (FGT), the 
reference near detector for DUNE, is designed to provide a precise determination of the electron/positron identification, momentum, and energy. 

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

Conclusion ��Data$Eff'$'�-����MC$Eff - �-  at << 1% 

(E-averaged)
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