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HA-TPC performance paper has been accepted for 
publication in NIM A!

Thanks to the outstanding work of many colleagues 
since 2018!

Good News!
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HA-TPC Performance:

1. Spatial Resolution

2. Momentum Resolution

3. dE/dx Resolution and PID

4. Treatment of systematic uncertainties

Next steps:

LASER campaign for validating:

• Electric field simulation map 
• Reconstruction

Overview
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Reconstruction algorithms rely on charge ratios between neighboring pads: it is important to compare data and MC

1. Charge density:

𝜌 Ԧ𝑟, 𝑡 =
𝑅𝐶

4𝜋𝑡
exp −

𝑟2𝑅𝐶

4𝑡

2. Charge on a pad:

𝑄𝑢𝑛𝑖𝑡 𝑡 = න
𝑧𝑚𝑖𝑛

𝑧𝑚𝑎𝑥

න
𝑦𝑚𝑖𝑛

𝑦𝑚𝑎𝑥

𝜌 Ԧ𝑟, 𝑡 dxd𝑦

3. Waveform recorded:

𝑊𝐹 𝑡 ∝ 𝑄𝑢𝑛𝑖𝑡 𝑡 ⊗
𝑑𝑇

𝑑𝑡
(𝑡)

Derivative of Electronics response

Signal Reconstruction: MC and data comparison

M. Feltre, Hyper-K Meeting - Preventivi 2027 4



Reconstruction algorithms rely on charge ratios between neighboring pads: it is important to compare data and MC

1. Charge density:

𝜌 Ԧ𝑟, 𝑡 =
𝑅𝐶

4𝜋𝑡
exp −

𝑟2𝑅𝐶

4𝑡

2. Charge on a pad:

𝑄𝑢𝑛𝑖𝑡 𝑡 = න
𝑧𝑚𝑖𝑛

𝑧𝑚𝑎𝑥

න
𝑦𝑚𝑖𝑛

𝑦𝑚𝑎𝑥

𝜌 Ԧ𝑟, 𝑡 dxd𝑦

Cosmics data and simulation generally agree if the RC estimated from 
Fe-55 data is lowered by 20% in the model

𝑅𝐶𝑠𝑖𝑚
𝑜𝑝𝑡𝑖𝑚𝑎𝑙

∼ 0.8 × 𝑅𝐶𝐹𝑒−55

• Investigation of signal formation with LASER test!
3. Waveform recorded:

𝑊𝐹 𝑡 ∝ 𝑄𝑢𝑛𝑖𝑡 𝑡 ⊗
𝑑𝑇

𝑑𝑡
(𝑡)

Signal Reconstruction: MC and data comparison
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Pads that collect a signal are grouped into tracks and successively into clusters perpendicularly to local track direction

Leading pad: signal is induced from avalanches
Secondary pads: signal is induced by charge moving on the DLC

𝑑𝑧 = 𝛼10 ln3
𝑄1

𝑄0
+ 𝛽10 ln

𝑄1

𝑄0
𝑑𝑧 = 𝛼21 ln3

𝑄2

𝑄1
+ 𝛽21 ln

𝑄2

𝑄1

track segment

dz

Reconstruction Algorithm: log(Q)
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Achieving track reconstruction with high resolution is important for momentum estimation

Radial residuals for each cluster:

𝑟𝑒𝑠 = 𝑦𝑟𝑒𝑐 − 𝑌𝑓𝑖𝑡
2

+ 𝑧𝑟𝑒𝑐 − 𝑍𝑓𝑖𝑡
2

Resolution:
Standard deviation of narrower gaussian 𝜎1 of residuals 
distribution

Horizontal tracks for drift region [150,200] mm

Spatial resolution might be evaluated as a function of:

Drift distance Track inclination on ERAM plane

𝑧𝑓𝑖𝑡, 𝑦𝑓𝑖𝑡

Spatial Resolution on ERAM plane
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In the drift direction, the resolution is related to the sampling time and drift velocity

Δ𝑥 1 𝑠. 𝑡. = 𝑣𝑑 × 40ns ∼ 3mm

The performance on the drift direction has been estimated using cosmics data and MC with no B field

1. Vertical lines are selected
2. Linear fit is performed
3. Residuals between 𝑥𝑝𝑎𝑑 and 𝑥𝑓𝑖𝑡 are computed

Spatial Resolution on drift direction
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𝜎𝑝𝑡

𝑝𝑡
= 𝜎𝑦𝑧 𝑚

𝑝𝑡
𝐺𝑒𝑉

𝑐

𝑒 𝐵 𝑇 𝑙2 𝑚2

720

𝑁𝑝 + 4

Gluckstern equation:

A linear trend in resolution is expected
𝜎𝑝𝑡

𝑝𝑡
∝ 𝑝𝑡

Horizontal tracks Vertical tracks

Momentum resolution is defined as 𝑝𝑟𝑒𝑐𝑜−𝑝𝑡𝑟𝑢𝑒

𝑝𝑡𝑟𝑢𝑒
 and reported as a function of 𝑝𝑡𝑟𝑢𝑒

(notice the difference in y scale)

Momentum Resolution
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dE/dx reconstruction is based on a relation between waveform maximum amplitude and track parameters

2. Charge on a pad:

𝑄𝑝𝑎𝑑 𝑡 = න
𝑧𝑚𝑖𝑛

𝑧𝑚𝑎𝑥

න
𝑦𝑚𝑖𝑛

𝑦𝑚𝑎𝑥

𝜌1𝐷 Ԧ𝑟, 𝑡 dxd𝑦

3. Tabulated Relation between line parameter and Q:
𝑊𝐹𝑚𝑎𝑥 → 𝑓 𝑄𝑝𝑎𝑑, 𝑝0, 𝑝1 ∝ 𝑑𝐸

1. Point-like deposit
𝜌 Ԧ𝑟, 𝑡

1. Linear deposit
𝜌1𝐷 Ԧ𝑟, 𝑡

smoothening

4. Mean Energy Loss per unit of length

𝑑𝐸

𝑑𝑥
𝑒𝑣𝑒𝑛𝑡

=
σ

𝑖

𝛼𝑁𝑝𝑎𝑑 𝑑𝐸𝑖

σ
𝑖

𝛼𝑁𝑝𝑎𝑑 𝑑𝑥𝑖

Reconstruction of Energy loss per unit of length dE/dx
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dE/dx resolution v. Momentum dE/dx resolution v. track length

The evaluation of dE/dx resolution is performed by:

1.  Binning data in momentum slices
2. Each slice was fitted with a gaussian and the ratio 𝜎

𝜇
 is extracted

3. Range 300 MeV/c – 500 MeV/c is considered

Events from beam and cosmic datasets:

𝜎

𝜇
𝑐𝑜𝑠𝑚𝑖𝑐𝑠

∼ 7 − 8%

𝜎

𝜇
𝑏𝑒𝑎𝑚

∼ 5%

The resolution satisfies the requirements 
in the region of interest of the detector

Reconstruction of Energy loss per unit of length dE/dx
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ERAM response studies
• Test bench at CERN for estimating:

1. RC
2. Gain
3. Resolution

Parameters are used in our signal formation models

Different DLC batch

Candle plot

Gas related studies: Gas Monitoring Chamber
Water and oxygen contaminations might alter drift velocity and gain

• Studies on noise composition from 
Electronics

Detector related systematic uncertainties
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Design of HA-TPC geometry in COMSOL Electric field simulated map

E

Eth

𝑐𝑢𝑟𝑣 =
1

𝑅

The study of cosmics data in HA-TPCs showed an unexpected distortion for tracks passing close to the cathode

Studies on ExB effects: E field inhomogeneities

Tracks with 
no B field!

Observed track distortion
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The application of Electric field map on reconstructed events 
reduces their apparent curvature

𝑐𝑢𝑟𝑣 =
1

𝑅
Therefore, field cages behaviour is well described and they 
would be able to satisfy the requirements for the Electric field

The study of cosmics data in HA-TPCs showed an unexpected distortion for tracks passing close to the cathode

Studies on ExB effects: E field inhomogeneities

Tracks with 
no B field!

Observed track distortion

After Correction!
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Blue square: calibrated and 
measured region (2011 TN-061)

3 different B field maps have been considered for 
reconstructing the field in HA-TPC region:

• Ideal field 𝑩 = (0.2 T, 0, 0)
• COMSOL map simulation
• Mirroring of measured region 𝐵𝑦

𝐻𝐴𝑇(𝑧) = 𝐵𝑦
𝑚𝑒𝑎𝑠(−𝑧)

Studies on ExB effects: B field inhomogeneities

HA-TPCs are placed in a region where measurements were 
not directly performed!
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Blue square: calibrated and 
measured region (2011 TN-061)

3 different B field maps have been considered:
• Ideal field 𝑩 = (0.2 T, 0, 0)
• COMSOL map simulation
• Mirroring of measured region 𝐵𝑦

𝐻𝐴𝑇(𝑧) = 𝐵𝑦
𝑚𝑒𝑎𝑠(−𝑧)

Δ𝑝𝑉 =
𝑝𝑡𝑜𝑝 −

𝑑𝐸

𝑑𝑥𝑆𝐹𝐺𝐷
−𝑝𝑏𝑜𝑡

𝑝𝑏𝑜𝑡
 

Δ𝑝𝐻 =
𝑝𝐿 −𝑝𝑅

𝑝𝐿
 

Studies on ExB effects: B field inhomogeneities
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Campaign involving LASER data taking are expected to be performed in Fall 2026

Two main reasons:

1. Investigating Electric field map

2. Evaluate spatial resolution performances 

with a well-known source instead of cosmics

The campaigns are possible thanks to the recovering of the first field cage (FC0)

Next Steps: LASER test
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LASER system in preparation!

February 2022 2024Leakage detected

October 2025
Strip foil installation by hand!

Thanks to the contribution of 
many people!

Current status

Instrumentation
TPC Ready!

Next Steps: LASER test with refurbished FC0
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5. Mirror + movement
1. E field COMSOL simulation

2. Dedicated simulation using Garfield++ 
and ND280 classes

3. LASER interlock safety system 
completed!

Next Steps: Progress on LASER setup

Safety system 
for LASER!
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Next Steps: LASER characterization
Characterization of LASER beam is required to evaluate the primary electrons freed over the beam propagation

Example of  a picture taken by the camera
(logarithmic z-scale)

Thanks to impurities in T2K gas, electrons can 
be created with a double photon mechanism 

For a 266 nm photon: 𝐸𝛾 ∼ 4.66 eV
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• HA-TPCs performance paper recently published!

• Required performance are satisfied

• LASER data taking under preparation for further validation of

• Electric field map
• Reconstruction algorithms
• LASER characterization

• Talk by Gianmaria Collazuol on B field studies with probes and on LASER measurements

Conclusions
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  𝜌  (   r → , t ) =   R C  4 𝜋 t   exp ⁡   (  −    r 2 R C  4 t )


   Q  u n i t  ( t ) =  ∫   z  m i n   z  m a x   ∫   y  m i n   y  m a x  𝜌  (   r → , t ) dxd y


  W F  ( t ) ∝  Q  u n i t  ( t ) ⊗   d T  d t ( t )


  𝜌  (   r → , t ) =   R C  4 𝜋 t   exp ⁡   (  −    r 2 R C  4 t )


   Q  u n i t  ( t ) =  ∫   z  m i n   z  m a x   ∫   y  m i n   y  m a x  𝜌  (   r → , t ) dxd y


  R  C  s i m  o p t i m a l ∼ 0 . 8 × R  C  F e − 55


  W F  ( t ) ∝  Q  u n i t  ( t ) ⊗   d T  d t ( t )


  d z =  𝛼  10     ln 3 ⁡   (     Q 1   Q 0 ) +  𝛽  10   ln ⁡   (     Q 1   Q 0 )


  d z =  𝛼  21     ln 3 ⁡   (     Q 2   Q 1 ) +  𝛽  21   ln ⁡   (     Q 2   Q 1 )


  dz


  r e s =      (   y  r e c −  Y  f i t ) 2 +    (   z  r e c −  Z  f i t ) 2


   𝜎 1


   (   z  f i t ,  y  f i t )


  Δ x  (  1   s . t . ) =  v d × 40 ns ∼ 3 mm


   x  p a d


   x  f i t


     𝜎   p t   p t =  𝜎  y z    [ m ]    p t  [    G e V c ]  e   B    [ T ]  l 2  [   m 2 ]     720   N p + 4


     𝜎   p t   p t ∝  p t


     (   p  r e c o −  p  t r u e )   p  t r u e


   p  t r u e


   Q  p a d  ( t ) =  ∫   z  m i n   z  m a x   ∫   y  m i n   y  m a x   𝜌  1 D  (   r → , t ) dxd y


  W  F  m a x → f  (   Q  p a d ,  p 0 ,  p 1 ) ∝ d E


  𝜌  (   r → , t )


   𝜌  1 D  (   r → , t )


     ⟨    d E  d x ⟩  e v e n t =    ∑ i  𝛼  N  p a d  d  E i   ∑ i  𝛼  N  p a d  d  x i


   𝜎 𝜇


     (   𝜎 𝜇 )  c o s m i c s ∼ 7 − 8 %


     (   𝜎 𝜇 )  b e a m ∼ 5 %


     |   E → |   E  th


  c u r v =  1 R


  c u r v =  1 R


  𝑩 = ( 0 . 2   T ,   0 ,   0 )


   B y  H A T ( z ) =  B y  m e a s ( − z )


  𝑩 = ( 0 . 2   T ,   0 ,   0 )


   B y  H A T ( z ) =  B y  m e a s ( − z )


  Δ  p V =    p  t o p   −       d E  d x  S F G D −  p  b o t   p  b o t


  Δ  p H =    p L   −  p R   p L


   E 𝛾 ∼ 4 . 66   eV

