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Good News!

HA-TPC performance paper has been accepted for

Nuclear Instruments and Methods in Physics Research A 1088 (2026) 171527

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

publication in NIM A!

Thanks to the outstanding work of many colleagues
since 2018!

journal homepage: www.elsevier.com/locate/nima

Full Length Article

Performance of the high-angle time projection chambers in the upgraded T2K
off-axis near detector
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Overview

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
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Sighal Reconstruction: MC and data comparison

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

resistive anode MicroMegas

Mesh @ GND

DLC (~ 100 nm) TE

Amplification gap: ~ 128 pm / @ ~ 360V

insulator ~ 50 |1
glue ~ 75-150 pm

. Charge density:

p(7,1) —.e p(

2. Charge on a pad:
Zmax (Ymax
Qunic(t) = j j p(r t)dxdy

Zmin YYmin

3. Waveform recorded:

i Derivative of Electronics response
WF(t) X Qunit (t) ® ’ M. Feltre, Hyper-K Meeting - Preventivi 2027



Sighal Reconstruction: MC and data comparison

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

resistive anode MicroMegas

Mesh @ GND

DLC (~ 100 nm) TE

Amplification gap: ~ 128 pm / @ ~ 360V

insulator ~ 50
glue ~ 75-150 pm

Charge density:

p(7,1) —‘e p( 2

2. Charge on a pad:
Ymax
j p(7, t)dxdy

n “Ymin

t
Zmax
Qunit(t) = ]
Zmi

3. Waveform recorded:

dT
WF(£) o Qunie(6) ® — (8)

Q1/Q0, drift distance < 0.10m, RClow

Q1/Q0, drift distance < 0.10m, RClow
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Cosmics data and simulation generally agree if the RC estimated from
Fe-55 data is lowered by 20% in the model

optimal
RCSlm

~ 08 X RCFe—SS

* Investigation of signal formation with LASER test!
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Reconstruction Algorithm: log(Q)

Pads that collect a signal are grouped into tracks and successively into clusters perpendicularly to local track direction

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

track segment

Tt
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Spatial Resolution on ERAM plane

Achieving track reconstruction with high resolution is important for momentum estimation

Radial residuals for each cluster:

cluster

cluster
»Yrec

Horizontal tracks for drift region [150,200] mm
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Spatial Resolution on drift direction

In the drift direction, the resolution is related to the sampling time and drift velocity

Ax(1s.t.) = vy X 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. Linearfitis performed
3. Residuals between x,,4 and xr;; are computed

ol
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Momentum Resolution

Momentum resolution is defined as

Momentum resolution (%)

O-Pt
Pt
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Reconstruction of Energy loss per unit of length dE/dx

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

. . . . Negative charged particles
1. Pol e osit 1. Linear deposit B
é > H '.“
T, t) plD (T, t) : ---- MC Muon 300

MC Electron
- MC Proton 250

smoothening

dE/dx (keV/cm)

200
2. Charge on a pad:

Zmax (Ymax

Qpaa(t) = p1p (7, t)dxdy

150

100

Zmin “Ymin 50
‘ 0 i 500 1000 1500 2000 2500 3000 0
3. Tabulated Relation between line parameter and Q: momentum (MeV/c)
W Fnax = f(Qpaa: po, 1) o dE e e parices
E ~ :.. | | | :
L i - -==- MC Muon 1 %0
E 3.0 1) . - MC Electron| |
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o5 I T T g el
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Reconstruction of Energy loss per unit of length dE/dx

. . . . @ 010 P
The evaluation of dE/dx resolution is performed by: = | Horizontal racks
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Detector related systematic uncertainties

ERAM response studies Gas related studies: Gas Monitoring Chamber
« Test bench at CERN for estimating: Water and oxygen contaminations might alter drift velocity and gain
e e :
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Studies on ExB effects: E field inhomogeneities

The study of cosmics data in HA-TPCs showed an unexpected distortion for tracks passing close to the cathode |E|
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Studies on ExB effects: E field inhomogeneities

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

40 60 120 *
Observed track distortion S
— 005 10 _ ————
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reduces thelr apparent curvature é _2(;? é_! ............ g g ............ g ............ g ........... g ............ g ........... g ............ g ............ f ......... é 1
& —0.02 g_ ................................................................... Q.. 1 g cCurv = E
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Studies on ExB effects: B field inhomogeneities

HA-TPCs are placed in a region where measurements were
not directly performed!
| Side view on the basket |

E 1500

£

£ 1000 .
> i 1

. * LR 3 different B field maps have been considered for

— =1l 4 |la]| « reconstructing the field in HA-TPC region:
0 SFGD o 8 —y | 8 Q
1000 S e i * Idealfield B = (0.2T,0,0)
1 cosmics l 1 ] 1 . e COMSOL map simulation
15%000 3000 2000  -1000 O 1000 2000 3000 4000

zin mm * Mirroring of measured region B,4" (z) = B]**%(—z)

Blue square: calibrated and
measured region (2011 TN-061)
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Studies on ExB effects: B field inhomogeneities

3 different B field maps have been considered:
e |dealfield B =(0.2T,0,0)
e COMSOL map simulation

* Mirroring of measured region B}/4" (z) = B}***$(—z)

| Side view on the basket |
E 1500

SFGD

-1000

lllllll|l|llllllllllllllllllll

cosmics

| SRV RS VUS| [P VT VAV T GO N[O Y L |

3000 4000
z in mm

- PEPERTIE] PRSP [NEPREFREES) (I
15%000 -3000 -2000 -1000 0 1000 2000

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

Idea: use probes to test B field in HA-TPC region!
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Next Steps: LASER test

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 (FCO)
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Next Steps: LASER test with refurbished FCO
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Next Steps: Progress on LASER setup

5. Mirror + movement

\mirrdr
™~

A -

2. Dedicated simulation using Garfield++ gas

and ND280 classes

Readout plane

Safety system
for LASER!

3. LASER interlock safety system
completed!

eeting - Preventivi 2027



Next Steps: LASER characterization

Characterization of LASER beam is required to evaluate the primary electrons freed over the beam propagation

Thanks to impurities in 72K gas, electrons can |
be created with a double photon mechanism Bt pw—— . Beam expander/
¥ o3 4 | I thole squeczer

[ Specchio
Qt? P

Specie | Energia di ionizzazione [eV]

Toluene 8.82 eV

Benzene 9.24eV
Flangia e —— E?
finestra [

Specie | Energia di ionizzazione [eV] Tubo €—F

Argon 16 eV

CF4 13.1 eV
[sobutano 10.6-10.7 eV
Entries 1555200

Mean x 1064

Mean y 472
Std Devx  81.71
Std D ] 74.19

For a 266 nm photon: E, ~ 4.66 eV

Example of a picture taken by the camera

(logarithmic z-scale)
1100 Hyper-K Meeting - Preventivi 2027
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Conclusions

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

