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Time Projection Chamber (TPC)

4.7m

Reconstruct tracks of charged particles
 in 3-dimension

arXiv[1306.6329], ILC Technical Design Report: Volume 4, Part III

~200 hit points
Can see tracks 
before reconstruction

What we want to know

“Two 4-vectors”

pμ = (E/c, p)
xμ = (ct, x)

+ Charge
for every particle produced

3.6m

https://arxiv.org/abs/1306.6329
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What can we know at TPC?

TPC

ECAL

HCAL

https://www.ilcild.org

TPC

HCAL

VTEX

1.Momentum measurement 

3.Particle ID

(TPC only)

Measure the curvature radius of the tracks in B=3.5T

Measure the dE/dx (loss energy of particles)

←dE/dx is different for each particle.

2.2-track separation 

Today's topic

<latexit sha1_base64="tMKoTdPO1Ph5vX8gEnY30CpeErQ="></latexit>�p?

p?
' 1⇥ 10�4p?[GeV/c]

Make a 1:1 correspondence between track and Calorimeter

2hit resolution in rφ 
2hit resolution in z

<latexit sha1_base64="FmHCRVtXkLtpNiEaqujWg22OpVc="></latexit>' 2mm
<latexit sha1_base64="++TDVWkti5vN+r0QaumKqYSz+go="></latexit>' 6mm
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rφ from
projection

Readout module

Readout 
module

Z from drift time

E

r

E

B

Z

①Ionization

②Drift

③Amplification

Fundamental principle of TPC

&Readout
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Momentum resolution

<latexit sha1_base64="KGt/HDtOca/NVRJi2MRwdLuyjjY="></latexit>v?
<latexit sha1_base64="l7SVfuXLKV1tc5Cs4Nn3g8KZ9lU="></latexit>r

<latexit sha1_base64="PwXtFAOQsOG9x34RD3gx2T/8O6w="></latexit>q

<latexit sha1_base64="igopUOobfmwBkMT/Mol+QN4DMHo="></latexit>

B

<latexit sha1_base64="dyzbVVMnu0ASn2K/6Zyp8Yyk0js="></latexit>

p? [GeV/c] = 0.3 ·B[T] · r[m]

Radius:

Velocity : Charge:

<latexit sha1_base64="l7SVfuXLKV1tc5Cs4Nn3g8KZ9lU="></latexit>r
<latexit sha1_base64="KGt/HDtOca/NVRJi2MRwdLuyjjY="></latexit>v?

<latexit sha1_base64="PwXtFAOQsOG9x34RD3gx2T/8O6w="></latexit>q

Transverse momentum: <latexit sha1_base64="1cp2Rz/3l/YvqgMkFsul4pbIlzY="></latexit>p?

<latexit sha1_base64="QSvgfguVAfA0m5VipWi4GLML5cA="></latexit>

F = qv?B
<latexit sha1_base64="Q0PUwPPmKtsR+Qt/AnKrjrLy9OI="></latexit>

F = mv2?/r,

<latexit sha1_base64="l7SVfuXLKV1tc5Cs4Nn3g8KZ9lU="></latexit>r

<latexit sha1_base64="vo7FINWkpayRakhNsjeP8ZJWP7o="></latexit>r � s<latexit sha1_base64="DDZAt1pO1wk2h99ACVmMscSJf74="></latexit>s

<latexit sha1_base64="RqhZP9W7V76w4fbnrkAYl/Lhs5I="></latexit>

l/2

Track
Sagitta:

<latexit sha1_base64="DDZAt1pO1wk2h99ACVmMscSJf74="></latexit>s

A charged particle follows a helix in uniform B-field

r2 = (l/2)2 + (r � s)2

2rs = (l/2)2 + s2 ' l2/4

r ' l2/(8s)

Using sagitta to calculate curvature radius of track

<latexit sha1_base64="6uts1J4Jyp4lENm6QpXJd6uQKDc="></latexit>

 :=
1

p?
'

✓
8↵

Bl2

◆
s

<latexit sha1_base64="duMF+Y5qoe53J3N5nwrpCWi1neg="></latexit>

�meas
 :=

�p?

p2?
'

✓
8↵

Bl2

◆
�s

Ex)Q. p = 1GeV, B = 3T ?   A.  r = about 1m

curvature radius of track: <latexit sha1_base64="l7SVfuXLKV1tc5Cs4Nn3g8KZ9lU="></latexit>r Arm length: l
<latexit sha1_base64="YejjBqW8PANhHDhbyLuQQC9oOHg="></latexit>

(s ⌧ r)
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Momentum resolution

R. L. Glueckstern, NIM 24 (1963) 381

<latexit sha1_base64="KUEjt0hhW6xhRzV7C0+DpvQxcio="></latexit>

�p?

p?
=

q
(�meas

 )2 + (�MS
 )2

Detector 
resolution

Multiple 
scattering

TPC is required 

<latexit sha1_base64="JFAAaDhhrBI6sMVHITDPx5I/2U8="></latexit>

=

s
⇣↵�x

Bl2

⌘2
✓

720

N + 4

◆
p2? +

✓
↵C

Bl

◆2 10

7

✓
X

X0

◆

Transversmomentum: <latexit sha1_base64="1cp2Rz/3l/YvqgMkFsul4pbIlzY="></latexit>p?

Const.:

<latexit sha1_base64="uJP/8iYZSh4OqAJzT1a10txv2lQ="></latexit>�xSpatial resolution in the r-φ plane per point:
The number pf sampling points:

Leaver arm length:
Thickness measured in radiation length units:

Magnetic field:

<latexit sha1_base64="Ozf37L9R4+7OSoLRyOZ37lsdEqU="></latexit>

N
<latexit sha1_base64="A4WEj3mHnHWwdVxPF7Pw2wJmCWo="></latexit>

X/X0
<latexit sha1_base64="74BJWLCUo+b9s94eNMroH3P/250="></latexit>

l
<latexit sha1_base64="igopUOobfmwBkMT/Mol+QN4DMHo="></latexit>

B
<latexit sha1_base64="kqGcmovxce8WKa4nD45fQLvpe8g="></latexit>

↵, C

Gluckstern Formula

<latexit sha1_base64="FABYVhmsUNCkEiJkAt24eeH5Qks="></latexit>�p?

p?
' 2⇥ 10�5p?[GeV/c]

ILD detector requires overall

<latexit sha1_base64="tMKoTdPO1Ph5vX8gEnY30CpeErQ="></latexit>�p?

p?
' 1⇥ 10�4p?[GeV/c]

in B = 3.5 T and drift length = 2.2 m

<latexit sha1_base64="26g0Z6CnzIT/KJrYVhNRc7rFkrs="></latexit>

�x ' 100[µm]There are about 200 points of 
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Position resolution
<latexit sha1_base64="s3lSoLW2OQi5kb2TsY5w6t6t+kA="></latexit>

�x =

s

�2
0 +

C2
d · z

Neff

Transverse diffusion constant Cd

drift length: z
Transverse diffusion: Cd
The effective number of electrons: Neff

<latexit sha1_base64="rFPfROuBVCgb8Tl5Pz6PaQkl5iQ="></latexit>

Cd(B,E) =
1p

1 + !2⌧2
Cd(0, E)

Electrons are affected by diffusion → position resolution is worse

Cyclotron frequency: ω
Mean free time: τ

A large ωτ is needed to reduce transverse diffusion

※ In TPC, Lorentz force suppresses transverse diffusion of drift electrons 
by curling them around the magnetic field



9We need to select “good” gas 

Effective number of electron Neff

<latexit sha1_base64="xbeml9uwS2Kyg+j5nyHGFqzf404="></latexit>

Neff '
"⌧

1P
i ki

�

N,k

*✓
G

Ḡ

◆2
+

G

#�1

gas gain fluctuation# electrons

x
Gi

a a-1a+1a+2 a-2
Gi

a a-1a+1a+2 a-2

Effect of gas gain fluctuation 

W/ gas gain fluctuationW/o gas gain fluctuation

<latexit sha1_base64="NHFFLBKz4ZPDoGp6DRAyE0N0sHE="></latexit>

Neff :=
1

h1/Ni < hNi

<latexit sha1_base64="rZlQtXaFi/OSn9qsOhu/WxeyLBw="></latexit>

Neff :=

"⌧
1

N

�*✓
G

Ḡ

◆2
+#�1

= 21 <
1

h1/Ni = 36 < hNi = 71

Ex) 4 GeV pion, pad pitch 6mm, pure Ar

# electrons

r
φ
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Gas mixture (T2K gas) 
Ar : CF4 : Iso-C4H10 = 95 : 3 : 2 [%]

CF4
<latexit sha1_base64="rFPfROuBVCgb8Tl5Pz6PaQkl5iQ="></latexit>

Cd(B,E) =
1p

1 + !2⌧2
Cd(0, E)

→ fast drift velocity as compared typical chamber gas
Ar - CF4 mixture has large τ

Iso-C4H10

“Quencher”

+ “Penning effect”

→ Large ωτ

Ar* + Iso-C4H10 → Ar + (Iso-C4H10)+ + e-

meta-stable Ar Additional e

Ionization potential
Iso-C4H10 < Ar

 ex) 7.5 cm/μs (230V/cm)

“Quencher”

What is “good” gas?
• Sufficient electrons • Suppress diffusion in high B-field region

“Quencher”
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Readout Module



12

Multi-Wire Proportional Chamber  (MWPC)

ILD: B-field 3.5T

←E×B spread seed electrons 
along sense wire

Limiting the spatial resolution

2mm 2-track separation is difficult

Need support structure to tighten 
wire

Ex) σx = 300 μm 

Cannot achieve ILD requirement!

MPGD
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Micro-Pattern Gaseous Detector (MPGD)

GEM (Gas Electron Multiplier) MICROMEGAS

70 µm
140 µm

The distance between holes is small

We can get more precise position information

Supporting structure is simplified (compared to multi-wire chamber) 

E×B effect is small

Dead regions are reduced

F.Sauli, NIM A 386(1997)531 SEM image of micro-mesh by scienergy company 

Why MPGD? 
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MICROMEGAS
Micro-mesh Gaseous Detector Structure

General structure of MICROMEGAS

E-field in MICROMEGAS Charge amplification in MICROMEGAS

Y.Giomataris(Saclay) proposed in 1996

Only one amplification gap provides 
sufficient amplification factor

50μm~ Resistive anode is needed to avoid 
hodoscope effect Ex) σPRF = 12 μm

(Typically)

https://doi.org/10.1016/0168-9002(96)00175-1
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GEM

e-

ー

＋

70 µm

140 µm

Gas Electron MultiplierF.Sauli, NIM A 386(1997)531

E-field in GEM VGEM(V)Property of charge amplification in GEM

F.Sauli(CERN) proposed in 1997

Often used in multiple GEM

σPRF ~ 300 μm
→suitable for ordinary pad readout

https://doi.org/10.1016/S0168-9002(96)01172-2
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Candidates of readout module - Analog(Pad) readout

Asian module

Double GEM

DESY module

Triple GEM

Amp GEM

Pad plane

arXiv:2006.08562 

GEM
Saclay-Carleton module

(Resistive anode)

MICROMEGAS

Gate GEM

https://arxiv.org/abs/2006.08562
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Candidates of readout module - Digital(Pixel) readout

GridPix(TimePix + Protection Layer + Micromegas)

EPJ Web of Conferences 174, 02001 (2018)Prototype  test

Free from gas gain fluctuation effect 
on spatial resolution  

Expect 20-30% improvement of 
position resolution  

No angular pad effect  

Theoretically the best but not yet 
ready for full implementation of a 
module

https://doi.org/10.1051/epjconf/201817402001
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Positive ion backflow
In ionization process, not only electron but also positive ions are produced 

w/ Gate

w/o Gate

CathodeE field

IP

ion disk ion diskion disk

no ion disk no ion disk

ion disk 
blocked 
by the gate

→ Positive ions flow back in the drift region
→ Making the distortion of E-field
→ Position resolution is worse

 D. Arai, “Ion Problem Report (LCTPC Workpackage Meeting # 145).”
 K. Fujii, “Positive Ion Effects (LCTPC collaboration meeting presentation).”

Positive ions make ion disk(1cm) in 1train
Drift velocity(Iso-C4H10 ion) : 0.37 cm/s
Drift E-field : 230 V/cm
Distance between trains : 200 ms

Positive ions flow 74 cm forward
Drift length(Max) : 2.2 m

<latexit sha1_base64="XRfwVCMBMI65A4XAkfYUYXz3vu8="></latexit>

2.2m/0.74m ' 3

How many are positive ions(disk) in TPC?

Maximum distortion is 60 μm
Not ignore

http://ilcagenda.linearcollider.org/getFile.py/access?subContId=1&contribId=3&resId=0&materialId=slides&confId=5522
http://ilcagenda.linearcollider.org/getFile.py/access?contribId=3&sessionId=8&resId=0&materialId=slides&confId=5504
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Gating Foil

Positive
 ion gate

Cathode

Anode
Amp GEM

Gate Open

V
Positive
 ion gate

Cathode

Amp GEM
Anode

Gate Close

V

Cross-section plane
335μm

22cm

17cm

Gating foil can keep small distortion in GEM

Switching



20

Summary

• Reconstructing tracks of charged particles in 3-dimension

What to know in the tracker 
“Two 4-vectors” pμ = (E/c, p) , xμ = (ct, x) + Charge

TPC : Time Projection Chamber

TPC R&D
• Proof of principle : done　→  No show stopper
• Engineering stage : now  

New technology ex) Pixel readout

Strong points

dE/dx → Particle ID
200 hits
Long-lived particle measurements
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LCTPC Asian group
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GEM gain stability

Non-uniformity of the gas gain  in Asian module

In our simulation study, 
the gas gain strongly depends on the thickness of GEM

Preparing measurement system of GEM thickness

arXiv: 1701.05421

https://arxiv.org/abs/1701.05421
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GEM thickness measurement

Measurement system
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GEM insulation material

T.Fujiwara et al 2014 JINST 9 P 11007 Y.Kato 2020 J.Phys. Conf. Ser. 1498 012010

Glass GEM LTCC

Avoid discharge in GEM New insulation material

Polyimid → glass Low Temperature Co-Fired Ceramics

https://doi.org/10.1088/1748-0221/9/11/P11007
https://doi.org/10.1088/1742-6596/1498/1/012010
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Back up
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Why is TPC?
(Supplementary documents)
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ILC target : Higgs precise measurement

Why we need high momentum resolution?

Higgs mass measurement by Recoil mass method

2.Measure momentum of μ pair 

Recoil mass resolution depends on momentum resolution 
Essential to high momentum resolution!

1.Know 4-vector momentum in the initial state in the case e+e- collider

3.Prove Higgs mass without measure Higgs directly 
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Energy deposit (dE/dx)
Charged particles lost energy when particles pass materials dE/dx

dE/dx for momentum is particle specific
Particle identification

ILD detector requires overall
<latexit sha1_base64="ZR1WRRNlfBrEuT7j/DLBTMkiviQ="></latexit>

dE/dx ⇠ 5%
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Readout module of TPC
(Supplementary documents)
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Principle of gas amplification

Accelerated by 
high electric field

Electrons # Townsend 
coefficient

The average increase of electrons

α = α(E(x)) , integrate along electric field line

<latexit sha1_base64="lyhPMEHRQOCROG8FygA7jcQJC5M="></latexit>

dn = n↵dx

<latexit sha1_base64="rkKu1yS/4oCYhQeiTWlfk0OOllk="></latexit>

n = n0 exp

Z x2

x1

↵ dx

�
n0 : the number of electrons 
before gas amplification

Electrons are increased exponentially 

Electron avalanche

F.Sauli, “Principle of operation of multiword promotional 
and drift chamber”, CERN 77-09, 1977

Dependence of applied voltage 
for gas amplification
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Electronic transparency on gating foil

Gating foil is required Preventing positive ions
Passing through electrons

Electronic transparency(= Optical openness) is important
Goal of gate module

Electronic transparency > 80%
Rate of blocking ions ~ O(10-4) 

gating foil is 82%

Position resolution achieved 100μm when we extrapolate to B-field 3.5T 
and drift length 2.2m

Beam test result with gating foil
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With gating foil Without gating foil

Gating foil (Asian GEM module)
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Field Shaper
Arrange E-field 
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Field Cage

Cylindrical Gas Vessels + Electric field shaper

To ensure the drift field quality, the inner layer of the field cage’s 
wall will be a foil carrying field strips with 2.8 mm pitch.

Field cage of large prototype 

EUDET-Memo-2006-03, T.Behnke, 2006

Inside of field cage of large prototype 

https://www.eudet.org/e26/e28/e183/e269/eudet-memo-2006-03.pdf
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End Plate
Closes the TPC gas volume and supports the modules

 “It is important that he endplate is designed to have low mass, while retaining
the required mechanical and thermal stability” — ILC TDR vol4

End plate in large prototype

End plate in TDR

arXiv[1306.6329], ILC Technical Design Report: Volume 4, Part III

https://arxiv.org/abs/1306.6329
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Spatial resolution of TPC
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Amplification Gap

Readout Pads

Beam

Drift Volume Drift and Diffusion

Amplification and
          further Diffusion

Pad Response

Ionizations

Coordinate
x

      Liberation of Electrons
<latexit sha1_base64="TBQ8leew4TtTVYxNR1JZW98oYw8="></latexit> 1X

N=1

PI(N ; N̄) φ=0
No δ-rays

<latexit sha1_base64="CYU0yDhWLZju5MptESGUTZIXxAI="></latexit>

PD(�xi;�d) =
1p
2⇡�d

exp


�1

2
(
�xi

�d
)

�

<latexit sha1_base64="AjzkHRcvNfylt8qmF6fxS5k5KLU="></latexit>

�d = Cd
p
z

Gaussian

xi = x̃ + Δxi

①

②

③

<latexit sha1_base64="GH/7ajqc/F7WPsKhOMXgZ5OaY9k="></latexit>

PG

✓
G

Ḡ
; ✓

◆
=

(✓ + 1)✓+1

�(✓ + 1)

✓
G

Ḡ

◆✓

exp

✓
�(✓ + 1)

✓
G

Ḡ

◆◆

<latexit sha1_base64="8paKTyFcpkxfook1qY23smTiHjY="></latexit>

Cd : Transverse diffusion
const.

<latexit sha1_base64="07n3KOkxqOiYBdVU03kwrFAbDxc="></latexit>

Ḡ : Gas gain average

①Charged particle
x = x̃

Fundamental processes in coordinate measurements
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・Pad pitch → 0・No fluctuation of gas gain

For simplicity, let’s first consider the case in which the x-coordinate(arrival point) 
of each seed electron can be measured exactly

xi = x̃

x

<latexit sha1_base64="yq13oYP8J8zeuGWWex9FSsrEfcg="></latexit>

P (x̄; x̃) =
1X

N=1

PI(N ; N̄)
NY

i=1

✓Z +1

�1
d�xiPD(�xi;�d)

◆
�

 
x̄� 1

N

NX

i=1

xi

!

Ionization statistics Gaussian diffusion
<latexit sha1_base64="CYU0yDhWLZju5MptESGUTZIXxAI="></latexit>

PD(�xi;�d) =
1p
2⇡�d

exp


�1

2
(
�xi

�d
)

�

<latexit sha1_base64="AjzkHRcvNfylt8qmF6fxS5k5KLU="></latexit>

�d = Cd
p
z

<latexit sha1_base64="8paKTyFcpkxfook1qY23smTiHjY="></latexit>

Cd : Transverse diffusion const.
z : Drift length

Ideal readout pad

Track<latexit sha1_base64="pj6GcmUgmqandfwC+fQRrJA7g2M="></latexit>

hx̄i :=
Z

dx̄P (x̄)x̄ = 0

Variance
<latexit sha1_base64="M7EMYY/t/PDWSFrpc8CzUe2/5ho="></latexit>

�2
x̄ :=

Z
dx̄P (x̄)x̄2 = �2

d

⌧
1

N

�
=: �2

d
1

Neff

<latexit sha1_base64="NHFFLBKz4ZPDoGp6DRAyE0N0sHE="></latexit>

Neff :=
1

h1/Ni < hNi Spatial resolution depends on
the inverse of the average of its inverse!

x̃ = 0

Track point

We can assume

xi = x̃

Ionization Statistics  
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Gas gain fluctuation

・Pad pitch → 0
・Gas gain fluctuation Gi

<latexit sha1_base64="0kbxr3KKCGzyLnfNtOX1beJ1d5E="></latexit>

P (x̄; x̃) =
1X

N=1

PI(N ; N̄)
NY

i=1

Z +1

�1
d�xiPD(�xi;�d)

<latexit sha1_base64="Y1V96EnNbCCLun8ZUp8q3snRCHA="></latexit>

⇥
Z

d

✓
Gi

Ḡ

◆
PG

✓
Gi

Ḡ
; ✓

◆�
�

 
x̄�

PN
i=1 GixiPN
i=1 Gi

!

Gas gain fluctuation Gain-weighted mean

Track
<latexit sha1_base64="pj6GcmUgmqandfwC+fQRrJA7g2M="></latexit>

hx̄i :=
Z

dx̄P (x̄)x̄ = 0

Variance
<latexit sha1_base64="bH485bGdgQy6ioUQPwmpbJyTd4M="></latexit>

�2
x̄ :=

Z
dx̄P (x̄)x̄2 ⇡ �2

d

⌧
1

N

�*✓
G

Ḡ

◆2
+

=: �2
d

1

Neff

<latexit sha1_base64="Wjl2L76Wy1FEDT114yeQV22yMSY="></latexit>

Neff :=

"⌧
1

N

�*✓
G

Ḡ

◆2
+#�1

< hNi
gas gain fluctuation therefore further 
reduces the effective number of electrons

<latexit sha1_base64="E5d0Hy6eLzrZSaHChpOQFhi6PUg="></latexit>

NX

i=1

Gi ⇡ NḠWe used (If N is large enough)

x̃ = 0We can still assume

Now include gas gain fluctuation.

xi = x̃

x

Track point

xi = x̃
Gi
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xi = x̃ + Δxi
Track 
position

Diffusion
<latexit sha1_base64="3rQ/Nwcv/6hsQnPUNR6j9W10+Is="></latexit>⌦
(�xi)

2
↵
= �2

d = C2
dz

P(x̄; x̃) =
∞

∑
N=1

PI(N; N̄ )
N

∏
i=1 [∫

+∞

−∞
dΔxiPD(Δxi; σd)∫ d ( Gi

Ḡ ) PG ( Gi

Ḡ
; θ)] × ∏

a
∫ dΔQaPE(ΔQa; σE)∫ dQaδ (Qa −

N

∑
i=1

GiFa(xi) − ΔQa) × δ (x̄ −
∑a Qa(aw)

∑a Qa )

Electric charge on a-th pad

x
Gi

a a-1a+1a+2 a-2

Normalized pad response
function for a-th pad

Electronic noise <latexit sha1_base64="C6PAwvKh1Ao8xBR4Zx6usd0Sodo="></latexit>⌦
(�Qa)

2
↵
= �2

E

Gas gain
for i-th seed electron

<latexit sha1_base64="YkzZvEkbmHXtyieJP8fGHLVybd8="></latexit>X

a

Fa(x̄+�xi) = 1

The charge centroid method
Assume pad pitch is w

<latexit sha1_base64="hqPfhqqox7izw2CG0jW9T1esZ8g="></latexit>

x̄ =
X

a

Qa(aw)/
X

a

QaProbability distribution Function for this method

xi = x̃
Track point

<latexit sha1_base64="1KT6eRRqXoSNJmtXmqPmxz5p8wg="></latexit>

Qa =
X

i

GiFa(x̄+�xi) +�Qa

Ionization 
statistics

Gaussian 
diffusion

Gas gain 
fluctuation

Electronic noise

Finite Pad Pitch
・Finite pad pitch・Gas gain fluctuation Gi

→Specify the track position relative to the pad center.

Let’s finally consider the effect of finite pad pitch!

We can no longer assume   because of breaking of translational invariancex̃ = 0
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σ2
x = [A] +

1
Neff

[B] + [C]

Average over track position  in the pad pitch wx̃We define

Integrate over  and average over NΔQa, Δxi,
Gi

Ḡ

[A]
[B]

[C]
z

σ2
x
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a

(aw)hFa(x̃+�x)i�x � x̃

!2
Systematic error of the charge centroid method

The diffusion term(Gas gain fluctuation & finite pad pitch)

Electric noise
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�d/w � 1 Hodscope effect(long drift distance)
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Ḡ
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X
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Purely geometric effect

Asymptotic behavior
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dx̄P (x̄; x̃)(x̄� x̃)2

Variance of charge centroid
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・We can analytically estimate the spatial resolution.
・We can improve the spatial resolution based on theoretical basis!

<latexit sha1_base64="PRnJiO7PcX8VPd2rWb8fXwtiMWk="></latexit>

�x = �x(z;w,Cd, Neff , Fa)

Drift distance

Pad pitch Diffusion const.

The number of effective track electrons

Pad responce function

Spatial resolution
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Distribution of N 
   (<N> = 71)

Distribution of 1/N 
   (<1/N> = 0.028)

Distribution of Q
    (K = 0.67)

4 GeV pion, pad pitch 6mm, pure Ar

1/2 1/3
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M.Kobayashi

 in typical modelNeff
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Hodoscope effect 
(S-shape systematics) 
important for the short 
drift distance

Effects of diffusion
+ gas gain fluctuation
+ finite pad pitch

Electric noise

Angular Pad effect

R.Yonamine,K.Fujii [https://doi.org/10.1088/1748-0221/9/03/C03002]

Primary ion
cluster

L : Pad row pitch
<latexit sha1_base64="24YT+jBm4rhdAA8irUjJt4CfUQc="></latexit>

1

N̂eff

[D] =
L2 tan2 �

12N̂eff
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x(Z;w,L tan�, Cd, Neff , N̂eff , [f ]) = [A] +
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Neff
[B] + [C] +

1

N̂eff

[D]

Incident angle effect on the spatial resolution

https://doi.org/10.1088/1748-0221/9/03/C03002
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Analytic expressions for  and Neff N̂eff

R.Yonamine, K.Fujii [https://doi.org/10.1088/1748-0221/9/03/C03002]
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cluster size fluctuation
+ gas gain fluctuation 

The effective number of clusters

The effective number of electrons
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https://doi.org/10.1088/1748-0221/9/03/C03002
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Beam test of TPC
(Large prototype @DESY)
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Beam test
The original purpose of the beam test was to compare performance of the Asian 
modules with and without the gating foil.

 Electron Beam = 5 GeV
 B = 1 T
 T2K gas (Ar:CF4:iso-C4H10 = 95:3:2)
 Analysis frame work : Marlin TPC
 20000evt / 1 run 
 Data set used : φ= -20°, 0°, 10°, 20°

φ
◯● Z

x

ySet up

φ
For this analysis we use data  
taken without the gating foil

φ

DESYⅡ T24

LP1

Beam


