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Time Projection Chamber (TPC)

Reconstruct tracks of charged particles
in 3-dimension

NG
What we want to know e

~200 hit poi nts’ X/
Can see tracks 7 :
before reconstruction

“Two 4-vectors”

r

<
pt = (=/c, p) + Charge

x# = (¢, x) |
- _J for every particle produced

arXiv[1306.6329], ILC Technical Design Report: Volume 4, Part Ill 3



https://arxiv.org/abs/1306.6329

What can we know at TPC?

s HCAL

1.Momentum measurement < Today's topic -'{"\\\\‘v TPC
N

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

Op, _
“PL ~1x10 4]& [GeV/c]j (TPC only)

Pl

2.2-track separation
Make a 1:1 correspondence between track and Calorimeter

2hit resolution inr¢p ~ 2mm
2hit resolutioninz ~ 6 mm

ILD Preliminary
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3.Particle ID

025k
-

Measure the dE/dx (loss energy of particles) o

—dE/dx is different for each particle.




Fundamental principle of TPC

Readout
module




Momentum resolution

A charged patrticle follows a helix in uniform B-field

// 7‘—[\\\ Radius: 7 Transverse momentum:p |
r j ’UL{ )\ \ \ Velocity : U | Charge: ¢
o, Y
F=qu,B F =mv? /r
Y/ - (m GeV/c| = 0.3 - B[T] - r[m| )
—
B
Using sagitta to calculate curvature radius of track
Sagitta: S curvature radius of track: 77 Arm length: [
r
Track r?=(1/2)%+ (r—s)* (s<r)
/2 — 2rs=(1/2)* +s° ~1[*/4
S g —  r~[*/(8s)
s N
K;_LN<8_OZ>S O_meas,_O-PJ_N<8a>O_
" p,  \BI? Uk '_p—2_ BI2)"°
\ - y

EX)Q.p=1GeV,B=3T? A. r=about 1m 6



Momentum resolution

Gluckstern Formula Transversmomentum: p |
Spatial resolution in the r-¢ plane per point: Oy
% — \/(O-meas)Q e (O'MS)2 The number pf sampling points: [\
DL A \C Kk Thickness measured in radiation length units: X/ X,
Detector Multiple Leaver arm length: [ Magnetic field: B
resolution  scattering Const.: a, C

B (04%)2 720 2 aC 29 X
“\V\Be) \Nvx4)PL "\ B ) 7 \X,

| R. L. Glueckstern, NIM 24 (1963) 381
ILD detector requires overall

IrL 9 i 10~ °p [GeV /c]
20

TPC is required

IpL 1 x 10~ *p, [GeV /(] ]
p1

There are about 200 points of |0, > 100[umD
in B=3.5T and drift length=2.2 m




Position resolution

Cg . drift length: z
Transverse diffusion: Cq
N, £f The effective number of electrons: Nes

Transverse diffusion constant Cqg

1
V1 Hw?r?

C, (O E) Cyclotron frequency: w
’ Mean free time: T

Cy(B,FE) =

Electrons are affected by diffusion — position resolution is worse
A is heeded to reduce transverse diffusion

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



Effect of gas gain fluctuation

Effective number of electron Nes

W/o gas gain fluctuation W/ gas gain fluctuation
a+2a+1a a-1a-2 a+2a+1a a-1a-2
G, G,
X o- ®
- '/ !
1 1 G\’
Neff = < <N> Nepp < > <(—) >
kK, G
<1/N> i ZZ N,k L\ g_
# electrons # electrons gas gain fluctuation

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

4 —1

N = <%><(g>2> 9l < <1/1N> — 36 < (N) = 71

We need to select “good” gas 9




What is “good” gas?

( - Sufficient electrons - Suppress diffusion in high B-field region)

Gas mixture (T2K gas)
Ar : CF4:1s0-C4H10=95: 3 : 2 [9%]

“Quencher”
CF4 “Quencher:’ Cu(B. ) — 1 C.(0. )
Ar - CF4 mixture has large T 1

— fast drift velocity as compared typical chamber gas

L Large wr  ©X) 7.5 cm/us (230V/cm) o “T2K gas”

ArCFALICAHI0 9632
€
RTFOFEFERS RN

ISO-C4H1O “QuenCher” g,os CHEDTHUMME T WL

& THROBRIEAR - BhE |

+ “Penning effect”

lonization potential e e
I50-CaHro < Ar e T

Ar* + 1so-C4H10 = Ar + (Iso-C4H10)* H e

meta-stable Ar Additional e

»
- .‘* .*.

w230 Viem VT:O



Readout Module
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Multi-Wire Proportional Chamber (MWPC)

ILD: B-field 3.5T

Grid wires [ Limiting the spatial resolution

Sense wire

: —ExB spread seed electrons
- ] Radout pad plan .
e along sense wire

Ex) 0x = 300 um

Cannot achieve ILD requirement!

05090.,[”,.[.,,l...].., ]
0.45 —\ =
0.40 P_.\‘.\ Preliminary * . . o
BomH g ; ; / 4 2mm 2-track separation is difficult
E 0.30 [ { { J 35 ¥ E'I\ ' :
c [ N ;
G 026 | I - :
z il : 4] Need support structure to tighten
S 020 £ Gas: TDR,B=4 T E .
e 0.15 |- -3 wire
- Points: Measurement 1
0.10 — Curve: Simulation —
0.06 | =
o R T N T T MPGD
0 50 100 160 200 260 300

Drift Distance (mm)
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Micro-Pattern Gaseous Detector (MPGD)

GEM (Gas Electron Multiplier) MICROMEGAS
e Tyevy

F.Sauli, NIM A 386(1997)531

Why MPGD?

4 The distance between holes is small

SEM image of micro-mesh by scienergy company

— ExB effect is small

— We can get more precise position information

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

— Dead regions are reduced
13



MICROMEGAS

Micro-mesh Gaseous Detector Structure

Cathode 4 Y.Giomataris(Saclay) proposed in 1996

4 Only one amplification gap provides
sufficient amplification factor

Pillars

4] Resistive anode is needed to avoid

S0umM
Read-out hodoscope effect EX) Oprr = 12 um
PCB electrodes (Ty pi C a”y)
General structure of MICROMEGAS CONVERSION GAP (3mm) ’ """ w 100000

E "15Kch

ot cathote gl N% . /
.‘ -\.'a...o' "':' : 2 B ) "': i & ] /
Pillars osn e [[1GLAGE s e o

MiCLO-M(f-S'l-- P A M ;% é-ig'ﬁ: g " :

ﬂ%@ﬂ@‘%uﬁ G e y
PCB . AMPLIFICATION GAP (100pm) HIHERTI 2004t B —

Read-out electrodes Eqroiication S-S0KViam Uil @ e w0 s wosomm 0 T 80
T— 1 o g 2 g

was Ar'(lO‘H(Il Al AmOphenc pressare,

E-field in MICROMEGAS Charge amplification in MICROMEGAS

14


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

GEM L
Gas Electron Multiplier

F.Sauli, NIM A 386(1997)531
- S 4 e o o"}::

4 F.Sauli(CERN) proposed in 1997
[4 Often used in multiple GEM

oprr ~ 300 um
—suitable for ordinary pad readout

10° . A TS L R e HE RS TR S 9"."“3”"':"‘-’?’“: T
: Ar-COZTO-:SO | | ' ]
=z [ E_=2kV/cm ' !
o | ED E=35kv/icm | |
(9 sE==3 |
) g’ 10° i Bl —10%
\ P ]
\ = QO
e x,ql"w’f‘ .
’“&s Ik nmﬁ J' i
e UUEn | [ A . 2
A i i
/Y |
/ i | i
10° e e 10"
- ! | ' .
|
|
! | |
102 PR W W W ST VR — o | TR - PR S T T T ‘O"
300 350 400 450 500 550

E-field in GEM Property of charge amplification in GEM Vaem(V) 15


https://doi.org/10.1016/S0168-9002(96)01172-2

Candidates of readout module - Analog(Pad) readout

GEM MICROMEGAS

Asian module DESY module Saclay-Carleton module

Double GEM Triple GEM (Resistive anode)

Gate GEM

- ] Amp GEM

10 N A aluminium
l strongback

anode
pad plane

arXiv:2006.08562

y Pad plane

16


https://arxiv.org/abs/2006.08562

Candidates of readout module - Digital(Pixel) readout

GridPix(TimePix + Protection Layer + Micromegas)

4 Free from gas gain fluctuation effect
» ® ® & S on spatial resolution

4 Expect 20-30% improvement of
position resolution

4 No angular pad effect

“ U ohekdy [ Theoretically the best but not yet
L —ad ready for full implementation of a
module

S6chips/module,
50% coverage

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


https://doi.org/10.1051/epjconf/201817402001

Positive ion backflow

In ionization process, not only electron but also positive ions are produced

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

11111 1 How many are positive ions(disk) in TPC?

o —

Hme

| ‘ Positive ions make lon disk(1cm) in 1train

Sdans oz 1ps 03w~

F T — time Drift velocity(lso-C4H1o ion) : 0.37 cm/s
Drift E-field : 230 V/cm

_I I_” - I I_ _ Distance between trains : 200 ms

i
Open Gase !

——

l P 2
; 1train=1312bunches lme

| 0-73ms s | Positive ions flow 74 cm forward
' 200ms '
w/o Gate Drift length(Max) : 2.2 m
2 — 2.2m/0.74m ~ 3
> o
. Not j ign
o Nore
052 Maximum distortion is 60 pm
:: ion disk (
7 b:t;gtt K. Fuijii, “Positive lon Effects (LCTPC collaboration meeting presentation).”

D. Arai, “lon Problem Report (LCTPC Workpackage Meeting # 145).” ] 8



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

FFu ikura

Gating Foil

Cross-section plane

12.5 um

m """" 2 um

31 um Cu

Switching

Gate Open < » Gate Close
I I | I I I I Cathode m—— Cathode ms———
q 4 —| —— T time " ®.- Positive
— Eﬂm I?osmve l 1V ion gate \ TV
lon gate s
R TITTITI IHIHIHI . AmpGEM " AmpGEm .
0.73ms,1312bunches  — ——— e Anode — Anode T
L1 01
. = = S0 B
OpaGue | || ltmin=1312bunches ~ fime . i

0.73ms SOps
200ms

Gating foil can keep small distortion in GEM .



Summary

[“ What to know in the tracker
“Two 4-vectors” p+ = (E/c, p) , x* = (cl, x) + Charge

[ TPC : Time Projection Chamber
* Reconstructing tracks of charged particles in

Strong points

dE/dx — Particle ID
200 hits
Long-lived particle measurements

M TPC R&D
* Proof of principle : done — No show stopper

- Engineering stage : now
New technology ex) Pixel readout

20



LCTPC Asian group
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GEM gain stability

4 Non-uniformity of the gas gain in Asian module

Gas gain over a 100 um thick GEM

-t
o

9
> s
g
&
2 s
3 4
S
= 2

1

0

Measured point X

arXiv: 1701.05421

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

—> Preparing measurement system of GEM thickness

22


https://arxiv.org/abs/1701.05421

GEM thickness measurement

Measurement system

23



GEM insulation material

Avoid discharge in GEM —— New insulation material

Glass GEM LTCC

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

4 Polyimid — glass 4 Low Temperature Co-Fired Ceramics

24


https://doi.org/10.1088/1748-0221/9/11/P11007
https://doi.org/10.1088/1742-6596/1498/1/012010

Back up

29



Why is TPC?
(Supplementary documents)

20



Why we need high momentum resolution?

ILC target : Higgs precise measurement

Higgs mass measurement by Recoil mass method

N A L T T l 1 L) T Al ]

(/)]
[= -
,,'H_’X 3400:_

LJ T L} Ls l A T Al L l T Ll
—e— Toy MC Data

—— Signal+Background —

Signal
“‘- "o, 300 - T — Background _:
' '
- - e'+e o ' + X @250 GeV ]

$

2

M% = (PCM T (p,,+ Jor"ﬁ,;—))

2 l =4 A

0 PR SR DR S A SR ST TR T N SR TR ST s Rl T 2
110 120 130 140 150
MH=125 Gev Recoil Mass (GeV/c?)

1.Know 4-vector momentum in the initial state in the case e+e-collider
2.Measure momentum of u pair

3.Prove Higgs mass without measure Higgs directly

Recoil mass resolution depends on momentum resolution

> Essential to high momentum resolution!



Energy deposit (dE/dx)

Charged particles lost energy when particles pass materials — dE/dX

20

w0
16 %
-

Energy deposit per unit length (keVicm)

8 Illl | | 1 lll | | 11 llll

0.1 | 10
Momentum (GeV/e)

dE/dx for momentum is particle specific
—  Particle identification

ILD detector requires overall dE/dx ~ 5%

28



Readout module of TPC
(Supplementary documents)
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Principle of gas amplification

gas e
molecule
Accelerated by e
high electric field / \ =
e
\ 3 Electron avalanche
gas e /
molecule

Dependence of applied voltage

for gas amplification
IO" Y -

v Gu'pr‘:ﬁllor
| Covater |

Number of lons collected

0 250 500 750 1000
Voltage, volits

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

gas ~

molecule =

The average increase of electrons

dn = nadx

7N

Electrons # Townsend
coefficient

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

_ i d No : the number of electrons
1= To Xp aax before gas amplification
T

1

Electrons are increased exponentially
30



Electronic transparency on gating foil

Gating foil is required [ Preventing positive ions
4 Passing through electrons

— Electronic transparency(= Optical openness) is important

Goal of gate module

Electronic transparency > 80%  <— gating foil is 82%
Rate of blocking ions ~ O(10-4)

Beam test result with gating foil
GM Resolutin (Module3 Rowl6)

Extrapolation to 3 5T based on 1.0T data
—— 71

03 e
T 0.3: ! T E [ ArCF,iCH = 95322 for radial tracks;
) ] SRR S o = 546+ 24 [um] — 035 . Fimte pad wadth = 1 20 mm
- g i : - " > - \ = y b
T - | i Cof/\Ng= 186 =021 [uny cm] - E =S Uy SIT IR CPRER GG SV ]
B Y] SRS S S T e —— 02 == b) o5« 277 pan (optinmm config.) Scale to MIP r
= | pr————t— ! ! - )
E O =\a-CGN Dz : Aty f
015 = i (With Ghating GEM) il 015 [~ C;=27T pmiem (B =35T) E
: . it Bl o f o -Nef=234 (o) Neff x1/14
13 | SRS SR PP Lol SR (Withou! Gating GEM B e e S TPy e
% 3 o % & * — - - - .’\‘____,_.,- ‘—:—___———'—‘—"—/_1
- i g xndt = 3506 r I (a) ]
005t Gy= 5512 22 [um] 005 |- AT -
- | | C\Ng= 1782021 fynw Ve : prelimiies: 22m .
[~ 1 A L : 1 1 | 1 I | l# 1 ; : l'-l L | 0 : a A | o 4 1 &
% 100 200 300 400 500 0 500 1000 1500 2000 2500
Drift Length: z [mm)] Drift Length Z [mm]

Y. Aoki 2017.9.13 JPS T. Ogawa 2017, IEEE
Position resolution achieved 100pm when we extrapolate to B-field 3.5T

and drift length 2.2m 37



Gating foil (Asian GEM module)

With gating foll Without gating foll
|

32



Field Shaper

Arrange E-field

33



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

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 prototye Inside of field cage of large prototype 34


https://www.eudet.org/e26/e28/e183/e269/eudet-memo-2006-03.pdf

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

4y
Lo

H
v !-l.!‘.

7]
-

L
: , End plate in large prototype

' v,

- !.'
‘....n -‘j -
=P E

a
B=EE

End plate in TDR

arXiv[1306.6329], ILC Technical Design Report: Volume 4, Part Ill 35


https://arxiv.org/abs/1306.6329

Spatial resolution of TPC

36



Fundamental processes in coordinate measurements

X = )C
Charged particle @ onizations
—> Liberation of Electrons

iiiiisee-

@) B =O
i Pr(N; N ¢
4 2 2 Pr(N:N) No 3-rays
e = N=1
Drift Volume | i g (DDrift and Diffusion Gaussian
it 9 1 1, Az,
PD(Awi?O_d)_ 27T0'd =P [_2( Od )]

P e 04 = Cd\/— Cd Transverse diffusion

const.
“' (2 Amplification and
Amplification Gap

further Diffusion
Readout Pads y

0 () 0§

@ Pad Response G : Gas gain average

)

—|—[> . Coordinate

=X+ Ax; X
37



lonization Statistics

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

- Pad pitch = 0 - No fluctuation of gas gain

00 - N 400 1 N ‘
P(z;z) = Z P;(N;N) H (/ dA:ciPD(Awi;adO 0 (x ~ sz)
N=1 i=1 N/ =0 i=1 |
Io~nization statistics Gaussian diffusion Ideal readout pad
X =X 1 1 Ax;
X Pp(Ax;;04) = T exp [—5( (;2 )]
Od = Cd\/2 Cg4 : Transverse diffusion const.
Z . Drift length
We can assume X =0
Track Variance
Track point -y | d5P(7)F — 2 | 4zp(2)7 = o2 1N 51
Y = & (T) = TP(z)r =0 o3:= [dzP(@)3" =05( )= AN,
1 Spatial resolution depend
N - < (N pa .Ia resolution depends on -
17 (1/N) V) the inverse of the average of its inverse!

38



Gas gain fluctuation

Now include gas gain fluctuation

2

+00
- Pad pitch = 0 Z Pr(N;N) H [ / dAz; Pp(Az;04)

- Gas gain fluctuation G;

Je@)n <%;9>} (5

Gas gain fluctuation Gain-weighted mean
B We can still assume X = 0
Track  (Z) = / 7P (%)T = 0
Variance o2 := /dfP(:f:)i:Q S <1> <(G>2> —=: 07
N G Ne
Tra(;li(ﬁc;cint We used g;Gi ~ NG (If N is large enough)

1 G\ 2\ | - gas gain fluctuation therefore further
Nery = N G <{N)| reduces the effective number of electrons

39



= . Let’s finally consider the effect of finite pad pitch!
Finite Pad Pitch naty const | bamp
+ Finite pad pitch - Gas gain fluctuation G;

We can no longer assume X = 0 because of breaking of translational invariance

— Specify the track position relative to the pad center.
a+2a+1a a-1a-2

— T X=X+ A
Track  Diffusion ((Az:)?) =0} =C3z
position
Track point
X; =X . .
Electric charge on a- th pad Electronic noise  ((AQ.)?) = 0%
ZG F, (T + Az;) + AQ,
Gas gain Normalized pad response ZF (T + Az;) =

function for a-th pad

The charge centroid method
Assume pad pltch IS W

for i-th seed elestron

Probability distribution Function for this method ZQa aw)/ ZQ@
N e TT | G, G, | Y |2, Qe
P(x; ) _ZEPI(N,N)E “_oo dAx,.PD(Ax,.,ad)[d (E) P, (Eﬁ)] ><1:[ “dAQaPE(AQa,aE)Jan(S (Qa— ;GiFa(xi)-AQa) xa(x_ 5 0. /|)

lonization Gaussian Gas gain  Electronic noise 40

statistics  diffusion fluctuation



Variance of charge centroid

. 1z /g
We define o2 := / / d (E) /de(fE; Z)(z — %) Average over track position ¥ in the pad pitch w
—1/2

1
Integrate over AQ,, Axi,El and average over N wwip 53 = |A|l+ —|B| + |C]
-2 Nefy
; ; N w? Systematic error of the charge centroid method
2 ) () — 2 [_ 1_LPRF<<w [A] /1/2 d(i) (Z( )<F (~ R )> ~>2
= — QW )L\ T + AT))Ax — X
—1/2 w - ]
Purely geometric effect
The diffusion term(Gas gain fluctuation & finite pad pitch)

1/2 = 2
[B] :/ d(—) {Z(abw2)<Fa(:ﬁ+Aa:)Fb(:E+Ax))m — (Z(aw)<Fa(:z+Ax)>>

w
—1/2 ab -

Asymptotic behavior
oq/w > 1 (long drift distance) Hodscope effect

1 1 w2
2 2 2
o R (A],—0 + 03 [z (— + O'd>]
Neff [ ] Neff 12 ocprr<KwW

Electric noise

> 2 c1=(%) (z), T

N g

[C]

41



Spatial resolution

Drift distance The number of effective track electrons

A\ /

Or — O-:U(Z;}U7 C;d7 Neffa Fa)
Pad pitch Diffusion const. Pad responce function

- We can analytically estimate the spatial resolution.

- We can improve the spatial resolution based on theoretical basis!

42



N, in typical model

4 GeV pion, pad pitch 6mm, pure Ar

M.Kobayashi

x10?2 x10?2 x 102
3000 T T 4000 4000 = Mean 1.000
Mea 67.13 - Mean 0.2804E-01| 1 X RMS 0.8166
RMS 442.2 3500 I/N=0.028 RMS 0.1414E-01| _ 3500 L OVFLW 0.000
2500 L OVFLW 533:0]_ i OVFLW 2.000 |
3000 |- 3000
2000 | i
2500 |- 2500
1500 |- 2000 |- 2000 |-
1500 |- 1500 |
1000 L
1000 |- 1000 |-
500 | i [
500 |- - 500 [
e ey o by e by s by by Tt ! 0 |.|.|||.|.I .................... 0 Lot b by e by e by b e 0
20 40 60 80 100 120 140 160 180 200 0 002 004 0.06 0.08 01 012 014 016 018 0.2 0 1 2 3 4 5 6 7 8 9 g 10
N N

Distribution of N
(<N>=71)

Distribution of 1/N
(<1/N> = 0.028) 1/3 (K=0.67)

% / ((§)) -1+ () =1+

9 1
> =21 < <1/N>:36<<N>:71

Distribution of Q

2|*—‘
/\
QIIQ
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Incident angle effect on the spatial resolution

Primary ion i
cluster 5 74
7
U
. ©
v ; " 5.26 mm
| o
‘ Q é =
X E 'o' 1.25 mm
Cl;arged pa'llicla
1 1

02(Z;w, Ltan ¢, CdaNeffaNeffv fl) = A] +

- Negy Negy
—

Effects of diffusion | |
+ gas gain fluctuation ~ Electric noise
+ finite pad pitch

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

Angular Pad effect
1 L2 tan2 gb L : Pad row pitch

D] ;
Nery 12Neyy

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

Analytic expressions for /V ;. and N

(Z w, Ltan ¢, Cyq, N

erfs Negs, [f]) =

The effective number of electrons
o ki, N ki
[pob )

Negy =

i=1j 1<<Zz 123 1G7“3> >G

The effective number of clusters

cluster size fluctuation

_ G o1 + gas gain fluctuation
N } 2 kiaqu;vzl k; - A 5 -4 —1
eff ~~ N g ~ — —
i=1 D=1 Zj:l C_?ij o N _ N/ § O G
) ~ Né - # clusters
Notice
- —1
- 2.5 G : k2 1 1 |
G%Zzzjk ij s Ny < Zz 1 Z2>+N - (Ng?”G_K '
2. b (ZL k ) eff  Nepy
] w/ gas gain w/o gas gain
fluctuation  fluctuation

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

Beam test of TPC
(Large prototype @DESY)

40



Beam test

The original purpose of the beam test was to compare performance of the Asian
modules with and without the gating foil.

Set up
» Electron Beam =5 GeV

B=1T
» T2K gas (Ar:CF4:iso-C4H10 = 95:3:2)
» Analysis frame work : Marlin TPC
z 20000evt / 1 run

» Data set used : ¢=-20°, 0°, 10°, 20° )
<4 For this analysis we use data y
taken without the gating foil L
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