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International Linear Collider

Electron positron Collider (250~500 GeV)
http://www.linearcollider.org/images/ pan Tlme PI’OJeC'tIOﬂ Chamber

reconstruct tracks, meaure
their momentum and dE/dx.

(charged particles)

Required momentum resolution
op

International Large Detector P; ~1x 107" Pr GeV/c
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T2K gas Ar:CF4:iC4H10=95:3:2

The amplification device : GEM or Micromegas
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[Positive lons created by gas amplification back-flow into the drift volume

—distort electric field—deteriorate position resolution

w/o Gate

Close gate

‘U 55 II"\J fie >

OE ‘.'3-35 50 us One train = 1321bunches Y Gate
Open qa;e 200ms d E 10 ]
The ions for a single bunch train form a disk s of :
. . § 10 \j
with about Tcm thickness. 8 20 —
Since the ion drift velocity is O(1000) times i Q
slower than that of electrons, there will be up Sof azi = 855 mm &
-60F AZ) o, = 1710 mm =
to 3 ion disks in the drift volume. 70 g

0300 400 600 800 1000 1200 1200 1600 1800 2000 2200

Hit point distortion : 60 um

=P Goal : 0:4<100 um(over maximum drift distance 2.2m in B=3.57)

Drift length [mm]

We need a gate to stop ions from returning to the drift volume.
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A large aperture GEM-like gating device@

We developed A large aperture GEM-like gating device (gating GEM)

with FUJIKURA
It works as a gate by changing voltage applied to the Cu electrode

Polyimide

31um

M honeycomb structure
Optical transparency= 82 % 25 um thick

The gate should stop the ions but not disturb the transmission of electrons.
— The electron transmission is also important

The achievable electron transmission rate in magnetic field=Optical transparency

To achieve the target resolution We measured the

s >ano, — electron transmission
We need an electron transmission rate >80% by a beam test.
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Electron transmission [%]

By using °>°Fe source By using °>°Fe source

o 10cmx10cm prototype(0 T,1 T) o and laser module size prototype(0 T)
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Previously, we measured transmission by using *>Fe and laser.

We found that the electron transmission is maximum at 3.5V so we decided
to use this voltage in the beam test.

The ion stopping power estimated using electron is 99.97 % or better at -15.5V

Detail: https://agenda.linearcollider.org/event/7371/contributions/37927/
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Beam test

Oct.31-Nov.13, 2016 (beam time) ﬂ? B e (T L
@DESY TPC large prototype &2
The first beam test

of a GEM-readout TPC module

with a gating GEM

15 participants from Japan,
France, Germany, China, Sweden

.
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DESY Large TPC Prototype Test FaC|I|ty
i PCI\/IAG(1T solenoid ) from KEK
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The electron beam pass two trigger counter and through the prototype like thls
A readout parts are covered with a solenoid. All devices are on the stage so we can

change the length Z from readout parts to electron beam and two angle, 6 and ¢.
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Module with Gating GEI\/I l%pg

Gating GEM

icsf&-shaper when data were

taken without gate

2017.5.22 l\/lPGDZO] 7



Typical event

3D view

............
N

-------------

......
..........................
..........................
.........

""""""""
..............

............
...........................
Botrmnrecaaay pecccccinninnnng
............................
----------------------------------
--------------------------------
------------------

........
.......................
“ 1
.............

..........

..........................................
..........................

------------

____________

................
..........

------------

.............
v

............

...............
............

..........

..........

--------------

..............

..............

......

.............

..............
..............
-

..............

--------------

--------- Module with the gating GEM

-
..........

The beam goes through our module with the gating GEM in the region
far enough from the module edge
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How to get electron transmission|[1]

The electron transmission calculated by hit charge
Examples of the pulse height distribution

# of hit With gate # of hit Without gate htemp
htemp - :
= 700— Entries 12434
800 Entnes 12439 - " Mean 757 3
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=140 x? / ndf 22.17 /14
T p0 82.1+0.3538
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Gas gain correction has
been made here for
temperature and pressure
variations.

As expected there is no drift length dependence.
After averaging over drift distance, we got 82.1%
for the electron.
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How to get electron transmission[2] h‘ﬁwﬂipﬁ

| Pad responce (gpRr) a
—StHFTdHI’ﬂ__dGVIatIOF

~ htmp
1 ....................................................................................... - Entios 41390
. | Mean x 0.09979

Meany 0.3068

04 32 2[ n

T¢h1t — 7°¢1 th pad cente

e GM resolution (Orp) R

=-4,-3,..,0,.3,4

1 row
2017.5.22 MPGD2017

Or¢g — \/O-rgb(in)a-rgb(out)

hit in question included In
the track fit T htemp
' | Entries 12823

0 3000;_ _____________________________ |n _____________________ 5 ______________________ ontries 12823

%2500 [ ____________________ R'V'Shtemg 21137
i 2000 | foiy | Entries 12818
1500
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500 _ ______________________ ___________ 7 ______________________ _____________ XAex(:ll;#r(]:lee(%tfrom
0—0604 02 0 0204 0.6
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|Mean -0.05741
RMS___ 0.1438

it point residual
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How to get electron transmission[Z]

Y _ )
Pad responce (opRr) GM resolution (ore)
olot vs distance Z plot vs distance Z
2 2 2 Trey = 4002 - (CDQ)Z
opr” = opr(0)” +|(Cp”) r¢ © | Neys
Diffusi tant . 2\ |
) iffusion cons anJ N effective .,/ — [<J1v> <(g> >
\ u — W,
Calculate Neff
}
Rate of NeffsElectron transmission rate
Neff(W/ Gate) ~ D
N.sr(w/oGate) <"
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Diffusion Constant l%:!g

Pad Response (Module3 R0W16)

NE 1 4__ ....................... ........................... ........................... Xz/ndf 24 4/6
= 12- . Op(0) = 4779 £1.7[um] |B=1T
= Pnehmmary 92.7 £ 0.25 [um/\em] | Gate GEM Voltage 3.5 V
D 1__ ....................... ........................... 5 ........... 2(W|thoutGat|ngGEM) ..... ............. (p,G _ O°
08 OR=OmOHCHZ . -
= __:::i:::::::l
0.6 s o — o D e
- -===*===== (With Gatlng GEM)
04— — L *,...-..-..-..-..!. ........... e, e, S
C , mon " " v2/ndf = 33.5/6
0.2‘_ ....................... SR e Opp(0) = 481.2 = 1.6 [um]
- Cp = 90.05 +0.25 [um/Vcm]
0 | | | | | | | | | | | | | |
0 100 200 300 400 500

Garfield simulation Drift Length: z [mm]

Cd(with gating GEM) 94.0 um/Jcm +/- 0.2%
Cd(without gating GEM) 94.2 um/J/cm +/- 0.3%
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GM Resolutln (Module3 Row16)

£ E x2/ndf = 6.53/6
% 0.25: .................................................................. Oo_ﬁﬁ + 2.4 [um] B=1T
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oy —— r— .
00 100 200 300 400 500
The ratio of r¢[%] Drift Length: z [mm]
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Electron transmission rate

measured 23.4+0.0 27.1x0.7 86.4+3.0
Simulated(Garfield++)  26.7+0.7 30.0£0.9 89.1+£3.3
§1 00r

(o
<
— —
——

Q0
Ioll T T T T 1

(@)
Ioll T 1 T T

Electron transmission |
~
=

Method 1 Method 2(from Neff)

)
O T

(from hit charge) with measured Cd  with simulated Cd
This result are consistent within the statistical errors.
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Conclusion

The ion stopping power estimated using electron is 99.97 % or better
at-15.5 V.

We succeeded in the first beam test of a GEM-readout TPC module with

a large aperture GEM-like gating device

l

-

_

The electron transmission from Neff measurements is

86.4 + 3.0%
The electron transmission from charge measurements is

82.1 £ 0.4%

~

J

2017.5.22 MPGD2017

We achieved the target electron transmission rate of > 80%.

Remaining issue
The difference between Cd values measured with and without
the gating GEM.

kWe will investigate this issue further.

~

_
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Event Selection

Track angle cut[rad] # of tracks per event
4.64< ¢po0<4.72 nTrks = 1
%1 03 1 O3nTrks
E o htemp I i [ htemp
500__ :‘-_’E |I\E/|r:;|r?3 169403(1)(8) ®1 200— PRL II\E/Intrir(?s 174155339571
400; RMS  0.07477 Lﬁ‘] OOO— S 09067
300 | S 8000 |
1 Prelimi @ 600- ©  Preliminary
200:_ reliminary _g 400- :
100 2> 200-
_ T e :........|;...|M
0444546474849551 001234567
| fioloc nTrks

I applled a track angle cut to exclude angled tracks and a cut on nirks
to eliminate events with multiple tracks caused by electromagnetic

shower In the upstream.
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Condition

Module 3] With Gating GEM |Without Gating GEM Sl
Ep, =230 V/em
Module 0 Without Gating GEM|Without Gating GEM .
Gate-GEM |  Vgate
Z[cm] 1.25,2.5,5,7.5,10,12.5,15,20 1
(Drift length) 25.30.35.40.45.50.55 Eo, = 230 V/em '
r '
2 [deg cel ] 0,20 Amp-GEM1 (100 um) I AVgems= 355 V
0 [degree] \
Vgate [V] E, = 900 V/cm
B[T] Amp-GEM2 (100um) ] AVeep=315V
Analyze condition of D | E, = 2700 V/em [J2mm
Anode PCB
Beam: 5 GeV electron

Gas:T2K gas (Ar: CF4: 1so-CsH10=95:3 : 2 [%])
Analytics framework:MarlinTPC (Analysis 20000 event/1 run)
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Introduction- Why we need high electron transmission?

» Spatial Resolution vs Electron Transmission

0rp X 1/\/Nepp < 1/\/Ret. [ Negs = <%> <(G>2>

G
Gat 1
oro(W/ Gate) b _ < Qu/Gate >
O-Tgb (W/O Gate) Re.t. ot < QW/O Gate ~
We need high electron transmission to keep good resolution:
Ret > 0.8

for point resolution better than 100um at B=3.5 T over the full drift
length of 2.2 m of the ILC TPC.

So we measured resolution and other parameters related it.
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Exp vs Sim (Fujikura Type 3)

A [ExpiB=00LE =& =
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Readout Pads
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Field shaper

- To arrange the electric filed
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Data quality check - Hit efficie

Hit efficiency (Module3 Row16)

—
o
.

g ' Very prellmma%/g,78 r19976
€ 4F-rl9985. i A S r19974 ..................
z + 19983‘199150 4 + 99
B 119979 r19975
0.98 r19984r?§381 o ..,‘f199774‘;..‘.,‘.. ?19973 4.
0.97 - MAQFQ.S“'C_?!'ASt,!QS _D?QQSS?(YIQ...F?C.’P.QG _____
n - the errors (npw 2000 events)
P O R S S WO, S—
: Error : Sqrt(n(1-n)/N)

100 200 300 400 500 600

o

Drift Length [mm)])

With Gating GEM
Missing track is about 1%
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Hit efficiency estimation A track

Looked at row-16 (module 3) Row 23 [
7 to avoid I
rows away 1o avol Row 16 2

effects by the diffusion.

Basic idea : Row 9 [

Test if Row16 has a hit associated with a track
that has hits both on Row9 and Row?Z23.

To reduce biases, minimum number of hits per track
Is set to be a relatively small value (=10)
In the track reconstruction step.
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Drift velocity

700 ' | Rt
Very preliminary
600 ‘ ' ‘ '
500

400

291.28 | 2904

Z position reading [mm]

300
200

1010.79 1005.31

llilllIiIllIillIliIIllillll]lll

=75cm/us

1111lllllllllllllxllllllllllllllllllllllll

1000 2000 3000 4000 5000 6000 7000 8000
_ ~drift time [ns]
Garfield simulation

W/ gate 76.7 cm/us +/- 0.0013%
W/O gate 7.68cm/us +/- 0.0022%
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Result - Charge sum l%%

Charge_Module3_Row16

n 800

E Fleld Shaper (Wlth out Gatin g GEM) chg {ndf>408&chi2<40000&8chg <7000&&cpa>-8&&cpa<2}htem
= 700" x2/ndf = 217/12 N
0 : yO = 438 +0.21 o S 500
%6003_: i dyidx=-0.00335 = 0.00075 L
S 500k reliminary ok
O E m B B B B ®m [} [ [ | [ [ ] ] | N 30000‘_ 1
4OO:—A » ]
300;_ Gating GEM 20000;_ E Preliminary
200~ x2/ndf = 1.32e+03/12 N
100= yO = 351+0.17 o
- dy/dx = -0.00695 = 0.00057 o
B N E T T T T S I T T M S A S T N B R OOIII£!0(5H1IOO(I)I|1|506)H2|00(|)I 2500 3000 3500 4000
&Y ""700 200 300 400 500 oy
Drift Length [mm]

» There seems to be no electron attachment (P/T correction is not included)

Ratio 79.4(79.2/79.0/79.7/79.6|79.9(79.7|80.6
[ +0.1({£0.1{+0.1/£0.1{+0.1|+£0.1|x£0.1|+0.2
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0.25

1111]1]]]

£
E
B
~
L

(%M Resolutln (Module3 R0W16)

[ #/ndf =8.07/6 |
| 6,= 572 =% 23 [um]

/\/ o= 182 022[ptm/\cm]

020 Prellmlnaw—D ____________ T

Xz/ndf— 12.1/6
o,= 595« 2.2 [um]

lllllllllllll

T R
0 100 200

Hodoscope is one of the tracker.
The detector using scintillators.

300 400

Drift Length: z [mm]

(not using the center of gravity method)
Therefore, we call the single pad effect "hodoscope effect”.
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Expected ratio : 110% @e

C 2
Negy

If Neff become 80%

Ratio=v1/0.8
=/1.25
=1.1

2017.5.22 MPGD2017 yumia@post.kek.jp




