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Outline

| mainly talk about the spacial resolution and the
electron transmission calculated by N effective(function
of number of electrons).

3. Results - Pad response
4. Results - Spacial resolution

5. Results - Electron transmission rate!
(from N effective)

0. Conclusion
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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
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The electron beam passes two trigger counter and through the prototype.

The sensitive volume of the TPC is inside a solenoid. The TPC is mounted on a movable
stage so we can change drift distance(Z) and two angles, 6 and ¢.
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Module with Gating GEM

/,r \ The Module
e P L
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\.  Gating GEM

fershaper when data were
Ken without gate
S
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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 (0
(Drift length) 25.30.35.40.45.50.55 E5, = 230 V/em '
degr 10,2 !
2 [ J ee] m 0,20 Amp-GEM1 (100 pm) I AVigenms= 355V
0 [degree] \
Vgate [V] E, = 900 V/cm
B[T] Amp-GEM2 (100um) ] AVeep=315V
The conditions analyzed: D | E, = 2700 V/em ‘I’-"‘m\
Anode PCB

Beam: 5 GeV electrons
Gas:T2K gas (Ar: CF4: 1so-CsH10=95:3 : 2 [%])
Analysis framework:MarlinTPC (20000 events/1 run)
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Typical event

3D view
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F Module with the gatingﬁ GEM
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The beam goes through our module with the gating GEM in the region
far enough from the module boundaries.
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Event Selection

Track angle cut[rad] # of tracks per event
4.64< @ oloc <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— ' II\E/Intrir(?s 174155339571
40 O;_ o RMS  0.07477 Lﬁ‘] OOO— S 09067
300 S o
5 L prelimi ¢ 600 Preliminary
200:_ E | E relfiminary _g 400:_
100 2> 200-
u T e :........ﬂ....|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

showers created upstream.
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Pad responce (gpr) [
sranﬂmcﬁdevmhon

- — htmp
1__ .............. R — —— — — I Entries 41390

Mean x 0.09979

. —_— I - . |Meany 0.3068
O O . 8__ .............. .................. ................ N A | RMS x L 156

~ |[RMSy  0.275

(_)4 3'2 * 1 O ~ 1 4

Y hit U Y thpadcenter [MM]

_ =-4,-3,..,0,.3,4 y

i

1 row
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GM resolution (Orp)

Or¢g — \/O-rgb(in)argb(out)

hit in question included In

the track fit

htemp

( , oo )

______________________ ________________________ e_x.c;l.u.d.e.d._._from

| Entries 12823
|Mean  -0.0513
|RWs 01137

5 htemp2

. | Entries 12818
- |Mean -0.05741
RMS _ 0.1438

\ the fit

-0694026”0 0.4 0.6

r! track mm] J

Hit point

residual
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Pad responce (opRr)

plot vs distance Z

| pR % = !PR(O)2+

Diffusion constant

~__ 7
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GM resolution (ore)

plot vs distance Z
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Calculate Neff

!

Rate of Neff! Electron transmission rate

Netr (W/ Gate)

' Ret.

N off (W/ O G&t@)
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14__ ....................... ........................... ........................... 2/ndf 24 4/6
f f | (0) = 477.9+ 1.7 [um]

12__ ....................... ........................... ........................... CD — 9974 0.95 pm/\(c—m]

06:_ ....................... ........................... __‘___--'(\ﬁlth‘(‘;‘atl;]gGEM ........

O A= S YT S S N S
N “2/ndf = 33.5/6

O 2__ Pre“mlnary .............................. PR(O) = 481 L 16 [um]

C, = 90.05: 0.25 um/vcm]

106" 200" 350

_ _ Drift Length: z [mm
The difference between Cd of with gate and |

significant. They should be almost same.

s of without gate Is

—We tried to find the reason.
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The Difference of Diffusion Constantﬂ]@e

The difference of Cd is caused by the condition?
(Temperature, Pressure)
—| checked it by Garfield simulation

with gating GEM) without gating GEM
Temperature[K] 291.28 2904
Pressure[hPa] 1010.79 1005.31
Cd[%] 94.0 um/Jcm +/- 0.2 94.2 um/Jcm +/- 0.3

There is little difference.
—The difference is not caused by the condition.
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The difference is caused by the gating GEM?

—| analyzed 2 more data set with Gate.
Pad Response (Module3 Row6)

= 1.4-T"2ndf = 13.3/6 "
E 1 oF |1 ox(0)= 511416 [um] | __
~E P [Co Orx026lumieml] {4 Bt ]
08':_ ............ gR:1PR(O)Z+(Cé)Z__:_
06— AT SRRRNMPPLES it A
0_4:_; ..... — i ..... — ! ........... "2/ndf:58.4/6
O 2-__ ....................... ........................... ! PR(O) = 501616 [Um] .
' E | C,= 88.97 £ 0.27 [um/Ycm

% 100 200 300 400

500

Drift Length: z [mm]
The difference Is significant even the almost same condition.

So we use measured Cd values to calculate transmission.
yumia@post.kek.jp
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The spatial resolution and electron transmission rate
measured Iin the first beam test

of a GEM-based readout module for the ILD-TPC
equipped with a large aperture GEM-like gating foll
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£ g 5 "2Indf = 6.53/6
£, 0 25— SO .............. | ,= 54.6% 2.4 um]
— - Prellmlnary Co/\Ny; = 18.6%0.21 pm/vcm]
. S S
- _5\/ | 24 (C2/Neﬁ)z ; - g
015 A I - (With. Gatlng..GEM.).....5........._.._.i
B § .- ﬁ::::::#:::"
u : : SENPERPCEEEEE b
o J | S— R (W!.t.hqu.t..ﬁa.tl.ng..QEM>
T e a l o @ >
- ; Indf = 3.59/6
005__ ....................... ........................... ............ | = 551+ 2.2 um]
n : C/\f- 17.8+0.21 pm/\Wn]
. sy, — T— r— r—
OO 100 200 300 | 400 500
The ratio of or¢[%] Drift Length: z [mm]
2.5 5 7.5 10 125 15 20 25 30 35 40 45 50 95
Ratio 101.7|101.2{102.9/100.7|105.8{105.8|/102.4|103.3{102.1{104.8|{103.0/104.0(103.8{102.7
1% +0.1 | £0.1 | 0.1 | +0.1 | 0.1 | £0.1 | +0.1 | +0.1 | 0.1 | +0.1 | £0.1 | +0.1 | £0.1 | +0.2
Expected ratio: 110 % Preliminary(Stat. only)
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The spatial resolution and electron transmission rate
measured in the first beam test

of a GEM-based readout module for the ILD-TPC
equipped with a large aperture GEM-like gating foll
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The Electron transmission .ﬁw%

Cd(w/ gate) Cd(w/o gate)
[um/Nem] [um/Nem]
measurement 90.05+£0.25 02.7+0.25
w/ gate w/o gate
CdNeff 186+03 |  17.8+03
[pm(/:‘f/jcm] Nefi(W/ gate) Nesi(w/0 gate) ratio[%]
measurement 23.4+0.6 27.2+0.8 86.4+3.1

We get about 86 % electron transmission rate with gating GEM.
We achieved the target electron transmission rate of > 80%.
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Conclusion

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 Nef measurements iIs ! ]

86.4 + 3.1%.

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

~ Remaining issue ~

The reason of the difference between Cd values measured
with and without the gating GEM.

—[t seems not to be caused by the gate. We should monitor the
beam intensity, for example, in the next beam test in order to

kunderstand It D

2017.7.23 ILC Summer Camp2017 yumia@post.kek.jp



Back up Slides



Run number

. Recommended data : 19985, 19984, 19983,
19982, 19981, 19980, 19979, 19978, 19977/,
19976, 19975, 19974, 19973, 19972

- Another datal : run19868 19867 19866 19865
19869 19864 19870 19863 19802 19801
19871 19860 19872 19873 19874

. Another data2 : 19717 19718 19719 19720 19721
19722 19723 19724 19725 19726 19727 19728
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Data Taking Condition  -Hi#sbé-

11/3 11/6 11/7
19717~19728 19868~19874  19972~19985

A A A

Vertical + Z2Zmm

SJEACWeFecZx B U /-

Cathode V 14841—14845
¢ rotated aboutl.3°

module3DyN (FiAHtE THRWERD) %k
756, module3IcNR NR(E T FHEE
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Cd vs Row
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Charge-weighted hit position
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hTrackPos

Entries 1095056
Mean x 53.62
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hTrackPos

Entries 2783772
Mean x 70.65
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Temperature
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H20
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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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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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G(-)Ié/l Resolutm (Module3 Row16)
e L | [2indf = 8.07/6
Eoog | 1,= 57.2+ 2.3 m]

— - C,/\N o = 182+022 /
= gob Prellmlnaw—D ____________ —_— UL
T E - (Wlth Gating GEM)
0-152_ """"""" +(CD/Neff)Z*‘
01 Sy ® = 4 illiout Gating GEM
] : )| "¥ndf=12.1/6
0,05 [ 1,= 59.5t 2.2 hm]
oo 1 ClNoy = 1726023 kim/rend

0 100 200 300 400 500
Drift Length: z [mm]

Hodoscope is one of the tracker.
The detector using scintillators.!
(not using the center of gravity method)
Therefore, we call the single pad effect "hodoscope effect”.
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Expected ratio : 110% @e

1 T | #
= o+ (Cp?)z
N eff

If Neff become 80%

Ratio=v1/0.8
=/1.25
=1.1
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The goal parameter

Table 111-2.4
Performance and design Parameter
parameters for the

TPC with standard Geometrical parameters i rou ‘
electronics and pad 329 mm 1808 mm £+ 2350 mm
readout. Solid angle coverage up to cosf =~ 0.98 (10 pad rows)
TPC material budget ~ (.05 X including outer fieldcage in r
< 0.25 Xy for readout endcaps in 2

Number of pads/timebuckets 1-2 x 10°/1000 per endcap

Pad pitch/ no.padrows ~ 1x 6 mm? for 220 padrows

Opoint IN TY ~ 60 pum for zero drift, < 100 pm overall
Opoint iN T2 ~ 0.4 — 1.4 mm (for zero — full drift)

2-hit resolution in ¢ ~ 2 mm

2-hit resolution in rz ~ 6 mm

dE/dx resolution ~5 %

Momentum resolution at B=3.5 T §(1/p:) ~ 10~*/GeV/c (TPC only)
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