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Outline of my talk 2

O Brief introduction
[0 Beam test analysis

* Electron transmission rate of gating GEM

calculated from signal charge distribution.

 dE/dx resolution of large prototype TPC
with gating GEM

O Summary



Introduction :

e |ILC-TPC problem: lon Back Flow - distortion of electric field
- distortion of reconstructed tracks.
= Mounting a gating GEM foil to stop the feedback of positive ions.

Function of Gating GEM for ILC-TPC:
High transparency for drift electrons at the OPEN state, and
high blocking power for positive ions at the CLOSED state.
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* TPC can identify particle species using energy loss (dE/dx) measured by many pad rows.
- For the ILD-TPC the expected dE/dx resolution is 5 %.

Switching by changing gating GEM voltage _



The past study of gating GEM (result)

We had measured the electron transmission rate of gating GEM by using >>Fe and laser.

Transmission rate as a function of the gating GEM voltage, AV.

Small gating GEM (10 cm x 10 cm)

Module size gatlng GEM
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* The maximum electron transmission rate was found to be ~¥85 % at AV=3.5V.

* The transmission rate for electrons is O (10%) at AV = -15.5V, ensuring sufficient
blocking power for positive ions.

* A sufficient electron transmission rate( > 80%) was obtained with a small gating GEM
under a 1 T magnetic field.




Experimental set up

We measured the electron transmission rate of gating GEM and the dE/dx resolution
using e beam under a 1 T magnetic field.
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The pressure and the temperature in the TPC were monitored during the experiment.




Configuration of the GEM module ;

e \We measured at the both of with or without gating GEM.
With gating GEM Without gating GEM

B N

- Field Shaper

A field shaping frame
was mounted on the top
of the amplifying GEMs
in the absence of the
gating GEM.

v :4‘.

Electron transmission rate is obtained by comparing the signal charges for both conditions.
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How to calculate the transmission rate -

The charge distribution with gating GEM The charge distribution without gating GEM
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The peak value was obtained by fitting with Landau function to the distribution.

Clect t o te) = Signal charge (MPV) with gating GEM % 100 [%
(Electron transmission rate) = Signal charge (MPV) without gating GEM [%]




Drift length dependence of signal charge
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In the calculation of the transmission rate, we used the charges corrected for
the variation of the pressure / temperature during the experiment.

* The charges are smaller with the gating GEM than those without the gating GEM

= The transmission rates were estimated from their ratios.



Drift length dependence of the transmission rate
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The transmission rate was found to be reasonably high (>80%),
and it does not have dependence on the drift length, as expected.



Calculation of dE/dx resolution

The dE/dx resolution was estimated using the charges measured by 26 pad rows (out of 28),
excluding the innermost and the outermost ones near the supporting frame.

Example of charge distribution
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Calculating the dE/dx resolution
including this part is undesirable
because it causes fluctuation

Truncated Mean Method

The pad rows were sorted by their charges and the
average charge over those giving the lowest 70% were
used in order to get rid of the Landau tail.

Ql Qz Qs °° O~17 O*18;Q19 on

Q6

Phigh

low < .
‘ Pick up(70%) Exclude(30%)
T 18
26 x 0.7 =18 | 1 ,
Average Q= EZ Qi
[Tave19987 i=1 ..0
[ o e
o 140~ o Plots
3 I preliminary oo’
5 > RAb
3 ' w/ gating GEM
| | Drift length
- 3 1.25cm
40 ',
20— ’I' 'J’
%00 400 600 800 1000 1290 1400 Charge
- Std Dev
dE/dx resolution = e



Gain correction

The signal charges had been corrected for the pad-row to pad-row gain variation before

sorting for getting the truncated mean.

Pad row dependence of charge dE/dx resolution(fraction 70%)
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» Averaged over the drift length, of the dE/dx resolution without gain correction is 14.49+0.02%
» Averaged over the drift length, of the dE/dx resolution with gain correction is 14.44+0.03%
— The dE/dx resolution is rather insensitive to the pad-row to pad-row gain variation.



dE/dx resolution (with or without Gating GEM) .

With gating GEM
Without gating GEM
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The dE/dx resolution averaged over the drift length is 14.44+0.03% with the gating GEM.
The dE/dx resolution averaged over the drift length is 13.9+0.02% without the gating GEM.
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Number of hit pad rows for a single track
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There are 26 pad rows, but several are missing somehow. = not yet understood

number of hit pad rows/track

It should contain

all 26 hits in one track.

number of hit pad rows/track



dE/dx resolution with 26 hit pad rows

* The dE/dx resolution was calculated using the tracks having 26 hit pad rows.
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* By requiring 26 hit pad rows, the dE/dx resolution improved by about 0.6 % (0.4 %), with
(without) the gating GEM.
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Expected dE/dx resolution of the ILD-TPC

* For the estimation of the dE/dx resolution of the ILD-TPC, tracks with 220 hit pad rows

were simulated by combining the charge measurements in 9 events (tracks).
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Expected dE/dx resolution of the ILD-TPC

With gating GEM (estimation for ILD-TPC)

dE/dx resolution[%]
>
1T 11 | |

Without gating GEM (estimation for ILD-TPC)
With gating GEM (hits = 26)
Without gating GEM (hits = 26)
With gating GEM (hits = 26)

Without gating GEM (hits =26)

1512 -
=8 & 8 w & 5 B & i 8 E o e =
10 - H H
N preliminary
L e L e .
B | | | I I | I | | I | I | i | | | | | | | | | | | |
% 100 200 300 400 500
Drift lengthjmm]

16

The average of dE/dx resolution expected from the ILD-TPCis 4.70 + 0.02% (4.61+0.02%)
with (without) the gating GEM.



Summary

> The electron transmission rate was estimated from the signal charge distributions

obtained with and without the gating GEM.

> The dE/dx resolution was calculated using 26 charge samples given by the pad rows.

The transmission rate was found to be reasonably high (>80%),
and it does not have dependence on the drift length , as expected.
The values obtained in this study are consistent with that estimated

from Neff, and with the result obtained with a small gating GEM.

The dE/dx resolution of the ILD-TPC with a gating GEM was estimated to be 4.70+0.02%

for 5 GeV/c electrons on the Fermi plateau.

Future plan

Measurement of the positive ion blocking power as a function of the reversed AV

applied to the gating GEM.
Comparison of the measured dE/dx resolution with simulation.




Thank you for your attention !



dE/dx resolution[%]
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Conﬁgumtion of the GEM module

- Field Shaper

Electron transmission rate
is obtained by comparing
the signal charges for both conditions

(Voltage, Electric field) I )1100 um thick (LCP)
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Experimental Setup using an 3 Fe Source
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Experimental Setup using an 3 Fe Source

Xray (E=5.9 keV)

Cathode Mesh
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Measurement using 5 Fe

We measured the signals with the normal and reversed drift fields for each AV.
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Reversed Drift Field
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Measurement using 5 Fe
Examples of the pulse height distribution ( AV,ecem= +2.5V)
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Electron transmission rate vs. AV measured with O0Fe
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The maximum transmission rate is about 86% at around AV =+3.5 V.

The transmission rate decreases slowly above +3.5 V.

It decreases rapidly with increasing negative AV.

The measurement is difficult below AV = -4.5 V because of small signals.



Experimental Setup using a Laser

We measured the electron transmission rate at negative AV using a laser.

Ey, =230 V/cm

Nd:YAG (A = 266 nm) Gating-GEM I AV=1~415V
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Measurement using a Laser
Examples of the pulse height distribution
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Measurement using a Laser ( for Negatively High AV) 2

Example: VGating-GEM - ‘14.5 V
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Electron transmission rate vs. AV Measure with the Laser and 55 Fe
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Electron transmission rate vs. AV (Log Scale) %
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e The transmission rate is measuredto be aslowas3.3x10% at AV=-155 V.




Discussion

DIScussion

-DI: we ass:ert'e 2000 for the gas gain and define F as the ion back-flow rate of the amplifying
GEMs, the number of positive ions entering the drift volume is expected to be about 0.66-F per
drift electron with a gating GEM at AV=-15.5V.

* |t should be noted that the positive ions are thermal, i.e. the diffusion is small.

» Therefore it is (much) easier to block positive ions than electrons.

* |In addition, their motion is hardly affected by the presence of a magnetic field.

» Consequently, the blocking power measured for electrons without magnetic field gives the
lower limit for positive ions with a sufficient margin.

* For example, if we assume (tentatively) 10% for F (with respect to the effective gain) the total
ion back flow is expected to be (much) less than 0.07 per drift electron at AV = -15.5V.

» See also the result of a simulation for the ion back-flow suppression (in reference).

P. Gros et al., JINST 8 (2013) C11023
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Introduction

 |LC-TPC problem: lon Back Flow = distortion of electric field
— distortion of reconstructed tracks.
= Mounting the gating GEM to stop the feedback of positive ions.

e TPC can identify particles using energy loss dE/dx.
- Expected dE/dx resolution is 5 % for clear identification for ILD-TPC.

Gating GEM
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" Readout Module

ILD-TPC




TPC with the gating GEM

B Function of Gating GEM for ILCTPC:
High transparency for drift electrons at the OPEN state, and
high blocking power for positive ions at the CLOSED state.

Charged | Cathode
particle @ —

lonization electrons

Stop
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ions
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Electric field of
gating GEM

Readout pad

--------- switching - - - - - - - — —

We measured using e beam with B field of 1.0 T :
* the electron transmission rate of gating GEM

in order to confirm high electron transmission rate (>80%) at the open state.
* the dE/dx resolution of large prototype TPC with gating GEM

in order to estimate dE/dx resolution of ILC-TPC.




