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 Brief introduction

« Simulation (Relation between charge and drift distance)

« dE/dx reso
e dE/dx reso
« dE/dx reso

ution v.s. fraction [experiment and simulation]
ution using Landau Fit

ution [peam incident angle 6 dependence]



dE/dx resolution 3

® The dE/dx resolution with Asian GEM module with/without
gating foil (GEM) was measured at DESY test beam in a
magnet field.

® The dE/dx resolution of ILD-TPC was estimated using this
beam test data and simulation soft (Garfield++/Heed).
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Prototype TPC

Measurement result
(26 pad rows)

- J

ILD-TPC Estimation of ILD-TPC
(large) dE/dx resolution (small)

(220 pad rows) (163 pad rows)




Gating foil (GEM) 4

ILC-TPC problem: Positive ions feedback

 The ions feedback causes distortion of reconstructed tracks.

- Mounting a to stop the feedback of positive ions.
y Cathode | Charged
Inside of TPC iyl particle
lonization
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Cﬁg[SeE Stop electrons ' - Gate
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B - Gas amplification
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Electric fieldof | Readoutpad |

gating foil X = = e « Switching by changing e = = f
gating foil voltage

Investigate the dE/dx resolution in the case of a potential difference is 3.5 V
of gating foil at which the electron transmission rate is maximum.



We performed the beam test at the facility in DESY.

Prototype TPC with the gating foil exposed to an electron beam in B-field.
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Readout module 6

« We measured at the both of with or without gating foil.

(Voltage- Electric field)
Cathode

A

Drift region Ep = 230 V/cm

Induction region E,= 2700 V/cm

With gating foil o Wlthout gatlng f0|I

Gating foill ! AV=+355V '

Amp GEM1 $AV =355 V
4
~ Transfer region Ey = 887.5 Vicm  /
v
Amp GEM2  $AVqg=315V

Anode Readoui Pad |~

- Field shaper

A field shaping frame was
mounted on the top of the
amplifying GEMs in the

absence of the gating foil.

fe 875 & © <« =1 100 um thick (LCP)

Electrode gap

1.15~1.25 mm

<>

5.26 mm

X 5152 pads

j 28 pad rows



Truncated Mean 7

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.
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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.
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Signal charge (Truncated mean) 9
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Simulation: Charge and Drift Distance

| simulated drift distance dependence of Truncated Mean using Heed.

V Drift distance : short V Drift distance : long
particle

.................>

particle

pad

Some electrons move to next pad rows
*Image =Give effect on Truncated Mean (?)

Drift distance Long = Diffusion Large = Give (small) effect on charge (?)



Reproduce the effect of drift diffusion by Heed E¥:

Generate random number following Gaussian distribution(Gaus(xc,sigt))
=Decide which pad row electrons drop down

V¥ Gaus(xc,sigt) V¥image of detector structure on Garfield++ Heed simulator
.................... >
) next pad row
y \
A : . .
add i P add
normal
> X
..... " 0 XC W 2W == *

xc: original position of electron
sigt=Cd*V(drift distance)

Cd=95um/vcm pad




Simulation (Landau distribution)

o Drift distance 20cm
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Longer the drift distance is, more the mean value of the Landau distribution
seems to increase gradually.



Simulation (Truncated Mean)
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Comparison measurement with simulation
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Expected dE/dx resolution v.s. fraction
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The dE/dx resolution of
ILD-TPC
(large: Pad rows: 220,

small: Pad rows: 163)

was estimated.

: : e W gul‘c..phi = 0[deg], N=220 :
| A S — — & wlo gate, phi = Ofdeg], N=220 [+
o w/ gate, phi=20[deg], N=220 |
2 i ............................. ....................... oo w/ gate, phi — O[dt‘g]. N=163
: ¥ w/o gate, phi = 0[deg], N=163 :

The dE/dx resolution | — — — ¥  w/ gate, phi = 20[deg], N=163
at fraction:70 % is the best. ' ' ' | | - ~
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fraction

J *fraction:70% Large-TPC Small-TPC
w/ gating foil, $=0° 4.67 +/-0.02 % 5.43 = 0.02%
w/o gating foil, b= 0° 4.62 +/-0.02 % 5.36 + 0.02%
w/ gating foil, ¢=20° 4.68 * 0.02 % 5.42 #+ 0.02%




Measurement v.s. Simulation
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0.06 Garfield++/Heed

0.05

0.04 | Simulation result was better

o] A S — —— T—— T—— .| than experimental result,

= | but, the difference between
0_025_ ........................... ............................. ............................. ............... -. ............................. the with/without gate was

5 Erellmlmary | almost same and small.

00:|4I | | 10151 | | 10161 | | IO|7I | | 1018I | | 10191 | | | I
fraction J *fraction:70%

Measurement

dE/dx resolution w/gate 4.02 +/- 0.09 % 4.67 +/- 0.02 %
dE/dx resolution w/o gate 3.96 +/- 0.09 % 4.62 +/- 0.02 %
A dE/dx resolution 0.06 +/-0.13 % 0.05 +/- 0.03 %




Calculation of dE/dx resolution using Landau Fit

< 26 pad rows

1 event Q ala)=(a)aq

2 event Q Q Q Q Q 12:: *drift distance 45 ci Landau F|t
. , . . . : b *with gate
9 event Q. Q' Q- afa - Q MPV Charge
: . . — . pick up
: : : : : : J_I_, MPV PIOt
20000event Q Q Q ™ Q Q " Q 2o e
o Gaussian Fit
a0l *drift distance 45 cm
E *with gate il
“F dE/dx resolution= ————
RS Mean

PRI L o e b b b by
0 200 400 600 800 1000 1200 1400 1600
Charge (MPV)

« Tracks with 220 hit pad rows were simulated by combining the charge
measurements in 9 events (tracks).

« Fitting with the Landau function every 220 hits and plotting the obtained
MPYV gives a Gaussian distribution. The dE/dx resolution is calculated
from the obtained Gaussian distribution.



dE/dx resolution usmg Landau Fit

9

Truncated Mean (fractlon_70%) w/ gate

8 O Truncated Mean (fraction=70%) w/o gate

Landau Fit w/ gate
7

A Landau Fit w/o gate

dE/dx resolution[%]
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The dE/dx resolution using
truncated mean is as well as

............... (or better than) the dE/dx

resolution using landau fit.

] ]
0 100 200 300 400

] ]
500

Drift length[mm]

The average of dE/dx resolution | Truncated(70%)

Landau fitting

w/ gating foil, ¢=0° 4.66 * 0.02%

4.72 = 0.02 %

w/o gating foil, ¢=0° 4.61 = 0.02%

4.68 = 0.03 %

*Exclude of 12.5 mm because shower may cause.



Incident angle 0 of the beam

*A view of LPTPC from above *Example of tracks

Cathode

e

=10 |
)
)
6=0° r\ 0 =20°

Electron beam

— Compare dE/dx 6 = 0° with 6 =20° B = 20°



0 dependence on dE/dx

Signal charge(Truncated Mean [fraction 70%,Nsample 220])
dE/dx (Truncated Mean)
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Angled beam
—the track becomes long
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As the angle 0 increases, dE/dx increases as expected.



0 dependence on dE/dx resolution

Signal charge(Truncated Mean [fraction 70%,Nsample 220])

dE/dx resolution
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As the angle 8 increases, dE/dx resolution becomes better as expected



Summary

The dE/dx resolution of ILD-TPC (both models) was estimated using
beam test data with Truncated Mean.

The dE/dx resolution of the ILD-TPC (large-model) with a gating foil was
estimated to be about 4.7 % for 5 GeV/c electrons on the Fermi plateau.
In the small-model TPC, the dE/dx resolution was estimated to be about
5.4 %.

The dE/dx resolution of with/without the gating foil was simulated.

Simulation result was better than experimental result, but, the difference
between the with/without gate was almost same and small.

The dE/dx resolution was calculated using Landau Fit. The dE/dx
resolution using truncated mean is as well as (or better than) the dE/dx
resolution using landau fit.

As the angle 0 increases, dE/dx resolution becomes better as expected.



Incident angle ¢ of the beam
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Charge distribution w/gate
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