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HA-TPC PROTOTYPE TESTS




INTRODUCTION

» Different HA-TPC prototypes were tested:

1.

MM1 DLC1

MM: 75 um glue, 197 kOhm < R < 265 kOhm
Electronics: old FEE

tested with beam and cosmic in DESY

. MM1 DLC2 (clone of 1)

Electronics: FEE V1
tested with cosmic in Saclay

. ERAM #2

MM: 200 um glue, 165 kOhm <R <220 kOhm
Electronics: FEE V1
tested with cosmic in Saclay

ERAM #3

MM: 200 um glue, 150 kOhm <R < 203 kOhm
Electronics: FEM V2
tested with cosmic in Saclay

resistive anode MicroMegas

I Mesh @ GND

Amplification gap: ~128pr DLC @ ~ 360V T E

insulator ~50-200¢M
glue ~75um

i i
FR4 PCB
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Charge sharing

TIME MEASUREMENTS

» The maximum of the waveform is used
to measure charge and time.

Track

Amplitude

Waveform example:
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» Anomaly in the time distributions were found
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» Peak atz; — £, = O is clearly unphysical
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TIME MEASUREMENTS

» Compare suspicious #; — t; distribution to DESY beam data

» Only second peak in #; — #; corresponds to proper WF treatment

360V
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—>3rd pad WF is treated wrongly
—> wrong charge measurement

—> wrong position
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Track

Cluster:

t,-t, [time bins]

Is DESY and ERAM spatial resolution better because of the better treatment of the WF?
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FRACTION OF "BAD” PADS

» Fraction of 3rd pads with; — 7, <2

360V 380V
DESY 0.8% 0.4%
beam
A
cosmic
VI 35.1% | 34.5%
Saclay
ERAM2 | 8.2% 7.4%
ERAM3 | 4.0% 5.2%

380V
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t,-t, [time bins]
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SPATIAL RESOLUTION Socay and DESY

have different angular

and momentum acceptance
- e

» Correlation between bulk at #; — 1, |

and the spatial resolution was found

» Clear sequence:
DESY beam —> DESY cosmic —> ERAM3 —> ERAM2 —> MM1

IIIII.III|III|III|III|III|III.
10-1 :IZI;ZIZZZ:IZZ:ZIZZIZIZZIZIZ%IZZZ:IZZZ:IZZ:ZIZZIZIZ%ZZ:IZZZ:IZZZZIZZIZIZ:IZ;IZ:IZZZ:IZZ:::: —— DESY beam | E SR
E DESY beam 180 um
| DESY cosmic 420 um
ERAM3 427 um
ERAMZ2 502 um
MM1 714 um

40 20 0 20 40 60 80 100
t,-t, [time bins]
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EVENT DISPLAY EXAMPLE

» ERAM2 380 V sample

» Vertical track

Track position?
based on charge fractions

» Leading pad (central column) . .
measured at? ~ 170 - s s
» 2nd pad (left column) - s .
cares ~1/3 of charge § o
with small time delay : - :
?00I : I1I2()I g I1‘!|»0I ’ I1I60 : I1;0I . I20()I g I22|0. ' IZ‘!I»OI ' I260 ?00I I .12I0I ’ ‘1;0‘ ; I1(I50. g I180I ' I2(‘}0I i I22I0. g -2‘10- ] I2(50 'ﬁ)O. : I12‘0I : I14;'0I I I1(‘:'»(?!I ’ I1I80I ' I2(I)0‘ g I22‘0I ’ I2‘1{)I I I260
» 3rd pad (right column)
top and bottom row are fine 3 wof
central row: t; = - i
spiky waveform - -
:_ ?0:0. I .1I20I : I1!40. ’ I1é0I ’ .1é0 ' .2(I)0. ’ .22|0. ’ I21I10‘ ’ .260 ?O:O. I .12I0I ’ ‘1%. ’ I16ID. ’ 1;0‘ ’ .2(!)0. ’ .22I0. ’ IZAOI ’ .260 ‘ﬁ')-o' ’ .12IO. ’ .1)1-0. I .1é0 ’ I1I80. ’ I2(I)0‘ ’ .22IO. ’ .2110. I .260
__[ 11 1 1 I 1 1 1 | 11 1 1 | 1 1 11 I 11 1 1 | 1 11 1 | 11 1 1 I 1 50;_ :_ 10;_
o 5 10 15 20 25 30 35 Enanilannllann b sl avallan nflanallann -...I...I...I... MEPET B R PR P B PRI L I A P | PR
?00 120 140 160 180 200 220 240 260 900 120 140 160 180 200 220 240 260 'ﬁ)o 120 140 160 180 200 220 240 260
Text 7




ERAM2 360V

» No pattern recognition/selection is used for the Event Display

4
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ERAM2 360V
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EVENT DISPLAY EXAMPLE

» ERAM2 380 V sample. Same event

Track position?

based on charge fractions

3rd pad (right column)

In second row demonstrates
expected delay.

But in other rows signal appears
immediately (!!) after the leading pad
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ERAM2 380V

3rd pad -
asE p 700F- 70F
2 ook
o5F 500 50F-
20F- 400F- 40
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ERAM2 380V
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CHARGE COLLECTION

» Atension between charge measurements was observed

» DESY beam (4 GeV electrons) provide 50% more charge comparing to DESY cosmic
» But Saclay MM1 and ERAM provide ~twice less charge then DESY cosmic

» All samples were taken at 360V at DLC and 200 ns peaking
dE/dx resolution

x107

25_lllIIIIIIIIIIIIIIIIIIIII W’F/OIIIIIIIIIIIIIIIIIIIIIIIIl
—e— DESY beam 0.10 —e— DESY beam
—e— MM1 16.9% —e— MM1
20 —e— ERAM2 0.08 —e— ERAM2
—e— ERAM3 . o —e— ERAM3
15 —e— DESY cosmic 0.06 17.6% —e— DESY cosmic
' 17.8%

10 0.04

0.02
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0 P, T DTN e s T 0
1000 2000 3000 4000 200 400 600 800 1000 1200 1400 1600 1800
Untruncated charge [a.u.] Truncated charge [a.u.]
Ve o DEstbem — - S
0.6 — e MM = 1'
osE CERAM2 | Saclay and DESY
e —e— ERAM3 -
04F —<-DESY cosmic cosmic samples
3 E have different angular
Zj_ E 'and momentum acceptance |
1= E | e ——
0t e
0

6 8 10
Multiplicity



GAS QUALITY

» The dEdx vs time in the leading pad is used to estimate gas quality

» The "slope” —> attenuation in gas

» The length in time —> drift velocity

MM1 ERAM?2 ERAM3
- - = 5 —16000 800 ~
— I | 1600 700 - T — 15000 — 1
) 700 = = - - —14000 700 =
= - 211400 - - — 13000 - =
© - ] 600 — — | 112000 = =
S 0 = 1200 F 4 1000 000F el
- = - 31 —110000 - -
500 21111000 500 =4 49000 00— —
- B 1f— 8000 = -
400 I 4f= 800 400 II —l= 7000 400 =
- . 1B 6000 = 3
300 E- 157600 300K L s000 300 -
- R 200f 1o 200 -
200 — 200 = I = 2000 - =
- - | —| I8 1000 - | =
Coooc e b 0 100+ « v T v v v b ey 0 S 1 " o '1 L '2 !
120 140 160 180 200 120 140 160 180 200 120 140 60 80 00,

Time in the leading pad

» No anomalies were found
» MM1 tends to have more severe attenuation and smaller drift velocity

» But not dramatical
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SPATIAL RESOLUTION

» Angular selection: |1g¢| < 0.3, |1gf| < 0.3 was used

» Iteration 0 —> Centre of Charge method

|

' Saclay and DESY
cosmic samples
have different angular

?|

'and momentum acceptance
E ) _ e — -

360 V 380V

1T 1T 1 ‘ 1T 1T 1 I 1T 1T 1 I 17T 1T 1 ' T T T 1
e MMI E
: : . e ERAM2 H
—e— ERAM3 =
—e— DESY beam ... —
—e— DESY cosmic -

llllllllllllllll]lllllll

—e-MMI —
—eo— ERAM3 ..

—e— DESY beam

Resolution [um]
Resolution [pum]

oof N

wof vt ;F .................. >

o[ e

O -‘_- 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ; 0 T 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 ;
0 1 2 3 4 5 0 1 2 3 4 5
Iteration Iteration
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SPATIL RESOLUTION

» Removing “suspicious” pads from the spatial resolution analysis doesn’t improve
result

» 1,—1, >0

» 1, —1;>S5fori>?2

MM1 360V

» "Avoiding” pads is not solving 1200
the problem

o
3
|

» The essential information
is contained in “suspicious” WF

ool
and probably “masked” T I .

600 _ ...................... ...................... ...................... ...................... ................

Resolution [um

B0 [

| —@— no pad cuts

200! I T

- —@—— only "robust" pads are used

O-HII””""""""i"llilllli1|||il|||‘i'
0 05 1 15 2 25 3 35 4
Iteration
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CONCLUSION

» The wrong time measurement for the 3rd pad was observed

» The most accurate one is in DESY beam data, the worst in MM1 cosmic
» Wrong time measurement indicates also wrong charge measurement

» Wrong charge measurement bias the position measurement

» Coincidence in time between leading pad and 3rd pad may be the indication of
the cross—talk in the electronics

» The array of the capacitors may be read in the wrong way

» The dependence of the spatial resolution over detectors can be caused
by the wrong treatment of the WF

» The accuracy of the charge measurement is not affected
by the observed phenomena

» The tension between the charge measurements in DESY and in Saclay
is not understood
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"NORMAL" WF

. d | [ L] F 800- F
Time delay is in agreement :
. h . : 700__ E
with expectations . .
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C 500 r
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B E 20
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¥ 200 10
50(— E g
C 100 5
R SR T I I I B RO 1 TR T PR S I L I [ B IR
foo" 120 740 Te0 180 200 220 240 260 %00 720 140 760 180 200 220 240 260 %00 720 140 160 180 200 220 240 260
30—
- —300C
25— ¥ i 40f
250 1000~ E
- —1250( B L E
- | r 35
20_ 200_— 800_— 30:_
- 200( L E
B - r 25F
= 150(— 600~ F
15— : I 20f-
— 150C C - E
— 100 400[— 15
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B 500 foo 120 140 160 180 200 220 240 260 %00 120 140 160 180 200 220 240 260 P00 120 140 160 180 200 220 240 260
0_[ 1 1 1 1 | 1 1 11 l 11 1 1 1 1 L1 I L1 1 1 I 1 L1 1 | 1 1 1 1 | 1 0
0 5 10 15 20 25 30 35 . -
500 S
C 40
400~ 3s5f
L 30
300~ F
- 25—
L 20F
200}~ F
C 15F
1001— 10:—
L J 5:_
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What is the origin of the 1st peak in 3rd pad?
3rd pads below and above didn't see it

if it's a charge sharing pad above/below
should see
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| | |
120 140 160 80 200 220 240 260

sof-
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I P AN L
120 140 160 180 200 220 240 260

45

251
20F
15

10F

40k
351

30F

| 1 | | B BT EFRErE AT

Ci1 11 1 111 | .
120 140 160 180

L
200 220 240 260

900f-
800F-
700
600F-
s00E-
400
300F-
200F-

100F

sl Lo Byl g Loy baaa 1y
120 140 160 180 200 220 240 260

900;
800F-
700
600
500
400
300F-
200F-

100

Pl IR AT PI
120 140 160

ol Lo by Ly
180 200 220 240 260

1200~

1000

600

400

[P |

P EFETETE A
120 140 160

I ATE A AR ET AT
180 200 220 240 260

180

160}
140F
120f

100f

80

|||||||||||||

250

200,

150

100

50

| -
220 240

300

250

200

150

100

50

foo 120

Tl IR LT
140 160

P
180

L T ETREE
200 220 240

1
260

:“.I...I...IJ..

?00 120 140 160

i
180

P EFETEE A
200 220 240

Text

19

260



PAD TIME STAMP

» I, —1; vs I, — t; demonstrates interesting pattern
MM1 DESY beam

2400

iT)N 803_ . . : 500 vlT)N 80; ................. ;::h ................. ; _2200
RPN I B =R o 1 450 Y 6oL 1 12000
- L L 4 1400 . 41 {1800
40 — .5 J-"I. :...-;:5.- T — — o, -
= | ) 41350 40 - Py 1 — 1600
20 - - e £ z] 20F 11 1400
0 ;_ ............... H ;-«r n.,f ek ki Ty ; 250 0 — _: 1200
220 : ..... # i a.r;?_r'- . 200 = = 1000
/T, (N N . - 150 20 1[5 800
60 v, 4B 100 CA0 i e S - & 600
- : - 7 B 400
- " = 50 - .
-80 ;I 1 1 1 il [ [ | ------ 1 1 1 || ----- I“ 1 1 | MI ----- I | L1 I: O -60 : - “'-'I.r.:.:é.:-?_ llllllllllll : 200
T 1 | L1 LT [ [ 0

60 -40 20 0 20 40 60 80 100
ty-t, -50 0 50 100

» Bulk at#; — 7, = 0is very clean in MM 1 data

» “Diagonal” pattern come from wrong time measurements
—> originated by same reason?
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WF WIDTH

» Other interesting metric is WF width and FWHM

WF FWHM [bins]
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- 5 - 400 10 &
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10— 2= I 5 10 10
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WAVEFORM WIDTH
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CHARGE IN THIRD PAD

» Charge in the pads with 1; — 7, < 5 seems not to be affected by DLC voltage

» While most of them has small charge close to threshold
the tail towards higher charge exists
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TIME DIFFERENCE

» Hypothesis: time confusion may come from the inclined tracks

» 1 — 1, versus the angle w.r.t. MM plane was studied (0)

» No dependence was observed
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TIME DIFFERENCE VS CHARGE FRACTION
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TIME DIFFERENCE VS CHARGE 360V

— 260
— 240
220
200
180
160
140
120
100
80
60
40
20

3600
3400
3200
3000
2800
2600
2400
2200

1800
1600
1400
1200
1000
800
600
400
200

DESY beam
H-—t
|
*_Sn
“lv—l 100 ;[ :EI.I 1 1 I 1 1 1 1 I 1 | 1 | ] 1 1 | l 1 T T
< 804
60 E—- ...................
40 :_ I : g et 2000
20 E—
of-
-20 E-
0

MM1

N
-

..... L

=

o & T ‘
gt i

W

B

0

100

200

— 130
120
110
100

Text



TIME DIFFERENCE VS CHARGE 380V
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3RD PAD QUALITY VS LEADING PAD CHARGE

» "Good"” and “bad” pads vs. The charge in the leading pad
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t, - t, [bins]

TIME DIFFERENCE VS WF FWHM
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TIME DIFFERENCE VS WF WIDTH 360 V
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TIME DIFFERENCE VS WF WIDTH 380V
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DT VS TOTAL CHARGE
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DESY COSMIC 360 V

» WF width
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GEOMETRY POSITION
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SPATIAL RESOLUTION. PAD RESPONSE FUNCTION

» Avalanche position can be reconstructed with “centre of charge' method

2 (xpad' Qpad>
Xtrack = Y 0o
» We expect a better precision from Track
“Pad Response Function (PRF)"":
Qpad/ Qcluster = PRF <xtrack - xpad)

Cluster:

» With known PRF the track position in a cluster
is reconstructed with:

Qpad/chuster — PRF (xtrack o xpad)

2 — 421 ndt 4.498 /91
- Const 0.8319 =0.007683
6 2 -0.758 +0.4036
2 08142 £0.2115
b2 1.415 =0.5259
b4 27.06 =6528
m
:

pads 510 3
2 wf
?.) 0.85—
e . . S
» The PRF is fit with analytical function: Y osb
Q' osk
5 4 0:3%—
Il +a,x”+ ayx 02 £
PRF (x,T,A,a,b) = —=—— i
1+b2x2+b4.x4 01 E o
0.0 LT

-1.5 -1.0 0.5 0.0 0.5 1.0 L5

Xtrack — Xpad
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MM1 VS ERAM2

» From Samira’s slides:

» MM1 at 380V provides more charge and higher multiplicity than ERAM2 at 360V

» MM1 at 380 has worse spatial resolution then ERAM2 at 360V
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https://www.t2k.org/ndup/ha-tpc/ha-tpc-beam-test-analysis-meeting/15-10-20/Cosmics-15-10-20.pdf

MM1 VS ERAM2

» PRF is not dramatically better for ERAM2
lter O MM1 380V
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» Both scattered plot and analytical function don’t look different
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