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PICOSEC The PICOSEC Micromegas Technologie

Micromegas

Tonizing

« Limitations of the Micromegas Timing Potential
>+ Stochastic nature of ionization

/ « Randomness of last ionization

» Time jitter of a few ns

Conversion

Amplification regioy

7373

"
% « The PICOSEC Concept
« Timing with tens of picosecond precision

Anodereadout signal(s)

* Modifications in MM Geometry
Y. Giomataris, P. Rebourgeard, J.P. Robert and G. Charpak, .
‘Microme_gas: A high-‘grar?ularity position sensitive gaseoﬁs detector for g Smal Ier Drlft G ap (u p tO 200“ m)
high particle-flux environments”, Nuc. Instrum. Meth. A 376 (1996) 29 . . . . . . .
» Elimination of the stochastic nature of ionization
* Higher applied Drift Voltage — Pre-avalanche

Particle

Cherenkov « Additional Components in MM geometry
Radiator .

e  Cherenkov radiator +
Photocathode 8-30 nm .
Drift 100:300 e i Ve  Photocathode (Csl, B4C, Diamond, DLC)
Amplification so-150pm T ) E.-F.ie.ld"- round (Bulk Micromegas) Prompt photoelectrons

HV2 Anode

4)| Preamplifier + DAQ‘

J.Bortfeldt, et al., “PICOSEC: Charged patrticle timing at sub-25
picosecond precision with a Micromegas based detector’,
Jtgps.dor.ore/ 10 1016 nima. 20/8.04.035
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https://doi.org/10.1016/j.nima.2018.04.033

- I afer
Prcosec April 2023 TestBeam Telescope varaité

* Particle Beams @ CERN SPS H4 Beamline
 Muons 80-150GeV
« Scalability ( robustness and efficiency)
» Photocathode studies ( robustness and efficiency)
» (Gas Mixture studies *
« Radiation Hardness studies **

GEM1 GEM2 GEM3

MM MM2 MM3 MM4
MCP 1 MCP 2
— I . . . . .

All values incm 0 39.4 72 95 100 106 136:
* The Setup « Crystals & Photocathodes :
« Use GEMs for tracking  MgF2 crystal +
 Use MCP PMTs as timing reference devices « Metallic (Cr, Al)
and for triggering « Metallic substrate(Cr) + Csl
« Electronics: CIVIDEC preamp. / * Metallic substrate(Cr) +B4C

Customade electronics + LeCroy scopes
- Gas:80% Ne — 10% CF,-10%C_H,

*** See “PICOSEC Micromegas” presentation on Wednesday by Florian Brunbauer

R https://indico.cern.ch/event/1273825/contributions/5409283/
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» Multi-Pad Prototypes
 Hexagonal pads g 1cm
 MgF2 crystal
» Csl photocathode

 Measurements of interest focus on Timing properties & Robust Prototypes
« Different resistivity values (10 MQ, 200kQ)
» Different resistivity layer architectures (resistive & capacitive sharing)
» \oltage scans — Stable operation voltage at a high rate
« Timing runs on individual pads

. . . .. 450
* Long scan for uniformity map on amplitude and timing ok 11 p.€. 2/ ndt = 73.26 / 45
. . = i =2.7451 + 0.0004 ns
« Signal Sharing 350 6,209+ 03ps
« Tilted detector relative to beam direction in 45 and 35 degrees & 300F { =389+ 11ps
. . . . @ = oo =240+03ps
- Effectively spatial resolution studies 5 290 g e .
ysp B 200F Timing Regolution > RMS of
§ 150 Signal Arrival Time Distribution
100}
50, P
D_ -":;.J|' o b ‘.“1'-:-\:_
2.6 2.865 2.7 2.75 2.8 2.85 2.9

Signal Arrival Time (ns)

J.Borteldt, et al. PICOSEC: Charged particle timing at sub-25
picosecond precision with a Micromegas based detector”, Nuc. Instrum.
Meth. A (2021)https://doi.org/10.1016/j.nima.2018.04.033
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7-pad 10MQ - Csl photocathode - 10ch Preamp card
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* Uniformity of response
« Timing Runs with MCP-PMT (trigger) centered on each pad center
» \oltage scan on the central pad to determine the operational voltage

Operation Voltage Timing Resolution

500/290 ~31ps
510/290 ~27ps
530/275 ~25ps
550/275 ~21ps
Free Runmné Hitmap 2/ NDF = 512/ 55 B RAW it

Gauss combined
Gauss 1
Gauss 2

J | 4 =3.952 ns + 100.221 ps

| o, =20.2 ps + 60.059 ps
100 Fo,=171.0 ps + 90.272 ps

Ot = 28.5ps

‘ 80 | RMSmt =219ps

15737.0

-----

events

| Timing Resolution -
20ps on the central
“'pad @ C550/A275V

20

60

3.8 3.85 3.9 3.95 4
o 5 p 5 " . Time difference, ns

X position (mm) 7
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PICOSEC
Micromegas

* Observation plots
« Smooth operation of the detector

7-pad 10MQ - Csl photocathode — 10ch ampl card

» Detector Alignment with MCP — PMT

BEAM 2023 Apr RUN 243 Pool4 DUT:C4 REF:C1 :
DUT MM map (d)avg =2.0mm)

34r 0.1
| 0.09
0.08
BASELINE Run245-TESTBEAM-C4- 30}
0.07
= B E 281 >
E — £ 006 o
= 15— 40 E
- ) - 5 0.05) S
> <
- _ - 24| 0.04
10 — - -
- - _ _ _ 20l 0.03
~ _ 0.02
L o - 20 +
~ 0.01
51— _ . .
C - 20 25 30 35
- x-axis. mm
— BEAM 2023 Apr RUN 243 Pool4 DUT:C4 REF:C1
0 e-peak amplitude ;= 0.0982 VU __ =0.0906 V
[ 100 T T T T T T
- [ McP
B 90 v |
[ MM fit
-5 — 80 1
C 7l
— I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 60 -
23:30:00 23:40:00 23:50:00 00:00:00 00:10:00 00:20:00 00:30:00 £
04/05/23 04/05/23 04/05/23 05/05/23 05/05/23 05/05/23 05/05/23 s 50
40
30
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Signal amplitude, V

Signal Amplitude Detector vs. Reference
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» Efficiency map

BEAM 2023 Apr RUN 243 Pool4 DUT:C4 REF:C1 : DUT Efficiency
All Events: ActiveArea: 97.7% | CenterSampling: 99.9%
Included TimeRes: ActiveArea: 97.6% | CenterSampling: 99.7% )

34 r 1
0.9
32r 08
30 ¢
E 28+
E
JL
?.é 26
>
24 -
0.3
22 0.2
20 - 0.1
L 0
20
X-axis, mm
BEAM 2023 Apr RUN 243 Pool4 DUT:C4 REF:C1 :
4040 SAT Comparison
% @ Cutting angle 0°
@ Cutting angle 45°
4030 - % § g g Cutting angle 90° |
% [} % ] @© Cutting angle 135°
4020 E) g % . g & o} guﬂ?ng angle180: |
utting angle 225’
) o] é 0] g a @ Cutting angle 270°
g 4010 § é S 3 g $ g d §@A Eumng;nile%ﬂ) ]
- b5to58" 8253853
9 4000 F ] 0] 1
"o ¢
§ ¢ ® O 5 =+
3990 % § =8 E :
3980 T
soro | | | | | 8
-4 2 0 2 4 6

Distance from pad centre, mm

Efficiency DUT
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7-pad 10MQ Csl photocathode, signal sharing

« Being centered on the central pad with MPC-PMT
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° d ” p d g | 1 h 1 b Picolarge Resistive 10M Sharing - Apr 2023 - Run 245
Recor a a SI n a S I n t e m eantl m e to O Se rve 1400 Sum of pad signal amplitudes mean=0.24V std=0.09V Picolarge Resistive 10M Sharing - Apr 2023 - Run 245
. I d . I I I I I 12000 Pad Multiplicity mean=3.3 std=1.0
signal spreading 200 Mean active pads = 3
10000 E
1000 -
200 Pad 1 200 P‘ado 200 P?ds 8000 |
[ / s 8007
150 150 I 150 / b 2
/ / ° g 6000
100 100 ,,r’ 100 / L gool o
/ /
50 50 / 50 /
o 4000 |
0 — 0 J 0 4 400 -
-1 o 2 -1 o 1 2 - o 1
Picolarge Resistive 10M Sharing - Apr 2023 - Run 245 - Event 16%0303 2000
T T T T T 200 |
50 [-e Hit position tracker 1
e Reconstructed - centroid active pads 180 0 | I o 1 ) 3 4 5 & -
45 1 0 0.2 04 0.6 0.8 1 12 Multiplcity (pads hit)
160 Sum of pad signal amplitudes (mV)
40
140
351 200 Pad 5
E -‘ 120 / Picolarge Resistive 10M Sharing - Apr 2023 - Run 245 Picolarge Resistive 10M Sharing - Apr 2023 - Run 245
£ 30 150 / Y Residuals mean=0.37mm std=1.50mm 3000 X Resrduals mean=-p.04mm std=1‘.55mm
s 100 / 900 : : :
S 100 /
&% off / ox = 1.5mm
Ny 80 A 2500 - = . 1
20 | 0 o 1
60
15 2000
40
10 @ £
s © 1500 |
20 > E
51 it}
- - y y o 1000
20 30 40 50
X position (mm
P (mm) 200 Pad 4
500
150
100
0
50 | 10 5 0 5 10 -10 ® ) 0 ° °
0 = Residuals in Y (mm) Residuals in X (mm)
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/pad-capacitive sharinc
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Hexagon size : 10mm 3rd layer of capacitive sharing 2rd layer of capacitive sharing 1st layer of capacitive sharing
Cerenkov cone 3mm radius Hexagon size: 5mm Hexagon size: 2.5mm Hexagon size: 1.25mm

r: 2794 mm

F- 27 8: 90.0 deg

. 27.00 mn
27.00 mm 26.00 mm
26.00 mm 25,00 mm
25.00 mm 24,00

24.00 mm

23.00 mn 2.0
22.00 mm
21.00 mm
20.00 mm
19.00 mm
18.00 mm
17.00 mm
16.00 mm
15.00 mm
14.00 mm
13.00 mm

12.00 mm
11.00 mm

10.00 mm
9.00 mm
8.00 mm
7.00 mm
6.00 mm
5.00 mm
4.00 mm
3.00 mm
2.00 mm
1.00 mm
0.00 mm ¢

12
alexandra.kallitsopoulou@cea.fr RD51 Collaboration Meeting - 19-21 June 2023



PICOSEC

; ni rsi
Micromegas EARIg%AthA$

* Delector Alignment wi MCP—PMT - Efficiency map
. r 73 Poo H :C1:
« Observation plots DUT MM map (4, = 2.0 mm)

BEAM 2023 Apr RUN 373 Pool4 DUT:C4 REF:C1 : DUT Efficiency

H 36 All Events: ActiveArea: 69.1% | CenterSampling: 75.5%
® Smooth Operatlon Of the deteCtor 0.04 I?’rlscluded TimeRes: ActiveArea: 68.1% | CenterSampling: 74.7% 1
: r = —— 1
34 - =
0.9
ol 0.035 s
BASELINE Run392-TESTBEAM-C4-@ c30) 0.03 o N
> £ 0.6 =)
E 7 a
% - & 28 - 0.025 g Z o5 &
= 15 - - - i E i 04 %
- L 0:02
L . ) ] 26 0s
— - - o4 b 0.015 0.2
10— ~ - _ 0.1
L 22 - 0.01 .
B - . R B i 20 = / 0.005 x-axis, mm
5 - - 5
N - - Vet low.amplitudes
= T =0T - = . X k1 Poold DUT:C4 REF:CH 2Gauss BEAM 2023 Apr RUN 374 Pool4 DUT:C4 REF:C1 (¢ = 4.0 mm)
— - } __- . _' : __-_ . = _: pr 7 00 . . T T T T T T T T : T
— - ;;-"“' ===-"—-: a ;: w Z pTzoaz i: e-peak amplitude ;. = 0.0250 VU __ =0.0226 V X2 /NDF =61.5/70 T RAW hist
- Ml |I|||l|||||I|||l|I i II i |||| il |||||||1I||I|||t ) P ' '
B | | - McP 100} /i = 3983 s + 0843 ps s 1
| _ MM o, = 32.1 ps £+ 1.093 ps
51— | | | | 100 + | MM fit | 02=116.6p5128.712p5
1I9~30'0tll - 19:35:00 19:40:00 19:45:00 — 1I9'50-0tll - 1I9~55-0{IJ — 2£}~Dn'otll : 7= 7Ps imi | - -
09/05/23 09/05/23 09/05/23 09/05/23 09/05/23 08/05/23 09/05/23 80 @ RMSy, = 38.7 ps Tlmmg Resalution
[=
g 60 33ps on the central
2]
g ad @ C550/A275V
S 40 1
40
20
20 0
. . 375 38 385 39 395 4 405 41 415
Signal Amplitude Detector vs. Reference Time difference, ns 13
0 .
alexandra.kallitsopoulou@cea.fr 0 0.1 0.2 03 04 05 06

Signal amplitude, V
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« Being centered on the central pad with MPC-PMT
Record all pad signals in the meantime to observe
signal spreading

i

7-pad 10MQ Csl photocathode - capacitive sharing

<10° Pad1
a—
i
2l
1
0

204 205

o
=]

'S
o

IS
=)

w
o

<10° Pad2

w
=)

Y position (mm)

<10 Pad 3
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N
3

Pad
0.03; )

0.02}
0.02| 0.015}

0.01}
0.01|

0.005}
ol |
215 216 217
Picolarge event 10983
0.1

0.05

20 30
X position {(mm)

40

50

Pad 6

218 219

216 217 218

<107 Pad 4

Events

Events

Picolarge Capacitive Sharing - Apr 2023 - Run 374
Sum of pad signal amplitudes mean=0.10V std=0.06V

0 01 02 03 0.4 05 06
Sum of pad signal amplitudes (mV)

Picolarge Capacitive Sharing - Apr 2023 - Run 374
Y Residuals mean=0.26mm std=2.29mm

oy = 2.29mm|

1000

900 -

Residuals in Y (mm)
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Picolarge Capacitive Sharing - Apr 2023 - Run 374
Pad Multiplicity mean=4.4 std=1.7

Mean acti've pads =5

1 2 3 4 5 6 7
Multiplicity (pads hit)

Picolarge Capacitive Sharing - Apr 2023 - Run 374
X Residuals mean=0.07mm std=2.47mm

1200 |

1000 |

800

600 -

400

200 -

oX =2.47mm

Residuals in X (mm)
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/pad-resistive sharing 200k()
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7-pad 200kQ Csl photocathode - resistive sharing

« Detector Alignment with MCP — PMT

b Observation plOtS BEAM 2023 Apr RUN 392 Pool4 DUT:C4 REF:C1 :

DUT MM map (qbavg =2.0 mm)
-

* Smooth operation of the detector sa x »
. 0.1
BASELINE Run399-TESTBEAM-C4- 30|
= 12— o8l
E i
10— g2
= = . 24
E —
. - - 22
3 — - _ _ B = 20
al— - - - - - _ - - - o o-- - 20 25 30 35 40
- ) - - n - - x-axis, mm
2 BEAM 2023 Apr RUN 392 Pool4 DUT:C4 REF:C1
— e-peak amplitude ;. = 0.1097 V Umax =0.0936 V
ol 25 ‘ : : ‘ ‘ : .
— [ —( e
~ [
— MM fit
-2 J
—f 1 1 1 1 I 1 1 1 1 | 1 1 1 1
00:00:00 00:10:00 00:20:00
10/06/23 10/05/23 10/05/23

events

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Signal amplitude, V

Signal Amplitude Detector vs. Reference
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« Efficiency map

BEAM 2023 Apr RUN 392 Pool4 DUT:C4 REF:C1 : DUT Efficiency
All Events: ActiveArea: 96.6% | CenterSampling: 99.6%
Included TimeRes: ActiveArea: 95.2% | CenterSampling: 99.4% 4
a LT A

(=3
o
Efficiency DUT

20 25 30 35 40
X-axis, mm

Z%auss BEAM 2023 Apr RUN 392 Pool4 DUT:C4 REF:C1 (¢ = 4.0 mm)

+2 | NDF =36.2/ 40 EERAW hist

35 Gauss combined | |
4 =3.898 ns + 1.526 ps gauss;

301 =26.2 ps + 1.558 ps auss

0, = 184.5 ps + 142.218 ps

25 | Ty = 92:9 P8

RMS,  =33.4 ps

201 Timing Resolution =
i 27ps on the central
ol ad @ C550/A275V

3.7 3.75 3.8 3.85 3.9 3.95 4 4.05 4.1
Time difference, ns
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« Being centered on the central pad with MPC-PMT
° Record all pad Signals in the meantime to observe Picolarge 200k - Apr 2023 - Run 302 Picolarge 200k - Apr 2023 - Run 392

Sum of pad signal amplitudes mean=0.14V std=0.06V Pad Multiplicity mean=3.8 std=1.2

. = 900 7000 T
signal spreading Mean active pads =4
6000 h
5000
Pad 1 Pad 0
150 150 @ 4000+
100 100 E
50 50 U>-| 3000 F
Lo — ol -
- 0 1 2 - 0 1 2
Picolarge 200k - Apr 2023 - Run 392 - Event 15877 200 2000
50 - Hit position tracker
e Reconstructed - centroid active pads 180 1000 -
45
160 a " 0
40 1 0 0.1 0.2 0.3 0.4 0.5 0.6 07 1 2 3 4 5 6 7
140 Sum of pad signal amplitudes (mV) Multiplicity (pads hit)
Pad 2 357
200
E 120
150 E 30r
w0 E 100 Picolarge 200k - Apr 2023 - Run 392
1 E .
; o5 L Picolarge 200k - Apr 2023 - Run 392 1800 Y Residuals mean=0.01mm std=1.47mm
T T
50 B 80 X Residuals mean=-2.17mm std=1.4Tmm
ob e T | e ‘ | oy = 1.47mm
-1 0 1 2 —_ 1600 - . 1
[ ox = 1.47mm y
15 12001 ] 1400 | ]
40
10 1000 - 1200 -
20
5l
@ 1000
. i . L , 0 o 800F £
10 20 30 40 50 c ¢
X position (mm i w800
200 Pad3 P ¢ ) 200 Pad 4 Y 6o
150 150 600 -
100 100 400 -
P 400 ¢
50 / 50
g — 200
o 0 1 2 o 0 1 2 200 -
0 0
- -10 -5 0 5 10
Residuals in X (mm) Residuals in Y (mm)
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Prototype Comparison
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7-pad 10MQ - resistive sharing - 275/550

Mean active pads = 3

ox =1.5mm

Picolarge Resistive 10M Sharing - Apr 2023 - Run 245

oy = 1.55mm

Picolarge Resistive 10M Sharing - Apr 2023 - Run 245

- [ ]
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3000 X Resi mean=-0.04mm _std=1.55mm 900 Y Residuals mean=0.37mm _std=1.50mm i
Picolarge Resistive 10M Sharing - Apr 2023 - Run 245 Picolarge Resistive 10M Sharing - Apr 2023 - Run 245
2Gauss BEAM 2023 Apr RUN 245 Pasld DUT:CAREF:C (4= 4.0 mm) 1400 Sum of pad signal ampli mean=0.24V_std=0.09V 12000 Pad mean=3.3 std=1.0 500
I 2500 Pty Seeir o S A 423 o 4G 132
12 INDF 512155 R i 700 ol ]
. s combined | | 1200 b
=3.952 ns = 100221 ps ot 10000
7, =20.2p8 + 60.058 ps s 2000 600
1007, = 171.0 ps £ 90.272ps 1000 2000 @ 500 S Ve
o =285ps ) =
ot T 2
o S0-RMS,=210ps 800 B 3 1500 & 400 i
; D g :
& o [ - a 300
1000 .
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40 400
500 100 Xretantee
t I H 200 2000
central region 0 5 ) 5 o
o o o 0 Residuals in'Y (mm)
6 385 38 395 4 0 02 04 06 08 1 12 1 2 3 4 5 6 7 10 5 0 5 10
Time difference, ns Sum of pad signal amplitudes (mV) Multiplicity (pads hit) Residuals in X (mm)
Mean active pads =4 Picolarge 200k - Ar 2023 Run 392 Picolarge 200k - Apr 2023 -un 352
sz[Jauss BEAM 2023 Apr RUN 392 Pool4 DUT:C4 REF:C1 (¢ = 4.0 mm) n IV p ™. X i mean=-217mm std=1.47mm Y Residuals mean=0.01mm std=1.47mm - .
) Ty Picolarge 200k - Apr 2023 - Run 392 1800
v? I NDF = 36.2/ 40 s Sum of pad signal i mean=0.14V_std=0.06V
35+ Gauss combined | | 900 Picolarge 200k - Apr 2023 - Run 392 1600
1 =3.898ns L 1.526 ps Gauss 1 Pad Multiplicity mean=3.8 std=1.2 1200
40|79 =262ps = 1658 ps Gousa 2 800 7000 1400 o e 3o 30 B 000
84,5 ps + 142218 ps 700 5000 1000 1200 :
7, =562.8ps
25 "ot 1 «
600 @
g | e RMS- 27ps ;™ ,
5§20 2 50 3 o 800 g
H . 3 & 4000 e i
& 400 £ 600 :
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300 400 400 n
10
200 2000 200
200 o
5+ 100 o
1000 -10 5 5 10
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0 0 01 02 03 04 «O5_ 06 o7 o 10 5 0 5 10
37 am 3B 385 A0 206 4 A5 M Sum of pad signal amplitudes (V) 1 2 3 4 5 6 7 Residuals in X (mm)
Time difference, ns Muttiplicity (pads hit)
i-pad 10MQ - capacitive Sllarlng --275/570 oxX =2.47mm gy =2.29mm
Mean active pads =5 - -
2Gauss BEAM 2023 Apr RUN 374 Poold DUT:C4 REF:C1 (¢ = 4.0 mm) Picolarge Capacitive Sharing - Apr 2023 -Run 374 100 X Residuals _mean=0.07mm _std=2.47mm Picolarge Capacitive Sharing - Apr 2023 - Run 374
120 Pad Multiplicity mean=4.4 std=1.7 " = =
2 Picolarge Capacitive Sharing - Apr 2023 - Run 374 6000 T T T 1000 Y Residuals mean=0.26mm _std=2.29mm
x? INDF =615/70 Sum of pad mean=0.10V_std=0.06V
%0 : 1200 e vt et
100 ;1= 3983 ns + 0.843 ps J 5000 - 900
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- 1000
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H 2 ) § 500 5
. @ 400 2 >
2000 i
w central region
’ I e 400
200 1000 300
20 100 . 200 200 s . rss
o - e % 01 02 0 04 05 o6 Mulipliciy (pads hit o 100
375 38 885 39 395 4 405 41 415 Sum of pad signal ampliudes (mV) “10 5 [) 5 10 Y
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Based on Simulation Studies 0 degree tilt

Bcasmic = DOJB =1

6 30°,8 =1 dh
Nyqq = "true” cosmic = T E T / \
entries - 180046 True @ on Detector 1 |
0.4 4 s = entries : 88246  True @ on Detector 1 \ /
=131 . rar = 0. \.ﬁ_,_/
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