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What is our motivation? e
Timing with a few 10’s of Picosecond

« Tracking challenges for HL-LHC:
« LHC will go to higher energy & luminosity
« 5x nominal instaneous luminosity = Increased particle densities
« 20x current integrated luminosity - Increased radiation damage
* What are the needs:
« Reduction of mixing different events due to pile-up
« Track to vertex association = 3D tracking with timing information

« Extra detector requirements:
« Large area coverage
* Resistance to aging effects Giant improvement ~
« Multi-pad readout tracking

3 orders of magnitude

« Detector Technologies compared to standard MPGDs
« Gaseous detectors

» Resistive Plate Chambers (RPCs) (o, ~ 30 ps)

* Micro-Pattern Gaseous Detectors (o, ~ 1 ns)
@ alexandra.kallitsopoulou@cea.fr 3
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B The PICOSEC Micromegas Technology
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The PICOSEC Micromegas Technology

« Limitations of the Micromegas Timing
— Potential

o Stochastic nature of ionization

o Randomness of last ionization

o Time jitter of a few ns

ﬁ? =) * Modifications in MM Geometry

Anode readout signal(s) o O S m a I I e r D rift G a p
Y. Giomataris, P. Rebourgeard, J.P. Robert and G. Charpak, . . . .
“Micromegas: A high-granularity position sensitive gaseous detector for high particle-flux environments”, u E | Imin at| on Of th e StOCh aSt| Cch atu re Of

Nuc. Instrum. Meth. A 376 (1996) 29 . . .
lonization
o Higher applied Drift Voltage—>Pre-avalanche

Cherenkov
Radiator 15 mm
Photocathode  $0mm —‘ il Céfsdh « Additional Components

Particle

oo S E.‘.F‘?'?[. oL Mesh o Cherenkov radiator +
Amplification 50-150 pm E-Field4 {Bulk Micromegas) .
4 we  Anode o Solid converter-> Photocathode
Freampifier + DAQ] Prompt photoelectrons

J.Bortfeldt, et al., “PICOSEC: Charged patrticle timing at sub-25
picosecond precision with a Micromegas based detector”,
Jitips.dor.org/ 0. 10767 nima 20/8.04.073
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- Detector Testing - Particle beams S| e

Particle Beams @ CERN SPS H4 Beamline

Muons (80-150GeV)
« 8cm diameter of beam
 10°muons/spill (measured rate ~kHz/cm?)

Pions of 80GeV Energy

e Beam size 2.3x1.6cm
« Rate ~MH/cm?

 The Setup
« Use GEMSs for tracking
« Use MCP PMTs as timing reference
devices and for triggering
« Detectors Under Test
« Electronics: Commercial/Custom-made preamplifiers
« Digitizers — Lecroy scopes
« First timing measurement @ Particle Beam (2017 )

» Single Prototype : Thin Gap (200um) with MgF2
& Csl photocathode

GEM1

MCP1

CERN/INFN

MM 2

Single pad

GEM2

450 =
g / ndf = 73.26 / 45
400 i ll p .e. t 4 = 2.7451 + 0.0004 ns
GEM3 . 350F ) 6,=209+03ps
S 300F 4 ©,=389+1.1ps
= B
@ E F = + 0.
MM3  MM4 | MM6 5 250 g Cr=200 400
MCP2 5 200
5 1s0f
= E
100
sof e
ok L A T .2
MMS in 2.6 2.65 2.7 2.75 2.8 2.85 2.9
MEPZPOS  picolarge  Vac chamber | Multipad Signal Arrival Time (ns)
usTC J.Borteldt, et al. “PICOSEC: Charged particle timing at sub-25

@ alexandra.kallitsopoulou@cea.fr

picosecond precision with a Micromegas based detector”, Nuc.
Instrum. Meth. A
(2021)https://doi.org/10.1016/j.nima.2018.04.033

Timing Resolution > RMS of
Signal Arrival Time Distribution

RD51 Collaboration Meeting
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B Block of Measurements and Detectors Under Test

Alternative Gas Mixtures and Radiation Hardness Tests

v Alternative Gas Mixtures — Ne/iC4H10(94/6), ArCO2(93/7),

ArC0O2iC4H10(93/5/2), comparison with the standard
COMPASS Gas
v" Pion runs — Same time resolution as with muons

Robust & Efficient prototypes

v Resistive prototypes ~ 10MO, 200kO

v' Comparison of Different Geometries on Resistive Layer
(capacitive sharing and normal resistive sharing)

v Timing runs on individual pads

v Long scan for uniformity map on amplitude and timing

v" Signal Sharing

y-strips (mm)

@ alexandra.kallitsopoulou@cea.fr RD51 Collaboration Meeting
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Highlight Preliminary Results

Alternative Gas Mixtures and Radiation Hardness Tests

Z%auss BEAM 2023 Apr RUN 183 Pool3 DUT:C2 REF:C1 (¢ = 4.0 mm)
T — T T

* Photocathode used was B4C
6nm (3 PE/MIP)
* Photoelectron yield is around
Lower time resolution wrt Csl
is expected (with Csl =25ps)

« The two distributions are
measured at similar gains for
the two mixture

« Theimpact of CF, in timing is

40

ro= 45.0 ps + 2.392 ps

X2 /NDF =41.4/73 EEERAW hist
r Gauss combined | +
= ~ Gauss 1
1 =0.192 ns + 2.052 ps Caisn

o, =153.9 ps + 31.610 ps

0 0.1 0.2 0.3 0.4
Time difference, ns

PRELIMINARY

2Gauss BEAM 2023 Apr RUN 344 Pool3 DUT:C4 REF:C1 (

¢ = 4.0 mm)

visible but not drastic (=15%)

+2 I/ NDF = 67.3/ 69 [ RAW hist -
« Still, the 3-component gas T i=0812ns £ 191078 Gamat |
. . . rrl=38.7 s + 2,148 ps
mixture has a wider operational 7 Zisiep -+ 2265
range because it is more L Uis=s040s Ne/C,H,/CF,
quenched g 20

15+

Ne/iso 94/6 may achieve larger
gain maintaining the same
time resolution

5 97 975 98 098 99 0995
Time difference, ns
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* Single pad non resistive - 1 cm - 7nm B4C
« Single pad 82MO/L resistive - 6nm B4C
photocathode

2&)auss BEAM 2023 Apr RUN 239 Pool3 DUT:C2 REF:C1 (¢ = 4.0 mm)

Using MCP reference
DUT @ 275/430V

50 4 =0.971ns + 3.303 ps
0, = 86.6 ps + 4.172 ps

0,=459.6ps £ 387.083 ps

™ 124.1 PS
RMSlm=101.1ps

40

RD51 Collaboration Meeting

2 INDF = 59.9/ 62

0.8 1
Time difference, ns

“- RAW hist

Gauss combined
l Gauss 1
Gauss 2

Using picosec as reference
DUT @ 300/420V

Z%auss BEAM 2023 Apr RUN 237 Pool3 DUT:C4 REF:C2 (¢ = 4.0 mm)

x? I NDF = 98.6/ 81

[ 1 =8.533 ns + 3.076 ps
o =85.1ps + 5015 ps

[o,= 262.8 ps + 44.653 ps

0 7 ps
Qus,, = 1216 ps

n-lf'J/:‘/

| I RAW hist

| Gauss combined
Gauss 1

Gauss 2

R [

0~ 3
8.1 82 83 84 85 86 87 88 89 9

Time difference, ns

More info on the presentation of D. Fiorina — Fast Workshop 2023
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radiator 3mm

photocathode - 'HV

=
=
=
3
Y
S
D-L photockectron
v
A <§
g c g L :
‘i?." P 1 200 pm
g = 1. '3 preamplification
el
3 Ai . avalanche
= PR 3=
# 2
AEs
N Fe
Cx{ 55
............ L T Pt St TR PP vy Y £yt PERPREE GND
v g3 or the A

amplification
region

v

anode +HV
~Z ~Resistive Layer : DLC
~<_ " Insulating layer
~ “Read-out pads

H>—

The goal is to profit from those advantages
while maintaining a good timing resolution

More info on the presentation of A. Kallitsopoulou —
RD51 Collaboration meeting — June 2023
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Robustness & Efficiency = Resistive prototypes

université

7-pad 10MQ - resistive sharing - 550/275

Mean active pads = 3
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RMS—20ps central region

Picolar ue Resisﬂu 10M Sharing - Apr 2023 - Run 245
Picolarge Resistive 10M Sharing - Apr 2023 - Run 245 P’

mean=3.3 std=1.0
. - 12000
2Gauss BEAM 2023 Apr RUN 245 Poold DUT:C4 REF:G1 (¢ = 4.0 mm) 1400, Sum of pad signal amplitudes  mean=0.24V_std=0.09V
2, L ;
x“INDF =51.2/58 10000
20
1 =3962 ns + 100.221 ps
7,=202ps £ 60.059 ps
100 oy = 1710 ps + 02725 8000
= 25ps 2
o 80| RMS,, =219ps § 6000
2 w
@ a0
4000
0/
0
0
0 - 1 2 3 4 5 [ 7
e o e 2= 4 o 02 o4 08 08 1 2 Multiplicity (pads hit)
Time difieres Sum of pad signal amplitudes (mv)

7-pad ZOOkQ - resistive sharing - 550/275

RMS — 27ps central region Mean active pads =4

Picolarge 200k - Apr 2023 - Run 392
2Gauss BEAM 2023 Apr RUN 392 Poold DUT:C4 REF:C1 (¢ = 40 mm) Pad Multiplicity mean=38 std=1.2

Picolarge 200k - Apr 2023 - Run 392
40, Sum of pad signal amplitudes _mean=0.14V _std=0.06V

7000
x2 /NDF = 36.2/ 40
35 800
1= 3,898 ns = 1.526 ps
30| 7y =26.2ps £ 1558 ps 700
=184.5 ps + 142218
72 P g 800
25 [ Ty = 52:9P8
= 500
g | RMS,=334ps g
e
g 20 2
15 300 -
0 200
100
5
0 2 3 4 5 6
o 0 01 0.2 0.3 04 05 06 o7

- ! Multiplicity (pads hit)
a7 375 38 385 39 395 4 405 41 Sum of pad signal amplitudes (mV)

Time difference, ns

7-pad 10MQ - capacitive sharing - 570/275

RMS — 33ps central region Mean active pads =5

2Gauss BEAM 2023 Apr RUN 374 Pool4 DUT:C4 REF:C1 (¢ = 4.0 mm) Picol Capacitive Sharing - Apr 20: Picolarge Capacitive Sharing - Apr 2023 - Run 374
e Sum h: o signal amplitudes _ mean =a1m1 m nosv sono Pad Multiplicity mean=44 _std=1.7

% I NDF =61.5/ 70

é

ZDEJns: uaups
@, =321 ps = 108 ps
=1166ps + 28.712ps

5000

~3.7p: 4000
. RMS =387ps 2
g 2

H § a000
H &

2000

1000

02 04 5 06 o

- 1 2 3 4 5 ] 7

0
375 38 385 39 3095 4 405 41 4.15
Time difference, ns

Sum of pad signal amplitudes (mVv) Multiplicity (pads hit)
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Scan measurements for single ch. PICOSEC (010 mm, ®13 mm and @15 mm active area)

* Measurements with MCP mounted on a movable stage and scanning the entire pad area.

* Very uniform time response over the entire detector area for all three prototypes. Mean SAT well below 5 ps in the central region.

BEAM 2023 August RUN 283:

SAT over the PAD (g = 3.0

®10 mm

mm)

3.21

3.205

3.195

36
wn
=
<Y g
wn
>
E
g 32 a
% ©
3301 C
28 et
Q
| -
B
26
28 30 32 34 36 38 40
x-axis, mm
Double gauss 283 | ~420 V/+285V
350 [Entries = 2908 T - T
RAW hist
X2 /NDF = 38.5/45 = Combined gaussian
300 '\ =3.195 ns + 0.266 ps s Gl 1
o=141ps+1.092 ps ——— Gaussian 2
250 01 =183 ps+0.730 ps il
0,=22.2ps+5.040 ps
RMS,,; = 14.4 ps £ 0.189 ps (D 4 mm
22007 |
c
Preliminar
150 | V
.| results
50 -

0

@ alexand

3.05 3.1 3.15 3.2

Time difference, ns

ra.kallitsopoulou@cea.fr

3.25

33

SAT, ns

events

BEAM 2023 July RUN 434:
SAT over the PAD (g = 3.0 mm)

®13 mm

-2.24

-2.245

-2.25

-2.255

-2.26

-2.265

wnv
= B
=
wnv
Q
— Iy
>
o
(¢
]
Q
|
o
20 25 30 35
x-axis, mm
Double gauss 434 -435 V/ +265V
1400 rEntties = 127871 T T
I RAW hist
X%/ NDF =53.1/45 —— Gombined gaussiin
1200 1= -2.268 ns + 0.158 ps e Galaalon 1
0=178ps+0.587 ps ——— Gaussian 2
1000 1= 16.5 ps £ 0.409 ps
0,=27.1ps+1.978 ps
RMS, = 18.3 ps + 0.115 ps (D 7 mm
800 f
soo | Preliminary
results
400 -
200 f

24 -2.35 -23

-2.25
Time difference, ns

RD51 Collaboration Meeting

-22 -2.15

BEAM 2023 July RUN 401:

®15 mm

SAT over the PAD (g = 3.0 mm)

. e MWM&

PICOSEC
Micromegas

N - 5
)
32—
— -1.505
7))
ot §
E .
-1.51
€ 2> e
K] - -
5 |m s
> 26[C | -1515
2 tE
T -1.52
22 8
a.
20 -1.525
20 25 30 35
x-axis, mm
Double gauss 401 '435 V/ +265V
500 [Enriés =5804 T T —
XE INDF=868/45 : xnvzlb:::i gaussian
W =-1.525ns +0.240 ps ~—— Gaussian 1
400 fg =176 ps+0.961 ps ~——— Gaussian 2
0y=159ps +0.673 ps
0, =26.2 ps + 2.467 ps
RMS,; = 18.3 ps + 0.170 ps (D 9 mm
300 | -
2
= . -
Preliminary
200 | 1
results
100 |
0
165 16 155 15 -1.45 14 17
Time difference, ns
More info on A. Utrobicic’s presentation RD51 13

Collaboration Meeting on Tuesday
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10x10cm2 USTC prototype

Time Resolution with DLC Photocathode Time Resolution with Csl Photocathode
. . . > - s 25 C
« With DLC photocathode, the time resolution can 5w ~pad45 || §wo ~pad 42
reach to ~30ps. 5 b - pad 42 3
i : : E L savne geme | 8 E SA Voltage: 240V
« With CSI photocathode, the time resolution can e - " ab
- 225
reach to ~20ps k.
002 40? 21-5;
35 2
AN I 001+ - -
IE | . l; 30:_‘l‘llAlAllllAAllAl Lo oo b oo oo Loaaa bl 20-55—
->P1C65E? | . ‘ ‘ | 5% S0 5% S0 570 580 500 B0 otage (V) T N 5113A\'/o;'a;el(\;)
~ 001
YT ES “ ‘/ % . o - -
| * Recover the timing resolution at ~30ps over signal
| sharing region ra_yra.x
d
e ¥ 100 PA Voltage: 510V
T _ SA Voltage: 240V
«107 80—
100 T T w0
run408,pad15 2
80+ &ES510/240V 40
f&ﬁﬁi?ﬂi’fﬁﬂ”ﬁlﬂ
mif (8] #8/=22.3ps All events =
60+ 1 140; e 20 .
120/ /\‘ - =
o PRELIMINARY ~ * it p gt
0=29.8ps ,J | )
20+t f \
so; / \\ Tcombme
0! 40 { \ 1 < SAT} e — SATY 1 (signal siz
025 02 -015 -01 -0.05 ; ’ \ > S ke
At/ns 20; ’,// “\ z‘ '(6(stgrml (6(signal size))? '=* ietamel o
o S R G T ‘\‘o_"‘“*
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« ~1MH/cm2
S1 S3
MCP3 MM 5

Beam I Absorber
S2 S4

«  Multi-Pad Prototype (7-pad)
« 10MO/O Resistive prototype
« Hexagonal pads g 1cm
« MgF2 crystal
 B4C (12min) photocathode

@ alexandra.kallitsopoulou@cea.fr

Performance in particle showers

Particle Beams @ CERN SPS H4 Beamline
 Electrons 30GeV

(]
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30GeV electrons with 5cm Fe absorber

=3 sant 1 =3 som2

Scintillators

o SN
www"*”‘d

PICOSEC
Micromegas

RD51 Collaboration Meeting

Entries

Picosec Pad’s
response

000000

Max Amplitude value ~ 175mV

Amplitude(V)

Embed a PICOSEC-Micromegas layer inside a calorimeter after
a few radiation lengths and/or inside the instrumented hadron damp

15
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& performance in particle showers

Overall timing response to
 Particle Beams @ CERN SPS H4 Beamline showers below 30 ps
 Electrons 30GeV

e ~1MH/cm2

MCP3

Beaml Absorber‘|l

«  Multi-Pad Prototype (7-pad)
« 10MO/O Resistive prototype

3 8§ 8 8 8 8 8 %
T | AR RARY RALA RARN LAAJ RAAN RAAS

g

Coniunl 3772 £ 26 B
Moan 1145 £ 0.2

2768 £ 012

« Hexagonal pads g 1cm

RARA) LLA LA LA Laas LAl L '

 MgF2 crystal

« B4C (12min) photocathode *PRELIMINARY

@ alexandra.kallitsopoulou@cea.fr
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MRWELL single pad and 7pad 10MQ

e Muons 150GeV

120um

120

1 =-0.006 ns + 0.170 ps
ow = 45.8 ps + 0.183 ps

100 |- RMShist =56.8 ps

events

-0.2 -0.1 0 0.1 0.2
Time difference: PICOSEC vs Reference, ns

Best point ~ C450/A285
45.8ps

@ alexandra.kallitsopoulou@cea.fr

[T RAW hist
Gauss fit

0.3

160um

80

1 =0.002 ns & 0.251 ps
ow= 55.7 ps + 0.268 ps

RMS,; =65.7 ps

[ RAW hist
Gauss fit | |

70+

60

-0.2 -0.1 0 0.1 0.2 0.3
Time difference: PICOSEC vs Reference, ns

Best point ~ C570/A250
95.7ps

RD51 Collaboration Meeting
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Top Copper (5 pm)
Polyimide

Cathode PCB

Pitch 140 pm

Well pitch: 140 pm
Well diameter: 70-50 pm

Copper top layer Copper dot Kapton thickness: 50 um

Resistive layer
R~100 MQ/]
Readout electrode | ’

e MWM&

PICOSEC
Micromegas

« M-RWELL PCB = amplification-stage @ resistive stage @ readout PCB 50um

18
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« Multi-Pad Prototypes (7-pad)
« Hexagonal pads g 1cm
 MgF2 crystal
 Csl & B4C photocathodes

@ alexandra.kallitsopoulou@cea.fr

Photocathode - Comparison

7-pad 10MQ

7-pad 200kQ

7-pad 10MQ pRWELL

RD51 Collaboration Meeting

RMS—20 ps central region
P .

%%Buss BEAM 2023 Apr RUN 245 Poold DUT:C4 REF:C1 (¢ = 4.0 mm)

RMS — 27 ps central region

2Gauss BEAM 2023 Apr RUN 392 Poold DUT:C4 REF:C1 (= 4.0 mm)
x% I NDF =36.2/ 40

/1= 3898 ns + 1.526 ps
7,=26.2ps + 1558 ps

7, = 1845 ps + 142218 ps
25 [ % = 52908
RMS,, =334 ps

ol
37 375 38 385 39 395 4 405 41
Time difference, ns

PITTITIOTE
RMS — 41ps central region
B T~

100

20

02 0.1 0 0.1 0.2
Time difference: PICOSEC vs Reference, ns

L ]
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RMS—30 ps central region

100

| w=-1918ns £ 0.116 ps

90‘».:”:3039“0.099%
RS, = 38.6ps

80
% m
60
g 50
40
30
20

10

21 205 2 195 19 -185 -18 175 17
Time difference: PICOSEC vs Reference, ns

RMS — 33ps central region

%g]auss BEAM 2023 Apr RUN 374 Poold DUT:C4 REF:C1 (¢ = 4.0 mm)

) % I NDF =61.5/ 70

100, = 3983 ns + 0.843 ps
@, =321 ps+ 1083 ps
a,= 1166 ps + 28.712ps

M =387 ps
RMS,, = 3.7 ps

0 = e
375 3B 385 39 395 4 405 41 415
Time difference,

tﬁﬁﬁ@@%ﬁ@

Y y

RMS — 42ps central region

o B4C 12nm

o
03 02 04 0 04 0.2 03
Time difference: PICOSEC vs Reference, ns

e MWM&
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@ - FastIC — Multi-channel Readout

Binary recorded output

FastIC fit
T T T More info on the presentation of L.Scharenberg
3 . 3 s | RD51 Collaboration Meeting on Wednesday
> Timing  Energy =z .
o 1.5 pulse pulse g 15
Le] | J s " e 35 =
=2 . f f =
| 4 ] g 1 .
£ [ i o [ . 0 0 0
s H s Timing resolution ~ 50ps can be achieved
%) 05 | S; 0.5 [
@ ° : _
(] T N— 0!
J - e Results:
0 100 200 300 400 80 82 84 86 88 °
o Multi-channel readout
L Time resolution depending ‘ ‘
. . * Multi-channel readout: pads 15, 16, 25 and 26 of multi-pad detector
on pre-amplification voltage
* Reconstruct the pads individually
80 [T ' ' * Justto demonstrate that we can read out multiple channels at once
3 '\ 1 * Issues in the signal transmission (badly made adapter cables) decreased the time resolution
2 * Pads 15, 16 and 25 show similar response (<10% variation), as expected from previous studies [Marta's presentation from
o 60 \'\7 yesterday]
c ———n
- I s
o . . a0 - | ! ;80 § o B 5200 5
® o — g 3 180 o § ‘ 150 ¢
E 20! + C!V!dec = 975} i 2 = 75 S
= —— Cividec T@THL s & w0 2 s . 100 2
g 70 2 2 ;00 184+2ps |94%dps 2
~+ FastIC & 20 § o g
| 1 L [ 65! qé, 653 -
480 500 520 540 : 0 & ‘ 9
270 ST IV A PP < (2] 1) ST AP A S S
40 45 50 55 60 65 40 45 50 55 60 65
Cathode voltage / V - -
X-position / cm X-position / cm
Despite ~1 ns time walk
due to T@TH L, time resolution of ~50 Ps 06 December 2023 L. Scharenberg @ RD51 Collaboration Meeting
@ alexandra.kallitsopoulou@cea.fr
RD51 Collaboration Meeting 20
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The photocathode issue

In the research of photocathode materials

Standard photocathode: 18nm Csl +3nm Cr ~ 10pe/MIP
Csl sensitive to humidity/ion backflow & sparks
Ageing of the material

like imprint on the Csl
surface

X Pillar
Discharge

o AN
L ]
universiteé e

PARIS-SACLAY PICOSEC

Micromegas

New materials under test (B4C, DLC, Diamond,
Metallic — Al, Cr)

% . .
d
A H

B4C, 10.1016/
j.jnucmat.2015.01.015

DLC, Y. Zhou et al. ND, L. Velardi et al.

MgF2 crystals with DLC photocathode

B,C 12 nm photocathode
140 T
1 =-0.002 ns + 0.066 ps [ RAW hist
12[’[ o =21, ] —— Gaussfit| |
RMSnsa =243 ps

PRELIMINARY

events

0.1 -0.05 0 0.05 0.1
Time difference: PICOSEC vs Reference, ns

M. Lisowska - Towards robust PICOSEC Micromegas precise timing detectors-MPGD2022
https://indico.cern.ch/event/1219224/contributions/5130512
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@ N More info on the presentation of M. Lisowska at RD51 Collaboration Meeting on PARLS SACLAY ncosec
Tuesday
Robust photocathodes oy
% ro ba;;p g "esupye
. . Fro otﬂfatf,
Time resolution 72023 o, S
-69qu
. Prototype: Single pad non-resistive MM, pre-amplification gap 125/145 pm*
. Photocathodes: Csl, DLC, B,C of different thicknesses from different collaborators™*
0 Diff d d
) . ifferent detector and gap ® Csl 18 nm +Cr
. Time resolution after MCP subtracted: 45 = e, ®
| 1 . ® ® @ B4C <9 nm (ESS) +Cr
Op1cO = v/ Ocombined? — OMCP> N SE o
PICO — combined MCP . X 8 o' s ° BAC 9 nm (ESS) + Cr
a ' ¢ : ® B4C 11nm (ESS) +Cr
H —~ = | N P
where MCP double split oy cp = 7.67 ps = 30
=" @ BAC 13 nm (ESS) +Cr
2 25
U . ® BAC 15nm (ESS) +Cr
. Photocathodes measured in combination with E :.-. BAC 12 nm (Saday) + Cr “
15 1
] ® I 1
a new detector with optimized design were able to 10 (@ Bactinm Sadayyrer :
hh h d ftf-l |d | b | . :I‘DLC?_.S nm (USTC) MgF2 3 mm :
reach higher drift fields r ing in better time resolution > mms s
[ esulting PRELIMINARY DLC 2.5 nm (USTC) MgF2 5mm
(results at 39.2 kV/cm taken for the further analysis) v
33 34 35 36 37 38 39 40

Drift field [kV/cm]

*Samples measured in a new detector with 125 pm gap SEALED in August, except for 3 measured with Saclay detector with 145 pm gap FLUSHING in July (marked with a star)

**Depositions: Csl at CERN, DLC at USTC, B,C at CEA Saclay and ESS

CURRENT STATUS OF PICOSEC MICROMEGAS PRECISE TIMING DETECTORS

MARTA LISOWSKA | RD51 CM | 05 DECEMBER 2023
ARIAES l I AND STUDIES ON ROBUST PHOTOCATHODES

12

alexandra.kallitsopoulou@cea.fr
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< U
. Measurements of the 100ch Multipad:
non-resistive MM, pre-amp gap 180 um,
10 x 10 cm? area 5 mm thick MgF,

with 2.5 nm thick DLC photocathode

. Time resolution of the 100ch MM with DLC
photocathode ¢ 30 ps an individual pad

. Response of full area of 100ch Multipad
measured with custom-made amplifiers

and SAMPIC digitiser = analysis in progress

MARTA LISOWSKA | RD51 CM | 05 DECEMBER 2023

. AHMWM'“
université h
PARIS-SACLAY PICOSEC
‘egas
- SAT vs. Electron peak charge Tt.rackar data 40 SAT Comparison
" 85 e | > ca =]
Cutting angle 0
PRELIMINARY o ¢ B Cuting ngle 45" | &
5 | e 3 T Cutting angle 90° |
2 535 E @ 20% § @ Cutting angle 135°
b & 75| - o I Cutting angle 180"
5 8 ;
3 5.4 =70 3 0 ] 3
TR
= 65 , T + % Q d ?
545 -20
0 10 20 30 60 70 80 5 0 5
Electron peak charge, pC x-axis, mm Distance from pad centre, mm
DUT Efficiency

e-peak amplitude s« = 0.3158 V umax = 0.2328W/Events: ActiveArea: 98.3% | CenterSampling: 99.2% Signal rise time mean = 0.7916 ns

80 Included TimeRes: ActiveArea: 97.0% | c.m.mmpglng: 99.0%:000
85 m""”' 2
:;, 0.8 4000
Eaol £ 5
g% & 06 82 3000
g g8
:-i 75 04 gw 2000
w
0.2 1000
70t 0
0
0 0.2 04 06 0 65 70 9 0 1 2 3 4 5

Signal amplitude, V Rise time (ns)

REF MCP amplitude map (¢m =2.0mm) 1-=-0.006-ns 0,447

= 100, =30.8ps + 0127 pel T RAW hist|
RMS, . =39.4ps
£ T E §
£ 80 g E -
a ? ’
X! :
70

60 65 70 75
X-axis, mm

02 0.1 0 0.1 0.2

x-axis, mm Time difference: PICOSEC vs Reference, ns

CURRENT STATUS OF PICOSEC MICROMEGAS PRECISE TIMING DETECTORS
AND STUDIES ON ROBUST PHOTOCATHODES

@ alexandra.kallitsopoulou@cea.fr
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Micromegas

BN Scalability / Large area Detectors

7 channel anode {1 cm
O 19 channel anode O 1 cm

RD51 Collaboration 100 channel anode [0 1 cm

@ alexandra.kallitsopoulou@cea.fr Meeting 24
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“Ensure the planarity

Rigid, ceramic-core PCB for the MM readout

8oop Entries 15318

Flange £ Mean ~8008

Quartz 700(~ Std Dev 17.63
K x/ndl 161.8/85

Prob 1.025¢-06

Constant 719.7+ 75

Housing
MM

Quter Board -£100-8080-8060-8040-8020-8000-7980-7960-7940-7920-7900

Ready and operational from CERN-GDD Group

NEW design
From CEA Saclay

96 pad prototype
Develop custom-
made amp. cards in
6 x 16 connector
groups compatible
for SAMPIC
digitization

1))

alexandra.kallitsopoulou@cea.fr

500 Mean 8008 + 0.1

F Sigma 1679+ 0.11
ot
o 16.79 ps
200

W WA
L ]
université .
PARIS-SACLAY

PICOSEC
Micromegas

The ATLAS NSW Approach

......................................

Risk to damage the bulk MM

Advantage:
* Low material budget on the detector
e Allow the fabrication of large flat boards

Longer pillars MM module
* Pressed against Cherenkov radiator

electrical
contact

Crystal

1 ~100 mbar gas overpressure T

Risk to damage the photocathode

L
O
&
Q
OQ‘
G
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Conclusions & Future Prospect

Towards an engineered PICOSEC MM module :
multiple directions in detector development

« Single-channel Prototypes(Un.Zagreb)
« Thin gap prototype
« studies of detector, amplifier and

digitizer optimization « Possible Applications(CEA)
- Pixelated MM Detector
(CEA/CERN/ Un. Zagreb/ - Common TestBeam with
 Robustness & Efficiency USTC) ENUBET collaboration
(CEA/CERN/USTC/JLab) « Single channel current . PICOSEC embed in a
» Test different photocathode materials amp. calorimeter or in a hadron
« Resistive prototypes ( MRWELL/ resistive  Preamp cards + FPGA damp
sharing) « 16 channel amp cards
« 20x20cm2 prototype (with different + SAMPIC
photocathode materials)  FastIC + integrated

TDC for fully digital
@ alexandra.kallitsopoulou@cea.fr output 26
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Thank you for your attention  ceassa

91191 Gif-sur-Yvette Cedex
France
alexandra.kallitsopoulou@cea.fr
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