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Outline

. PICOSEC MicroMegas: a detector with precise timing:
Single-channel prototype in Laser and Particle beams
. Awell-understood detector:

reproduce observed behavior with detailed simulations and a
phenomenological model

Towards a large-scale detector: multi-channel
response of multi-channel PICOSEC prototype

Towards a practical detector: robustness

resistive anodes & robust photocathodes



The need for precise timing in HEP

Precise timing needs — picosec domain

A Review: “PID techniques: Alternatives to RICH methods”,
J. Va'vra, NIMA 876 (2017) 185-193, https.//dx.doi.org/10.1016/j.nima.2017.02.075

In the High Luminosity LHC, ~140 “pile-up” proton-proton
interactions (“vertices”) in the same pp bunch-crossing

140 pp interactions / bunch-crossing (Gaussian o~45mm) :
crowded along beam-axis

(3D) tracking of charged particles is not enough to associate them ° 3 o
to the correct vertex. ~ . :-'.' ‘ o
Using the time-dimension — separates vertices: = P 5-,' 4 2 et
needed precision ~ order 30ps E > ¢ -?. M P Sl °3 o

E L R s ’
Precise Track reconstruction in the very demanding HL and very HE ‘g “ ° . ..t;'-,-. . -
environments of future colliders (e.g. FCC), require 4D treatment. L 8 .

E . .
Precise time detectors embedded in EM calorimeters offer correlated = " o ) T e
arrival time in energy information which can benefit astroparticle z-vertex (cm)
observations (e.g. GRB burst, EM counterparts of Gravitational waves) S. White: https.//arxiv.org/abs/0707.1500
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The Micromegas detector

Giomataris Y. et al., NIMA 376 (1996) 29
Ionizing
particle

Primary

i i 1 lectrons
Conversion region Corl;;eiﬁon slecimn
Particle creates electrons, which drift

to the readout plane.

Amplification region Amplification regio . T

Electrons are amplified & the charge
movement induces signals.

50pum

Anode readout signal(s)

Interesting features for many applications
Simplicity, Granularity, Homogeneity, Scalability, High rate capabilities,
Radiation hardness, Low cost



The Micromegas detector

Ionizin,
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Electrons are amplified & the charge
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Anode readout signal(s)

Timing limitation factors:
Large conversion region: charges created in different positions.
Diffusion effects: for 3 mm drift distance = ~6 ns time jitter!

Timing performance can be improved by:
« simultaneous creation of primary electrons at the same distance from the mesh
« shorten the drift length - suppress direct gas ionization



The PICOSEC-Micromegas concept

* Aparticle produces Cerenkov light.

» Photons extract electrons from the photocathode.

« The electrons are amplified by a two stage
Micromegas detector.
Two signal components:

» Fast: electron peak (~1 ns). - Timing features.

« Slow: ion tail (~100 ns).

Small drift gap (200 pum):

* Pre-amplification possible

* Limited direct ionization

* Reduced diffusion

Cerenkov radiator/Photocathode:

* Photoelectrons emitted simultaneously by the
photocathode (fixed distance from the mesh)

Aiming at
« single photoelectron time jitter ~100 ps

Particle
£
Cherenkov £
. o]
Radiator o
HV1
Photocathode a0 nm
Drift E-Field 200 um
Ampliication e 4. HV2
mplification E-Field4 100 pm
P 4 Readout
0.1
o ol i
-0.1F :
g 0.2 :
2 £ .
g3 2
< o -
-0.4 -
osf £
0'5: $
i

0%50 380 400 420 440 460 480 500
Time (ns)

» produce sufficient photoelectrons to reach timing response ~25 ps.



First attempt: The single channel “PICOSEC” prototype

bulk Micromegas Radiator+Photocathode

Single pad prototypes (1 cm diameter active area) support rings

» Bulk MicroMegas readout (6 pilars)

* 4 kapton rings spacers — 200 um Drift gap

* Radiator + photocathode

* Mesh thickness = 36 ym (centered at 128 um above anode)
« Amplification gap = 128 uym

* Cherenkov Radiator:
MgF, 3mm thick — 3mm Cherenkov cone
* Photocathode: 18nm Csl on 5.5 nm Cr
(many other photo cathode materials have been tested)

« COMPASS gas (80% Ne + 10% CF, + 10% C_H,) | N
Pressure: 1 bar. | ™

. 55 amer

- 18 nmCsl



Laser beam tests: response to single photoelectron (1)

Unique capabilities of FLUME setup at the IRAMIS/LIDYL laser facilities
@ CEA Saclay: Study the single photoelectron timing performance
and optimize the detector

FLUME setup:
IR Ti:S laser with pulse width 120 fs
A =267-285 nm after doubling
 Energy ~ 10 -100 pJoule/ pulse
« Spot size: ~1 mm?
* Repetition 9 kHz — 4.75 MHz
« Light attenuators (fine micro-meshes 10-20% transparent)
» t, reference: fast PD (o;~10 ps)
» Cividec 2 GHz, 40 db preamplifier
 DAQ: 2.5 GHz LeCroy scope.
* Gas mixture: Ne+ 10% CF4+20% C2H6.

Femtosecond Ti:S laser
740 nm, 120 fs, 76 MHz

|| Optical Parametric Oscillator
560 nm, 120 fs, 76 MHz

Photo-diode
t;se =100 ps
- Second Harmonic | | Pulse-Picker
Generator, 280 nm 11-300 kHz
N I PICOSEC | |
detector LeCroy 9000
Attenuator and Digital
bandpass filters oscilloscope




Laser beam tests: response to single photoelectron (2)

Laser |
|
I .
i (straight to
v photocathode)
Cr Layer + Csl ——e
DIGED | eemeeeeeeeeeeeeseessessessessesns 200k
Amplification gap 100 pm
readout

Signal inverted

Waveform (Laser Test), Anode: 650, Drift: -450

i1 |le-peak

Waveform (Laser Test), Anode: 650, Drift: -450
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0.02_—
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Signal from Laser runs (right is zoom in e-peak)



Laser beam: understanding the timing properties (1)

Te_peak = Signal Arrival Time (SAT) wrt the t, ref.
* SAT of a sample of events = <T
* Time Resolution = RMS[T

e-peak >
e-peak ]

Amplitud
o Ampilude[V]
° o

0.02f— H

e-peak  Time (ns)

— Time the signal arrival with

Constant Fraction Discrimination (CFD)
on the fitted noise-subtracted e-peak

( CFD @ 20% of the e-peak amplitude)

t, reference: fast photodiode (~10 ps resolution)
Detector response at different field settings

Timing resolution 76.0 * 0.4 ps achieved @ Vd/Va:
-425V [ +450 V improves strongly with higher drift field,
less with anode field

w
n
<

0
]
.E 300 e Anode 450 V
-
% s+ Anode 500 V
4 250 v-Anode 525V
=7
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£ 200
=

150 -

100 -

\\\:\‘
50 ‘ : ‘
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Laser beam: understanding the timing properties (2)

Te peak = Signal Arrival Time (SAT) wrt the t, ref. t, reference: fast photodiode (~10 ps resolution)
* SAT of a sample of events =<T__ ., > Detector response at different field settings
* Time Resolution = RMS[T_. ., ] Timing resolution 76.0 £ 0.4 ps achieved @ drift/anode:

-425V [ +450 V improves strongly with higher drift field,
less with anode field

=

§ L
Z20.08[—
-amad

E

<

ooz ' SONSSE Time Resolution depends mostly on e-peak charge:
0021 i i \\/. i .l  Drift 200 V il WEFA[] i R '
e-peak Time (ns) ™ S VasS2SV IRLY e Va=525V - Drinzmy
= 8.7 X0 v Drift 275 7 ® 1 E 225
The Signal Arrival Time (SAT) depends on the e-peak T © Drift 328 V < 0% Efi i padid
charge: S us S ey g ) Titia e
- bigger pulses ~ — smaller SAT £ 84 . g 025 + Drift 350 V
- higher drift field — smaller SAT 2 83 20 s 02
g, E 0.15
« Shape of pulse is identical in all cases — timing i 0.1
with CFD method does not introduce dependence on szl L
pulse size ' 1 10 1 10
Electron Peak Charge (pC) Electron Peak Charge (pC)
* Responsible for this “slewing” of the SAT: physics of 11
the detector




Testing with Particle Beams @ CERN SPS H4

PICOSEC prototypes
tested in parallel

45 x5 mm?2area |

scintillators

0.5cm hole  10£m x10fm 0.5 cn| x 0.5 mm Large \area I S | B v, - e
veto scintillator  fcintillatpr scintillators scintillators iy /1 By N
Tracker 3 Tragker 2 Tracker 1 2 MCP ° ; 1 (] U ¥ 5
PMTs 3 \ o\ == )
Pos2 Pos1 Multipad 150 GeV -4 ‘ . ¢ —- s 1 - Z \
-— <— muons or i 2
Beam . - ) g . ! S
I pions ] =l N0/ N
305 | Caa |l A Ui \ \
245 mm 9 mm - : y .N »
540 mm 555 mm Muon beam ’ | MCP'PMTS
" . ‘ b 5 N . =
Time reference: two MCP-PMTs (<5 ps resolution). I =
A . Last run Oct. 2018
Scintillators: used to select tracks & to avoid showers.

Tracking system: 3 triple-GEMs (40 um precision).
Electronics: CIVIDEC preamp. + 2.5 GHz LeCroy scopes.
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Time resolution for MIPs

0.051 450
C = x2/ ndf = 73.26 / 45
0: i 4005_ | = 2.7451 + 0.0004 ns
iy J : : ” 350 6,=20.9 + 0.3 ps
005 : %:Zg: L :;::s
< ¢ Red:MCP signal —t, - 1
. P i [ =
g% 4 Blue: PICOSEC signal £ 1s0f
C A z =
~.0.151 — -peak 100(
- 50 e,
0.2F i ok WO, I I .
C 2.6 2.65 2.7 2.75 2.8 2.85 2.9
025 Lo i Lo b L Signal Arrival Time (ns)
'21?40 360 380 400 420 440 460 480
Time (ns) 60 —®— Anode = 250 V
F ¥ -

. Same detector as for Laser tests S5 o e
(MgF, radiator, Csl photocathode, Bulk MicroMegas, g F \ \ e Arode- 325V
COMPASS gas) 5 451 Anode = 350 V

. : 3 40F Anode = 375 V

. Best time resolution: 24ps 24.0%0.3 ps 8 o5t X

(] -
. S c - .
. (@ Drift/Anode: -475V/+275V = 30F LN
25F . "

“PICOSEC: Charged particle timing at sub-25 picosecond precision with a oot b b e b b e b Lo L
Micromegas based detector”, 340 360 380 400 420 440 460 480 500 520 540

J. Bortfeldt et. al. (RD51-PICOSEC collaboration), NIM A 903 (2018) 317-325 Drift voltage (V)



Number of photoelectrons per MIP

p—
N
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Electron Peak Charge (pC)

6 7

Noise component

Signal for single photoelectron (p.e) from UV-lamp tests:

“Polya” (Gamma distribution)

Signal of MIPs: the Red histogram represents the

Electron Peak Charge (pC)

convolution of Poison and single p.e response (Polya)

Estimated Mean number of photoelectrons per muon
produced in the Csl photocathode
= 10404

“PICOSEC: Charged particle timing at sub-25 picosecond precision with a

Micromegas based detector”,

J. Bortfeldt et. al. (RD51-PICOSEC collaboration), NIM A 903 (2018) 317-325
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Detailed Simulations Garfield++ and electronics response

& 34r e T T T = @07: TTTT T T T T H
S R SATcurvesget (1 ¢ F * Different colors: ~ H
E33 tolowerlevel 11 2 o6f h different drift H
b= T : 1 3 i It i
. == Averaged pulses (data) s as 1 L as drift voltage |3 g - Y voltages g
. . £ o< = e increases 1 <05 \§ H
. — e-peak simulation ) o * 1 8.4 H
: - . > 3.1 ] = YT |
predigtion A R e E: \ g
3 RRRIE Sy ] E N H
E # by MWW—!-_V 7 0.2F & |
2.9 “'&&Ww + E H
c W‘Zm" K 0.1F i o

i ) ’ N T e 2.8 Xt - 1 = 107 1 1
10 1 0 0 Electron-peak chargg (pC)

Electron-peak ch1a99e (pC)

All behaviors seen in single p.e. laser data are also seen in these detailed Garfield++ simulations

Studding the dynamics of the signal information

— 1.4

d I L Photoelectron drift up to s L .
s e e --==the point of first ionisation According to GARFIELD++ simulation the” ., [ "‘***MWM
photoelectron drifts slower that the — /‘
e . preamplification avalanche T - -
Preamplificaton avalanche evolution [ —— /
The avalanche transmition speed (185pmls)'|s/o-e} o =
e higher than the drift velocity of its constitute i — o
!//‘A Amplification Avalanches  electrons (170um/s) , which in tern is higher than ™" | - —
the drift velocity of the primary electrons (151um/s) =T \
T e e e e e 4o 160 180 15

Length of Pre—Amplification Avalanche (m)



Quantitative description of the PICOSEC timing characteristic by
phenomenological model

Spread of SAT [ns]

Known in literature that quenchers in the gas-mix
increase drift velocity —

Model: assume a time-gain per inelastic interaction

compared to an elastic interaction

0.35:_"| '|"'|"'|"'|"'1"'_:
- drift/anode: .
0.3 -425V [ +450 V 3
T e ] \
0.25(-\¢ WS- _\‘\0(\5
0.2 3
0.155— —f
0.1 =
0.05:_I 1 1 I 1 1 1 | L1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 ] 1 L1 |—_
0 20 40 60 80 100 120 140 160

Number of Electrons

arXiv:1901.10779v1 [physics.ins-det]

total

p.e. contributiony,

drift/anode:
-425V | +450 V .

Time spread (ns)

avalanche \
contribution

Pre-amplification Avalanche length (um)

The model describes SAT and Resolution

a) vs. avalanche length &

b) vs. number of electrons in avalanche (i.e, vs. e-peak charge)
— Before and after the mesh

Not only averages and RMS, but full distributions,
vs. values of operational parameters (e.qg., drift voltage)
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Towards a realistic, large size PICOSEC detector

»  Proof-of-principle that Micromegas can reach ~25 ps time resolution

However, in order to prove that a viable detector can be built for particle physics
experiments we also need to achieve:
* Multichannel readout
« Cerenkov p.e. sharing among pixels
* Multi-channel electronics
Spark quenching in the amplification gap
* Resistive Micromegas

» Most critical: an efficient & robust photocathode against sparks & ion backflow
* Protection or robust photocathode

» Graphite — DLC - polycrystalline diamond

» Detector optimization

» Secondary Emitter
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Multi-pad: individual pad response vs. R

. Like the MgF,/Csl/bulkMM/COMPAS gas single-pad PICOSEC which achieved 24ps per MIP
Study response vs. R : distance of track impact from pad center

0<R<2mm: 4.33 <R <7.5mm:

full Cherenkov Cherenkov cone (3mm)
cone (3mm) mostly outside pad
inside pad

e-peak charge should have all info about where is Cherenkov cone
compared to pad. Indeed, universal curves vs. e-peak charge:

7,; 0.<R<2.mm ’g 0.<R<2.mm
£ 1} ZsR<433mm ..l 2.<R<433mm
e 4.33<R<7.5mm g 4.33<R<7.5mm
w : §U.’\Z =
B r After g o After
: @ :
o corrections ?:( X . COI‘F\TCI‘IOHS
22 | P Q <&
i E 008 [ P <20ps for large
18 } DOAi »\
-_ o
e-peak charge (pC) e-peak charge (pC)
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Multi-pad: Same resolution as single-pad

Individual pad response

At center of each pad (0<R<2mm): 180 | N /ndis7 44/ 56
N " £ ¥ P1 101.9 £ 27.03
P2z 0.7209E-03 +£ 0.8397E-03
A . _ P3 0.2892E-01 + 0.1951E-02
a time resolution of 25ps for all pad Oy0t=25pS Pa 6256t 24.39
/ PS5 E-02 £ 0.1523E-02
P6, W\ 449E-01 + 0.3714E-02
\\
E.g.
o S L ||||‘||' Loy w | L | w1 |
-0.1 —0.05 0 0.05 0.1 3.15 0.2 0.25
Individual pad response AT = Time after all corrections (ns)
F N B/ndf35.45 [/ 41 L~
160 F o _ ! P 4.241 % 8.401
140 :_Ctot_ZSps A P2 —D.7759E-02+ 0.2665E-01
F | P3 0.9064E—-01 + 0.1415
120 & P4 152.7 + 5.465
100 | Nl es 0.6543E-02+ 0.7831E-03
a0 i | pe 0.2296E-01 fg@éﬁx—oz
E | N
60 [ \ \\\
wl | e
20 [ _ _ %
O: - |||||||||||||:' e e Lo Lo |
0.1 -005 -0 005 0.1 015 02  02f

AT = Time after all corrections (ns)
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Multi-pad: pad responses for any impact point

These are not the easiest ‘ For tracks falling around a "three-pads” region:

¥/ndf3858 [ 44

12.11 15.41
~0,2725E~é 0.2160E-01

Pilars of ~650um ; 1
. . 0.7168E-01
diameter space / N

E-02 4+ 0.3794E-02
5247E-01+ 0.1128E-01

deale oy o |
04 0OfR

X/ndf38.75 / 39 120 | | x/ndf43.88 / 38
100 P 27.65+ 6.065 F H P1 2238+ 4.475
. P2 —D.1345E-01 £ Sq85E-02 100 | |J.—1.5 Ps P2 —0.3830E— }lo.azasE—oz
80 [ 0.8745E— gh1E-02 F P3 0.9807E-02
u:-z, 6.929 0 - 0o=81 ps Pa ﬁ N+ 6.122
80 [ 0. + 0.2367E-02 E P5 \5 E-01+ 0.2392E—-02
— E-01+ 0.3194E-02 E ; _ _
o= 70 pS \\‘ 60 F EG\‘ 3683E—01+ 0.3582E—02
40 | it @/ E
40 |
20 | i L
r B ) 20 F
gkl O RN RN BRI Wl P ETERTITN IR Foo
-03 -02 -01 -0 0.1 0.2 0.3 04 05 0 Do —

-0.2 0 0.2 0.4 0.6

AT = Time after all corrections (ns) AT = Time after all correction§n(ns)




Multi-pad: Combining pads

Combined Fit

¥/ndf34.74 / 33
Pi 1210+ 5.858
P2 —0.373§§—o1 + 0.1815E-01
0GHek-01 + 0.8343E-02
72.80 + 7.445

P3
P4
@\ B672E-02+ 0.2439E-02

0.2612E-01+ 0.1408E-02

Pie - L] RIS VI |

Y )

AT = Time after all corrections (ns)

X 0.2 0.3 0

Excellent

- of pull

- Properties 44

X/ndf47.93 / 57
4322+ 1.792
0.2278E—-01+ 0.3565F—01
—01

[Jonstant

For tracks falling around a “three-pads” region:

Combining pads event-by-event — Excellent time resolution

Each individual pad: resolution worsens moving outwards

¥/ndf38.75 / 398
100 | | P1 27.65+ 6.065
| P2 —0.1345E-01 £ 4 SA85E-02
a0 L 25 0.8745E— ah1E—02
= S % 6.929
60 L IJ' * p . + 0.2367E-02
o=70 ps! E—01+ 0.3194E—02
40
20 |-
o Bt T L1 A
-03 -02 -0.1 -0 0.1 02 03 04 05

AT = Time after all corrections (ns)

¥/ndf38.58 / 44
12.11 15.41

—0.2725E= q 0.2160E—01

P3 wé&t 0.7168E-01
P4 ﬁ U5 + 9.678
P5 \ ABSE—02 + 0.3794E—-02
6 \\N b52476-01 + 0.1128E-01

A\J

%\/

120 F | ¥/ndf4388 [/ 38
Fo [l P1 22.38 + 4.475

100 F |J.—1-5 Ps P2 —0.3830E }lo.azasEfoz
. P3 0.9807E-02

=0 [ 0= 81 PS P4 ﬁ M+ 6.122
E P5 \5 £-01+ 0.2302E-02

60 | S683E-01% 0.35826-02
F v\

40 [

20 F

o e . I

T - 1 L
-0.2 0 0.2 0.4 0.6

AT = Time after all correction§ 1(ns)




Best resolution was at voltages which give high
currents on anode: robust anode

Mesh support

Mesh support Resistive layer
pillars

‘/plllar /\

S ¥ Y

......... « Mesh

Ground  Resistor [nsulatorlayer Readout anode Copper anode Readout Resistor

Readout beneath resistive layer: picks up signal from above Copper Layer to HV via resistor; Readout “floating”
Resistive strip grounded

the M AMA pro]ect Non resistive < MAMA results — With resistive strip

AN (AnCC; 35:18) Neutron flux « 10" Hzam?

Nonemisive N (& GOLBS 15) Neao lux = 108 Haior®
M

in
\oped ! .
De\le ‘I)Qesistive readouts operate _l . ]
stably at high gain in neutron c .. — 1™
fluxes of 106 Hz/cmz. o, ~ Nno s
5 A1 curemt " :_r'
T. Alexopoulos et al., O ..l e d|SChargeS i P
NIMA 640 (2011) 110-118. g SESNIHIIY SOV R ) S S _.;,!@n

discharges Tove i o
Irradiation time — 22



Beam results with protected anodes

Resistive strips Floating strips

G =41ps Time resolution G =28 ps
100 ; N N ) 80 i i
i —®— Ancde =275V ; :

90 " . ® Anoda=300V 70
; AN 4 Ancde - 325V
- Yt - e

g ‘ Anode = 375 V

—eo— Anode = 250 V
SN ST ............... .............. ®  Ancde - 275V
+— Ancde = 300 V
- —*— Anode - 325 V

Ancde = 350 V

80
60

70

50

40— -Q-

T Illllllll[llll

60— - &

T IIIIII T Illlll

Time resolution (ps)
Time resolution (ps)

50

sof -

L I I S S T T A I PR (T ST ST SR ST SR N TEREEER i i i
3980 400 420 440 480 480 500 520 540 580 2:980 400 420 440 460 480 500 520 540 560
Drift voltage (V) Drift voltage (V)

ev?' Values not far from the Picosec bulk readout.

\)é\ —Resistive strips: 41 ps (10 MQ/o), 35 ps (300 kQ/o).
Qq‘." —Floating strips: 28 ps (25 MQ).

Studies on going 73



R&D on efficient & robust photocathode

A typical Csl photocathode used in atestbeam  Difficult handling & storage due to high hydrophobicity

-

Photocathode is damaged during intense pion beams:
sparks, high ion backflow(~25% for high drift fields)

R&D in two directions:

New photocathodes

Diamond-Like Carbon (DLC)

Pure metallic (Al, Cr, ...)

Polycrystalline Diamond or thick diamond films as electron
emitters

Photocathode protection
Protection layers (LiF, MgF,,...)
New detector structure: double mesh Micromegas

- Also: improve resolution for single photoelectrons
through detector optimization
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Investigating Photocathodes (DLC)

3mm MgF,+ DLC of different thicknesses :

Results from beam tests
* 2.5 nm thickness is the best performing one: 97%
efficiency
* Time resolution: 40 ps level with 2.5 nm DLC

ch 3 H B Aome=2S0V §2018 Auy
=~ [ : i @  Ao%=275V §2018 Auy
. é S : i B Acoss-300V 2018 Avp
Performance studies: 3 F | I
. . . 60— 0 : . ‘
* QE measurements with UV light in the lab gt n ¢« X
+ Beam test at CERN SPS gsE A N
. . . . = N
+ Aging studies with pion beams and laser sof- PN v
45:— AN : -
. E 1 |-
Relative Q.E meassurements - | b
Normalized QE vs. Wavelength ast N 4;0 . m{a NN S
8 Drift Voltage (V)
2 10 = Q\ —#— Thickness: 1 nm
g FN T Thickness: 25 nm DLC thickness [nm] Detection Efficiency
g N e 4 Thickness: 5 nm
8. I~ a \‘\\ ¥ Thickness: 7.5 nm 2~5 97%
g - r;‘j-‘;\‘ % Thickness: 10 nm 5 *94%
» M N <*
SIS T 75 \V\Y 70%
(= R N
2 | N rﬁ.‘;‘\i:‘\t 10 @ 68%
S [ Ty A I Q_@
g » . Csl photocathodeq 100%
5] i »' =
zZ o
101 L SRR Xu Wang et al, proc MPGD2019 25

Lowaaly
120 130 140 _,150 7o
VJavelength (nm)



Optimization

Ther.e is margin for furthe_r |mprovement.of the .tlme resolution First overview of the data from gap tests with
fqr single photoelectrons. pgrformance is dominated by the the fs laser test of May 2019 [F=Tw=my
size (= gain) of the pre-amplification avalanche. — ‘ S e el

T
k| i Dnft = 194 pm
Dnft= 169 um

%  Dnft=119 ym
| photoslactron
1.2 photoslectrons.
1.4 photoslectrons.
2 photoalactrons
3 photoelectrona
5 photoelectrons
T photoelectrons
8 photoelectrons
35 photoelectrons

« Drift gap: The majority of the tests was done with 200 pym
gap. Reducing it is expected to improve avalanche size and
stability. Tests were performed in May 2019 at the fs laser
for gaps of 120,170,195 and 245 ym

200

Time Resolution (ps)

150

100

« Gas composition. CF, is increasing drift velocity, however is
decreasing the maximum gain. Ne or He mixtures with only

III]IIIIIIIIIIIIIIIIIIII

C,Hg as quencher are expected to increase maximum gain ¥ | | Ba SN
and improve the “polya” distribution of single p.e. Tests are A BN ST P I R
1000 1500 2000 2500 3000 3500 A0 4500
planned for Sep. 2019. 7%0' (Vioarm)
« Gas pressure: decreasing pressure is equivalent with Time resolution < 50 ps is observed
decreasing the amplification gaps. Tests are planned for for single photoelectrons !!!
Oct. 2019

26



Summary - Conclusions

Coupling a Micromegas detector with a radiator / photocathode we have surpassed the physical constrains on precise
timing with MPGDs, achieving two orders of magnitude improvement:

* 0~ 76 ps for single p.e.
* 0~ 24 ps for 150 GeV muons with 3 mm MgF, + 5.5 nm Cr substrate + 18 nm Csl photocathode.
+ <N,.>=10

PICOSEC Micromegas is a well-understood detector

» Reproduce observed behavior with detailed simulations and a phenomenological model : valuable tool for parameter-
space exploration

Towards a large-scale detector:
* Resistive Micromegas OK for timing

* Response of multi-channel PICOSEC prototype: similar precision as the single channel prototype, for any impact
point of a MIP

* Robust photocathodes promising progress

The optimization of the detector is expected to establish sub-50 ps precision for single photoelectrons
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Thank you
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