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The Picosec collaboration

 CEA-Saclay: T. Papaevangelou, I. Giomataris, M. Kebbiri, T. Gustavsson, D.
Desforge, M. Pomorski, P. Legou, O. Maillard, C. Guyot, P. Schwemling, F.J. Iguaz.

* CERN: J. Bortfeldt, F. Brunbauer, C. David, J. Frachi, M. Lupberger, H. Miller, E.
Oliveri, F. Resnati, L. Ropelewski, T. Schneider, L. Sohl, P. Thuiner, M. van Stenis,
R. Veenhof, S. White!.

* NCSR Demokritos: G. Fanourakis.
e USTC (China): Y. Zhou, Z. Zhang, J. Liu, B. Qij, X. Wang.

* Univ. Thessaloniki: |. Manthos, V. Niaouris, K. Paraschou, D. Sampsonidis, S.E.
Tzamarias,.

* NTUA:Y. Tsipolitis.
e LIPP: M. Gallinaro.

1 Also University of Virginia.
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Motivation: why ~10 ps are mterestmg?

High Luminosity Upgrade of LHC:
* To mitigate pile-up background.

* ATLAS/CMS simulations: ~150
vertexes/crossing (RMS 170 ps).

* 10 ps timing + tracking info.

Extra detector requirements: PID t’echniques: Alt?rnatives to RICH methods,
J. Va’vra, accepted in NIMA,
e |3 rge su rfa ce coverage. https://dx.doi.org/10.1016/j.nima.2017.02.075

* Multi-pads for tracking.
e Resistance to aging effects.
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State-of-art precision timing

Solid state detectors

 Avalanche PhotoDiodes:
(o, ~ 20 ps)

e Low Gain Avalanche
Diodes (o, ~ 30 ps)

e HV/HR CMOS (o, ~ 80 ps)
=» Radiation hardness ?

Gaseous detectors
* RPCs: (o, ~ 30 ps)

= High rate limitation
* MPGDs (g, ~ 1 ns)
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State-of-art precision timing

Solid state detectors Question:

* Avalanche PhotoDiodes: Can a Micromegas detector reach

(0, ~ 20 ps)
e Low Gain Avalanche a timing resolution of the order
Diodes (o, ~ 30 ps) of few tens of picoseconds?

e HV/HR CMOS (o, ~ 80 ps)
=» Radiation hardness ?

Gaseous detectors
* RPCs: (o, ~ 30 ps)

= High rate limitation
* MPGDs (g, ~ 1 ns)
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State-of-art precision timing

Solid state detectors Question:

* Avalanche PhotoDiodes: Can a Micromegas detector reach

(0, ~ 20 ps)
e Low Gain Avalanche a timing resolution of the order
Diodes (o, ~ 30 ps) of few tens of picoseconds?

* HV/HR CMOS (o, ~ 80 ps)

=>» YES, for a proof of concept
=» Radiation hardness ? f proof of p

(the aim of this talk)
Gaseous detectors

* RPCs: (o, ~ 30 ps)
= High rate limitation
* MPGDs (g, ~ 1 ns)
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State-of-art precision timing

Solid state detectors Question:

* Avalanche PhotoDiodes: Can a Micromegas detector reach

(0, ~ 20 ps)
e Low Gain Avalanche a timing resolution of the order
Diodes (o, ~ 30 ps) of few tens of picoseconds?

* HV/HR CMOS (o, ~ 80 ps)

=>» YES, for a proof of concept
=» Radiation hardness ? f proof of p

(the aim of this talk)
Gaseous detectors
* RPCs: (0, ~ 30 ps) =>» Pending: Large-area, position-
= High rate limitation sensitive, radiation hardness

* MPGDs (g, ~ 1 ns)
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A Micromegas detector

__ HVpa Conversion region
Radiation create electrons, which

drift to the readout plane.

Conversion
region
ET Bmpliffeationsegion mT L Amplification region
% Electrons are amplified & the
charge movement induces signals.
Mesh
il signal . . .
Anodereadout sgnale Interesting features for many applications:
Simplicity Granularity Homogeneity Scalability

Timing limitation factors:
e Large conversion region: charges created in different positions.

* Diffusion effects: ~0.3 mm/cm©%-> -> ~6 ns for 3 mm drift distance!
IRFU/CEA-Saclay, 7 Nov 2017
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Improving the Micromegas timing
\ /

~10 clusters uniformly distributed over 3 mm

100 um

Picosec: 24 ps with Micromegas

Standard MPGD detector:

e Large ionization volume.
* Big diffusion (~ns).

Drift gap is reduced:
e Diffusion limited.
* Preamplification.

Cerenkov radiator:
* Primary electrons
localized in time & space.

IRFU/CEA-Saclay, 7 Nov 2017



@\,/ E'ﬁ’ﬁbTALENTsj

The Picosec detector

0.05¢
Particle -
0
Cherenkov E 5:0'051 N
Radiator e o .
w80 !
Photocathode | 18-20 nm O - !
Drift E-Field 200 pm -0 15: :
A |-f. t. .......... E. I:I .Ic;*. 1';']\(;2 :
Imcation - m -
mp - Re;dout 0'2: t
_0-2§40 1 I360I 1 ISSOI 1 I400I 1 I420I 1 I440I 1 I460I 1 I4.80
* A particle produce Cerenkov radiation. Time (ns)

Photons produce electrons in the photocathode.

Electrons are amplified by a two stage Micromegas detector.

Two signal components:
e Fast: electron peak (~1 ns). -> Timing features.
* Slow: ion tail (~100 ns).
Picosec: 24 ps with Micromegas 11 IRFU/CEA-Saclay, 7 Nov 2017
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The first Picosec
prototype

Picosec: 24 ps with Micromegas 12 IRFU/CEA-Saclay, 7 Nov 2017
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- The first Picosec prototype

crystal

- Metallic

Photocathode ’ substrate
- - Metallic ring

Crr-------1 (10 nm thick)
[ E:::::::E}4kaMQn

rings

[Viash ==e=sessmmsanmsamsamsansmn s sms amsmssms s smsmn s s g i Zé.m:n ................. ®
e — i — — —— — — —" —
Anode
1.6 mm )
Ground layer Mlcro?egas
.: . . ._ readout
i < > ‘i
i Coaxial Active area I Coaxial
- cable (1 cm diameter) SHV I. ::;I:
HH ]
“elp 'ELSMA feedthrough fEEd‘hFOUSh.E é._______Ij
I T — R-RC ' =
o e preamplifier filter -II__ — json
: . e | | T HV supply —
- ] ACARARRELS ] L ——— R-RC |-} |=_ J_ =
N o RSN S SR AR SE SR S IS e filter S—— —
1 cm diameter active area

* A small prototype.
 Asapad, itis pretty large.
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The first Picosec prototype

Vessel
M, rt
3-5 mm I g:ﬁ:la z
« Metallic
Photocathode ‘ substrate
Y . Metallic ring
Ccc-------1 (10 nm thick)
CEZ-Z-"Z"Z-Z-T11 | 4kepton
ZWH.I'I'I E ——————— D rings
CcCc-----”-”-1
[Vigh "*=""=+wssamsammsamsans amsanas ams omsamn sanes amnn smmss g s nn s s e e e ®
1 e e e Y1280
Anode
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i Ground layer er‘;?:::ias
| e olo-
i I € = il
] i : Active area i .
i a Coaxial i|i 4 Coaxial
i SHV ‘ cable  (1cmdiameter) SHV ,« cable
| feedthrough |1 sMA feedthrough feedthrough : |} ]
bt ——-0|0 2 . ;o—-------I--'
. nt o i i —
(L] cividee oo RRC oy 1k -
° s oW e— T preamplifier =1 filter .I— CAEN 500
° Ed N Lecroy |....... _i|= P HV subpl
oscillo: = i i PPVl —
* R n — bttt ettt e st e R-RC }---! |=_ =
; - filter ' J—:

* Bulk MM readout.
Main elements: * 3 kapton rings spacers to define the drift.

e A crystal + photocathode.
Picosec: 24 ps with Micromegas 14 IRFU/CEA-Saclay, 7 Nov 2017



The first Picosec prototype

Main elements:

Picosec: 24 ps with Micromegas

Lecroy
scilloscope [

B

enhanced

EUROTALENT

\.-'nas.sel--i
MgF,/Quartz
3-5mm I crystal
- Metallic
Photocathode ’ substrate
- - Metallic ring
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Bulk MM readout.
e 3 kapton rings spacers to define the drift.
e A crystal + photocathode.

e HV supply —L
L

J
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The first Picosec prototype

Vessel
MgF,/Quartz
3-5mm I crystal
Metallic
PhBtocathode ‘ - substrate
- ‘ Metallic ring
n: ——————— n (10 nm thick)
CE---""Z"Z--T1 | 4kapton
200|.u'n E ——————— D rings
CcCc-----”-”-1
.................................................................................... ®
Mesh 128 pm
Anode
1.6 mm
Ground layer Micromegas
oo ole- readout
HH = = ‘i
i Coaxial Active area |1 Coaxial
Bl . 1 H
SHV - cable (1 em diameter) SHV I. cable
ol feedthrough i SMA feedthrough feedthrough I !
- ————-p e & -t
H aH 1
- H I s preamplifier _—_I_l filter |I—_ CAEN f 50 Q
[ cope T — li — HV supply —
° L R-RC |-. :r | -
RSN S SR AR SE SR S IS e filter S—— —

* Bulk MM readout.
Main elements: * 3 kapton rings spacers to define the drift.

e A crystal + photocathode.
Picosec: 24 ps with Micromegas 16 IRFU/CEA-Saclay, 7 Nov 2017
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Optimization parameters

Crystal:

- Different Thicknesses of MgF2 (2,3,5mm) .
wstal - Different Material Photocathode:

/ photon

photocathode

1) Csl and different:

- producer (CERN, Saclay)

- thicknesses (11, 18, 25, 36nm)
electron - metallic interface (Al, Cr) &

Gas Mixture thicknesses (Cr 3, 5.5nm)
_ Compass £as preamptficotior Drift 2) Pure metallic
P field - Al(8nm), Cr (10,15,20nm)

- CF4 + 10% C,H,
- Ne + 20% C,H,

- Diamond, B-doped Diamond

micromesh

Micromegas:
Amplification __p - standard bulk
- bulk with 6 pillars
- thin mesh bulk
- Resistive
E. Oliveri (CERN)  (different values)

avalanche

Operation
voltages

insulator

Picosec: 24 ps with Micromegas 17 IRFU/CEA-Saclay, 7 Nov 2017
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Timing measurements

Picosec: 24 ps with Micromegas 18 IRFU/CEA-Saclay, 7 Nov 2017



Timing measurements

* Standard Picosec detector:
— Bulk Micromegas with 6 pillars.
— Photocathode: 3 mm MgF2 + 5.5 nm Cr + 18 nm Csl.
— Gas: Compass gas (Ne + 10% C,H, +10% CF,).

Picosec: 24 ps with Micromegas 19 IRFU/CEA-Saclay, 7 Nov 2017
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Timing measurements

* Pulse analysis:

— Cubic interpolation
(4 points) at a fix
value of the leading
edge (20%-40% CF).

— Fitting the whole
leading edge to a
sigmoid function &

then calculating the
time at 20-40% CF.

Picosec: 24 ps with Micromegas

0.02; ; S—
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5_0'08;— .............................................................................................................................................
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Timing measurements:
single photo-electron
(laser tests)

Picosec: 24 ps with Micromegas 21 IRFU/CEA-Saclay, 7 Nov 2017
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Timing measurements: laser tests.

* |RAMIS facility @ CEA Saclay. I Laser
 Wavelength: 280 nm. I
* Light attenuators. [
* Trigger from fast PD. [
* Cividec 2 GHz, 40 db preamplifier. -
* DAQ: 2.5 GHz LeCroy scope. S 200 um

AN NN NN NN NN N NN NN EEEE AN [ llllllllll
. 0 amplification
 Datain Compass gas & CF,+20%C,H.. 100 pm
4 2" '6 —
readou
Femtosecond Ti:S laser | | Optical Parametric Oscillator 3
»=740nm, 120fs, 76 MHz A =560nm, 120fs, 76 MHz
Photo-diode
trlse ~100 ps
Second Harmonic | | Pulse-Picker
Generator, & =280 nm 11-300 kHz
I MicroMegas
LeCroy 9000
Attenuator and bandpassfilters digital OSCHIOSCOPE

Picosec: 24 ps with Micromegas 22 IRFU/CEA-Saclay, 7 Nov 2017
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Results of laser tests: SAT vs amplitude

Number of events (%)

4

o = g w
M N W

™ 8 | 1 1 I8-5'
TOF or Signal Arrival Time (ns)

A+525V/D-200V
A+525V/D-225V
A+525V/D-250V
— A+525V/D-275V
A+525V/D-300V
— A+525V/D-325V
A+525V/D-350V

Compass gas

A ode +525V

e TOF (Signal Arrival Time) distribution shows a tail at high values.

Picosec: 24 ps with Micromegas
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Results of laser tests: SAT vs amplitude

I. Manthos (AUTH)

Drift 325V
* Drift 350 V

~8.9

F e Drift 200 V ' '
58.8 . Compass gas = Drift 225V A+525V/D-200V
2 Anode +525V 4 Drift250 V 3.5 A+525V/D-225V
o= 8.7 § v Drift 275V
i i o Drift 300 V 3 A+525V/D-250V

o
N o

A+525V/D-275V
A+525V/D-300V
A+525V/D-325V

A+525V/D-350V

Compass gas

A ode +525V

-y
[9))

Number of events (%)

o
S

| A - Lt . W é A e e,
07 7.5 8 8.5 9 9.5 10
TOF or Signal Arrival Time (ns)

1 10
Electron Peak Charge (pC)

e TOF (Signal Arrival Time) distribution shows a tail at high values.
* This tail is a result of the correlation btw TOF & pulse amplitude.

Picosec: 24 ps with Micromegas 24 IRFU/CEA-Saclay, 7 Nov 2017



Results of laser tests:

|. Manthos (AUTH)

2> AT e Drift 200 V 7045
Egs Anode +525V . pi 205y £
°E’ s Drift 250 V = 04
587 v Drift 275 V 3
AW o Drift 300 V =
= 8.6 L% Drift 325 V = 0.35
2 « Drift 350 V 2
= 8.5 & 0.3
< [
2
Té 8.4 ° é 0.25
208.3 b
T - 0.2
o 0.15
8.1 -
g 0.1
7.9 0.05 |

1 10
Electron Peak Charge (pC)

enhanced
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SAT vs amplitude

I. Manthos (AUTH)
- Anode +525V
e Drift 200 V
= Drift 225V
s Drift 250V
L v Drift 275V
Mo o o Drift 300 V
bl Y Drift 325V
AT o« Drift 350V |

e T

1 10
Electron Peak Charge (pC)

e TOF (Signal Arrival Time) distribution shows a tail at high values.

* This tail is a result of the correlation btw TOF & pulse amplitude.

* And a correlation btw the time resolution & pulse amplitude.

Picosec: 24 ps with Micromegas 25
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Time Resolution (ns)

0.2

0.15

0.1

0.05

I. Manthos (AUTH)
-~ Compass gas Drift 200 V
. Anode +525V . 1);:& 225V

s Drift 250V
v Drift 275 V
Me 4 o Drift 300V |
Ll (T o Drift 325V
R -~ Drift350 V|

e T

1 10
Electron Peak Charge (pC)

Signals of a given amplitude:

Time Resolution (ns)

>
=

&
o
h

&
o

0.15 -
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Results of laser tests: SAT vs amplitude
[. Manthos (AUTH)_

~ Compass gas

e Anode 450V

s Anode 500 V |
v Anode 525V

0.1

0.05

1 - 10
Electron Peak Charge (pC)

* have the same time resolution, even for different drift field.

* show a better time resolution, if the anode voltage is lower.

Picosec: 24 ps with Micromegas
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Results of laser tests: SAT vs amplitude

S S
e W Ok
tw O B

h

Time Resolution (ns)
S

&
o

0.15

0.1

0.05

I. Manthos (AUTH)
- Compass gas |

. Anode +525V . om0y

= Drift 225V

s Drift 250 V|
v Drift 275 V
Lo o Drift 300 V|
G (A o Drift 325 V
_ R ~ * Drift 350 V|

e T

1 10
Electron Peak Charge (pC)

Picosec: 24 ps with Micromegas

>
=

Time Resolution (ns)
[—]
o
wun

&
o

0.15 |

I. Manthos (AUTH)

: Compéss gas

¢ Anode 450 V|
= Anode 475\
s Anode 500 V |
v Anode 525V

0.1

0.05

1 - 10
Electron Peak Charge (pC)

Timing properties are mainly determined
by the pre-amplification stage.

IRFU/CEA-Saclay, 7 Nov 2017



S

Simulation

C‘Mean Timing [ns]
P w

2.9

28_—| Lol 1 Lol 1 Lol

~1
10 1 char1g09 [pC]

=
[
n

=
]

Timing Resolution [ns]

o
P
5
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mulation of the detector response

K. Paraschou & S.E. Tzamarias (AUTH)

T.

Simulation

—_
=
ra

107 1

0
I::-"large [pC]

It qualitatively describes the observed dependences.

* Timing is mainly defined by the pre-amplification stage.

=)

Picosec: 24 ps with Micromegas

Further details: “Progress report on the modelling of slewing & resolution effects

in Picosec detector” by K. Paraschou (RD51-WG4 group, 25th Sep).
https://indico.cern.ch/event/667256/contributions/2732572/attachments/1529392/2393101/KostasPresentation.pdf

28
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Results of laser tests: summary

e
N
—]

\ Correction applied:
* Anode450 V) 1) SAT dependence.

\ ' s Ancde 500V 2) DAQ threshold.

v-Anode 525V

Time Resolution (ps)
(W] o W
= 2 =

[

un

—
|

100 -
- Compass gas

0500 250 300 350 400 450
I. Manthos (AUTH) Drift Voltage (V)

* Time resolution for 1 photo-electron: 76.0 * 0.4 ps.
* Further improvement expected for higher drift fields.
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Timing measurements:
150 GeV muons
(beam tests)

Picosec: 24 ps with Micromegas 30 IRFU/CEA-Saclay, 7 Nov 2017
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CERN-H4 north area SPS Extraction line

Picosec: 24 ps with Micromegas 31 IRFU/CEA-Saclay, 7 Nov 2017
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The setup during beam tests

5mm hole veto 10cm x 10 cm 5mm x5 mm 2cm x2cm
scmtlllator scintillator scintillators scintillators
Tracker 3 Tracker 2 Tracker 1
pos 2 Pos 1 Pos 0
— h
Beam

T 1 | Hamamatsu

T 245mm mm 305 mm MCP
520 S55 mm J. Bortfeld (CERN)

e Time reference: one Hamamatsu MCP-PMT (5.5 ps time resolution).

* Scintillators: coincidence of two 5x5 mm? and a veto to avoid showers.
* Tracker: 3 GEMs to measure the impact point in each detector.

e Electronics: CIVIDEC C2 preamplifiers + 1-4 2.5 GHz LeCroy scopes.

* Nphe: calibrations of SPE by UV lamps remotely controlled.

Picosec: 24 ps with Micromegas 32 IRFU/CEA-Saclay, 7 Nov 2017
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The setup during beam tests

Scintillators

MCP Detectors Trackers

Picosec: 24 ps with Micromegas 33 IRFU/CEA-Saclay, 7 Nov 2017



@\,/ E'ﬁ’ﬁbTALENTsj

Results of beam tests: 24 ps for bulk

60 —®— Anode =250V

450
400
350
300
250
200
150
100

50

%2/ ndf =111.80/ 32 55 —8— Anode =275V
Height = 3.957E+02 + 7.614E+00
Mean (ns) = 2.7451 + 0.0004 50

Sigma (ns) = 0.0243 + 0.0003 45

Anode = 300 V
—¥— Anode =325 V

Anode = 350 V

T A G W S

Orop = 24.3 Ps N '
s S July
o o o5 . _________________ __________________ __________________ ______________ ______________ 2017 ____________

862652?2?5282852929533_05L§‘| _|||i|||i|||i|||i|||i|||i|||i|||i|||i|||
Signal Arrival Time (ns) 2840 360 380 400 420 440 460 480 500 520 540

Drift voltage (V)

Anode = 375V

Number of events

[
:

e Best result: 24 ps (bulk MM + Cr/Csl photocathode).

e Optimum operation point: Anode +275V / Drift — 475V.
* Nphe=10.1+0.7

* Result repeated in two different beam campaigns.
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Results of beam tests: 24 ps for bulk

140F
120¢
100F
803

Time resolution (ps)

T SRY R e

40;_ ________________________ ______________________________ ____________________________ _____________________________ _____________________ Ct’O’b r 302_ ____________ _________________ ________________ __________________ __________________ _________________ July _______________
20;_ ________________________ o 26 _____ pS _________ ______________________________ ______________________________ 201 _____ 25; ________ ______________ ______________ 2017 ____________

—®— Anode =225V 55F —®— Anode = 275 V

Anode = 250 V Anode = 300 V

50[-
45F

.| ~7 Anode =275V —¥ Anode =325 V

Anode = 300 V Anode = 350 V

Anode = 325 V 40 Anode = 375 V

S AN A N W R

%00

o500 a0 0 S 600 ug e dts a8 o 520" 540
Best result: 24 ps (bulk + Cr/Csl photocathode).
Optimum operation point: Anode +275V / Drift — 475V.
Nphe =10.1£0.7
Result repeated in two different beam campaigns.
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On going R&D
and future plans

Picosec: 24 ps with Micromegas 36 IRFU/CEA-Saclay, 7 Nov 2017



ATLAS New Small Wheel - MicroMegas (J. Wotschack et al.)

G. lakovidis, arXiv:1310.0734v1 [physics.ins-det] 2 Oct 2013

Current (uA)

E. Oliveri (CERN)

Robust readout: resistive MM

430 P16 3x @#2
\ [ -

Mesh support pillar

Resistive strip

0.5-100 MQ/cm

pc8

\

Insulator

Non-resistive MM (Ar:CO, 85:15) Neutron flux = 108 Hz/cm?

Cu readout strip

R11 (Ar:C0, 85:15) Neutron flux ~ 10% Hz/cm?
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Nuclear Instruments and Methods in Physics Research A 640 (2011) 110-118

=19 400
71000

A spark-resistant bulk-micromegas chamber for high-rate applications

T. Alexopoulos?, J. Burnens”, R. de Oliveira®, G. Glonti®, O. Pizzirusso®, V. Polychronakos,

G. Sekhniaidze®, G. Tsipolitis*®, ]. Wotschack "*

Picosec: 24 ps with Micromegas
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o2 B

Type A, High

Resistivity gos
I ais TypeA, Low
Resistivity

- v - -

Type B, Discrete

| resistors
A
CERN MPT Workshop (A. Texteira et al.) :ﬂ:‘

A: Resistive plane a la “mamma”
* Better protection

B: Discrete Resistors a la “compass RICH”
(Trieste)

* Larger flexibility on resistor value

C: Embedded Resistors a la “Chefdeville-
Geralis-Peskov”

* Tested using low resistivity plane a
la “mamma” with discrete resistor
a la “compass RICH”
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Robust readout: first results

_| —®— Anode = 200 V
.| —m— Anode =225V
: : é Anode = 250 V
| —8— Anode =300V 250 ................. ................ E ................. A:ZSZ j 222 v

Anode =300 V
200_ ............ ................. ................. .................. Anode = 325 V

| —®— Anode =275V

ps)

Anode = 325 V

| —*— Anode =350 V

Anode =375 V

T A ————,

Time resolution (ps)
Time resolution (

YTSEE N N S S S N N

:

S N N U M D S S

n

- Re5|st:ve plane a Ia mamma” - Dlscrete Re5|stors a Ia compass RICH

2080 400 420 440 460 480 500 520 540 560 580 046560580 400 420 440 460 480 500 520 540
Drift voltage (V) Drift voltage (V)

* Values not far from the standard configuration.
— Type A: 40 ps (10 MQ/L), 35 ps (300 kQ/L1).
— Type B: 40 ps (25 MQ).
* Resistive readouts worked during hours in pions beams.
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Scaling up
Goals:

* To preserve the signal integrity with larger mesh & routing/vias.
* To keep an uniform gap on larger surfaces.

Detector assembly

PCB top o

32
0.1

6x M3x10 PEEK screws Crystal holder top

‘ / fixed with screws

PCB bottom

1 ._’\‘ . ,7.
Crystal 'v‘ b f" Sagana gas connector
—_—
Crystal holder base 3x Cathode
glued to PCB spacer PCB

Readout and MM PCB ™

F. Brunbauer (CERN)
~35mm Active area, 19 pads (7 full size)
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Scaling up: first results

100 g g g g g g —8— Anode =275V g roof
90 : : ' : : —=— Anode = 300 V gl C 49824 Entries in the large trigger
80 _ Anode = 325 V £ sl

% —%— Anode = 350 V @ -

% 70 : : ; ; e 60:—

S 60 -

3 50 a0

@ C

é 40 20:_

= 30 -
20 o
10 R b o

:I 1 | 11 1 | 1 1 1 | 1 1 1 | 1 1 1 | 11 1 11 1 I 1 1 1 | 1 11 | 11 1 : L' SOhl (CERN)

940 360 380 400 420 440 460 480 500 520 540 C

Drift voltage (V) %20 0 20 40 60 80
POSO0_track_hit[0]

* Field scan centered in one pad: 37 ps.

* MCP was centered btw 3 PADs -> High statistics (>10° events)
study of charge/timing sharing btw them.
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A picture of sparks in a photocathode

T. Schneider
(CERN)

A robust photocathode against sparks
& ion feedback is needed.
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Robust photocatho es

Csl protection layers:

* PC coating at the Thin
Film & Glass Lab at CERN. 4’ }%

* Graphene shield @ CERN MW T
(P. Thuiner). > ’“nd““ﬁ:m"" yww‘:"?‘w m— Mpoq

Diamond as photocathode or secondary emitter.
* Photocathodes from Saclay (Pomorski et al.): already tested on beam.

* Photocathodes from Russian Academy of Science (M. Negodaev): pieces
production ready to go after specifications defined more precisely

* Secondary emitter (J. Veloso et al): samples to be tested.

Pure metallic photocathodes:

e Cromium, aluminum.

|
\‘

* First samples already tested on beam.

MgF,+ Cr + CVD
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Robust photocathodes: pure metallic

100¢

ggi_ ............
3();_ ............
a 702_ ............
_§ 60;— ............
S 505_ ............ | 5 |
O 4O | —®— AnOde = 250 V
qé - | . | | | | —=— Anode = 275 V
E gob
- 20F Anode = 300 V
- GTOF = 5 pS | Anode = 325 V
105_ ....................................... Anode - 350 V

11 1 111 L1 1 L1 1 L1 1 1 11 1 11 | 11 1 | 11 1 | L1 1 |
4900 420 440 460 480 500 520 540 560 580 600
Drift voltage (V)

* Previous tests showed modest results:
— 5mm MgF2 + 10 nm Cr: ~100 ps, Nphe = 2.2.
— 5mm MgF2 + 100 nm CVD: 180 ps, Nphe =~2

e Pure metallicone (5 mm MgF2 + 20 nm Al): 54 ps!

Picosec: 24 ps with Micromegas 43 IRFU/CEA-Saclay, 7 Nov 2017



E\,/ eﬁﬁﬁbTALENTJ
R&D on electronics

2017 Wide Bandwidth Amplifier (WBA) probe
Amplifier

LMH 5401: 8 GHz differential OPA 20dB in single chip, impedance match 50Q

.o 2 amplifiers in series for voltage gain A/A =100 5
e CERN (H. Mull —_— | A
. ulier "
add spark protection :

* Mini-Circuit S T

[ ] SaCIay (P. Legou) Board;\,GainA Boﬁéins

Single ended input on detector
with 50 Q impedance match  Differential 2 gain stage

« started with off-the-shelf eval. boards '
« after test phase, make PCB 8 GHz WBA probe, 4 or 8 channels Photo WBA test setup Feb. 2017

Digitizer: H. Muller, Precise Timing Workshop, Feb 2017
. https://indico.cern.ch/event/607147/contributions/2476905/attachments/
o OSCI | |OSCOpe. 1415650/2167318/Plans fast electronics for MPGD.pdf

L] SA M P I C > SAMPIC: PERFORMANCE SUMMARY
L] k. " .
oy
4

D. Breton et al.,
NIMA 835 (2016) 51-60
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Summary

2014 2015 2016 2017
>
RD51 Proposal First prototype New prototype, Resistive and
submission and laser tests better laser multi-channel
results and first prototype,

beam campaigns photocathode

* Main results of Picosec: new electronics

— Single photo-electrons: 76 ps.

— 150 GeV muons: Bulk readout (24 ps), resistive (35 ps). Nphe = ~10.
— Pions: First long runs with resistive detectors.

— Multipad: 37 ps (one pad).

* R&D on going on
— Detector scaling (large area and multi-channels).

— New photocathodes, protection layer, secondary emitter.
— Electronics (amplifiers & digitizers).
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Back-up slides
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Results of beam tests: SAT VS amplltude

—— A+250V/D-450V — 100
< = } A+250V/D-500V = 90F 8 j a A$250VID-4T5Y
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< - b d LR | —+— A+300V/D-425V E 60F Y
— 2.78¢ - i e A+300V/D-450V s cof N A+300V/D-400V
S C 2t ehgeiad T = Tk —— A+300V/D-425V
o 2.761 Ppt-pt b R R e N e 40F L‘fﬁ! - s— A+300V/D-450V
274 ¥ 30F L
- o c %ﬂ* %
C 20F L
2.72F of
2 7h ot
1 10 1 10
Electron-peak charge (pC) Electron-peak charge (pC)

* No dependence btw SAT and electron-peak amplitude.

* The time resolution improves with the amplitude, posibly
correlated to the gain in the first amplification stage.

* First approach: one Gaussian fit to SAT distribution.
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Number of photoelectrons
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¥A2 / ndf = 76.32 / 31

Mean = 0.2489 + 0.001

++ C =3.127E+08 + 1.100E+08

4

Nu = 12.5729 + 0.2832

Beam run

4

<A> =249 mV

dododod
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MM_EPeak Amplitude (V)
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Number of events
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"2 / ndf = 143.95/ 136
C = 1.196E+07 + 2.370E+06
Mean = 0.0224 + 0.0003
Nu = 6.0071 + 0.1025

SPE run
<A>=22.4mV

1] |

OO

Illll"l Ll I | I | | | I | | | I S T I | | | s el L bk
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
MM_EPeak_Amplitude (V)

Nphe =249 mV /224 mV=11.1

The mean value of amplitude distribution is calculated by a fit to
Polya function, for beam runs & SPE run.

The number of photoelectrons is the ratio of the two values.

Result of ~10 phe. Systematic errors to be calculated.
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