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* The Picosec detection concept.

* Beam tests at CERN SPS H4.

* On going R&Ds for a demonstrator.
* Summary.

First article submitted to NIMA:

- J. Bortfeldt et al., “PICOSEC: Charged particle
timing at sub-25 picosecond precision with a
Micromegas based detector”, arXiv:1712.05256
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Motivation: why ~10 ps are interesting?

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

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

10 ps timing + tracking info. ok

77 ;tﬂi’ééﬁoils,{elﬁ.él‘os‘s AN A
Extra detector requirements: PID techniques: Alternatives to RICH methods,

J. Va'vra, NIMA 876 (2017) 185-193,
. Large surface coverage. https://dx.doi.org/10.1016/j.nima.2017.02.075

 Segmented anodes for tracking.
e Resistance to aging effects.
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The PICOSEC detecti t
Particle
Cherenkov B
Radiator
Photocathode 8-30 nm HV1 Cathode
Drift 100-300 um ¢ E-FleldI . d Mesh
Am ||f|cat|on 50-150 TR R i -. o e 0 roun (BUlk Micromegas)
P 4 E-Fieldd Hv2 Anode

Preamplifier + DAQ

* Radiator: Cherenkov UV production.

* Photocathode: UV -> electrons. 0'0:
* Two-stage Micromegas (drift+tamp): . !
electrons are amplified. %01
* Two signal components: §_0.15f '
* Fast: electron peak (~0.5 ns). 0of f
* Slow: ion tail (~100 ns). L T

Time (ns)
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The first Picosec prototype

1 cm diameter active area
* A small prototype.
* As asingle pad, it is pretty large.

PICOSEC — 24 ps for 150 GeV muons
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~ The first Picosec prototype

Vessel
MgF,
3mm radiator
. Metallic
Photocathode ’ substrate
. Metallicring
o n E (10 nm thick)
oift | L ZZZZZZZ I3 | 4kapton
region | e o= e— - — o — :D rings
200 um IZE::::::::D
1 Mesh 128 um *
: Anode
1.6mm Micromegas
]
I Ground layer d e'::::or
| olo olo-
Coaxial Activearea Coaxial
. cable (1 cm diameter) SHY . cable
h { SMA feedthrough feedthrough |
2.0 LT i
. - : 1
. ‘ EEEE . Cividec oo B'RC _______ =
R oap /'...».A::: preamplifier —| filter |_ CAEN
: 2 1 |_ HV supply
1D 3 . & R-RC ... | 1 [
- : filter : —

* Bulk MM readout (6 pillars).
Main elements: * 4 kapton rings spacers -> 200 um drift.

e Radiator + photocathode.
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The first Picosec prototype

Vessel
MgF,
3mm radiator
. Metallic
Photocathode ’ substrate
PY - Metallicring
[ i E (10 nm thick)
Drift CE--"-_"-Z--11 | 4kapten
region | e e—— - —— — - :D rings
]
Mesh 128 um
Anode
1.6mm Micromegas
Ground layer de':::l:or
°le ole
Coaxial Active area i Coaxial
SHY « cable (1em diameter) SHV . cable
feedthrough : SMA feedthrough feedthrough i|:
‘. L
_______ Cividec ?I'RC |_ =
wpe |y ilter |7 il
preamplifier —| s CAEN
|_ HV supply
R-RC |....i | : |
filter : —

* Bulk MM readout (6 pillars).
Main elements: * 4 kapton rings spacers -> 200 um drift.

e Radiator + photocathode.
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The first Picosec prototype
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Vessel
MgF,
3 mm radiator
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Phollocathode ‘ substrate
Metallicring
[ |
CrCE-——=—=—=—-= E . (10 nm thick)
pift | CEZZZZZZZ T3 | aketon
region E: ——————— :D rings
200 um _——-=-Z-Z-Z=
I :D
]
Mesh 128 um
Anode
1L.6mm Micromegas
Ground layer de':::l:or
°le ole
Coaxi;I Active area - Coaxial
o SHV « cable (1em diameter) SHV . cable
4 eedthrough : SMA feedthrough feedthrough i|:
P — T |
________ Cividec ?I'RC |_ =
FPUNE I ilter [ il
x preamplifier —| (= CAEN
e ‘; . e HY supply
P R-RC |-t | [
filter : —

Bulk MM readout (6 pillars).
Main elements:

e Radiator + photocathode.
PICOSEC — 24 ps for 150 GeV muons 9

e 4 kapton rings spacers -> 200 um drift.

F.J. Iguaz, Zurich, 17 Jan 2017




‘ Irfu - CEA Saclay / enhanced
' IsTJSrt:E.-ust I%?srf(i)cnhdear;gitales B 4 E U ROTA LE NT

de I'Univers

Timing for single-photoelectrons

)
| N
I Laser 5300 . \ e Anode 450 V
= \
% * s Anode 500 V
I $ 250 v-Anode 525V
=4
N
I .E 200 I
-
. 'Y'- P80 N
Cr Layer 200 pum ; N
...... ..!..l_..........'..l..........l..'.............l..l.......l.....i.......l.. \\
amplification 100 pm 100 &
dout L
COMPASS gas
| | L |
07200 250 300 350 400 450

Drift Voltage (V)
* Pulsed laser at IRAMIS facility: 267-288 nm wavelength.

e Split in two parts: fast photodiode (13 ps) & PICOSEC.

e Laser intensity reduced by electroformed nickel meshes.
* Time resolution for single photoelectrons: 76.0 = 0.4 ps
* Further improvement expected for higher drift fields.
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Beam tests at CERN SPS H4: setup

0.5cmhole 10ecm x10cm 0.5cm x 0.5 mm

Large area
veto scintillator scmtlllator scintillators

scintillators
Tracker 3 Tracker 2 Tracker 1 2 MCP

[ ] ] PMTs
Pos2 Pos1l Pos 0 Multipad
| 150 GeV

I | I <— muons or

Beam

pions

305 mm

—_—

245 mm mm
540 mm 555 mm

* Time reference: two MCP-PMTs (<5 ps resolution).

Scintillators: coincidence of 3 scintillators + veto to avoid showers.

Tracker: 3 GEMs to measure the impact point with 50 um precision.
Electronics: CIVIDEC preamplifiers + 1-4 2.5 GHz LeCroy scopes.

* Nphe: calibrations of SPE by UV lamps remotely controlled.
PICOSEC — 24 ps for 150 GeV muons 11 F.J. Iguaz, Zurich, 17 Jan 2017
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Beam tests at CERN SPS H4: setup

Large area 0.5 x 0.5 cm? 0.5 x 0.5 cm?
scintillators scintillators veto scintillator

- 3

——
w’ -
§ —

Multipad 2 MCPs 2 detectors Trackers
PICOSEC — 24 ps for 150 GeV muons 12 F.J. Iguaz, Zurich, 17 Jan 2017
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Beam tests at CERN SPS H4: results

Signal Arrival Time (ns)

2.9

Time resolution (ps)

60
55
50
45
40
35
30
25

—®— Anode =250V
—8— Anode =275 V

Anode = 300 V
—¥— Anode =325 V

Anode = 350 V

Anode = 375V

IIIiIIIIIIIIIIIIIIIIIIIII
2840 360 380 400 420 440 460 480 500

1 | 11 1
520 540
Drift voltage (V)

Time resolution for 150 GeV muons: 24 ps

Optimum operation point: Anode +275V / Drift — 475V.
Mean number of photoelectrons per muon =10.4 £ 0.4
Results repeated in two different beam campaigns.

PICOSEC — 24 ps for 150 GeV muons
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4005 . > "
- Mean (ns) = 2.7451 + 0.0004 Srs b B
— E?
§ 300 ' Sigmaz2 (ps) = 38.9 + 1.1 'g 150+ + i + 10
qg 250? Total sigma (ps) = 24.0 + 0.3 2 125 | + 1
8 200:_ 100 : i:lecf n Peak Charge (pU
S 150] ’ | »
b = 75 : +
100F- : | ¢
E 50 ﬁ
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: L ) -P"‘\:" 1 1 1 1 | Il 1 1 I\i:::l---l 25 ; H
86 %65 27 275 28 285 29 : | R |
Signal Arrival Time (ns) 0051015 20 25 30 35304530

Electron Peak Charge (pC)
* Time resolution for 150 GeV muons: 24 ps

e Optimum operation point: Anode +275V / Drift — 475V.
* Mean number of photoelectrons per muon =10.4 £ 0.4
* Results repeated in two different beam campaigns.
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R&D for a
demonstrator

Multichannel
large area

Robust
readout

Robust
shotocathode

... and also
* Preamplifiers
* Digitizers

PICOSEC — 24 ps for 150 GeV muons 15 F.J. Iguaz, Zurich, 17 Jan 2017
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Robust readout: resistive Micromegas

Resistive strips (MAMMA) Discrete resistors (COMPASS)
Embedded resistor Resistive Strip cathode /[ -300V
15-45 MQ 5mm long 0.5-5 MQ/cm

Ar:CO,

6mm 0.5kV/cm
mesh _
pillars — il

jw 39kV/cm
copper A(:_ : wor

GND Copper readout strip :tr;ﬁ)ie ? ? ? ? ? 'Y\\recha_rgeR

0.15 mm x 100 mm : : coupling C
T. Alexopoulos et al., NIMA 640 (2011) 110-118. 250um T 150um
J. Bortfeldt PhD thesis, 2014.
Resistive strips over signal Anode strips individually
strips & grounded at one side. connected to HV via resistors.
Non-resistive MM (Ar:CO, 85:15) Neutron flux = 108 Hz/icm? R11 (Ar:CO,85:15) Neutron flux = 10° Hz/cm?
o -t Resistive |
Resistive readouts operate =l .
. . b S 1 s
stably at high gain in neutron &+ g Jo S
fluxes of 10® Hz/cm?. ° S rp— A
0 BT ;i;;:iﬂ;zﬁ;?”}“i; A ﬁ’rﬁ 400 0.5: | e i 400
Time (S) 66000 67000 68000 69000 70000 71000

Time (s
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Robust readout: first results

anh

PRELIMINARY | - "=

| —®— Anode = 300 V

| —*— Anode =350 V

Anode = 325 V

Anode =375 V

- ResiStiv;e Stri:

BOF—-----
40f-+-

2:980 400 420 440 460 480 500 520 540 560 580
Drift voltage (V)

—e— Anode =200V
| —=— Anode = 225 V
j Anode = 250 V
.| —*— Anode = 275V
5 Anode =300 V

Anode =325V

300

PRELIM ENARY
250

ps)

200

T A ————,

Time resolution (

oo I W

50 T T T D e 2 __________________
Dlscrete re5|stors -

Loy
840 360 380 400 420 440 460 480 500 520 540
Drift voltage (V)

* Values not far from the standard PICOSEC detector.
— Resistive strips type: 40 ps (10 MQ/L1), 35 ps (300 kQ/0).
— Discrete resistors type: 40 ps (25 MQ).

* Resistive readouts worked for hours in intense pions beam.

PICOSEC — 24 ps for 150 GeV muons
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Robust photocathode: several options

Pure metallic:

e Chromium, Aluminum.
 Some samples tested in beam.
Diamond or secondary emitter
Csl protection layers:

* Graphene shield.

* PC coating.

T. Schneider (CERN)

\

An efficient & robust photocathode
against sparks & ion back flow.

MgF,+ Cr + CVD

PICOSEC — 24 ps for 150 GeV muons 18 F.J. Iguaz, Zurich, 17 Jan 2017



= v
‘ Irfu - CEA saC|aV */ enhanced
) [T, =228 7 EUROTALENTS

de I'Univers

Robust photocathode: several options

120F Pure metallic:

110§_PREL|M|NARY ......................... GTOF ..... =K 5 ..... ps ........
__ 100 = e Chromium, Aluminum.
g oo Y .
§ 8o \ LA  Some samples tested in beam.
3 70F . .
§ oo | | \\\v\\\:\\;\. Diamond or secondary emitter
E b .
S ST W Csl protection layers:

40; —4— Anode = 300 V —¥— Anode = 325 V .

305 anode - 350V arodo =375V | * Graphene shield.

M50 400 450 500 550 800 . :

Drift voltage (V) PC Coatlng.

A5 mm MgF2+ 10 nm Al
photocathode showed in last
beam a time resolution of 55 ps
and ~2.6 phe/muon.

MgF,+ Cr + CVD

PICOSEC — 24 ps for 150 GeV muons 19 F.J. Iguaz, Zurich, 17 Jan 2017
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Scaling up: the Multipad detector

1
6x M3x10 PEEK screws Crystal holder top

/ fixed with screws

\ )
Crystal g il Sagana gas connector
i

Crystal holder base
glued to PCB

3x Cathode
spacer PCB

o

Readout and MM PCB

(&}

o

* 35 mm diameter area, 19 pads.

e Tested during Oct 2017 test beam.
— One pad: 37 ps. o B
— MCP centered btw 3 PADs to study ..

the charge/timing share btw them. SRy i

Prehm'na ry result 30 ps Track Impact—.)( Coordinate (mm)
S. E. Tzamarias (AUTH)

PICOSEC — 24 ps for 150 GeV muons 20 F.J. Iguaz, Zurich, 17 Jan 2017
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Scaling up: the I\/Iultlpad detector

100 —o— Anode =275V
- LN/ —m A v
s PRELIMINAR roce = 30
g mi A8 —¥— Anode = 350 V
c C .\
© 60F
2 50E \“\ .\
e = S
GE’ 40E L i
= 30E
20F
10: G-rr\r - 7 S
= vr

040360 380 400 420 440 460 480 500 520 540
Drift voltage (V)

* 35 mm diameter area, 19 pads.

e Tested during Oct 2017 test beam.

— One pad: 37 ps.

xzj df 3812/ 24
Constont 1492.7 = G757
ZDD B Meaan 0.2571E-03 4+ D.B5093E—-03
Sigma 0. 30ITE-01 £ 0OEZGEE-03
175
150
125
All the PADs
100 F ,
30.4%0.6 ps
Tho-
500 -
s PRELIMINARY
D = .__.J..['.- .Iil 1 L1 I'_"'ZI[' PP I | L
-2 =07 —{ 0.1 0.2 03 04 05 0.6

— MCP centered btw 3 PADs to study
the charge/timing share btw them.

Preliminary result: 30 ps.

PICOSEC — 24 ps for 150 GeV muons 21

Imzide the MCP Active Area

AT — ns (SAT Corrected — PAD Inner Ring)

S. E. Tzamarias (AUTH)
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Summary

PICOSEC: “a two-stage Micromegas detector coupled to a
Cherenkov radiator and equipped with a photocathode.”

Timing performance:

* Single photo-electrons: 76 ps.

150 GeV p’s: Bulk readout (24 ps), resistive (35 ps). Nphe = 10.4.
* Pions: First long runs with resistive detectors.

* Metallic (Al): 55 ps (2.6 phe). Multipad: 30 ps.

R&D for a demonstrator:

* Readout: Resistive Micromegas.

* Photocathode: metallic, CVD, secondary emitter, protection layer.
e Scaling-up: large area, multi-channels & electronics integrated.

PICOSEC — 24 ps for 150 GeV muons 22 F.J. Iguaz, Zurich, 17 Jan 2017
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Back-up slides
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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 for 150 GeV muons 24 F.J. Iguaz, Zurich, 17 Jan 2017
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Timing measurements

| x*2/ndf = 2853746
| P0=0.1372 + 0.0014
| P1=33.5211 +0.1077
| P2=0.3824 + 0.0141
| P3=-0.0021 + 0.0006

* Pulse analysis:

— Cubic interpolation
(4 points) at a fix
value of the leading
edge (20%-40% CF). PP SR T W S0 N S

. Flttlng the Wh0|e ;_ _________________________ ______________________ “., _________ _________________________ ________________________
|eading edge to a RS T —T 'T'ir;g('ns)' T —7
sigmoid function & P,
then calculatingthe V(¢) = o T3
time at 20-40% CF. Te

1 P
t, =P — P, log [yo —0P3 — 1]

PICOSEC — 24 ps for 150 GeV muons 25 F.J. Iguaz, Zurich, 17 Jan 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. _ 200 um

EEEEIEE NN NN NN NN NN NN I NN [ 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

T. Gustavsson (IRFU)
PICOSEC — 24 ps for 150 GeV muons 26 F.J. Iguaz, Zurich, 17 Jan 2017
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Results of laser tests: SAT vs amplitude

I. Manthos (AUTH)

[ e Drift 200 V
238 Compass gas = Drift 225V
“E’ 2 Anode +525V s Drift 250 V

A+525V/D-200V
A+525V/D-225V

w
w

= 8.7 i v Drift 275 V
e |

o Drift 300 V
Drift 325V
* Drift 350 V

o
N W

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

-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.
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|. 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
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SAT vs amplitude

I. Manthos (AUTH)
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4 Drift 250V
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e i o Drift 300 V
bl Y Drift 325V

et 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.
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Results of laser tests: SAT vs amplitude
I. Manthos (AUTH)
comMPAssgas |

* Anode 450 V

4 Anode 500 V

v Anode 525V

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 for 150 GeV muons
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Results of laser tests: SAT vs amplitude
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PICOSEC — 24 ps for 150 GeV muons

1 - 10
Electron Peak Charge (pC)

Timing properties are mainly determined
by the pre-amplification stage.
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Simulation of the detector response

K. Paraschou & S.E. Tzamarias (AUTH)
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* |t qualitatively describes the observed dependences.
* Timing is mainly defined by the pre-amplification stage.

More details: “A data driven simulation study of the timing effects observed with
the PICOSEC MicroMegas Detector” by K. Paraschou (RD51-WG4 group, 13th Dec).

https://indico.cern.ch/event/676702/contributions/2809871/attachments/1574857/2486512/Konstantinos RD51 miniweek.pdf
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Simulation of the dete
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Mean arrival time on the Mesh (ns)

K. Paraschou & S.E. Tzamarias (AUTH)
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 The observed effects are due to the dependence of the effective
drift velocity of primary photoelectrons with the distance at

which the first ionization happens.

PICOSEC — 24 ps for 150 GeV muons

32

F.J. Iguaz, Zurich, 17 Jan 2017



‘ lrfu - CEA Saclay / enhanced
' Isrtljsrt:::ust I%?srf%cnhdearr?lg?ltales B 4 E U ROTA LE NT

de I'Univers

The timing reference during beam tests

Figure 8: Typical Output Waveform

e Two Hamamatsu MCP PMTs HAMAMATSU  HioroiLTPLER TUBES (NCP-oU) e
| R3809U-50 SERIES s [ /'-/“’_ ‘
used (Model R3809U-50). T = s
* Time resolution <5 ps VR 2

2 e D . L. Sohl (CERN)
= Std Dev 0.007064
120— 2
C | ot 1202 e 26 =6.19+0.
100_— :\:ﬂean -5.035 = 0.000 GTOF 6 19 - 0 08 ps
B Sigma 0.006193 + 0.000084
so:— ’
sof— GMCP - 4.38 + 0.06 pS
40:—
A | July 2017 Beam tests
[PRELIMINARY ..
) L MCP1 & MCP2 coincidence
gy e ey e

Time Difference [ns]
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 Three x-y GEMs detectors.

e Combinatorial Kalman filter
based tracking algorithm to
reconstruct track.

e Spatial resolution < 50 um.
* Detector alighement study.

30F .
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First results of large area trigger runs

Maise Spactrum

Absorp.tiFm:O% Muon E 0 PRELI M I NARY
Reflectivity=22% EJ_ C Prediction based on reflection and geemestry
— LS Folya fit on the noise spectrum
P \\ Radiator (MgF,) 3mm g
4 L]
. Cherenkov photon E
#=—— Cr (5.5nm)
Photocathode (CsI) 18nm 1 L
15
I. Manthos (AUTH)
coa b b b b b b e b
o] 2.5 5 il 10 12.5 14 17.5 20 2.5 25
M . Track Impact Parameter {rmm)
 The photocathode has a 22% reflectivity. P

* UV light from muons outside the active area may be detected.

More details: “A detailed study of the PICOSEC response to MIPs: number of

photoelectorons and timing resolution” by I. Manthos (RD51-WG2 group, 15th Dec).
https://indico.cern.ch/event/676702/contributions/2808894/attachments/1576108/2488913/rd51 manthos 1217.pdf
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" How the Nphe is calculated?

Polya for multiple photoelectrons charge distribution P(Q;n, Qg, rms,)

e Hu™
Poisson for the mean number of pes in the Cherenkov cone fp) = 7
Geometrical acceptance e =e(r) r=+x%+y?

) 0 0
g(Q) = noise,if n =0 G(Q;n) = {g’ Z:Z i 0

Track displacement 1 = [(x; — 6x)% + (y; — 8y)?]

Likelihood minimization to estimate mean number of pes (u)
and true impact parameters (X,y)

L(Q1,Qz . Qu, X1, . Xag, Y1.V2 - Y My 6%, 8Y) =

M <o e_”'e(ri)-(‘u.g(ri))n I Manthos. K. P h
=1, >, — -G(Qs; 1, Q,, TMS,) . Manthos, K. Paraschou
' & S.E. Tzamarias (AUTH)
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Beam tests at CERN SPS H4: results
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* 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.

PICOSEC — 24 ps for 150 GeV muons
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Beam tests at CERN SPS H4: results
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Time resolution for 150 GeV muons: 24 ps

Optimum operation point: Anode +275V / Drift — 475V.
Mean number of photoelectrons per muon =10.4 £ 0.4
Results repeated in two different beam campaigns.

PICOSEC — 24 ps for 150 GeV muons
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" Robust photocathodes

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  Chromium, aluminum.

|
\‘

* First samples already tested on beam.

MgF,+ Cr + CVD
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R&D on electronics

2017 Wide Bandwidth Amplifier (WBA) probe
Amplifier

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

* C E R N ( H . M U I I e r) —] 2 amplifiers in series for voltage gain A/A =100 ‘*—_\

add spark protection

* Mini-Circuit I, A R

[ ] SaCIay (P. Legou) Board;\,GainA BoTB.G;mB

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

SAMPIC: PERFORMANCE SUMMARY

 SAMPIC. >

Technology AMS CMOS 0.18um
16
180 (L8V supply) mw
2 mV rms |
64 Cells |
1t08.4 (102 for 8 channels only) ~ GSPS |
16 GHz

~1 v

7 to 11 (trade-off time/resolution)  bits

<1 mV rms |

D. Breton et al., B —
h @ 2 Gbit/s (full waveform) 450

NIMA 835 (2016) 51-60 e =

correction
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