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 The PICOSEC detection concept
* Timing results

 R&Ds for a demonstrator

* Summary

Poster on “Spatial time resolution of MCP-PMTs”
by Lukas Sohl (TODAY, PhotoDetectors and PID session)
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Motivation for picosecond timing

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

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

e ~10 ps timing + tracking info.

At o e SN
Extra detector requirements: PID techniques: Alternatives to RICH methods,
J. Va'vra, NIMA 876 (2017) 185-193,
 |a rge su rface coverage. https://dx.doi.org/10.1016/j.nima.2017.02.075

 Segmented anodes for tracking.
* Resistance to aging effects.
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The PICOSEC detection concept

Particle
COMPASS gas:
Cherenkov ., ‘\ 80%Ne+10%C,H+10%CF,
Photocathode  8-30nm HV1 Cathode
ow e e
Amplification ~ 50-150 um ) EFieldh fﬁrdf\:lcromegaﬂ

* Radiator: Cherenkov UV production.
* Photocathode: UV -> electrons.

* Two-stage Micromegas: drift (pre-
amplification) + amplification gaps.

J. Bortfeldt et al., accepted in NIMA,
» arXiv:1712.05256

https://doi.org/10.1016/j.nima.2018.04.033
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The first PICOSEC prototype

Vessel
. MgF,
3mm radiator
- g " 4
L g - Metallic
» pr— Photocathode ‘ substrate
T —— - Metallic ring
o Cr-—-—-—-—-—--17 (10 nm thick)
F - Drift CEZZ--Z--Z--13 | 4kapton
4 FEZION | (e = o - - - - — rings
200 pm —_—-_-=-=-Z=-C
| I
L ]
Mesh 128 pm
—_— — —_—— e
Anode
1.6 mm Micromegas
bulk
Ground layer det:ctor
—ee e
Conxial Active area - Coaxial
SHV . cable (1cm diameter) SHV « cable
feedthrough ESMAfeedthrough feedthrough i
2.0 L | ILE
H - Cividec :I-RC ! =
Lo " [ lter Ak
— preamplifier —| i CAEN 500
oscill Y el HV supply L
- R-RC |.....- i | =
filter : —

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

Bulk Micromegas
1 cm diameter
128 um gap
Only 6 pillars
Capacity = 8 pF
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The first PICOSEC prototype

4 Kapton
rings spacers
Drift = 200 um
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~ The first PICOSEC prototype

— =

MgF, Al/Cr layer Al/Au/Cr contact Csl layer Assembly
254 mm 254 mm 254 mm 12 mm
18 nm—= =

Y
2{3f5mm-»{ |= 5-20 nm ‘4 100 nm ‘+

3 mm MgF, + 5.5 nm Cr + 18 nm Csl
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Single photoelectron timing

~ 350
W
Femtosecond Ti:S laser Optical Parametric Oscillator = \\
740 nm, 120 fs, 76 MHz 560 nm, 120 fs, 76 MHz = 300 | \ * Anode 450V
_ = ~ s+ Anode 500 V
Photo-diode 2250 v Anode 525 V
te =100 ps : . oz
- Second Harmonic | | Pulse-Picker
Generator, 280 nm 11-300 kHz = 200 |
;
150 -
I PICOSEC
detector LeCroy 9000
Attenuator and Digital 100 - ~
50 T o

200 250 300 350 400 450
Drift Voltage (V)

* Pulsed laser at IRAMIS facility: 267-288 nm wavelength.
* Splited in two: fast photodiode (13 ps res) & PICOSEC.

e Laser intensity reduced by electroformed nickel meshes.
* Time resolution for single photoelectrons: 76.0 + 0.4 ps
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Simulation of detector response

K. Paraschou & S.E. Tzamarias (AUTH)
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* Detector timing is mainly defined by the pre-amplification stage.
* (Qualitatively description by a simulation based on Garfield++.

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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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

Beam

I | I <— muons or

pions

305 mm

—_—

245 mm mm
540 mm 555 mm

* Time reference: two MCP-PMTs (<5 ps resolution).
 Scintillators: used to select tracks & to avoid showers.
* Tracking system: 3 triple-GEMs (40 um precision).

e Electronics: CIVIDEC preamp. + 2.5 GHz LeCroy scopes.
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Beam tests at CERN SPS H4 setup

Largearea ~ : Multlpad Smgle pad J = 5x5mm2 ‘
scintillators detector detectors % — scintillators |
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Beam tests at CERN SPS H4: results

g
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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.
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R&D for a

demonstrator

Multichannel
large area

Robust
readout

Robust
shotocathode

... and also
* Preamplifiers
* Digitizers

PICOSEC detection concept 15 F.J. Iguaz, PM2018, 28th May 2018



|I‘fl| - CEA Saclay

Institut de recherche
sur les lois fondamentales
de I'Univers

enhanced

\/ EUROTALENTJ

G
i

Robust readout: resistive Micromegas
Resistive strips (MAMMA)

Mesh support
pillar

/

Floating strips (COMPASS)

Mesh support

Resistive layer .
pillars

+HV

Ground  Resistor Insulatorlayer

Resistive strip grounded

Readout anode

Copper anode

Readout Resistor

Copper layer to HV via resisto_r

Non-resistive MM (Ar:CO, 85:15) Neutron flux = 10° Hz/cm?

R11 (Ar:CO,85:15) Neutron flux = 10° Hz/cm?

Resistive r'eadou.ts .operate L “Bulk .| Resistive |
stably at high gain in neutron ..} . > 2.0
3 f o s 3 | =
fluxes of 10® Hz/cm?. 5ol S Zush o3
3 1f 3k e ]
T. Alexopoulos et al., o o 0 00.5;_ 7450
NIMA 640 (2011) 110-118. L. .= &wig: o
66000 67000 68009I’ime (689)000 70000 71000 66000 67000 6800?r . (69)000 70000 71000
Ime (S
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Robust readout: first results
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Floatmg strlps
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Values not far from the PICOSEC bulk readout.

— Resistive strips: 41 ps (10 MQ/L1), 35 ps (300 kQ/L1).
— Floating strips: 28 ps (25 MQ).

PICOSEC detection concept
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Resistive readouts worked during hours in intense pion beam.
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Standard
photocathode
after beam-test

T. Schneider
(CERN)

An efficient & robust photocathode against sparks & ion back-flow.
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Robust photocathode: first results

Explored options: Eg— PRELIMINARY :Q:gj:jig: |
* Pure metallic (Cr/Al) g fﬁ%:ffffEPfﬁﬁ?ﬁ?ﬁ?fﬁEﬁ‘?ﬁfﬁff?ﬁﬁfﬁfﬁﬁfffﬁ?f e
+ Csl + protection layer E 100E- ot : i::j:g;g: :
* CVD or secondary emitter % :E: _—
sof - ________ 5mmMgF ________ + ___1.0____n_\m__m ___________

4080400 420 440 460 480 500 520 540 560 580 600
Drift voltage (V)

First results:

MgF, + DLC * Metallic: 58 ps & 2.2 phe/u

* DLC (preliminary, May 2018):
65 ps & 2.4 phe/pn

M. Kebbiri (CEA) Y. Zhou (USTC)

PICOSEC detection concept 19 F.J. lguaz, PM2018, 28th May 2018
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~ The Multipad detector

Crystal
holder top
\ R’ '9’§1 — Gas

- § connector

Crystal __—"_ ff,_‘ /74.. 3x cathode
- spacer

Active area "% =S Viesh & cathode
(anode pads) R contact rings

F. Brunbauer (CERN)

* 35 mm diameter area, 19 pads.
* High Voltage & signals extracted from the backside.
 Oct 2017 beam-test: single-pad & MCP centered btw 3 pads.

PICOSEC detection concept 20 FJ.lguaz, PM2018, 28th May 2018
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The I\/Iultlpad detector: first results

75
70
65
60
55
50
45
40
35

—— Anode 275 V
—=— Anode = 300 V

Anode =325V
-y Anode 350 V

E _____ g_...:- _____ 3 :ps ________________

- P.R.E.LI.M.I.N.A.RY ______________ ____________________ ____________________ ____________________

60 380 400 420 440 460 480 500 520 540
Drift voltage (V)

Single-pad scan: 38 ps
Three pad analysis: 36 ps
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Particle
COMPASS gas:

Cherenkov o 1) (1)
Radiator v ‘\ 80%Ne+10%C,H,+10%CF,
Photocathode 8-30 nm - HV1 Cathode
Drift 100-300 pm ¢ E-FlekJ Mesh
Amplification so1s0pm T Tttt Y E._F.ie'kj.‘ Ground fﬁrdhglcromegas)

Timing performance:
* Single photo-electrons: 76 ps.
* 150 GeV muons: 24 ps & 10.4

Preamplifier + DAQ

phe/pn

R&D to build a demonstrator:

* Readout: Resistive Micromegas (28-41 ps), long runs with pions.
* Photocathode: metallic (55 ps, 2.2 phe/n), DLC (65 ps, 2.4 phe/p).

e Scaling-up: large area & multi-

PICOSEC detection concept

channels with Multipad (36 ps).

22 F.J. Iguaz, PM2018, 28th May 2018
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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
hase s field - Al(8nm), Cr (10,15,20nm)

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

- Diamond, B-doped Diamond

micromesh

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

avalanche

Operation
voltages

insulator

PICOSEC detection concept 24 F.J. Iguaz, PM2018, 28th May 2018



IrfU' acla enhanced
T _ @\,/ EUROTALE NTSJ
Pulse analysis

0.02 5 5 e e
* Cubic interpolation (4 .k a2 0t = 2893 148

points) at a fix value of the = _ Py 35211 + 07T
leading edge (20%-40% CF). 3004

P3 = -0.0021 + 0.0006
o 5 5 |

plitud

* Fitting the whole leading
edge to a sigmoid function
& then calculating the time
at 20-40% CF.

A

£.008 T — S F— —

01_ ____________________ _________________________ ______________________ - _________________________ ________________________

0.14g 89 90 91 92 93 94
Time (ns)

Py 1 Fo
Vit) = + P t, =P — — lo [——1]
(t) 3 ¢ P 5 yo— P3
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Results of laser tests: SAT vs amplitude

7~ 8.9 :
(7,) £

Egs
[<P)
E387
=
~ 8.6

* p—(

=85

<84
g |
.2138.3 b
N r
82
8.1}

8 -

I. Manthos (AUTH)

Compass gas  ° Drift 200V

= Drift 225V

Anode +525V 4 Drift250 v

v Drift 275V
> Drift 300 V
Drift 325V

* Drift 350 V

79

1 10
Electron Peak Charge (pC)

Number of events (%)
o - no w
(%] —_ (%2} [\ (8] w o

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
Anode ..... +525V

i B e T o

~ 8 L1 1
TOF or Signal Arrival Time (ns)

85

-

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 detection concept
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Results of laser tests: SAT vs amplitude
Y . I. Manthos (AUTH) 045 I. Manthos (AUTH)
7 )] L ° . ~ U 1 : : H |
Egs Anode +525V [ JTiSRy £  Anode +525V
2 " + Drift 250 V = 0.4 e Drift 200 V
E87 v Drift 275 V S = Drift 225 V

NG o Drift 300 V = + Dri |
it REY | Sosl\
£85 sk e S 03 o o Drift 300 V
<., f i AT o Drift 325 V
Té 8.4 é 0.25 AR * Drift 350 V|
en8.3 | P
%) E 0.2 [

8.2 -
[ 0.15 -
8.1
79— ‘ 0.05 |
1 10 1 10
Electron Peak Charge (pC) Electron Peak Charge (pC)

 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) I. Manthos (AUTH)

6\0.45 T T /;;0.45 i T
) 04| COMPASS gas £ 'COMPASS gas
. e Drift 200 V 0.4 [t
E Anode +525V = Drift 225V 5 -
50.35 s Drift 250V BO035 P\ e Anode 450 V
S v Drift 275V =) \ { | _
3 03 o Drift 300V | 3 |
o oW o Drift 325 V A s amades?
E 0.25 : meg L : « Drift 350 V- E v Anode 525
= =
0.2
015 — o R
00 b
0.05 [ s | 005 | 2

llf?lectron Peak Chfll{l)‘ge (pC) Eﬂectmn Peak Chall(')ge (pC)
Signals of a given amplitude:
* have the same time resolution, even for different drift field.
* show a better time resolution, if the anode voltage is lower.
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Simulation of the dete

134

s K. Paraschou & S.E. Tzamarias (AUTH)
21,
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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.
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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

2 | e o0 PRELIMINARY
= Std Dev 0.007064
120 | 5,
C | ot 1202 e 26 =6.19 + 0.
100 — :\:ﬂean -5.035 = 0.000 GTOF 6 19 - 0 08 ps
~ | Sigma  0.006193 + 0.000084
.
40:—
s July 2017 Beam tests
20— b . .
; ) ohH(CEAYT MCP, & MCP, coincidence
gy e ey e

Time Difference [ns]
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The tracking system

APVG6
layer0
APV2 N\ layer2
ps0 | \ psl ps2 \

Z

\ layer3 § >
beam | APV1 APV4
layer
(0’0)‘4"\ ] < | yers
y \_ ayert APVIONA APV10
. — layerd - g ' ' ' '
X cem CEVD GEM3 £ 00| + PRELIMINARY |
§0.048~
. §0.046-
* Three triple-GEMs detectors. 9

0.044

e Combinatorial Kalman filter based
tracking algorithm.

0.042

.[: 1 v ‘i !
J. Bortfeldt (CERN)

200 220 240 260 280 300
run

0.04¢
e Spatial resolution < 50 um.

0.038¢t
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@ 225
450, E
= 22 ndf = 73.26 / 45 > 200 +
400 - +
C u =2.7451 + 0.0004 ns o 175
350 ) . + +
@ - c,=20.9+0.3 ps -g 150 + +*
E) 300:— : o,=38.9+1.1ps E + +
O 250F i\ 0;,=24.0+0.3ps 7 125
O - : : 2 3 4 5 6 7
E 2002_ 100 i vt -I-IIchrnn Peak Charge (pC)
E o
2 1505— 75 : + +
100 S
o 4 25|
1 ) .»-"'\- | T R R 1‘::1-. T B *
8.6 2.65 2.7 2.75 2.8 2.85 2.9 | Y= S S S B
Signal Arrival Time (ns) 0 5 10 15 20 25 30 35 40 45 50

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
e Results repeated in two different beam campaigns.
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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
H H 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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—— A+250V/D-450V — 100
7 284 —=— A+250V/D-AT5V a _E : e AF250VID-450v
£k } A+250V/D-500V = 90 o)) —=— A+250V/D-475V
g 2.821 A —»— A+275V/D-425V % 80E i A+250V/D-500V
= - H Fook A+275V/D-450V = = —= A+275V/D-425V
® 2.8F it L PR P LB A+2TEVID-475V = g A+275V/D-450V
2 E % RS rh A+300V/D-400V > = Ff A+2T5VID-475V

= - bbe o Jlsd ol | e A+300VID-425V 2 60E Y ]
— 2.78¢ - i e A+300V/D-450V s cof N A+300V/D-400V
S C N ;i i hlel T UE b —+— A+300V/D-425V
h 2.76F Pt e R B e P ettt 40F Epf?ﬁﬁi w s A+300V/D-450V
e * P S
2 74F ) 30F Ty
C 2{:] : o {EQH.. ¥ P
272 = =
n 10F
2 70 oE
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.
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Beam tests at CERN SPS H4: results

140 — : : _|—®— Anode = 200 V 60— —8— Anode = 250 V
Co 5 5 | —m— Anode = 225 - : : : : : : B Anode = 275 V
120 g node =250 C Anode = 300 V
. .|~ ¥ Anode =275V & 50—
@ Anode = 300 V =1 = —¥— Anode =325 V
~ 100 c 45K
5 - Anode = 325 V 8 - Anode = 350 V
% QO ....................... % 40 Anode = 375 V
2 B ? -
® B o o
= B : L T -
GE’ B[ S N N qé =
= B ' — - ) I A e e —
- cto ber 30F | Ju Iy
A0 S S S — - \
Lo : : : : 2 . T . ...
. | j | 201 St 4 2017
i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 _ L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1
20350 400 450 500 550 2040 360 380 400 420 440 460 480 500 520 540
Drift voltage (V) Drift voltage (V)

* 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

* The same result obtained in two different beam campaigns.
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"~ Multipad: MCP & Pads

Distribution center for signals > 50 mV (MCP) or >100 mV (Pads).

50 T RN
MCP 31.16 25.33 S 10
Pad10  27.53 22.73 MCP ;SZr—
Pad 9 36.01 23.97  a 1
Pad 5 30.14 30.28 ::;'-“'1-5.

50 50, 50, —
as- 45" A5t G
= ] ¥ F Fa - T.—;—:
40F"= = 40F 40;‘ :--!’-1:-'-'
F T e
35 35- 350, x
E E T R :'.;.:-;;;"_
£ aof £ 30° 308~
e o5t 255 ':':-4-?.:3
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2055 ¥ 20— 0 R B L
15[ 150 150 _':;:;: e
1:..- 1:”” I .\.\ = 1:””‘ :r:-\'.\-w;wlr':\
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Multipad detector: first results
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E I : e
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PICOSEC detection concept

B

enhanced
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" Robust photocathodes

Csl protection layers:

* PC coating at the Thin @
Film & Glass Lab at CERN. ’
* Graphene shield @ CERN o

(P. Thuiner). >

Bombard with ions Quamum fﬁ q -
Chamber flushed with mea
ition gas and irradiated w/ x-rays dependl gonpo nnnnnn

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 . IVI U I Ie r) —] 2 amplifiers in series for voltage gain A/A =100 ‘*—_\

add spark protection

* Mini-Circuit e o

[ ] 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
110 8.4 (10.2 for 8 channels only)  GSPS
16 GHz

~1 v

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

<1 mV rms |

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

NIMA 835 (2016) 51-60 e s

correction
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