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1.Introduction to the Muon Collider
* Requirement for Muon timing in Muon collider

2.Picosec concept and issues

3.Picosec development towards Muon Collider detector
* Timing with different photocathodes
« Timing with eco-friendly gases
» Electronics

4.Future perspective
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International Design Study facility @

e Focus on two energy ranges: Proton driver production as baseline /\,\J}uema}.ona.

3 TeV technology ready for construction in 10-20 years
10+ TeV with more advanced technology

Beam induced
background on
detector volume ’

UON Collider
Collaboration

« Simulations available for J
Vs=1.5TeV Drives beam quality: K/
[
"

 Production onqoinq for challenging design and components
J J o u Muon Collider Accelerator
Vs=3TeV M Injector 10TV Cold o

~10km circumference

P11

/
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Dense neutrino flux
‘
= 4== mitigation and site
Cost and power consumption drivers, limit energy reach
e.g. 30 km accelerator for 10/14 TeV, 10/14 km collider ring
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hadronic calorimeter tracking system

Design phase of the Muon Collider | :
¥ 60 layers of 19-mm steel \ - + Vertex Detector:

Detector absorber + plastic ' : + double-sensor layers
scintillating tiles; _ (4 barrel cylinders and
4+4 endcap disks);

_ « 25x25 pm?® pixel Si
7.5 A, Sensors.

» 30x30 mm?’ cell size;

For the muon endcaps, a Muon tracking
and timing station based on

¢ Inner Tracker:

PicoseC+MPGD has been proposed electromagnetic calorimeter = s— * 3hame) Iayer:; ang
e : 7+7 endcap disks;

» 40 layers of 1.9-mm W i) i utmnt L * 50 ym x 1 mm macro-
absorber + silicon pad ' e - — ' pixel Si sensors.

Sensors; + Outer Tracker:

Shielding from Beam Induced background |+ 5x5 mm* cell granutarity; L, s | t e
. . . endacap aisKks,
(from decaying muons) limits the ¢ 22%+1% + 50 ym x 10 mm micro-

coverage in eta (6>8°, n<2.7 available) e strip Si sensors.
muon deteclors

cm
5

» 7-barrel, 6-endcap RPC : shielding nozzles
layers interleaved in the

magnet's iron yoke; ¢ Tungsten cones + borated
® 30530 mimcell size. _ _ polyethylene cladding.
superconducting solenoid (3.57T)




mwﬁwﬁwﬁnm /
PICOSEC Muon endcap ' INFN

Micromegas | Istituto Nazionale di Fisica Nucleare
Sezione di Pavia

Out-to-In muon tracking approach currently under study

Resolve muon in the muon system to close the track in the tracker system
reducing the combinatory background

Time resolution ~100ps

Time seed
Picosec

Operation in a heavily
ionising particle
environment

=1.5 m?2 per endcap

Tracking

MPGD Rate capability (vs=1.5TeV):
60 kHz/cm? 8°<6<12° Endcap — not in scale
« 2kHz/cm? 6>12°
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Time resolution is dominated by the fluctuation in
the position of the primary ionisation cluster
created closest to the amplification region.

1

O; X —
L Avd

A ionization density (cluster/pm™)
v,4 electron drift velocity (um/ns)

MPGD time resolution > several ns
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The Physics of lonization offers the means for precise spatial measurements
CROANMSATIONRIRORRENNE POURILA BECHENCHE HUCLEMAE (high spatial resolution) but inhibits precise timing measurements

CERN EUROQOPEAN ORGANIZATION FOR NUCLEAR RESEARCH

which is represented in Fig. 8, for n = 34, as a finction of the coordinate across a 10 mm
thick detector. If the time of detection is the time of arrival of the closest electron

at one end of the gap, as is often the case, the statistics of ion-pair production set an
obvious limit to the time resolution of the detector. A scale of time is also given in the
figure, for a collection velocity of 5 em/usec typical of many gases; the FWHM of the distri-
hution is about 5 nsec. There is no hope of improving this time Tesolution in a gas counter,
unless some averaging over the time of arrival of all clectrons is realized.

PRINCIFLES OF OPERATION OF MULTIWIRE
PROPORTIONAL AND DRIFT CHAMEERS

F. Sauli ) I ]

n
A, (%) n=34ion poirs fem

Fig. §

Statistics of primary iom
pair production: prob—
ability of finding the
closest pair at a distance
x from one electrode in a
counter, in argon-isobutane
. _ 70-30. The corresponding
GENEVA electron ninimun collee—
40 t insec} tion time is shown, for a
. typical drift velocity of
2 % {mm) electroms of 5 cm/psec.

Lectures given in the
Academic Training Programme of CERN
1975-1976
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Slide from Christos Lampoudis An overview of the PICOSEC detector and potential precise timing applications



https://indico.fnal.gov/event/45109/contributions/194818/attachments/133408/164540/SNOMASS_IF5_PICOSEC_talk_21082020.pdf

: W‘;ﬁn"'f’ww"’
O FiGEEES Picosec Concept

International "
fC«UON Collider Micromegas

ollaboration

Gas Mixture:
Ne/C,H./CF,
80/10/10

Cherenkov MgF, 3mm
Radiator

HVA

BRI protocathode  csitsm

~103 .
Drift 100-200 pm

Amplification 128um

E—FieldI

~102 ® o o & o 0 o o o @ oooooooooooooooGround

E-Fieldd
HV2

120

v 100 |
1. Look at Cherenkov, not the ionisation

Photo-electrons created promptly with the MIP passage
2. Remove the drift gap and start the avalanche as soon as possible -
Avalanche propagate faster

Bortfeldt, J., et al. "PICOSEC: Charged particle timing at sub-25 picosecond precision with a Micromegas based detector."Nuclear Instruments and Methods
in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment903 (2018): 317-325.

Time resolution BEAM 2022 October RUN 148

INFN
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Cathode

Mesh 18um wire
(Bulk Micromegas)

Anode

0 =-12.763 ns + 0.046 ps

Current Picose
Record!

Time difference, ns

| 1 readout pad over 100
{ Detector average
~20ps

] A. Utrobicic, A large area 100
channel PICOSEC Micromegas

1 detector with sub 20 ps time
resolution, MPGD2022

0
-12.84 -12.82 -12.8 -12.78 -1276 -1274 -1272 -12.7 -12.68



https://www.sciencedirect.com/science/article/pii/S0168900218305369
https://www.sciencedirect.com/science/article/pii/S0168900218305369
https://indico.cern.ch/event/1219224/contributions/5130511/attachments/2565926/4423657/PICOSEC_MM100ch_A.pdf
https://indico.cern.ch/event/1219224/contributions/5130511/attachments/2565926/4423657/PICOSEC_MM100ch_A.pdf
https://indico.cern.ch/event/1219224/contributions/5130511/attachments/2565926/4423657/PICOSEC_MM100ch_A.pdf
https://indico.cern.ch/event/1219224/contributions/5130511/attachments/2565926/4423657/PICOSEC_MM100ch_A.pdf
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Cherenkov
radiator

Readout
Electronics

Photo <:>

cathode




Ik
WAt T

PICOSEC Cherenkov Radiator INFN

Micromegas

Istituto Nazionale di Fisica Nucleare
Sezione di Pavia

Broken MgF, crystal

Cherenkov cross section

d?N 271'052,’2 ( 1 ) Transparency in the

UV=VUV region is
fundamental!

drd) @ B2nZ(\)
Cherenkov radiator — Baseline MgF,
« High UV transparency (>120nm)

» Fragile

« High cost (=12€/cm?)

« No technology for large areas (100cm? max)

Quartz (=5€/cm?, >180nm)
Sapphire (=6€/cm?, hard, large area, >170nm)
other F-based crystals must be studied!
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Micromegas

Broken MgF, crystal

Cherenkov cross section

dZN 271'0522 ( 1 ) Transparency in the

UV=VUV region is
fundamental!

drd) @ B2nZ(\)
Cherenkov radiator — Baseline MgF,
« High UV transparency (>120nm)

» Fragile

« High cost (=12€/cm?)

« No technology for large areas (100cm? max)

Quartz (=5€/cm?, >180nm)
Sapphire (=6€/cm?, hard, large area, >170nm)
other F-based crystals must be studied!
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October 2022 test beam:
» Tested a UV rated Quartz crystal as a radiator
« Same photocathode wrt to MgF, (3nm Cromium + 18nm Csl)
« Photoelectrons yield one order of magnitude lower
16.0
14.0
o
S 12.0
< 10.0
8.0
6.0
4.0

2.0

00 El

B Quartz+Csl m MgF2+Csl new

S

PHOTOELECTRO
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Ageing studies - Csl 058 (18 nm)

T T
Before irrad
After 0.053 mClem2
After 0.105 mC/em?2
After 0.263 mClem2|
After 0.526 mC/em2
After 1.063 mC/cm2

1 1 1 1
120 130 140 150 160
Wavelength (nm)

Photocathode — Baseline Csl

« High quantum efficiency to UV (=10p.e./MIP)

» Easy to coat by Chemical Vapour Deposition
Hygroscopic (sealed operation, dry gas)
Damage by ion bombardment

Metallic (Al, Cr, Au...) - easy to coat,
non-resistive (pro and cons), lower QE
(1-2 p.e./MIP)

Carbon-based (DLC, B4C) - dedicated
sputtering machine, resistive (pro and
cons), lower QE (factor 3-4 p.e./MIP)
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IR October 2022 & April 2023 test beams:
meoossmoer2 | o Tested pure Chromium photocathode

After 0.105 mC/em?2

aerozesmeemz 1o Tested B,C photocathode (6 and 14nm)

aertosamclenz | o Qther preliminary measurements made on DLC (here) and B4C
(here) were made by other groups in the collaboration

16.0

14.0

1 1 1 1
120 130 140 150 160
Wavelength (nm) o 12.0

Photocathode — Baseline Csl

« High quantum efficiency to UV (=10p.e./MIP)

» Easy to coat by Chemical Vapour Deposition
Hygroscopic (sealed operation, dry gas)
Damage by ion bombardment

10.0 m MgF2+Cr
m MgF2+aged Csl
8.0 m MgF2+Csl new
MgF2+B4C6nm
6.0 m MgF2+B4C 14nm

4.0

Metallic (Al, Cr, Au...) - easy to coat, 2.0

non-resistive (pro and cons), lower QE 0.0 .

(1-2 p.e./MIP)

Carbon-based (DLC, B4C) > dedicated Csl aging may undermine the Carbon-based material may be a

: : L detector performance suitable solution (confirmed by other
sputtering machine, resistive (pro and Pure Chromium is not a good groups)

cons), lower QE (factor 3-4 p.e./MIP) photocathode Robust and resistive

PHOTOELECTRONS/M



https://agenda.infn.it/event/18991/contributions/100394/attachments/66418/81265/FATA_Sampsonidis.pdf
https://indico.cern.ch/event/1219224/contributions/5130512/attachments/2565710/4423222/Marta%20Lisowska%20-%20PICOSEC%20Micromegas%20-%20MPGD2022.pdf
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Radiator Comparison

Effect of photoelectrons on timing

Photocathode Comparison

INFN
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Time resolution (ps)

120

100

co
o

60

40

20

3.10

# Quartz Csl 128um NEW MM

% 2 PE/MIP

: ¢

14 PE/MIP
u ]

315 3.20 3.25 330 335 3.40 3.45
Drift field (V/um)

M new Csl D=128um NEW MM

140

120

g

80

60

Time resolution (ps)

40

20

0
1.80

H++
'

4 PE/MIP

'

8 PE/MIP g 6 PE/MIP & I
iigi A
il
14PE/MIP %

2.00

2.20

2.40 2.60 2.80 3.00 3.20 3.40 3.60

Drift field (V/um)

m Aged Csl D=240um

® B4C 14nm D=150um

4 new Csl D=150um
B4C 6nm D=150um

NB - the top right plot shows data taken with a Micromegas from a
faulty batch (large gap, way too high capacitance between mesh and ground)
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Gas Mixture— Baseline Ne/C,H,/CF,
High gain and discharge quenching (up to 2-3x10°)
High drift velocity (10+15 cm/ps)
Very costly (Ukraine was the main producer of Ne, CF4
is heavily taxed for its GWP)
Not eco-friendly (GWP=740)

C,H (3k€ bottle, GWP=10.2) can be substituted with
other quenchers :

« CO0,(0.7k€ bottle, GWP=1, small quenching)

« iC4H,, (1.5k€ bottle, GWP=3, good quenching)

CF, (5k€ bottle, GWP=7390) is difficult to replace:

« dropit

« R1234ze (1.5k€ bottle, GWP=7, candidate substitute
for fluorinated gas in RPC and CMS-CSC)

New mixtures with new gases

« ALICE TPC GEM Ne-N,-CO, (relatively high drift
velocity, negligible GWP)
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Gas Mixture— Baseline Ne/C,H,/CF, April 2023 test beam:
High gain and discharge quenching (up to 2-3x10°)

High drift velocity (10215 cm/jis) * First test with non-standard gas mixtures
Very costly (Ukraine was the main producer of Ne, CF4

is heavily taxed for its GWP) : Glob.j:\I Warming
Not eco-friendly (GWP=740) Gas mixture used Potential 100-years

(normalized to CO,)
C,H (3k€ bottle, GWP=10.2) can be substituted with Ne/C,H,/CF, (80/10/10)
other quenchers : .
CO,(0.7k€ bottle, GWP=1, small quenching) Ne/iC4H, (94/6)
« iC4Hq, (1.5k€ bottle, GWP=3, good quenching) Ar/CO, (93/7)
CF, (5k€ bottle, GWP=7390) is difficult to replace:
« dropit
« R1234ze (1.5k€ bottle, GWP=7, candidate substitute
for fluorinated gas in RPC and CMS-CSC)

New mixtures with new gases

« ALICE TPC GEM Ne-N,-CO, (relatively high drift ‘Standard’ and ATLAS Micromegas gas
velocity, negligible GWP) mixtures

Ar/CO,/iC,H, (93/5/2)
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Global Warming Potential MIPs signal is on the order of several photoelectrons (depending
Gas mixture used 100-years (normalized to on photocathode)
co;) We failed to find a suitable working point for such mixtures
Ne/C,H¢/CF, (80/10/10) Immediate passage between np-signal region to spark region
SEICETC: Such mixtures are not quenched enough to control the avalanche
Ne/iC,H,, (94/6) : (more quencher needed

Ar/CO, (93/7)

co
Ar/CO,/iC,H,, (93/5/2) DUT_ArCO210

Voltage(V)

We can see single-

' e photoelectron signals
Correct operation : : in the lab

Gain too low, no signal Unstable operation L Unstable detector
F. PUERE STV (Sparks)
Amplifier killed ®

-0.02
_III|III|III|III|III|III|III|III|III|III|III>'<1D_ﬁ
0 0.020.040060.08 0.1 0.120.140.160.18 0.2 0.22

Time(s)
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2Gauss BEAM 2023 Apr RUN 183 Pool3 DUT:C2 REF:C1 (¢ = 4.0 mm)

elela ) el ez el Photocathode used was B4C " : uor-curs —

Gauss combined |

Gas mixture used 100-years (normalized to 6nm (3 PE/MIP) = 010k ne 4 2052l Gavss 1
CO,) Y )

- Photoelectron yield is around |« s srotass
Ne/C,H,/CF, (80/10/10) Lower time resolution wrt Csl @
-standard- is expected (with Csl =25ps)
Ne/iC,H,, (94/6) : The two distributions are
Ar/CO, (93/7) measured at similar gains for

the two mixture
Ar/CO,/iC,H,, (93/5/2)

Gauss 2

Ne/iC,H,,
(94/6)

The impact of CF, in timing is " 02 03

Time difference, ns

visible but not drastic (=15%)
2l%auss BIEAM 2|023 APr RU‘N 344 Fool3 PUT:94 REFI:C1 (qIS =4.0 ‘mm)

_ _ _ Still, the 3-component gas e b ared S —
Gain too low, no signal Unstable operation mixture has a wider operational *' Gauss comoined|

©n=9.812ns + 1.910 ps

. | 0, =38.7ps £ 2.148 ps Gauss 2
B ohge because it is more et K
N quenched @ Ne/C,H./C

(80/10/1(

Correct operation

96 965 97 975 98 985 99 995 10 10.05
Time difference, ns
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A. Utrobicic, A large area 100 channel PICOSEC Micromegasdetector with sub 20 ps time resolution, MPGD2022

Amplifier

Custom made 10 channel preamplifier board for PICOSEC MM detector
Gain 38.5dB @100MHz
HF -3dB cut-off 650-MHz, LF -3dB cut-off 4 MHz
Input impedance 44 Ohm
Negative pulses linearup to -1 V.
Tested to sparks by shorting the input at 350 V bias.
Power dissipation 75 mW per ch., Single supply 4 V.

No degradation of signal wrt other commercial linear amplifiers

100 pad detector 10ch amplfier board

Readout board



https://indico.cern.ch/event/1219224/contributions/5130511/attachments/2565926/4423657/PICOSEC_MM100ch_A.pdf
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A. Utrobicic, A large area 100 channel PICOSEC Micromegasdetector with sub 20 ps time resolution, MPGD2022

Amplifier Fast ADC

Custom made 10 channel preamplifier board for PICOSEC MM detector 1GHz 10Gs/s Scope was used for all previously shown measurement
Gain 38.5dB @100MHz
HF -3dB cut-off 650-MHz, LF -3dB cut-off 4 MHz
Input impedance 44 Ohm SAMPIC 128-channel
Negative pulses linear up to -1 V. digitiser under test
Tested to sparks by shorting the input at 350 V bias. — 8.5 GS/s sampling
Power dissipation 75 mW per ch., Single supply 4 V. frequency
— 64 samples maximum

No degradation of signal wrt other commercial linear amplifiers digitalisation

120%auss BEAM 2022/10 RUN 035 Pool3 DUT:C2 REF:C1 (¢ = 4.0 mm) ZGgé.ISS BEAM 2022/10 RUN 081 SAMPIC DUT:ch27 - Pad 27 (¢ = 4.0 mm)

+2 INDF =78.0/ 72 EEEE RAW hist | x?/NDF = 49.5/ 64 EEERAWhst | |
[ Gauss combined | Gauss combined
| 11=-16.195ns + 0.464 ps ga”“; | | 41=-26.901 ns + 0.858 ps g:ﬂ::;
o, =18.0ps £ 0.929 ps auss 0, =233ps+ 0.828 ps

702=51.1 ps + 16.859 ps 1 702=251.3 ps + 0.160 ps

. |
" Sampic
(’ RMS, , =20.3 ps ] RMS,, = 25.1 ps

100 pad detector
Readout board

0
-16.3 -16.28 -16.26 -16.24 -16.22 -16.2 -16.18 -16.16 -16.14 -16.12 -26.9 -26.85
Time difference, ns Time difference, ns

10ch amplfier board



https://indico.cern.ch/event/1219224/contributions/5130511/attachments/2565926/4423657/PICOSEC_MM100ch_A.pdf
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Picosec Micromegas demonstrated sub-20ps time resolution on a 10x10 cm? detector.

<100ps detector
20ps detector e Scalable
* Rad-hard
Development for Muon Collider detector - robust and scalable detector
« Cherenkov radiator (baseline 3mm MgF,)
- MgF, still is the most transparent crystal
- No evident options
« Photocatode (baseline 78nm Csl)
- Resistive carbon-based photocathodes are very promising
- Lower yield than Csl but radiation harder and resistive (spark quenching)
« Gas mixture (baseline Ne/C,H,/CF,)
> Heavily quenched mixture without CF, showed good performance (Ne/iC,H,,)

- Substitutes for CF, to be tested

* Electronics
—> Scalability may be ensured by custom amplifiers and SAMPIC readout

- Integration of such a system on a large scale is still to be verified
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Mean signal Amplitude (V) vs rate (Hzem™) Irradiation with UV LED to generate single-photoelectrons

signals

« Csl photocathode

« Counts signals and measures the average amplitudes
 Drift field: 3.13 V/um

Detector performance stays stable up to 2MHz/cm? for single-
photoelectron

« One can roughly scale a factor of 10 for Muons

« We can go higher with the rate, but we have to fight against
Amplification field: Csl degradation voltage vs time
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<Example of an
: amplitude
A - spectrum
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HL-LHC ||
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Construction Operation

LBNF/DUNE | > —

MuColl A >

Pre-CDR Stage | Demo/TDR Stage Construction

Future Collider Decision Tree i

US/Eur -
ope FCC Y

engage feasibility
inILC

AND FCC proceeds at CERN

US pursues MuColl
N

N : Down-
ILCin ‘ select OrR  Linear Collider at CERN/MuColl in US
US/Europe, Higgs

. Lc;& ’ ; o Factory Linear Collider in US/ MuColl at CERN
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Background hits overlay in [-360, 480] ps range \s=15TeV
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Time window [ -3c, +50, ]

5x10° hits in the
innermost layer
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Muon Collider 1.5 TeV - Neutron Hit Rate vs @ ) ,
Muon Collider 1.5 TeV - Photon Hit Rate vs 6
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BIB particles flux [Hz,.’cmz] in different regions (bunch crossing time 10 ps):

Particle Endcap Endcap Endcap Barrel
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Photon Hit Rate (Hz/cm?)

neutrons 1.2-10° 5.10% 1.2+ 10° 1.4-10°

protons 16 3-107 2.4-10%

photons 1-104 7.2.10°

B ete 3310 5. 10
Background interaction with the detector was simulated in Geant4
Convoluted with the response of different gaseous detector
technologies (hit when a charged particle is found in the drift gap)
Simulated Picosec: 3mm MgF2 radiator, 18nm Csl photocathode, Total = 60 kHz/em? | = 2MHz/em® | = 200 Hz/cm?
200um drift gap
Picosec can potentially operate in high-rate environments and give

timing information with higher precision wrt other technologies

Pt p- 3.7 10° 1.2.10%

pions, kaons 70 1.10°
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BIB Energy distribution - Entire Endcap

—+ neutrons f(E) = p(E) x BX™
A

- photons
where

%electrons
* p(E) =number of particles of a given type and energy
reaching the muon system in a BX

BX ™! = number of BX /s (10°)

protons

A = considered area

This plot shows the flux on the entire endcap — not to be used to
evaluate the actual fluxes on the detectors — but it gives us an
overview of particle types and energy ranges.

1 10 10°
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BIB Energy distribution - Neutrons vs 6

We have divided the endcap region in six sub-regions
based on & (or r):

In the inner regions, the neutron flux is almost 3 orders
of magnitude higher than in the outer regions

The energy goes from few MeV up to 2.5 GeV =2 is
there any cut on the lower energies?

—— 0 < g°

The highest fluxes are for energies below 100 MeV

—— 8% = g =10°

el V- B

=== 12% <« 0 < 25%

25% < @ = 45°

| L 1 111 | |
10°
Energy [MeV]
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Poisson probability of having zero PE when the
mean is:

« 2->P,0)=0.14

« 5 P;(0)=0.007

4.6 PE/MIP is considered the lowest acceptable
value, i.e. 1% inefficiency

NO photoelectron probability
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Comparison with test beam data not yet validated

=

(=]
y
1

=
m
]
e
o
LLl
&
o




i W;ﬁﬁﬁww“ '
O PICOSEC Pion/Muon comparison INFN

| I .
ﬁlj‘(t)ﬁlr?:?)tlll?;:r M|cromegas
C ‘ Istituto Nazionale di Fisica Nucleare

ollaboration
‘ Sezione di Pavia

PIONS (=1MHz/cm2) MUONS
Ref: MCP1 2400V Ref: MCP2 3200V

DUT: MM2 Davide non-res 7nm B4C 275/430V DUT: MM2 Davide non-res 7nm B4C 275/430V

2Gauss BEAM 2023 Apr RUN 239 Pool3 DUT-C2 REF:C1 (¢ =4.0 mm) 2Gauss BEAM 2023 Apr RUN 243 Pool3 DUT:C4 REF:C1 (¢ = 4.0 mm)
T T T T T I T T

x2 /NDF =59.9/ 62 [T RAW hist . X2 /NDF =59.0/83 [T RAW hist .
Gauss combined | Gauss combined | |

Lo Gauss 1 q Gauss 1
=0. +3.303 =
p#=0971ns ps Gauss 2 1 =9.627 ns + 17.844 ps Gauss 2

o, =86.6ps+ 4.172 ps Loy =195.2 ps + 95.136 ps

o, = 459.6 ps + 387.083 ps a,= 195.2 ps + 109.441
Tt = 124.7 ps A 195.2 ps

RMStot =101.1 ps RMStot =138.5 ps

BEAM 2023 Apr RUN 243 Pool3 DUT:C4 REF:C1

BEAM 2023 Apr RUN 239 Pool3 DUT:C2 REF:C1 e-peak amplitude 4 = 0.0116 V Umax 200103V

e-peak amplitude ;. = 0.0401 V U, o = 00250 V

95 9.6 9.7
Time difference, ns

0.8 1
Time difference, ns

No tracking, trigger on MCP Tracking,
il | trigger on MCP

02 03 04 05 06 0.7

Signal amplitude, V Signal amplitude, V
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f 10 channel preamplifier boards
lered from LPSC.

Timing test with pulser Pulser —
500 ps rise time

Timing test with laser
(connected on single channel
detector): single
photoelectron time response

ZHOT s/S9 0T adodg

251

200

‘(‘:anl.oﬂ'l CERN-ve-Cividec2021 RUN 001: ;= -2.0375 ns o = 0.0068 ns

120 +

o0
BO
B0

ol
206 -2055 -205 -2045 -204 -2035 -203 2025 -202
Time difference, ns

OlGuusu LASER CUST.2022 RUN 002: ;2 = -0.0019 ns o = 0.0707 ns

O¢pe = 70.7 ps
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Non-resistive MM1 ThinGap Csl

Same Csl from May/July, 275A/465C
Analysed pad per pad, combined by nominal location per pad

SAT - Run196-SAMPIC —_— Tlmlng Resolution - Run196-SAMPIC
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