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Motivation

A Precise timing detector are important in HEP experiments (TOF patrticle
identification) and medicine (PET).
A High Luminosity upgrade of LHC

A I(n_cireas)dn thenumber of collisions t@40-200in small space within the same LHC clocl
pile-up).

A Problem of connecting the tracks with the primary vertex.

A To separate the events precise timing@ps) and tracking information needed.
A Precise timing detectors properties:

A Time resolution of tens of ps.

A Stability and radiation hardness.

A Large area coverage.

A Segmented readout

CMS Experiment at the LHC, CERN
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https://indico.cern.ch/event/999817/contributions/4253048/attachm

ents/2240084/3797788/TOF%20technologies.pdf

Datavacorded: 2016-0Oct-14 09:33:30,044032 GMT
Run / Event 74.5; 283171 / 85092505 / 1956

http://Ihc -machineoutreach.web.cern.ch/collisions.htm

~130 vertices

https://agenda.infn.it/event/17991/attachments/61583/73525/Tabarelli MTD_Padova 20171213.pdf


https://agenda.infn.it/event/17991/attachments/61583/73525/Tabarelli_MTD_Padova_20171213.pdf
http://lhc-machine-outreach.web.cern.ch/collisions.htm
https://indico.cern.ch/event/999817/contributions/4253048/attachments/2240084/3797788/TOF%20technologies.pdf

Timing with classical Micromegas: limitations
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https://indico.cern.ch/event/872501/contributions/3726013/attachments/1984848/3306891/PicosecRD51.pdf
https://cds.cern.ch/record/299159/files/SCAN-9603270.pdf

PICOSEC Micromegaetector concept
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A PICOSEC Micromegas (MM}cise timing gaseous detector based on a Cherenkov radiator coupled te a semi
transparent photocathode and a MM amplifying structure

A Timing resolutionorder of tens ps.

A Cherenkov radiatopassage of relativistic charged particle creates UV photons.

A Photocathode:conversion of UV photons into electroAdl.the ecreated at the same z position
A Preamplification regiomreamplification of electrons in high drift field regi@-20 - 40 kv/cm.
A Amplification regionfinal electron amplification in high electric fi¢kl~20-30 kv/cm).

A Two component signahst electron peak (600ps) and slow ion tail (H00ns).

Bortfeldt, J., et al. "PICOSEC: Charged patrticle timing at sub-25 picosecond precision with a Micromegas based detector." NIM A 903 (2018): 317-325. 4



https://www.sciencedirect.com/science/article/pii/S0168900218305369

Timing properties
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AReference time withetter precision than the PICOSEC is needed to quantify the
precision of PICOSEC timing.

ASigmoid function is fitted to the leading edge of the electron peak. Temporal posit
of the signal is calculated at 20% CF.

ASignal arrival time (SATe difference between PICOSEC and reference detector
timing marks.

ATimeresolution of the detector is defined as standard deviation of SAT distgibutior



First PICOSEC MM single channel prototype: proof of concept

Single channel PICOSEC Micromegas fsea
prototype 2

A 1 cmdiameter active area.

A 3 mm Mgk, Cslphotocathode.

A Drift/preamplification region €200 pm.
A Operating gas: Ne;B;:CF (80-10-10).

Detector time response studies

Laser test / \

Pulsed laser @he FLUME Laser setup at LYDIL Laser Beam test
laboratoryat CE/Saclay 150 GeV muons @ CERN SPS H4 secondary beamline
Singlep.eresponse MIPs response

: §Cha rged particle
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First PICOSEC MM single channel prototype: beam test with 150 GeV muc

S5mm hole veto 10 cm x 10 cm
sclntlllator

A Beam test results with50GeV muons @ CERN SF
H4 secondary beamline.
A Triggering/tracking/timing telescope
A Timing
A MCRPMT as reference detector 6ps
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Bortfeldt, J., et al. "PICOSEC: Charged patrticle timing at sub-25 picosecond precision with a Micromegas based detector." NIM A 903 (2018): 317-325.



https://www.sciencedirect.com/science/article/pii/S0168900218305369

Towards PICOSEC MM detector for HEP experiments

Successful proof of conceICOSEC can achieve timing below 25 ps for MIPs.

Next stepsMultiple directions in detector development

)\ T

Detector
optimization
Detector fields
Operating gas
Gaps thickness

Improvement of
stability

Development of
detector prototypes
with resistive MM

Robustness
Research on
various
photocathode
materials

Large area coverage
Developmentf large
area prototypes and
readout electronics



Single photoelectron response

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

Optical Parametric Oscillator
560 nm, 120 fs, 76 MHz

Purposesystematic detector studies
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Bortfeldt, J., et al. NIM A 903 (2018): 317-325.
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Bortfeldt, J., et al. NIM A 993 (2021): 165049
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https://www.sciencedirect.com/science/article/pii/S0168900218305369
https://iopscience.iop.org/article/10.1088/1748-0221/15/04/C04053/pdf?casa_token=rXGGhY8HSTUAAAAA:692vwHoqOhvVRPoVQMrF96R42C3ONhxWIvt46tl6dI0JBk7F6Oe14cZlbB8KC5GTkmYxLDB2B2c7MQ
https://www.sciencedirect.com/science/article/pii/S0168900221000334?casa_token=fjDlghFvhWoAAAAA:1ysAXwm0MIamJd7AfUGPFYwKswpyR4cY0uWWZzNMCP9-eBCx2O_lpzV8Q4jZVuYr-wo2S_Ep7g

6x M3x10 PEEK screws

First PICOSEC MM multichannel
detector prototype

Crystal

Crystal holder base
glued to PCB

A 19 channelsnd active area &.6 cmin diameter.

A Observed decrease in timing performance
depending on the position of MIP passing.

A After correction using impact position from
CB mechanica

tracker(to account for anode PC icag |,
deformations) verngood global time resolution: |* .
of 25.8+0.6 ps Y, .
A Estimated time resolutioof 32.2+0.5 psfor T e,
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. . A X +
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avalanche evolution.

Crystal holder top

/ fixed with screws

[ Preamplification region

A This would affect detector gain and timing
performance.

A Measured deformations in the range30 pmin

the active area.

A Gap height difference db pmwill result ina
time error of100 ps
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Aune, S., et al. "Timing performance of a multi-pad PICOSEC-Micromegas detector prototype." NIM A 993 (2021): 165076.



https://www.sciencedirect.com/science/article/pii/S0168900221000607?casa_token=MSF_L1LAxs4AAAAA:BESEmmxoHa_2UDjaYgggp5ggVOogPrrIABQMEnnqGGFWHhpn08215fJIxYjEhpkVtL00DeBtIQ

Towards newl00Ochannel prototype

A Detector that can be tiled to cover large areas.

ALYONBI &S Ay (KS | QtiehuthBer of thinhels¢l® @00). G A YSEA0 ! b5

A Deformations will be even more pronounced for larger area.

A Main challengemake detector with uniform gaps (below 10 um) over the entire 10 cm x 10 cm active area.

Active area 100 mm

& [
<« rl

First PICOSEC MM board !
New larger area PICOSEC MM board

11



Sources of the drift gap non uniformity: attachment to the housing

A Fixation of the MM board to the housing A Fixation of the MgFerystal to the housing
A Bending of the MM board dugghtening to the A Initial design: MgFcrystal glued to the aluminum
detector housing over the indiu@ring, flange that is tightened with M2.5 screws to the
nonsymmetrical Cu traces, thermal stress due to the chamber housing.
23'%?2?360;?6 connectors, humidity from the A Pressing force from each M2.5 screw can bend the
' flange/crystal.

HHH

Mitigation:detach the Micromegas board from the chamber
and closing the chamber with additional Outer board

12



Sources of the drift gap non uniformity: Micromegas board deformat

A Spl’l dgloaded pin pressure on the MM
boar
A Spring loaded pins were considered to use

for mechanical decoupling MM board from
housing & connection with Outer board

<5 pum.

https://indico.cern.ch/event/911950/contributions/3912064/

A. Utrobicic RD51 collaboration meeting, June 2020:

A Deformations coming from the Micromegas

A Mesh tension due to the mesh stretching over the board.
Mechanical simulation to estimate the deformation. Study of
boards with various material and thickness.

A Production processhlgh T/p procedures during manufacturlng

A

FR4 (3 mm thicknessiyax dlsplacment i '; Ceramic 4 mm thicknessMax dlsplacment
the active area is around 100 um. .. in the active area is arountlum.

MM BOARD desigase more rigid (ceramics instead FR4) and thicker MM board
material (4 mm instead 2 mm).
0.65 mm

FR4 0.3 mm thick X
Readout pad Pillar  copper 50 pthickness

Epoxy Epoxy fil

A\

FR4 0.3 mm thick

Objectivefollow the MM manufacturing process and conduct the 13
planarity measurements on each of the production steps


https://indico.cern.ch/event/911950/contributions/3912064/
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PICOSEWNIircomegagproduction

Anode board production

a) Production of the ceramic substratembedding ceramics into
FR4

A Polishingo reach planarity below 15 ufinPlanarity measurements

b) Epoxy coating and copper deposit{éd>m) on the top and
bottom side of the board.

At2tAaKAY3 MHtitlyFNAGE YSIF&adaNBYS
c) Copper etching.

d) Epoxy fill between the copperces/readout pads _ _
A Polishinghplanarity measurementd&Mirror polishingbNi/Au D

plating

A Additional improvements:

A Thicker Cu (78m)to have margin for correction with manual
polishing if needed in the later steps.

A Residual stress reduction methdaisfore final polishing to ensure
that ceramic is stress free and minimize the possibility of the boat

il

wrapping during long time period. \\ g
A Partial cutting of the boartiom the frame just before bulking to
reduce the possibility of board deformation during temperature

cycling.
A Considering using FR4 material with higher minimize the
possibility of deformations due to heating processes in productior

@ CERN MPT workshop



Micromegas bulking @ERN MPT workshop

(Rui De Oliveira, Antonio Teixeira, Olivier Pizzirusso and
Bertrand Mehl




Planarity of the board after Micromegas bulking

After bulking p=0.27 pm; 50=8.14 pm
Before bulking p=0.40 pm; 50=7.87 pm
T
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Overall planarity still below 10 um after the mesh integration on the ceramic board.
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Chamber assembly and gain uniformity measurements

— —~y

Outer board + Micromegas + Housing +MgF -> Assembled detector

A Gain uniformity measurements with UV LED.
A Measurement of the amplitude spectrum for HOpads at fixed detector fields. °
A Polydfit was used to extract the mean of the spectrum.
A Small gain variation were observed.

0.002

Gain uniformity 1 p.u. =427.16 mV

UV-LED

Fused silica

Y-coordinate

0.001 -

- Amplitationl I I I I I -

_——
Readout board

0.0005 -

0

0 200 400 600 800 1000 1200 l 8
Mirandavan Stenisand Thomas$chneideERPDFTFGEhousing/photocathode) A. Utrobicic, RB1 mini-week,02/2021& collaboration meeting6/2021


https://indico.cern.ch/event/989298/contributions/4225012/
https://indico.cern.ch/event/1040996/contributions/4398412/
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PICOSEC Micromegas test beam setup

GEM2 GEM3
MCP1 MCP2 |

DUT3 DUT4
B 53 5S4

A Triggering/tracking/timing telescope A PICOSEC FE and Data

A Timing Acquisition:
A MCRPMT R809-50 Hamamatsu {1 mm A CIVIDEC C2 (40 dB, 2 GHz),
diameter useful photocathode). https://cividec.at
A Triggering A Oscilloscoped:ECROY WR8104 |
A Scintillators (small and large area). 83‘3&%‘?&#’%%83';22&%%53 '
A Tracking rate of 10 GS/s.

A Triple GEM detectoy«Y readout

cividec

Broadband Diamond Amplifier
>

F ¥ YYYYYYYYYYYYYYYYYYY




Large area PICOSEC Wsiijphotocathode

A Horizontal and vertical scan of PADs: A Dependence of the timing properties on theeak

A Preliminary results show uniform time response over the pads Charge (tlmeNaIk) .
for signals’in the center of the pad over 5 mm x 5 mm area). A The SAT depends on thepeak charge and the timing of

Time resolutiori for all measured pads. the detector carbe improved if we take this into
account as a time walk correction.

A All pads have almost the same dependencies on-the e
Time resolution,Cslphotochatode V,r500 V _eak Charge for SAH dzy' AFTFZNY RNATFIU
PAD 03 06 12 13 15 16 17 18 20 26 36 41 Ime walk correction can be used.

A The dependance of the time resolution on thpeak
charge is very similar for all pads.
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A. Utrobicic, RD51 collaboration meetirntps://indico.cern.ch/event/1071632/contributions/4612229/



https://indico.cern.ch/event/1071632/contributions/4612229/

Large area PICOSEC time response at the pad level (MCP as taddemm)

2D plot of time resolution over the pad 12

Time resolution within 5 mm x 5 mm square
(1 cmx 1cm area)
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A Important to evaluate if the time response is uniform within the {pado need for hit position information for SAT
correction.

. . . s . . . . . 22
A Time resolution looks uniform within the PAD, but we need to check the uniformity of Signal Arrival Time over the pad.



Large area PICOSEC preliminary test beam results: uniformity at the pas

A 2D plot of Signal Arrival time over the P&D

o P T >

y-axis, mm

BEAM 2021/10 PAD12 RUN 227:
SAT over the PAD (¢avg = 2.0 mm)

68 70 72 74 76 78 80

X-axis, mm

shows uniform behavior withihips at pad
central region which is well covered by the
MCP. This is visible also at lin@ arossing
pad center for pad$2, 15, 06 and18.

Non uniformity in SAT is most visible at
corners.

For45 strong correlation between SAT
uniformity confirmed for multiple pasl

This indicatethat uniformity of MCP
dominatesthe measurementat the edges.

Need for a better reference detectog)t
Larger area and with uniform response.
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Bortfeldt, Jonathan, et al. "Timing performance of a micro-channel-plate photomultiplier tube." NIM A 960

2020): 163592.




