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outline

• MIP’s detection with micromegas (Picosec) @ 
<50ps time resolution

• short overview of the RD51 Precise Timing 
Workshop @ CERN in Feb. 2017
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exactly 2 years ago….
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https://indico.cern.ch/event/439571/



exactly 2 years ago….
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Latest Results about HFS on …
https://indico.cern.ch/event/667256/contributions/2732294/attachments/1531105/2397080/rd51_9_2017.pdf (RD51 Collaboration Meeting)

https://indico.cern.ch/event/667256/contributions/2732294/attachments/1531105/2397080/rd51_9_2017.pdf


exactly 2 years ago….
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https://indico.cern.ch/event/439571/



Fast Timing with Micro Pattern 
Gaseous Detectors: 

the approach followed by the 
Picosec collaboration
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Direct Gas Ionization
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Intrinsic Time Resolution
s(td)=1/nvdhttps://cds.cern.ch/record/117989/files/CERN-77-09.pdf

FWHM ~ 5nsec

Direct Gas Ionization



Transfer Volume

Transfer Volume

Solid Conversion Layer
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Transfer Volume

Transfer Volume

Prompt Cherenkov Radiator
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Sub-nanosecond time response

1991 1999 2001

.. But we want to go down to tens of ps…



RD51 Common Fund Proposal
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Approved by RD51 MB @ CERN on 30.01.2015 

Picosec 
collaboration



Timing with proportional counters
The Picosec concept
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First prototype
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The first Picosec prototype (1cm diameter active area)

Montage Pico Seconde
Dossier de plans, Saclay



First prototype
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As a detector: pretty small
As a readout channel: pretty large



Measurements
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• Laser

• Muon Beam

IRAMIS facility @ CEA Saclay 

UV laser with σt << 100 fs

You forget about radiator 
and photo conversion.
Just focused on nphe ,  no 
matter how they are 
produced.. 
Main interest on nphe =1

H4 North Area SPS Extraction Line

150 GeV muons

Cherenkov production, 
transmission, conversion 
and pe extraction in the 
business



Measurements - Single PE - Laser
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IRAMIS facility @ CEA Saclay 
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LIDyL laboratory (CEA/Saclay). 
Ti:sapphire laser (Coherent MIRA 900) 120 fs pulses at 550 nm. 

T. Papaevangelou et al. Fast Timing for High-Rate Environments with Micromegas, MPGD 2015 & RD51 Collaboration meeting, 12-17 October 2015 Trieste, Italy
https://agenda.infn.it/contributionDisplay.py?contribId=83&confId=8839
https://agenda.infn.it/getFile.py/access?contribId=83&sessionId=2&resId=0&materialId=paper&confId=8839

Al Cathode

First set of Laser Data (2015)

Ne-C2H6, 90-10

https://agenda.infn.it/getFile.py/access?contribId=83&sessionId=2&resId=0&materialId=paper&confId=8839
https://agenda.infn.it/getFile.py/access?contribId=83&sessionId=2&resId=0&materialId=paper&confId=8839


Laser Test (2017) - SPE
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Single-Photoelectron 
Time Resolution
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Laser Test (2017) - SPE
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Single-Photoelectron 
Time ResolutionRED: 450V anode and 300-425V Drift 

GREEN: 475V anode and 300-400V Drift 

BLUE: 500V anode and 275-450V Drift

PURPLE: 525V anode and 200-350V Drift

Anode Voltage (amplification)

Given the same e-peak Amplitude Charge,
Higher Anode Voltage (higher Amplification 
– lower Pre-amplification) has a worse 
energy resolution

The pre-amplification drives 
the time resolution

I. M
an

th
o

s



Test beam measurement setup
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DATA ACQUISITION: 
CIVIDEC C2 Broadband Amplifier, 2GHz, 40dB +
20Gs/s-2.5GHz Oscilloscope

TIMING: MCP-PMT (<6ps time 
resolution measured on beam)

TRIGGERING: Scintillators TRACKING: Triple GEM (50um resolution)

Test beam measurement setup



Measurement – MIP(muons)
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Electrons signal
Ions tail
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One of the best results achieved among the run analyzed…

New Bulk MM readout

3 mm MgF2 + 5.5nmCr + 18nm CsI

Drift = -425V, Anode=+325V

About 10 photoelectrons
(derived by measurements 
with single photo electron 
flame/UV)

L. So
h

l



Cherry picking… 
but we are not in front of a single 

cherry….
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New Bulk MM readout

3 mm MgF2 + 5.5nmCr + 18nm CsI

many Data still to be analysed …

F.J.I. G
u

tiérrez



Signal Processing and Data Analysis 
(“fairness towards the detector”.. S. Tzamarias..)
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Detector Modelling
(i.e. detector understanding)
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Dependence with the number of photoelectrons

Magboltz (hydro input) + COMSOL (hydro average solution) + MATLAB 

(hydro stochastic solution)(F. Resnati)

https://indico.cern.ch/event
/607147/contributions/2476
949/attachments/1416536/
2169035/TimingWorkshop2.
pdf

(D. Gonzalez-Diaz)

(S. Tzamarias, K. Paraschou)



Ongoing/Future activities on…

• Optimization (get as much as we can…)

• Use of techniques and technologies proven to be 
effective for more reliable/robust detector…

• Scale up and prove that we can preserve what we 
have…

• Electronics…

• Longevity… photocathode
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Photocathode:
CsI and different:
-producer (CERN, Saclay, Hamamatsu)
-thicknesses (11, 18, 25, 36nm)
-metallic interface (Al, Cr) 
-metallic interface thicknesses (Cr 3,5.5nm)
-Metallic

Al(8nm), Cr (10,15,20nm)

Diamond, B-doped Diamond on Cr

Mesh:
-standard bulk 
-bulk with reduced number of pillars
-thin mesh
-micro-bulk (laboratory tests)

High Voltage Schema

Gas 
Mixture

Eg

Ed

Electric 
Fields

+HV

-HV

Crystal: 
-Different Thicknesses of MgF2 (2,3,5mm)
-Different Material

A large number of degree where we can easily play… 
(typical of these technologies)

Optimization



Photocathode: Picture of a sparks
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P
ico

sec (T. Sch
n

eid
er)

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

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

Robustness/Reliability • 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”

Resistive mesh / photocathode protection…. ? 

• Spark damage and spark rate 
minimized

• Capability f running in high rate pion 
beam in SPS

• Time resolution slightly worse



MultiPad Picosec
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Scaling up

preserving the signal integrity and stability  
with larger meshes 

preserving the gaps uniformity on larger 
surfaces

…
preserving signal integrity with routing/vias/…
coupling between channels and S/N

….



MultiPad Picosec
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~35mm Active area, 19 pads (7 full size)

Scaling up

• First Measurement in August 
with a larger drift gap
• Good quality of Signal 

Shape
• No crosstalk
• Time Resolution twice 

worse ( due most likely by 
the larger drift – to be 
tested)

• Next week measurements n 
beam with same gaps as in 
prototype to verify the 
resolution

L. So
h

l



…going towards integrated/multichannel…
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• Amplifier 
For single channel readout more than happy with 
CIVIDEC and with their important support.. Not feasible 
for multichannel readout

– Custom (CERN/RD51)
– Custum/Embedded Electronics (Saclay)
– Multichannel.. Far future… 

• Digitizer
Oscilloscope… same comment as for CIVIDEC

– SAMPIC
– …

• …

H. Muller, Precise Timing Workshop, Feb 2017
https://indico.cern.ch/event/607147/contributions/2476905/attach
ments/1415650/2398258/Plans_fast_electronics_for_MPGD.pdf

Status of development on the SAMPIC Waveform TDC, D. Breton, RD51 precise Timing Workshop, 21-22 February 2017, CERN, 
https://indico.cern.ch/event/607147/contributions/2476911/attachments/1415361/2168327/SAMPIC_RD51_Breton.pdf

2018 (and beyond..) Picosec Electronics

Electronics 

https://indico.cern.ch/event/607147/contributions/2476905/attachments/1415650/2398258/Plans_fast_electronics_for_MPGD.pdf
https://indico.cern.ch/event/607147/contributions/2476911/attachments/1415361/2168327/SAMPIC_RD51_Breton.pdf


: 
Self Portrait of Picosec micromegas, Prevessin-Moen, 2017
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Longevity (photocathode) 
(not necessary a serious problem in all the possible application requiring fast timing but to 
be addressed clearly in the high rate ones) 



Photocathode: 
Self Portrait of Picosec micromegas, Prevessin-Moen, 2017
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Misalignment
Mesh structure
Pillar

pillars
Active 
area

Resistive Picosec
Long run in high intensity pion beam
About 0.1-0.2mC/cm2
air exposed to take the picture 



Photocathode CsI protection
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http://cds.cern.ch/record/3157
52/files/SCAN-9611227.pdf

CsI Protection Layers

Dielectric Coating

Under Investigation
Protection Layers  (looking for new materials and protective 
structures… starting from literature – Va’vra[WIS] 
https://cds.cern.ch/record/287770/files/SCAN-9509070.pdf
just as an example) 

Graphene Layers (P.Thuiner, CERN)

Thin Film & Glass Lab (CERN), T. Schneider …

https://cds.cern.ch/record/287770/files/SCAN-9509070.pdf


Photocathode – searching for 
alternatives
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• Photocathode: Saclay (Pomorski et al) … preliminary test doe already on beam

• Photocathode: Russian Academy 
of Sciences, Moscow (Mikhail 
Negodaev) PC production ready to 
go after specs defined more 
precisely by us.

• DLC (Yi)

• Metals,… MgO,….



Setup to characterize 
photocathodes performances

29.09.2017 40

ALICE set up for photocathode evaporation/testing



timetable
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2014 2015 2016 2017

Proposal 
Submission

First 
Prototype
and laser test

New Prototypes, 
laser tests and 
measurements 
with charged 
particles (test 
beam campaign)

Resistive 
micromegas 
prototypes,
Multi-channel 
anode and larger 
area, 
photocathodes 
(CsI protection, 
Diamond,..),
New electronics

• Successful measurement campaigns in 2016

– Less than 50ps  - “100%” efficient (MIPs) - achieved with CsI and about 10pe

• Modelling and data analysis successfully going on

• R&D (not exclusively Picosec related) on

– Intrinsic limit

– Detector Optimization (new photocathodes, protection layer, secondary emitter,.., resistive mm)

– Detector Scaling.. Larger area and multi channel..

– Electronics
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Last RD51 Collaboration Meeting
(this week)

Picosec : status and perspectives, 
Francisco Jose Iguaz Gutierrez (Université Paris-Saclay (FR)), 
https://indico.cern.ch/event/667256/contributions/2730933/attachments/1529763/2394157/20170926_FJIguaz_WG1_Picosec.pdf

Signal processing and statistical analysis techniques for the PICOSEC-
MICROMEGAS, 
Ioannis Manthos (Aristotle University of Thessaloniki), 
https://indico.cern.ch/event/667256/contributions/2735115/attachments/1530756/2395755/YiannisPresentation2.pdf

Progress report on the modelling of slewing and resolution effects in the 
PICOSEC-MicroMegas detector, 
Konstantinos Paraschou (Aristotle University of Thessalon¡ki (GR)), 
https://indico.cern.ch/event/667256/contributions/2732572/attachments/1529392/2393101/KostasPresentation.pdf

Beam Testing of Fast Timing  Picosec Detectors in 2017, 
Lukas Sohl (Ruhr-Universitaet Bochum) 
https://indico.cern.ch/event/667256/contributions/2732292/attachments/1530884/2396008/Collaboration_Meeting_sohl.pdf
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Last (this week) RD51 Collaboration 
Meeting

Picosec : status and perspectives, 
Francisco Jose Iguaz Gutierrez (Université Paris-Saclay (FR)), 
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Progress report on the modelling of slewing and resolution effects in the 
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Gaseous.. 

• Large area .. preserving performances.. 

• Large area … @ affordable costs

MPGD versatility

• Possibility to adapt the detector to a large 
variety of requirements
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LARGE INTEREST IN THE PROJECT/RESULTS FROM 
OUT COMMUNITY…



Photocathodes: CERN/Thin Film 
& Glass Lab

~ 100mt from where we are now
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MPGD Sensors:
CERN/MPT Workshop

~ 50mt from where we are now

… in situ Detector Design/ Production 
(expertise and technology)/Testing

Similar Slide can be shown in Saclay….



Precise Timing Workshop
(@ RD51 mini Week, CERN, February 2017)
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Precise Timing Workshop
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https://indico.cern.ch/event/607147/

https://indico.cern.ch/event/607147/


picosec
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• T. Papaevangelou, Status and Plan
https://indico.cern.ch/event/607147/contributions/2476873/attachments/1412920/21670
34/TPapaevangelou_MM_PicosecondProject.pptx

• S. Tzamarias, Analysis – techniques and 
studies

https://indico.cern.ch/event/607147/contributions/2476948/attachments/1413066/21671
05/PreciseTiming.pptx

• D. Gonzalez Diaz, Detector Modelling
https://indico.cern.ch/event/607147/contributions/2476949/attachments/1416536/21690
34/TimingWorkshop2.pptx

https://indico.cern.ch/event/607147/contributions/2476873/attachments/1412920/2167034/TPapaevangelou_MM_PicosecondProject.pptx
https://indico.cern.ch/event/607147/contributions/2476948/attachments/1413066/2167105/PreciseTiming.pptx
https://indico.cern.ch/event/607147/contributions/2476949/attachments/1416536/2169034/TimingWorkshop2.pptx


Detectors

• M. Lucchini, SiPM+Crystal

• S. White, Hyperfast Silicon

• Minot, LAPPD

• F. Forster, LGAD

• M.Berretti, Diamond, LGAD

• H. Van Der Graaf, Tynodes

• P. Verwilligen, FTM

• M. Centis Vignalis, MCP-PMT
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Electronics
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• H. Muller, MPGD Fast Electronics

• A. Rivetti, Fast Timing Tecniques

• N. Minafra, sampling

• M. Newcomer, New Transimpedence Fast Amplifier

• C. Williams, SuperNino

• D. Breton, Waveform TDC - SAMPIC

• H. Mathez,TDC+PETIROC

• A. Ranieri, FATIC Fast readout FE

• M. Minot, DRS4



photocathodes
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• J. Smedley, New direction on Robust pc

• F. Tessarotto, CsI & Gaseous Detector

• M.Minot, LAPPD

• H. Van Der Graaf, Tynode

Infrastructure/instrumentation
• M. Centis Vignali, Infrastructure @ SSD lab

• F. Resnati, Picosec taggable X-Ray source

• J. Klein, Theia

Application



A short/fast overview of the contributions …

spotting…

issues/problems/aspects common to picosec
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10ps

M. Lucchini

detectors
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https://indico.cern.ch/event/607147/contributions/2476891/attachm
ents/1415670/2167553/RD51WorkshopFeb2017-Mirko3.pdf

M. Berretti

detectors
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https://indico.cern.ch/event/607147/contributions/2476892/attachments/1415493/2166988/FFoerster_RD51_Miniweek_210217.pdf

F. Foerster

detectors
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https://indico.cern.ch/event/607147/contributions/2476891/attachm
ents/1415670/2167553/RD51WorkshopFeb2017-Mirko3.pdf

M. Berretti

detectors
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https://indico.cern.ch/event/607147/cont
ributions/2476878/attachments/1415704
/2167423/rd51-hfs.pdf

S. White

detectors
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https://indico.cern.ch/event/607147/contribut
ions/2476947/attachments/1416443/2168890
/RD51Tynode.pdf

H. Van Der Graaf

detectors
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https://indico.cern.ch/event/607147/contribut
ions/2476947/attachments/1416443/2168890
/RD51Tynode.pdf

H. Van Der Graaf

Detector/photocathodes
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https://indico.cern.ch/event/607147/contributions/2476890/attachments/1413628/2166936/RD51_CER
N_-MINOT_LAPPDTM_Commissioning_02-21-2017_FINAL.pdf

M. Minot

detector/photocathodes
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https://indico.cern.ch/event/607147/contri
butions/2476904/attachments/1415494/21
66992/2017_CERN_talk.pdf

J. Smedley

photocathodes



29.09.2017 63

https://indico.cern.ch/event/60714
7/contributions/2476899/attachme
nts/1412528/2167750/fulvio_tessa
rotto_21_02_2017.pdf

F. Tessarotto

photocathodes
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https://indico.cern.ch/event/607147/contr
ibutions/2476899/attachments/1412528/2
167750/fulvio_tessarotto_21_02_2017.pdf

F. Tessarotto

photocathodes
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https://indico.cern.ch/event/607147/contributio
ns/2476905/attachments/1415650/2398258/Pla
ns_fast_electronics_for_MPGD.pdf

H. Muller

electronics

https://indico.cern.ch/event/607147/contributions/2476905/attachments/1415650/2398258/Plans_fast_electronics_for_MPGD.pdf
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https://indico.cern.ch/event/607147/contributions/2476907/attachments/1412
613/2167568/RD51_Feb2017_TimingTechniques.pdf

A. Rivetti

electronics
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https://indico.cern.ch/event/607147/contribut
ions/2476937/attachments/1412845/2168625
/RD51_Feb2017.pdf

N. Minafra

electronics
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https://indico.cern.ch/event/607147/contribut
ions/2476941/attachments/1412544/2167490
/presentation.pdf

M. Centis Vignali

electronics
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https://indico.cern.ch/event/607147/contributions/2476908/attachm
ents/1415543/2168192/Fast_Timing_Amplifier_V3.pdf

M. Newcomer

electronics
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https://indico.cern.ch/event/607147/contribut
ions/2476909/attachments/1415557/2167127
/supernino-status.pdf

C. Williams

electronics
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https://indico.cern.ch/event/6
07147/contributions/2476913
/attachments/1415534/21674
68/RD51_TDC_precise_timing
_ws_2.pdf

H. Mathez

electronics
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https://indico.cern.ch/event/607147/contributions
/2478300/attachments/1413163/2169214/201702
22_FTMv4_RD51miniWeek_v2.pdf

P. Verwilligen

detectors/electronics
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https://indico.cern.ch/event/607147/contribut
ions/2476911/attachments/1415361/2168327
/SAMPIC_RD51_Breton.pdf

D. Breton

electronics
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https://indico.cern.ch/event/607147/contributions/2476890/attachments/1413628/2166936/RD51_CER
N_-MINOT_LAPPDTM_Commissioning_02-21-2017_FINAL.pdf

M. Minot

electronics
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https://indico.cern.ch/event/607147/contribut
ions/2476941/attachments/1412544/2167490
/presentation.pdfM. Centis Vignali

infrastructures
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https://indico.cern.ch/event/607147/contribut
ions/2476944/attachments/1413691/2168509
/X-rayGenerator.pdf

F. Resnati

infrastructures
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M. Lucchini

collaboration
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https://indico.cern.ch/event/607147/contribut
ions/2476874/attachments/1415520/2167051
/theia_timing_workshop.pdf

J. Klein

applications
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Large number of issues/problems/aspects common to 
Picosec…

Obviously biased by the organization on the 
workshop in the RD51/Picosec context



Conclusion
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• Proof of Concept…

• Charged particle timing in the sub-50 (well below…) picosecond regime achieve with 
MicroMegas based detector.

• Important development on data analysis and detector modelling

• Toward detector/application…

• Activities to optimize, improve robustness, scale up, …
• Multichannel electronics…

• R&D on photocathode for detector longevity (not necessarily crucial for all the possible 

application).. material science..
• Technology/expertise (thin film lab, mpgd workshops, electronics… )

• Large interest in the MPGD/RD51 community.. toward the future…

• Many aspect in common with other fast timing project – large community – precise timing 

workshop - proper condition/environment for interdisciplinary exchanges 


