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Outline
® PICOSEC Micromegas Project

® Beam Measurements

® DAQ and Analysis (Software CFD)
® Time Resolution

® Charge Distribution

® Spatial Time Resolution

® [nitial Number of Photoelectrons
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PICOSEC Micromegas
a RD51 Project

Particle e Particle produce Cherenkov

radiation

Cherenkoy  Electrons are emitted by the

Radiator e ‘ radiation in a photocathode

Photocathode 1820 mm _ — " Cathode o All primary ionised electrons are

o e L5 we " localised onthe photocathods

Amplification 128 m crodk L, aode . Due to high electric field, time
jitter before first amplification

Preamplifier + DAQ

v minimised

To measure the time resolution a t0 reference detector is needed

-> MCP-PMT -
I
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MCP-PMT:
Hamamatsu R3809U-50

EFFECTIVE

B ecron  Signal creation similiar to
PICOSEC Micromegas:

) T E * Particle are passing a
1 | Cherenkov radiator
roses] | L * Electrons are emitted by a
\PHOTOOKTHOE |, Sk~ CONNECTOR photocathode
* Signals are amplified in a Micro
CHANNEL Channel Plate
CHANNEL WAébTPUT * Electrons are accelerated by a
NPUT /  FLECTRODE high Voltage
_— P QT * More electrons are emitted

INPUT ELECTRODE #

along the channel walls

CURRENT
1} -4}
D

\

Measurements are done at an operating Voltage of 2800 V

R3809U-50 SERIES Hamamatsu PHOTONICS K. K. (2015). <https : / / www . hamamatsu.com/resources/pdf/etd/R3809U-50_TPMHI1067E .pdf>.
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MIP Beam Jlest

0.5cmhole 10cmx10cm 0.5cm x 0.5 mm Large area

veto scintillator scmtlllator scintillators scintillators
Tracker 3 Tracker 2 Tracker 1 2 MCP
PMTs

Pos 2 Pos 1 Pos 0 Multipad
150 GeV
- I I <— muons or
Beam .
pions
305 mm |
245 mm 9mm
540 mm 555 mm

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

Tracking system: 3 triple-GEMs (40 pum precision).

Scintillators: used to select tracks & to avoid showers.

Electronics: CIVIDEC preamp. + 2.5 GHz LeCroy scopes.
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e Time referen two MC-‘PMTs (<5pr resolution).

* Tracking system: 3 triple-GEMs (40 pum precision).

* Scintillators: used to select tracks & to avoid showers.
* Electronics: CIVIDEC preamp. + 2.5 GHz LeCroy scopes.
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(® File | 8§ Vertical ¢+ Timebase I Trigger & Display # Cursors [E| Measure @ Math |~ Analysis X Utilities @ Support

20mv

41 [l [

\ \ Event Counter

MCP-PMT Signal

64 ns 4 36ns 136 ns 236 ns ns 436 ns 536 ns

(C4  EEEf Timebase -36 ns

500 m\ 500 mV/div . i iv Stop -250 mV
150005me/ 0.0 mV ofst: ! 21@003%5 Edge N E
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Waveforms are acquired
with 20 GS/s oscilloscopes
MCP-PMT and DUTs are
sampled in the same
acquisition window
Tracking software provides
an event counter to match

with the signals



CFD Algorithm

0 0.15 o) =
E 1 3012- ! « Software CFD algorithm is
o ol B
£ £ 0.1 i
> odl < used to extract signal
g S 0.08}- _ _
£ 2 f arrival time from the full
B £ 0.06
0.05¢ ooal signal waveform
] 002k e Algorithm in the style of a
0 T
' 0F: hardware CFD circuit
0,08l _O.OZWW  CFD can be calculated
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII - - -
0 e R S e R without information about

0 051 15 2 25 3 35 4 45 5
Time (ns) ' _
the amplitude

Time delay and attenuation of the = Advantage at fewer

duplicated waveform depends on the
demanded fraction of the amplitude:

tqa =1, - (1 —0.4)
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B . .
DAQ Uncertainty

e The combined systematic

240
220
200
180
160
140
120
100

Entries

o =3.09+0.04 ps
uncertainty of the

u=—0.0106 £ 0.0001 ns

sampling rate and the CFD

72 /ndf = 89.24/69 ]
algorithm has been

evaluated

e Signal of the same MCP-
PMT has been splitted and

aquired in two channels of

the oscilloscope

rrrprrepreryprerryprrepreeyreryprrrprreprerprrrprel

llllllll l_ll.llllllllllllllll

—8.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04
Time (ns)

ODAQ — (3'0923)5'04) 2= = (2.18 £0.03) ps
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D
Time Resolution

cn l—
£ 160—
5 B 6 =72%0.1ps e Two MCP-PMTs are used
[ = —5.036 + 0.001 i :
1401 A " e Time difference between
_ x*/ndf = 129.7/84 ]
120— both signals has been
100 :_ calculated
- e Distribution gives
80—
B combined time resolution
60— of both MCP-PMTs and the
40— DAQ uncertainty
20 - e Operating Voltage 2800 V
B | 10l .-I.-. Ll Wnl I‘I.—nl—rlh— | | | | | | | | I—..—Lrl.-.l ob Nl | | | | oo
8o " 51 508 506 504 502 5 498 -4.96 Omes = \/ 2031cp + 9Dag
Time (ns)
All particles hitting the useful active area (r < 5.5 mm?¥) . >
are taken into account o oo = A LB ;DAQ — (4.87+ 0.32) ps

*) R3809U-50 SERIES Hamamatsu PHOTONICS K. K. (2015). <https : / / www . hamamatsu.com/resources/pdf/etd/R3809U-50_TPMHI1067E .pdf>.
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Cherenkov Light Propagation

‘ e MIPs are detected in a Cherenkov

e Number of photoelectrons are
depending on amount of light

f reaching the photocathode
—

e Smaller signals are expected for

Photocathode MIPs detected further outside of

Light Cone the centre
e Actual dimensions are not given in

the datasheet

Cherenkov Radiator
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B . .
Charge Distribution

 Tracking data are used to calculate

= 1.8%—
the spatial distribution of the mean 2 1_6%}—+++
T
signal charge 5 +++ :
o 12k :
e The distibution gives information of ¢ £ ++g'
the actual photocathode and o8E %H
0.6— .
Cherenkov window dimensions 04F- : H##{'H
 Even reflected light from the border o2 %H&H%WH{WW&WM
O
of the window is generating a signal 02 | b | | | | |
5mrr(%lII2III4II;BIIISIII10IIRIC'11_2IfII14ItI(I16)
3.2 mm
11 mm
23 mm
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e Based on the charge

23 mm | distribution observations,
No Signal

three ROIls of the MCP-PMT

sighals can be defined:

Photocathode

1T1TmMmMm3
1. The full Cherenkov cone

Is projected on the
photocathode
2. The Chernekov cone is

partially projected onto

5mm@
16 mMmJ
23 mm Q@ ——

the photocathode

3. Only (diffus) reflected
light is reaching the
photocathode
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I e
Time Resolution of the ROls

N
Q = |
E B Full Signal 3.75 + 0.14 ps
§ = U ES= ! Partial Signal  10.26 = 0.45 ps
g B % h Reflected Signal 19.14 + 0.50 ps
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I e
Number of Photoelectrons

e The time resolution can be estimated with the

transit time spread (TTS) for a single

30
photoelectron and the number of photoelectrons

25 given by the Cherenkov light:

orep A OTTS
V Np.e.
e TTS is given with 25 ps which results in 44 = 2 p.e.
in the centre of the MCP-PMT

Time Resolution (ps)

20

15

10
* The time resolution based on the N.p.e. has been

calculated geometrically

E * The trend of the model shows an agreement with

OIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 1 2 3 4 5 6 7 8 9
Radius (mm) the data

e Especially in the outer parts the high contribution

of the reflected light is not included in the model
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e
Conclusion

A time resolution of up to 3.75 = 0.14 ps has been measured with
R3809U-50 MCP-PMTs operating at 2800 V
 The full active area (@ 11 mm, as given by the manufacturer) can be used
as a time reference with a time resolution < 10 ps
e Several conclusions can be made for fast timing photodetectors with a
Cherenkov window (like the PICOSEC Micromegas):
e The initial number of photoelectrons shows in general a 1/sqrt
dependancy on the time resolution
e The geometry of the photocathode in relation to the projection of the

Cherenkov cone is important to define the active area of the detector
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e
Conclusion

e A time resolution of up to 3.75 = 0.14 ps has been measured with
R3809U-50 MCP-PMTs operating at 2800 V

 The full active area (@ 11 mm, as given by the manufacturer) can be used
as a time reference with a time resolution < 10 ps

e Several conclusions can be made for fast timing photodetectors with a
Cherenkov window (like the PICOSEC Micromegas):

e The initial number of photoelectrons shows in general a 1/sqrt

dependancy on the time resolution
e The geometry of the photocathode in relation to the projection of the

Cherenkov cone is important to define the active area of the detector

Thanks for your attention
& Stay Tuned
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Detector Position In the
Beam Telescope

Picol MCPs GEM1 Penn Pico2 GEM2 Pico3 Pico4 GEMS3

Beam I |
.
0 275

mm -517
(-500 October)

351 553 613 900 1093
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Trigger Configuration

o)
o

GEM

I
$)]

LN
o
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y-position [mm]

GEM

30

25

GEM

20

Two Possibilities:

15

10

® Large 2 x 2 cm Trigge

large area trigger

small area trigger ~ -

Beam Alignment

MCP—PMT

Picosec

%

® Small 5 mm circle Trigger
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B S
Hardware trigger selection
from the Control Room

. Logical Coincidence
Discriminator fan-in/fan-out Unit SRS
S In out In1 out | In1 out
S2 In out In2
S3 In out - In1 out [~ :2:2,’ FEC - -
S4 In__ —out In2 J Ina GEMs f 2 2
In1 out — Trg.
S5 In out In2 EvtCtr. —>»
S6 In out In1 out |—In1 out -
In2 In2 I
J In3
Auxi Amp. —1n out In1 out In4 DAQ
Aux?2 Amp. —In out R In2
— Amp. —m/—{In out | In1 out |_ Slow Control
—1 In2
Control Room :2; out
GND/NIM In1 out In3
GND/NIM THn2 (In4)
GND/NIM qin1 - out
GND/NIM In2
GND/NIM In1 out
GND/NIM In2
GND/NIM
GND/NIM
GND/NIM
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I e
PICOSEC Time Resolution

450 - ; ; —&— Anode = 250 V
- x2 / ndf = 73.26 / 45 - &
400 21> S S L% R S N T W —®— Anode = 275 V
- L =2.7451 + 0.0004 ns : ; s s z
350 Anode = 300 V
- 06,=20.9 +0.3 ps o
j2 - o —%— Anode =325 V
& 300 c,=38.9+1.1ps g
% - \ o Anode = 350 V
w 250 1] 07,=24.0+0.3ps =
o - ' > Anode = 375V
g 200 g H | :
2 5 N = S - U SO SRR S SUSUOORRRRRRNE S USROS \ e
S 150F e '-
= = e A I e N e N
100 —
50;_ i’ R : .............................. . .................. \, .................. \ , .............. ., .................. . ..................
- -l-‘::l:,l | I I 1 l\‘i:::l--l :l 11 l 11 1 l 1 1 l L1 1 I L1 1 l 1 1 l 1 1 I L1 1 l 1 1 l L1 1
8.6 2.65 2.7 2.75 2.8 2.85 2.9 2§)4O 360 380 400 420 440 460 480 500 520 540
Signal Arrival Time (ns) Drift voltage (V)

 Bulk Micromegas with:
3 mm MgF2 window and 5.5 nm Cr + 18 nm Csl Photocathode
e COMPASS Gas mixture: 0.8 Ne + 0.1 iC4H10 + 0.1 CF4
e Optimal operation point at: Amplification +275 V, Drift -475 V
e Mean number of photoelectrons: 10.4 =+ 0.4
e Time resolution for 150 GeV Muons: 24.0 = 0.3 ps
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To calculate the combined time resolution of several pads the exact
position and gain of each participating pads needs to be evaluated
-: Mean charge ..,

y-position [mm]

Pad alignment
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MCP—PMT:

Anode pads/'

large area triggers
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mean charge per entrie [p

mean charge per entrie [pC]

mean charge per entrie [pC]

Mean e Peak Charge per event [pC]
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Mean e Peak Charge per event [pC]

Mean e Peak Charge per event [pC]

—

¥2/ndf  0.1206/6

po 8.538 = 1.104

i | IS BPETETSN SUETET S SURTETE SUETET S SRR SURTET A N AR
ob 2 4 6 8 10 12 14 16 18 20
Radius [mm]
Pad 2
6 U ¥?/ndf  0.0515/6
sF- PO 6.257 +0.945
s
3f-
2f-
1=
:.. | EFEFETS EETETE SPETET SPETErS SPATErS SrArErel STETAre SErara S
% 2 4 6 8 10 12 14 16 18 20
Radius [mm]
Pad 3
oF
¥2/ndf  0.1435/6
s
C po 5.266 = 0.867
o
3
2
1=
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PICOSEC Outlook

Analysis of large Multipad datasets with four Pads

Continuing measurements with different
photocathode materials

Ageing studies of promising photocathode
samples

Development of a resistive multipad Picosec
chamber

(Embedded) electronic necessary for segmented
readout

Comprehensive simulation and analysis at AUTH
DLC and S.E. Production at USTC and CEA

New cosmic muons bench at Saclay

Asset photocathode test chamber at CERN

At least 6 weeks of Laser time at Saclay
Participation at MIP beam tests all over Europe
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