Introduction and LHC (Fast)
Motivation

GasToF: One anode paper
(reminder)

One photoelectron principle
and multi-anode design

Next steps
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* Gas Cerenkov — direct, very forward light propagation (no internal
reflections) — intrinsically very fast, excellent resolutions with single
photons

* Very simple “optics” thanks to small chromatic dispersion; light
spectrum peaking at deep UV

* Robust and radiation hard (light reflected away by thin mirrors)
* Light detector (just thin walls) — can be used within tracking

* Needs some space though, length...
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_ Ejection of gas Injection of gas (~ atmospheric pressure)

SRR 2

~2-3c

-

Data acquisition

!

AIuminiLim(?) ?

Mirror (Flat or Spherical?)

Protons
S
Lens? (focusing)
Photomultiplier
Tube (picosecond time resolution)
e ____Ewectronics_ _ _ __ _________ NB: Gastof might become
sub-picosecond detector!
Max. time difference = 2*L*An
Discriminator Amplifier 1 (= 200 mm * 0.003 = 0.6 mm )

Time measurement
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... and could be corrected for !
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Gas leak problem

. Gastof with 6 um pore ’ ’
T MCP PMT N ~- ;
/ ___ 14 'T' lz a '_:_' __ Beamside:
, B N /| S<3 /N ol f [Tl
= VY T =
Problem: |
Small 11 mm cathode —
use spherical mirror to
focus light on MCP-PMT
MICROCHANNEL PLATE-
PHOTOMULTIPLIER TUBE
HAMAMARTSWU | (MCP-PMTs)
R3809U-50 SERIES
Compact MCP-PMT Series Featuring
Variety of Spectral Response with Fast Time Response
FEATURES TN U E 1 E \
.::22 '?i?:::dwOps PN CRC e — L LE
T.T.S. (Transit Time Spread)": < 25ps(FWHM AP oo ]
.LowN(oise t P " P ! — Eim]}f - 3 T TFAMAVAT
@ Compact Profile o 00473758 | FAX: OOSSID [rES =
Useful Plotocathode: 11mm diameter tki i — i £ __ C_|ees —
(Overall length: 70.2mm Outer diameter: 45.0mm) TSR AT e ||:|DE||:|| O]




» Two short GasToF prototypes with HPK tubes and readout with 40 (80) GSa/s
14 GHz BW scope (thanks to UTA and AFP!)
e Quartz windows were added to seal gas volume

Top view

120Gev pion, proton beam GasToF_2 Quartic_1 Trig_1 Veto
—_—  — A

GasToF_3 Quartic_2 Trig_2 >|
4 meter

-_-_ Amplifier 2 Atten i\ ~2.0 photoelectron, Hamamatsu R3809U-50@3.1kv, Aug 2010, TB I
(| RN .\/\//\/\—../ ‘v-
R3809U-50 ZX60-6013E 4 -
. J e
= z
TTwo GasToF detectors used for beam test ' Wue Bandw'dm’ 20 MHZ 10 6 GHZ %—0.03 —
— Rise Time: 150 ps * Low Noise Figure, 3.3 dB Typ. < F
TTS (Transit Time Spread)®: 25 ps (FWHM) 0.041
: . [io0ps

-0.101 -0.1008 -0.1006 -0.1004 -0.1002 -0.1 -0.0998
Time(second)
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 Two short GasToF prototypes with HPK tubes at 3.1 and 3.25 kV, this
corresponds to gains of about 4.10°
» Use fast amplifiers and 6 dB attenuators (should simulate well long cables)
» Expected (low) signals are observed (would increase by ~2 for final design)

2400/ htemp
Entries 21600
22004 Mean 1720
2000— G2 + Hamamatsu_A @3.25kv + mini_circuits + 6db atte nuator RMS 1.455
ntegral 2.16e+04
1800, 2 I ndlf 1547138
1600° Y_scale 4943 +9.8
X_shift 0.1609 + 0.0004
1400 X_scale 1127 +0.014
1200 Data taking by Lecroy, sample rate = 80Gsa/s, bandwidth = 14GHz N_phe . 6
J_Gaus_width 08225 + 0.0250
1000 p_width 002122 = 0.00054
800
600 Pedestal_events(0~0.24) / total_events(0~8.0) =4668/21600 =21.6%
4001
20014 m
clllllllllllllllllll '|"I|Illl
0 1 2 3 4 5 6 7 8

Measured (raw) photoelectrons
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Fitted number of photoelectrons

0 2 4 6 8 10
I I T T T I 1 T T | T T T I 1 1 1 I T T T I
1000+
[ 42/ ndf=143.3/118
8001 N_phe =1.981=0.024
- Gaus_width = 0.6283 = 0.0189
600~
- Hamamatsu R3809U-50@ 3.1kv
400 -
200
0 -J' PN R R T NN TN TN T T NN TR S 1 P I L
0 1 2 3 4 5
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* Time difference between two GasToF detectors:

80
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20

Entries = 326

x2/ndf= 4.01/5

10

\ Both two tubes are Hamamatsu R5809U-50

Hamamatsu_2@3.1kv; Hamamatsu_3@3.25kv

\ Sigma @ge-ﬁ + 5.828e-13 )

N2 & N3 > 4.0phe

1 1 | 1 1 |‘|_r—v—‘—u 1 1 | X1 0-9

o
%illlllllllllllllllllI|I||I|I||III||II||

8 8.02 8.04 8.06
T2 - T3 (unit : second)

10 ps width corresponds to
average 7 ps detector
resolution measured for
signals > 4 photoelectrons

... can also study this difference as a function of number of photoelectrons...
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* Measure time difference

width vs # photoelectrons

0% = (O-ref)2 + (Glphe)z/N

phe

| Sigma*2 of T2 - T3 VS 1/(Nphe C2) |
280 | %2/ ndf 2.476/3
260l | PO 48.8 ~ 14.09
- | pl 488.8 + 50.49
$ 240
2 C
E 220
3 C
= 200
~ -
= 180~
; 160 :_ Cut : Nphe_C3 > 1.5phe, Nphe_C2 > 2.0phe
< n
£ -
& 140 Ham_B@3.10kv
120-_ 1 [ 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 [ 1 1 1 1 I 1 1
0.2 0.25 0.3 0.35 0.4 0.45
1/(Nnhe C2)
| Sigma*2of T2- T3 VS 1/(Nphe_C3) |
- | #*/ndf 1.836/3
- | pO 111.9+ 1417 ]
o 240— | pd 214.5 + 35.64
f’, -
g_ —
-’é’ 220_—
= C
g L
. 200[—
- -
- -
o 180
< o 1 Ham_A@3.25kv
© -
£ i
n L Cut : Nphe_C3 > 1.5phe, Nphe_C2 > 2.0phe
'_IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
02 025 03 035 04 045 05 055 06
1/(Nphe_C3)

From linear fits to 6% vs 1/N
one can extract resolutions for
1 photoelectron signals !

Measured resolution for 1 phe
signal is about 15 ps

(as expected from TTS)
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* GasToF test prototypes have two problems in view of running them at LHC:
1. Lack of multiple hit capability;
2. Very high anode currents + lifetime issues

Solution: detector with fast 8x8 multi-anode MCP-PMT — with total signal of
about 16 phe, and up to ~0.5 phe per anode. 3x8

* To increase lifetime, enhance UV part — use MgF, windows + photocathodes
only sensitive in deep UV (‘solar blind’) —and eventually ALD treated MCPs.

Caveat: For multi-hit case the time measurement is feasible but there is no
position sensitivity, so one cannot associate time to tracks

Example solution: Run together with pixel detectors of good (but inferior) time
resolution

June 6, 2015 ps Workshop - K. Piotrzkowski 10



GasToF prototyping with PHOTONIS/Burle 25 um MCP-PMTs

| QE * Reflectivity * (CE=0.5) |

N

" combined
output of Burle 008 mirror and Burle
64 or 16 combined anodes o.oe:— e fﬁ C iencies
0.04 :—

0.02%

b - > W/64 anode§ v
' 1.2 bar, n~1.0013 QIBE=gh 8 B
\
O O 4 \ ¢
. 4B | Mirror reflectivity MU-series |
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Simulations with PHOTONIS 25 um MCP-PMT (T. Pierzchala: raytracing)

u‘lu%mber of photoelectrons (after Burle PM) Number of photoelectrons (after Burle PM)

F |
= Meanx 02 Mean 0.006722
-%0'0455 Mean y 0.02499 RMS  0.003093
E RMSy 0.005219
0.035F Integral 7.2
0.03 ;—
0.0255—
0.02F
0.0155—
0.01E
0.005F-
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0.175 0.18 0.185 0.19 0195 0.2 0.205 021 0215 0.22 0.225 0.005 0.01 0.015 0.02 0.025
Z axis [m] Distance from the center of the light spot [m]
Number of photoelectrons (after Burle PM) | Number of photoelectrons (after Burle PM)
L- 0.16 __
F Mean  0.3008 - Mean 7517
01 RMS  0.0893 014 RMS  0.5557
o+ Integral 7.9 - Integral 7.2
r 0.12-
0.08— C
: o1 .
! : Allin 2ps !l
0.06|— 0.08
I 0.06:— 5 . T
0.04 E
0.04F
0.02 B
0.02-
elIIIlllllIIIlllllllllllIIIIIIlIIIIIlll o-lllllllllllllllIIIlI_lIllllllll AIIIL
02 025 03 035 04 045 05 055 06 065 747 748 749 750 751 752 753 754
Photoelectorns wavelength [ium] Time of flight [ps]

20cm C,F,, + Flat mirror + central protons + 50% CE
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Vu par le detec. (1.1 atm, rp) Vu par le detec. (1.1 atm, rp)

w

w

x10 signal_px x10 signal_py

C Enries 2135846 900 — Entries 2135846
800~ Mean 410205 - Mean -0.01726

E AMS  0.005757 800 RMS  0.005808
700 C

- 700
600 2

C 600
500 F

C 500
400f ;

- 400—
300F 300F-
100F 100

0:|||-—1—1—'-|||||||||||||...'|| 0:|||||||||||||1||I|||||||
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Y Z
Vu par le detec. (1.1 atm, rp) Vu par le detec. (1.1 atm, rp)
signal

. |Entries 2135346
“Meanx 4.132¢-05
" |Meany  -0.01737
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....... ~ . |Amsy  aooses

2135846
Mean x  4.133¢-05

AMSx  0.005475
AMSy  0.005683

0.02Y

002
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GasToF in G4 & mirror design

Changed base-line from a “vertical” design to a short,
horizontal one, Roman Pot compatible, fitting in its volume.

e Started with a simplest, toroid deformation with three free
parameters:
- Two radiuses
- Position of the
“origin of curvature”

e Studies of the “ultimate” mirror shape ongoing



Vu par le detec. (1.1 atm, rp)

500 x10° signal_px

o Entries 2333159

o Mean 6.419e-05
450 RMS _ 0.01105
400
350
300F
250
200
150
100

C 1 1 l 1 1 il 1 l 1 1 1 L l 1 1 1 il I 1 1 1 1 l L 1

-0.02 -0.01 0 0.01 0.02
Y

Vu par le detec. (1.1 atm, rp)

signal
Entries 2333159
. Mean x  6.557e-05
. |Meany -0.007655
. |RMSx  0.01094
“|RMsy  0.01209

Vu par le detec. (1.1 atm, rp)

x10° signal_py

- Entries 2333159
600 - Mean -0.007584

: RMS 0.01215
500/
400
300
200~
100

[ 1 L l 1 1 1 1 l 1 1 1 il l 1 1 il 1 l 1 1 1 1 l 1 1

-0.02 -0.01 0 0.01 0.02

Vu par le detec. (1.1 atm, rp)

z

2333159 120

Mean x 6.557e-05
Meany -0.007655

0.01094
0.01209
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N Entries
0.02

RMS x

RMS y
0.01
0
-0.01
-0.02

-0.02 -0.01 0 0.01 0.02
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We continue GasToF
development within R&D for
CT-PPS

* First, we would like to test
(understand) multi-channel,
single-photon operation and
performance, including the
DAQ system based on the
NINO+HPTDC chips

* A detector with a flat mirror
is being equipped for the TB
in August with a Photonis
XP85112 tube:

June 6, 2015

XP85112
PLANACON®

Applications U
v Specialized Medical Imaging 4

¥v" Cherenkov — RICH, TOF, TOP, DIRC \
¥v" High Energy Physics Detectors
¥v" Homeland Security

Photon Detector

10pm MCP-PMT
53 mm Square, 8x8 Anode
- Superior Magnetic Field Immunity
- Enhanced Timing Performance

Typical spectral response

Descripti

% QE

Window options Schott 8337B or equivalent, UVFS (-Q) 25
Photocathode Bialkali
Multiplier structure MCP chevron (2), 10 um pore, 60:1 L:D ratio
Anode structure 8x8 array, 5.9 / 8.5 mm (size / pitch) 20
Active area 53x53 mm Q
Package open-area-ratio 80%
Photocathode characteristics Min Typ | Max | Unit 15
Spectral range: 200 850 nm

Peak Quantum Efficiency at 380 nm* 18 22 %
Operating Characteristics Min | T Max | Unt | ¢
QOverall Voltage for 10° Gain * FIG 2800 )
Total anode dark current @ 10° gain * 2 10 nA 5
Spatial Uniformity 2:1
Rise time"" 0.5

0
Pul idth** 3
ulse wadth L 100 200 300 400 500 600 70
Transit time spread (ous)"” 35 60 ps
- m—— - Wavelength (nm)

Maximum Magnetic Field Operation 2 T
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Picosecond ToF detectors @ LHC

Plan to run forward proton detectors at nominal luminosity — event rates ,‘,«‘,b'f“

are so high that triple accidental coincidence (an interesting event in central ¢ \\/ gap
. . . . < II [

detector + two protons from single diffraction) becomes major background, D AN

therefore relatively, it rises quadratically with luminosity! L

Use very fast ToF detectors to reduce it by matching z-vertex from central

tracking with z-by-timing from proton arrival time difference: z=c(t;—t,)/2
LHC vertex spread is ~50 mm — to reduce significantly backgrounds one

needs < 10ps time resolution ( — 2 mm z-vertex resolution)!

Proposed fast (& small ~10 cm? cross-sections) timing detectors: Cerenkov radiators +
fastest MCP-PMTs

Challenging conditions— pushing MCP-PMT performances to limits:
— High event rates, up to several MHz

— Running MCP-PMTs at (above?) maximal anode currents

— Large total collected anode charges (at least few C/cm?)

GasToF: Gas (C,F,,) Cerenkov detector with very fast light pulse (< 1 ps spread!) —
resolution limited by TTS of MCP-PMTs and electronics



- * Another measurement of time

difference width vs # photoelectrons,
@ﬂmm@mj with PHOTEK and HPK tubes

cilloscope

Ewo GasToF detectors same as 3.2

Photek 210 @ 4.Tkv
Ch3
2 — 2 2
0" = (Gref) + (Olphe) /Nphe
| Sigmar2 of T2 - T3 VS 1/(Nphe_C3) |
700~ | ¥2/ndf 1.307/2
s pg 241.3 = 43.53 ‘ Measured PHOTEK PMT210
- | p 6721+ 124.3 : :
S resolution for 1 phe signal
":é’: 600;— Cut : Nphe_C3 > 1.5phe, Nphe_C2 > 1.5phe iS abOUt 25 ps
o 550
H s00F- (note different setup; it is
o C
S ok expected < 15 ps for the
€ C .
7 ook Photek@4.7kv: Sep 10, TB previous one)
0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
1/(Nphe_C3)
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It is the only possibility for
GasToF detectors (length!)

Motorization and movement control
to be copied from/integrated to LHC
& collimator system

ps Workshop - K. Piotrzkowski




ULTRA FasT PHoTomuLTIPLIERS PP hoiely

Ultra Fast Photomultipliers

Coupe A-A &
064//

1 . o A s

R, W |

157.2

74

sp

:’ A

V" N T o
= R — ——>

Z NN

u

PMT210 PMT212 PMT325 PMT340
Anode Size 10 mm 12 mm 25 mm 40 mm
Electron Gain 10® 10% 107 107
Peak/Valley 2:1 1.5:1 2:1 2:1
Dynamic Range cps 40,000 40,000 40,000 40,000
Pulse Rise Time 100 ps 300 ps 500 ps
Pulse FWHM 170 ps 170 ps 800ps-1 ns 1ns
Transit Time Jitter 30 ps 30 ps 100 ps 100 ps
MCP Pore Size 5/6 5/6 10/12 10/12
June 6, 2015

Received from PHOTEK two
3 um pore MCP-PMTs...

...s0 fast that had to upgrade to
yet faster scope...
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Dedicated picosecond laser test setup
was developed to characterize fastest
MCP-PMTs from Photek and
Hamamatsu — using Agilent scope with
8 GHz BW and 40 GSamples/s

June 6, 2015

wavelength tolerance spectral width pulse width
PILxxx (nmy (nm) (nmy ®9)
PILO37 375 +10 <7 <60
PIL040 408 +10 27 <45
FWHM
PiLas 408 nm
Continuous
Laser splitter filter
Dark box
Pico-second Oscilloscope
laser generator [~ = (Agilent

MCP-PMT

$GHZ)

Fix filters

ps Workshop - K. Piotrzkowski
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PiLas laser test setup runs up to 1 MHz repetition rate at 408 nm and using

8 GHz Agilent scope with 40 GSa/s

J. Liao
waveforms&&RsingTime_fit_Photek23080605@5.0kv | |_Area_C1 2.018phe_Photek210_23080605@5.0KV I htemp
Entries 10000
- N 700 Mean 6.674
(1] ! i : : a RMS 3.405
B 600— ¥2 I ndf 56.68 / 53
- — Y_scale 1805 + 8.3
-0.1— 500— X_shift 2.121+ 0.006
B ~ X_scale 0.4383 £ 0.0038
» _ 400(— N_phe 2.018 + 0.021
02— X\ ~ Gaus_width 0.2967 + 0.0044
- :’é 300 :_ insert_shift 3.554 £ 0.171
B \ /f - insert_scale 23.36 + 6.11
0.3 A 200
- 100—
— \} N/ H -
04— e T H -
- & / H n
= g‘\l ," 0 1 PR R R R TR |
B AN 25 30
v Joa s b v b b o v v bvv o by Area_C1

384 385 386 387 388 389 39 39.1

Photek23090605_2.5phe

Impressive rise time (10—90%) measured:
80 ps for PHOTEK 3 um pore PMT210
(and 150 ps for R 3809U-50)

Example of anode charge distribution for
low light pulse; 0, 1 and 2 phe peaks are
clearly visible; line shows fitted detector

response model
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-1.2

1.4

Waveforms and anode charge distribution from Hamamatsu R 3809U-50

' Hamamatsu_B@3.1KV htemp
— Entries 10000
350 - Mean 14.66
300 :_ RMS 3.749
- 2 I ndf 64.43 /73
250 - Y_scale 2568 + 554.2
Laser test measurements (J. Liao) - S 24792 0.880
200 :_ X_scale 1.202 + 0.085
=5 e g ~ N_phe 15+ 0.6
N A\Y === 150] Gaus_width 0.5846 £ 0.1670
N \‘ 100—
- 50)
N 0 5 10 15 20 25 30
- Area_C2
- / Good understanding of laser tests:
'_ / — Reliable modeling of waveforms
- \\/ (mostly charge)
[ o — Input to MC simulations
i | I L1 1 I 1 |1 I 11 1 I L1 1 I L1 1 ] L1 1 I L1 | I X10
384 386 388 39 39.2 394 396 39.8
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