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Intro: Why GasToF
GasToF prototyping
Irradiations and cosmic rays tests
Outlook
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Z-by-timing is crucial for running at high
LHC luminosity, for suppressing accidental
backgrounds:

If Ot = 10 ps can be achieved for a
single ToF, then z-vertex resolution is 2 mm
(from time difference for two arms) to be
compared with ~50 mm RMS of IR.

Note: Background suppression power is ~
inversely proportional to resolution of ToF!
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Achieve best possible resolution in harsh LHC
environment:

e very high event rate - up to and above 10 MHz
e high irradiation levels - up to 10'* p/cm?/y

e at high LHC luminosity have to face multi-hit
conditions (>1 particle to detect every 25 ns)
® (possibility to provide trigger)

Good news: Small area detectors (~3x1 cm?) with

limited number of channels are needed -> push
performances to limits
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Measurement Principle
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e Use LHC beam-line as spectrometer

e Proton energy loss results in proton
trajectory horizontal departure

e Low losses require close approach to
beam of 4-5 mm
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The LHC beams (on the right of CMS) :
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Propose to use moving (Hamburg) pipe concept. First pre-
prototype produced for CERN tests (B.Florins, UCLouvain).
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gastof: Basic idea

PRI . [N e\ N N et | PN T P
Consiaer gas Cerenkov:

e Very simple and robust design

e Very thin and light detector - can be used before
the tracking part

e (Very) radiation hard
e High energy threshold

Basic formula:

N,

U

100 sin®0, L [cm]

To estimate position sensitivity estimate average
light spot radius (r), at radiator exit:

(r)=05Ltanf_ = sinf_, L/2

N,. = 200 (r)[cm] sinf,
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gastof: Favorite radiator

Use dense gas as C,F,;,:

e n =1.002, sin6_ = V(n2-1)/n=0.06

e So, if
(r) = 2 mm then we get N =25 ~0OK

e Then L=2(r)/tanf,6 ~7 cm

FAVORITE SOLUTION
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Ejection of gas Injection of gas (~ atmospheric pressure)

!

Aluminitim(?) ?

Mirror (Flat or Spherical?)

Protons

~2-3¢C .

“«---3--—-»

Lens? (focusing)

Photomultiplier
Tube (picosecond time resolution)

NB: Gastof might
e mmmmm o Electonies _____________. become (sub-)
picosecond
detector! Max.

i time difference
T TTTTTTTTTTTTTTTTTTT T TS ' L*An (= 200 mm *
0.002 = 0.4 mm !)
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. Discriminator Amplifier
Time measurement




gastof prototyping
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Simulations with Burle (raytracing)

| Number of photoelectrons (after Burle PM) | | Number of photoelectrons (after Burle PM) |
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20cm C,F,, + Flat mirror + central protons + 50% CE
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| Chosen event I

1: Rise Time = 0.78461 ns
2: Rise Time =0.761729 ns
Delta Time 12 = 1.07413 ns

Amplitude [V]
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| Chosen event I

1: Rise Time =0.798162 ns
2: Rise Time =0.631771 ns
Delta Time 12 = 1.25038 ns
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| Chosen event I

1: Rise Time = 0.825579 ns
2: Rise Time =0.740117 ns
Delta Time 12 = 1.14793 ns
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1: Rise Time = 0.700775 ns
2: Rise Time = 1.36806 ns
Delta Time 12 = 1.11463 ns
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Conclusions from Photonis 1lst prototype:

¢ Very robust and solid detector,
regularly used as a test-beam ‘working
horse’

¢ Limited time resolution ~ 35 ps (for

~8 pe) because only 25 um pore tubes
available...

® Very interested by 10 um pore tubes

-> run Gastof as a Cerenkov image
detector: read out 64 anode pads and
reconstruct Cerenkov spot - eg. for <N_ >
= 9 and 30 ps per channel per 1 pe might
get 10 ps resolution, and have multi-hit
capability!
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MICROCHANNEL PLATE-
PHOTOMULTIPLIER TUBE
HAMAMATSW | (MCP-PMTs) .
R3809U-50 SERIES Gastof with 6 Um

pore MCP PMT

Compact MCP-PMT Series Featuring
Variety of Spectral Response with Fast Time Response

FEATURES
@ High Speed
Rise Time: 150ps
T.T.S. (Transit Time Spread)i: = 25ps(FWHM)
@ Low Noise
@ Compact Profile
Useful Photocathode: 11mm diameter
(Overall length: 70.2mm Outer diameter: 45.0mm)

Problems:

Small 11 mm cathode
—-> use spherical
mirror to focus
light on MCP-PMT;

Gas tightness - PMT
case leaks.

uckora - (fmbrie] i) | = nema | o | & v ga gl
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Leak problem |

I
16
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Laser stand

e Picosecond laser driver (PiLas) with UV
laser head PILO040 - 408 nm, 32 ps pulse
FWHM and 3 ps jitter according to specs..

D with PILO63SM (fiber coupler and fiber)

* PiLas Digital Control Unit
(EIG1000D)

* Optical Heads (PILxxx) for
375 nm — 1550 nm)

Crucial also for design and development of
electronics as amplifiers, CFDs and DAQ. Good
for simulating LHC high event rates - runs up to
1 MHz repetition rate.

Pico-gsec Workshop. ULyon, Oct'O08 K. Piotrzkowski - UCLouvain
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UV head

Pico-gsec Workshop. ULyon, Oct'O08

Variable and fixed
filters

PMT or
' photodiode

- Vo,

K. Piotrzkowski - UCLouvain
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Unavoidable irradiation due to diffractive protons
simulated with Hector : J.de Favereau and X. Rouby + KP
(Louvain) :

Hits in VFD at 420m (L=20 fb) |
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Fig. 27: Number of proton hits per year due to the process pp — pX for 20 fb~! integrated luminosity.

Protons were generated with PYTHIA 6.2.10 {single diffraction process 93) and tracked through the beam
lattice with HECTOR.
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Irradiation of Hamamatsu PMT

The last - 4" irradiation of PMT R3809U-50 #XC0113 with neutron

at UCL (spring 2008)

HV «— |Signal SMA

kGy

The average measured dose of 4™ irradiation :

5.11kGy +/- 0.08 kGy ~ 2.21E+14 n/cm2 (1MeV)

Finally the total dose :

9.62kGy +/- 0.11 kGy ~ 4.16E+14 n/cm2 (1MeV)

Pico-gsec Workshop. ULyon, Oct'O08

Intense fast neutron beam

No degradation observed
up to 103 n/cm?

Gain drops by 50%, rise-time
unchanged at 2.10'* n/cm?

Final dose of at 4.10%*
n/cm?, results in
preparation but have
problems with jitter
measurement -> plan to
split light and measure
2 PMTs at a time

K. Piotrzkowski - UCLouvain



Scope Analysis (G1-G2)

Threshhold discriminaton

= Entries 740 ¥ Entries 736
Diff23 all STk venr |LLCFD Diff23 all| i e
i B RMS 8.786e-11 - RMS 5.438e-11
120 G(at)=45 pS 3 Underflow 4 160— G(St)=35 ps gnd:ﬂrﬂuw :.
- Ovearflow 1] N verflow
100 ¥21{ ndf 62.00 /18 140 ¥2 ! ndf 36.88/15
L Constant 115.6= 5.9 [ Constant 16622 7.2
L Mean 1.626e-00 + 1.906e-12 120 Mean 1.82e-09 + 1.39e-12
80— Sigma 4.5388-11+ 1.5398-12 i :_ Sigma 3.54e-11 + 9,56e-13
60— 80
40:— il 5
B 40—
- J ; L
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time [s] s i % iz " i time.[sl

Individual detectors

o(GO1)
o (G02)
o(QBE)
7(QBD)

32 ps
13 ps

68 ps

H2 ps
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CFD algo simulated

Target detector resolutions achieved?
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Cosmic
rays test
stand

Hamamatsu amplifiers 8
o 1
C5594
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Charge distributions for the cosmic ray events

First, start with air-
filled detectors -> 1 pe
Area (charge) for signal C2 (short Gastof) signals

i Entries 210
2|

107 ¢ Mean  -2.502e-10
C -
- RMS 5.019¢-10 f? \ =
B threshold
B Underflow 0 0.05V

10 Overflow delayed pulse
Integral

time delay ~1/3 of rise time
for Hamamatsu 80ps.

Store 20 GS/s

|
1 |

2.5 -2 -1.5 -1 -0.5 ”[Vﬂ waveforms and
run CFD algo
offline

, 2 pe, ..
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T2_fit_CFD-T3_fit_CFD {T2_fit CFD <1. && T3_fit CFD < 1.}

95— —[ Entries 57
8 Mean  -1.195e-09
4= 1 RMS 9.539¢-11
6— Underflow 0
55_ Overflow 0
4:_ Integral ( 57
3
2
S O O 1
0: | [RRT] i i | [ [ | L1 | 1l i | i [ | | L i1 | i [ | l i1 i X'"].g

-1.5 -1.4 -1.3 -1.2 -1.1 -1 -0.9 -0.8

Diff CFD fit

- A AT o -
4= WJLLL L lJ G.-I-SU.
Measure spread of time
difference (= distance

between PMTs)

Single Gastof resolution
(for ~1 pe):

28 ps/VZ = 19.5 £ 2 ps

Pico-sec Workshop. ULyon, Oct'08
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T2_fit_CFD-T3_fit_CFD {T2_fit_CFD <1. && T3_fit CFD < 1.}
:_ Entries 57
= —|_ Mean 1.21e-09
E_ RMS 2.768e-11
:— — Underflow 0
E Overflow 0
; /\ \ Integral 50
- \ 2/ ndf 23.44126
= Constant 5.93+ 1.03
g Mean «1.21e-09 + 3.92e-12
- sigma ((2.758e-11+ 2.784e-12 )
- "
= A T R R 1/x107
-1.3 1.25 -1.2 1.15 -1.1
Diff_CFD_fit
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short Gastof

short Gastof more than 1

OAt (jitter) 1 photoelectron

photoelectrons

25.124.6ps
long Gastof | 16 events

| photoelectron

31.6x4.5ps

1 25 events
long Gastot

more than 1 20+6ps

photoelectrons 0 events
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Work in progress..
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ULTRA FAST PHOTOMULTIPLIERS E ! iﬂtEb

New collaboration with
PHOTEK :

- Received two tubes
(no gas leak!)

Ultra Fast Photomultipliers

PMT210 PMT212 PMT325 PMT340
Anode Size 10 mm 12 mm 25 mm 40 mm
Electron Gain 108 10% 107 107
Peak/Valley 2:1 1.5:1 2:1 211
Dynamic Range cps 40,000 40,000 40,000 40,000
Pulse Rise Time 100 ps 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 56 5/6 10/12 10/12
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Gastofs with Photek PMTs

.
cochof o}

Pico-sec Workshop. ULyon, Oct'08 K. Piotrzkowski - UCLouvain




ico-sec

Hot off the press - first waveforms from
Gastof with Photek tubes - very fast signals

with rise time determined by 3 GHz scope BW..

0.01F
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-0.01— \M‘, |
E '1'
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By end of year 2008 two new (one 2 x HPK + omne
2 x Photek) prototypes characterized:

-> R&D for initial set of Gastof detectors will
irradiations

be finalized, incl.

-> focus then mostly on the electronics/DAQ
aspects for Gastof (including Photonis PMT

1AA‘._AJ S PR o~ - ‘-_J—A—A\
MdotcU lliul Ll ~allouc oyolLcilll)

-> continue with Photek towards longer term R&D
for sub 10 ps resolution detectors

K. Piotrzkowski - UCLouvain
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The TCSPC Power Package SPC-134

=our Channel Time-Correlated Single Photon Counting Module

» Four Completely Parallel TCSPC Channels
» Ultra-High Data Throughput

» Overall Count Rate 32 MHz

» Channel Count Rate 8 MHz (Dead Time 125ns)

¥ Dual Memory Architecture: Readout during Measurement

» Fe StarrStop: Kepetiion Rates up z
Electrical Time Resolution down to 8 ps FWHM / 5 ps Dns
) z solution down to 813 fs

» Up to 4096 Time Channels / Curve

» Measurement Times down to 0.1 ms

» Software Versions for Windows 95/ 98 / NT
» Direct Interfacing to most Detector Types 4 :
» Single Decay Curve Mode St 4 Medsurement in progress | Repeat
» Oscilloscope Mode ; P e B sionT
» Seqgential Recording Mode e L i W T |
» Spectrum Scan Mode with 8 Independent Time Windoy ! '
» Continuous Flow Mode for Single Molecule Detection
» FIFO / Time Tag Mode for Single Molecule Detection

T BNV P
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Longer perspectives

¢ Is ~ 1 ps all-inclusive resolution possible?
Can use streak cameras?

IP
ToOF ToF
+-420m
\\ 4 \\4
Streak Streak
camera Ref clk Camera

Note: Need very high precision reference clock
distribution. NO need for segmented detectors -
multi-hit events no problem but has to run at
high 40 MHz repetition rate.. and large light
yvield mandatory.
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