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results
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principle
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e 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)
e Light detector (just thin walls) — can be used within tracking

* Needs some space though, length...
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GasToF prototyping with PHOTONIS/Burle 25 um MCP-PMTs
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Simulations with PHOTONIS 25 um MCP-PMT (T. Pierzchala: raytracing)
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20cm C,F,,+ Flat mirror + central protons + 50% CE

March 13, 2014 ps Workshop - K. Piotrzkowski



Picosecond ToF detectors @ LHC

Plan to run forward proton detectors at nominal luminosity — event rates | b-jet
are so high that triple accidental coincidence (an interesting event in central ., \\w oap
W

detector + two protons from single diffraction) becomes major background, - " i
therefore relatively, it rises quadratically with luminosity! 1.‘"5.;‘:

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
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Gas leak problem

Gastof with 6 um pore N

MCP PMT T |
'T l/ I _ Beamside:
S I i L Thin wall
B N e (R { j*/_‘ﬂ ] |
Problem:
Small 11 mm cathode —
use spherical mirror to
focus light on MCP-PMT
MICROCHANNEL PLATE-
PHOTOMULTIPLIER TUBE
HAMAMARITSWU @ (MCP-PMTs)
R3809U-50 SERIES
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 I
Useful Photocathode: 11mm diameter [
(Overall length: 70.2mm Outer diameter: 45.0mm) I:H:I I:H:I ‘ |:|




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

120Gey pion. proton beam

—h_

.

Top view
GasToF_2 Quartic_1 Trig_1 Veto
GasToF_3 Quartic 2 Trig_2 ;>J
4 meter

B ]

Amplifier 2

R3809U-50 ZX60-6013E+ -
@ = ¥
+ Wide Bandwidth, 20 MHz to 6 GHz
Rise Time: 150 ps + Low Noise Figure, 3.3 dB Typ.
TS (TransitTime Spread)*: 25 ps (FWHM)

B e

Amplifier 3

March 13, 2014

ps Workshop - K. Piotrzkowski
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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)

24001 htemp
Entries 21600
2200' Mean 1.729
2000— G2 + Hamamatsu_A ®3.25kv + mini_circuits + 6db attenuator RMS 1.455
] hiegral 2.16e+404
1800: 22 I el 1547138
1600‘ ¥Y_scale 4943 +9.8
X_shift 0.1609 = 0.0004
1 400‘ *_scale +0.014
1200— Data taking by Lecroy, sample rate = 80Gsals, bandwidth = 14GHz : N_phe 1662 +0.016
Gaus_width 05225 = 0.0250
1000: p_width  0.02122 + 0.00054
800
600: Pedestal_events(0-~0.24) [ total_events(0-~8.0) =4668/21600 =21.6%
400/
0: L1 1 | | L1 1 | | | I I | I | (P I | 1 1 1 |
0 1 2 3 4 5 6 7 8

Measured (raw) photoelectrons
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Fitted number of photoelectrons
4 6 8

8001

600+

72/ ndf=143.3/118

N_phe =1.981=0.024

Gaus_width = 0.6283 = 0.0189

Hamamatsu R3809U-50@ 3.1kv

o

Measured signal charge
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* Time difference between two GasToF detectors:
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Entries = 326

¥2/ndf= 4.01/5

\ Sigma @9&1 1+ 5.828e-13

9U-50

\ Both two tubes are Hamamatsu R580

Hamamatsu_2@3.1kv; Hamamatsu_3@3.25kv

N2 & N3 > 4.0phe

|||||L‘—n|||

x10

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

G2 = (O,)* + (G1phe)2/Nphe

| Sigma*2 of T2 - T3 VS 1/(Nphe_C2)
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From linear fits to 6® vs 1/N ;..
onhe 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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e Another measurement of time

- difference width vs # photoelectrons,
[ Bamamass B309T-50 @305 with PHOTEK and HPK tubes

Two GasToF detectors same as 3.2

Photel 210 @ 4. Tkv

Ch
| Sigma*2 of T2 T3 VS 1/(Nphe C3) |
700/ | #2/ndf 1.307/2
- | p0 241.3+ 4353 2 — 2 4 2
N 650 p1 672.1+124.3 ‘ G (Gref) (Glphe) /Nphe
2 ool | Cut:Nphe_C3>1.5phe, Nphe_C2 > 1.5phe
,g,; Measured PHOTEK PMT210
i 20 resolution for 1 phe signal
= o .
5 " OF is about 25 ps
S r
‘fg 450
B 4005 Photek@4.7kv; Sep 10, TB (note different setup; it is
350;0'2' ~ 25 03 03 04 045 05 055 06 expe.cted < 1> psfor the
' ' ' " 1/Nphe_C3) ' ' ' previous one)
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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: To run GasToF detectors in “single photoelectron mode”! Two, each

~30 cm long, configurations possible: a) several very short, single anode
detectors in a row — each with an average signal of about 0.7 phe; b) one long
detector with fast ~20 cm?, 8x8 multi-anode MCP-PMT — with total signal of
about 16 phe, and up to ~0.5 phe per anode.

8x8

a) 6x1 b)

* To increase lifetime, enhance UV part — use MgF, windows + photocathodes
only sensitive in deep UV (‘solar blind’) — have already one such PHOTEK
PMT210; and then apply other solutions — HPK offers MCP-PMTs with thin foil
ion barrier; one can hope for ALD MCPs too...
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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




* Should put asap in the LHC tunnel existing, tested GasToF
prototypes; to study and verify near-beam background
conditions + make first measurements already in 20157

* For running in 2016 can prepare first 4-in-row detector(s) with
PHOTEK (MgF,/solar blind) and HPK MCP-PMTs + first multi-
anode GasToF with PHOTONIS 10 um MCP-PMT XP85112 with
35ps TTS

* Beyond 2018 one needs to use some of lifetime fixes discussed
earlier — expected annual anode charge is 2-5 C/cm? for 100 fb!

* Note that multi-anode detectors have large potential; timing
resolution driven by TTS —if 15 ps can be reached there too, an
overall resolution of 5 ps is then possible...

e ... provided a very performing DAQ...
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]
Picosecond resolution
Ultra-high sensitivity
Multi-detector / multi-wavelength capability
High-speed on-beard data acquisition
Photon distribution and time-tag modes
Image acquisition by synchronisation with ext. scanner
Unlimited sequential recording of curves or images
Imaging in histogram mode and in time-tag mode
Works at any scan rate of CLSMs or MPLSMs
Time channel wicth down to 813 fs
Electrical time resolution (Jitter) 6.6 ps fwhm / 2.5 ps rms
Reversed stari/stop: Laser repetition rates up to 130 MHz
Saturated count rate 10 MHz

L el yocorded count rale Up 0 5MHZ - Note: This system provides timing resolution < 3 ps !

It is designed/ready for (analog) input signals directly
from Hamamatsu R38009...

SPC-150 || Electrical

AN UCLouvain has a one channel PCI card successfully
per | |6.6psfwhm tested — could be used for initial/reference

channel . 2.5 ps rms

Il measurements at LHC ‘
l
|

l For final configuration a multi-channel custom made
! n TDC DAQ system is necessary. Based on HPTDC?

d To fully profit from GasToF performance a DAQ time
resolution of (at least) 5 ps is required.
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GasToF in FROG simulation:

arXiv:0901.2718
N. Schul

Two GasToF detectors at CERN test beam
S in2008 — JINST 4 (2009) T1000

e

g 1
E -
w 0'8,_
0.6:—
0.4 :
- High statistics beam test results:
02l - Tommdisplaced - High efficiency (~98%), down to
E —— Gl close mechanical edge
Ggo ™ Zo0 20 240 260 280 300 . ‘320 - Good description by MC
2Zmm %
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Short GasToF (20cm), reflective beam-wall, R3809U-58 PMT, [N
protons on axis:

hPhotaElectronsMum hHumBerEleFM_r
[ Number of photoelectrons at PMT | HrholoHaclonabur | Number of photoelectrons at PMT | LU
—_ — uaan x D6 ;‘:‘“S"‘ nﬂn‘;g:gs;g
£ N R:‘;n:' D.ﬁg'g:fis'l 0.16 :— integral 7.5
L0021 RMSy 0.002782 C
E - Integral  7.531 o044
- C : r
0.018 o12E
0.016 0.1
- 0.08F
0.014 — o
- 0.06
0.012 — u
- 0.04
C s 90°%
0.01— 0.02— 1""0 /
: | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ﬂ [ ////////// / 1 1
0.156 0158 0.16 0.162 0.164 0.166 0.168 0  0.001 0.002 0.003 0. 004 l.".l {IDS lI:I ﬂl:lﬁ ﬂ '[ID? {'_I ﬂl:lﬂ
Z axis [m] Distance from the center of the light spot [m]
Pt e
Number of photoelectrons at PMT Enries 1660000 Number of photoelectrons at PMT | / Eiries 1565085
: o : 82
r Integral 7531 C \ Integral  7.531
0.06— 03b
0.05 :— 0.25 :_
0.04 02FE
0.03— 0450
0.02F 0.1
0.01]- 0.051
: 1 1 1 I 1 1 1 1 | 1 1 1 1 I 11 1 1 I 1 1 1 1 ﬂ : 1 1 | 1 1 I 1 I 1 L I 1 1 1 I 1 1
%.1 0.2 0.3 0.4 0.5 0.6 T46 748 750 752 754
A [um] Time of flight [ps]
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ULTRA FAST PHOTOMULTIPLIERS Eﬁoteb

Connpe A4 =
-m/,.r |
’*’7 g
{ o
| e
/ »:5”
1 F. _.f’r.-’r_.-'"-_-'"-.-"'-.-"’.-"".-"'i.-f' x"]/,z/:f
b i AT T T T i i T T T i T
- e
Ultra Fast Photomultipliers __/__, 201 :_\"'\-\_\_
PMT210 PMT212 PMT325 PMT340
Anode Size 10 mm 12 mm 25 mm 40 mm
Electron Gain 108 108 107 107 .
Received from PHOTEK two
Peak/Valley 2:1 1.5:1 2:1 2:11
_ 3 um pore MCP-PMTs...
Dynamic Range cps 40,000 40,000 40,000 40,000
Pulse Rise Time 100 ps 300 ps 500 ps
...s0 fast that had to upgrade to
Pulse FWHM 170 ps 170 ps 500ps-1 ns 1ns
yet faster scope...
Transit Time Jitter 30 ps 30 ps 100 ps 100 ps
MCP Pore Size 5/6 5/6 10/12 10/12
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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

March 13, 2014

wavelength tolerance speciral width pulse width
PILxxx (o (nmy (om (ps)
PILO37 378 +10 7 < B0
FIL040 405 +10 «7 =45
FWHM
PiLas 408 nm
Continuous
Laser splitter filter
Dark box
. = .
Pico-second Oscilloscope
2 p
laser generator [ — E * {Agilent
3 $GHZ)
2

Fix filters
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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 2.018phe_Photek210_23080605@5.0KV I htemp
Entries 10000
- 00— Mean 6.674
0k - RMS 3.405
B 600— y? I ndf 56,68 / 53
B - Y_scale 1805 + 8.3
01— 500 X_shift 2.121+ 0.006
B n X_scale 0.4383 £+ 0.0038
- 400(— N_phe 2,018 + 0,021
-0.21— — Gaus_width 0.2967 + 0.0044
B 300 insert_shift  3.554 £ 0.171
» E insert_scale 23.36 + 6.1
0.3 200
- 100
04— : -
- "V , | , , Og 5 10 15 20 25 30
SN IS AT AT BV AT AN AR A B AT AT A A AFE&_C'I
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)
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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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Waveforms and anode charge distribution from Hamamatsu R 3809U-50

' Hamamatsu_B@3.1KV htemp
— Entries 10000
380~ Mean 14.66
n RMS 3.749
300}
- x2 1 ndf 64.43 /73
250 f_ Y_sclale 2568 + 554.2
Laser test measurements (J. Liao) - X_shift 2.179+0.880
200 :_ X_scale 1.202 + 0.085
= - N_phe 15+ 0.6
N 150 Gaus_width 0,5846 + 0.1670
N 100 —
3 50[
:_ 0 = : -
- 5 10 15 20 25 30
- Area_C2
3 Good understanding of laser tests:
o — Reliable modeling of waveforms
- (mostly charge)
[ o — Input to MC simulations
1 | I L1 1 I 1 l L1 1 I L1 1 | L1 1 I L1 l I 10
38.4 38.6 39.2 394 396 3938
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Fast Constant Fraction Discriminator

L. Bonnet (UCLouvain)
Development of LCFD '

e 12 channel NIM units

* mini-module approach
tuned to PMT rise time
(HPK/Photek vs Photonis)

* Good performance:
< 10 ps resolution for 4
or more phe’s (A. Brandt)

‘norﬁSTochO UCL® LB

Tl L T L T IPL S

M e h ' l./\—v-vw‘?rvw—\’_\)

| Remote control
Ll lm. . for threshold

l'_‘,l Ll
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HECTOR: JINST 2, Hits in VFD at 220m (L=20 fb")

P09005 (2007)
140 TSR,
120y N %1012
E“m—. . By
ﬁ 39—; """ 100
> 60 80
- .
[+ _
ﬂ 40 60
T 20 40
g_j 20
2 0

| Acceptance st 220m [ 2000 pr] for t

. Ba 3
R
5 [ |
2oal — i =0 Gebs
E »
E lu*-u:l Ge v
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U.ﬂ-:—

UE_—
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beam top view (x [mm])

beam side view (y [mm])

Optimal places for tagging Central Exclusive Production (CEP)
at LHC: @ 220/240m and 420m from IP

e ! EEE 5. Dipo

: B V-Quadrfipale
s e —&— H-Quadiupole

: 1 = H-Kicke

S -Kicker
—I— RCollimamr

300 400 500

s [m]

Horizontal crossing plane
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Vertical crossing plane

HECTOR: JINST 2, P09005 (2007)
For nominal low-f3 LHC optics
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Prepared for beam tests:

\J

Thin 300 um entrance and side
windows by electro-erosion



