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Light Higgs boson case is compelling more than ever ~ *" >z ¢F
— exclusive production provides unique information: P th\\\\ﬁ P
b-jet

* Higgs quantum numbers (spin-parity filter)

* Direct & precise H mass measurement (event-by-event);
M, resolution of = 2 GeV — direct limits on Higgs width

* Possibility of detecting H — bb mode

Detection of SM Higgs boson requires (very) large luminosity
(o, = 0.1-0.2 fb) and challenging timing detectors to keep
backgrounds low (S/B~1:2); in case of BSM physics HPS could
provide discovery channels for Higgs bosons

In addition, HPS offers access to ‘guaranteed’ and unique
studies like electroweak physics in two-photon interactions, or
new QCD phenomena in exclusive production, for example.
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Observation of F -
Exclusive oc u s Focus Archive PNU Index Image Index Focus Search

Charmonium Previous Story / Volume 23 archive
Production and

Phys. Rev. Lett. 102, 242001

77> W= in pp (issue of 19 June 2009) 24 June 2009
Collisions at Vs = Title and Authors
1.96 TeV

A Higgs Boson without the Mess

Particle physicists at CERN's Large Hadron
Collider (LHC) hope to discover the Higgs
boson amid the froth of particles born from
proton-proton collisions. Results in the

19 June Fhysical Review Leffers show that
there may be a way to cut through some of
that froth. An experiment at Fermilab's
proton-antiproton collider in lllinois has
identified a rare process that produces
matter from the intense field of the strong
huclear force but leaves the proton and
antiproton intact. There's a chance the

| R W same basic interaction could give LHC

TR 3OS 3438 38 0 Geviet) thSiCiStS a cleaner look at the HIggS Higgs machine. If CERM's Large Hadron

_ Callider (LHC) can create Higgs hosons, a
A proton is always surrounded by a swarm handful may appear in rare "exclusive"

of ghostly vitual photons and gluons reactions that don't destroy the colliding
associated with the fields of the protons--similar tn:u_ a reaction now
electromagnetic and strong nuclear forces.  2Pserved at Fermilah. CERN's ATLAS and

. CM3 teams are considering adding
Researchers have predicted that when two equipment to their detectors (CMS shown

protons (or a proton and an antiproton) flY  orey to 100k for such everts (click image
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From CMS and LHC already in 2010...

Run:141956 Ewvent:304737217 (88/89) Fri Z2010-Jul-30
01 : 43 [ a8=EL Lhdal Experiment at the LHC, CERM
Fri 2010-Jul-30 01:43:33 CET
B 1413956 Event 304737217

111K [
..... i o
il o -
ikills i

First events of exclusive muon pair production
yy =» u+u- in pp Collisions at Vs = 7 TeV
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B Acceptance: 0.02<§<0.1 |
B Test installation in 2012/137
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Successfully used at HERA:
Robust and simple design,
+ easy access to detectors

Motorization and movement
control to be cloned from LHC
collimator design
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HECTOR: JINST 2,
P09005 (2007)
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Picosecond ToF detectors @ LHC

At nominal luminosity event rate so high @ HPS that accidental overlays ,I.u':,b'jet

(= triple coincidence of an interesting event in central detector + two gap T_\_\j\f;%__z_ gap
protons from single diffraction) become major background! D ,;\ o
Use very fast ToF detectors to reduce it by matching z-vertex from central et

tracking with z-by-timing from proton arrival time difference:
LHC vertex spread is “~50 mm — to reduce significantly backgrounds one

. : . z=c(t;—t,)/2
needs < 10ps time resolution ( — 2 mm z-vertex resolution)! (t, — %)/

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

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

— Running MCP-PMTs close to maximal anode currents

— Large annual total collected anode charges (up to 10 C/cm?)

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

Quartic: Quartz based Cerenkov with fine segmentation — multi-hit capability




_ Ejection of gas Injection of gas (~ atmospheric pressure)

1

Aluminium(?)

4 4
: Cerenkov dense Mirror (Flat or Spherical?)
! Protons gas medium
~2-3cm ,
|
|
v
Lens? (focusing)
Photomultiplier
; Tube (picosecond time resolution)
& —— === == Elecronics_ _ _ _ _ _ _ _ ______.
_Data acquisition Discriminator Amplifier 1
Time measurement
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* Intrinsically very fast
* Light detector — can be used with(in) tracking

 Simple (small chromacity) — modeling with ray tracing

* Robust and radiation hard

April 5, 2011 Giessen Workshop - K. Piotrzkowski 11



GasToF prototyping  with Photonis/Burle 25 um MCP-PMTs

| QE * Reflectivity * (CE=0.5) |

‘ [ |
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Simulations with Photonis 25 um MCP-PMT (T. Pierzchala: raytracing)

Lr‘lwgmber of photoelectrons (after Burle PM) | Number of photoelectrons (after Burle PM)

m]

i Meanx 02 0.09 Mean 0.006722
fuo Meany 0.02499 RMS  0.003093
> 0.04F RMS x 0.005244 0.08 Integral 79
o ‘ RMSy 0.005219
0.035F G, |Integral 72 L
0.032— 0.06
0.0252— 0.05
o 1 90%
0.015F- 0.03
0.01E
0.005F-
Fopn lwelvn )i 0 Vg £l ey Dol epes Tiasad vpeg N
0%75 0.8 0185 0.19 0.195 02 0.205 0.21 0.215 022 0225 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) |
er 0.16
- Mean 0.3008 Mean 7517
01 RMS  0.0893 0.14 RMS  0.5557
ot Integral 7. Integral 7.2
C 0.12
0.08
C 01 .
[ Allin 2ps !!
0,06~ 0.08
[ 0.06 < —
0.04
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0.02
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bbb b b b Lo g . Py I NS WU P N SR T

" RS
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Photoelectorns wavelength [ium] Time of flight [ps]

20cm C,F,, + Flat mirror + central protons + 50% CE
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Gas leak problem

Gastof with 6 um pore

MCP PMT
I i; Beamside:
| Thin wall

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

|
Ooo O




Short GasToF (20cm), reflective beam-wall, R3809U-58 PMT,

protons on axis:

hFhoteElectromnsdum
[ Number of photoelectrons at PMT | HrholoHaclonabur
—_ — Meanx  0.1621
E L Meany  0.015
= L RMSx 0001301
.E 0.021— RMSy 0.002782
™ - Integral 7.531
- C
0.018 —
0016
0.014
0.012
0.01
: | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
0156 0.158 0.16 0162 0164 0166 0.168
Z axis [m]

Number of photoelectrons at PMT

| Number of photoelectrons at PMT | Sl
Mean 0.00291%
L RS 00009598
0.16 Integral .58
014
012
01
0.08
0.06
0.04
C 90%
o ////////} R
ﬂ L= / 1

001 0.002 0.003 0.004 '.".I'[IDS {Iﬂﬂﬁ ﬂﬂl]? ﬂlﬂﬂﬂ

Distance from the center of the light spot [m]

phiheioElcions lembde

Entries 1000000

Mean 02817
- RMS a.102
r Integral 7.531
0.06
0.05F
0.04 —
0.03—
0.02
0.01
: 1 1 1 I 1 1 1 1 | 1 1 1 1 I 11 1 1 I 1 1 1 1
8.1 0.2 0.6
2 [um]
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Number of photoelectrons at PMT
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COSmIC ray

Cosmic =
rays test
stand

Ts Hﬂ'

|
L

Hamamatsu PM

|

Tests using R3809U-50s and
3 GHz, 20 Gs/s scope

i
Hamamatsu amplifiers |
C5594

b




Charge distributions for the cosmic ray events

First with air-filled detectors and
1 pe signals (HPK tubes @ 3000 V)

Area (charge) for signal C2 (short Gastof)

Entries 210
2l
107 Mean  -2.502e-10
- -
- RMS 5.019¢-10 t} \ p—
B threshold
i Underflow 0 0.05V
Overflow delayed pulse
10 |
- Integral
: time delay ~1/3 of rise time
| for Hamamatsu 80ps.

-1.5 -1 -0.5 -0 [Vs] Run offline CFD algorithms
(Tomek Pierzchala)

April 5, 2011 Giessen Workshop - K. Piotrzkowski 17



April 5, 2011

Tomek Pierzchala

T2_fit_CFD-T3_fit_CFD {T2_fit_CFD <1. && T3_fit CFD < 1.}

Entries
Mean
RMS
Underflow
Overflow
Integral

¥ | ndf
Constant

57

-1.21e09

2.768e-11

0

0

50

23.44 126

593+ 1.03
-1.21e-09 + 3.92e-12

sigma (2.758e-11+ 278412 |)

%10

i
-1.15

=R

Diff_CFD_fit

Giessen Workshop - K. Piotrzkowski

18




GasToF in FROG simulation:

arXiv:0901.2718
I N. Schul
== 18
: = 4
g Two GasToF detectors at CERN test beam
| S in2008 — JINST 4 (2009) T10001
: P ‘ \ 2 e
: 31 NN
g 1 ‘
s
w 0'8,_
0.6:—
0.4— :
- High statistics beam test results:
02—  omm displaced - High efficiency (~98%), down to
- ~ tmm displaced close mechanical edge
Ggo 200 220 240 260 280 300 320 - Good description by MC
2Zmm %
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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

April 5, 2011

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

Giessen 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

waveforms&&RsingTime_fit_Photek23080605@5.0KV

0k
01—
0.2
0.3
0.4 :
: : :\\’/f : : : H H
—||I||llII||ll|||||Il||||ll|||||ll|||
384 385 386 387 388 389 39

Photek23090605 2.5phe

J. Liao
2.018phe_Photek210_23080605@5.0KV I htemp

Entries 10000
00— Mean 6.674
- RMS 3.405
600[— ¥? I ndf 56,68 1 53
- Y_scale 1805 + 8.3
500(— X_shift 2121+ 0.006
: X_scale 0.4383 1 0.0038
400 N_phe 2.018 + 0.021
— Gaus_width 0.2967 + 0.0044
300 insert_shift 3.554 £+ 0171
- insert_scale 23.36 + 6,11

200

100

Og 5 10 15 20 25 30
Area C1
39.1

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

April 5, 2011

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

response model

Giessen Workshop - K. Piotrzkowski
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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 = : -
B 5 10 15 20 25 30
- Area_C2
3 Good understanding of laser tests:
[ — 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 39.2 394 396 398
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High rate/lifetime issues — two scenarios/setups:

1. Medium luminosity (~1033 cm2s1): _

- Use one channel GasToF (with < 1 cm? PC) and 4-5 pe signal
- No multi-hit capability — event pileup low (double hit ~2%)

- Photon counting rate ~ 4 MHz/cm?

- Total annual anode charge (assuming gain 3.10°) is ~2 C/cm?

2. High luminosity (~1034 cm2s1): _
- Use multi-channel GasToF (with ~12 cm? PC) and 8-10 pe total
signal, 1 pe single anode signal

- Multi-hit capability — event pileup high (double hit ~20%)

- Extra bonus: Position reconstruction from disc pattern to ~2 mm
- Photon counting rate ~5 MHz/cm?

- Total annual anode charge (assuming gain 5.10°) is ~5 C/cm?

GasToF strengths:

* Large part of light pulse on PC around 200 nm — QE drop much suppressed

* Some loss of QE can be easily compensated by increasing gas pressure

(NB. Dark noise not relevant due to high signal rates & only 1 ns wide ‘active’ window)

April 5, 2011 Giessen Workshop - K. Piotrzkowski 24
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* Two short GasToF prototypes with HPK tubes and readout with 40 (80) GSa/s
scope (thanks to UTA and AFP!) at CERN test beam in Aug’10

* (Quartz windows were added to seal gas volume)

* Expected (low) signals are observed (would increase by ~2 for final design)

24001 htemp
1 Entries 21600
Wi v 12200 Mean 1.729
2000— G2 + Hamamatsu_A@3.25ky + mini_circuits + 6db attenuator I RMS 1.455
] ntegral 2.16e+04
1800 52 i ndf 1541138
160 0 ¥_gcale 4043+ 0.8
1 X_shift 0.1609 = 0.0004
1 400 ) ) X_scale 1127 +0.014
1200_ Data taking by Lecroy, sample rate = 80Gsa/s, bandwidth = 14GHz 4R ohe 1662 < 0 0iE
] Gaus_width 08225 + 0.0250
1 00(}: p_width 002122 = 0.00054
800
1 ~
600/ Pedestal_events(0~0.24) /total_events(0~8.0) = 4668!2166 =216%
400
200 0 phe rate
04 11 1 1 | L1 1 1 | L1 1 | | L1 | | [y !—FE—‘—' |-r-'—‘- bl | 11 1 1

0 1 2 3 4 5 6 7 8

Measured (raw) photoelectrons -
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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)

[ htemp

I Entries 21600
800 : “ Mean 1.123

: i ici i HMS 0.7701 -
700 - G1 + Hamamatsu_B@3.1kv + minicircuits + 6db attenuator Integral 5 1530404

[ w2 { ndf 174.3/143

B Y | +
600+ _scale 668.4 136 |

- X_shift 0.2194 = 0.0009 hten
500} X_scale 2.177 + 0.030 Entries

Lecroy, 80Gsa/s, Bandwidth = 14GHz <N phe 1.937 = 0,025~
W G2 + Hamamatsu_A @3.25kv + mini_circuits + 6db attenuator RMS

400 Gaus_wi . +0.0214 niegral

5 p_width  0.08734 + 0.00165 5 #neit

L Y_scale
300 '_ | X_shift 0

[ Pedestal_events(0~0.32) / total_events(0~4.3) = 3954/21530 = 18.4% I S ——————

B Gaus_width 0
200 : p_width 0.02
100 _ J Pedestal_events(0~0.24) f total_events(0~8.0) = 4668/21600 = 21.6%

0 _JI L1 | | L1 1 1 | L1 1 1 | L1 1 1 | | I I | | L1 1 1 |
0 0.5 1 1.5 2 2.5 3 3.5 4

Measured(raw) photoelectrons

Measured (raw) photoelectrons
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* preliminary results on time difference between two GasToF detectors:

- htemp
180 :_ Entries 1155
160 - Mean 8.001-00

- RMS 2 109e-11
140—

E Run0001, Aug_10, TBI Integral 1138
120 = %2  ndf 8558/9
100 Constant 187.9: 7.5

80 :_ C2_Leve| = -0.008\!; CS_LEV'E =-0.02v I Mean 8.004e09 = 4.637e-13

— Sigma  1.431e-11: 3.993e-13

60 [ e —_— —
40—
20—

0 :I | I — |'-|_|_| | L1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 | L1 X10-g

786 7.88 7.9 792 794 796 798 8 8.02 8.04 8.06 8.08

Time{second)

.. and more results in preparation, including GasToF with Photek data from
CERN test beam in September’10...
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* To get ultimate timing results Time-Walk-Corrections were applied offline
(on top of CFD, or fixed threshold, algorithms) — measure GasToF 1 vs 2 time
difference as a function of the one or the other signal size:

8.028

‘£ 8.026

(unit:ns)

_H_
=
[ ]
-

RSCFD_C2-RSCFD_C3
®
o
[
n

S

April 5, 2011

Algorithm of TWC for C3
w2/ ndf 3.78Be-07/5
p0 8.034 + 9.585e-08
p1 -0.01203 + 1.204e-07

04 05 06 07 08 0.9
1/sqrt(Q_C3)

1 11 1.2
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* Start design and prepare tests of GasToF detectors with multi-
anode MCP-PMTs — with working mode of 1 phe per channel —
will check its multi-hit and high rate performance;

NB: need fast multi-channel electronics (is CERN HPTDC chip
enough?)

» Addressing in detail high rate/lifetime issues
(NB: MCP-PMT radiation hardness already tested)

* For single anode GasToF a 2ps resolution DAQ system is under
study - will use long distance (over ~260 m) analog transmission
(Heliax cables with 3.7 dB/100m attenuation at 1 GHz + PCl card
from Becker&Hickl: SPC-150, with maximal signal rate of 4 MHz)

* Very exciting, long-term development program is crystallizing:
Continue R&D toward 1 ps ToF detectors (streak tubes?)

April 5, 2011 Giessen Workshop - K. Piotrzkowski
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Cosmic rays results for PHOTEK two 3 um pore MCP PMTS:

— Entries 20
e :_ Mean -4.931e-10
- RMS 1.266e-11

25 \ Underflow 0
: Overflow 0
2__ Integral 20
_ %2 I ndf 521713
:_ / \ Constant 2.695 % 0.763

1'5: |_meatr™ -4.936e-10 320042
— \ @a 1.328e-11+ 2 578e-12
1— N

05—/ \
o*|....|....|....|....|....|..>T‘*m-4_.¢><10‘9
-0.52 -0.51 -0.5 -0.49 -0.48 -0.47 -0.46

time_diff

Example of time difference measurements of two
GasToF detectors with Photek MCP-PMTs ;

Signal wave-forms were registered on fast scope
and CFD algorithms were applied to determine
signal arrival times

Time difference spread corresponds to < 10 ps
time resolution per detector
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Fast Constant Fraction Discriminator

L. Bonnet (UCLouvain)
Development of LCFD

e 12 channel NIM units

* mini-module approach 2 S
tuned to PMT rise time B LA
(HPK/Photek vs Photonis) ; :

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

| n°FAST°CFD UCL® LB
T%° 11/06 o el
TR o vo77205 -

A L T L L IPL S

111 ";‘"{ . _ : e ‘.(\—v—vw-w\'—‘)

Jrr | Remote control
T O for threshold

LA ™

April 5, 2011 Giessen Workshop - K. Piotrzkowski 33



HECTOR: JINST 2, Hits in VFD at 220m (L=20 fb")

P09005 (2007)
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From Detlef:

* Space above quench resistors (QRs) is not reserved yet
» Space between QR and beam pipe ~ 25 cm, and space
between QRs ~ 50 cm

* No problem of heat load

April 5, 2011
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* Installation of Si detectors in cryogenic region of
LHC, i.e. cryostat redesign needed

* Strict space limitations rule out Roman Pot
technology, use movable beam-pipe instead

* Radiation hardness required of Si is comparable
to those at SLHC, use novel 3-D Silicon technology

* To control pile-up background use very fast
timing detectors (o ~ 10ps)

Acceptance in fractional energy loss
(at nominal LHC B* =0.5 m):

0.002< ¢ <0.02 1 GASTOF

Two detector stations per arm

(4 in total): each station contains
tracking and timing detectors . G

Lots of 3D silicon
April 5, 2011 Giessen Workshop - K. Piotrzkowski







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

U

Thin 300 um entrance and side
windows by electro-erosion



| T2_fit_CFD - T3_fit_CFD {T2_fit_CFD<1 && T3_fit CFD<1} |

~ 5= Entries T8
" Entries 127 - Wean 4.9d4a-10
. - RMS 1.8%.11
— orcen hit at Photek 2 30—
: - Underfiow a
- creen/blue coincidence of C Overflow 0
25—
Photek 1 & 2 u integral 72
ey C 2* ot 148615
I 20 :_ Constant 30.79= 4.59
: N Mean =4 S48e.10 + 2 3028-12
= 15— Sigma 1.8668.11 + 1.6988-12 >
| 10— \
R A e | 50
45 40 35 30 C
= PR NN ST ST W N T ST AT W A )’-:1“-9
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time_diff

Area of Photek 2 (Ch 3)

we measured an uncertainty of time difference:
18.0 ps £ 1.6 ps

- Entries 143
- creen hit at Photek |

i creen/blue coincidence
10-of Photek 1 & 2

and
18.7 ps = 1.7 ps
both are consistent

Overflow

taking worst result and assuming to detectors
have the same jitter, we have a Gastof jitter:
< 13.2psx1.2ps
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HPS proposal: Adding HPS240 detectors

* Tagging at 420m and 240(220)m is complementary —
together ~ 0.2-10% energy loss range is covered !

» This leads to significantly higher tagged cross sections

* Both 220 and 240 m locations are ‘warmé&free’ - just bare
beam-pipes

+ At IP5, locations at 220 m are occupied by TOTEM -> go 240m
(as ALFA in ATLAS) - it is still possible to send triggers to CMS!

* One does not need to modify the LHC beamline -> can be done
before HPS420 and be treated as a proof-of-principle project +
interesting physics as a bonus
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‘Old’ Nagoya results for
accumulated charge of
~3.5C/cm?

QE vs Anode Charge [Photonis XP85012]

200 300

400 500 800 700 BOO

Strong outcome from past/present

measurements:

QE is much less affected for UV photons

. e

Optimize GasToF design so ‘working
point’ is kept around 200 nm!
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PANDA @ RICH2010:
Improved Photonis
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