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A Applications of Cherenkov
== radiation in particle physics

Particle identification

threshold Cherenkov counters

*Ring Imaging CHerenkov counters

*Time-of-flight measurement with Cherenkov photons
Calorimetry

Tracking

This talk: applications in particle identification

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana
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Why particle ID?
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1.8 1.85 1.9 1.95
K7 mass (GeV/cz)

Example 1: B factory

Particle identification
reduces the fraction of
wrong Kx combinations
(combinatorial
background) by ~6x

2N Peter Krizan, Ljubljana



Without PID
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Why particle ID?

detectors, Giessen

Example 2: HERA-B

K*K invariant mass.

The inclusive ¢ > KK
decay only becomes
visible after particle
identification is taken into
account.

Peter Krizan, Ljubljana



Why particle ID?

(9] I v 1 1 I 1 I I 1 1
O i .
S 2000 | M B, - ] Example 3: LHCb
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Invariant mass [ GeVlc ] Invariant mass [ GeV/c ]

Need to distinguish B~ nr from other similar topology 2-body
decays and to distinguish B from anti-B using K tag.
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Why particle ID?

PID is also needed In:

*Spectroscopy of charmonium and charmonioum like states
*Spectroscopy of charmed hadrons

*Searches for exotic hadronic states

*Searches for exotic states of matter (quark-gluon plasma)

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



Why particle ID?

Particle identification at B factories (Belle and BaBar):
was essential for the observation of CP violation in the B
meson system.

00T o _, ypke : BO

B%and its anti-particle
decay differently to the
same final state J/y K°

200}

Entries / 0.5 ps

100}

Flavour of the B: from decay
products of the other B:
charge of the kaon, electron,
muon

Asymmetry

—>particle ID is compulsory



Example: Belle

n and K; detection system
(14/15 layers RPC+Fe) Aerogel Cherenkov Counter

(n=1.015-1.030)

Silicon Vertex Dete
(4 Iayers DSSD L —

Electromag. Cal.

ﬁ : A (CsI crystals, 16X,)

Central Drift Chamber
(small cells, He/C,Hg)

ToF counter
1.5T SC solenoid

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



mestisl Particle identification systems i

n and K; detection system

n Belle

Silicon Vertex De
(4 layers DSSD

(14/15 layers RPC+Fe) Aerogel Cherenkov Counter
ﬂ - (n=1.015-1.030)
\ “m‘dbx gL

Electromag. Cal.
(CsI crystals, 16X,)

"Central Drift Chamber

(small cells, He/C,Hy)

ToF counter

1.5T SC solenoid

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen

Peter Krizan, Ljubljana




e [dentification of charged particles

Particles are identified by their mass or by the way they
interact.

Determination of mass: from the relation between
momentum and velocity, p=ymv. Momentum known
(radius of curvature in magnetic field)

—~>Measure velocity:
time of flight
jonisation losses dE/dx
Cherenkov photon angle (and/or rate)
transition radiation
Mainly used for the identification of hadrons.

Identification through interaction: electrons and muons

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



EHAE Cherenkov radiation

N\

A charged track with velocity v=Bc exceeding the speed of light
¢/n in @ medium with refractive index n emits polarized
light at a characteristic (Cherenkov) angle,

cosO =c/nv = 1/Bn

TwoO cases: vt

2 B < B = 1/n: below threshold no Cherenkow light is emitted.

2 B > B, : the number of Cherenkov photons emitted over unit
photon energy E=hv in a radiator of length L:

dN o, ., 1 4y o
GE ~ 7o DN 0 =370(cm)"(eV)"Lsin"0] | 5Faw detected photons

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana
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2 cm 20 cm photon detector

Proximity focusing RICH

RICH with a
va focusing mirror

Measuring Cherenkov angle g
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Idea: transform the direction
into a coordinate -

ring on the detection plane
- Ring Imaging CHerenkov

Cerenkov angle

velocity




Photon detection in RICH counters

RICH counter: measure photon impact point on the
photon detector surface

- detection of single photons with

o sufficient spatial resolution

e high efficiency and good signal-to-noise ratio
e over a large area (square meters)

v Special requirements:

R ¥ e Operation in magnetic field
e High rate capability
: e Very high spatial resolution
ST e Excellent timing (time-of-arrival
information)

-50
30 400 20 10 0 10 2 cominanrem - Cherenkov detectors, Giessen Peter Krizan, Ljubljana



Resolution of a RICH counter

Determined by:

ePhoton impact point resolution (~photon detector

granularity)

eEmission point uncertainty (not in a focusing RICH)

eDispersion:

1/8 = n(A) cosO

aerogel photon detector
eErrors of the optical system
] ] Cherenkov photon’s‘_,';—‘
eUncertainty in track parameters JSioettin
:: :'::" charged particle
2 cm 20 cm

May 11, 2009

Workshop on fast Cherenkov detectors, Giessen

Peter Krizan, Ljubljana



e e First generation of RICH counters

DELPHI, SLD, OMEGA RICH counters: all employed wire
chamber based photon detectors (UV photon - photo-
electron - detection of a single electron in a TPC)

UV photon
1 photo-electron ¢ TPC
Photosensitive component:
TMAE added to the gas "

mixture

20

nl— —
130 140 IS0 160 170 180 190 200 210 220
wavelength (nm)

May 11, 2009 Workshop on fast Cherenkoy



Multiwire chamber with pad
read-out: = short drift

distances, fast detector

Photosensitive component:

ein the gas mixture (TEA):
CLEOIII RICH

eOr a layer on one of the
cathodes (CsI on the printed
circuit pad cathode) -

Fast RICH counters with wire chambers

/ UV photon
/
#
/’l guartz window
® ® f./ @ cathode wires (50micron
® / ® anode wires (15micron)
'\/ < (.5micron Csl
photoslectron cathode with pads
Ez
X
=
i
40 %
20 |
o liaciid e
130 140 150 160 170 180 190 200 210 220

Works in high magnetic field!

etectors, Giessen

wavelength (nm)

Peter Krizan, Ljubljana



Csl based RICH counters:
HADES, COMPASS, ALICE

HADES and COMPASS RICH: have been running for
several y€ars charged particle

ALICE: ; Neoceram
3 C,F.. liquid
n - n 0 L ‘_‘:'; ‘l"‘.‘_‘ "
e liquid radiator 2 radiator
100 ym /1 . electrode
Cu-Be2 20 um | 0
wires W-Re3 = /
| wires €
| 3|
c 000000000 /7 /
E e e € e-ei205¢v @ /
N 42 mm y /
\ e serecorecoesereigresds. MWPC

~— i . Front-end

8x8.4 mm p\dds
“electronics

May 11, 2009 Wor



Thlckness

Photocathode produced with amomtor
well defined, several step
procedure, mcIudmg heat i&/
conditioning after CsI deposition

In situ quality control

Remote controlled
enclosure box

:r::ictiv 4 Csl sources
+ shutters

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



ALICE RICH

The largest scale (11 m?2)
application of CsI photo-
cathodes in HEP!

Peter Krizan, Ljubljana



A Wire chamber based photon
==l datectors: recent developments

Instead of MWPC:

eUse multiple GEM with semitransparent or reflective
photocathode - PHENIX RICH

eUse chambers with multiple thick GEM (THGEM) with transm.
or refl. photocathode

CsT photocathode / UV photon
: (
0.7 > Segmented
o0.4mm] \— readout
0. 3mm electrode

THGEM o /

Ion damage of the photocathode: ions can be blocked




Cherenkov counters with vacuum
e based photodetectors

Some applications: operation at high rates over extended
running periods (years) - wire chamber based photon

detectors were found to be unsuitable (problems in high rate
operation, ageing, only UV photons, difficult handling in 4=

spectrometers)

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



Photon detector requirements:
eHigh QE over ~3m?

eRates ~1MHz

e[ ong term stability

Detectors

100 m3 of C,F,
~ 1 ton of gas

CaFvo \

Planar Mirrors

Spherical Mirrors

Photon\
Detectors

v detector® + £



- ¥tZEM (Photo Cathode)

TFEMEE (Dynode)

ABZ (Input Window)
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ultianode PMT Hamamatsu R5900-M16



number of events

HERA
_—
B

R5900-M16 (4x4 channels)
R5900-M4 (2x2 channels)

14000

12000 :
10000
8000
6000
4000

2000

e D dedrdd—

i N L i ;
0 0 50 100 150 200 250 300

pulse height (channels ADC)

single photon pulse height

Multianode PMTs

Key features:

eExcellent single photon
pulse height spectrum

e[ ow noise (few Hz/ch)

oL ow cross-talk (<1%)
Giess > NIM A394 (1997) 27 na



HERA

Light collection system
(imaging!) to:

-Eliminate dead areas

-Adapt the pad size

May 11, 2009

e Il HERA-B RICH photon detector 1

Field lens, 35 mm x 35 mm

Condensor lens

diameter 32 mm

PMT active area
18 mm x 18 mm

Transmisson

=4
o

o
@

o
L

s |

os |

03|

02 f

—
T

» +- 140 mrad

04 [

01 f

(IR I T T [ i VT P O T I M M Y O M 24

500 nm

350 nm

1 1
-50 Q S0 100 150 200
X angle, mrad



" HERA-B RICH

& Little noise, ~30
photons per ring

Typical event -

Worked very well!

g 0 25 50

Kaon efficiency and pion, proton fake probability




Photon detector for the COMPASS RICH-1
upgrade

PhOton,

Upgraded COMPASS RICH-1:
the same concept as in
HERA-B RICH

New features:
e UV extended PMTs & lenses (down to 200 nm)

e surface ratio = (telescope entrance surface) /
(photocathode surface) = 7

o fast electronics with <120 ps time resolution

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



COMPASS RICH-1 upgrade

Preliminary results:

nNJ

at saturation (B = SRS RSN RN

1) > Ny ~66 cm! T

2> 20nK gl e
separation at ~ 60 DR 0 IO 08 R T
GeV/c HEREIT AR AR R RN RNNE

(K* from @ BRSERERRE RRRRIENT. & =R
decay) b e

1
1 1 1
+ [N I i T T DI e B Bl o el el S Tl T TR SR Bt Bl R
n - 1 o o T
Im=F=#=d=A==l==F =% Fag = 4= - == === = Fy - q- - -
1 1 1 1 1 1 1 1 u

from K, decay) R e A i )
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The LHCb RICH counters

Single arm spectrometer for precise CP Violation measurements and rare decays

in the B-meso stem in the LHC HCAL 250 mrad
ECAL M4 M3
SPD/PS M3
Magnet RICH2 M1 1\12 —p
T3
T2
Tl
RICHI
..... TT

v

rte D
00ato mrad

0
© 10 L
. .. |
e s

Vertex Trigger: PID: Kinematics:
reconstruction: Muon Chambers RICHes Magnet
VELO Calorimeters Calorimeters Tracker

Tracker Muon Chambers  Calorimeters

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



LHCb RICHes

Need:
Particle identification for momentum range ~2-100 GeV/c

eGranularity 2.5x2.5mm?
el arge area (2.8m2) with high active area fraction

eFast compared to the 25ns bunch crossing time

8. max
eHave to operate in @ small - """ T 242 mrad
magnetic field wf
- 3 radiators =

(aerogel, CF,, C,F;) CF e
50 Pt 53 mrad
| /fj:?7;,~~“aﬂm e

May 11, 2009 Workshop on fast Cherenkov i Momntfm (GeV/e) w



LHCb RICHes

RICH 1 RICH 2

Photodetectors .
Y
z
79)
Flat Mirror
. [ 120mrad

Spherical

» Mirror

Xe.rbgel C4F1o

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



LHCb RICHes

Spherical mirrors

Flat mirrors

Central Tube
Photon funnel+Shielding

Magnetic shielding
(16 tonnes of iron)

Photon detectors

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



LHCb RICHes

R+D: study two types of hybrid photon detectors and MAPMT with a lens

Final choice: hybrid PMT (R+D with DEP) with 5x demagnification
(electrostatic focusing).

Hybrid PMT: accelerate photoelectrons in electric field (~10kV), detect it in a

pixelated silicon detector.
Si pixel array
(1024 elements)
______ \\ Ceramic carrier
Photocathode Lol e : i I;_E.;;:-_ :;-__'E.;.;:;'_;:;:é:k;:;:;.‘.
(-20kv) \
VACUUM /
Electrode J | NIM A553 (2005) 333
s Solder
R sl bum B
\ bonds elgc?t;gnics
chip

- D_TA?
Optical input CERN/EP-TA2

window , v L
. lessen Peter Krizan, Ljubljana



Number of hits: 3297589
Number of events: 99477

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



DIRC - detector of internally
reflected Cherenkov light

EMC
6580 CsI(T1) crystals

e (3.1GeV)

-

DIRC (PID)
144 quartz bars
11000 PMs <

o ’ | Drift Chamber

Slhcon Vertex Tracker
5 layers, double sided strips

Instrumented Flux Return . — i
iron / RPCs (muon / neutral hadrons)

May 11, 2009 Workshop on fast Cherenkov detectors, 9 Talk by J. SChWiening



Support tube (Al)

_____ N Quartz Barbox

Compensating coil

Assembly flange

Standoff box

Air
Water

17.25 mm Ar
(35.00 mm rAd)

Catcher

Bar Box
Track [
Trajectory E 1 \ \
\
PMT Plane/)\ \

Wedge
Mirror \\ }
\ \ ~I* Water \

= : = o L
Quartz*, Bars%s\ T %
| . " «[ /Stand off Box (SOB)

: ‘ —91 mm-—- 10mm
|—5m  — . 117 m .

4 x 1.225 m Bars
May 11, 2009 V glued end-to-end



DIRC performance

Bl T
i BaBar | € Lots of photons!
60 - e Data (di-muon tracks) ]
Monte Carlo Simulation
%‘ 40 - . .
o Excellent n/K separation
20_— _|
| p | e e T
0 I | | | .a 0'9 == ;
-] 0.5 0 0.5 1 é 0.8 |- . BABAR F
Cos(emmk) LT:J 0.7 ;_ D samPle _;
§ogb -
M :l T l T T T I T T ] T T
2 0.2 :— —
2 o1k 3
vt B e —+—:
2 e ]
NIM A553 (2005) 317 1 ! :

Momentum (GeV/c)
May 11, 2009 Workshop on fast Chel



DIRC

BaBar DIRC: a Bhabha event et e 2 e* e

S
o . }‘
No time cut on the hits With a +-4ns time cut

Timing information is essential for background reduction

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



Focusing DIRC ﬂ

Upgrade: step further, remove the stand-off box -
y focusing DIRC

et
~_|
Focusing
ELEVATION Mirror
Cone Pixelated
Projection Photo Detector
~2 cm

Y2

May

jubljana



Focusing DIRC

Super-B factory: 100x higher luminosity => DIRC needs to be
smaller and faster

Focusing and smaller pixels can reduce the expansion volume
by a factor of 7-10 !

Timing resolution improvement: o ~1.7ns (BaBar DIRC)
- o <150-200ps (~10x better) allows a measurement of the
photon group velocity c4(2) to correct the chromatic error of ..

Photon detector requirements:
ePad size <5mm

eTime resolution ~50-100ps

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



Focusing DIRC- the chromatic correction

Beam test results with BURLE/Photonis MCP PMT
i ‘r‘ Lpath ~10 m ] 2:22: Lpath ~10 m E
00 g Correction on:,,, 3
Correction off: = o ~7.6mrad ook o~5.6mrad
g f 1000— %
Pio 760 780 800 820 840 860 z;szn[ ;16(:‘3;2':(') 510 P Séz [;iuraﬁ; o
0. resolution and chromatic correction for 3mm pixels:

10

] = & Present BaBar DIRC

S
cEn 8 _‘\ """"" = B Future Focusing DIRC with ~3mm pixels
2, L SN
Expected PID = 6 e R— ——
performance: = , * m i
— B U U SOt L SO S e
2, - Te._E_
2 ¢ T CH.
e S
0 ; :
2 3 4 5

Momentum [GeV/c]




b |
il DIRC counters for PANDA (FAIR, GSI) m

Two DIRC like counters are considered for the
PANDA experiment:

e one very similar to the current DIRC in BaBar,

e the other of focusing type

Peter Krizan, Ljubljana



b |
PANDA barrel DIRC E

Barrel-DIRC ( ﬁ:a ")d =

BaBar-like

My slides on PANDA: probably
hopelessly outdated — more
during this workshop!

May 11, 2009 Workshop on fast Cherenko




PANDA endcap DIRC

Two different readout designs:

Time-of-Propagation Focussing light guide

= s BB

; = N

gnd furwaf?d ?pectrumeter ‘%}a 5i$7'

=, &

K72 S
\/‘/{;;"t s“i\\}\"
\//!;Z"’ T \““\‘\‘\\\\"'
TN S
: - (1+1)D design 2D + t design
Endcap Disc DIRC
/

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



Bel

e upgrade - Belle-II

SC solenoid
1.5T

u/ K, detection
14/15 lyr. RPC+Fe

- tile scintillator

New reac
and

compu
systems

CsI(TI) 16X,
= pure Csl (endcap)

Si vtx. det.
4 lyr. DSSD

+4 lyr. DSSD

Aerogel Cherenkov counter
+ TOF counter

- “TOP” or DIRC
+ Aerogel RICH

/|

= 2 pixel/striplet/lyrs.

/ 17-\'\'{\ J

< Tracking + dE/dx

small cell'+ He/C,H,
—>remove inner lyrs.

fast gas+Si r<20 cm

| e




D Present Belle: threshold Cherenkov counter
— ACC (aerogel Cherenkov counter)

K (below threshold) vs. & (above) by properly choosing
n for a given kinematic region (more energetic
particles fly in the ‘forward region’)

n=1.028 BarrelACC n=1.013 TOF/TSC
] A "m“ n=1.020 n1=1.o15 u}m:;mu e

Detector unit: a block Wi i I,: s

Of aerogel and tWO L - ".. ..... D R A By s Endcap ACC
: 15 | n=1,030
flne-meSh PMTS _ v ' ‘._3-- Fm_pMTm | 228mo

_ > 2.5"FM-PMT
Finemesh PMT i i B |+\ ?t-pmr

Fine-mesh PMT: works in high B fields

) on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



D>

%ﬂc,;? Belle ACC : threshold Cherenkov counter

expected yield vs p NIM A453 (2000) 321

aerogel n=1,010

08

yield for 2GeV<p<3.5GeV:
K expected and measured
number of hits

LA o

0.4 F

normalized photon yield

oaf o n=1.010 (A)
. £0.8 ® K
o 05 1 LS 2 285 3 AS ;)((;;V/(.'; \507 AT
30.6 histo:MC
=0.5
0.4
0.3
0.2
0.1
0

10 20 30 40

0

May 11, 2009 Workshop on fast Cherenkoy



D>

oya Belle upgrade — side view

Two new pa/écle ID devices, both RICHes:
Barrel: time-of-propagation (TOP) counter or focusing DIRC

Endcap: proximity focusing RICH

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



=4 _ . _ g |
- Time-Of-Propagation (TOP) counter E;ii

J _—

Quartz bar

™ Array of
fast PMT’s

y

Linear-array type z —— = - I*

photon detector

— One (or two coordinates) with a few mm precision
— Time-of-arrival
- Excellent time resolution < ~40ps

required for single photons in 1.5T B field

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen 2 1alK DY K. [nami



400 | b)

TOP image

May 11, 2009

10

20 30 40 50
t (ns)

Workshop on fast Cherenkov detectors, Giessen

Pattern in the
coordinate-time
space (‘ring’) of a
pion hitting a
quartz bar with
~80 MAPMT
channels

Time distribution
of signals recorded
by one of the PMT
channels: different
for ® and K

Peter Krizan, Ljubljana



Wad  TOP counter MC .E

Time of arrival of photons depends on the group velocity: it turns
out to be advantageous to use a photon detector which is
sensitive at higher wavelengths - reduces the chromatic error

o
MO
—

— Light velocity in quartz |-

B S s O O SO SO S Blue: bialkali photocathode

EEEENEEEESEEEEEEEEEEEEEEEEmEEEES

Red: GaAsP photocathode

Group velocity (m/ns)

. i : : "”H“Hi,,,l.l..i..u
300 400 500 600 700
Wave length (nm)

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



> :
wamd  (5gAsP MCP-PMT with pads

OELLE

Nagoya University R+D with Hamamatsu

e Square-shape MCP-PMT with GaAsP photo-cathode

Target structure

¢ PrOtOtype [ eer—
— 2 MCP layers i
with $10um holes isis ! Sigi

_ (=N
4ch anodes A A A
o

I

— Slightly larger structure
e |ess active area

) 22(eﬁec{ive areax,
27.5mm

eEnough gain to detect single photo-electron
eGood time resolution (TTS=42ps) for single p.e.
eGood uniformity

eNext: increase active area frac., study ageing
May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



D>

oya Belle upgrade — side view

EEEEEE

Two new particle ID devices, botfi RICHes:
Barrel: ' C

Endcap: proximity focusing RICH

May 11, 2009 orkshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



> b
Endcap: Proximity focusing RICH E

aerogel photon detector
Cherenkov photons .- a— |
"""""
»® _e*
"""""
»® _e*
v _e*
......
L .
X Pl charged particle
~
1 NSO
o, Ve
......
“a, e
~ L
......
......
.....
~ ~ H |
2 cm 20 cm

May 11, 2009

Workshop on fast Chel

K/m separation at 4 GeV/c:
0.(r) ~ 308 mrad (n = 1.05)
0.(m)— 0.(K) ~ 23 mrad

For single photons: 860.(meas.)=c,
~ 14 mrad,

typical value for a 20mm thick
radiator and émm PMT pad size

Oy
N

pe

Jtrack —

Per track:

Separation: [0.(r)—0.(K)]/ctack

~ 5o separation with N,.~10



D>

<[>
Beam tests

Photon dete - | E
ctor: a |
16 H8500 PMTs ey of : : |

T & T X
T & T N
T
T ¥ T L
T % T v
T

May 11, 2009
Workshop on fast Cherenk - _
X (mm) - -
X (mm)



R Beam test: Cherenkov angle s
19

LD _
=28 resolution and number of photons

NIM A521(2004)367; NIM A553(2005)58
Beam test results with 2cm thick aerogel tiles:
>4o K/m separation
(a) Cherenkov angle (b) Number of hits

900 E<6>=0.322 rad
800 Fo,=14.8 mad ﬂco"’ E
15mrad| %[

<Npe> =6.2

Entries

pe™6

0 2 2 2 s 2 2
0 0.2 0.4 0.6 0 10 20
O (rad) N

- Number of photons has to be increased.

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



= Radiator with multiple

GELLE refractive indices

How to increase the number of photons
without degrading the resolution?

- stack two tiles with different refractive

normal indices: “focusing” configuration
n1= l‘].Z I"]1< n?
// 4
\\ \\

May 11, 2009 Workshop on fast Cherenkov detectors, Giess K4 fOCUSIng rad,la,to,r
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= X'/ ndf 2467. / 116 | ¥
6000 | Pl 5495. \:— 04
P2 02965 |
] ] P3 0.2072E-01
0.2
4cm aerogel single index P4 85.32
2000 F P5 796.0
Ny | N2 ny=nNy 0
/ nf=7.69 :
2000 0.2
B :
I~
04
0 . el PR ST E BS ST T S T
0 0.1 0.2 0.3 04 0.5 -0.4 -0.2 0 0.2 04
0 (rad) tx(rad)
theta cerenkov ring in cerenkov space
= 8000 |- {/ndf 1095. / 116 §
- PI n 7289. | =
- P2 0.3074
2+2cm aerogel - P3 01428501
i P4 74.49
P5 884.4
ny| N2 ny<ny
4000
= nf=7.46
= oo b nb=083
0[,\- ..... IIIL-l~~ 5 PR P ¢ e B R e
0 0.1 0.2 0.3 04 0.5 -0.4 -0.2 0 0.2 04
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D
Lo

OELLE

o Single photon resolution "mpgo( ns E & (5mm)
.| 2 (5mm) mm) :
5| o 10 " £’ « (10mm)
%16 ( mm) 12| @ (10mm) d:’.s_ N
@ 14 8
=T A 4 ™ 10 3 [
12— C o L
10 y: = . A
g & el i o e
be . Fiy ar
'3 S i
4 C A 2}
2 GO 2: C O-O
- oo b v b b b b b Livia iy .n._||a-l-u-l Wi T N T
il 5 w 15 20 25 30 35 40 45 50 0 3 W 35 40 45 50

0 Ll Ll
0 5 i 1

Ny| N2 | Na

|IIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 25 30 35 40 45 A0
thickness{mmj)

Ny<Nz<Nay

thickness(mm)

—"
L]

Multilayer extensions

Number of detected Resolution per track

i
H &
— =

et T
VN,

thickness{mm)

Cherenkov angle resolution per track:

around 4.3 mrad

- /K separation at 4 GeV: >5¢
Several optimisation studies:

Krizan et al NIMA 565 (2006) 457
Barnyakov et al NIMA 553 (2005) 70

May 11, 2009

Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



Radiator with multiple refractive indices . s

N5

Such a configuration is only possible with aerogel (a form of Si,O,)
— material with a tunable refractive index between 1.01 and 1.13.

N | N2 ni{<ny

I

B | primary globule

secondary globule
#-. ¥ 1~2nm

~50nm at maximum

I\

) 3 :‘ i . /— |
(4
May 11, 2009 Workshop on fast Cherenkov detectors, Giessen o 4 Schincs of M S




e Aerogel production ﬂ

Two production centers: Boreskov Institute of Catalysis,
Novisibirsk, and KEK+Matsushita

Considerable improvement in aerogel production methods:

e Better transmission (>4cm for hydrophobic
and ~8cm for hydrophylic)

e Larger tiles (LHCb: 20cmx20cmx5cm)
e Tiles with multiple refractive index

n1=1.046 a— u

¥
n2=1.041 W,h,,_z{}cm,,ﬂ

n3=1.037

May 11, 20(C -ctors, Giessen Peter Krizan, Ljubljana
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Photon detectors for the aerogel RICH g88

requirements and candidates X

Need: Operation in a high magnetic field (1.5 T)
Pad size ~5-6mm

One of the candidates: large active area HAPD of the
proximity focusing type

072:0. 2 30£0. 5

144-04.9

Multialkali s T 4 35
photocathode : -

X |
gV ”
S |

!

|
I
|
I
|
£
i
|i
I
|
|
|
|
|
071.4%0,6

-10kV
15~25mm
Pixel APD HAPD R&p proj_ect N
collaboration with HPK.

Long development time
-> Finally enough working samples for a beam test at KEK last spring

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen — NIM A595 (2008) 180



~ Photon detector candidate: HAPD beam test

* Beam Test @ Fuji test beam line

Aerogel * Prototype Aerogel RICH with 2 x 3
| e “’“Vp('ic array of 144 ch HAPD
€  *Readout using 48 ASICs.
. ﬁ * Clear Cherenkov ring is observed.
>
200mm
Black box

-100

Open issues: long term stability and neutron irradiation damage —
both under study



_,.: Photon detector candidate:
BELLE BURLE/PhOtOﬂlS MCP'PMTM

BURLE 85011 microchannel ~
plate (MCP) PMT. multi-anode *

PMT with two MCP steps
0
photon
% -25
-50
-75
photoelectron
-100
-100 =75 -50 25 0 25 50 75 100
S ring on PMT plane
LL LS
Dual MCP
Anode

—>good performance in beam and =T
bench tests, NIMA567 (2006) 124 Y g YT T
- very fast > \\\\ |

‘ “\ \\
> R+D: ageing rectors, Gil LM %\\‘ I k///f%// \\W b



D>

Y BURLE/Photonis MCP-PMT

OELLE

BURLE 85011 microchannel plate (MCP) PMT. time
resolution after time walk correction

X /odl 353 7 6 ¥/ 0dl G112 7 6
Pl

4587.

counts

&
S P 4879,
I P2 -2430 3 I P2 -1671
P3 4031 < | P3 37.10
4000 %} P4 5404 h P4 5417
Ps 2306 4000 P 2337
6 146.7 P6 145.1
2000 | ¢+ = 40ps o L ¢ = 37ps :
| e Tails can be
I W significantly
o L Lo Svyen A Al 0 Ll o N | SRR L

B ¥ o o w3 reduced by:

TDC [ps]

e decreased

] X' /not 5888 7 6 a X'/ ndl 7557 /1 6
§ ] 4661. E ] 4676,
S ‘ : o § | g | photocathode-
4000 = ' P4 539.9 4000 k- P4 5553
5 234 5 239 [
# rh " = MCP distance and

- v = 39ps om | + = 38ps eincreased

JL\¥ JL\E | voltage difference

0 1000 2000 3000 0 1000 2000 3000
TDCps] ~ TDC|ps] Peter Krizan, Ljubljana




Parameters used:
«U=200V
«1=6 mm (K-MCP) Yy o

E =18V
- m_ =311 keV/c?
e, =1610"As

.......................

.....................

| W\\\\\\\\\\\W\\\\\i\\\\\\\\\\\\\ AR A Y
/ HHTT AT T

Internal-reflection / =

fliae

Photo-electron: Backscattering: Charge sharing

ed, .. ~08mm .d _ ~12mm

ot,~1.4ns ol 28NS
« At, ~ 100 ps




COURLS

MCP PMT timing

70%

i

i0°

it

I

-5 ] S0 T} 500 2000 2500

TDC |ps]

May 11, 2009

1000

Workshop on fast Cherenkov detectors, Giessen

Tails can be significantly
reduced by:

e decreased photocathode-
MCP distance and

eincreased voltage difference

e prompt signal ~ 70%
 short delay ~ 20%
* ~ 10% uniform distribution

Peter Krizan, Ljubljana



sl MCP PMT: Gain in magnetic field

Gain as a function of magnetic field for different operation voltages
and as a function of applied voltage for different magnetic fields.

Voltage
= 9 2600V
- - 2550V
Q oL 2500V
< B 2450V
o 2400V
- B
600-— -~ 2350V
= 2300V
500"
“?/ \'\ E 00E" Fleld .
400— s Y - 15T /
- — 00| :
S S " - - - 5 L |~ 1T 7
200 ;/__.» T h_k&... . '\\‘\ . 700 : 1.0T _f'/
- e = ™ - [ 07T /
- T Ry " ™ -
200E T v T soof— [ ©.ST /’,x,/ f/‘
- T "=-+~H_|_::' -"“--._.'. ""‘-.LH - R 0.25T ﬂ./ Vs
100 = — ) so0— [+ 00T /;(’ j;z:;,//
EL | | | | I T - P -
% 02 04 05 08 1 1.2 14 16 400 R
B(T) - R -
200 — /x'f o -
I
200 -
teof-
- — — —
u : I 1 I 1 1 1 1 I L 1 1 1 1 1 1 I L 1 1 L I 1 11 1 I

1 L1 L
2300 2350 2400 2450 2300 2350 26800

u(v)

- More talks on MCP PMTs during this workshop — W. Plass and A. Lehmann



MCP PMT: sensitivity

Number of detected hits on

Individual channels as a

‘ ‘ function of light spot position.
’h# ! il L —

.'E"ii'll.'.h i |Ii""|11|ﬁ’|7ﬁ'|' 1#‘.'1"”.! i B=0T,

kil HV = 2400 V

Jl[l.
A
[ LL]
|||

il

xch. (tadeade cur

B=1.5T,
HV = 2500 V

', . o ! oA
L '; . ! H Ll
N el PRy [
HEEE R AT PR o
(T I o 1.
v o Vi N HETH s |
i L e I :
gt I e ettt
oo H 1D ' H 1
Tl [T s s T e [T
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In the presence of magnetic field, charge sharing and cross talk due to
long range photoelectron back-scattering are considerably reduced.




e SiPM as photon detector?

Can we use SiPM (Geiger mode APD) as the photon
detector in a RICH counter?

+immune to magnetic field

+high photon detection efficiency, single photon sensitivity
+easy to handle (thin, can be mounted on a PCB)
+potentially cheap (not yet...) silicon technology

+no high voltage

-very high dark count rate (100kHz — 1MHz) with single
photon pulse height

-radiation hardness
May 11, 2009 Workshop on fast Cherenkov detectors, Giessen - Talk by D. Renker



mitim  SiPMs as photon detectors?

SiPM is an array of APDs operating in Geiger
mode. Characteristics:

« low operation voltage ~ 10-100 V

. gain ~ 10°
« peak PDE up to 65%(@400nm)

PDE = QE X € ¢per X €y . (ra-25 )
. €, — dead space between the cells . N

« time resolution ~ 100 ps

« works in high magnetic field

. dark counts ~ few 100 kHz/mm?
. radiation damage (p,n)

~ 250 |

J N oo
TN
4

20 /‘ A
T T INNC

200 300 400 500 600 700 800 900 1000

1400

Y (um)

1200

1000

PHOTON DETECTION EFFICIENCY (%)

800

600
WAVELENGTH (nm)

400 4%
g _ 2400

M0 Hamamatsu MPPC: S10362-11

200

0
0 200 400 600 800 1000 1200 1400

X (um) lessc rcuwc Nizail, Ljuuijaiia



metw  Can such a detector work?

Improve the signal to noise ratio:
eReduce the noise by a narrow (<10ns) time window

eIncrease the number of signal hits per single sensor by using
light collectors and by adjusting the pad size to the ring
thickness

E.g. light collector with reflective walls

SIPM
|
PCB

or combine a lens
May 11, 2009 Workshop on fast Cherenkov detectors, Giessen and mirror walls



Expected number of photons for aerogel RICH

with multianode PMTs or SiPMs(100U), and
aerogel radiator: thickness 2.5 cm, n = 1.045

and transmission length (@400nm) 4 cm.

6

INp\7~5

o
|

SlPM incident photons/lOnm

photons/10nm

BN

Assuming 100% detector
active area

SiPM photons

PMT
photons

Never before tested in a RICH

where we have to detect single
photons. < Dark counts have CfNELS P e
single photon pulse heights W w0 w0 o nmi”
(rate 0.1-1 MHz)

~

N=15

letectors, Giessen Peter Krizan, Ljubljana



scintillation) counter

MWPC
telescope

2.5cm aerogel
I

« 6 Hamamatsu SiPMs used:
- 2X 100U; background ~400kHz

. 2X 050U; background ~200kHz
. 2X 025U; background ~100kHz
. signals amplified (ORTEC FTA820),
. discriminated (EG&G CF8000) and
. read by multinit TDC (CAEN V673A)
with 1 ns / channel

multianode PMTs  \
array 2x6 |

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



SiPM: Cherenkov angle distributions for
1ns time windows

TDC CH. =-2
12

Cherenkov photons appear in the expected time windows -
First Cherenkov photons observed with SiPMs!



scintillationy counter

2.5cm aerogel

multianode PMTs \
array 2x6 "

MWPC

SiPM Cherenkov angle distribution

htheitdc | hthc1tdc

telescoperof

Entries 571

s Mean 0.4729

E RMS 0.2309

18 Background 19.48+ 1.14
Gaus 11.15+ 1.32 |

16

llllllll

SiPMs signal

8k

6
af
2
0

0 0.1 02 03 04 05 06 07 08 09 1

— SIPMs give 4 x more photons
than PMTs per photon detector
area — In ~agreement with
expectations

<O

N.B. Signal/noise should improve by x3
with better tracking!




Detector module design

SiPM array with light guides

2.5mm

A multi-channel modle prepared for a beam test at CERN ’




Light guide geometry optimisation E

Light Guide Acceptance / (d and out)

|

rays in = random isotropic 0-30°
L N=10°

| 2.54mm

|

out=2.54mm - 2x*dx*tan(10°)

0.3mm
(n=1.5) /

&\ SIPM (1x1mm)

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana
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Acceptance

d (mm) out (mm) | accept. (%)
3.0 1.48 51.6
3.1 1.45 54.0
3.2 1.41 55.7
3.3 1.38 57.8
3.4 1.34 59.2
35 1.31 61.0
3.6 1.27 62.6
3.7 1.24 63.1
3.8 1.20 64.4
3.9 1.16 64.4
4.0 1.13 64.9
41 1.09 64.3
42 1.06 63.8
4.3 1.02 62.8
4.4 0.99 61.8
4.5 0.95 60.5
4.6 0.92 58.5
4.7 0.88 56.4
4.8 0.85 54.6
49 0.81 51.9

0.65

e
o

0.55

o
n

w ||||||ﬂ\|||||||||||||||||

0.45

SIPM = 0.8, M= 3.3, d = 5.0 gap(y.Z) = (0.0, 0.0) | 0 = 30.0

i | Thu May B 14.02:15 2008 h

Ny
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SiPM beam test: TDC distributions

«Total noise rate ~35 MHz (~600 kHz/MPPC)
Hits in the time window of 5ns around the peak are selected
for the Cherenkov angle analysis

without light guides with light guides
82t 50000 bt 50000
c c
=5 =
O O
O o
40000 40000
30000 30000
20000 20000
10000 10000
0 0
60 -50 -40 -30 -20 -10 0 10 20 30 40 60 <50 <40 -30 -20 -10 0 10 20 30 40
time (ns) time (ns)

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



* module was moved to 9 positions to cover the ring area
« these plots show only superposition of 8 positions (central

position is not included)
w/o light guides w/ light guides

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



SiPM beam test: Cherenkov angle Ej
distributions ,

with light guides Z
3 6000
v 50000 -
§ 5000
30000 4000
20000 3000
. on-time hits
J ¥’
60 50 -40 -30 -20 -10 om
off-time hits
2 | R
0 0.1 0.2 0.3 04 0.5
thc (rad)

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



Cherenkov angle distributions

* background subtracted distributions
e ratio of detected photons w/ and w/o: ~ 2.3
e resolution within expectations (14.5mrad)

w/o light guides w/ light guides
X’/ndf  OJ975E+07/ 56 N ¥/ ndf 1688. / 56
Pl 3396 i P1 1480,
._ F2 -986.7 12000 N P2 -3748,
P3 4891. 5 P3 0.11M4E+05
P4 0.2388 P4 0.2405
00 | PS 0.1461E01 | B Ps 0.1558E-01
8000
3000
6000 |-
2000
i 4000 |-
1000 |- E
MWJ N k\*.-‘.
.ﬂ = 1 | 1 1 1 1 I 1 1 .WL-- i a -I | 1 1 | | 1 1 1 | 1 1 | 1 .-I-J. 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0 0.1 02 0.3 04 0.5
Cherenkov angle Cherenkov angle

Background-subtracted distributions Peter Krizan, Ljubljana



Number of photons

Expected number of photons is ~3/full ring, this includes:

« Hamamatsu PDE

e aerogel: 1cm thickness, n=1.03, 25mm attenuation length
» dead time and double hit loss ~10%

Measured (extrapolated to full ring - acceptance corrected):
ewW/o LG~ 1.6
ew/ LG~ 3.7 —>discrepancy in QE values?
- talks by D. Renker, Hamamatsu

Estimated numbers for aerogel with n=1.05 and thickness of 4cm
(~5x) and better quality of light guides (surface polishing: ~2x) are
eW/oLG~8

ew/ LG~ 37

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



PID efficiency vs occupancy

MC simulation of the counter response: assume 1mm? active
area SiPMs with 0.8 MHz (1.6 MHz, 3.2 MHz) dark count rate,
10ns time window

K identification efficiency at 1% = missid. probability

1

o'.‘:,-' """" v""n'::"'" lm/ ------------------------------
. 0.8 ..“ 8 VSI p » » """'
095 g at 4 GeV/c vs.
0.6f : pad size
3 0.9}
004 l‘
Pion missid, prob, 1%
0.2 s gr: 0.8, 1.6, 3.2% 0.85 Pion missid. prob. 17
Occupancy 0.8, 1.6, 3.2 %
0 Lo e it o I Photons per ring 20
15 2 25 3 3.5 4 45 0.8 saasleaaalssaatesaatessatlesaalsraalsnay
S 5 S S
(GeVre) 2 25 3 3 4 4 5 55 6

For different background levels

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana
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For different number of photons per ring vs background level
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Radiation damage

INakamura JPS meetlng Sep. 2008

T — ?before irrad.

' 23}(1{}3 n/cm?
600 - { —ty 1x10° n/cm?
N saewemd  EXPECtEd fluence at 50/ab:
A A L S 2-20 101 n cm?
400 o ?{ﬁ?_r ’ . - H;1x1u]:f‘ n/cmg .
S i sovwemt 2 WoOrst than the lowest line

IR S A A /0 St e e o e e

1x10" n/icm{

200 Wﬁﬁﬁﬁﬁff‘;‘\(t’qﬂﬁ?‘ﬁmf r"mr"‘"ww e
A I Y » - i e ; x1 1 nic !
G AL o -t'r"ﬂ, P

il . . ,
0 S00 1000 150(] 2000
Time (ns)

—>Very hard to use present SiPMs as single photon detectors in Belle
because of radiation damage by neutrons

0

—>Also: could only be used with a sofisticated electronics — wave-form
sampling

May 11, 2 2> More talks on SiPMs later today S. Schmid, D. McNally, J. Howorth



TOF capability of a RICH

With a fast photon detector (MCP
PMT), a proximity focusing RICH

counter can be used also as a time-of-

flight counter.

Time difference between r and K =

track

aerogel

Cherenkov photons
from aerogel

Y

Cherenkov photons_+

v

from PMT window

MCP-PMT

t(kaon)-t(pion) (2m) [ps]

4GeVic /K
prpeyredeeppeyedege e

0.5 1 1.5 2 2.5 3 3.5 4
momentum [GeV]

For time of flight: use
Cherenkov photons
emitted in the PMT
window

5, Giessen Peter Krizan, Ljubljana



TOF capability: window photons

Expected number of detected Cherenkov photons emitted In
the PMT window (2mm) is ~15

- Expected resolution ~35 ps

‘§ 200 )Igl/ndl 117.0 /]656§
® 17 | TOF test with pions and
150 F «sf protons at 2 GeV/c.
1 Distance between start counter
p =2GeV/c _
100fF o~ 38ps and MCP-PMT is 65cm

A}

- In the real detector ~2m
- 3X better separation

50

29

020 30

time [1bin=25ps]

May 11, 2009 Workshop on fast Cherenkov detectors, Gies NIM A572 (2007) 432



Time-of-flight with photons from the
e PMT window

Benefits: Cerenkov threshold in glass (or quartz) is much
lower than in aerogel.

)
S

§° Cherenkov angle
Aerogel: kaons Sod x 008, NS L0,
(protons) have no S &7
signal below 1.6 GeV Sod § K o "
(3.1 GeV): identification p."
in the veto mode. ol |

e —
z {

0 015 |l 1.5 2 25 3 S 4
. i p (GeV/c)
Threshold in the window: = K p

Window: threshold for kaons (protons) is
at ~0.5 GeV (~0.9 GeV): = positive identification possible.



Timing with a signal from the second
MCP stage

If a charged particle passes the PMT window, ~10 Cherenkov photons are
detected in the MCP PMT; they are distributed over several anode channels.

Idea: read timing for the whole
device from a single channel
(second MCP stage), while 64
anode channels are used for
position measurement

CATHODE
—HV O
500k %
r——f——————————-
00470 — MCP INPUT I -t Tt/ T/
0047y —— 5M % MCP OUTPUT |
00470 — |
POWER GND L _ :( :F?? _-FF( __F _
500k % _______ -
\Y4

gy 11, &oVVY

MCP second stage output

‘%100_'
g : s L
T o<40ps
50: A0 T 0 7 l 7 e
40: ' ' .
20:
0 fu" 1 A
ilter transmission [°3]
N,~1 N,~10 N ~100

Timing resolution as a function of
light intensity

vVUIRSIIUP LI 1as wnieieninuy uclectors, Giessen Peter Kriian, Ljubljana



Time-of-flight: stand-alone, revisited

New ingredients: Mci.m

eFaster photon detectors

SMA
cable

eUse of Cherenkov light instead of
scintillation photons

eFaster electronics

single point via equal time lines

Recent results: ndowai bemmeime 1y |
J. Va'vra, slides
—>resolution ~5ps measured shown at RICHO7

eK. Inami NIMA 560 (2006) 303

]. Va'vra NIMA 595 (2008) 270
Open issues: read-out, start time

May 11, 2009 Workshop on fast Cheren

PC board summing pad output to a



Time-of-flight: stand-alone, revisited

Expected p/K separation

20 4 1 \
i .
! i v ! | 5 + [ —e— dE/dx (n=100, t=1.2cm, 1 bar, 80%He+20%C4H10)
18 - - ' ' Y = ® . TOF (2 m path, sigma = 1 ps)
D A LI BT w s s TOF (2 mopath, sigma = 5 ps)
AN LI v : : i = B - TOF (2 m path, sigma = 10 ps)
16 44 QA i\ i.........i..| =® « TOF(2m path, sigma = 15 ps)
: ' v : X : = O = TOF (2 m path, sigma = 20 ps)
AN E“ == BaBar DIRC
14 4 SRR LR v '* R SRR S S ----| ==@== Aerogel Forward RICH
v
g 12 4
=T}
- — —
0 10
e
=} R
=+

Momentum [GeV/c]
May 11, 2009 Workshop on fast J. Va’VI'a, SlldeS ShOWﬂ at RICHO7



TOF counter with o
Burle/Photonis MCP-PMT J. va'vra, VCI2007

o 11s - Single photo-electrons: Timing resolution ¢ = f(Npe):

--B-- No amplifier, No CFD, TDS5104 scope 'leading edge' timing
-—#v-- No amplifier, Phillips 715 CFD, TDS5104 scope 'zero-crossing' timing

500 ,
1200 G =(31.6£0.6) ps ' --¢-—- No amplifier, Phillips 715 CFD, Ortec TAC566 & ADC114 'zero-crossing' timing
— @ — Ortec 9327 Amp/CFD & TAC566 & ADC114 'zero-crossing' timing

1000 Cpige —(99.6£6.3)ps

800

o [ps]

600

400

200

04 0.6 0.8 1 l-; 1.4 0 50 100 150 200 250 300 350
fime (ns) Number of photoelectrons

. TOF counter: Burle/Photonis MCP-PMT with a 1cm thick quartz radiator
° Present best results with the laser diode:

- o ~ 12 ps for Npe ~ 50-60, which is expected from 1cm of the radiator.
o s~ 32 ps for Npe ~ 1.
Upper limit on the MCP-PMT contribution: ¢ ycppmt < 6-5 PS.
TAC/ADC contribution to timing: ¢ ;5c apc < 3.2 ps.
Total electronics contribution: o 1y, electronics™ 7:2 PS.




Read out: Buffered LABRADOR ‘
(BLAB1) ASIC

Gary Varner, Larry Ruckman (Hawaii)

Variant of the LABRADOR 3

Successfully flew on ANITA in
Dec 06/Jan 07 (<= 50ps timing)

it
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Typical single p.e. signal [Burle]
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Effort to develop ps TOF counter

H. Frisch & H. Sanders, Univ. of Chicago, K. Byrum, G. Drake, Argonne lab

From Harold’s talk, we will build two Chips for Tube Readout
(1) psFront-end (2) psTransport

Time Stamp & Data Buffers
EE a3 -
Zero”-walk Disc. _ 11-bit v Da

ADC
Receiver '

PMT
—— :

: 11-bit 5Ghz

: Ul Counter

.................. Stretcher A
A 5Ghz PLL

CKO

Chipl

e ASIC-based technology for a new CFD & TDC
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) |
Summary m

Particle identification is an essential part of several experiments, and has
contributed substantially to our present understanding of elementary
particles and their interactions.

RICH counters have evolved into a standard and reliable tool in experimental
particle physics.

They will play an essential role in the next generation of B physics
experiments at the LHC, SuperB factories, as well as at hadron structure
experiments.

New concepts (focusing radiator, combination with time of flight) and new
photon detectors are being developed.

With new fast photon detectors there is a revived interest in the time-of-flight
measurements, also in combination with a RICH countetr.



Back-up slides
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CsI based RICH counter: COMPASS E.;

6

COMPASS: calibration event y

1500 |
l S vessel

1000—

n

500—

ol mirror
photon wall

- - ; detectors:
500 [ o Csl MWPC

WG

1000—

1500 . | 0 0
-1500 -1000 -500 0 500 1000 1500

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



>
=
=
[
-
D
0)p)
Q
O
§o
| -
5
n

%
O
)
A2
2=J
(O
)
»
-
O
4=
O
-
=,
@
| -
Q.
o
-
(©

ALICE RICH

lamn)
7p]
©
®
o
o0
4
X
o
00
)
(D)
&)
©
[T
S
>
n
O
o
-
[

detailed scan across 2x2 pads[]

g
o
&

HH

M after heat enhancement

® second rescan

hefore heat enhancement

A first rescan

Error bars: +/- stdev of all measured points on a PC

[ e80d
| z8od
| 180d
6.0d
| 229d
| 820d
| §20d
[ ¥20d
| z.0d
| 020d
| €20d
[ 120d
| §90d
| 2Ap80d
| €90d
| ¥90d
| 890d
| 290d
| 990d
[ 2rn280d
| 2r950d
| z90d
| 2r190d
[ 190d
| 090d
| 650d
| 2r850d
| 850d
| 150d
| 950d
| §50d
| ¥50d
| €50d
| 159d
| zsod
| 050d
| 6¥0d
| 8¥0d
| 1¥0d
[ 1¥od
| z¥od
| 9¥0d
| e¥0d
| s¥od
v¥0d

y [mm]

0.5 +

0

NIM A 566 (2006) 338
Works

May 11, 2009

Is:

deta



CLEOIII RICH

Photon detection in a wire cham

-lg
1
6 '\\! ¥
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Focusing DIRC photon detectors:
relative efficiency

= "5 Hamamatsu H8500 (flat pannel)
:40 ;;.
k>
O
=
D)
£

T &

£ -

%

Burle 85011 MCP-PMT
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PANDA endcap DIRC
focussing & chromatic correction

no mirror coating 1-dim aspheric surface

L not-perfect
: focussing as
curvature is

compromise
(but good enough)

total internal reflection
angle independent of \————

light is only ___| //////’ RS
going upwards 1%%

two boundary surfaces make
chromatic dispersion correction

angle-independent in first OV
light never leaves

dense optical medium

=» good for phase space

Focal Plane Y
(dispersive direction)

1-dimensional readout

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter | na



= Burle MCP PMT beam test

. BURLE MCP-PMT mounted together with an array of 12(6x2)
Hamamatsu R5900-M16 PMTs at 30mm pitch (reference counter)

120

100

60

-100 -75  -50 25 0 25 50 75 100
ring on PMT plane
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Photon detector candidate: - MCP-PMT
MCP-PMT |
BURLE 85011 MCP-PMT:

. multi-anode PMT with two MCP steps
. 25 um pores

. bialkali photocathode

. gain ~ 0.6 x 10°
. collection efficiency ~ 60% e
. box dimensions ~ 71mm square

. 64(8x8) anode pads

. pitch ~ 6.45mm, gap ~ 0.5mm . 64,~13 mrad (single cluster)

. active area fraction ~ 52% . number of clusters per track N ~ 4.5
. 64~ 6 mrad (per track)

>~ 4 o /K separation at 4 GeV/c

-25

-50

-75

. Tested in combination with multi-anode PMTs

. 10 um pores required for 1.5T
. collection eff. and active area fraction should

be improved
. aging study should be carried out

S vwriwniop o (ast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



miiwl Photon detectors for the aerogel RICH (S

Needs:

e Operation in high magnetic field (1.5T)

D>

OELLE

e High efficiency at A>350nm
o
e Pad size ~5-6mm B | aerogel transmission
02 b Q.E. PMT
Q.E.oT
Candidates: e e e e

e large area HPD of the proximity focusing type

e MCP PMT (Burle 85011)

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen

Peter Krizan, Ljubljana



Experience from HERA-B RICH:
successfully operated in a high

occupancy environment (up to 31
10%). '

Need >20 photons per ring (had
~30) for a reliable PID.

p (GeV/c)

sen Peter Krizan, Ljubljana



Can such a detector work?

MC simulation of the counter response: assume 1mm? active
area SiPMs with 0.8 MHz (1.6 MHz, 3.2 MHz) dark count rate,
10ns time window

K identification efficiency at 1% = missid. probability

1

o'.‘:,-' """" v""n'::"'" lm/ ------------------------------
. 0.8 ..“ 8 VSI p » » """'
095 g at 4 GeV/c vs.
0.6f : pad size
3 0.9}
004 l‘
Pion missid, prob, 1%
0.2 s gr: 0.8, 1.6, 3.2% 0.85 Pion missid. prob. 17
Occupancy 0.8, 1.6, 3.2 %
0 Lo e it o I Photons per ring 20
15 2 25 3 3.5 4 45 0.8 saasleaaalssaatesaatessatlesaalsraalsnay
S 5 S S
(GeVre) 2 25 3 3 4 4 5 55 6

For different background levels
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e SUrface sensitivity for single photong i

e 2d scan in the focal plane of the laser beam (o ~ 5 um)
e intensity: on average << 1 photon
e Selection: single pixel pulse height, in TDC 10 ns window

5 um step size S137 Close up: 1 um step size
= = 3600
= = 70
\:: 1200 \:s_. o
. 4
- 0 60
1000 o i B
[ 3200
50
3ap 3000
40
600 2800
30
2
400 20 2600
2400
200 7 10 4
10~
0 0 o 2200
0 200 400 600 800 1000 1200 0 10 20 30 40 50 60 70
X (um) X (pm)
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Surface sensitivity for single photons 3 ﬂ

HO50C H025C

107

1000

800 ) 102
10~

600
400

200 10

f )
0 200 400 600 &00 1000 1200 1400 0 200 400 600 &00 1000 1200 1400
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Surface sensitivity for single photons 4 m

H100C
250
gy 2
§i 1400 5;
= ot 3600
e i 3400
1000 o
150
300 1 3000
2800
600 o0
2600
400
50 2400
N 2200
0 ) E e _ s |
0 200 400 600 800 1000 1200 1400 0 50 i T R
Ep X (um)
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ime resolution: time walk correctio

<< 1 photon uncorrected TDC
— ADC window
; 9000
10"} h g 8000
fﬁ\ 7000
1031 6000
5000
4000
10° 3000
2000
1000
10 L 1 1 n 1 1 1 U 1 1 ks It
0 20 40 60 S0 100 120 140 0 1000 2000 3000 4000 5000
ADC kanali o '
time(ps)
) 2500 corrected TDC
S 1075 F{ PL
o p L1800 D 28
1050 F P3 % 1600t Entrieys 44295
1025 | S Pl 1711.
N 1400 s 1375
1500 ] 2 5.
L0 1200 F #3 100.6
1000 95(0) 1000
o2 3 800
00 o0 3 600
f g 8. 400
32 33 34 35 200
L 20 40 60 80 100 () L | \
ADC 0 1000 2000 3000 4000 5000
time(ps)
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Time resolution: blue vs red

Ored = Oblue

Workshop on fast Cherenkov detectors, Giessen

3000

[ 1D 28 D 28

i Entries 14181 Entries 30474

_ Pl 250.0 Pl 1096.
P2 1373. P2 1372.

_‘ P3 126.5 P3 96.86

l E407 ]

1000 2000 3000 4000 S000 01000 2000 3000 7000

time(ps) time(ps)
E407 | S137 | H100C | HO50C | HO25C
coq(ps) | 127 | 182 | 145 | 212 | 154
e o~ 100 ps o

Peter Krizan, Ljubljana




= Focusing configuration —

Single photon resolution (mrad)

vary n,-n,

. upstream aerogel: d=11mm, n=1.045 1.045
. downstream layer: vary refractive index

varied

18

16}
14 Data points: S. Korpar
12: et al, Pisa meeting 2006.
Curve: optimisation study
NIM A565 (2006) 457

Q] rr_7r

10
8

: M BRI B P R
0 0.002 0.004 0.006 0.008 0.01 . 0.012

refractive index difference

. measured resolution in good agreement with prediction
. a wide minimum allows for some tolerance in aerogel production

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana




Velocity of a bullet

c/v = cosO

From the photograph:
angle 52°, v = ¢/cosb = 340m/s / cos52° = 552m/s

May 11, 2009 Workshop on fast Cherenkov detectors, Giessen Peter Krizan, Ljubljana



Light gquide simulation

Simulation includes: in=23
» refraction at LG entrance

e total reflection

» gap between LG exit and SIPM surface
Not included:

» absorption

e imperfect surface

©=18°
9=45° i =815
§ 0o s S gap W wlo
¥ o S~ 0.00 97.67 19.03 5.13
o e Y 0.05 96.62 19.09 5.06
i T C.10 94.11 18.98 4.96
0.15 89.68 18.77 4.78
s 0.20 8599 13.87 4.356
0.4 0.25 81.06 18.99 4.27
0.3 0.30 76.12 19.1 3.99
0.2 35 7149 18.95 307
1 0.40 66.85 19 3.52
L 0.45 62.44 18.98 3.29
% 0.1 0.2 0.3 0.4 « _c|a%5 0.50 58.39 19 3.07
Acceptance VS gap Size en Peter Krizan, Ljubljana
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MPPC module

* main board with dividers, bias and sighal connectors

 piggy back board with MPPCs (8x8 array of HC100 in

SMD package; background ~ 400kHz/M PPC)

e light guides

16 electronics channels (4x4) - 4 MPPCS
connected to single channel

M 20ns —38. 400ns

+73V
1k—-20k
anol\.L
1001
24k[
001*'_ v—

SiPM

I 24k

W Hulduff
-41.0mY

Off

1:1. 32526HHz 2GS 400 polnts RTC:2008/06/08 12:32:47
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e pad size 5.08 mm, 4 mm2 active

[ MPPC module 2



Cherenkov angle resolution

» charge sharing at the edges of the pads
and backscattering affects the resolution
 in magnetic field this effects will be
minimized and resolution will improve

G, 17.6 mrad — <15 mrad

= X/ ndf 82.97 7 79 g
sL66 | =
r2 03027 |
P3 0.1761 E-01
W P4 1.236
P5 0.2352

n 0.1 0.2 0.3 0.4 n.s
O:(rad)

theta cerenkov

-N2 F

04

04

0

g Lx(
ring in cerenkov space

rad)



Tests in magnetic field: charge sharing 2

/Lﬁ UWJ\

Number of detected hits
on all channels as a
function of light spot
position.

« HV = 2400 V
«B=0T

« HV = 2500 V
«B=15T
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