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Introduction: why particle ID? \%

2_

| Without PID |

With PID

1.8 1.8 19 195
K7 mass (GeV/cz)

Example 1: B factory

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

Peter Krizan, Ljubljana
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Introduction: why particle ID?

Without PID

%.98 0.99 ! Lol 1.02 f.;’).%’ l.og 105 106 107

K*K" invariant mass (GeV)

With PID |

098 099 1 101 102 103 104 105 106 107

kaon - kaon invariant mass ( Ge V/CZJ

Example 2: HERA-B

K*K- invariant mass.

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

ovosibirsk Peter Krizan, Ljubljana
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S Example: LHCb
> 7000 -t
= (MC prediction)
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Need to distinguish By=> nrt from other similar topology 2-body
decays and to distinguish B from anti-B using K tag.
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Introduction: why particle ID? g\§

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

meson system.

SO00T o _, ke : BO

BYand 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

u and K; detection system
R Aerogel Cherenkov Counter

_ 5\ \ (n=1.015-1.030)

Silicon Vertex Detectg is
(4 layers DSSDy—____

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

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

- ToF counter
1.5T SC solenoid
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ezl Particle identification systems in Belle

u and K, detection system
(14/15 layers RPC+Fe) A Aerogel Cherenkov Counter
= \J\ (n=1.015-1.030)

o

Silicon Vertex Detect
(4 layers DSSD)—_

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

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

ToF counter

1.5T SC solenoid
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e 1dentification of charged particles Q\B

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 angle
transition radiation
Mainly used for the identification of hadrons.

Identification through interaction: electrons and muons
(= separate sessions at this conference)

March 3, 2008 INSTROS8, Novosibirsk Peter Krizan, Ljubljana



Cherenkov radiation \

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

cosO = c/nv = 1/Bn

Two cases: vt

2 B < B¢ = 1/n: below threshold no Cherenkov 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 . . 5, iy e .o
5 = st 0=370(cm) (eV) " Lsin" 0| | 5Faw detected photons
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Measuring Cherenkov angle Q\B

aerogel

Idea: transform the direction

Clhiereniov phtong.-+7 into a coordinate -
<o ring on the detection plane
pari e > Ring Imaging CHerenkov

Cerenkov angle

b -
“h. -
. -
a
s
i
|

2 cm 20 cm photon detector

Proximity focusing RICH

RICH with a
focusing mirror

velocity



Photon detection in RICH counters  (\}p

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)

50 p

‘" Special requirements:

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

-50
S0 A0 S0 0 40 0 10 2 " cooninanerem) INSTRO8, Novosibirsk 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: n=n(A) in 1/B = n coso

aerogel photon detector
oErrors of the optical system
eUncertainty in track parameters Chkphtﬂ_
-t -:':':“::i;]:r'ged particle -
R -
2cm 20 cm

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



First generation of RICH counters \I/

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;

|
v

photo-electron

TPC

Photosensitive component:
TMAE added to the gas
mixture

March 3, 2008 INSTROS, T
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Fast RICH counters with wire chambers g\g

/i UV photon
Multiwire chamber with pad / otz winio
read-out: - short drift /"'
distances, fast detector . / s jenfhndeien(Elimicron
® 4 ® anode wires (15micron)
'\/ = 0.5micron Csl
photoslsctron cathode with pads
S
S el
o

CLEOIII RICH

e0Or a layer on one of the

cathodes (CsI on the printed \.

circuit pad cathode) - e e e e w
March 3, 2008 INSTR(

Photosensitive component:
ein the gas mixture (TEA): " NTMAE




Csl based RICH counters:
HADES, COMPASS, ALICE

HADES and COMPASS RICH: have been running stably

for several years

ALICE:
e liquid radiator

e proximity focusing

4 mm

charged particle

T Neoceram
£ | l CF,, liquid
0 | | radiator
I
CH, ' i collection
100 um : electrode
Cu-Be2 20 um i
wires W-Re3 = -
’ wires = i
| - 2 ;
000000000 — :
€ © © © ++205KY
v 42mm :
T — - :
'\ AR J 1o sonnviniyonis MWPC
A o .
8x8.4 mm pads | i Front-end
i electronics
\4
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Thickness 3

Photocathode produced with amenitor
well defined, several step | )
procedure, including heat /i

conditioning after CsI deposition ¥ Y1

In situ quality control

Remote controlled
enclosure box

protectiv
e box

4 Csl sources
+ shutters

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



ALICE RICH

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




Wire chamber based photon

== datectors: recent developments N2

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 - talk by A. Breskin

CsI photocathode / UV photon

S > Segmented
— OTVE readout

A
~0.3mm == electrode

Ion damage of the photocathode: ions can be blocked - talk
by A. Lyashenko



Cherenkov counters with vacuum
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 4x
spectrometers)

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



"l HERA-BRICH @
N 4 B 8=
DtEaii Photon detector requirements:
eHigh QE over ~3m?
eRates ~1MHz
eLong term stability

100 m3 of C,F4,
~ 1 ton of gas

CaFo \

Planar Mirrors

Spherical Mirrors

Phntm\
Detectors




- XEM| (Photo Cathode)

i

!

/66l & & Gd

/

J F F I )
§ F 4 ¥ .r
4 / F F i f i j i
AR A SR S Y B F

Zj;j:: &

. ~

N
\

w

.J/
7 ABZE (Input Window)

ultianode PMT Hamamatsu R5900-M16
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number of events
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™

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

14000

12000 HV=-800V

10000
8000

BO00 HV=-9K

V= - TN

4000

2000

00 =50 100 10 200 250 300

pulse height (channels ADC)

single photon pulse height

Multianode PMTs

Key features:

eExcellent single photon
pulse height spectrum

eLow noise (few Hz/ch)

e ow cross-talk (<1%)
> NIM A394 (1997) 27
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HERA-B RICH photon detector (b

Field lens, 35 mm x 35 mm

5
T

\
\
0
o=

Condensor lens
diameter 32 mm

PMT active area
18 mm x 18 mm

Light collection system
(imaging!) to:

-Eliminate dead areas e M|
-Adapt the pad size / | \v

150 mm
= 1:
fop @ +- 140 mrad
§0 i 500 nm
H
06}_ 350 nm
March 3, 2008 Wy INSTRO8, Novosibirsk ™ ™ = * % emmad



1

09
08 |

0.7
0.6

0.3

02k
01 ¢

0

1
|

HERA-B RICH

& Little noise, ~30
photons per ring

Typical event >

Worked very well!

0

25

Kaon efficiency and pion, proton fake probability

e o o o o g o e e o o

30




Photon detector for the COMPASS RICH-1
upgrade

fielg lens

phol‘o,,s

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

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

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

o fast electronics with <120 ps time resolution

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



Photon detector for the COMPASS RICH-1 @
upgrade W

Preliminary results:

nJ

at saturation ( = RO O I O AN S N
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The LHCb detector

in the B-meso stem in the LHC
ECAL HCAL g MS 250 mrad
SPD/PS M3
Magnet RICH2 i 1\’12 N
T3
T2
mrad
>
1]
Vertex Trigger: PID: Kinematics:
reconstruction: Muon Chambers RICHes Magnet
VELO Calorimeters Calorimeters Tracker
Tracker Muon Chambers Calorimeters

March 3, 2008 INSTROS8, Novosibirsk Peter Krizan, Ljubljana



LHCb RICHes \7

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

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

eFast compared to the 25ns bunch crossing time

8. max

eHave to operate in a small = e o
magnetic field
-’g 150 —
E
-3 radiators o

(aerogel, CF,, C,F;,) | _—

50 53 mrad

32 mrad
|

March 3, 2008 INSTROS, Novosibirsk Momentllcf)’rﬁ:t@géwigan, Ljublljpaona



LHCb RICHes @

RICH 2

Photodetectors x{
W z
&Fat Mirror

e ' _ ‘\ " ~J = Spherical
L ”//\“ Trac s
| CF,

jﬂ\.e-rogel C4F 1o

420mrad

2

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



LHCb RICHes

Flat mirrors Spherical mirrors

he p—

Central Tube
Photon funnel+Shielding

Magnetic shielding
(16 tonnes of iron)

Photon detectors

March 3, 2008 INSTROS8, Novosibirsk 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 S I:-;-:-:Z.Z:'_-';-'_-::'-:3:353%;3:3:-5-
(-20kv) \

cecroce [ |1 NIM AS553 (2005) 333
Solder

& T Eum Binary
\ onas electronics
chip

hl 7 : _ r)
Optical input CERN/EP-TA2

o v .
window Peter Krizan, Ljubljana



LHCb RICH System test

=)
=5}
el
2
=)
I
1%}
&
=
k=)
)
o
1=
5
=

INumber of events: 99477

Run Number: 1113
10 GeV/c pion

Row number

- Talk by T. Belunato
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| EMC
6580 CsI(T1) crystals

e* (3.1GeV)

1.57T solenoid

DIRC (PID)
144 quartz bars
11000 PMs

e (9GeV) g2

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

|._ Drift Chamber
\ ‘ 40 layers

Silicon Vertex Tracker
5 layers, double sided strips

DIRC - detector of internally reflected Cherenkov light

March 3, 2008 INSTROS8, Novosibirsk Peter Krizan, Ljubljana



Quartz Barbox

Compensating coil

Assembly flange

Standoff box

Air

17.25 mm Ar
(35.00 mm rAg)
Track
Trajectory

Mirror "*,'

Support tube (Al)

Water

[ Bar Box

Quartz™,

l—5m

4 x 1.225 m Bars

March 3, 2008 glued end-to-end

PMT + Base
~11,000
PMT's

Light \
Catcher

I"n.

¢ )
'\
PMT Plane /a \

Water |

|
Stand off Box {SOE]/'

e




DIRC performance

80

. BaBar | € Lots of photons!
60 :_ e Data (di-muon tracks) I
—— Monte Carlo Simulation
%* 40 7 .
Excellent n/K separation
20,_ | % 1 B el r+—o—_._|_._r_—'—_._l !
I | | | '§ 09 §_+ g
= 0.5 0 0.5 1 é 0.8 |- 5" | BABAR
c08(8,) R o7f sample
é’i 0.6 F - |
he E BT
A 0.2 E_ _;
H g1k S,
% 0.1 : e
e e s o i au R e
NIM A553 (2005) 317 ) | ) ;

Momentum (GeV/c)
March 3, 2008 INST



DIRC

BaBar DIRC: a Bhabha event et e- = et e

No time cut on the hits With a +-4ns time cut

Timing information is essential for background reduction

March 3, 2008 INSTROS8, Novosibirsk Peter Krizan, Ljubljana



Focusing DIRC

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

Focusing
ELEVATION Mirror
Cone Pixelated
Projection Photo Detector
~2cm

Y

na



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: ¢ ~1.7ns (BaBar DIRC)
- o <150-200ps (~10x better) allows a measurement of the
photon group velocity c,(A) to correct the chromatic error of 0.

Photon detector requirements:
ePad size <5mm

eTime resolution ~50-100ps

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



Focusing DIRC- the chromatic correction

Beam test results with BURLE/Photonis MCP PMT

JJJJJ

4000

3000
Correction off: -

2000

1000/

Position 1

Lpath ~10 m

o~ 7.6 mrad _E

o ] 1 al MINAN. ! I ] n
0407760 780 %00 820 840 860 £80 900 920 940

0, [mrad]

3500}

Correction on:

—

Position 1

Lpath ~10 m

o~ 5,6 mrad

- L d -l"‘;“;“l":“:":-Ja dd L L L -
Pa0 760 780 800 820 840 860 88D 900 920 MO

0, [mrad]

0 resolution and chromatic correction for 3mm pixels:

10 :
E‘ [ | - ¢ Present BaBar DIRC
Eﬂ 8 O - B Future Focusing DIRC with ~3mm pixels
= *
Expected PID = 64 T — ——— E——
performance: = , X JO
o OO U SO U heontl C SRS SOOI SOOI
2, - TeL m
2 o TE.
R - B S
0 ;
2 3 4 5 6

Momentum [GeV/c]




=fliE DIRC counters for PANDA (FAIR, GSI) (\b

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

—>Talk by G. Schepers

ar Krizan, Ljubljana



PANDA barrel DIRC

Barrel-DIRC

BaBar-like

\i!

.
% é
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PANDA endcap DIRC

Two different readout designs:

Time-of-Propagation Focussing light guide

. ((\\\}\\‘\ T ”/Z{I‘Wi s
/\\\ \\‘\ "’Il //\
x&s‘\ "éf?‘ %
. ,\\}‘“\ ("'://; X
ISS/ ' ==
I§: ”4\
ot 8 2 =
= A
= N
//;;; i TR
L I B\
LTI N
(1+1)D design 2D + t design

Endcap Disc DIRC [ji

]

—>Talk by G. Schepers

March 3, 2008 INSTRO8, Novosibirsk



Belle upgrade for Super-B \%

Csl(TI) 16X,
e Csl (endcap)

SC solenoid
1.5T

u/ K, detection | i [
14/15 lyr. RPC i TOP” or DIRC

- tile scintillator

e/C He

d/’ er Iyrm/

F8i r<20 ¢

New rea
and

compu
systems




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’)

nz1.028 BarrelACC n=1.013 TOF/TSC

\, 60mod. imad. p

' n=1.010

Detector unit: a block ‘—\\ i Z‘FIJ';E T
of aerogel and two Lo '—*‘—‘—— >

fine-mesh PMTs " s

Finemesh PMT

Fine-mesh PMT: works in high B fields

INSTROS8, Novosibirsk Peter Krizan, Ljubljana
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%ﬂ% Belle ACC : threshold Cherenkov counter Q\B

expected yield vs p

=
£ cerogel n=1,010
1% L%
<
':,;_-‘:‘1 L6
= K
g 4
3
[
o - T~ PO~ W
L L5 1 LE 2 L5 3 A5 4 4.5 5
p (GeVic)

March 3, 2008 INSTROS, T

NIM A453 (2000) 321

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

*—gﬂ_; n=1.010 (A)
£0.8 ® K
£0.7 A T
30.6 histo MC
£0.5
504
0.3
0.2
0.1
0

0

10 20 30 40



D>

o4 Belle upgrade — side view

Two new particle ID devices, both’ RICHes:
Barrel: TOP or focusing DIRC

Endcap: proximity focusing RICH
—>Talk by T. Iijima

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



< Array of
fast PMT’s

photon detector

Linear-array type z )kx

— 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

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



TOP image

a0t b)

0 Mlzl:éhhu.

0 10 30 40 2
t (ns)

March 3, 2008 INSTRO8, Novosibirsk

N

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 r and K

Peter Krizan, Ljubljana



> Separation 4GeV/c

¥l  TOP counter MC

BHELE

e

B Multi-Alkali |
¥ GaAsP(cut Lambda<420nm)

Separation
~

Expected performance with:

bi-alkali photocathode: <4c n/K
separation at 4GeV/c (< chromatic
dispersion) 7, BRI T, Stne——— o S

o))

o
N
—

I ............ L|ght Ve|ocity in quartz 2

<A 40 60 80 100 120
B RS S S S— S S L angle(degree)

with GaAsP photocathode:
>40 /K separation at

S i A I 4GeV/c
300 400 500 600 70

Wave length (nm)

Group velocity (m/ns)
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> .
wamg  (G9AsP MCP-PMT with pads

OHELLE

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

e First prototype

— 2 MCP layers
1 $10um holes

— 4ch anodes

— Slightly larger structure
e |ess active area

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

e[Next: increase active area frac., study ageing

Target structure

777777777777777777777

<22(effect‘ive areaL

27.5mm

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



1> -
o4 Belle upgrade — side view Q\B

EEEEEE

Two new particle ID devices, boph RICHes:
Barrel: ' RC
Endcap: proximity focusing RICH

March 3, 20 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



> .
Endcap: Proximity focusing RICH \\P

aerogel
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20 cm

March 3, 2008

-
-
u

L
L
*Q

INST

K/m separation at 4 GeV/c:
0.(r) ~ 308 mrad (n = 1.05)
0.(n)— 6.(K) ~ 23 mrad

For single photons: 86.(meas.)=c,
~ 14 mrad,

typical value for a 20mm thick
radiator and 6mm PMT pad size
O

O
track ~—

N

pe

Per track:

Separation: [0(n)—0.(K)]/Girack

~ 5o separation with N,.~10
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<> Beam tests

Photon detector: array of
16 H8500 PMTs 2] ; 4

- O b I, Py
March 3, 2008 INSTROS ’ iy ()



il = Beam test: Cherenkov angle '
e Tons QB

=— resolution and number of photons
NIM A521(2004)367; NIM A553(2005)58

Beam test results with 2cm thick aerogel tiles:
>4 K/t separation

(a) Cherenkov angle (b) Number of hits

800 B - = 0.322 rad
800 p=o,=14.8 mmd nGON
700 15mrad

-:Np&?:r =6.2

Entries

0 0.2 0.4 0.6
8 (rad) N

- Number of photons has to be increased.

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



= Radiator with multiple

FELiE refractive indices N %
How to increase the number of photons

without degrading the resolution?

- stack two tiles with different refractive

normal iIndices: “focusing” configuration
n,;=n, n;< n,
I i
<\ > ) << >
N N

March 3, 2008 INSTRO8, Novosibirsk K4 fOCUSIﬂg 'riadilator
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< [ X'/ ndf 2467. / 16| §
6000 | PI 5495. | = o4
P2 0295 |
] . . P3 0.2072E-01
0.2
4cm aerogel single index | P4 85,12
4000 P5 796.0
ny| Nz ny=nNz 0
/ nf=7.69
2000 -0.2
| —1
[~
-4
0 L el I RS T ST T R S " i i 4 i S
a 0.1 0.2 0.3 04 0.5 -0.4 -0.2 0 0.2 04
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- P2 0.3074
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4000
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varch 3, 2008 sTRos, Novostirse > NIM A548 (2005) 383
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o Multilayer extensions N o

OELLE
ingle photon resolution

é,la A (Smm)
%16 bt (10mm)
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March 3, 2008

Cherenkov angle resolution per track:
around 4.3 mrad

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

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

INSTROS, Novosibirsk 2 Poster by S. Kononov



Radiator with multiple refractive indices @

Such a configuration is only possible with aerogel (a form of 5i,0, )
— material with a tunable refractive index between 1.01 and 1. 13

Nyl N2 Ni<Ns

I

B | primary globule

secondary globule
-1 1~2nm

~50nm at maximum

/i

(8

March 3, 2008 INSTRO8, Novosibirsk e eiis 68 foncs of M R




Aerogel production \b

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| —c 4

n2=1.041 M:?—%-r-v—z-eem T
_—

n3=1.037 -
March 3, ‘ibirsk Peter Krizan, Ljubljana




Photon detectors for the aerogel RICH /3
BELLE : : \/
requirements and candidates

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

O72:+0. 2 30£0.5

144-04. 9

Multialkali lo.2
photocathode i

-10kV
15~25mm

Pixel APD

1.E 4 3.5

0.2

O71. 450, 6

HAPD R&D project in
collaboration with HPK.
Long development time, now working test samples.

- To be tested in the beam in three weeks ~ Talk by T. lijima

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



=4 Photon detector candidate:
gﬂ.,f BURLE/Photonis MCP-PMT

BURLE 85011 microchannel ~
plate (MCP) PMT:. multi-anode ~*
PMT with two MCP steps 8

o
photon
-25

-50

MCP-PMT o

| 80

60

40

-75
photoelectron

-100 75 =50 =25 0 TR 75 100
ring on PMT plane

Dual MCP

Anode

—>good performance in beam and
bench tests, NIMA567 (2006) 124
-> very fast

- R+D: ageing sibirsk |

|
i\

) '
Y 3 (. it . Y
~
3 .
s \ i . . !
- M
~ \\
— \ )\t )
}
(A
| e
'
Z. =7 4



zr BURLE/Photonis MCP-PMT

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

o =4 Photon detector candidate: ;
<> (h

R - e 4
fwl ] pE L :§
o = 40ps o | o =37ps Tails can be
BN ) b\ | significantly
0 1000 2000 ng}{pﬂ 0 1000 2000 Tgoga[pﬂ red uced by_
= X/nof S8 7 6 o] X/ ndl 7557 7 65 ¢ decreased
E Pl o 4"515.;. ‘E - Pr o 46?1;.
ot izl & | photocathode-
" 2 e | 2 MCP distance and
c = 39ps o0 | G = 38ps eincreased
: | voltage difference
0-. .JlL.\—l | PR T MR 0.. .JlL.\.h;l ' RPN T g

0 1000 2000 3000 0 1000 2000 3000
TDC [ps] , TDC [ps] Peter Krizan, Ljubljana



SiPM as photon detector? Q\B

Can we use SiPM (Geiger mode APD) as the photon
detector in @ 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 —>Talks by D. Renker
March 3, 2008 INSTRO8, Novosibirsk and Yu. Musienko



it SiPMs as photon detectors?

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

« low operation voltage ~ 10-100 V

o gain ~ 10°
. peak PDE up to 65%(@400nm)
PDE = QE X € o, X €, o (Ta-25 )
. £, — dead space between the cells . I\
. time resolution ~ 100 ps . f ,\\ 100U
« works in high magnetic field

oI\ odou
TN
S

. dark counts ~ few 100 kHz/mm?

_gtmradlatlon damage (p,n_é} ) // o~ R | 028U
N 1200 T " //')/ \\%%

PHOTON DETECTION EFFICIENCY (%)

e ~
=SS
0

200 300 400 500 600 700 800 900 1000

800

600
WAVELENGTH (nm)

400 ]
2400

»» Hamamatsu MPPC: S10362-11

200

] i
0200 400 600 800 1000 1200 1400 0 30 we 150 200 250
x (um) x (um) rcuwcl Nizall, Ljuuijaiia



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
E.g. light collector with reflective walls

thickness
|

PCB or combine a lens
March 3, 2008 INSTRO8, Novosibirsk and mirror walls




Expected number of photons for aerogel RICH Q\B

with multianode PMTs or SiPMs(100U), and
aerogel radiator: thickness 2.5 cm, n = 1.045
and transmission length (@400nm) 4 cm.

=
c
S
Ngipm/Npmr™2 AR incident photons/10nm
@)
Assuming 100% detector 2,
active area >

SiPM photons

Never before tested in a RICH _
where we have to detect single ' |
photons. < Dark counts have ff N=15 e
single photon pulse heights 0w w0 w0 a0 7 nmi”
(rate 0.1-1 MHz)

wosibirsk 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
multianode PMTs | = sj . signals amplified (ORTEC FTA820),
array 2x6 Jt | . discriminated (EG&G CF8000) and
— .read by multihit TDC (CAEN V673A)
with 1 ns / channel

March 3, 2008 INSTRO8, Novosibirsk Peter Krizan, Ljubljana



SiPM: Cherenkov angle distributions for
1ns time windows

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



Em | I 2400 Mean 0.5418

- D 2200 RMS 0.2342

% SiPM Cherenkov angle distribution | /?

PO -7440 + 49.2

Entries 42672 2000 pl -1.1£0.0
2200 hRﬂ; aSn %?I]f:?l 1800 p2 0.003616 + 0.000336
B 1=
2000 po 1837+ 17.9 1600
1 0.2994 + 0.0004
1800 P
p2 0.04765 + 0.00044 am

1600 p3 318.1+14.4 1200

ps 4805 1845 I 1000
««f £SiPMs background
PMTs w7/ (off-time signals)

0 01 02 03 04 05 06 07 08 09 1®c

1400

1200
1000
800

600 F

400 |

2020'"5.'{42“'5.'3“'5.'4' e O, N.B. Signal/noise will improve
Fit function is a combination of .. by x3 with better tracking!
« a background (quadratic) and "3 Rackground 1BenE e
. a signal (Gaussian). 16F- Gaus R
Only scale parameters are free — B: SiPMs signal

others fixed.

— SiPMs give 4 x more °f
photons than PMTs per °
photon detector area — in e
agreement with expectations  °© °' °*
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HERA-B RICH lens material
« reducing the epoxy protective layer

Machined from a plastic plate
« using better light collector

(

* In agreement with theexctations
* Further improvements possible by

Accumulated rings in Cherenkov space



I::: Planar entry window
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Spherical entry window,
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March 3, 2008

INSTROS8, Novosibirsk

Peter Krizan, Ljubljana




Light collection: required
angular range

For our application only a ’ Eerenkov
limited angular range of particle
incident has to be covered at a /ﬁ
given position on the detector \

— ~34°+/- 20
) - =5%., 54°
: ’ —> Take this asymmetry into
— ~17%+/= 20

account when designing the
"' light collection system.

Peter Krizan, Ljubljana

>




Design with a single Design with a two
light guide type light guide types



Detector module design

SiPM array with light guides

2.5mm

A multi-channel modle is being prepared for a beam test in June




Proximity focusing RICH with

Radiator revisited: NaF

n/K separation

025r; .

-

'

Separation powe
CH -

wrploysaaly e

-l
o
._..__._........__._]_........_.__.._....__._._..__._......_._...
ADN Ul pjoysaaiyl y

— FASR-6 (n_ =1.07)

""""" NaF 10mm

Oh.§.§.|.. | ||||
0 2 4 6 8 10 12

March 3, 2008

Momentum, GeV/c

IN

NaF as radiator N

Instead of aerogel use 1cm of NaF,

assume biakali PMTs as photon
detector:

Higher refractive index
- lower Cherenkov threshold

More photons
Worse single photon resolution

Partly compensated, resolution IEer
track somewhat worse than wit
aerogel

But: more material in front of
ECAL

-S. Kononov et al. VCI2007
NIM A581 (2007) 410



: = |
U )
(]
23 24/ 25) 2 07 Y28 0/ 31/3 /
Lt 3697 3% 1 0.4 g B
— 1 R T - e T
= . 1 AN 7 50
B |
L 1232 | g "1
- 47
— 1[}'“] . /# i r _,——fﬂf
cnsa=o.saw,/ 5
g |
-~ 0088=0.93—u_ | -
/’/ - // — k-
- e 3
o =3
i
& I o &
2 &
jé__"(' A = B _ _ _ o ¢ B
. ; R ol &
S f= oy E—=r rarl=c = EZE =NENLe e HeEEEIS =i = EE ggiﬁ
[zL]

PN
e
e
P
-
e

P

EEE T FL

%/
_—
=

L
////
-

Sl AN E NI AN P A N

o

9[:._13__

TOF module: high quality plastic scintillator: 2.4 m
long, 5cm thick, two PMTs with preamplifiers

Beam test results:
two TOF modules
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OHELLE

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 n and K =

Cherenkov photons
from aerogel

"

track

STOP

.

Cherenkov photons_{¥
from PMT window

MCP-PMT

aerogel
LINOD | [\UU, INUVUDIVII Dk

1 1dl a1 J, LA A A g

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

4GeV/c7c/KAt~45ps
crepf f}{j,”+ 8 S CHTITES S SIS Hene

e 1 }f L1

3 3.5 4
momentum [GeV]

Cherenkov photons from
two sources can be used:

2 2.5

05 1

. photons emitted in the
aerogel radiator

. photons emitted in the
PMT window



=4  TOF capability:
=23 window photons

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

- Expected resolution ~35 ps

§ 200 ;Ig/ndt 117.0 /]656§
S P2 40.1:8 . .
175 rs s TOF test with pions and
150 P «s]  protons at 2 GeV/c.
125 b= 2GeV/e Distance betwegn start counter
100fF o~ 38ps \. and MCP-PMT is 65cm
75
50 - |n the real detector ~2m
25 —> 3X better separation
n \ p
030 30 T

time [1bin=25ps]

March 3, 2008 INsTRO8, Novosibirsk ~ INIM AS72 (2007) 432



wtom  1ime-of-flight with photons from the
E PMT window A2

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

% Ny Cherenkov angle
Aerogel: kaons Sod  m .. ?.e..r.99.e..|.r.-'3.=.-_1..-9.5:
(protons) have no g F oS
signal below 1.6 GeV Sod K . *.
(3.1 GeV): identification i
in the veto mode. ol i
. T ﬁ

1.5 2 235 3 A5 4
p(GeVic)

GT o5 ]
Threshold in the window: = K p

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



Time-of-flight: stand-alone, revisited

Expected p/K separation

20 -  T—— .
. ‘ v : | ; v [ —e— dE/dx (n=100, t=1.2cm, 1 bar, B0%He+20%C4H10)
18 S - v ¢ M = ® - TOF (2 m path, sigma = 1 ps)
N ' """:-. _________ id:"------"_J:"""-""J:""""""E"-- = A =« TOF (2 m path, sigma = 5 ps)
! L ' v = B = TOF (2 m path, sigma = 10 ps)
16 14 i O\ e ) S i.......i...._._.__i..| =+« TOF(2m path, sigma = 15 ps)
: : ; : ; - TOF (2 m path, sigma = 20 ps)
: ‘ BaBar DIRC
14 . Aerogel Forward RICH
w | i L i i i
< 12 | A D — -
= ‘o | | ® e |
5 5 5 Lo 5 5 5
2‘” 10 A L e .
Z 5 5 e e 5
S , , , R i ‘
© R 1.9 N\ BN i S S N
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| | | | i i ®
4 T S s s S e
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Momentum [GeV/c]
March 3, 2008 -J. Va'vra, slides shown at RICHO7



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: windowal e same e _
J. Va'vra, slides
—>resolution ~5ps measured shown at RICHO7

oK. Inami NIMA 560 (2006) 303

]. Va'vra (RICHO?7)
Open issues: read-out, start time

March 3, 2008 INSTRO:

PC board summing pad output to a



Read out: Buffered LABRADOR
(BLAB1) ASIC N\

Gary Varner, Larry Ruckman (Hawaii)

Variant of the LABRADOR 3

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

/i

/K

Typical single p.e. signal [Burle]
100 Pﬂ./

N

Overshoot/ringing

-50
-100 i
-150

!
200 |
|
l
_f

:
3mm x 2.8mm, TSMC 0.25um v

ot

voltage (mV)

e 64k samples deep 20
e Multi-MSa/s to Multi- 200

-350 £
GSa/s 400 y

-450

| & —p——+ "]

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
March 3, 2008 TN time (ns)




Effort to develop ps TOF counter Q\B

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

ime Stamp & Data Buffers

CES 33_ 5
Zero”-walk Disc. 11-bit L Dm
ADC
Eecetver "
PMT : I —
—_— ' CKO

1:200 11-bit 5Ghz
; :. ............................. Tiﬂlﬂ Counter

M Stretcher

$Ghz PLL S

4x1Ghz PLL

Chipl

e ASIC-based technology for a new CFD & TDC

March 3, 2008 INSTROS8, Novosibirsk Peter Krizan, Ljubljana



Summary \

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 to 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 and 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 counter.

March 3, 2008 INSTROS8, Novosibirsk Peter Krizan, Ljubljana



