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Introduction: Why Particle ID?

Particle identification is an important aspect of particle,
nuclear and astroparticle physics experiments.

Some physical quantities in particle physics are only
accessible with sophisticated particle identification (B-
physics, CP violation, rare decays, search for exotic
hadronic states).

Nuclear physics: final state identification in quark-gluon
plasma searches

Astrophysics/astroparticle physics: identification of cosmic
rays — separation between nuclei (isotopes), charged
particles and high energy photons

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Introduction: Why particle ID?

| Without PID |

Q]

entries per S MeV/c

n
-]
o

With PID

| 1 ] 1 1 1 1 I 1 1 1

1.9 1.95

K7 mass (GeV/c2)

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 ! 101 102 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.

- Vienna Peter Krizan, Ljubljana



Introduction: Why Particle ID?

(o]
(&) .
3 Example: LHCb
0
=
© 6000 ———————T—T—T—T——7— -
~N
-~ B, > nr
) 5000 ] B, — K With RICH
'E - B, — K .
g 4000 ' B, - KK i
L i LA, —PK
3000 | - Bl A, — pr E
2000 | a ,
1000 | 3 ]
05 505 51 515 5.2 5.25 5.3 5.35 5.4 5.45 5.5 O 5505 51 515 5.2 5.25 5.3 5.35 5.4 5.45257.5
Invariant mass [ GeV/c? | Invariant mass [ GeV/c™ |

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?

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

- 300 L B — J/yK® RO

< 200f

8 BYand its anti-particle

g decay differently to the
of same final state J/y KO

ey

5

=

=

)

<C

7, Vienna Peter Krizan, Ljubljana



Was it a B or anti-B?
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decay products of the
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—>need particle ID
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Belle spectrometer

u and K; detection system
Aerogel Cherenkov Counter

(n=1.015-1.030)

Silicon Vertex Detectg is
(4 layers DSSDy—____

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

QI:'T::"' ot - 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 Identification of charged particles )iEes

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
Cerenkov angle
transition radiation
Mainly used for the identification of hadrons.

Identification through interaction: electrons and muons
(= several talks at this conference)

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Velocity of a bullet

c/v = cosO

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

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Cerenkov radiation

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

cosO = c/nv = 1/Bn

TwO cases:
1) B < B¢ = 1/n: below threshold no Cerenk
emitted.

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

AN _ % [ in> 0= 370(cm) (V) Lsin® 0
Februat dE hC’

__Na




aerogel
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Cherenkov photons. -~ 7

particle
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2 cm 20 cm photon detector

Proximity focusing RICH

RICH with a
~focusing mirror

Measuring Cerenkov angle

Idea: transform the direction
into a coordinate =

ring on the detection plane
- Ring Imaging CHerenkov

Cerenkov angle

velocity



From hits of individual
photons - measure the
angle.

Few photons detected

—->Important to have a
low noise detector

February 23, 2007

Measuring Cerenkov angle
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Number of detected photons

Example: in 1m of air (n=1.00027) a track with =1 emits N=41
photons in the spectral range of visible light (AE ~ 2 eV).

If Cerenkov photons were detected with an average detection
efficiency of ¢=0.1 over this interval, N=4 photons would be
measured.

In general: number of detected photons can be parametrized as

N =N, L sin%6
where N, is the figure of merit, o
Ny =~ | OE)T(E)R(E)dE

and Q T R is the product of photon detection efficiency,
transmission of the radiator and windows and reflectivity of
mirrors (as a function of photon energy E).

Typically: N, = 50-100/cm



Photon detection in RICH counters 13))}

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 40 0 0 0 0 10 2 comdinaerem VCI 2007, Vienna Peter Krizan, Ljubljana



Determined by:

Resolution of a RICH counter

ePhoton impact point resolution (~photon detector

granularity)

eEmission point uncertainty
eDispersion: n=n(A) in 1/ = n coso
eErrors of the optical system

eUncertainty in track parameters

aerogel photon detector
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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;

; photo-electron

TPC

Q.E. (%)
2
T

Photosensitive component:
TMAE added to the gas N
mixture

20

D = — - T
130 140 150 160 170 180 190 200 210 220
wavelength (nm)

February 23, 2007 VCI 2007



\4

Fast RICH counters with wire chambers )J)))
/i UV photon
Multiwire chamber with pad / vt indon
read-out: - short drift /-"
distances, fast detector ° "/ o elfiolluiios Bluien
Nt
photoslectron cathode with pads
a =

Photosensitive component:
ein the gas mixture (TEA) . \JMAE

eOr a layer on one of the / \ TEA
cathodes (CsI on the printed i O Csl \
circuit pad cathode)

130 140 150 160 170 180 190 200 210 120
wavelength (nm)

T CvIUUly vy &VvVys Vil ¢



N2 Expansion Gap

¢ ~20cm >

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana




Csl based RICH counters:
B HADES, COMPASS, ALICE
COMPASS: calibration event y

1500

vessel

1000

S00—

mirror
wall

detectors:

o photon
500 e - Csl MWPC<

1000~ radiator:

C4F10

15001 |, | 0 0
-1500 -1000 -500 0 500 1000 1500

HADES RICH: has been running stably since 1999

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



CERN Csl deposition plant
Thickness 3R/ = X7

Photocathode produced with gmenitor

well defined, several step |

procedure, including heat i/
conditioning after CsI deposition i

In situ quality control

——

c PC ;

bl

Remote controlled
enclosure box

protectiv

4 Csl sources
e box

+ shutters

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



ALICE RICH: Surface sensitivity o=l
and production statistics
detailed scan across 2x2 pads!( full PC surface (80x48 pads)

TIEHHA
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= 2.5 1
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2 2]
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o 1.5 7 A first rescan ® second rescan
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>
© 11 .
Error bars: +/- stdev of all measured points ona PC
0.5
detaIIS: NIM A 566 (2006) 338 D T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
TN ON—M~0 000NN T O~NONRO—QCINNNNO~NOFTOAU — O WO~ ®—CO
TS T T AT A OO ODHWOHOWL) >N O0 >0 > >200000 >OM~MMSMMRMSMSMMSNSMSOO0
F b 23 2007 DOVDOVDVDOOVDLVOOLOOOVDOBOVDOZTOZHFEOOOOOFTOLLLLOLLLLOLLOLLOOOD
e ruary ’ n_n_n_n_n_n_n_n_n_n_n_n_n_n_n_n_n_n_gn_n_n_gn_ggn_n_n_n_n_gn_n_n_n_n_n_n_n_n_n_n_n_n_



VCI
# ALICE RICH (HMPID) installation p)Ess

»«'—F - F e ..‘
soirn Ao :

> Talk by A. Gallas

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Early nineties: a new boost

The main motivation came from the planning of
experiments to measure CP violation in the B meson

system.
Kaon identification: one of the essential features.

Several proposals in Europe, US, Japan - several RICH
designs and R+D programs.

Wire chamber based photon detectors were found to be
unsuitable (problems in high rate operation, ageing,
only UV photons, difficult handling)

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana
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J TIEHHA

CONFERENCE O
T R fRUHERTATICE

'.Target & Vertex”

8 layers of
double-sided
Si-microstrips,
' 'movable on
'Roman-Pots;
8 wire-target
(see above)

High p,
3 superlayers
gas, pixel and
pad chambers;
pre-trigger for
high p, tracks

Quter Tracker

7 superlayers of
honeycomb drift
chambers, 5 and
10mm cells

RICH
Spherical mirror

inside C,F,,

radiator, -
Lens-enhanced
multianode PMT
focal plane.

Inner Tracker

7 superlayers of
Micro Strip Gas
Chambers with

GEM-foil

|Electromagnetic
Calorimeter

WI/Pb scintillator
sandwich, shash-
lik WLS readout
with PMTs;
energy-cluster
pre-trigger

Muon System

4 superlayers of
gas-pixel, tube &
pad chambers;
pad-coincidence
pre-trigger
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HERA-B RICH

\
L
L
IR

\
' |Il'\\
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Photon
Detectors

Photon detector requirements:
eHigh QE over ~3m?

eRates ~1MHz

e[ ong term stability

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

CaFo \

Planar Mirrors

Spherical Mirrors

Phntm\
Detectors

7, Vienna &0 LS
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HERA-B RICH photon detector DY

—

CO

Originaly considered: wire chambers with either TMAE
or Csl. Tests: very good performance in test beams, but
serious problems in long term operation at very high
rates.

Hamamatsu just came out with the metail foil
multianode PMTs of the R5900 series: first multianode
PMTs with very little cross-talk

Tested on the bench and in the beam: excellent
performance =>easy decision
> NIM A394 (1997) 27

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



YZEME (Photo Cathode)

BTFIEMEAR (Dynode)

(Input Window)

AHE
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number of events

™

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

14000

HV=-RW

12000
10000
8000

BO00 HV=-9K

V= - TN

4000

2000

{}uuuu-

150 250 300
pulse height (channels ADC)

single photon pulse height

Key features:

eExcellent single photon
pulse height spectrum

eLow noise (few Hz/ch)

e ow cross-talk (<1%)

Peter Krizan, Ljubljana
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HERA-B RICH photon detector

Field lens, 35 mm x 35 mm

5

\
\
0
=

Condensor lens

diameter 32 mm

PMT active area
18 mm x 18 mm

Light collection system
(imaging!) to:

-Eliminate dead areas |
-Adapt the pad size | \v

150 mm
g L
@ r a)
E 095—
E es 500 nm
s
5- 350 am
5:_
(EQ;CCIII —150 II—‘lOf‘J”‘—.‘Q””OHHSOH‘I‘ICIJOIIII‘I_‘IQIIIIZDC
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HERA-B RICH

& Little noise, ~30
photons per ring

Typical event >

Worked very well!

. 1 : .
= 09 ...........................
Kaon efficiency 4 - T
and pion, proton &g S ....................... -
fake probablllty 4 E; n%K ..................
1 e o
: ﬂ&l HI— s e
: 0 25 350

p (GeVic)

February 23, 20(



Ph0t0p
FAST RICH photon
detection:
high beam intensity
high trigger rate MAPMTSs:

ns time resolution(detector |,  ,ced in HERA-B RICH

read-out) for backar. | \ew FEATURES OF COMPASS RICH

suppression e PMTs & lenses, UV extended
(down to 200 nm)

> replace wire chambers |, ¢ face ratio = (telescope
with CsI photocathode entrance surface) /

with MAPMTSs (photocathode surface) = 7

o fast electronics with <120 ps
February 23, 2007 v time resolution




Fast photon detector for thpp fielg
COMPASS RICH-1  “re PG

- Talk by F. Tessaroto

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Fast photon detector for the
COMPASS RICH-1

Preliminary results:

nJ

at saturation (B =
1) > N, ~66 cm
2> 2o n-K
separation at ~ 60
GeV/c

(Kt from @
decay)

from K, decay)

February 23, 2007

VCI 2007, Vienna Peter Krizan, Ljubljana




250 mrad

mrad

in the B-meso stem in the LHC HCAL
ECAL M4 M5
SPD/PS M3
Magnet RICH2 i l\i2 N
T3
T2
| i
Vertex Trigger: PID: Kinematics:
reconstruction: Muon Chambers RICHes Magnet
VELO Calorimeters Calorimeters Tracker
Tracker Muon Chambers Calorimeters

February 23, 2007 VCI 2007, Vienna

Peter Krizan, Ljubljana



LHCb RICHes

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

eGranularity 2.5x2.5mm?
el arge area (2.8m?2) with high active area fraction

eFast compared to the 25ns bunch crossing time

8. max
eHave to operate in a small e ] e
magnetic field
-’g 150 |
. £
—> 3 radiators S ol
(aerogel, CF,, C4Fp) L —
50 — 53 mrad
I ﬁ e 32 mrad
I T K CF4 gas

February 23, 2007 VCI 2007, Vienna viomentRgtesdrian, Liubljana



LHCb RICHes

Photo 3
ATk
detectors Sl Soae
- d
: Qw7
Aerogel mirror et
~
= 120 mraq ]
\‘

Track

Photodetector
housing

1 2 (m)

RICH1 + 2 5

10 11 12m

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



LHCb RICHes

Flat mirrors Spherical mirrors

e

e

Central Tube
Photon funnel+Shielding

Magnetic shielding
(16 tonnes of iron)

Photon detectors

February 23, 2007 VCI 2007, Vienna 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 Sl B i i I;_E.;.;:_:;-__'E.-_.;;:;:;:é:!s;:;:;.g.
(-20kv) \
VACUUM
Electrode J | NIM A553 (2005) 333
5 Solder
o ettt bum B
\ bonds ellggt%nics
chip

hl 7 : _ r)
Optical input CERN/EP-TA2
window v L1

. Peter Krizan, Ljubljana



LHCb RICH System test

Run Number: 1113
10 GeV/c pion

Row number

- Talk by G. Vidal-Sitjes

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



P326

Q In preparation: RICH for P236 (K*—n*vv)
S A d

7 3o separation up to 35 GeV/c

* 18 m long
* Neon at 1 atm (= thr.: 12 GeV/c)

« 2000 PMT
. granularity

* 100 ps resolution (to disentangle .

pileup in the tracker)

February 23, 2007 VCI 2007, Vienna

P326 Pion RICH

PMT Photocathodes left-right split mirror
ng closepack 17|m] focal length
/

18[m] radiator length
1.0 atm Ne

Photon detector:
Hamamatsu

Peter Krizan, Ljubljana



Design phase: RICH for CBM at FAIR (GSI)

RICH TOF ECAL

Compressed Baryonic Matter experiment / \ /

magnet

RICH: electron ID (= strong =
suppression) and hadron ID

By,
\-Q‘EEQ

- ' beam e
Target " T
=< | "+ 2.2m long radiator
& gas (vy, > 40) vessel with beam
J, < IN_ \'| pipe in the center
“photo-detector: 2 PMT planes
==\ shielded by magnet yoke
, < 4— \ﬂ;\"’ 10MHz rates
U NIM A553 (2005) 91

Looks very much like the HERA-B or LHCb RICHeS  krisan, Ljubliana



| 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

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Quartz Barbox

Compensating coil

Assembly flange

Standoff box

Air

17.25 mm Ar
(35.00 mm rAd)
Track
Trajectory

Mirror ",,

Support tube (Al)

Water

[ Bar Box

Quartz <,

"i—.’:'-m

4 x 1.225 m Bars

February 23, 2007 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 |- . BABAR
c08(0,) D07 D 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)
February 23, 2007 VC




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

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Focusing DIRC

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

)
Focusing
ELEVATION Mirror
Cone Pixelated
Projection Photo Detector
~2 cm

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) which allows a measurement of
the photon color to correct the chromatic error of 6.

Photon detector requirements:
ePad size <5mm

eTime resolution ~50-100ps - Talk by J. Va'vra

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Focusing DIRC- the chromatic correction
0 resolution and chromatlc correctlon for 3mm plxels

::::::
F Position 1 Position 1 .
4000} 3
C Lpath ~10 m Lpath~10m 7
] 3000 E Correction on: 3
Correction off: ool G~7.6mrad o~56mrad
1000/ - _E
T ] ‘i;z'o ;;ié'i;eo 50 500 520640

C ! 1 al L L I ! ]
940 60 TR0 B00D 320 340 860 B8R0 900 920 4O
0, [mrad]

0, [mrad]
n
ExpeCted performa nce. Chromatic correction - only small pixels
10 _ _ 14 _

'z o - e Present BaBar DIRC ' 12 e Corrected (max. likelihood method)
En 8 " - B Future Focusing DIRC with ~3mm pixels E 10 m Uncorrected
Z L R é ] E i
g 6 : . e H 8 % ++ + ' + + cyChromatlc
= *. ‘m i ; 2 6 gt Lod
5 4 |- g e E + + ~—4l— + o
o *. u. ! = 4 : Pixelization
2 b 4 O - &
b= : ;
=" 0 : i 0 , : : : . : . ; : 1

2 3 4 5 6 0 1 2 3 4 5 6 7 8 9 10

Photon path length [m]
Momentum [GeV/c]

 Expected performance: N, =31 cm™ > N, ~ 28 for 1.7 cm
fused silica bar thickness

e 3mm pixel size is preferred choice.



Focusing DIRC photon detectors:
relative efficiency

=
l e
m.mm--r B
R TR B, S
B - .§
i a! &
| AL o - = 2
. | =
D]
i ' =
R ¥ E 50
E
>

0 10 20 30 40 50
X [mm]

Burle 85011 MCP-PMT

February 23, 2007 VCI 2007, . x[mm]

190~ Hamamatsu H8500 (flat pannel)

©
o

rel. efficiency [
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Focusing DIRC photon detectors:
time resolution

= G, = (5414)ps Burle 85011 MCP-PMT
2000 [ | 4= (239%12)ps
1500
1000 |- :
_ [ 1
. 800
500 |- Lo 5  Gprow= (138£5)ps
: F e o b Y oe.= (245:11)ps
3 e R I AR WO W //:
21 21.5 22 22.5 23 23.5 24 24.5 500 E
Time (ns) 46D —
300 E
200 f
100 ;
Hamamatsu H8500 (flat pannel) o g
19.5 20 20.5 21 21.5 22 22.5 23
Time (ns)

NIM A553 (2005) 96
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== DIRC counters for PANDA (FAIR, GST) )Y

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 L. Schmitt
—>Poster B. Seitz B42

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



SC solenoid
1.5T

n/ K, detection

14/15 lyr. RPCig

- tile scintillator

New rea
and

compu
systems

Belle Upgrade for Super-B

CsI(Tl) 16X,

e Csl (endcap)

e/C Hs

d/’ er Iyrm/

F8i r<20 ¢




=9 Present Belle: threshold Cerenkov counter

FELE 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. G0mod.
! m=t.010

n=1.020 n=1.015
'\ 240mod. Zrulmod.

Detector unit: a block s
of aerogel and two 3-— Endcap ACC
. ) < & O N n=1l030
fine-mesh PMTs ‘

25" FM-FMT
22FM-PMT
S

Finemesh PMT

Fine-mesh PMT: works in high B fields

VCI 2007, Vienna Peter Krizan, Ljubljana
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= Belle ACC : threshold Cerenkov counter

expected yield vs p NIM A (200)
E cerogel n=1,010
= s
= yield for 2GeV<p<3.5GeV:
% K expected and measured
5 - number of hits
02 - J’
| ORI S0 SR 50.8 ® K
L L5 1 L5 2 2.5 3 A5 ‘}}{(;;Vﬁ; :%g? A "
.g0.6 histo:MC
0.5
0.4
0.3
0.2
0.1
0

() 10 20 30 40
February 23, 2007 VCI 2007
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oya= Belle upgrade — side view

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

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



< Belle barrel upgrade:
) TOP counter
.

+400mm

Linear-array type z
photon detector

Time-of-Propagation counter:

— One (or two coordinates)

with a few mm precision

— Time-of-arrival

Excellent time resolution < ~40ps
required for single photons at 1.5T

February 23, 2007 VCI 2007, Vienna



PMT
HPK
R5900-U-L16

uartz: sprasil P20 icfuzed s
? & (mcﬁ% n-gtgja co.)

dze : 1000mm x 200mm X 20mm

surface: 0.5nm(rms), figure < 2um
squrness: < 0.3mrad, edge radius < 5pum
polished by Okamoato optics work,inc




> 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)

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



> .
wamg  (G9AsP MCP-PMT with pads

OHELLE

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

— Slightly larger structure
e |ess active area

o First prototype Target structure
- 2 MCP |ayers fi_____i____T____i_____i‘\
1 $10um holes rF ]
. Sisleist
— 4ch anodes SISIGIE:
I |
| i
I

<22(effect‘ive area)L,
27.5mm

eEnough gain to detect single photo-electron

eGood time resolution (TTS=42ps) for single p.e.
—Slightly worse than single anode MCP-PMT (TTS=32ps)

eNext: increase active area frac., study ageing

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana
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oya= Belle upgrade — side view

e

EEEEEE

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

February 23, VCI 2007, Vienna

Peter Krizan, Ljubljana
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Endcap: Proximity focusing RICH D)

aerogel photon detector

-
- L
- Ld
- .ﬂ

* e
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e
-
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2 cm 20 cm
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VC

\4

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
N

pe

Per traCk: O-tmck —

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

February 23, 2007 VCI 20 B i) ' ()



= Beam test: Cherenkov angle

=— 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

900 B < = 0.322 rad
800 Fo,=14.8 mad n Go™
700 15mrad

-:f"-.lp&} =6.2

Entries

0 0.2 0.4 0.6
8 (rad) N

- Number of photons has to be increased.

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



225

200

[92]
@
=
ot
-
L

175 |
150 F
125 F

100

75 F

50 F

PID capability on test beam data

g-Pseudo K

F from
F (1.1 GeV/c)

0

25 F

0.2 022 024 026 028 03 032 0.34

n (4.0 GeV/c)

0 (rad)

From typical values (single photon
resolution 15mrad and 6
detected photons) we can
estimate the Cherenkov
resolution per track: 5.3mrad;

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

Illustration of PID performance: Cherenkov angle distribution
for pions at 4GeV/c and 'kaons' (pions at 1.1GeV/c with the
same Cherenkov angle as kaons at 4GeV/c).

February 23, 2007

VCI 2007, Vienna Peter Krizan, Ljubljana



aerogel photon detector

) 7
Cherenkov photons. -

D> '
=4 How to increase the number e
e of photons? Lo

)

-

.....

......
- -
- -
- -
- .
- -
- -
- -
- L

-y -
b
-
.

What is the optimal radiator thickness? B
Use beam test data on oyand N, 5 "o
g === n=1.05 A =30 o _ O-O
s 121 — n=1.05 A =20 track
830 % N
© - W
E o) S 1
] &
20 b ng i 10}
15 F
8 9t
10
6 -
St ©n=1.056 — 8t
A n=1.051 - .
o n=1.047 -
0 ' ' ' ' ' / d
0 10 20 30 40 50 60 3
thickness (mm) 2F o n=1.056, A=30.0mm —
An=1051,A=183mm - 6 N M A M
0 - - - - - 0 10 20 30 40 50
° 0o thi"gknesgo(mmjsc thickness [mm]
O,

Minimize the error per track: Ouack =
—# Optimum is close to 2 cm pe

February 23, 2007 VCI 2007, Vier




= Radiator with multiple

GELLE refractive indices

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

NIM A548 (2005) 383 VCI 2007, Vienna 9 fOCusing'r’ad‘iator




Radiator with multiple

refractive indices 2

Such a configuration is only possible with aerogel (a form of
Si,0,) — material with a tunable refractive index between

101 and 1.07.

N4

ns

N{<No

/i

I

F

ebruary 23, 2007 VCI 2007, Vienna o i Sk of Mu s
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<> Focusing configuration — C D)))}-,

=

4cm aerogel single index

Ny | Nz ny=nsy

/N

2+2cm aerogel

Ny | Nz Ny<Ng

\

//N\\

February 23, 2007

6000

4000

2000

8000

6000

4000

2000

: X'/ ndf 2467. / 116
- PI 5495.
L P2 0.2965
P3 0.2072E-01
P4 85.32
i P5 796.0
nf=7.69
! i I RS T ST T R S
a 0.1 0.2 0.3 04 0.5
0 (rad)
theta cerenkov
B X'/ ndf 1095. / 116
PI ﬂ 7289.
P2 0.3074
P3 0.1428E-01
P4 74.49
P5 884.4
nf=7.46
i nb= 0.83
[\i-.q—. . | P 1 *kT'T'T"T‘T'T‘r'

0.3

04

VCI 2007, Vienna

0.5
0 (rad)

ty(rad)

ty(rad)

COMFERENCE O
TRUHENTATICE

\4

04 F

0.2

-0.2

04 F

i B L il AT T
-0.4 -0.2 0 0.2 0.4
tx(rad)

ring in cerenkov space

-04 -0.2 0 0.2 0.4
tx(rad)

Peter Krizan, Ljubljana



W=y Multilayer extensions

OHELLE

Number of detected

_,,_Single photon resolution 8. pho( ns . Resolution per track
T )
& (Bmm) & (Smm) E | A (B5mm)
?w 1" N g
< ® (10mm pe g -
3 L ( ) . 12| ® (10mm) = (10mm)
14— o
- Ja ] 10 E 8- A
zf A g ® - . 3
ll}: e . ﬁ %
- E e 6—
s 6 A L i L p
n C L L ] ®
° £ & i
1E GO z:— Jiy - O =
r C = track
2 C -
- 0 IIIIIIIII|IIIIIIIIIIIIII|IIII|IIII|IIII|IIIIIIIII -
_IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIII S lo 15 20 25 30 35 4'} 45 S'} B
00 S ll} 15 Zl]' 25 30 35 40 45 Sl]' thickl‘less[l‘l‘ln‘l] unlllIélIIlllﬂlllIllsllllzolllIzlslIII}l'}IIII}lslllldlﬂlllldlsllllso

thickness{mm)} thickness{mm)

o 1 Multiple layer radiators combined
from 5mm and 10mm tiles

Cherenkov angle resolution per track:
EESS around 4.3 mrad

- n/K separation at 4 GeV: >5¢

I culualy o, £uu/ VCI 2007, Vienna 9 Talk by I AdaChl



:D Photon detectors for the aerogel RIC
FELLE requirements and candidates

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

Candidates:

e MCP PMT (Burle 85011)

e large active area HAPD of the proximity focusing type

0720, 2 3005

144-04. 9

Multialkali Lo T 4 3.5
photocathode : .

-10kV
15~25mm

Pixel APD

O71.450, 6

TTTTITTTITOOITITOTITOIN

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

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana
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=4 Photon detector candidate:
Qgﬂ% M C P_ P M T . -'....::::::1:;::

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

o
photon
-25

-50

-75
photoelectron

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

75 100

Anode

—>good performance in beam and
bench tests

-> very fast £
> R+D: ageing A & (i

. i
5 3 0 {1 i 8 « '\
-~
3 .
5 3 | | ‘
S
- il
~ B
— 'l 3\ )
)
A
A
L »
4. g 4

It




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

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Experience from HERA-B RICH:
successfully operated in a high
occupancy environment (up to 7

10%).

Need >20 photons per ring (had

~30) for a reliable PID.

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

P (GeVic)

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

L i 1 _
3 oafl eVS. p : f—;ﬁ-—
0.95)- e at 4 GeV/c vs,
0.6 pad size
091"
04K !
| Pion missid, prob, 1%
0.2 Qecugone .-E:. . 0.8, 1.6, 3.2% 0.851- Pion missid. prob. 1%
I Occupancy 0.8, 1.6, 3.2 %
T T e e I Photons per ring 20
05 1 15 2 253 354 43 T T
momentum (GeV/c)
pad size (mm)

For different background levels

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



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 __
Light collector with reflective walls -
|
PCB or combine a lens

February 23, 2007 VCI 2007, Vienna and mirror walls




SiPM surface sensitivity

Size: ~1mm
Scanned with laser, resolution ~5 um

Single photon response

20<0D0C, 10.308<TDC<10.400 20<QDC 10.200<TDC<10.800

200C
10°
2500
-500
2000 éggc
-1000 800
700
1500 600
500
-1500 .
1000 10°
300
- 2000
500
200
o ~7500
100
—3500  -3000  -2500  -2000  —1500  —1000 Tean =R #gu0 w0 200
February 23, 2007 VCI 2007, Vienna epOSter by R. PeStOtmk



For our application only a

limited angular

incident has to be covered at a
given position on the detector \

>

Light collection: required

angular range

range of particle

——

o

— ~34°%°+/- 20°
)| - -3°... 54°
- - Take this asymmetry into
account when designing the
"' light collection system.

Peter Krizan, Ljubljana



three types

¢ angle 60°
two views




i Light collectors: possible
=M= 3rrangement on the detector plane

e configurations with one or two different modules

e

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana




Proximity focusing RICH with
NaF as radiator

Instead of aerogel use 1cm of NaF,
assume biakali PMTs as photon

detector:
< . e Higher refractive index
n/K separation - lower Cherenkov threshold
o 18 e More photons

—msrem,1on | e \Norse single photon resolution

"""" eronm e Partly compensated, resolution IEer
track somewhat worse than wit

Separation powe
B S

YT ——

-l
o
ADN Ul pjoysaaiyl y

aerogel
53 e More material in front of ECAL
5 i+
0.-.'.I...|.;<I...I..,|...I.
0 2 4 6 8 10 12
Momentum, GeV/c - talk by S. Kononov

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana
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/[O

OHELLE

TOF capability

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

Vel £VvV/, vicinia

aerogel

I CWIUdl Yy &V, &avvys

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

-4GeVie n/K: At ~45ps |
- T']"‘}' F"\"J"]"{ '!”F"I"l'{‘"] o i e 'j"l"l' | e i"'l"'l"\"["i"L'T”\ -1 }f L[
15 2

2.5 3 3.5 4
momentum [GeV]

Cherenkov photons from
two sources can be used:

05 1

. photons emitted in the
aerogel radiator

. photons emitted in the
PMT window
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wad TOF capability: photons from the ring

Beam tests: study timing properties of such a counter.

g 2/ ndf 60.75 / 20
S 5 CauT 525.7
S 500 - ean ]
Time resolution for Cherenkov - ggma e
photons from the aerogel 400
radiator: 50ps -
>agrees well with the value wE 6 ~ 50ps
from the bench tests 200 [
Resolution for full ring (~10 ) &
photons) would be around 20ps ) S .hl‘."mhm) -~
-100 -50 0 50 100

time [1bin=25ps]|

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



L z:> aps *E L X’/ ndf 4813 / 14
/> TOF capability: s s
window photons
Expected number of detected 600:_
Cherenkov photons emitted in the -
PMT window (2mm) is ~15 ea o~ 37ps
Expected resolution ~35 ps > ol
£ 200 . 0 55 T T
S s 72 S TDC [1bin=25ps]
: e
125 p = 2GeV/c TOF test with pions and
10f 6~ 38ps protons at 2 GeV/c.
75 Distance between start counter
50 and MCP-PMT is 65cm
25
0 Mantmries e —> Poster by S. Korpar

time [1bin=25ps] 07, \lienna Peter Krizan, Ljubljana



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

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.



TOF counter with

o 115 - Single photo-electrons:

Burle/Photonis MCP-PMT

Timing resolution ¢ = f(Npe):

--@-- No amplifier, No CFD, TDS5104 scope 'leading edge' timing
--& - No amplifier, Phillips 715 CFD, TDS5104 scope 'zero-crossing' timing

1200 50 - o . - . - 114 frer C e :
. 6. = (3L.6 £0.6) ps l ©--- No amplifier, Phillips 715 CFD, Ortec TAC566 & ADC114 'zero-crossing' timing

nar|

G =(99.61£63)ps

— @ — Ortec 9327 Amp/CFD & TAC566 & ADC114 'zero-crossing' timing
40 ‘II‘ -- & -~ Hamamatsu amplifier 63x, Phillips 715 CFD, 25ps/ct TDC, 1-st electron timing

1000 |

800 [
600 |
400

200

0 SIO 1(I)0 ISIO 2[I)0 ZSIO 3[I)0 350
Number of photoelectrons

TOF counter: Burle/Photonis MCP-PMT with a 1cm thick quartz radiator

Our present best results with the laser diode:

o ~ 12 ps for Npe ~ 50-60, which is expected from 1cm of the radiator.

- 6 s~ 32 ps for Npe ~ 1.

Upper limit on the MCP-PMT contribution: ¢ ycp.pyt < 6.5 ps.

TAC/ADC contribution to timing: ¢ ;5c apc < 3.2 PS.

Total electronics contribution: . ~ 7.2 ps.

04 06 08 1 12 14
time (ns)

G Tota |_electronics

February 23, 2007 VCI 2007, Vienna - Talk by J. Va'vra



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

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

February 23, 2007 VCI 2007, Vienna 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.

New concepts (focusing radiator, combination with time
of flight) 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.

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Back-up slides
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. 2+2cm aerogel
. angle 20°

. 2+2cm aerogel
. angle 30°

Works as well!

February 23, 2007

Focusing configuration - incli

8000

6000

4000

2000

6000

4000

2000

X'/ ndf 860.9 / 116
PI n 8186.
P2 0.3132
P3 0.1496E-01
P4 1257
P5 894.4
@fﬁ 7.53
nb= 0.83
1 1 1
0.1 0.2 0.3 04 0.5
0 (rad)

theta cerenkov

¥/ ndf 608.0 / 116
Pl 6002.
P2 0.3134
P3 0.1606E-01
P4 158.6
P5 486.3

nf=6.89

nb=0.74

M M BT SR NS T T P
0.1 0.2 .3 4 0.5

0.(rad)
theta cerenkov

ty(rad)

tv(rad)

04

0.2

-0.2

-0.4

-0.2 0 0.2

ring in cerenkov space

04
tx(rad)

ring in cerenkov space

04
tx(rad)




Focusing configuration
— low momentum

.Matching of indices: done for high momentum tracks (4GeV/c)
mm) .How is the overlapping of rings at lower momenta?

[ 7t /K p=2.0 GeV/c 9,=0° [ 7t /K p=1.0 GeV/c 9,=0° [ 7t /K p=0.6 GeV/c 9,=0°
I 60 60
40 40
20 20
0| 0k
20F 20 F
gk 4k
-60 |- -60 -

""" n1|—1 04;5 —n =1 0|50 T n1|—1 04;5 —n =1 0|50

bt s ] PR A S R i /s

mm) Good overlapping down to 0.6 GeV/c

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



Focusing configuration
— momentum scan

= 25 . .
B [ (a) % single (upstream) . single photon resolution:
EE " gt dual radiator ~same as single (of
2 . half the thickness) for the full
S . momentum range
8 15 - . . .
=
10 I B 1 i l & 5 1
0 1 2 3 4 L
Momentum (GeV/c)
- M i t .
z 15 (b) iy . number of detected hits: dual
. radiator has a clear advantage
10 = - L 3 L
B * * ® -
&
l:l:' pod g [ 4 L | TR |
] 1 2 3 4 5
Momentum (GeV/ie)

Overlapp optimized at 4GeV/c—> OK at low momenta as well
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. BURLE MCP-PMT mounted together with an array of 12(6x2)
Hamamatsu R5900-M16 PMTs at 30mm pitch (reference counter)

100
75
50

25

s | e e
VIO DE
3 \Q\? A\ . . \
=/ M TN
R "& \ f i . -{':'?35 T
r §\ \Q\x\\ﬁ ' '&\n,,//j.}ib/-:?

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

- N
Vi LN

MCP-PMT

BURLE 85011 MCP-PMT:

. multi-anode PMT with two MCP steps
. 25 um pores ' Y
. bialkali photocathode " ifielsanofC R 18
. gain ~ 0.6 x 108
. collection efficiency ~ 60% e R T S
. box dimensions ~ 71mm square

. 64(8x8) anode pads

. pitch ~ 6.45mm, gap ~ 0.5mm . 54~13 mrad (single cluster)

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

>~ 4 ¢ /K separation at 4 GeV/c

. 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 VCI 2007, Vienna Peter Krizan, Ljubljana



Threshold Cerenkov counters

e Beam veto counters
e Detection of sub-threshold particles in a RICH

e Aerogel Cerenkov counter in Belle: K (below) vs.
(above thr.) by properly choosing n for a given
kinematic region

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



mkidi Photon detectors for the aerogel RIC )jQ(B

4 BELLE

Needs:
e Operation in high magnetic field (1.5T)

e High efficiency at A>350nm
a
e Pad size ~5-6mm = oerogel transmission
0.2 Q.E. PMT
Q.E.oT
Cand|dates: 200 250 3N 3S) 400 450 Dﬂ:uq;f:nq:ﬁl{n:a} —

e large area HPD of the proximity focusing type
e MCP PMT (Burle 85011)
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Light collection: single vs multi cha

Multichannel device+imaging

light collection system: Has a

very limited angular acceptance Single channel: combine
a lens and mirror walls

Peter Krizan, Ljubljana



\/
T CLEOIII RICH performance )&=

The averaged values of the single-photon resolution (gy). the
8 photon yield (N,) and the Cherenkov angle resolutions per

et et track (oack) from Bhabha and hadronic CLEO III events, for
plane . sawtooth ! plane .
s : i | flat and sawtooth radiators
— Event type Type of radiators gy (mrad) N.  gack (mrad)
For -
£ Bhabha Planar 14.7 10.6 4.7
x 5 _ sawtooth 12.2 11.9 3.6
=
= Hadronic  Planar 15.1 9.6 4.9
g 4 - - sawtooth 13.2 1.8 3.7
S 3 . '.,:‘\‘ total expected ‘.":' ' <
= [T, P N
5 \ . ¢ chromatic ! o '
g 2 i K"— E : ’I',,-'f l_--
& “ N emission pom 7 <7 eExcellent performace
’ \\ phgfé'ﬁ"b'ééitioni ,"
- ~a 47 m :
RN eGood agreement with
I A I B

| I N | .
T 6543211234567 expectations

Radiator row (Z axis)

e ong term stability (4 years)

Fig. 2. Cherenkov angle resolution per track versus radiator
ring for Bhabha events from data (solid points) and from the

sum (solid line) of the different predicted components (as NIM A554 (2005) 147

labelled).
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Limits of the RICH technique

The choice of RICH radiator medium in case of a specific
experiment depends on the particles we would like to
identify, and their kinematics:

e the threshold momentum for the lighter of the two
particles we want to separate: py = BiyvemMC, B =1/n
should roughly coincide with the lower limit of
momentum spectrum p,.,. Typically

pmin ~ 1.5 pt

e the resolution in Cerenkov angle should allow for a
separation up to the upper limits of kinematically allowed
momenta Pmax
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n/K separation example:

Limiting performance at the high momentum side:

irreducible contribution to the resolution — dispersion

(n in the Cherenkov relation

cosO =1/Bn varies with the | ™" LIF | CoFue | GoFiz | Mo | He

Wavelength) solid | liquid | gas gas | gas
ap (mrad) 7.0 3.9 0.45 | 0.40 | 0.13
o (mrad) 22 | L2 | 014 | 013 | 0.04
Pmar (GeV/e) | 3.5 6.9 50 100 | 330
for 30 /K
Pmin (GeV/e) | 0.6 0.9 11 23 33

photon detector: TMAE, 10 det. photons assumed

mm) Summary:

Pmax /pmin ~ 4-7
for a 3o separation between the two particles

For a larger kinematic region 2 radiators are needed!

Peter Krizan, Ljubljana
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RICHes with several radiators

e DELPHI, SLD (liquid+gas)
e HERMES (aerogel+gas)

40 cm, gasy_-_y i
50 cm, gas) 5k

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



I

)<L

: OELLE

e Belle barrel upgrade: TOP counter

Tests on the bench: amplification and time
resolution in high magnetic field.

3 MCP-PMTs studied
— Burle (25um pores)
— Novosibirsk (6um pores)
— Hamamatsu (6 and 10um pores)

All: good time resolution at B=0

25um pore tube does not work at 1.5T
Hamamatsu SL10 NIM A528 (2004) 763
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SiPM surface sensitivity

Close-up of the two sensors, 150um x 150um,
resolution ~5um

Single photon response

22<00C 10.000<Al TDC Hits< 10,500 22<G0C 10130 <Al TDE Hils< 10,230

1150 150

2400

2200

1100 100

2200
1050 2000 .

200C
1000 180C o

1800
950 160C ~50

1600
200 1aoc —1a0

140C
250 3 i 180

—2150 —2100 —32050 —2000 -1950 —1900 —1850

20 5can
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e efficiency vs. incidence angle for
different types

Lens top

Light collectors: angular
acceptance

0.
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Short historical excursion

e 1934 Cerenkov characterizes the radiation
e 1938 Frank, Tamm give the theoretical explanation

e 50-ties - 70-ties Cerenkov counters are developed and are
being used in nuclear and particle physics experiments, as
differential and threshold counters

e 1977 Ypsilantis, Seguinot introduce the idea of a RICH
counter with a large area wire chamber based photon
detector

e 1981-83 first use of a RICH counter in a particle physics
experiment (E605)

e 1992 first results from the DELPHI RICH, SLD CRID,
OMEGA RICH
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First generation of RICH counters

Inside the DELPHI RICH:

segmented spherical mirror

Radiator: /)
gas C4Fyy 47

ez, e Ty i - :
Mo L0 x
okl A ¥ |
2 A
,:' t - =3 ’
J 7 e AN .
i ! \ ! ;
Il Ml
' 4 = \// ¢ A
'\ L g ™S Z L ¢

o Photon detector: TMAE in
/,\ CH,+C,H, in a TPC

Radiator:
liquid C.Fy,
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- HMPID
MODULE

LOCK FOR PC
TRANSFER

H,O0 levels < 10 ppm

February 23, 2007 VCI 2007, Vienna Peter Krizan, Ljubljana



lllllll
COHFERENCE O
=l T U H T A TS

= Focusing configuration —
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
10F NIM A565 (2006) 457
8

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

refractive index difference

Single photon resolution (mrad)

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