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Pion-Kaon separation for different PID
methods. The length of the detectors

needed for 3¢ separation.
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Experiments with CsI photon detectors in RICHes

Id.@dim | Momentum
Experiment | (Radiator range #(CsIPCs Status
type) (GeV/c) (total(mh’)
NA44 /K 3-8 2 Terminated
TIC (gas) (~0.3)
CERN
STAR /K 1-3 4 Terminated
RICH p/p 2-5 (~1)
BNL (liquid)
ALICE /KT 1-3 42 in
HMPID /P 2-5 (~10) preparation
CERN (liquid)
HADES Hadron <1.5 18 Running
RICH blind (1.5)
GSI
COMPASS /K <60 16 Running
RICHI1 p/p (~5.8)
CERN (gas)
HALL-A /K <4 3 Starting
RICH p/p (~0.7)
JLab

(liquid)

Schyns, Novosibirsk 2002




The COMPASS
RICH-1 detector
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HAMAMATSU Multianode
Photomultiplier Tubes
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Hybrid Photo Diodes HPD

Photon
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= focusing
- electrodes

printed ceramic
- board with
readonit electronics

= silicon sensor
B - with 2048 pads
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entries per mrad

D ETECTION OF

I NTERNALLY

R EFLECTED

C HERENKOV LIGHT

Central
Support Support
Mo Tube Gusset

e+
T

Bar
Box

Purified Water

17.25 mm Thickness
(35.00 mm Width)

y
y
2
y
Y
/
/
Bar Box 7
Track ¥,
Trajectory o
Wedge 7
P
/

< !

\ F ’:

PMT Surface /\

N | N Bucking
L’, 490m —| l:—m e P e ] Coil

)

Strong i
Syntht;g Fused Sl Suppﬂn _— | Standoft
Bars glued end-to-end ., Box
Tube

DIRC is a 3- D device, measuring: x, y and time of
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:

Single photon resolution

- o0(A®,) = 9.6 mrad
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dominated by:

7 mrad from PMT/bar size,
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Time Of Propagation counter

—k.,

Photon
detectors

Butterfly-shaped mirror
(Focusing mirror)

p=3GeV/c, L=2m, O in=90.
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Y. Enari Novosibirsk 2002

(degree)

Srop (ps)

10 ¢

Aberration "

TTS

40 20 0 20

® (degree)

40




Time Of Propagation counter

« ADC & TDC distributions
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The main uncertainties are A little about optics
Emission point error

Chromatic aberration

Detector pixel size Q/’ ﬂ,
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Progress in
Aerogel

200

rrirn

(xC.0)= (-2.7623° B, 0.923202) g
Ri= 147,655 & 35298 mm .y
Ry = 129,38 & 7.3622

Photo Detectors
Aerogel tile

Mirror

-0

Geant4 ,,Q
a’O
<5 | R . I
Hygroscopic Hydrophobic
Novosibirsk Matsushita
Thickness(cm) 4.0 4.0 2.0
4
Clarity 72.2 69.5 6.0 [ =T -e_CLM
(10”*um‘/cm) A—veo
nl(at/600mnm) 1.0306 1.0298 1.030
Measured/and(calculated(saturated[Cherenkovangle/and resolution forisingle [photons [in
mrad.
Producer Novosibirsk Matsushita
Thickness
(cm) 4 8 6 8
Filter
<Oc> 250.0 246.8 252.2 247 .3
Nolfilter <O>MC 248.7 245.0 - -
o(O¢) 5.4 5.8 7.7 8.1
6(Oc)MC 4.0 3.9 - -
<Oc> 247.1 245,4 248.9 248.1
D263 <O>MC 246.8 243.7 - -
o(0¢) 5.0 4.8 6.2 6.8
S(O)MC 3.1 3.0 - -
<Oc> 243.0 246.0 248.5 -
Glass <O>MC 243.2 - - -
6(O¢) 5.4 5.2 6.6 -
6(Oc)MC 3.9 - - -

Bellunato, Beaune 2002



on your marks!

Something about

Spark Chambers — H ﬁ o i__J

Scintillator hodoscopes

and /T

Resistive Plate Chambers ==~ .




Time-of -Flights detectors at the exit of the NA49
spectrometer.

891 scintillator tiles connected to PM: XP2972
Each ftile: 8-10 cm x 3.3 cm x 2.3 cm

TDC and ADC spectra read out.
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Klempt, NIM A 433 (1999)
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CDF-II Time-of-Flight system

216 Scintillator bars 279 cm x 4 cm x4 cm)
with phototubes attached to both ends (432).

= o

Custom-made Hamamatsu R7766

19 dynode (High gain)

Fine mesh (Increased tolerance
to magnetic field)

Small size 1.5 x 2.5 inches
Operated with a positive HV up
to 2500V.

Gain reduction factor at

B=1.4 T in the range of ~500

Target performance:

- 100ps resolution over length bar using both PMTS

- Comparison between the time difference for east and west
pmt with 100ps resolution Montecarlo (0Cac=20rtor)

- From this “systematic-free” time diference resolution

- preliminary Oror=l25ps

- Working on the improvement

0.4
i I Average G(t;-ty, ) over all bars

/g 0.35 [~ —— Nominal O(t;-ty, ) assuming:
= i G(z)=0, + (L2 +2)499
~ | 0 dz
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o - ot ¢
S 02
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& N
g 0.15
< 7L

0.1 L | \ | \ | L | L | 1
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Vila, Novosibirsk 2002



Pestov Spark Counters
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Schmidt, Nucl.

Phys. B
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78 (1999)
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Parallel Plate Chambers

Grooves

Upper electrode Chromium layer

Frame

Lower electrode Electric contact pin
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Ceramic Cells

Surface:
2X2  cm?
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1010 cm?
Ceramic substrate
1.0 £ 0.01 mm
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0.5-1 um
Flatness
<4 Um
Grooves
2 1 mm
Gas gap
1, 1.5, 2 mm £ 0.05 mm
9
c
Q500 [ O = 280 ps
2 Oppe = 250 ps
c

=

=

(=]
T

300 -

200 |

100

- e co,
- O CF,co,
- 10° part/spill

'
]

- ACO,
| 7.5 x 10” part/spill

- O co,
B CF,CO,
- 3.5 x 10° part/spill

10
Gain



ALICE TOF with RPC

Singlelcell 3[X[3[dm? activelarea

. Schott[8540
Slgaslgaps(0f1220micron 2c B?m thick)
Anodeelectrode(T3 X 3 [6m?2
R\‘k 7
= = 5
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PCB of preamplifier
[ envelope of the RPC

: ?/ o Oi\
RPC at HARP | : S U
= - = )) =
; : = (4]
v/ i = = ¢ HV
box

/
% mylar %oul pads \ fishin lines (spacers) carbon tapes (HV layers)

0.6 mm glass ~9x10'2 Qcm

- Three fishing lines with spacing of 35 mm between them.

- Four fishing line with 40 mm space between them were in
chambers made of 130x200 cm? plates.

- High voltage was applied to each of double-gap RPCs through
electrodes made of high resistive (~1 MQ/[]) carbon film.

- Two 200 um mylar sheets one at the top and one at the
bottom provide with an isolation between high voltage
electrodes and walls of boxes.

- C,H,F,/C,H,,/SF, 90/5/5%

n 200
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= 190

Time
resolution as

160
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Ammosov, hep-ex/0204022, 2002



p=mpy

dE

dx

o ,812 ln(ﬂzyz)

Simultaneous/measurementiof p[
and[dE/dx defines m.

det. n x (cm) exp. meas.

CLEO?2 51 1.4 1 atm 6.4% 5.7% (W)
Belle 52 1.5 1 atm 6.6% 5.1% (W
MKII/SLC 72 0.833 1 atm 6.9% 7.0% (e)l
OPAL 159 0.5 4 atm 3.0% 3.1% (W)
TPC/PEP 180 0.5 8.5 atm 2.8% 2.5%
Aleph 344 0.36 1 atm 4.6% 4.5% (e)
[]

Yamamoto, UH-511-943-99
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your tail. It
is still a

Vavilov to me/




The OPAL
JET Chamber

was

Thelchamber
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and combined

NA49

Particle identification by simultaneous
dE/dX and TOF measurement in the
momentum range 5 to 6 GeV/c for central

Pb+Pb collision

Entries

NA49, CERN-EP/99-001



Particle identification @ CDF

During (CDF Mliparticle ID (based
on[dE/dx method isingthe
central [drift[Chamber

For[CDFIIATOF complement/dE/dx.
- 20 K/mt separationp<1.6[GeV/c
- 26 K/plSeparationp<2.7GeV/e
- 26 p/m separation[p<3.2[GeV/c
- 1.20 K/plseparationldver!allp

For L= 140 cm ~ R
Timing resolution 6,= 100 ps

5007!\\ UL A A VR TT T T T T T T T T T USSLL T

N
o
o

Time Difference, ps
w
o
o

200 -

100 -

0:.“‘\‘.”\”H\.“‘m.‘.\”wm“‘mu.\wu‘
1 2 3 4 5

Vila, Novosibirsk 2002 Momentum, GeV/c




drift chambers time-of-flight

scintillators

beam-muon
identifier

HARP

PS 214

and combined

electron
identifier

cosmics

TPC + RPCs in } trigger wall

solenoid magnet

threshold Cherenkov
dipole magnet
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Transition Radiation
Detectors
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ATLAS Detector

ATLAS People

The display of a simulated

B%,—J/¥YK°, event in the
ATLAS barrel Inner
Detector, at low
luminosity (1033 cm2s7!) is
shown in Fig. la. The
small box selects a part
of a pion track from the
K°, decay and of an
electron track from a J/Y¥
decay, shown in an
enlarged frame in Fig. 1b.

{a}

p—

o Combined method

=
o]

Fion misidentification probability

® Cluster-counting technique

]|:|. far— < - = s s e e
- e
_\3 H
[ nRCTTTEEES CRPEEERPREEY: I::'.ﬂl:] ..... - ............
- L :
— 1 H H
]I:l-. 1 1 I 1 1 1 1 i 1 i
.4 0T 08 nn 1
Electron efficiency
NIM A 474 (2001) 172-187

Pion misidentification
probability versus
electron efficiency at 5
GeV for pseudo-tracks
constructed from test beam
data. The results are
shown for the standard
cluster counting technique
and for the combined
method using also the
time-over-threshold
information.




Conclusion

Particle Identification has proven to be a very
fertile ground for novel ideas.

In particular the progress in photon detection
and in combined systems has evolved very
rapidly.

THERE IT 5. THERE'S
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FIRST DAY a7
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Further information on PID and related techniques at this conference can be found in
the following talks:

A. Tonazzo/Milano, The laser calibration system of the Harp tof

G. Prior/Geneve, The HARP Time Projection Chamber

J.-L. Faure/Saclay, Progress with photodectors

R. Pani/Roma, Flat Panel PMT: advances in position sensitive photodetection

P. Antonioli/Bologna, MRPC for the ALICE-tof system

M. Capeans/CERN, ATLAS straw tube TRD

G. Osteria/Napoli, The tof system of the Pamela experiment

R. Pegna/Siena, The HPD: new UV detector for IACT (Imaging Air Cerenkov Telescopes)
D. Casadei/Bologna, Design and test results of the AMS RICH detector

G. Passaleva/Firenze, New results from an extensive aging test on bakelite RPCs



