ADVANCES TN CHARGED
PARTICLE IDENTLIFICATION
TECHNIQUES

- TOF
- dE/dx
* Cherenkov Light Imaging

(applications to HEP experiments)

Transition radiation detectors = see talk by P. Wagner (ATLAS) and
posters by M. Petris (CBM) and S. Furletov (TR r/o by a silicon pixel detector)
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IMPORTANCE of PLD

(o]

PID fundamental to many physics studies:

> Hadron physics (COMPASS, PANDA....)

A~
)
O

]
-]
O

> Flavour physics and CP violation studies
(BABAR, BELLE, NA62, LHCb, SuperB..)

i
—

o T

> Nucleon structure

Asymmetry Events /2.5 MeV/c

background

6000

4000

(HERMES, COMPASS, TJLAB..) oil —— ]
> Heavy ion physics 52 522 524 526 528 5.3
(PHENIX, STAR, ALICE..) ‘ my (GeV/c?)
s | emsmren Direct CP Violation in B° decays
enhance the signal
o by a large amount
by suppressing the

2000

0
5000 5200 5400

5000 5200 6400

M M
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-performan-ce
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Tof

Particle separation power

A3l (1 1) Lc e
Z e ——|® my —n,
& B B 2p20t )

O-l‘ CO-I Tisngg difference [ps]
example: =4 n |
L=4m 4001 /K separation
O 100 PS K/p separation
n/K up to0 2.2 GeV/c EEEE |
K/p up to 3.7 GeV/c 200 S | |
For momenta above some GeV/c B=SS s=SS ESs=3SSSRE
the particle discrimination is ; EESSEsE==as
almost lost 0 1 2 3 s 5 o ;

Conventional TOF (scintillator + PMTs)

» well proven technology

 good time resolutions -> 50-100 ps (r/o at
both ends of the scintillator bar)

* sensitive to B
* expensive

Momentum [GeV/c]

TOF based on fast gaseous counters

* not sensitive to B

» very good time resolutions -> 30-50 ps
» cost effective solution for large surfaces

« capability at high rates

15-20 February 2010 EugenioNappi  INFN - BARI



M‘ulﬁ(iap Re's'rSﬁVe P ’-ate C‘wambers

M. C.S. Williams and A. Zichichi,
Nucl. Instrum. Meth. A374, 132 (1996)

Many narrow (200+300 um) gaps made by a
stack of equally-spaced resistive glass plates

Cathode pickup |\ Bt \ inner electrodes electrically floating
ecliodes \\ - - voltages kept by electrostatics and charge
\ ' Anade pickup fl_ow _ : .
t j i | electrode Resulting signal is the sum of signals from all
Diflerental signalto {—\- / _//” gaps (resistive plates are transparent to fast

front-end electronics (_uvl / v signals)
_\/_ "v, 1999, after 3 years of R&D Arode slectrode  schonssw

124 mm thick)

\34 Single cell Multigap RPC
§ gas gaps of 220 micrer Y Cathode electrode 3x3cm? \ ,
Schott /14 AN Schott AZ
(0.5 i Lhick) (0.5 mm thick)
Sem >

,?100.0 ]
2950 - 1140
high time resolution due to the £900 A
reduced jitter =850 : Efficiency |1 S
80.0 - Resolution 1100 §
gas avalanche growth dominated 750 - L
by space charge — no formation of (e ]
streamers/sparks T 2
T T T (e T ot T

Applied HV (k\Q
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ALICE MRPC Tof
C,F{H,(90%)-C,H1o(5%)-SF4(5%)

] 3
o O
* *
0‘ 0‘
*>
o *
*

barrel with radius of 3.7 m
divided into 18 sectors

i ‘]

kot -

; mill

Is

)

/

2x5 gas gaps Readout pads
of 250um 3.5x2.5 cm?

resistive plates made of
‘off-the-shelf’ soda lime
glass (2.4 10'2 Q.cm) and
fishing-lines as spacers

1674 strips in total

160 m? and 160,000 channels

a standard TOF system built of fast scintillators + photomultipliers
would cost >100 MCHF (10 times more)
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g ALICE Tof PERFORMANCE

Time with respect to timing scintillators 2008 JINST 3 s08002
RadP®| v ekv time spectrum after P
[ correction for slewing c 80 | | |
2800 [ ; - Long streamer-free plateau
ol ik | | |
2600 |- c = 53 ps minus 30 ps jitter -
SR of timing scintillator = 44 ps W
400 - = | 10 MRPC strips chosen randomly from 2 years of mass production
i 0
200 |- _
- I P SN N S I
-1000 500 0 500 1000 t(ps) i
- )
860000 ALICE TOF Entries 753547 = A5 LHC _ 2009
Constant 5.802e+004 A pP-p run
:’Q Cosmic rays 2009 ) E B L ) ; .
o Mean -0.01073 — 3 preliminary calibration & alignment |
” 50000: sigma 0.1252 =
Q C
5 ’ 25—
I.I=J 400005 o, = 88.5 ps i Profons
30000 “Preliminary 1 s
20000 1.5
10000 1
- L L L — Ll i ot '-?‘
01 08-0604-02 0 02040608 1 . O5— _I_.;r,u;ﬁﬂ??"?’fﬂ_
At - L/c (ns) 0 0.2 0.4 0.8

ue‘lif‘.fcity vic B




Dl STAR & CBM MRPC Tofs

STAR experiment at RHIC _

full barrel TOF-MRPCs -
total area ~ 64 m?
4032 modules

CBM experiment at FAIR

area ~ 100 m?

rate capability: 5 — 20 kHz/cm?

(L. Naumann and M. Petrovici’s posters)

18

1.6

14

1.2

1

0.8

0.6

m
1.2<p;<1.4 GeV/c|

WA
-0.5 0 0.5 1 B 21.5
Mass?(GeV/c?)

0
100 = - e —
E a5 T T T T T T T 1] T
=
:=| ALICE MRPC CBMMRPC | //
T 85
5| 2.410"2Q.cm - O(10° Q.cm) i
75 0 - A
0 -~ Effective voltage 11.4 kV & } —
-8~ Applied voltage 11.4 kV = [+
65 o}
- -T—-Fﬁ"—_l
i or
50 _
0 200 400 600 800 1000 1200 1400 1600 1800 S0
_ Equivalent flux of through-going charged particles [Hz/em2] 1 E ——— I $
Z90 I __ =
§ao 095 "“**I —
| [ ] ]
570 uy - \
@
o ek o float glass (ionizing particles .
F 50 w from C collisions) "
40 0.8 4 semiconductive glass (10-40 McV e-) [2]:
30 075F 10— Ja_ -
-8 Effective voltage 11.4 kV % ﬂI'IHI gI.FISS {In 4“ ME\ g :] [? :
20 -» Applied voltage 11.4 kV 07 O ALMOCTD cheramics 1S 1 MaV 7 [4] I: h‘ i
10 c :
. [163_1 L L M ...Iu L e .I1 " i .I?
U 10 9 1U 1
(1} 200 400 600 800 1000 1200 1400 1600 1800
Equivalent flux of through-going charged particles [Hz.-'crn2] (D [kH.ZJIrcm ]
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Y.Enari NIM A547 (2005) 490

K.Inami NIM A560 (2006) 303 K. INAMI @ TIPPO9
conventional TOF with scintillators 40mm
O long decay time O(ns) in photon emission
. e 16mm| R RS
O time jitter due to photon paths = ety
. . . Particle Q 4 HPK R3809U-50-25X
new idea: exploit Cherenkov light el g
. 30
= produced promptly Tigl = 3 Beam
0 i i i i itv) [ S " Trg2 m3GeVic
almost no time jitter (directionality) ﬁ A L
14 o)
300 H 12 =Y
o ()
m <10 6.2ps
: 300 i
Z?izoo ~ s o Ct) Bl VR SO 2 (L=10 mm)
()
u k e} b 5 ) Lﬁ 200
100 4
b e 2 S 100
@) QO Simulation
0 10 20 30 40 50 0 10 20 30 40 50 0 -
Quartz thickness (mm) Quartz thickness (mm) g0 -,%OC (c;|133814;1:)0
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Fast -p"\oton detectors: MCP-PMTS

MCP-PMTs (1960s) are based
on the concept of continuous

dynode electron multiplier
(Farnsworth, 1930)

J. L. Wiza,
NIM 162 (1979), 587 - 601

ELECTRODING
(on each fars)

PHO1OELECIRONS

120

® HPKG: HV 3.6kV
B BINPS: HV 3.2kV

100

"""" ® HPK6: 3.6kV| ™
5 W BINPS: 3.2kV|
10°t| @ HPK10: 3.4kV
| A Burle25: 2.5kV [

A HPKI10: HV 3.6kV |
/ ¥ Burle25:HV 2.5kV

a, 80

60 v\/’ //A ---------

=

400 de—

=3 =

o UL

20

002040608 ] 12
B (T)

14 1.6 0

| K. INAMI @ TIPPO9 |

(20 0™ 056 #ORRT IaNIn. P2y G
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’wl N‘ CP ..P MT h)(ehrne

concern: limited photocathode =R e 400Dm
life-time due to ion feedback EE
o i i i i
- cl A —
i Al protection layer | PR R e o8l +'++H
. -E clacison hE 0.6l b “HPE w/ Al
c— - o JIPK w/o Al
—Q c— —0 6— b 0.44 i e aw Russian w/ Al
- : ny oa Russian w/o Al
F:g%itive ion pos:mue ion 0.2} . ! I'
0 MCP material MCP material [ e ; .- : : _
15t MCP PPy ey 05 3 10 5 20 23 30
Photocathode - 1stMCP 2nd MCP 2 5]
BT aboirbs. al hal Photocathode Integrated irradiation (xlOl‘)photonsfcm‘)
A f|°' ‘:\ 5°"'|5 almost half of petter to place the Al foil G z o s
A o AR in between two MCPs Timc in Super B-lactory (ycar)
=100 K. INAMI | <
S
4 TIPPo9 | & |
= 80y . =
= &
o

i

e
}o
e

| | i ; 1

201 S ] % 10 20 30
Integrated irradiation(x1 0ls photons/cmz)
(P w20 30 ¢ 3 g i

Time in Super-B factory (year)

Integrated irradiation(x10'® photons/cm?)
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Fast -p"\oton detectors: G-APD

- insensitivity to magnetic fields; Colazuol et al, Nucl. Instr & Meth., A581(2007)461
1 exce”ent phOton Countlng Capabllltys Timing hetween leser trigger & simzle detector o
- gOOd tlmlng propertieS; — _;: -I: — Exzertal sshutinn Fo: signa_TTS - | Bps
- strong dependence on voltage and temperature; = _ | ® Pe einbEns ED T e s
- radiation damage (p,n) Eo E1rs ~ 110 pe
(several talks today + posters) i '&‘ ,
5 =;4 :
Hamamatsu MPPC 3 x 3 mmz Y l:-l [ j;": _l-II _'-II 'a;'l & '.'-II H;I- -'-;f'u II-I-fl
- Far 3EE 7 o0 Miiriler o phiotocleatrons
B0 L Constant ’ 54,758
h-'l_eon 5037,
70 :_ Sigma 657.20
70k
" F 60k f'|
50 - Homarnatsu Srmm o x Smim SiPM detectors 50k_ h id-100 by Quantique Co'!
F . | { Switzerland
40 |- resolution: 67 ps = i € FWHM Timing Resolution 40ps
b g | the fastest
. 20k N
L J |
=r 10k+ ||' \
10 0 —u J \.\“7““_. —_—
- 00 05 10 15 20 25 30
Q I I I I I oo (ol 0l 0wy 1 | i 1 1 = T|rm [nS]

Tirme Difference {poec)
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PID bg 4t/ dx measurement

Particle dentification particles by simultaneous measurement of tracks and
energy losses is a well proven technique since many years

<dE/dx> is practically measured by evaluating AE in short intervals 8x many times
along the track

Main issues:
- large fluctuations (Landau) from sample to sample in the charge deposit
- energetic electrons could move away and are recognized as separate hits

Allison and Cobb, Ann. Rev. Nucl. Part. Sci. 30, 253 (1980) (for gaseous detectors)

n: number of samples

0} (dE / dx ) oC n_0'43+_0'47 (t . p)_0'32+_0'36 t: thickness of the layer (cm)

p: pressure of the gas (atm)
Resolution depends on detector size and pressure (effective track length

- o does not follow the n%5 gaussian dependence owing to the Landau fluctuations;
- if the total lever arm (nt) is fixed, it is better to increase n
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statistical treatment to estimate the "mean” energy loss

> truncated Mean from the lowest 70-80% measured values (most
used, robust)
> straggling functions (Landau) (takes into account the full information)
(H. Bichsel, Nucl. Instrum. Meth. A562, 154 (2006))

parametrization is fitted to the data or compared to expectation
= various models: level of agreement~3% in the relativistic rise

- dE ® e d’c
particle p,m, time —=-n I dE| dpE
. B dx 0 /v dEdp
virtual photon —_— fast
h I;lk - charged ANTAN atom p= hk E=ho
(1) ticl 5
y atom parmie’®/ (photon) density of atoms: n=p/N,/A
pace
LEHRAUS - 95%Ar+5%CH4, 1bar, 4 cm sample
2

* non relativistic region:
dE/dx oc1/p?

(more precisely as °73)
 minimum: at By = 3+4
(Minimum lonizing Particle)

« at high By: dE/dx oclny?
(relativistic rise)

dE/dx / dE/dx(min)

Ecut (Bethe) = 1.5 keV

Landau-Sternheimer

—_
e}

—
N
P o i

= Tandau-Sternhcimer
Bethe-Strenheimer

........
_______

=
(o))

a Lchraus (protons)
< Lchraus (pions)
m  Lehraus (electrons)

- = .
‘\ - Allison-Cobb .
. *
\ R

=
]

Allison-Cobbs

[a—

Bethe-Sternheimer

1 10 100 10000

J. Va'vra, NIM A 453 (2000) 262-278 [3 Y

1000

100000



Type n_|t(cm)| p (bar) Gas O (%)
Belle Driftch.| 52 | 1.5 1 He/C,H¢=50/50 5.5
Babar Driftch.| 40 | 1.2 1 He/i-C,H,,=80/20 7.5
CLEOIl |Driftch.| 47 | 1.4 1 He/C;H;=60/40 5.0
ALEPH TPC |338| 04 1 Ar/CH,=90/ 10 4.5
PEP TPC | 183| 0.4 | 85 Ar/CH,=80/ 20 3.0
OPAL Jetch. | 159 | 1.0 4 | Ar/CH,/i-C/H,,=88.2/9.8/2 2.8
STAR P Al e Ar/CH,=90/ 10 7.5
ALICE TPC 72 |0.75-1 1 Ne/CO,/N, =85.7/9.5/4.8 5.5
T2K T':ACM""/ 72 | 0.97 1 Ar/CF, /i-C,H,, =95/3/2 10
> Higher pressure gives better resolution, however, the relativistic rise saturates at

lower By ==> 4 -5 bar seems to be the optimal pressure

» Helium based detectors (BaBar, BELLE, CLEO-III):

low ionization statistics compensated by fewer cluster fluctuations

» Higher content of hydro-carbons gives better resolution (Belle and CLEO III).

>—> Landau distribution (FWMH) = 60 % for noble gas, 45% for CH,, 33% for C;H,

Various systematic effects affect performance: calibration, gain, electrical field,
noise, ... 15-20 February 2010 EugenioNappi  INFN - BARI



High density track environment:

- ion space charge build-up in
drift volume by large backgrounds:
- ion space charge around sense
wire (gas amplification region):

- reduced number of samples along
each track due to the limited

double track resolution (worse
separation power)

ALICE TPC:

- chosen the time/pad area which yields
still reasonable signal (S/N > 20);

- optimized aspect ratio;

- minimized diffusion: “cold gas”, high
drift field 400 V/m, central electrode

at 100 kV.
ALICE@LHC
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_____ _., g2asvolume 88 s drift time (E=400 V/cm, B=0.5T)
— ~ 90 m° ~ 600 k readout pads (32 m?)
1000 samples in time direction

— 6x108 pixels in space

field cage

readout chamber

e high structural integrity with
low-mass and low-Z material

radius: 845 - 2466 mm
drift length: 2 x 2500 mm

gas: 85.7 % Ne — 9.5 % CO, — 4.8 % N,
drift velocity non saturated
» temp. stability of 0.1 K required

O about 60 adjustable cooling circuits;
1 FEE enveloped in copper plates (=27kW); —
' TPC cage protected by thermal screens (CO,) &5



ALICE TPC P\/ O electronics

DETECTOR FEC (Front End Card) - 128 CHANNELS | | PROGRAMMABLE
(CLOSE TO THE READOUT PLANE) ver
oo ‘ DIGITAL FILTER

Ll1: :;Tp-s g8 CHIPS 8 CHIPS = 40 mW / chanmel . 3 3 .
e ] eedione —— - iontail cancellation;
ce— | I wi. * baseline restoration;
2. ] - * common mode
g — i=== = subtraction
. e H {3200 on 1 bD L)
570132 PADS P | | O s
A ' '

mean noise level 0.7

CSA
SEMI-GAUSS. SHAPER

1TMIP=48fC

SIN =30:1

DYNAMIC = 30 MIP GAIN =12mV /fC
FWHM =190 ns

- BASELINE CORR.

- TAIL CANCELL. ADC count (700 e')

= ZERO SUPFR.

(design: 1 ADC count’

B. Mota et al, Nucl. Instr. and Meth. A535(2004)500

160~ T —— T | ¢ [ !
b 2l 4

aseline perturbation ¢ ‘{ q
o
140 ° | 4 140 L

T4 b 9

| & & T |

i

T
&~ Adaptive Baseline Correction output
zero supression threshold

— All chambers
——All IROCs

—— All ORQCs inner
—— All OROCs outer

100

noise [ADC channels]

METE 3 g R e el _ | 5 AL lopm g g R A il
L ) 1 1 1 L J 1 L ..
0 200 400 600 800 1000 1200 1] 200 400 800 / 800 1000 1200 | i |
L I

Lowaliy pola o ly ookl
systemetie nion = systemalic non - systematic effect 0 02040608 1 1.2 14 16 1.8 2
perturbation perturbation is removed noise [ADC channels]




ALICE TPC PERFORMANCE

Cag/ax = 0.8%

| TPC dEdx separation

T ri - electran-pion
E - \1‘1 pion-kz}on at dN/dy—S()OO
g 45_ ................................................................. __ .................. ........... (5.5% for isolated tracks)
2 AN O — . (2008 JINST 3 S08002)
£ 2 _ “_H“H_ ___________________ ________________ ___________ 250 1 - .
CH TS 5 ! PP @ 900 GeV
S 200 | .
| | _ L) B y
S R I N RS- L ]
E 150 : :
I [ 2
= 000 "
> I
5 I
S 50
= _ 0
N Olg/ax M) =02 + Tstar. 1 10
© %‘?j 3 ’; " momentum p (GeV)

Blf]m'fﬂ 80 90 100 110 120 130 140 150 1;[) dE/dx spec'rr.um fr.om ~10 mi"ion r.eal even.rs

number of TPC clusters
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IJ)))%"““““““'" ALICE JE/ t!x measurement {;3 Si trackers

‘ dEdX distribution (ITS signal, truncated mean) ‘ | Entries 148725 |
EOONT T Y G\ dh@dwcevpdssy T I 107
§' _' : p © ITS standaione |
503500_ ' J Cuts: chi2<10, DCA<0.8, 4+1 iTSpis ||
a s < = -
= [ o
TR .
T400— =

0\ i 10
300 -
H i
200 =

C 5 R

100/ <
0_ | 1 1 1 |-1 1 1 1 1 1 | | 1 1 1 1 I_I
W ! momentum [GeV/c]

Talk by M. Sitta
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WTPCs readout by MPGD

MPGD's advantages:

> no ExB effect (bi-dimensional symmetry);

> intrinsic ion feedback suppression (< 1-2%):;
> more flexibility in readout structures;

> robust construction

T2K (first application of bulk MM)
Long Baseline Neutrino oscillation experiment
3 large TPCs

| Deposited energy vs momentum |

~120 k channels

drift distance: 90 cm : T

total active area ~9m? : st T2K
o(dE/dx)<10% N

to perform e/u separation N
TPC R&D: 1— |

PR e -

- ILC (talk by P. Schade)
- PANDA at FAIR (Poster by L. Fabbietti)

15-20 February 2010
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Separation Power

dE /dx(A)—-dE /dx(B)

N p (A;B) =
ALEPH o (dE / dx)
8
g 1 — 6
.4:! i b L -
o] 6 - ~ L i
5 61 = @Fl
L ] : -S 5+ e/ ﬂ _-
9' 4 = i
i % p § [ 2-6 separation:
7] 2 4L e/n: 14.3 GeV/e ]
i [ K: 20.5 GeV/e ]
0 | | : '
10 10 3
momentum (GeV) [
o O l
S ] 27
“C_G} ] L
= 4 - e/T [
g 1
2 1 1wk [
2 I
- Tom——— 0 L Il L L T T
] / p/K 1 10
01— momentum (GeV/c)
0 5 10 15 20

momentum (GeV)

PID by dE/dx never reaches a good particle separation
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CLUSTER COUNTING OF PRIMARY IONIZATION
- exploit poissonian statistics of primary clusters

+ first ideas by A. Davidenko (1969) and by A. H. Walenta (1979);
more studies by 6. Malamud, A. Breskin, B. Chechik early 90's.
expected an improvement up to a factor 2 over charge integration
method

So far nobody has succeeded to apply this method in experiments
Main issues:

* clusters are 300-400 pym apart — few ns separation;
- diffusion merges clusters g

T # W
P P UmEis

Hope:

new fast digitizers combined with

wafer post-processing techniques
integrating MPGDs to pixelized sensors
(talk by H. Van Der Graaf)

seen single electrons; if associable with primary | _ e
clusters, then the dE/dX measurement can be 388 S8 22
based on cluster counting
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Cherenkov light imaging

Separation power :

i 2 t
0,-6,=no, o;=3A0 =0, =

J

PARTICLE PARTICLE
MASSm, MASS m,

minimize Oy
maximize N, ,

-

high packing density

Oy
N

p.e.

low chromaticity
high granularity

Unique tool to identify
charged particles with a high
separation power over a
range of momenta from few

hundred MeV/c up to several
hundred GeV/c

P 2 .2
m:—:p\/n cos 0, —1
By

goal:
detect the maximum number of photons
with the best angular resolution

15-20 February 2010 EugenioNappi  INFN - BARI



RICH couhters

| n - K separation |
SPHEgHTi%} ¢ 10p CLEO T LF = i \
0 O] —— [LiF n:1.461 |
i y, B
S ] EE - Lchcct“:FLobus) lll \
particle E £ '\ ‘.‘
e W — i | 'w
Charged E ‘H \
particle \\ g 8 \
‘.\.\ 5 \
Praximity & \
gap s \ \
Gas radiator i A
mirror focusing sy Fnd s LB
high momenta proximity focusing 1 10
low momenta
Experiment Type Radiator (n)/L Photodetector
ALICE Pr'OXimiTY fOCUSing C6F14 (1 .029)/1 .5 cm MWPC (CSI"‘CH4)
‘ L CsI MWPC +
COMPASS Mirror focusing C,Fi0 (1.0014)/3 m MAPMT
Aerogel (1.03)/ 5 cm
LHCb Mirror focusing C4F 10 (1.0014)/ 80 cm HPD
CF, (1.0005) / 200 cm
NA62* Mirror focusing Ne (1.000063) / 18 m PMT
CLEO-III Proximity focusing LiF (1.46) / 1 cm MWPC (TEA+CH,)

* Talk by 6. ANZIVINO (Univ.of Perugia and INFN)
15-20 February 2010
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High Momentum Particle Identification b

Detector

. charged particle
/K: 1-3 GeV/c &
H L 8
- : ¥
p: 2-5 GeV/c : E
Neoceram K
£ u C FM Ilqwd
0 i radiator
CH, f i collection
100 urn i electrode
Cu-Be?2 20 ym H
wires W-Re3 £
wires £
3
(91 51 SN 9% 5 3 5% 5 |
e e e, © - Zon
4.2 mm
} | MWPC
- —
8x8.4 rm pads i Front-end

2008 JINST 3 S08002 ¢

analogue pad readout (~160 k channels)
the largest scale (11 m?2) application of
Csl photocathodes

CsI-RICHs:
COMPASS, HADES, Hall-A at TIJLAB

15-20 Februa




C1-~ RICH Display
Eile Edit Wiew Opfions Inspect Classes

BICIES

Help
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LHC run 2009: pp 450 + 450 GeV/c,

B=0.5 Tesla
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Detection of Internally Reflected Cherenkov light in accurately polished quartz bar
(B. Ratcliff, NIM A479(2002)1) gy
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correction of
chromatic
dispersion proved
thanks to the fast
timing properties
of MCP-PMTs

- focusing (o remove the bar
thickness dependence);

- smaller pixels reduce the
expansion volume by a factor of
7-10;

- fast photodetectors to remove
chromatic dependence

SOOG:LHH"”""H""""*""lll

Position 1

4000
C Lpath ~10 m

3000~

o ~'7.6 mrad

2000 !
B w/o correction

1000

Position 1
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AR NEEEE RN

o~ 5.6 mrad
after correction

- 1000
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Burle/Photonis MCP-PMT 85012-501

(64 pixels, 10 um pore diameter )
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Time Of Propagation (TOP) detector (NIM A453(2000)331)

Side view of crystal

v charged particle
4 Ir ) '_.._.400“"” GC cherenkowvangle K
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%H‘Eﬁ% '_"':_'_ Jﬁi{z_ - backward-going /i: |_ »
}:i :3:;“ e — l ——> z-component of unit velocity
n,(A)=n,(A)—A-dn (A)/dA rop_ L) 4-t.(3GeVic)=75 ps
A_ r Chromatic cq. for 1 m flight path
< ' time Yellow: bialkali photocathode
/ dispersion: Red: GaAsP photocathode
< N ~ 100 ps §40 Bkl /f_\ "2‘0-21 Light propagation
A6 ~1.2mrad O35 _"\G/'“'A“;a'ka/'5 \\ = velocity inside quartz
\ = EEmm e EE e
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Focusin q— ToP

mirror
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A-p-ph-caﬁons of DIRC-like counters

Future experiments at Super-B factories (x 100 KEK B-

Factory luminosity)

PANDA* and CBM experiments at FAIR (interaction rates

up to 20 MHz)

* harsch radiation environment (up to 10 Mrad)
* high photon rates (up fo 1 MHz/channel)
» immunity to magnetic field of 1-2 Tesla

*Talk by SEITZ, Bjorn

A. Lehmann et al., Jinst 4 P11024, 2009

| Rate Stability of various MCP-PMTs | photons / cm? (at gain = 10 %
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G-APD for RICH apphcahons

G-APD has mcmz intferesting
properties for Cherenkov Imaging
applications

scintillation \ counter
first Cherenkov photons observed by the
Ljubliana team (P. Krizan et al.)
G-APDs provided 4 x more photons than
MAPMTs per photon detector area - in
agreement with expectations

MWPC
telescope

further studies with light guides
to increase PDE

(P. Krizan, 2009 JINST 4 P11017
and talk by R. Dolenec)
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conceived by Weizmann team

B eration in CF, (only electrons
ove Cher'enkov threshold)

. windowless CsI photodetector:
- bandwidth down to 120 nm (10 eV)

Run-2, pp atys = 500 GeV, (+-) field, reverse bias, Dalitz pairs
L] I T T Ll T I L] Ll T T I L] L] L] L I T L L] L I Ll T L L] I-

B + HBD pair effciency wrt Central Arms

-

E-

=
|

i —+— HBD track effciency wrt Central Arms -

T

HBD efficiency (%)
8
|

-

(=

[=]
[

- single electron efficiency > 90%; N +iiii
- noise=0.2 pe at a gain of 5000; o 4 y
* 90 % rejection of photon conversions and J° | o
Dalitz decays F . 1
the entire HBD (~1m2) is fully operational | Spmpremee 1
for data taking (Au-Au collisions) L zq):g[}s
of Run 10 started in Dec 2009 p.e. yield per e-track ~ 22

HBD for the J-PARC E16 experiment: K. AOZI’s poster
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Innovative i0h—bl-o-ckin9 geometries

Micro-hole + Flipped reverse-bias strip plates (to deviate avalanche ions)

R. Chechik and A. Breskin, ions are trapped by negatively biased cathode strips

[arXiv:0807.2086] e

- E,,=0.5kViem T bottom
[ 700Torr Ar/CH, (95/5) cathode r_-_-_-_-_-_-_-ﬂ
107} :
RA PN
E 10° M\"‘?’\"“‘m o s . . : H
= == - short multiplication times -> fast signals [width
- 10 ns, time resolution below 2 ns]
JEFr high gain  [>10° 2
Lo o o - high rate capability (> 10° particles/mm?)
A. Lyashenko Total gain
NDIP08 Workshop
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TGEM & RETGEM

L. Periale et al., NIM A478,2002,377, Chechik et al. NIM A535 (2004) 303

103104 gain in single GEM 10° gain in single-TGEM  _ gtandard PCB techniques of

Ko A HE | precise drilling in 6-10 (and

other materials) and Cu etching
of the hole's rims (prevents
discharges)

- very robust, mechanically
self -supporting

uv

Reflective Csl PC

| o LEELH LIS LR L R i
THEEM1 * g 0.3 mm / g 10 bt ] i
5l @ A
- Ry L] = e e
J 5
THGEM2 $1o‘ 2 e it s : R
Y s Iy 2 w ] Moo [l nETGEM (V. Peskov)
0. mm % g .l4c;c| 800 | 1200 1sjuc.1. 200 B resistive kapton USing
IBF <10% AV, 0 [VOIL] screen printing technology
time resolution of 8 ns RMS - sizes up to 50x50 cm?

Thick GEM and spark-protected RETGEM are robust and cost effective solution
for large area RICH applications (COMPASS and ALICE RICH upgrades)
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DA TCE & COMPASS R&Ds on MPGDs
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ALICE: TGEM test @PS (Nov. 2009)
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TOF:

- MRPCs: example of an outstanding detector (o, < 50 ps) made by
window glasses and fishing lines;

- very fast and B-tolerant photodetectors (MCP-PMTs, G-APDs) opened
new directions by exploiting Cherenkov light vs. scintillator light =

(plot)
Tonization energy loss:
- PID feasibility in very high multiplicity events by STAR & ALICE;
- TPCs readout by MPGDs could make possible cluster counting

Cherenkov light imaging: new exciting advances!

- timing to correct chromaticity:;

- MPGD & G-APD seem mature to be used as photodetectors
To learn more:

7th International Workshop on Ring Imaging Cherenkov Detectors
(RICH 2010) - Cassis, Provence, France, 3-7 May 2010

15-20 February 2010 EugenioNappi  INFN - BARI



# of sigmas

20

P roje-cted -ps—-TOF P1ID -performah-ce

(J. Va’vra)

18 -

ot (S f—i (S
oo = ] BN N
| | | | |

_________________________________________

________________________________________________

—0; dE/dx (nlzlt}ll}, tzl.écm, 1 bar, EIED“que+2£}°fInC4H 10)
- @
-y ow
-0 -
-
- o»

Expected WK separation

TOF (2 m path,
TOF (2 m path,
TOF {2 m path,
TOF (2 m path,
TOF (2 m path,

BaBar DIRC

Aerogel Forward RICH

sigma = 1 ps)
sigma = 5 ps)
sigma = 10 ps)
sigma = 15 ps)

sigma = 20 ps)

v

3 4 5
Momentum [GeV/c]

6

15-20 February 2010

Eugenio Nappi

INFN - BARI



