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Cherenkov Light

* Particle traveling faster than light in a given medium emits
Cherenkov radiation

cos 6. = 1/Bn

* However, the index of refraction is also a function of the
light's wavelength in a non-trivial way depending on the
medium

n=n(A)

* The number of observed photoelectrons 1s given by the
Frank-Tamm equation:

N =370L]¢ sir126C dE
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From the Physics to the Detector

PHOTO-IONIZATION AND CHERENKOV RING IMAGING

J. SEGUINOT® and T. YFSILANTIS

CERN, Geneva, Swirzerlgng

Feceived 17 December 1976

t

We have investigated the photo-ionization process in gases and shown that single photon pulse counting in multiwire
propertional chambers (MWPC) is possible with about 50% guantum efficiency for photons above 9.5eV. An application
of this technigue in imaging the Cherenkov ultra-violet (UV) radiation is presented.
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RICH Detectors

Ring Imaging CHerenkov detector
First used by DELPHI R e T i
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Fig. 1. The DNELPHI detestor a1 LEFP

W Adam et al. / Nucl. Instr. and Meth. i Phys. Res A 343 (1994) 68-73
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RICH Detectors

* First large scale realization of Seguinot &
Ypsilantis' idea was fairly successful
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Fig. 3. Cherenkov angle resolution for individual photons Fig. 4. Cherenkov angle resolution for individual photons
from Z" — " p~ events in the gas radiator of the Forward from Z” — "~ events in the liquid radiators of the Barrel
RICH. There are 10 photoelectrons,/track. The mean of the RICH. There are 15 photoelectrons /track. The mean of the
Gaussian fit is 55.6 mrad with a ¢ of 2.85 mrad. Gaussian fit is 666 mrad with a o of 13 mrad.

W Adam et al. / Nucl. Instr. and Meth. in Phys. Res A 343 (1994) 68-73
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RICH Detectors

* Used by PHENIX at RHIC as well as many
others since DELPHI

* Now subdivided into three subclasses:

I) The first group concerns a class of Multi-Step
Avalanche Chambers (MSACs) with a Pre-Amplifica-
tion (PA) gap followed either by a MWPC with fast
readout of wires or a PA gap with slow (optical /CCD)
readout of visible light from the avalanches. I Segumot, T Ypsilanns / Nucl. Instr. and Meth. i Phys. Res, A 343 (]994) 1-29

11} The second group concerns Slow-RICH detec-
tors using the TPC drift technique for 2D imaging with
MWPC or Proportional Tube detectors, quartz win-
dows and TMAE as the photosensor.

ITI} The third group concerns the most recently
developed Fast-RICH detectors with last solid or gas
photosensors, MWPC or MSAC gas amplification and
fast cathode pad readout using VLSI electronics.

* Will also be used in ALICE and LHCb
experiments at the LHC
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The CRID

* Cherenkov Ring Imaging Detector

* Used by SLD in the 1990s #
- Liquid & gas fluorocarbon 28 Rodan
radiators | Micpiane Aiay
, Extomal Duft Box
- K/n/p separation up to 30 Gev/e |85 e Lot fTonne
- e/m separation up to 6 GeV/c

* Modified RICH design by using &=
spherical mirrors »

8

Fig. 1. Schematic of the SLD barrel CRID.
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ACC

* The Aerogel Cherenkov Counter first used by the Belle
Collaboration

- Aerogel used has refractive index in the range 1.010-1.030
- K/pi separation up to 3.5 GeV/c

1188 modules total . Aluminum container
n=1.022 Barrel AcCc ™3 TOF/TSC / AEFE'QE'
80mod. i
n=1.020 n=1.015 n=1,010 Goretex

% 240mod. 240mod. : 3au|-nnc| -

P S q}x . Endcap ACC

. \\j\ﬁ ’“‘i 1{ T&p ? /,,f}i éﬁ'f | n=1.030 Ff-
: Lo 228mod.- (<~ Finemesh PMT
L 25"FM-PMT I \ Y e
" g_:.FM-PMT 1 Y : f F
] |'
Fig. 40. The arrangement of ACC at the central part of the Belle detecior. 4
. h
T g o of, [ Nivelear fsbwmenr ead Wetkods i Plyaies Resegech 4 453 2000) 227 -225
A Abashiar et al. | Nuclear Insiruments and Methods in Physics Research A 479 (2002) 117-232 190 mm
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ACC

* Also used by PHENIX collaboration at RHIC

- Replaced older PID system 1n 2004
- K/p1 separation 0.8 to 3.0 GeV/c

- RICH detector used for higher momentum
particles
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The DIRC Idea

* Why not use a solid radiator
which can also internally reflect
the Cherenkov light to shrink
the size of the detector?

* Pinhole focusing of

the quartz bars into a oy 13
(T/E)
stand-off box THE DIRC COUNTER:
. A NEW TYPE OF PARTICLE IDENTIF*ICJ&THJN DEVICE FOR
* Cherenkov ring B FACTORIES
.eXp ands ln S OB and Stanford Linear Accelerator rﬂ?ﬂ;‘:‘f}l@ Stanford, CA 94309 LISA
1s read out on the far \BSTRACT
side by PMTs et T e el et o (e

requirements at an asymmetric e*e” B Factory.
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The DIRC

* Detector of Internally Reflected Cherenkov light
* DIRC first used for Particle ID at BaBar (1999 — present)

- Very successful, robust system for K-t separation

I Adam et al. [ Nuclear Instruments and Methods in Physics Research A 538 (2005) 281-357 " T
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The DIRC Concept

Particle traveling faster than light in a given medium emits
Cherenkov radiation

cos 0 =1/PBn

The DIRC uses quartz bars both as R
Cherenkov radiators and to transmit o
the light to the detectors.

PMT + Base
/_JI 1,000
PMT's

ed Water

In BaBar's DIRC the quartz bars are /_ //
coupled to a tank of water which houses /;:?"/
PMTs on one side. — /f_;;;'/ ' “\l] \
ey
Pinhole focusing still dependenton =+ o S“”a“e"ﬂ"'l '\
bar size however. L " Window -~ Standoff Box —~
= FlRion 1.17 m
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The “Quartz” Bars

Material 1s actually synthetic fused silica (Spectrosil)
Cross section 17.25 mm x 35.0 mm.

Four 1.225 m long bars glued together with Epotek 301-2
optical epoxy to make one 4.9 m long DIRC bar.

99.9£.0.1% transmission per meter at 442 nm

98.9%.0.2% transmission per meter at 325 nm

Recall now the Frank-Tamm equation:

N =370L]¢ sin2€)C dE
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Protecting the Quartz Bars

Nitrogen gas is circulated around the quartz bars to protected them from water condensation
which would break the total internal reflection.

Bradley Wogsland Cherenkov Detectors, August 2006




The SOB

* The stand off box (SOB) 1s filled with ultra-pure
water coupling to a quartz wedge which 1s
attached directly to bars.

* PMTs on the far side of the stand-off box.

* At high luminosities interactions with the water 1n
the stand off box represents the main source of
background.

* Ultra pure water also an environmental hazard 1f
the SOB 1s dumped.
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The DIRC Water System

The DIRC Water Plant — Here the water from the SOB is degassed, irradiated and circulated

= ="
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The DIRC Water System
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Photomultiplyers

ETL 9125FLB17 PMT
used in BaBar's DIRC
26 mm active photocathode diameter
gain 1.7x107
timing resolution ~1.5ns
arrayed with hexagonal rhodium-plated light

catchers
— SLAC-PUB-10516
a5y o T T q &
= Tooc) 1=
o | 1 &
8 I 12
L3 B =
E-. B L 1 &
z 190 F 1=z
100 - -
50 | :
a b1 IJ T R Figure 39. PMT: and rhodium-plated light-
u.s L 12 z £ catchers in the SOB.

Timing resoclution {ns)
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* BaBar solenoid runs at 1.5 tesla.
* PMTs don't work well in magnetic field.

* Active shielding cancels BaBar solenoid to levels
< 1 gauss.
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Powering the DIRC

- LCD display
* PMTs need high ;_
voltage to for N
electron
multiplication

* 6 CAEN HV power
supplies

* 8 HV boards per

supply
* 16 channels per
board key itc:h 8 5 25 o
connector cables
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Reading Out the Photons

* Accomplished 1n the front-end electronics (FEE) chain

- 6 read out modules (ROMs) perform the data acquisition
- 28 DIRC front-end boards (DFBs) per ROM

- 4 time-to-digital conversion chips (TDCs) per DFB

- 2 analog chips per TDC

- 16 PMTs per TDC

— This means a total of 10752 channels!

* 10562 of these PMTs are still functioning after 7 years

Bradley Wogsland Cherenkov Detectors, August 2006



2006/08/10 13.17

Run 67492

3: ran e L - - -

;.;:i;;l!f}:}';: 'l"'".* q.*?.:;:\.'.‘t":t':"! tlt"i:a-‘.i} la_

L] [} : 1, ‘ X L%
HETH R L
£l ; FERIETEIIIEEE Phiiieslilaiizatalitaiiiiy
. . - T L * T b
FE AR RN
:r'j'.‘l..; anx ll-'..:: l-:l-";‘ H .i_l-.'l,- 5!_'5,{: |.1=.l-.i=.‘"l
R RN
f::',‘-’:-".lz,-'ffafffi; i "?"'1%'—1"'1.'—'731?.151;1*%‘-%
:!"r'fl |'.=-‘|‘ ::l' r H Eeasl s 1'..‘1' ) -l-"' [
# :,I"l‘l ;'..-'I sdae LT “- nEELl ‘1."1. 'y
P T A e R A AL
L -":";:"5':' R ‘.;g%,ﬁzg_:;% i .._:%-‘ SRRRINTEN
L fvll_l:f!lf-:::r:!::.;;i; .“E“"l't:"“l:"" FEE-1 aagr e
& RhagnE l‘-‘"lt"&“‘i‘a ;‘:;I.::-I:Ifl-l.fl rlaap® -

T A T L R R LR L L R T
i Gy
?.E .“'“'l."ﬁ.‘ P O L e R E e R R R

1eaniieanitaniite A LX) I IR IR IR s IR s TR LY
‘lii';.l"‘:'l i :‘ e T % l‘.i e fapiErlaasay rf' N f :; B f;
e ':,‘..l"..l-u ] P ] 'I.‘-..‘Iﬁ [ e l"':' Fraas ::;fh f. ‘-1-;;,.: L
S St ]
SR ) .'-'!":."-::;—"fk" S R
S s, R O
LR LT FE 4 - - are ol g L pamE e

i N

L IR .‘?‘*."-E:"'*'ﬂ"?'*?- T e }ﬁfﬁ"‘;‘ﬁ-”'ﬁ'_ i, P

AT ., "::'*é:" -"‘-{" *"."'::“-:"' Srelaellisily Nanilasilien -;f"...:,fi,-" o -.':::r_.. T

T ey S A ; i
-

s A,
' : e e, N
Dead PMTs shown in red 'ﬁ':'ﬁﬁ"ﬁ‘-?ﬁ{:ﬁﬂ%‘ st SRS "‘:—"".'-'-"..-"".-f-":"' "'"".-;:-i".",-.'1""""lF 5

S e e it S Lo L A, ‘...-':"’-"F",*
e e
190 as of yesterday '}ﬁﬁ“&%ﬁ&ﬁ“ﬂ"‘ e R s e -"-"'::'"ﬁf;'-::

o,
i .,'l‘..
i, Srtet  eliTeuitelottesiiesliies __..:_:':.'.':E:,:'::'t;::-'f;ﬂa LA T e "{"".
<2% loss over ~7 yearS! E&ﬁ%c B R P .,-:.-‘_."-""{':::::,-"."g.-"

o o P pr ] ] e
7 'm‘-"::'_‘v-.:"-'*.-a SronE R, *"’-:'.-':'-"f"- S
] T - L) Ty sy Pl ] el a [ L
Pk T e e T L et e e R ',.":.*:.e" 4
"i.,‘!.* B el LT b P e Ll i bl T L ...l"l
Bt g g T B g e T LT et e =1L Lo
"'..:’_l‘._"h*: T P e Pl e e e e -_.,,;l-:...":-"
B Ty a g Py Py Sy A e
"“I g gy iy e, R, e, Bt e et e el L it "‘r.'
g B g W ey TR T L o
L] 'ﬁ' - Ll - Ll - - a® - 'i .‘“

lu..:"ilq el Pt Tt bl ] et L] Ly i Lt ]

'\I."*I\.-:"‘lh ili«...l:\llll...‘I i-l.,':\il. -Ii:‘.l-* et et L e Pt T

g Wiy g Py g B e ot et et it

T T e o *n R A e e e e

"'“l:r“::'“'“":::"'l::hi i .,::-l"'::!l':;::";:!l".'

._ i LI
P [Pl T N
I R et L
reat was
y c 6

~ © Bradley Wogsland

Cﬁerenk'rév Detectors, August 2006




Electronics

* DIRC control carte (DDC) controls the flow of

information in the FEE

* Each Wiener crate holds 14 DFBs and a DCC
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Keeping the Electronics Cool

* Fans also keep the front-end crates from
overheating

Bradley Wogsland
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Monitoring DIRC with EPICS
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Reconstruction

* DIRC 1s not a stand-alone PID system, but
instead relies on charged track information from

the tracking detectors

* Position measurement yields
the Cherenkov angle 0.

- resolution 9.6 mrad
* Arrival time also measured

- Resolution 1.5 ns

* DIRC 1s a 3 dimensional
measuring detector

I Adam et al. [ Nuclear Instruments and Methods in Physics Research A 338 {2003 ) 281-357
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Reconstruction

* Arrival time 1s used to reduce background

* Elilminating the photons outside of a £300 ns window
around the trigger time yields a very clean signal

I Adam et al [ Nuclear Instruments and Methods in Physics Research A 538 (2005 ) 281357
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Reconstruction

* Complex global likelihood algorithm used

* An example where this would be used 1s

B* > Jiyn'n’K*
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Fiz. 58 The pion effickency and kaon misidentification rate, as
a function of momentum i the laboratory frame, for the

charged pion selection usad n the search for B— pry and B—ay
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M=K separation

-

25 3 3.5 =
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I Adam et al. [ Nuclear Instruments and Methods in Physics Research A 538 (2005) 281-357
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Background

* High luminosity ~ 11x10* makes it worse
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[.imitations of the BaBar's DIRC

* SOB background limits luminosity
* Timing not good enough to yield PID info

®* Resolution could be better

* So what's
next?
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Scenarios for a future DIRC

* SLAC focusing DIRC

* Nayoga's TOP counter proposed for Belle

y

Ny st
Linear-array type z X I‘

photon detector

* others?
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Focusing the Cherenkov light

Joe Schwiening, SNIC 2006

* This 1s a second generation improvement to the
DIRC design:

- Focusing removes the effects of bar size in the
uncertainties

- Smaller, faster PMTs allow for a smaller standoff
region with the same geometric resolution

- ~100 ps timing allows photon color to be measured by
timing differences due to chromatic dispersion (work
1In progress)

cos 0 = 1/Bn(\)
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[ A _J

% " Focusing Optics

> Radiator - 3.7m-long bar made from
three spare high-quality BaBar DIRC Calibration Fiber
fused silica bars glued together with the
same glue (Epotek 301-2)

> Expansion region - mineral o1l
(KamLand experiment) to match fused
silica refractive index

> Focusing optics - spherical mirror from
SLD-CRID detector (focal length L S
49.2cm) b

~ Photon detector - use array of flat panel
PMTs focal plane readout to
CAMAC/VME electronics

Focal plane

Detector -

Fused Silica bar I» 3

Joe Schwiening, SNIC 2006
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pi/K seperation (sigma)

Comparing DIRCs

BaBar

® X,y position measurements
* Time measurement (0 = 1.7 ns)

* tused to eliminate background
12

| | |
L\ o BaBar DIRC
10 o
\\ —m Focusing DIRC prototype
AN
8 \i\
3 \\ i
4
2
0
2.5 3 3.5 4 4.5 5
Momentum (GeV/c)
Bradley Wogsland

Prototype

X, Y position measurements
time measurement (O < 140 ps)

t can be used for PID

focusing removes bar size
dependence

Joe Schwiening, SNIC 2006
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Potential for use in Future experiments

others?
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Questions?

More information available at

http://Wogsland.org/physics/hep/cherenkov detectors.html
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