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Introduction
In this class: Only identification of charged particles
What is Particle Identification?

Two major applications:

1. Beam Particle Identification (Fixed Target)

2. Identification of decay products

In both cases the momentum of the particle is known
1. By beamline elements (only small momentum bin)

2. Measured by a magnetic spectrometer (wire chambers)

—> Particle Identification reduces to measure the velocity (this class) or
the total energy (calorimetry class) or specific energy loss (dE/dx).
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Reconstruction of .>m_.
e AT consists of (udc) quarks
e Mass mg = 2.285GeV/c* (remember: proton 0.938 GeV/c?)
e Lifetime: 7 = 2.1-10" ¥ sec
e Decays to A, — pK 7t in 4.4% of the time.
e Only in 1 out of 1000 collisions a charm quark gets produced.

Special Theory of Relativity:

S I
I
3

Time dilation:
Mean flight path:

= N.\.O.\v\

Y

P = M-0vMmy-7Y:C
t

N‘\ — Q.\Nu.\v\

— A A} with momentum 200 GeV /¢ flies on average 5.4 mm
— Do a Fixed Target Experiment

But even there we cannot observe a A, directly
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What do we do?

e Measure type, direction, momentum, and charge of all decay products

e Apply momentum and energy conservation to ”interesting” decay vertex and calculate energy and
momentum of hypothetical mother particle

e Transform into rest system of mother particle to obtain rest mass

e Do this for a lot of events, fill histogram with results

Measuring direction and decay vertex

e Use silicon microstrip detectors

Measuring momentum and charge

e Deflection in magnetic field, measure track angles before and after with wire chambers

Measuring type (is it a proton?)
e Measure total energy in calorimeter, calculate mass

e Measure velocity with Cherenkov effect
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“Simple” Methods of Particle Identification
Time—of-flight (TOF)

e Put two Scintillation Counters at a known distance

e Measure time difference between the two signals

Extremely good time resolution: 150 psec.

Maximum distance: ~ 10m (detector), &~ 100 m (beamline).

— Can measure difference between Kaons and Pions up to a few GeV/c

Also has problem at higher rate and/or multiple particles hitting the same scintillator
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Transition Radiation Detectors (TRD)

Radiation is emitted by a charge particle if:

1. v > ¢/n: Cherenkov radiation (see later)
2. U/cpn = U - n/c changes
(a) |v] changes: Bremsstrahlung

(b) direction of ¥ changes: Synchrotron radiation

(¢c) m changes: Transition Radiation
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Transition Radiation: Reformation of particle field while traveling from
medium with € = ¢; to medium with € = €.

Energy of radiation emitted at a single interface

ahZ? (wy — wy)?

3 Wy + Wy

S = g

a = 1/137, wy, wy plasma frequencies, v = E/mc?.
Typical values: Air w; = 0.7eV, polypropylene wy = 20eV

Spectral and angular dependence of Transition Radiation:

d? 2¢> 0, 0,

dddw ~ e \y 2+ 92 Fwlw? 2492 + wiw?

— Most of radiation in cone with half angle 1/~: forward in particle direction.
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From figure:
1. Large photon energies w > ywy &~ 20 — 30 KeV: large drop of intensity oc v*/w?
2. Medium energies yw; < w < yws: Logarithmic decrease with w

3. Small energies w < yw; =~ 1 KeV: intensity almost constant

Probability to emit a KeV photon ~ 1072 == Need a lot of interfaces: stack of radiator foils.
Consequences:

e Need minimum foil thickness so particle field reaches new equilibrium
e Transition w; — we and wy — wy equal = Interference effects (min and max in fig)
e Equally spaced foils: Interference between amplitude of different foils

e Finite thickness of foils: re-absorption of radiation (o< Z°): Low Z materials.

Typical values used in TRDs:
Thickness: 30 pm, distance: 300 pm, materials: mylar, CHs, carbon fibers, lithium.
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Detection of Transition Radiation

X-rays emitted under small angle to particle track

— X-ray detector sees X-rays and particle dE/dx together.
Typical dE /dx in gas detectors: some KeV/cm and Landau distributed

— Signals from dE/dz and X-ray similar

Detector: Use “thin” MWPC, with Xenon or Krypton, several (10) radiator / chamber units to

beat Landau

Radiator Chamber (TEC)
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Fig 4. Schematic of a radiator-chamber module showing the
final design parameters discussed in the text.

Two identification methods: Charge integration, Cluster counting
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Cherenkov Radiation

A charged particle with a velocity v larger than the velocity of light in a medium emits light

1 1
Angle of emmission: cosf. = —=—
fn  on
d’N o 1 a .,
Number of photons: Bl 7o 1— (Bn)? = sin” 6,
d*N 2ra

_ i 2
Dl = e Sl

First (obvious) application: Threshold Cherenkov Detectors
For fixed momentum and only 2 particles to separate (beam line)

More than 2 particles and/or wider momentum range: Several counters at different thresholds
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Ring Imaging Cherenkov — The Basics

L=R/2

Photon Trajectory

# Center of curvature

MV

1
COS %m = @‘3\
R
2

r=F-0.=—"-6,

Ny, = Ny - L -sin® 6,

f.. Cherenkov angle

(: velocity

n: refractive index

r: Radius of ring on focal surface

R: Radius of curvature of spherical mirror(s)

F: Focal length (F' = R/2)
L: Radiator length (usually L = F)

Parallel particles have the same ring image
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Short History of RICHes

First Generation: Beginning of 1980’s.
Examples: Omega RICH (WA69, WAS2), E653 RICH.

Second Generation: End-of 80’s beginning of 90’s.
Examples: Upgraded Omega RICH (WA89, WA94), Delphi, SLD-GRID, CERES.

Third Generation: Mid-End 90’s.
Examples: SELEX RICH, Hermes, Hera-B.

New Generation: BaBar-DIRC. PHENIX, CLEO-III
Future: ALICE, LHC-B, BTeV, CKM, ...

Jiirgen@ICFA2001 28Mar01. 22



RICH — The Reality

e Center of ring depends on track angle = large detector surface (up to square meters)
e 2ood resolution of photon position = large number of “pixels” (up to 100000 or more)

e Spectrum of Cherenkov photons
dN 27a .,
= L sin® 6,

dA A?

— Ultraviolet

e refractive index n = n(\) = Chromatic dispersion

Detection of UV-photons: convert photon in electron (photoeffect)

1. small (up to a few thousand) number of pixels: Photomultipliers

2. large number of pixels or area: Time Expansion Chambers with TEA or TMAE
e When using TEC: particle pass through the chambers: dE/dx

e When using TEC: response (memory) time limit rate
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e Center of ring depends on track angle = large detector surface (up to square meters)
e 2ood resolution of photon position = large number of “pixels” (up to 100000 or more)

e Spectrum of Cherenkov photons
dN 27a .,
= L sin® 6,

dA A?

— Ultraviolet

e refractive index n = n(\) = Chromatic dispersion

Detection of UV-photons: convert photon in electron (photoeffect)

1. small (up to a few thousand) number of pixels: Photomultipliers

2. large number of pixels or area: Time Expansion Chambers with TEA or TMAE
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e When using TEC: response (memory) time limit rate
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RICH — The Reality

e Center of ring depends on track angle = large detector surface (square meters)
e good resolution of photon position = large number of “pixels” (100000)

e Spectrum of Cherenkov photons
dN 27ra .,
= L sin® 6,

dA A?

— Ultraviolet

e Refractive index n = n(A) = Chromatic dispersion

Detection of UV-photons: convert photon in electron (photoeffect)

1. small (up to a few thousand) number of pixels: Photomultipliers

2. large number of pixels or area: Time Expansion Chambers with TEA or TMAE
e When using TEC: particle pass through the chambers: dE/dx

e When using TEC: response (memory) time limit rate
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RICH — The Reality

e Center of ring depends on track angle = large detector surface
e good resolution of photon position = large number of “pixels” (100000)

e Spectrum of Cherenkov photons
dN 2ra_ .,
= Lsin” 6,

dA A?

= Ultraviolet

refractive index n = n(\) = Chromatic dispersion

Detection of UV-photons: convert photon in electron (photoeffect)

1. small (up to a few thousand) number of pixels: Photomultipliers

2. large number of pixels or area: Time Expansion Chambers with TEA or TMAE

e When using TEC: particle pass through the chambers: dE/dx

e When using TEC: response (memory) time limit rate
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UV Transmission

or Quantum Eff
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Figure 13: Photon transmission and photoionisation quantum efficiency for varicus
CRID materiaks as function of photon energy in the UV range. {Reproduced from

- =

Jiirgen@ICFA2001 28Mar01. 30



Jiirgen@ICFA2001 28Mar01. 31




RICH — The Reality

e Center of ring depends on track angle = large detector surface
e good resolution of photon position = large number of “pixels” (100000)

e Spectrum of Cherenkov photons
dN 2ra_ .,
= Lsin” 6,

dA A?

= Ultraviolet

refractive index n = n(\) = Chromatic dispersion

Detection of UV-photons: convert photon in electron (photoeffect)

1. small (up to a few thousand) number of pixels: Photomultipliers

2. large number of pixels or area: Time Expansion Chambers with TEA or TMAE

e When using TEC: particle pass through the chambers: dFE/dx

e When using TEC: response (memory) time limit rate
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Particle Identification Algorithm

e only discrete particle masses: e, u, m, K, p, 3, etc.

e Track parameter and momentum known
— (Calculate ring radius for each hypothesis

e “Compare” measured and expected rings for each hypothesis with a maximum likelihood method

e for identification, make cuts on likelihood ratios
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SELEX RICH Vessel and (Gas System

Vessel: 10.3m long
2.4m diameter (50 m?)
Gas: Neon @ 1 atm
closed volume (= constant refractive index)

Filling:

— purge with COy (= 1 day)

— freeze out CO», replace with Ne

— remove remaining Oy and water

— started with 3 ppm Os
— after 15 months: (20 £ 12) ppm

Jiirgen@ICFA2001 28Mar01. 45



Phototube

Array
/ —H
Beam
>
Beam \

Window

<> .
Mirror

Im f=10m

Jiirgen@ICFA2001 28Mar01. 46



Jiirgen@ICFA2001 28Mar01. 47




Jiirgen@ICFA2001 28Mar01. 48




SELEX RICH Mirrors

Spherical, nominal 20 m Radius e Mounting

16 hexagonal mirrors, 46 cm tip to tip — 3 point mount

— Ball bearing, double differential screw

— Honeycomb panel with carbon fiber matrix
o Glass

— low expansion glass (Schott Tempax),
10 mm thick.

— Polished to 19.82m + 5cm

— Measured with Ronchi Method
(NIMA 369 (1996) 69-78) e Alignment

— Theodolite with Laser in Center of Curva-

ture
e Coating — Vessel movable on wheels lateral to beam

— Aluminum, with MgFs overcoating
(Acton)

— Reflectivity > 85 % at 160 nm
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MIRROR
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SELEX RICH Photon Detection

e Photomultiplier Holder
— Aluminum plate, 2848 (89 x 32) holes

— individual quartz windows as gas seal

— aluminized mylar Winston cones

e Photomultipliers

- w diameter, Photocathode 10 mm

— 608 Hamamatsu R760
— 2240 FEU60 (with wavelength shifter)

e High Voltage

— Operating Voltage 900V...1900 V
— 6 HV Supplies

— Zener Box (4 la "Berkeley Cow”), 96 out-
puts

e Crates with Hybrid Chips

— Hybrids contain Amplifier, Discriminator,

diff. ECL Driver

— all PM measured to find operating voltage ® Readout: CROS PWC System

— groups of 32 run on same HV

— Integration time 170 nsec
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SELEX RICH Stability — Refractive Index
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SELEX RICH Stability — Ng
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SELEX RICH Separation

Momentum of particles: 95GeV/c — 105GeV/c

o, = 0.156cm

11 11.5
Ring Radius
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SELEX RICH Efficiency — D% — K¥x*
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Small statistic: The RICH is too good!!
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DIRC at BaBar

Detection of internally reflected Cherenkov light
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entries per 5 MeV/c

DIRC at BaBar — Performance
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Radius [cml
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Future Use: CKM

Will use 2 RICHes to really measure velocity. Particle ID comes for free.
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How Gaussian is the response?
A Study with SELEX single beam tracks

g \'/ndf307.9 /159

r P1 0.1508E+07 + 0.1530E+05
i P2 11.50+ 0.1507E-02
i P3 0.4715+ 0.5356E-03
= P4 0.3025E+06 + 0.1492E+05
B P 11.47+ 0.5778E-02
B P6 0.4670 £ 0.3923E—02
B | | 7 | |

0 12.5 13

Cirfit Rina Radius

Gaussian over nearly 5 orders of magnitude!

Ring Radius [em]
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Summary

Particle Identification (for charged particles) usually measures the velocity of the particle,
identification is combined with the already known momentum.

Transition Radiation Detectors mostly used in beamlines, but also to measure decay products
(mostly electron—pion separation)

Cherenkov effect is used Threshold Cherenkov Counters
Cherenkov effect is used in RICH detectors

RICHes are an established standard detector now.
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