Cerenkov Detectors

These are detectors designed to detect the
light coherently emitted by the atoms along
the path of a relativistic particle traversing a
medium at velocity

v = fc

when v exceeds the speed of light in the
medium, ¢/n , where n is the index of
refraction of the medium.

The angle at which the light is emitted can
be calculated using the relation between the
distance traveled by the particle and by the
emitted radiation in time ¢.
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©. is called the Cerenkov angle.
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CHERENKOV ANGLE O {DEG)
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RELATIVE VELOCITY B=vic

TYPICAL 8's

Species 1 GeV/c 2 GeV/c

m 0.9904  0.9976
K 0.8967  0.9709
p 0.7293  0.9053

Maximum Cerenkov angle occurs for 8 =1,

1
cos @.(max) = —.
| n



Threshold Cerenkov Counter

I
i
]
1
i
!
I
]
[
|
|
i
|
~
1
I
—

. o
&
Threshel/d

For a counter filled with material of index of
refraction n, the threshold momentum, p;, for
a particle with mass, m, is given by

m.c

\ n? —1

Pt = myBic =

Thus, p; scales directly as the mass.

pi(m) = 6GeV/ie = pi(K) ~21GeV/c
= pi(p) ~ 40GeV/c

The number of photons emitted along the
particle path, for A = 350-500 nm, the
approximate range over which PMT’s have
good efficiency,

dN _
e = 390 sin® ©. photons /cm.
dx



The index of refraction of a gas depends on
the pressure, P,

P
n—1 = (7"),() _— l) j)”
where n, and P, refer to atmospheric

pressure.

7

The index of refraction can be tuned to make
the counter very efficient for the particle with
mass, m, and momentum, p;.

Since p.e. emission is Poisson-distributed,

e = 1 — Pr(0,Neg)
— 1 — ¢V

where N. ~ 100 sin?®,. photons/cm times
the counter length (taking the collection
efficiency and g.e. of the PMT into account).
Since Pr(0,5) = 0.01, we need an average of
5 p.e. in the PMT for an efficiency of 99%.
sin“©. is very small for 3's we are interested
in, so these counters tend to be quite long.
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Differential Cerenkov Counter
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Spherical mirror with radius of curvature R
and circular slit of radius f tan ©,.; at the
focal plane, which is at R/2.

As gas pressure is increased, first # Cerenkov
ring appears at ~ 0%, then moves out to
higher angles. Next K ring appears at ~ 0°? ,
and both = and K rings move out to higher
angles. Then p threshold is reached, etc.
When ©. for a particle type reaches ©,_,, its
Cerenkov light is detected in the PMT's.

Resolution is limited by dispersion = use a
non-dispersive gas like He. |
An
n tan ©

AO =




Yield
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1.000

For a differential Cerenkov counter,

%B ~ tan OAB

=> want small © and A® for good
velocity (i.e., mass) resolution.

But, Nphotons grows with © and AG,

so the counter will be inefficient if they
are too small. With careful tuning,
resolution of 10~ in A has been achieved.



- Ring Imaging Cerenkov Counter
: | | % “Pa;'ticl-;,l o
"

N : ¥ Particte 2
VUV tight A

, . radiating . A
dl'.'l’ecl'ur af . " mem;_mi_g N i
radiys R/2 - BRI

Spherical. R
miror
-al radws R

(As first proposed by Ypsilantis and Seguinot)

Spherical mirror with radius of curvature R .

centered at interaction point with detector at
‘the focal plane, which is at R/2. |

Ring radius identifies particle type. ,Va_riou's |
species can be identified in the same detector.



SPHERICAL RICH RIEH CUPOLA

particle mirror
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and (b) after kaon iden:ification.
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Incident Hadron

Fig. 2. Schematic diagram of LiF-TEA RICH system.
light (UV) transparent N, gas.
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Fig. 3. A section of one tenth of the RICH detector as seen from the end.

A sgketch of a photon detector module is shown in Fig. 4. The wires run the
entire length of the detector, approximately 2.5 m. They are supported every
30 cm by a ceramic spacer. The CaF; window joints are placed directly on top
of these spacers to minimize the loss of photon acceptance. Some parameters
of the RICH detector are given in Table 1.
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Figure 5.19: Image formation for a DIRC. In the ideal case considered the image is &

hyperbola.
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Figure 5.20; Schemalic view of DIRC image formation.
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TRANSITION RADIATION

is the radiation that must

be emitted as a relativistic

particle crosses the interface

"~ between two materials with

different dielectric constants.
Like Cerenkov radiation, this

Is a bulk property of matter.



Like Cerenkov Radiation,
Transition Radiation ...

was first predicted by Russian physicists
Ginzburg and Frank - mid 1940’s

is a relativistic effect
particle velocity > velocity of light

is a bulk effect
foil thickness > “formation zone”

is a small effect
~ a, the fine structure constant



For a single interface, an approximate expres-
sion for the energy radiated per unit solid angle
per unit frequency interval Is

© ©
2+ 0%+ ?f,% y2 4 @2 + 2

d2W Q

dwdS? T2

assuming v > 1, © < 1, and w? > wgl,wgzn

&“1 2 ﬂ
JARTICLE N e

Notice that the radiation is

-_—

e Strongly peaked in the forward direction
e Symmetric

e Larger for larger differences in the plasma

frequencies e.q. CH, Foils aley
Air ((7'&‘05 0.Feov



For a single foil in a gas, the amplitude of the
transition radiation measured at the point
where the particle exits the foil is:

PARTICLE
DIRECTION

AIR CH, AR

E(w,8) = e3(w,®) + €i(w, O)e (0 Fi9),
where €;(w, ®) is the amplitude of the
radiation at surface ¢, o is the attenuation in
the foil, and ¢ is the phase lag due to the

difference in the velocities of the particlée and
light in the medium.



Neglecting attenuation, which is a very small
effect for a single foil,

s g

6i(w,8) = 2 =

(..q.J2 : wz_. .
Y2+ O24 B3t 472+ ©2 4 2

— —éé(w: E_:))

Then, squaring to get the intensity of the
radiation, we see that the transition radiation
from a single foil is the same as that from a
single interface modulated by a factor that
depends on the phase lag

d? d?
(20) (W) (9
dwdS?2 foil dwd§2 inter face 2

and we get positive interference for

o= 7,37m,....




It can be shown (Artru egn 2.10) that

2
Wo. foi
(v2 4+ 02 + 20wl o

beoil = 5

where [z, is the foil thickness.

If we define
2

w2, :
(72 + ©2 4 2Ly

Zfoil =

l'oz’
then ¢ o = zfll
Zfoi1 1S the well-known formation zone. If 5,
is much smaller than this, we get no

transition radiation from the foil.
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IDENTIFICATION IN A

250 GEV HADRON BEAM
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DEPENDENCE OF CHARM
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Table I - Comparigl of Various Radiator Materials

Material  Plasma L, for wme: g single 200

Frequency =4.8 KeV foil(x200) foils
Lithium  13.85 eV 31 um 155 cm 1.900 1.563 .31k
CH. 21.8 eV 479cm  3.166 1.486 '-''e
Mylar 24.8 eV 10.2 um 28.7 cm 3.517 1.235 . §u!
Carbon 26.0 eV 8.9 pm 18.8 cm 3.694 1.265 i85
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Improvement in kaon-pion separation using .

a new technigue with transition radiation :

detectors, from an experiment by a CFE RN CLour/el
CERN/Moscow group. Rather than measuring

total jonization charge (right), the new

method (left) concentrates instead on the SEPrEmi3ER [ §FO
detection of clusters of intense ionization.
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Pions

Table IT - TRD Performance

# of TRD Planes Pion Proton

That Fired Efficiency Contamination
Expt. Fit Expt. Fit

> 8 946 948 4.13% 4.07%

> 10 868 868 2.23% 2.19%

= 12 733 730 1.75% 1.75%

Protons

# of TRD Planes Proton Pion

That Fired Efficiency Contamination
Expt. Fit Expt. Fit

<6 875 875 2.00% 1.82%

<7 934 .929 3.26% 3.14%

< 8 .962 957 5.48% 5.28%
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KTeV

[igure 1: Cross sectional plan of K'l'eV TRDs.
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Fig. 3. Event display of a single particle crossing the TRD prototype.
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WHY TRD'S?

TRD's are versatile
wide window for electron 1D

~ narrow (but useful) window for hadron ID

.TRD'S are relatively fast
' (and may be made faster)

- can be used in the trigger

TRD's have multiple functionality
e.g., TRD/Tracker

Preshower Detector



