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Channeling Radiation for PID

1 The Channeling Radiation effect could be used
for PID to identify (reject) electrons/positrons
from hadrons

1 Application: particle identification in high energy
unseparated beams where Cerenkov counters
become unpractical and TRDs cannot perform
full e/h discrimination

I small amounts of materials (in terms of X0) along the
beam lines

I highly collimated beams required
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Cherenkov and transition radiation

1 Cherenkov radiation: A charged particle
radiates If its velocity Is greater than the
local phase velocity of light

1 Transition radiation: A charged particle
radiates If It crosses the boundary from
one medium to another with different
optical properties

1 Both these processes imply small energy

0Ssses, but are used Iin high-energy

physics detectors (PID, Particle
dentification)
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Cherenkov radiation

The angle d, of Cherenkov radiation, relative to the
particle direction, for a particle with velocity b an a
medium with index of refraction n is given b

cos b = (1/nf)

or tanf. =+/3*n? —1

=~ /2(1—1/n3) for small 6., e.g. in gases.

The threshold velocity b,is 1/n,and g= 1/ £)%21 b
Therefore,bg,= 1/ OZh+where U = n
Threshold Cherenkov detectors: in their simplest form,
allow to make a yes/no decision based on whether the

particle is above or below the Cherenkov threshold
velocity.

A straightforward enhancement of such detectors uses
the number of observed photoelectrons (or a calibrated
pulse height) to discriminate between species or to set
probabilities for each particle species
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Transition Radiation Detector

TRD is composed by multiple modules, each consisting of a radiator (multi-foils or
foam) and a X-ray detector (gaseous detector).
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TRDs normally work as threshold devices,
ensuring the best electron/pion | | l |
separation in the momentum range T 0t ot 10
p 1 GeV/c < p < Dl50 GeV/c LORENTZ FACTOR = &/mc2
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PID techniques

1 Particle ID: usually is based on the threshold properties of the
radiation emitted (e.g. Cherenkov and transition radiation)
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TRD performance vs length
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1A good particle I D perfor ma

I large amounts of materials along the beam line
1 typically, a 50cm long TRD corresponds to ~10%2X,
1 possibility of some EM showers initiating in the TRD
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Channeling Radiation (ChR)

1 Channeling radiation is emitted when a charged particle crosses
a crystal along a major crystal axis or plane

I The charged particle is trapped in the potential wells due to
the planes, resulting in a strong steering effect
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ChR is emitted if the incidence
angle of the particle is smaller
than a critical value y _;
(Lindhard angle) depending on
the crystal and on the process
(planar or axial channeling)

Planar channeling: the particle
IS trapped between the crystal
planes

Axial channeling: the particle is
channeled along a crystal axis
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Features of the Channeling Radiation

It strongly depends on the charge sign

It depends not only on the particle velocity, but on its
energy as well

It exhibits characteristic frequencies (peaks) depending
on the particle and on the crystal

High degree of linear polarization for planar channeling

In the hard X-ray and gray ranges it exceeds other types
of radiation approximately by two orders of magnitude in
spectral intensity and by three orders in luminosity

U Emitted energy: g~ @
i Photon energy: ¥ = ¢?
u Photon emission angle: d ~ 1/g
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Critical angle

_FO.BONZlZZ/dE axial

Y crit (deg) =1
70.545,/nZ,Z,a/E planar

E is the energy (MeV)
d is the atomic distance (A) in a row

n is the atomic density in the planes
(atoms/(A)?), n=Nd/d?

N = atoms per unit cell
d, = interplanar distance

_ o £0.46857;" incident ion full ionized
a = screening length (A) EUNE

$0.4685 (\/Zilh/ZZ)'Z/3 incident ion not full ionized

TABLE II. Values by which the lattice constant must be multiplied to compute the interatomic spacings 4 in axial directions and the
interplanar spacings dp ‘for planar directions in the simplest (monatomic) cubic structures.

Structure Atoms per Axis
unit cell {100} {110} {111} (111)

fee 4 1 ,-"' 1."'“'2_ 1."":3_' 1 f\.ﬁ
bee 2 V2 ‘\"{'3'_,9;2 1}.-’2.\,."5
fce (diamond) 8 1/V2 V3/4,3/3/4 1/4V3,V3/4

D.S. Gemmell, Rev. Mod. Phys. 46 (1974) 129
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Critical angle in silicon

1 The critical angle for axial channeling is larger than
the one for planar channeling
I ...but planar channeling effect is easier to achieve

1 The critical angle decreases with increasing energy
I higher beam energy requires better collimation
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Energy spectra for <110> planar in silicon
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Characteristic frequencies

0 Intensity spectra show peaks at the frequencies w, =2k gq

(k=1,2,3...) where gis the Lorentz factor of the incident
particle

2.107° 2U an 2003 2U
QMeV)~2— ‘ w.(MeV) © 4g—
( )~ d (A) (MeV) gm— d (A)

Planar channeling in <110= silicon

For energies up to a few
hundreds of GeV, channeling
photons produced by heavy
particles are mainly in the energy
region below 1MeV

Channeling photons produced
by electrons (positrons) have
energies in the range 1-100MeV
up to 10GeV beam energy

First peak energy 0, (MeV)

10
Particle Energy (GeV)
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Channeling radiation spectra (J. Bak et al.,
Nucl. Phy. B254 (1985) 491)
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Photon energy spectra (the enhancement is evaluated with respect to the random case)

for <110> planar channeling radiation from 6.7 GeV/c positrons and electrons traversing a
0.105 mm thick silicon crystal with incidence angles in (-y,, ¥, ).
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How to check the idea

1 A beam test is needed

I A particle beam with different charged particles (i.e.
electrons and pions)

I An oriented crystal to produce channeling photons

I A magnet to separate the radiation from charged
particle

I A photon detector

e’/lp’
NEL
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Beam test 2006@CERN PS-T9 line:
experimental setup

S0: 15x45cm?in front of C2
S1*S2 fingers
Sh halo veto




Beam test set-up

S0: beam intensity monitor

S1 and S2: select a small beam spot

Sh: halo VETO (plastic scintillator with 24 mm hole in the center)
S3: to select particles entering the Pb-glass calorimeter

S4: located in front of Csl/Nal CAL and used as trigger (B OFF) or
as Veto (B ON)
SSDs: particle tracking and beam properties studies

I 6 chambers horizontal and vertical views of single side silicon strip
detectors of 384 strips and 228 micron pitch

I 1 chamber 384 strips vertical view and 4x384 strips in the bending view.
Nal/Csl CAL.: detect channeling photons

PbGlass: tag electrons/pions in conjunction with upstream
Cherenkov counters
Too much material along the beam line!

I Additional upstream material is also because of instrumentations to
monitor the beam optics along the line

I Beam contamination due to bremsstrahlung radiation

M.Nicola Mazziotta, LNF 30 Nov - 4 Dec, 2009 18



Beam test at CERN-PS T9 line (2007)

Pb glass calorimeter

Nal/Csl calorimeter
Si 110
Pb bricks crystal
goniometer
| MAGNET 2
‘\ (MNP17) MAGNET 1
~ (MDX)
 —]

defy
€cteq beam /\
Channeling Photons /
beam line

\ .
| TR T

SSD ladder (361 9cm?) SSD wafers (91 9cm?)

U A set of plastic scintillators were used to provide the trigger

U Two gas Cerenkov counters disposed along the beam line were used
together with the Pb-glass calorimeter for particle identification

U The SSDs could be easily removed from the beam line
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Beam test 2007: experimental set-up
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The crystal and the goniometer

1 Si<110> oriented crystal
I thickness=500e m ( 04 5 %X
i miscut angle = 0.1A
a1 3-axis goniometer + linear
stage (Newport)
i 0.001Aangle precision
I The linear stage allows to

remove the Si crystal from the
beam

T custom control software

- B
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The E.M. calorimeters

2 Nal calorimeter:

I singleNalcr ystal, 600
length
I the cryst al | S rea

diameter XP3550 PMT

1 Csl segmented calorimeter:

I 7 layers (4 horizontal + 3 vertical
view), each composed by 3 Csl bars,
33 3cm? cross section, 12cm length

I 21cm total length

I The bars are readout at both ends by
two PIN PDs (183 18mm? and
103 10mm?)

1 The calorimeters have been
calibrated with an electron beam
with energies up to 500MeV at
INFN-Frascati BTF facility
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