CORERENT BREMSSTRAHLUNG STUDIES AT YERPHI andl CERN

JLab Nov. 1

R. Avakian

GNredUulr HdSRrRPRYUSP PLUSPSNES
YWEREYWARN PHOVSIEGS INSTOTWTTTE




Coherent radiation in Crystalls

1. Coherent Bremsstrahlung (CBS)
2. Parametric X-ray Radiation

3. Channeling Radiation (ChR)

4. String Of Strings (SOS)

Different types of radiations appear at different crystall
orientations,sometimes as a background to each other.

R.H. Avakian JLAB, November 1, 2004 @




Dedicated International workshops on radiation in crystals in 2004

Relativistic Channeling and
Related Coherent Phenomena

NATO ADVANCED WORKSHOP

Advanced Photon Sour ces
And Ther Applications

First in 2001, Nextin 2007

Charged and Neutral Particles
Channeling Phenomena

R.H. Avakian

JLAB, November 1, 2004 @



COHERENT BREMSSTRAHLUNG

COHERENCE LENGTH M.L. Ter-Mikaelian,

PhD theses presented in
Landay seminar (1952)

M.L. Ter-Mikaelian,
JETP,25, 289(1953)

H. Uberall, Phys. Rev.,
103,1055, 1956

The coherent length in BS is inverse proportional to
the longitudinal momentum transfer.
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Lconh = 1/86

L., Sharply increases with energy
L., significantly exceeds atomic distances

R.H. Avakian JLAB, November 1, 2004




COHERENT BREMSSTRAHLUNG

CB connected to the periodic structure of the crystal.

The position of the hard photon peak in Point Effect
(PE) orientation is given by

0 = (a/4nhcy)( EJ(E, ~ E))
a iIs the interplanar distance and 0 the electron
Incident angle with respect to the plane.

For the String Of Strings orientation a is the
spacing between the axes (strings) forming
the planes, and 0, the electron incident angle
with respect to the axis.

R.H. Avakian JLAB, November 1, 2004




COHERENT BREMSSTRAHLUNG

Coherent to incoherent
ratio gives info about the
photon polarization

Highest polarization measured at
YerPHI, 1975 (P=90%)

R.H. Avakian JLAB, November 1, 2004 @




COHERENT BREMSSTRAHLUNG

CB spectrum and photon energy
peak position dependence from
electron beam angular divergence
for 6.,,=0.3mrad E_=4.68GeV

c =0.01lmrad

c =0.05mrad

c =0.10mrad

c = 0.30mrad

el™

CB photon polarization
dependence from electron beam
angular divergence for 6_,,=0.3
mrad E_=4.68GeV

el™

Peak position and maximum polarization depend on
the angular divergence of the electron beam

R.H. Avakian JLAB, November 1, 2004




COHERENT BREMSSTRAHLUNG

CB spectrum and photon
> Yo - 5 ] energy peak position

# FAl _me dependence from electron
. E o~ = beam angular divergence

for 6,,, =0.16mrad
E.=4.68GeV

o =0.0lmrad
o =0.05mrad
o =0.10mrad

CB photon polarization

dependence from electron
beam angular divergence for
0.,,=0.16 mrad E_=4.68GeV

coll™ el™

R.H. Avakian JLAB, November 1, 2004




COHERENT BREMSSTRAHLUNG

CB spectrum and photon energy
peak position dependence from

electron entrance angle

0., =0.3mrad
o= (0.05mrad

0=50.006mrad, 0.=89.11°
0=50.010mrad, o.=88.87°
0=50.014mrad, 0.=88.64°
0=50.019mrad, o=88.41°

R.H. Avakian JLAB, November 1, 2004




COHERENT BREMSSTRAHLUNG

CB spectrum and photon energy
peak position dependence from

electron entrance angle

0., =0.16mrad
o= 0.05mrad

0=50.009mrad, 0.=88.93°
0=50.011mrad, o=88.81°
0=50.013mrad, o=88.70°
0=50.015mrad, o=88.59°

0., =0.16mrad
o= (0.1mrad

With better angular divergence peak
position shift are more pronounced

R.H. Avakian JLAB, November 1, 2004




Measurement of polarization

YerPhi-1975

Photon polarization
leads to observable
asymmetry of pair
production x-sections
for in-plane and
transverse to plane
polarizations.

Angular dependence
of coherent pair
production used to
measure the photon
& (mrad) pOIarizatiOn

Polarization of high energy photons could be measured also by pair
production in amorphous target by using appropriate range of azimuthal and
polar angles of pairs ( Dallakyan 2004)

R.H. Avakian JLAB, November 1, 2004
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Features:

®Energetic

®Bright (10'* photons/s)
e Tunable (10-40keV)

e Narrow width (10%)

A PERFECT choice for
applications!

R.H. Avakian JLAB, November 1, 2004




CB & Channeling radiation
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Predicted in 1976 as

(Kumakhov JETP )
[, b (el

First measured at

SLAC for e+ in 1979

at Yerevan,Kharkov,
Tomsk,CERN

Peak structure for e+ channeling €- spectra for different
Spectra for 6 GeV at SLAC incident angles

R.H. Avakian JLAB, November 1, 2004




Channeling radiation in piezoelectric crystals

Use of piezoelectric crystal as
radiator allows channeling
studies in presence of
ultrasonic waves

Quartz is an effective radiator for
ChR, CB and pair production
studies in single crystals

Channeling radiation spectra
for different quartz radiators

R.H. Avakian JLAB, November 1, 2004




Channeling radiation in piezoelectric crystals

1000

t =3.5mm t=2mm

No thickness dependence of conversion measurement for other than SiO,
piezoelectric crystals available.

R.H. Avakian JLAB, November 1, 2004




Channeling radiation in the external field

Significant enhancement of
channeling radiation of
positrons predicted in the
presence of the ultrasonic
wave
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Parametric X-ray Radiation

QUASI-CHERENKOV EMISSION
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PXR intensity increases ~ 2-3 times
under the temperature gradient and
external ultrasonic wave.

X-ray photons vield gain under temperature gradient,

S S S Y

wNAN, & Si0,(2082)
@,  t0.5mm, O=18°

Studies indicate that similar
enhancement is possible also for CB ,
Channeling and Coherent pair
production.

R.H. Avakian JLAB, November 1, 2004




SOS Radiation

SOS combines high intensity of Channeling
and high energies of photons from CB

|— e~ 150 GeV ' . e* 150 GeV
]
e =110 - s =110 =
a =17 prad L A @ =25 urad
o 0 =96urad i o f =96 urad
A random i by a B =144mrad |

A.Belkacem, et al.New Channeling
Effects In the Emission
of 150GeV Electrons in a Thin

Germanium Crystal
Physics Letters B, v177,2 1986

HELATIVE RADIATED ENERGY

_ _ Observed structure triggered
*Peak structure observed for e- in SOS regime. further studies at CERN

«Significant difference observed for e+/e-

R.H. Avakian JLAB, November 1, 2004




Coherent radiation in thick crystal (Channeling/CB/SOS)
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Spectra and angular characteristics of electron radation in Electron EOEgy to photon
thick (t=10mm) diamond crystal at YerPHI. energy conversion

R.H. Avakian JLAB, November 1, 2004




SOS Radiation
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NA-59, CERN (2002)

1

178GeV electron beam incident within
the silicon(110) plane and at an angle of
= 0.3mrad to the < 100 > axis.
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Planar Chaneling radiation (linearly
polarized) dominates at low energies
(can be used for calibration).

SOS radiation peaks at high energies.

(Bade.

60 SO 100 120 140 160 180

E (GeV)

Enhancement of a factor of about 30 for
SOS radiation at 129GeV.

Green - ICB, blue - PC, and red - SOS radiation.

R.H. Avakian JLAB, November 1, 2004




SOS Radiation NA-59, CERN
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Total energy los of 178 GeV Spectra of radiated photons measured
e- in SOS regime by PS in 1.5cm silicon crystal

R.H. Avakian JLAB, November 1, 2004




SOS Radiation: Theoretical interpretation

E =12 GeV and
@ oy = O GEV
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Near (001) plane and < 110 > axis, for noncollimated
spectraat SOS (2), collimated within 6col = 4- 10~ (3), | Enhancement at SOS

PE (1) (V.Strakhovenko) orientation with respect
to PE ~3-4 times

R.H. Avakian JLAB, November 1, 2004



SOS Radiation

E=12 GeV,
@ o = 9 GEV
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Enhancement at SOS
orientation with respect to
PE ~3-4 times in all
accessible kinematic range

(001) plane and < 110 > axis, noncollimated
spectra (2), collimated within 6col = 4- 10 SOS
spectrum (3) , PE (1) (V.Strakhovenko 2004)

R.H. Avakian JLAB, November 1, 2004




SOS photon polarization

E=12GeV, =5 GeV E=12GeV, o, =9 GeV
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SOS circular polarization (3) , SOS linear polarization (2), PE linear polarization (1) (V.Strakhovenko 2004)

PE gives higher linear polarization.

R.H. Avakian JLAB, November 1, 2004




Summary & Outlook

Significant enhancement of intensity of certain types of radiation in
crystals expected in the presence of external field

SOS orientation of single crystals significantly increases the intensity of
high energy photon radiation with respect to standard CB

«Search of and intermediate regime between CB and SOS
optimizing the intensity and polarization.

eStudies of characteristics of radiation in crystalls in the
presence of external field

R.H. Avakian JLAB, November 1, 2004 @




Polarization conversion

Berger et al Phys.Rev.Lett. 1974
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Using the Cabbibo’s “absorbtion method” unpolarized
photons could be converted to linearly polarized.

R.H. Avakian JLAB, November 1, 2004




Support plots........

R.H. Avakian JLAB, November 1, 2004




0 =sqgrt ( Ov **2 + 6h**2) o = arctg (6h/6v)

R.H. Avakian JLAB, November 1, 2004




High Energy Channeling radiation
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Spectral distribution of positron

radiation for E=2, 4, 6 Ge¥
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Spectral distribution of electron radiation by axial

channeling in diamond crystal 1.0mm thickness

JLAB, November 1, 2004
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High Energy Channeling radiation
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COHERENT BREMSSTRAHLUNG

o - first gate position
+ - middle gate position
o - end gate position

Monochromatization of coherent bremsstrahlung
energy spectra using time selection method.

R.H. Avakian JLAB, November 1, 2004



Crystalline Undulator Radiation

In a periodically deformed crystal channeled particle will do
osclillation motion in addition to the higher frequency usual
channeled oscillation, leading to production of CUR.

This process was first considered by V.Kaplin et al (1980). The theory of
CUR has been developed (Soloviev, Grenier, R.Avakian et al 2003)

There were many proposals to prepare crystalline undulator but only
S.Bellucci et al (2003 90/034801) has succeeded to make one.

Biryukov et al have started some experiments at Serpukhov and Frascati
to observe CUR.

R.H. Avakian JLAB, November 1, 2004 ﬁ



COHERENT BREMSSTRAHLUNG
CB & MULTIPLE SCATTERING

Behavior of multiple
scattering of 4.5 GeV
electrons at small angles
with respect to the
crystallogaphic plane
(011) of the diamond
crystal du to multiple
scattering.

R.H. Avakian JLAB, November 1, 2004




