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Two types of X-Radiation from relativistic electrons
In acrystal

H.Nitta: Channeling 2008 > CLASSIFICATION
Terminology (definitions):
PXR = Parametric X-Radiation = from non-channeled etets = diffraction of relativistic
electron electromagnetic field (VIRTUAL PHOTONS) thre CRYSTALLOGRAPHIC
PLANES = well known since first experimental obsron

(1985, Tomsk, electron synchrotron “Sirius”)

PXRC = Parametric X-Radiation from channeled electroffisst predicted by H.Nitta et al
(1996) = first observed and explained in 2012 aGBA_S (Japan) [28]

XR vs PXRC: change of relativistic electrons states:
Plane waves (PXR)p transverse quantum states bound to the channdang$(PXRC)
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PXRC at planar channeling

PXRC appears when an electron penetrates throagfstal at the channeling
condition: electron is in a transverse quantum kdaiate with a crystal plane
while its longitudinal (parallel to a plane) motianfree

Diffraction planes

: Channeling plane
a) The scheme of observing - or

theangular distribution
of PXRC - 3D view

HB is the Bragg angle
g Is the reciprocal lattice vtctor

V= C,B is the electron velocity

b) The schematics of mutual
arrangement of the vectors

(5)
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Experiment
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The theory of X-ray radiation from relativistic channeled electrons at the Bragg angles—parametric X-ray
radiation (PXR) during channeling (PXRC)—is developed while accounting for two quantum effects: the
initial population of bound states of transverse motion and the transverse “form-factor” of channeled elec-
trons. An experiment was conducted using a 255 MeV electron beam from a linac at the SAGA Light Source.
We have identified a difference in the angular distributions of PXR and PXRC and obtained a fairly good
agreement between the theoretical and experimental results.
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Experiment
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using a 255 MeV electron beam from a Linac at newly constructed beam line for the study of interactions
between a relativistic electron beam and crystals at the SAGA Light Source. The observed asymmetry of
PXRC angular distribution at (220) planar channeling in a 20 um Si is explained taking account of two
quantum effects: initial populations and transverse form-factors of the quantum states of planar
channeled electrons. Further perspectives for PXRC studies at SAGA-LS are analyzed.
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PXRC from planar channeled electrons

Angular distribution of PXRC from channeled electlming in a quantum staneof

transverse motion
n dBNnn
[l - - l PXRl an(q) |2

PRC T d6,d6,dz

IPXR =

aw, | & , 6 2 %P | ,
167Tsin6, W2 1+ W2 | Fon 7= f @ (y) exp(—1agb, yic)g, (y)dy |
B T o

—-d/2

1 | . 2 P2 theform-factor of the transverse quantum
W, = (R--22—1), r=(mo),  channeling state with the number
2| xg | P R
R = [6, —&00598]2 +g§ +R, HereAwis the energy of PXRC photon,
s @\(y) is the wave function for planar
Q. _ )
R = 62 -2-0 62 =y 24|y, channeled electrons adds the distance

between the channeling planes= €/c/
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PXRC from planar channeled electrons

The PXRC angular distribution

{I PXRC — ZI pxrcn (6h) = loyg ZN:Pn (&) F.n(a) a

N - is the number of quantum channeling states

Initial population of then-th quantum channeling state

2]

g, - is an angle of incidence of electron beam witlpees to the channeling planes
(p is initial momentum of electrons)

_ 1|¢d2 ipg.ym
[Pn(ef))—dj_me ", ()l
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o Key question: what we are looking for
comparing PXR and PXRC at different
electron beam energies ?

e Answer . appearance of guantum jumps
connected with increase of the number N of
guantum channeling states when electron
beam energy (relativistic factor) increases

Quantum Jumpsin PXRC Angular Distributions From Relativistic Channeled Electronsin a Crystal



Separ ate channeling plane approximation

Poschl-Teller potentilal U (y) =-U,cosh®Ay

[ pxec , ph./st/m - @)™ 4 e

[ pa— : ; .
y=40— N=4(3 even state) |
y=39— N=3(2 even state)s

y=d40 Paschl-Teller

dl
Fig.2

1
y=24— N=3(2 even state) |
y=23— N=2 (1 even state) -

8.1%

%
=010 =1 05 000 .05 @, rad

The maximums ofl ., -Observed at, = + &, ™

The change in the number of bound stitésads to the more prominent changé.ig,. only
when the next quantum channeling state becomedaiedu
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Beyond the separ ate plane approximation

PXRC angular distribution calculated with the "true
periodic planar (220) Si channeling potentjgk

[ vxic , ph./sr/m - g e Loxee, ph./st/m _ gimax gmax
L i . - . 25”, i ———— e it
: i y=480
15| (220) Si | -
| 2000 < . =460
0,=0 | =161 | F S
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Beyond the separ ate plane approximation

I, phfse/m_

= e
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Comparison of PXRC and PXR

(220) Si Poschl-Teller
y 45 55 23 24
Table 1
| xre 7-98...8.15/15.4...17.% 3.3330 = 3.6240
| e 12.4 18.2 3.3331  3.6245

PXR

The "guantum jumps" in angular distributions of
Table 1 @ Fig.5| ) PXRC from channeled relativistic electrons in a

crystalr eally exist

To characterize the difference in angular distiing J = 3(8,; ) = Lo TnaIXPXRC =
of PXR and PXRC, we introduce the quantity loxg
2
E:I‘_le)n(€0) an(H;TlaX) ’
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Dependences on relativistic factor
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Dependences on relativistic factor
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Conclusions

For theparametric X-radiation at channeling (PXRC) at zerancident angle of electrons
with respect to the channeling planke difference 0 depends on theglativistic factor of
channeled electrons, which defines the number oh@@uantum channeling states.

Based on these id&ee predict:

guantum jumpsin angular distributions of parametric X-radiatipn
from channeled relativistic electrons (PXRC)

The effect is connected with:

ayxhe number of quantum states of channeled electrons
b)form-factor of the transverse quantum channeliatgst
c)initial population of these quantum states.

Every quantum jump in PXRC angular distribution is connected with agu@ce of
every new quantum channeling state with increasbkeo€lectron beam energy.
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Thank you for attention
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