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Radiation from accelerated charge
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Undulator radiation

“Weak” helical undulator
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Transition radiation from ultrarelativistic charge

wp, is the plasmon frequency
hwp ~ 30 eV for Al
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Coherent Synchrotron radiation
(radiation from accelerated charged particles)
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Coherent transition radiation
(radiation due to dynamical polarization of target atomic

shells)
O 7
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} Condition of coherence
: ) (Emission from rest target
,*,',’ 90 electrons during lag time
/ — t. —t, 22
__________________________ At =ty — ty1~7):

7 =75 7 = (0, 0, xOan o

For ultrarelativistic particles (f — 1):
Apgrr = ZE[-X O +y 6, +2(1-1/29%)]

Target = (|&|—oo)
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Coherent SR:

temporal coherence  — A >> o, cos ~ o, (1 - §2/2)

spatial coherence — A >> g SINO =~ 0 6

Coherent BTR:

temporal coherence S A>>o,/B~0,(1-1/2 ’}/2)

spatial coherence — ) >> oy Oy oy 6,, o= \/ O.i n O'f/

Angles 6,, 0,, are defined relative to the specular reflection
direction
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Intensity of Coherent Transition Radiation

d° WeTR — d* Wig
dwdQ) =[N+ NN-1)FK)] dwdQ)

Formfactor:  F(k) = | [ p(r) exp[—i Ag] dr\z, Ap = KAT - wAt

Kinematics of BTR
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In the frame x°, z° kzzl{e 6 1_6)_\-

x'=xcos26, —zsin26,,
V=,

z'=xsin26, + zcos 26,

2
Subsequently, Ap =kAr— oAt = 77[ X

neglecting by ¥ ~ terms A@Qprg ~ 7

Phase shift for forward transition radiation:
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Generation of coherent BTR by a tilted
“pancake-like” bunch

X y: 7
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And 1n the initial frame { X, y, Z}
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Formfactor for such configuration 1s calculated analytically:

F(k)=F(0.6,.6, )=

27 2 i 2 2 2 0 2 2 -

Exp— PE [ax SIN” Y+ 0. cos” Y+ x(ax — 0 )><S1n2\|f
+0° (O'f_ cos’ y + o7 sin’ \p) +020°? ]}

For the conventional configuration o, >> o5, oy; ¥ = 0, the effects

of spatial coherency are negligible:

7 2 202 5°6°
FO((O) A Exp{—2ﬂ’(j:§ +O-x26x + 3 jJ ~

o
Exp{ 27" —=}.

But for a “pancake-like” bunch the “effective” longitudinal size will be
defined by the value:

2 2 2.2 2 2 2
o, =0.sin"\y+0o.cos \y, >0,
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Spectral-angular distribution for coherent BTR can be calculated using
well-known expression:

AW, & 07+02+0 (y7+0+67)/tan6,

R~ N- F((o 0.0 )
a’a)dQ e (v ‘+9;+9;)

For small tilt angle ( Y <L ] ) formfactor can be written as:

( A

2
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e Asymmetry of
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Spectral — angular distribution of coherent BTR, generated by
a “pancake-like” bunch 1s determined by the ratio o,/ cﬁ}E
angle and wavelength:

oif there 1s asymmetry which depends on the sign of .
if thedistribution has a single maximum;
the angle of maximum even 1f
b4
o
¥Y>_=
O-f
0 ~—¥ Yoy
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2D distributions
of coherent BTR
o Werr 10 ¢
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2D distributions
of coherent BTR
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For the perpendicular pancake (\Ij :&n@for ultrarelativistic case (y > 1)
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In the opposite case the spatial coherency effect suppressed BTR yield
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Ultrarelativistic case

(7 =50)
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Ultrarelativistic

case (y =1000)

distortion of the

symmetrical angular

BTR distribution
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In the ultrarelativistic case the conventional “lobe-shape”
distribution of BTR transforms into a single-mode one only for
tilt angles >§f§;f11nstance, when P - 10 y!

A dependence of “full” formfactor on wavelength 1s determined

by tilt angle and ratio
Vo
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40
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Coherent BTR as radiation produced by
superluminal motion of the radiating domain

vacuum

rrrrrrr
1111111111111
1111111111111

Sd, radiating domains

-

A Veloéity of the radiating domain:
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Cherenkov condition:

_ C _ cos(6y—V¥)
> or COS Oy, = = =
Vg = C ol Vd Bcos Y

For iy << 1 and B — 1
COS Och ~ COS(QO - lp)a QCh ~ 00 _ I?”

Passing to the variable 6, — Oy = Oc — Oy ==Y
Just at this angle there 1s occurred the single intensity maximum of
BTR

For perpendicular bunch (¢ = Q)

Vy s 61 C = B > cos 6, = y &,
Such an effect can be observed only for moderately relativistic beams.
See, for instance, B.M. Bolotovsii et al. Physics Uspekhi 48 (9) 903-915

(2005)
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> Mev electron energy
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quasi-optical detector

RF deflector

Electro
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0.1-2 THz viewed a range of

frequency
RF-gun Tilted bunch
1.52 TOPAS refractive index Quadrupole
Magnet
deg Cherenkov angle Experimental setup for coherent Cherenkov
radiation by using tilted electron bunch.

width 1 mm

thickness 1 Prizm target size
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Correct angle Inverse angle

THz intensity with 1

THz as a function of

the electron bunch -_—
position and electron

bunch tilting angle

Electron beam tilting angle

Electron beam position
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The Cherenkov mechanism may be realized for charge passing in vacuum near a

dielectric target.
For the high Lorentz-factor y and if the condition h <A 1s fulfilled (h 1s the impact

parameter, A 1s the ChR wavelength) ChR can be produced.

b, = arccos( 5 1\/; )

Fresnel’s law sinf = Ve sinb

0 = arcsin (\/; sin(0,, ))

If ¢ <2—y then the geometry a) can be
realized

6 =90 - —arcsin (x/s_cos (o +6,, ))
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Potylitsyn et al. Journal of Physics: Conference Series 236 (2010) 012025

Telescope
rotation axis Faraday
electron Cup

Microtron

Teflon target

- - - - - -

ChR™
Experimental X g Parabolic
scheme and some ﬁ """""" mirror
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V.E. Pafomov, JETP, 33, 1074 (1957) (Russian)

Spectral and angular distribution of the radiation, calculated using method of images
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Comparison of both models

~— polarization currents
= ==+ Pafomov

~— polarization currents
H=comm ....psfomov
a=0 mm
L=75 mm n
v=10
e=1.3
3000 2=1.5 mm
2000 G =0
1000
_@W&AL_A&AA——__‘ -

10 20 30 40
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Angular distribution of incoherent ChR
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Dependence on impact parameter

see, Norihiro Sei, Takeshi Sakai, et. al

Physics Letters A, 379 (2015) 2399-2404

can be approximated as cxp( .
‘\( \

-4 a )

exp -im Ll =exp( - d =lexp(-0.84194 )
YAB 10-1.5-0.9949
d.’ H.ChR 6’2
dod0 7 H=50 —4na 4 a _
e . mim . exp| —— - =pxp(=0.1675 a )
5008 - b b L=25. mm ......... "{Aﬁ 50-1.5-0.9998
o y=10: 8

400_‘ ........ 8_13 ......... HISO mm

: : L=25 mm

......................................................

..................................................

Fit = ==+ 510.914 exp(-0.8269 a)
— polarization currents N
1 :
Fit = = = - 5246381 exp(-0.167

— polarization currents
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Form factor a tilted electron bunch with distribution
of electrons in the bunch is a Gaussian:

21
Ap = - (x sin(@) sin(¢) +

a Z
+ y sin(@) cos(¢) + .[_3)

vacuum

~NY
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Coherent Cherenkov radiation

The spectral-angular density of Coherent Cherenkov radiation (CChR) from a bunch with

population N:
({ ”((/R (1 ”(/R
L=N1+(N-=-1HF(k H’
dn dQ ( ( ) dm dQ

} p(r)exp ( i [Bsin (0 )sin( )x + 2 sin (0 )cos(p )y + % :] )dr:
— C (& (&

2

Form factor F(A:) =

p(7) is a charge distribution of electrons in the
bunch is a Gaussian,

p(r)=p(x,y.z) = 3,,1 exp L (;] + (L) + (i) : (*)
(2n) “0,0,0. 2|\o, o, O.
d*Weop . e 2
——ChR g thespectral-angular density for a single charge. dh . | Evac (F~(°)|2
dndQ dwdQ
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Evac (I-'.,(JJ)= |?l|3- [‘J{FE’?- ‘H”R F,UJ )2+}F”‘2‘Hf (I-'.,UJ):!] (2)

HY (o )= [HE (o) + (2 G Yin@ )+ 1Y G Jos@)) @)

Hf (1-*,0) )= HF (17,(0 )cos ©)-H) (1-*,0) )sin @) @

2ecost
F, = — (5)
g cosO + \/e -sin0
2cosH p
Fy = (6)

- 2
cost + \/e -sin’o
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(8)
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Form factor for tilted electron bunch

2

| p(}:)exp —i |2 sin(0 )sin ¢ x4+ ~s5in(0 Ycos ¢ y+(iz drl ,
_f. c c cp

]. =

i'~(l\:)=exp( —kjol +— [ (A + k- Xo +0O: ) (A‘—A Xo -0 ):09(2\]))+2/\ k. (o -0 )am(Zw )]) (14)

F(k) =

(‘?'J't )3l20.10_v0: o 0:

N — exp(-g[(i)l(-"m(w>-=-*‘"(w>]2+(.vsin(w)+:cos<w))

fe ok k)= %{sm (6 )sin (¢ ). sin (6 )cos (¢ )%} (15)

{A k. k. } {sm (() )cos(() )sm(() ).[3} (16)
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Form factor a tilted electron bunch with distribution of electrons in the
bunch is a Gaussian:

—————————

yvacuum

Ersin
ag |

(6 )sin (9 )+ ysin (0 Jcos(9 )+ ;

z




L ' Form factor for tilted electron bunch v

2

?p(F)exp[-: [%m(e )sin(q))x+%sin(0)cos(¢)y+%z”d; ,

e exp[_l[(i)z+(}'°°S(lv)-~’-sin(W))2+(.*’Sin(W)+zcw(w))2I]_ -

F(k)= exp( kol +- [ (k +kZ Xo +0; )—(lr2 k: Xo -0; ):o +2kk ]) (14)

F(k)=

{kx, k k. }- %Jsin (6 )sin (9 ), sin (8 )eos(p ), %} (15)

\

{k, &, k. }- %;Sin (6, ),cos(8, )sin (9", ), %] (16)




Angular distribution of coherent Cherenkov radiation from a tilted bunch passing
through a target

H=50 mm
L=25 mm
a=0 mm
v=10

e=1.3

A=1.5 mm
Ox— Gy:707
um

oz= 100 um
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[ | . Angular distribution of coherent Cherenkov radiation from a tilted bunch passing
through a slit in target
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Conclusion

Due to the spatial coherence spectral-angular distributions of coherent BTR from “pancake-

like” bunches depend on 3 independent parameters: 64, 0,, ¥;

Angular distributions of coherent BTR if o, > o, 1s “narrower” in comparison with

incoherent BTR and becomes asymmetric if ¥ # 0;

The measurement of longitudinal bunch size o, can be carried out using spectral

measurements if two other parameters o; and ¥ are known;

: : e . d*w
The tiltangle ¥ can be determined from measurements of angular distribution —dw;ff

The developed model allows to simulate the spectral-angular distribution of ChR for target

geometry where charge passes through the slit in dielectric.
Coherent ChR produced by tilted electron bunch possesses the strong azimuthal asymmetry.

Simulation results show that the maximal ChR yield is directed in the plane coinciding with

the bunch axes and confirm the experimental data.



