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#“il Predlcted Ferretti, Ter-Mikaelian, Dyson and Uberall,..

’"F' Observed: first - Diambrini-Palazzi et al. (1960) in Frascati

*In at present - Arends et al., Mainz (MAMI, 855 MeV),
Klein et al., Bonn (ELSA, 3 GeV),

| Avakian et al., CERN (20-170 GeV),

1 Klein et al., Jeff. Lab. (6 GeV ).
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B Coherent bremsstrahlung, coherent pair production, birefringence, and polarimetry =
#‘ in the 20170 GeV energy range using aligned crystals ‘
| A. Apyan."™ R.O. Avakian." B. Badelek,” S. Ballestrero,™ C. Biino,** I Birol.® P. Cenci,” S.H. Connell,” S. Eichblatt,® ,
B | T. Fonseca.® A. Freund,” B. Gorini,” R. Groess."” K. Ispirian.l T.J. Ketel." Yu.V. Kononets,'* A. bop-cz.” =
H A. Mangiarotti.™ B. van Rens.'’ J.P.F. Sellschop.’®” M. Shich.® P. Sona.™ V. Strakhovenko," E. Uggerhgj, ' H

U.1. Uggerhgj,'” G. Unel,'® M. Velasco, ™ Z.Z. Vilakazi,'™ and O. Wessely?

(NAS9 Collaboration)
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4“&5 Coherence of crystal photons at SOS geometry Baiilﬁ

allows to obtain circular polarization
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F Fourier decomposition of the axdal potential F
Viz,y) = Z V(g q,)eu,seq,y,
ey

. where ¢, = 2me/d, ¢y = 270y /dinay, ey = 0,21, 22, ..
d is the inter-planar distance,
@inax i3 the inter-axis distances inside the plane.

Planar potential
= Viz)= Y. Vig)e"
fem0.21.42.

E *(x), GV’/cm®

Slewly varying amplitudes

E(z) =2 Z V(4s, ay)estn(g:1),

g ny=0.1.
* Egn(z) = 29y § V(g ay)cos(qex)

N y I of the averaged crystal electric field
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Projections on xy plane of positron trajectories (dots) and
velocities (solid spirals) in Si crystal with (top) and g
-~ without bending (bottom). Velocity components,

h measured in units of 0.1/y are plotted from the % =
I corresponding positron coordinates. Velocity projections E

rotate in opposite directions near the opposite crystal —
l planes (at x ~ 0.15d and x ~ 0.85d). Crystal bending ;
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violates trajectory symmetry amplifying velocity

y/A, y/7L+0 l'yv '

oscillations at x ~ 0.1d and diminishing them at x ~ 0.7d. =i

0.0
LLEER, S, G, . A=, S S S A, . Y. 4

A gl




f EFI-' AT = a— W V—il U e ‘-I:Ii ﬂ

!I - = Channeled positrons move in the regions of i h il g
= specmc circular polarization in bent crystals =

illlii!lu.m e = e e G
mmﬂllnﬂlip i e g
T | lle” N ‘ ‘HI“IIT“"T
I L

BE 1“£l|||JI|| ‘

o) b | SUpTTIIIT { .

iiiiwiullﬂl!'ﬂ | ey
UL T " | By
hl!!ﬁﬁ" %tf l o “ F hf "ﬁ!!lﬁ

A oFEER , 'q.;i.. W= —— - N N

En(x), GV/cm




G- A A ——g_ A 1 i U ‘ls

é'iEE!'- gtl Channeled positron distributions g b ',g aii'%

IN transverse coordinate B
illliiﬂlu.#ii T iE PSS n.m.ulaiillh

1GeV, Im, 0.1mm

m 200 GeV 2m 0.5mm

——0=0,80=lurad | 3+ ——0,=0,80 =lurad 7
—0, 100 vl 0,10
—50,1 | i —_10.3 1

——100, 1 10.3

— 150, 1
100, 100

—100, 50

(98]
T

(1/Nd)dN/dx
S
|

(1/Nd)dN/dx
.N

—

[E—
T T

[E—
T T

%W 0z d4 ' d6 08 1.0 %o 02 Q4 06 08 10

v

hmu.mwnnu . ééé 4. ﬂmm.wmi

It Is really possible:
I I 5 = 1. to depopulate the region of 0.8< x/d <1 Id lllﬂ

'!EEEZ to populate the region of x/d~0.1 '-iﬂﬂ!lﬁ
W § O -O—9— 9 W W

||.J"lh’ ‘.- B> W N N




S a-a 4 B G- A I B U ‘s

é'iEEQ' Positron dechanneling probability vs 5 -%;ii'h
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! evaluate circular polarization of emitted gamma quanta
Gamma-quantum polarization matrix e "index” symmetry properties

BB B s
1
i
[V.M. Strakhovenko, Phys. Rev. A68:042001, 2003]:

. A5|mplest “Jocal coherent bremsstrahlung theory allowmg to
bl c iy iR 4 ‘ s =h =i I‘:ill
= E,_plr) = Eznl2), Ey_n(z) = —Eyn(z)

" dﬁfigﬁ_lﬁnzef [ / drdtiLiy o (s [y~ ts = nirs 1) f allow to cbtain q
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dl.s. o d
p Liy = o{e)](eva){e5v2) - (e5v2)(esva)] duy =y [t [ q“
' —;u 3,
+2[(egv1)(e;v2) + (e5v2)(eva)] 4 8i5{vave — 14977,
. x {8;Ex [1 - £(5) + (iAe) — 2)sin ‘s]
e=k=1 a=1/137, i,j=1ny . .
: —o(€)EinEinsis: [sin 2 — 2f({) sing]
o d=c—w,p=cfc +7[e, \ wm? -
—2EinE;ndi; $ $)— 2§ $ -1 )
I v]’z — v(tllz), 1'1,2 — r(t],z)- 2E 'EJ 7 [COS\ + f (\) 2’(\) s \] } exp ( 2 2€€1)
== & Its expansion up to Of{yt)?) terms S=qri2, [ =sindf. .

Integration over T leads to the "local” probability of gamma quantum emission having
the ” Compton scattering form™:

- mdw ® dr
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! 2, 1 i 102 ! (AB)—i En (ab)e(l v),
Hi X q 8y Z(S‘?“Z)(Ez—gl) +; _Tﬁdfg(t‘FT) ’ _'}3"_13 mq"
o
wm? ="9(— (1l —v), u=$, i
+% (926015 — G251:) — (G2itns + gzjgns)} exp (—z@) . 2 ( 2q e
Xg bl = 0; b3 = €3ﬂ.‘!9(u - 1/2) ) b& =§3nygs
1 T

hl £12=1 |:VJ_(t1,2) - ;[ dr'vy(t+ H)} I
7% by 2, TERM DESCRIBES GAMMA CIRCULAR POLARIZATION! |

- micm[n,sm(x)—:‘nyﬂw(r)]

l n=41,£2,.
|
L}

X [exp(Figyr) - Sm(qu 7/2)f (quf/ %) expligyt +inyyo) 9 = aut

Strakhovenka:
bl = §lnug’ bg = 0: bs = §8nyg~ .
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4!5 Polarlzatlon and spectrum of 1 GeV channeled e+_
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;". i The more sophisticated theory:

adding circular polarization to the approach of

V.N. Baier, V.M. Katkov, V.M. Strakhovenko, NIM B69(1992)258
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