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Radiation emitted by heavy multiply
charged ions in the amorphous targets

Bremsstrahlung, Transition Radiation, Cherenkov Radiation

The main problems: '
For heavy multiply charged ions we have to take into account
the stopping power and charge exchange with the target. L]

In this report:
* Short review of charge exchange effects on the Cherenkov Radiation.
 Some expected effects of charge exchange in Transition Radiation.
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When heavy ions penetrate into the target, the ion-atom
collisions cause fluctuations of the projectile charge due to
electrons loss or capture.

1 A .. 4 -
Q(k’w):<_ 4|m _ﬂ|J|||2+ 71;0) 2|Ji % >

87 WE C° w

Channeling-2014



The radiation of a time-varying charge moving
in a medium with a constant speed

Amatuni A.C., Garibyn G.M., Elbakyan S.S.
Proceedings of the Academy of Sciences of the Armenian SSR.
1963. T. XVI. Ne6. C. 101-112.
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TEOPETHYECKAS ®H3HKA

A WL Amaryuw, I M. Tapubau, C C Babaxsn

Hanyyenue nepemennoro o spemennu 3apana,
ABIYUIETOCS B Cpele C NOCTOAHHONH CKOPOCTHIO

b L Tlyers 3apan aeuwkercs ¢ nocrosunof CKOPOCTRIO R Cpeae #t ne
MG er0 MEeHSeTCH BO BpeMeHil.

: nommﬂ SUPAL BO BCEM NPOCTPAHCTEE OCTAETCR NPH 3TOM MOCTOAY-
BAL M, rOBODA O NEPEMEHHOM BO BPEMEHH 33pHae, MM HMEeM B BHAY,
IO 8aCTh 33pANa BMORBIET H3 COCTOSIHHK ABUKEHHA M OCTAETTS B Cpeir.
"epou TAKOH CHTVAUMN MOXKET CAYKHTS oGp430BiHMe M AnanHefi-
€€ HCueanosenite HaOMTHA JICKTPOHOR B IJACKTPOHHO-POTOHHOM JHBHE
’auaqecme APYTOTO DNpHMEDA VKAKEM HA JABIKVLLHCCH B MAQ3MC
KTPOHHWE CTYCTKH C SAPAACM NEPEMEHHON BeANUHHE,
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The correlation between various charge state values can arise
in the Stopping Power, Bremsstrahlung, Transition and
Cherenkov radiation

AUTOCORRELATION FUNCTION:

(ZMZ@)) =25 +(EMEER)) (EM)E(E))=A%exp(-T|t—t])

LONGITUDINAL WAVES :
Z.1. Miskovic, S.G Davison., F.O Goodman., W.K. Liu Phys. Rev. 1999, B60, 14478-1483.

TRANSVERSE WAVES (HUYGENS PRINCIPLE):
V.S. Malyshevsky. Physics Letters, A372 (2008) 2133-2136
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Correlation effects

The threshold condition is satisfied

V.S. Malyshevsky. Physics Letters, A372 (2008) 2133-2136

d'w dw®
dwdl dadl
>
c, /v<1 dW AW (1, a2i22)
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A single electron capture (loss)

V.S. Malyshevsky. Technical Physics Letters, 2014, Vol. 40, No. 4, pp. 320-322.

dW eV’ e'(w)sin® @ 1
v<c, = > .
dodQ (27) (1—v, /g’(a)) Cos 0)

2\ A2 1 = 2
vsc L AW _oveyel@)sind ;o sw—ku)

P LdedQ 21 ,

"Average" charge  [Z,+(Z,-1)]|/2=2,-1/2
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A single electron capture (loss)

J. Ruzicka et al. Vacuum 63 (2001) 591-595
The threshold condition is not satisfied

Au” 641.1 MeV v/c =0.86
V/Cp = 0.86 — ’ .

F N

d’WidodQ, arb.units

0, rad

Si0, L=7.7 mm

o
1

Capture probability ~ 1 BW 6N (@) sin® 0 .
dodQ (27)? (L-v./¢'(w) cos 6)?

V< Cp
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Transition radiation

Formulation of the problem

. Capture or Loss
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Transition radiation

Basic approximation

Lcoh >> Leq

L, - the length of the equilibrium Leq ~
charge formation

L., - the coherence length of the

e#l radiation (formation zone)
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Transition radiation

Maxwell's equations in the first and second media

AA — 1,_ c ,,A = —ﬂZew 0(r —vt), A l,, i@ = —AxZeo(r—vi).
c Ot c c Ot
0° A 47 H* 47
AM-EE2 - g vsa—vr).,  Ap—=2L- 27 e50—vr).
c Ot c ¢ o1 &

Fields are found from the condition of continuity of
normal and tangential components
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Transition radiation

Spectral- angular density

Capture or Loss / \
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If Z,=27, we obtain the well-known Ginsburg — Frank formulas
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Transition radiation

Spectral- angular density in the special cases

If Z,=1,7Z,=0, &£ —> o we obtain the backward Transition
Radiation from metal surface:

d’W, e'sin® ¢ lix
dadC) e (1- B cos’ )

5o

If Z,= 0,Z,=1, € =1 we obtain the radiation of the electron
which starts suddenly:

~y

d’w,, _e’sin® 9 i
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Transition radiation (some calculations)

- Au, B =0.99

Forward radiation in the vacuum ultraviolet

Z,1Z, =1-Cexp(—Vv/vyZ])
H. Betz, Rev. Mod. Phys., 44, 465 (1972).

.

— Transition
radiation with

charge exchange '

Ginsburg-Frank
formula without
charge exchange

Charge exchange in the medium
increases the intensity of the
Transition radiation
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dW'/dwdQ, arb. units

Transition radiation (some calculations)
Backward radiation in the optical range

Capture
— Capture :
0,05 - B 0.8 Loss
e = 1 5 ——— No Capture&Loss 9, Electron capture
P —
.04 5
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Thank you for your
attention !




