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How does Electron Radiate?

Coherent beam - beam radiation

Backward Compton scattering = undulator radiation

On radiationless motion of accelerated electrons bunch
Positron source
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Relativistic Electron Field Potential
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How Does Electron Radiate?

The excitation is small
—(:b Vrel = C - V

The excitation is increased

A=(c—V)At, > At ~ 2y
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795cat ~ 1
g =5GeV
The excitation is strong
|_~107%cm for @ ~1MeV
|. ~1cm for o ~1KeV
70, >>1




Coherence Length
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Radiation in Coulomb field of relativistic particle
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Coherent radiation in crystal and at electron collision with a short
bunch

crystal atomic string bunch 2 Ne?

N. Shul'ga, D. Tyutyunnik, JEPT Lett. 78(2003)700., Proc. of SPIE, v. 5974(2005)60.




Coherent radiation at electron-beam collision
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|. Ginzburg, G. Kotkin, S. Polityko, V. Serbo
Phys. Lett. B286 (1992) 395
Phys. Rev. E51 (1995) 2493




Suppression of coherent radiation (analog of LPM-effect)
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Coherent radiation in a thin crystal
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A. Akhiezer, N. Shul'ga et al. Sov. J. Part. Nucl. 10 (1979)
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Beam-beam monitoring
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Beam-size dependence
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Conclusions

Beam-beam collision and CR

analogy
Beam-crystal collision and CR

2
Born approximation NEAC <«<1
Semiclassical approximation Ne%c >>1 N ~10%
coherent radiation 3 <1

N ~ 10"

suppression of CR 7/~9N >>1

> long-distance effect

Beam-beam monitoring
applications

Beams-sizes dependence of CR
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Radiation of Charge Distribution at r(t+T)=r(t)+aT
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Classically Radiationless Motion of Oscillating Charge

F(t+T):F(t)

—

. Spherically symmetrical charge distribution (G.Schott 1933)
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p(r):M—R§(r—R) IOE Zjd3re 'krp(r)zﬂsm(a)nR)
27 T
2N ?n The radiation is absent for T R=knz

2. p(F)=p(r—R), nonspherically symmetrical charge distribution, ...

G.Goedecke, Phys.Rev 1964
A.Devaney, E.Wolf, J.Math.Phys. 1974
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Backward Compton Scattering (Quantum Theory)

a) 4
™
Fa (2]
{-.J
e r S
> N e = e N iy N st S i S
Q
Q 0
E E'a
& =250Mev
dE _Tazrozg_'a) i+5_'_4£ 1@ Q =1lev
dwdo 2Q s w, &' € o, @,,
4eg'Q)
O =——
m )
g'=¢—-hw @, ~900kev

15



Backward Compton Scattering = Undulator Radiation
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Suppression of Radiation at Undulator Motion
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Positron Source Problem

30 YAG Laser Pulse Stacking Cavities

600 mJ in each cavity, 8 degree crossing to e- beam Ne+ = 1.9 x 108/bunch
(collisions in 100 turns + 9.9 msec cool_ing)x1 00 Az 0 bunches
1.3 GeV e~Linac o, i \ gamm I e+ >
-9 e inaC Compton Ring Na = 1,305 NevNy =14%
(lowQ)  [1.3GeV e StorageRing|"2="->%XT0
C =277 m (0.9us / turn) ey
280 bunches | 5GevVe’ Lina
e-=6.2 x 10'%/bunc Super Conducting
100 Hz
5 GeV e+ Main Damping Ring
(1) 10 turns of Compton Ring
makes 2800 bunches (280 x 10).
(3) after stacking, 100 turns of Compton Ring (90 pus)
DR has 100 m sec. makes 10 times of stacking in each
Then DR damp bucket in DR. Population reaches
positrons and Ne+ = 1.9 x 10% /bunch.
send them Then 9.9 msec wait for damping.
to Main Linac (2) repeat this 10 times

 Ne+ = 1.9 x 10'%bunch

_ 4 10,...
Ne+ =1.6x10 /bunch e liD sne

2800 bunches C=2767 m



Positron Source from Pencil-like Target
N.Shul’'ga, V.Lapko Phys.Lett.A v.359, p.8-9 (2006)
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Pencil-like target

A.Mikhailichenko (2003)
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