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(ZHJ=» Radiation Emitted by Electrons in a Synchrotron

* Radiation emitted by electrons in a magnetic fields can be calculated from Maxwell’s equations
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= Lienard-Wiechert potentials (l)

We want to compute the em field generated by a charged particle in motion
on a given trajectory X =1(t)

The charge density and current distribution of a single particle read

p(X,1) = 0 (X - T(1)) 1(X, 1) = ()6 (X = (1))

We have to solve Maxwell equations driven by such time varying charge
density and current distribution.

The general expression for the wave equation for the em potentials (in the
Lorentz gauge) reads

2 1 d’g  p 1 0%A —
Vg 2 =
ERP I V7A 2 0 ol
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~=U= Lienard-Wiechert potentials (ll)

The general solutions for the wave equation driven by a time varying
charge and current density read (in the Lorentz gauge) [ Jackson Chap. 6 ]

(I)(i,t) _ 1 fd3—v dt' p( ) ( ‘X _i" —t) A(i,t) _ : 1 fd3—v dt’ ( ) ( ‘X _i" _t)
TCSOC

47e ‘_ _" C ‘_ _" C
Integrating the Dirac delta in time we are left with

oo [T Ao e

IR =Xt

C

where ret means retarted ¢ =t (see next slide)

Now we use the charge density and current distribution of a single particle

(X, t) = g0 (X - 1(t)) J(X, 1) = qv()8V (X - T(1))
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= Lienard-Wiechert potentials (lll)

Substituting we get

(X, t) = 473801:\[]'6(3) :i:fi(:[‘ret)] 43 K(i, ) = qUo fffv(tret [X'— r(tret)] 43

Using again the properties of the Dirac deltas we can integrate and obtain
the Lienard-Wiechert potentials

DX, 1) = — | — | AR, 1) = — | EE_
47te, _(l—ﬁ-n)R 47eC _(l—ﬁ'n)R

Jret Jret

These are the potentials of the em fields generated by the charged particle
in motion.

The trajectory itself is determined by external electric and magnetic fields



apPSi= Which Simplification Have I Tacitly Made?
Where Does This Simplification Fail?
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(= Critical Frequency and Critical Angle

d’l e’ 2wp ’ - - 202 . "
= 1+ vy°0 +
dQdw 16m°g,c (3(:)/2) ( 4 ) K2 () 1+ y°67 ”3(5)_

Properties of the modified Bessel function ==> radiation intensity 1s negligible for x >> 1

0, 3/2
§ = 36'0 (1+ e ) >> | A Higher frequencies
/ L @ZS@e  hgve smaller critical
o 15
N 3 - SN angle
Critical frequency o =57 : -
P w << we
= (Urev‘y3 \C>wc
|
L 1w \ 0 ! 2
Critical angle R ( : ) v0 —>
y | w

For frequencies much larger than the critical frequency and angles much larger
than the critical angle the synchrotron radiation emission is negligible
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(Z={J» Spectrum of Synchrotron Radiation

dl —ff d31 \/562 0 F
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(ZJ=» Frequency Distribution of Radiation

The integrated spectral density up to the critical frequency contains half of the
total energy radiated, the peak occurs approximately at (0.286w,.

.. : 0.286w
where the critical photon energy 1s ‘
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Number of Photons Emitted

> Since the energy lost per turn 1s
2.4
e
Uy =
3EQP
* And average energy per photon 1s the

| hw, 1hc ;

C

<8y>z§86= 3 2 o !

* The average number of photons emitted per revolution 1s

<ny> ~ 2, Y
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1=

Counting Electrons...

Fig. 2. Calculated spectral photon flux & (photons per second
and electron and 1% bandwith) of BESSY at electron energies
E =336 MeV (O), E=755 MeV («) and E =856 MeV (+) as
accepted by the multiplier system. The corresponding multi-
plier count rates can be evaluated by integrating the product
function @-¢ (E =336 MeV (----:) and E =856 MeV
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Fig. 3. Count rate of the multiplier system irradiated by the SR
of 384 — 321 electrons (above) and the last 5 electrons (below).
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(-I.{}» Undulators
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