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Trapping of Electron Bunches in the Electron Synchrotron
N.I.N.A. (without beam loading)

The investigation will be solely concerned with the R.T.
systen except insofar as the results obtaiﬁed will influence the
design specification of the Linac injector.

The parameters concerning the magnet and vacuunm vessel are
already fixed. Parameters which are fixed or almost certain are

given below:
d

H

Orbit compaction factor = «x - /%? = 0.0453,

R

Injection energy = 40 MevV.
Equilibriun energy gain per turn = 74 KeVVat injection,
Allowed energy deviation for synchrotron oscillafions;: 2%.
Let us fifst consider the case of phase oscillations under
conditigns of continuous interaction with an R.F. field.
| We shall start from the equation of motion given by Livingood

in his book "Cyelic Accelerators",
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where Wg = synChronous angular revolution frequency
h = Harmonic number of R.F.
oo {@f I S szg
i 3’S? j gs -1
N = Number of R.F. accelerating gaps
Vn = Maximum cavity voltvage
Es = Synchronous energy of particles
q = Charge of particle
s = BSynchrénous phase angle
g = Angular position of particle with respect to
R.7. phase
Eo = rest energy of elesctron
¥s = Zg
o
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As Eg = 40 MeV and E, & 0.5 MeV, ¥, =80 .. -_-‘l- 74




If 4B, is very small compared with d°g

dt dtz
then
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We shall first find thé limits of phase oscillations for a
given QS.

For the extreme values of ¢ during phase oscillation d¢ = O.
dt
If electrons are injected at this extreme value and

(dﬁ)a - 25° (cos @ + ﬁ sin QS - cos Qi - Qi sin ﬂs)

4% cos @ -
For the limits of oscillation 4¢ = O
- 3t

So (cos @+ @ sin QS - cos Qi - Qi sin QS) =0




cos § = (- ¢ sin @5 + cos g, + ¢i sin @)
cos @ = @A + B
where A = sin ﬁs

B =

+ coS ﬁi + Qi cos ﬂs
Graphs of cos @ and - @ A + B against @ are shown in Figure (1).
If the particle is injected with angle ¢ corresponding to
position A, it will change in phase until position B is reached

and df again equals zero. It will then return to position A.
dt

Similarly if injected with @ corresponding to position B,
the other limit of oscillation will correspond to position A.

For constant QS and other angles of injection the Hmits
of oscillation may be found by lines drawn parallel to AB.

A limiting case CD is found where the line is tangential
to the cosine curve at C. Beyond this the particle is lost to
the stable region.

It will be found that the value of @ corresponding to posi-
tion C is given by ¢ = (7~ ¢_).

For CD to be tangential at C

%@ (cos @) = - sgin QS
S, -sin @ = - sin QS
g = (-9

If we inject at Qi =T - QS the other limit of oscillation

—

may be found by the expression

cos @ = - @ sin QS - coS QS + {(vr- Qs) sin QS.
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Maximum Values of &

From Livingood AL = 1 ag
E w_h dt
5 s
The maximum value of df occurs when @ = g, i.e. when
dt
d.2 = O.
at”
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For the case of a particle which is Jjust stable
AE (max) = 1%
E hw_o&
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Calculation of Injection Parameters

For values of ¢ between 92° and 178° we shall calculate the

following.

(1) Trapping angles limited by phase slip.

For @ g, = 17 -9
For ¢2 we solve for ¢
cos ¥ = - ¢ sin ﬁs - cos QS + (0 - ¢S) sin QS

(2) Peripheral voltage.
If the synchronous energy increment per turn ﬁxES is known

. B . AT .
AE = vV, sin QS, hence V, &_%/31n ﬁs

(3) Maximum values of AE for particles which are just stable

~

L \ N . 4
AR (max) = |- VC N (2 cos QS + (2 QS-ﬂT) sin QS)] z,
E ) =~ hd -F{ ~\ b }
L A -
using Vc ags found above, and measuring ES in electron volts.
(4) 1Injection angles such that 4F (max) = EPSIION
S

where TPSIILON is known.
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Results
The results are given in the Table and in Figure 2.

¢S = Stable phase angle.

Qq, Q2 are maximum and minimum injection phases for trapping.

Vc = peak cavity voltage, for a nominal energy increase

‘per turn of 74 KV




AE max. = Maximum energy excursion of the trapped pafticles,
expressed as a fraction of the injection energy,
(40 MeV).
m shows the maximum and minimum injection phases for

trapping and not exceeding 2% energy excursion.
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178 & BeH 2i. 2 boBF 320 225
175 4 FLC 1G. 56 Do BF o406 24,
174 6 298 7. 08 2,662 a5 osg
172 & 288 5. 32 2.l 55 273
176 L0 280 3,26 1.98— S0 286
L1568 1z £72 %e 56 1,70 298
1546 14 265 He 30 1,61 211
1564 16 253 2.68 i.45 22
162 18 e52 2o 3G 1.%2 340
168 Z 246 2,186 1,20 360
138 22 247 1.98 3,10
158 24 235 i.82 -~ 97
154 25 229 1,869 .20
152 28 204 1.58 - 8%

150 50 219 1.48 o 17
148 32 214 1.3 o 7L
145 %4 205 Le32 - 66
A4 36 Z05 L.26 o 01
142 58 149 1020 o 57
140 &0 194 10,18 o 5%
138 42 160 1.4 «49
136 44 155 1,06 odB e AT — R
134 46 151 1.05 .41
13:12 JHS 17? 1:40{} -] 53
130 50 172 « 87 o 35
128 52 1468 o 9 o 32
1256 54 164 « 21 e 28
124 56 159 « 80 o &7
1Z2 58 15% o 37 o 24
120 &0 151 « 55 0 22
118 62 147 o S o LG
1ié 64 143 » B2 - L7
114 66 138 e 31 015
llg 68 154 ﬁ?g c13
110 70 130 7S <13
168 72 1z 2 T8 o 18
106 74 122 o T7 . 081
i04 76 118 o 7E - 068
102 78 114 o7 052
100 g0 110 275 . 035
o8 B2 106 T8 . 028
26 84 102 o T4 038
g4 36 g8 . 74 . 030
g2 g8 G4 « 004
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