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Ouvutline

Beam Loading Compensation for Off crest Acceleration of the Capture Linac

® Linear collider requires a large amount of electron and positron comparing to
ring collider.

® In ILC E-Driven positron source, the positron is generated in a multi-bunch
format, 66 bunches with 6.15 ns spacing.

® Positron rides initially on the deceleration phase and slips to the acceleration
phase.

® The phase of the heavy beam loading is moving from cos(n) to cos(0). It causes
the voltage and phase variation of acceleration field.
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Overview of Capture linac
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Transient property of SW cavity (Single cell model)

Acceleration field by RF input

Energy Conservation
A%

RF input

By voltage,

Vit=0)=0,P =Pu(t), I =Iu(t—ty),

u(t): step function

2./BP,R _t\  Rlg _t=tp
v EL 1+ 8 (1—6 ) ] ,8(1_8 )
T=20/(1+p)w




Beam Loading Compensation

On crest acceleration

V(t) =

RF input

Voltage Is uniform, If t, = —Tln<

Ipg
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Beam Loading Compensataion : Off crest

Off crest acceleration with a phase 9, Beam Loading

7)o

V(t)=21iP;L(1—e Fetot

t—tb
_ﬂ(l —e T el(wt+9)
1+

Off crest BL

The phase is varied over the pulse. The phase should be with PM
controlled for the compensation.

C
s, INnput RF

Beam phase

Beam Loading

Beam Loading Input RF

Beam phase

1St bunch

On crest BL =R Off crest BL



RF input Phase Modulation

Acceleration voltage of the off-crest acceleration with phase g,

t t—tp
V(t) = Vo(l — e_?) COS Wt — Vbo(l — e_T) cos(wt + 6)

The voltage and phase are varied, even the envelope is matched. To cancel the
beam loading voltage, the RF input voltage has to be,

_t=tp
Vep(t) = Vg cos wt + V3, (1 —e T )cos(wt + 6)
In this case, V(t) = V;, coswt. Vpp(t) is rewritten as

Vep(t) = VA2 + B2 cos(wt + ¢)

v, =v,,(1— e 72
A=Vo+V,cosb
B=V,sin6
¢=tan 1 B/A
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V(t) = /A2 + B2 cos(wt + ¢)
The asymptotic value of the envelope has to be equal to the envelope of the input RF as

lim A2 + B2 = 2VPRR _

t— 00 1+p
V1o (Voltage at the first bunch) is obtained as

Vi + 2VpgcosOVig + Vi —VE =0

Vo

Vig = —VpocosO + \/VOZ + V% (cos 62 — 1)

Time to start the beam acceleration t; IS

Vio
t, = —Tohln[1——
b 0n< Vo)

V(t) = Vo(l — e_%) cos(wt + ¢)

{ 0(t<ty)

—1 V2 sin 6

¢ =

tan (t > tp)

5 Vio+V, cos 6
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APS cavity
/2 mode SW
MQ

Tsh = 31.5 W

Qo = 25000
B =5.0
P-=22.5 MW

1.3-GHz THO10 APS Cavity F = 1300.0236 MHz
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Beam profile at the capture linac

BL Current(A)

® Positrons and electrons are initially placed
at cos(-p), Ez<0 phase.

— Total

. ;
pOSItI’OI‘I — Positron

® Positrons moved to the acceleration phase | electron |

.+ total

by slippage.
® Beamloading current is initially zero, and
Increased up to <2A.

® GEANT for particle generation
(Bremsstralung + pair-creation) , GPT for
particle tracking in the capture linac, BL is
evaluated by a C program.




Positron yield evaluation

Capture Linac Exit Chicane Exit
0.3 0.3

® After the capture linac, chicane, booster,
and ECS are simulated as a linear
transformation.

® Chicane (R;;,=0.053). Booster (L and
S-band acceleration). ECS (R, =-0.90,
Rec=1.14).

® Phase space distribution (z, ) is

examined WI'H‘I ’rhe dynamic aper’rure Of —0.04—0.03—0.02-0(.0; 0 0.01 0.02 0.03 0.04 —0.04—0.03—0.02—0(.0; 0 0.01 0.02 0.03 0.04
DR as

z* 5°
_|_
0.035%  0.0075%
B #of e+ in aperture
~ # of electron on target (1000)

<1

n

Transverse acceptance, beam loss after the
chicane is not considered.
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Global phase modulation

® Assumptions ® 6 and g, are improved.

® Beam loading current is average over ® The yield over the pulse (66 bunches) is uniform
the linac. with the optimum phase modulation.
® We assume a global phase. ® The tuning parameters for the beam loading
compensations are only two: phase and current.
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Summary

® Beam loading compensation for the off-crest acceleration of SW cavity is
considered.

® A simple envelop adjustment by the timing does not work.

® The timing adjustment with PM works well.

® The linac tuning for the beam loading compensation is possible only with a
couple of global parameters, current and phase.

® In this method, we treat the cavity as a single cell.

® Effect of the cell couplings is discussed in the next Konno’s presentation.
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