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Beam dynamics in LEBT

“lon source + solenoid” test simulations
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aF LAYOUT OF PROJECT X AND PXIE
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RFQ basic parameters:
~4 meter long
F=162.5 MHz

1=5 mA

(W; 30 keV — 2.1 MeV
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Simulations of “Bead-pull” method in RFQ
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Task: Define size, material and transverse position of
bead (sphere) to obtain required frequency shift.

What has been used and done:

«  Basics of bead pull: Slater theorem -> AF~E?

+  CST MWS used for simulations.

*  Two materials: dielectric (¢=10.5 ) and metal(PEC).

*  Bead transverse position x =y changed from 0 to 30 cm.

» Radius of bead was changed from R=2.5 to R=6 in each position.
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RFQ cross section

Module 1 of RFQ
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Vacuum “bead” <--> material bead — trick to keep mesh

unchanged.
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Bead radius
R, mm

Bead radius
R, mm
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Delta F, kHz

(XY)=(12,12)  (XY)=(20,20)  (X.Y)=(30,30)
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70 i
ny 60 //
T s0 /
X 4 M ——(12,12)
L 30 > S/ =020
20 (30,30)
_~
10 I
o L M= M
2 25 3 35 4 45 5 55 6 65
R,mm
. AF(R) (L=2000 mm)
2 /l
35
N30 /
T [
LL"20 —m-(20,20)
<15 // (30,30)
10 //
(5) pg_/_ﬁ —
2 25 3 35 4 45 5 55 6 65

Dmitry Bazyl




T
e

Bead radius AF(R) (L=1000 mm)
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Bead radius
R, mm

AF(R)
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R,rhm

Bead position AF(x,y)
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=& Simulations of RFQ model with temporary end walls Ny

The temporary end walls are designed to perform
RF measurements on separate RFQ modules. This
simulation is a verification of their design.
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# Beam dynamics in LEBT

Ag(z) (1=0)
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# Beam dynamics in LEBT

Emittance growth as a function of Emittance growth as a function of
focusing strength , 1 =0 focusing strength , I =5 mA
B,G
1500 0.35123 1500 153.7556
2000 0.523423 2000 178.8014
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Evaluation of matched beam at the entrance of

ey

RFQ with the “real” fields. PR

Field distribution in RFQ

11
1.05

0.95

o
©

0.85

(z)_norm

o
oo

0.75

E_abs
o 5 o
o o1

zg._.-—t

~9% initiattinear tilt
T Twed ] X=Y=4mm
= Before tuning
f f
0 1000 2000 3000 4000 5000

Z, mm

Goal:

Match input 5 mA beam , i.e. find input beam
Twiss parameters that provide output beam with
minimum losses and minimal emittance growth

Emittance basics:

1. € =~z + 2axx’ + B2

2. B3,0,7 are the Twiss parameters, B describes

Three input RMS normalized emittances
were considered: 66=0.08; 0.10; 0.20 in
cm-mrad,

Two series of parameter sweep: o is
variable, B is constant and vice versa)
Best input beam parameters found.
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the size of the beam, a describes incline, € = area in x. x’ , \F / :
plane occupied by beam particles divided by m and }'=1+; P 7 y
» - —
3. xand x' are the position and angle of the particle P & Bl
respectively // F=nme NF =
/
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Evaluation of matched beam at the entrance of
RFQ with the “real” fields.

4e_x(at), p =10 cm/mrad

4e_z(a), p = 10 cm/mrad
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Evaluation of matched beam at the entrance of
RFQ with the “real” fields.

TRACK output
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Matched input beam
Twiss parameters are:
a=2; =9.5 mm/rad,

For initial RMS norma-
lized emittance

6e = 0.08 cm'mrad
the output beam has

a, = 0.11403;

B,= 0.02764 mm/rad

ay = -0.19399;

B,= 0.01337 mm/rad
and transverse emittance
growth of 15 %
Practically no losses in
RFQ. 13



# Conclusion Ny

 Bead-pull measurements in RFQ were simulated, the tables for choice of
bead size, material and position were developed

* Simulations of RFQ model verified the temporary end walls design.

* Transverse emittance growth study has been performed. In general the
results are as expected, but some of them still must be understood.

e Evaluation of matched beam at the entrance of RFQ with the “real” fields
is done successfully with the use of TRACK . Matched input beam
parameters were found for three input emittances , which covers
expected range of emittance growth in LEBT.
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