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The SNS Linac

To Ring
402.5 MHz
T T T T 1 Linac dump
Injector 2.5 MeV 86.8 MeV 186 MeV 391 MeV 1 GeV
p=0.55 p=0.71 p=0.87

4 Length ~260 m, 96 independently phased RF cavity/tanks

O Normal conducting linac from the H ion source to 186 MeV
U Superconducting linac from 186 MeV to 1 GeV
1 Beam commissioning of the SCL began in August 2005

O Achieved the design repetition rate 60 Hz, maximum beam
energy 1.01 GeV, peak beam current 40 mA, pulse length 1 ms,
beam power on the mercury target 520 kW.
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Longitudinal Lattice
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RMS phase in the warm linac, linear map and zero current
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Y. Zhang, S. Henderson, this proceedings.
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Phase oscillation in one of the SCL commissioning lattice
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Longitudinal beam emittance increase in
the SCL commissioning lattice
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Y. Zhang, et. al., NIM B 261 (2007)
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Beam phase oscillation and damping are sensitive to RF errors
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SCL phase oscillation measured in February 2006
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A.V. Aleksandrov, et. al., EPAC2008

Fhase Shift in BPMs after EF Shift
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SCL phase oscillation, dominated by random errors (~2°
phase, ~2% amplitude) and likely caused by RF driftings
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Longitudinal Beam Emittance Measurement

A. V. Feschenko, et. al., PAC2007
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Y. Zhang, et. al., submitted to PRST-AB
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Longitudinal beam contours at the SCL entrance (Cav_01b)
RMS emittance: 2.9 MeV*deg ~ 2.2 times the nominal design
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Transverse Beam Dynamics
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Beam emittance and twiss parameter measurement at MEBT

Multiple wire scans measure beam profiles, and fit the
measured beam RMS size with the accelerator models

*On-line model in the XAL is based on TRACE3D.

*Transverse — longitudinal phase space coupling.

*Higher order effects: emittance growth in RF gaps,
chromatic aberrations in “short” quadrupoles.
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Y. Zhang, J. Qiang, this proceedings
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A. Shishlo, A. V. Aleksandrov, EPAC2008

Initial H and V Traj.: (Red - Simul.) (Black-BPMs) BIEE]
2T Raoafore ariadc lrar i
1 1 | UAAUO Ol | AN 1
-3
(o] 10 20 20 40 50 &0
4
3 i
Y
[
211 - »
Y II\\ ,l‘ \\ ) J.'l
A — - P
‘- \‘ “u = 2 |,'I -,
4 ] - — I’Jl o i Pl
s} / =
\\ IF "__J n — ? £ T
X Initial H and V Tra i + Ao e
2 -t 1!' = o
=2
o 10 20 20 40 S0 [=1s]
! f\
f\\
X = ' AL . I .
, A I Iy AN . A N X 1
— Y kN P ol - =Y !
I VLA W P P ol Mo i
va
=il A++Ary manNcec chaleay
8 19 29 20 \TLCTI AaudsS SITAdanNcT &
! modaoal hacad ali N 1t
) . 2 ,klll UCI VAo CTu ail INERE 1ic
a \ N e
\ P~ IR M, /
NER A e AL I TV /
Y l "IN/ ALY .
. 7 M
\f/ \ . S . N
|
o
=il
0 10 20 20 40 ;. OAK
20 Managed by UT-Battelle RI-DGE
‘National Laboz ry

Presentation_name

for the Department of Energy



Unsolved Puzzles
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Linac residual activations after neutron productions
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SCL Longitudinal Acceptance and ...

3.0

2.0 -

10 - = SCL
= = CCL
o + MEBT
= 0.0 -

LLI
L=

1.0 - e

o® o .::u”n o
2.0 -
-3.0 . . . . .
-40 -20 0 20 40 60
dP (deg)
SCL Acceptance, MEBT Particles and CCL Particles  OAK

22 Managed by UT-Battelle R DGE
ral ratory

for the Department of Energy Presentation_name Natior



o o
= o

=
o

Emit. (mm mrad)
= =1
o Chn

=
[

Longitudinal emittance in the warm linac

‘.
1 i — Without
' PP With Halo
1 !
Lt
1 T E .
- i th M
[ :Eiﬁf:f: ,‘F r
+ o T
[ R ;
: Y
Ttdkrtrn e e e e
0.2 v ey . i
0 16 32 48 64 80

The nc. linac could be a halo filter (scrapper) if no error existeg

23 Managed by UT-Battelle
for the Departmentof Energy ~ presentation _name

Z (m)

96




RFQ Beam Tails plus Linac RF Errors ?
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Partially chopped beams ?
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Increase the SCL acceptance ?
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d, = -35° (design: -20°), sacrifices ~100 MeV output energy
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Summary

» Beam dynamics studies at the SNS linac are performed with
several conventional and newly developed techniques.

» Beam longitudinal tails/halo shown in the measurements, but
the exact cause of the longitudinal halo is not fully understood.

» Simulation study of halo in the linac does not have a complete
picture, might need 3D particle tracking from the ion source.

» Characterize beam halo in the order of 10~ to 104 and reduce
the fractional beam loss to below 10#in the SCL is a challenge,
existing problems should be fixed first. E.g., MEBT rebuncher,
LEBT and MEBT beam chopper, performance of the RFQ, and
transverse beam matching through the entire linac correctly...

» Beam loss in the linac especially in the SC linac is one of the
major concerns to further ramp up the beam power, a factor of
two to three beam loss reduction is needed. Suggestions and
Ideas are welcome.
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