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LINAC4 which presently is under construction is a normal conducting proton LINAC
which is the front end of SPL.

An H- source delivers 45 keV ions to magnetic LEBT which transfers and matches
the beam to RFQ.

RFQ. resonates at 352.2 MHz and accelerates the beam to 3 MeV, where a chopper
removes some bunches (3/8) and matches the beam to DTL.

DTL is using PMQs and has a FFDD lattice in its first tank and a FODO lattice at the
next two tanks.

Downstream of DTL is the CCDTL which ramps the energy from 50 to 100 MeV in 7
tanks, and finally a Pi-Mode Structure brings the beam to its final value of
160 MeV.
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SPL starts from 160 MeV after LINAC4, and works at 704.4 MHz, twice the
frequency of LINACA4.

The first structure has a geometric beta of 0.65 and increases the energy to
574 MeV using 7 modules each 11.85 meters. The drift between cryo-
modules is 500 mm.
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The second structure has a geometric beta of 0.92 and increases the energy to
5070 MeV using 25 modules each 13.93 meters + 0.5 meters drift in between.
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Transverse focusing is done using pairs of SC quadrupoles.

With a generated beam at the input, the particles, without error, are well
within the aperture (50 mm radius)
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Emittances and Halo
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Emittances, except at the very beginning, are almost constant, with a total
increase in rms values: Ag, = 2.6% Ag =3.7% Ag,= 7.7%
Halo oscillates around 0.78 which is the initial value of Halo for a Gaussian

beamcutat3 o

M. Eshraqi

SPL Collaboration meeting 11-12-2008

- HB



=

-
O

| 1T
|_ y UL

SPL output
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Imphed errors and results
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55 keV energy jitter is the effect of 5% error [tilt] in PIMS field

125 keV energy jitter is due to 1% error in feeding klystrons of PIMS

Field and Phase error have a uniform distribution and Energy has a Gaussian
distributioncutat3 X o
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Different schemes

Transfer-line from SPL to PS2 is a 450 meters long straight beam transfer-line. No
buncher or debuncher has been included in the line for the moment.

Three different focusing schemes, all using doublets, have been designed and
simulated:

1: Focusing period length equal to the focusing period in SPL (14.43 m) total of
32 periods.

2: Focusing period length twice of the focusing period in SPL (28.86 m) total of
16 periods.

3: Focusing period length three times of the focusing period in SPL (43.3)
total of 11 periods.

In each of the three schemes the last cryo-module of SPL has been included to
match the beam to the transfer-line

M. Eshraqi SPL Collaboration meeting 11-12-2008



TraceWin - CEADEMARFUISACH Traceiin - CEADSMIRFUSACKM

E 50 [1
S e ]
T T T T T T T T T T T T T T T T T

Posttion (m)

¥ (mm)
.

=
8
|

—01

¥ (mm)
Lotsarnata

w
=]
|

—
il 100 200 300 400
Posttion (m)

Aysuap

— 0.

o)
5
|

Particle density distribution { mm )

egat 35220
Lot = arata

T e
100 200 300 400 0.001

Postion (m)

o

- 0.0001

T T T T T T T T T T T T T T T T T T T T T
100 200 300 400 o 100 200 300 400
Position (m) Paosition(m )

o

Traceiin - CEADSMIRFLISACK Tracelin - CEADSMARFLIS ACM

o7

- Ez = Hz

] -y = Hy
065 —

— Ex — Hx

=
m
|

Morm. rms emittances ¢ PL.mm.mrad )
o =]
i = i
i o o
7

o

=

in
1

- HB

=
.
1

Period # Period # 9

M. Eshraqi SPL Collaboration meeting 11-12-2008



Maorm. rms emittances  Pi.mm.mrad )

egat 35220
[

W (MeN)
Lottt

Traceliin - CEADSMARFLUISACK

100

200

Posttion (m)

100

200

Posttion (m)

100

200

Postion (m)

0Es

iki]

o
n
o

=
n

o
=
n

=
=

035

03

100

200

Posttion (m)

TraceWin - CEADSMIRFUSACM

— Bz
-ty

= Ex

I
100

. Eshraqi

I
200

Position ( m )

300

400

50

40

20

Particle density distribution { mm )

25

Halo
i

a5

Aarm Avn mi
aAal uy | 1111

nces and Halos Il

Tracedin - CEADSMIRFLISACK

—04
[ [=3
Fin
—ool 3
2
B =
0.o01
ESS—S o — ————— L
100 200 300 400
Paosttion [ m )
Traceiin - CEADEMIRFLIZACK
= Hz
— Hy
= Hx
T L B — L — L LA S S T
100 200 300 400
Posttion ([ m )

SPL Collaboration meeting 11-12-2008

10

N Cc
Vo

- HB



Marm. rms emittances  Pi.mm.mrad )

egat 35220
Lhoam

W (MeN)
lota et

Traceliin - CEADSMARFLUISACK

Posttion (m)

400

Posttion (m)

400

o

Postion (m)

400

055

Posttion (m)

TraceWin - CEADSMIRFUSACM

400

o
o
1

=

T

n
|

=
=
1

— Bz
-ty

= Ex

I
100

. Eshraqi

T
200
Position ( m )

300

400

lalalag]
CaAlll uy

Avina mi

, particle density, emittances and Halos Il

Tracedin - CEADSMIRFLISACK

50 [ 1
40 —
—04
3
E
H
£30
% [=3
Fin
z —ool 3
& N =
@
2
520
)
2
T
5
o
0.o01
T T T T —0.0001
o 100 200 300 400
Paosttion [ m )
Tracewyin - CEADSMIRFLISACK
14
= Hz
= Hy
13 —
= Hx
1.2 —
11 —
k=)
&
T
1
0s
05
or T T T T T T T T T T T T T T T T T T T T
100 200 300 400
Position (m )

SPL Collaboration meeting 11-12-2008

11

N Cc
Vo

- HB



Trancfar_line +An DS Raam dAvnamicc
1I1AIIDICT]T 111U LU 1 JV4a. T adlll UYIIGIIII\.«D
Summary and Comparison

Unit Scheme | Scheme Il Scheme ll
Rmax mm 9.5 9.5 17.0
AE, MeV 3.318 3.018 2.245
A, deg 4.49 4.07 3.07
Ag, % 2.9 -1.3 -0.3
Ag, % 3.9 -1.6 0.9
Ag % 37.5 32.3 14.2

Adding a cavity may necessitate changing the transverse focusing
scheme, at least locally, to keep the phase advance ratio between the
transverse and longitudinal planes far from resonances.
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Increasing the transition energy from 574 to 806 MeV, and at the same time
changing the geometric beta of cavities to 0.67 and 0.93 respectively, reduced
the number of cavities by 14. The phase law and all the distances have been
kept the same as nominal layout.

There are 30 low beta periods (6.24 m), each pair housed inside a single cryo-
module of 11.976 meters. There is 500 mm drift between cryo-modules.

Total number of high beta periods is 22, each 14.516 meters long including the
500 mm drift. Final energy is 5002 MeV.
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Transverse focusing is achieved using SC doublets which are housed inside
the same cryo-module.
An end-to-end beam plus quadrupole error will increase the maximum size
of the beam. Collimation at low energies will increase the margin between
beam and aperture.
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the transverse flexibility to match, and

transverse emittance growth is higher with respect to nominal layout;

Ag, =6.4% Ae,=10.6% Ae,= 3.6%

Except around the matching between two structures, Halo parameter does
not change a lot and the final value is still very close to the value of Halo for

a Gaussian beam cutat3 o.
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Conclusion and Further Studies

Higher B, layout, while it might not be the best solution, indicates that
there is still room to optimize the LINAC length and/or number of cavities.

Transmission of beam from SPL to PS2 can be done using much longer
periods, yet statistical runs have to be performed to prove lossless
transition. Adding debunchers may require the need for stronger
transverse focusing.

Using doublets in the Nominal Layout + launching transverse and
longitudinal error study.

Matching the beam to the PS2 longitudinal and transverse acceptance.

Reducing the emittance increase in the higher B, layout + launching a set
of statistical runs.

Collimation of the LINAC4 beam and tracking the evolution of halo after
collimation in SPL and its transfer-line(s).
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