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FEASIBILITY STUDY OF A 2 GEV SUPERCONDUCTING H LINAC AS
INJECTOR FOR THE CERN PS

R. Garoby, H. Haseroth, C.E. Hill, A.M. Lombardi, P.N. Ostroumov*, J.M. Tessier#*, M. Vretenar
P8 Division, CERN, CH 1211 Geneva 23, Switzerland
(*: on leave of absence from INR, Moscow, Russia #: SL Diivision)

Absitract

This preliminary feasibility study Is based on the
availability of the CERM LEF2 superconducting RF
gysicm after LEP de-commissioning. The optlon that Is
explored is io use this system o= part of a high epergy H
linac injecting at 2 GeV into the CERN PS5, wih the alm
of reliably providing at its output twice the presently
foreseen ensverse beam brightness at the ulidmace
intensity envisaged for LHC. This requires the linac 1o be
pulsed at the PS repetition raie of 08 He with & mean
beam current of 10 mA which Is sufflclent for filling the
PS5 In 240 ps (i.e. abowt 100 turns) with the whimoe
imtensity forescen fior injectiom for the LHC,

The linac 1s composed of two RPQs wiih a chopping
section, o room temperature DTL, a superconducting
section with reduced betn cavitics up o 1 GoV, and a
scclion of LEP2 cavitics up to 2 Ge'V. This study deals, in
particular, with the problems inherent In H acceleration
np to high energy and in the pulsed operation pf SC
cavities, Means for compensating microphonic vibrations
in the SC cavites arc considered, with the aim of
redocing the final overall energy spread 1o the tight
requirements for injectlon into a synchrowron. Other
possible applications of such & machine are also bricfly
reviewed, that make wse of+lis potential for working at a
higher duty cycle than required for LHC alode,

"1 INTRODUCTION

Most of the RF equipment of the CERMN LEP-2 will ba
available after the year 2000. Among the possible re-uses
of this valuable hasdware [1-4] the realisation of 1 2 GeV
Linac injector for the PS is on atiractive option with
many benefits with respect to the present scheme for
LHC injection [5].

Ax n result of the smaller emitiance of the Linag beam
and of the higher injection energy into the P8 (at pressnt
1.4 Ge¥), the LHC would profit from an incremsed
brightniess of the proton beam delivered by the PS
injegtor complex. The peak beam intensity in the BS
could be improved as well by filling the entire aperture.
Beam losses would be reduced by the efficient charga
exchange injection in the transwerse planes, and by the
chopped bepm in the longitudinal phase plane. The
injectors of the PS could be modemised and re-built with
standardised equipment, with advantages in terms of
reliability and maintenance.

Other potential applications of this facility at a higher
duty cyche justify the use of SC cavities, They include:
1] neutron production with a spallation terget, using the
P5 a5 an gocumulator ting; 2) feeding o second
generation 150L faeility for the production of radioactive
ion beams; and 3) any physica application requiring
intensa secondary beams.

A small study group has concentrated on the main
accelerator technology topics and on the most promising
scenarto. A first report indicating the feasibility of such o
faaility is being prepared [6].

2 PARAMETERS AND LAYOUT

The Supereanducting Proton Linac, SPL, (Figure 1) is
made of an H source, two RFQs with a chopper in
between, a Dnft Tube Linae up to 100 MeW and a
superconducting section up 6 2 GeV. The main design
parameaiers are given in Tables 1 and 2.

Tahle 1: Linac Beam anlrelm

Number of Particles / P8 Pulsa 15 [0
Mean Linoc Current during Pulse 10 | ma
Pulse Length 250 | us
Repetition Rate et 083 | Hz
Filling Factar of Tinae Buckels e
M. of Linne Bunches per S Bucket 11
SPL Micropulse (11 bunches) 505 | ne
Chopping Factor 46 | &
Mean Bunch Current 7 | mA
in an RE period, for a full bucket
Source Current 20 | mA
Beam Du for PS 0021 | %
Maximum Design Duty Cycle 5 1%
| Moximum Average Current S00 | pa
Transverse Emittance, source exit,ms | 02 | pm
Transversa Bmitianes, P8 input, rms 06 | um
3 | “MaV

tudinal Emittance (5 rms
1 RE

H RF)I RAQR
o g UV SC-mdwedP SC-LEF2

&m 100 2m

Figure 1; Schematic layout of the Linag,



0.05 2 7 100 100 2000 Energy [MeV]

10m 100m AThm $(mn






i O s (N B i e L T P

R i

an e r——— e e

13

Figure 6. &, (black), & (white) and D (gray) functions over half a superpeniod
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Time structure of the proton beam

microbunches in the linac

| | 284 ns ‘ sz’p,rm
24 ps

train of 808 bunches in
the accumulator (ISR)

4 10" p{bunch

- il4 e -

trains of bunches on the target

3.2 107 pjtrain

6&0};& 6&5'!&'

314 ps
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[1. Collot - ISN Grenoble| 7 June 1999

Pion production issues

7 collection : P™(GeV) = 0.15 r(m) B(T)
7 beam emittance = decay channel acceptance
en(m.rad) = B r Opax = ¢ P /my,

P (GeV) = (0.0209 €,(m.rad) B(T))/?

B= 20T

€, = 6102 — P = 50MeV, r = 17Tmm
€, = 24 107 - P> = 100MeV, r = 34mm
B= 30T

€n = 24 1073 —» P™™ = 123MeV, r = 27mm

RF system: B, ory = tanh™'(3,)
A3, — Ay



[1. Collot - ISN Grenoblel 7 June 1999

Pion Production Model

Experimental data : Cochran et al , Phys.Rev. D6 (1972)
3085 , Ep = 740 MeV

Theoretical work : M. Sternheim and R. Silbar , Phys. Rev.
D6 (1972) 3117

Pion abs. = o(mt) ox AY3 x g/

Pion abs. + charge exch.— o(7™) o N2/3

o(nt)/o(x") \y when A 7









1. Collot - ISN Grenoble| 7 June 1999

Pion Total Production

Target

L

T(w/pr) = Py Aint (1 — exp(—L/Ajn))

P ,: Pion total yield per target unit length

A;,i: inelastic interaction length of target material
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|J. Collot - ISN Grenohble] 7 Iune 1090

Comparison of event generators

Pi+ Production--MARS99
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Bunch Rotation

Peak voltage [MV] 5

f [MHz] 704

RF structure length [m] 8.5
Aty [ps] 50

ﬁEl [MeV] 200

At [ps] 800
AE;[MeV] 40
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7 production

Proton current: 10 mA (6 10'®p/s)

Proton kinetic energy: 2 GeV

Ay Jeae= dulel—
pt [MeV /c]
50 0.54 10%! | 1. 10%

100 2.110%! | 4,102

Number of pions per year (107 5)
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General remarks

No clear need for proton kinetic energies higher than 2 GeV.

The minimal scheme may meet the threshold of interest for
a v factory:
~510% p/ year.

Cost effective high frequency systems (= 350 MHz) can be
used provided the bunches of n's (or u's) with a large
velocity spread can be maintained small on long distances
using wigglers.

Problems common to high intensity machines (Neutron
Spallation Sources or Accelerator Driven Systems):

Exceedingly low loss rates (~ 1077)
Target technology.

Specific problems not yet fully explored: very large
acceptance collection systems.
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