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I. Introduction

Following the proposal of Budker and
Skrinsky in,1966 and the subsequent experi­
mental stu~les of electron cooling, Rubbia sug­
gested.v~r10~s.schemesfor collecting antipro­
tons, 1n)ect1ng,them in the SPS, accelerating
them together w1th protons and colliding the
beams at energies up to 270 GeV.

,D~r~n~ 1976, working groups examined these
poss1b1l1t1es and as a result a cooling experi­
ment (ICE) and a study group were initiated.
In the course of these studies, important
advances were made in the theory of stochastic
cooli~g. This technique, proposed by van der
Mee:- 1.1 1968 had seemed too slow for our appli­
cat10n. However, some new techniques were
proposed which, combined with the theoretical
advances, indicated the feasibility of a fast
pre-cooling of each injected pulse in momentum
space before adding it to the stack.

Consequently, the initial proposal for a
two-ring solution based on electron cooling
wa~ aban~o~ed in favor of the present proposal.
Th1S deC1S10n has now been confirmed by the
outstanding results of stochastic cooling tests
on ICE.

II. Basic Parameters

A fundamental requirement on any proposed
scheme was that its construction, testing, and
operation ~hould have a minimum impact on the
existing research programs of the SPS and ISR.
This alone indicates the need to use protons
at PS energy for producing the antiprotons.

The basic scheme consists in directin~ 26
GeV/c protons from the PS on to a target. The
antiprotons produced will be focussed and in­
jected into a fixed-field cooling ring. Each
injected pulse undergoes a rapid pre-cooling to
reduce its momentum spread, after which it will
be deposited by the rf system at the top of the
stack. The stack is cooled continuously, both
longitudinally and transversely so that par­
ticles slowly migrate to the bottom of the
stack. The overall layout proposed is shown in
Fig. 1.

To achieve the design luminosity of 10 30
cm- 2 sec- 1 at 270 GeV/c it is necessary to col­
lect, cool, and stack antiprotons for many
hours. Studies of lifetimes in the SPS and
feasible improvements to the average vacuum
indicated that a luminosity lifetime of about
24 hours could be expected at 270 GeV/c. Con­
sequently, the present design is based on col­
lecting sufficient antiprotons in ~24 hours to
reach luminosities of ~1030.

Initial experiments with intense sin~le

bunches in the SPS indicate that about 10 1
protons per 200 MHz bunch can be captured and
accelerated, within invariant emittances of
about lOTI ~rm. A low-beta insertion was
designed which leaves free the space between
two existing SPS quadrupoles (29m) and gives
beta values of 4.7m horizontally and 1m
vertically.
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. If we assume similar emittances for the
~nt~protons, applying the luminosity formula
1nd1cates a re~uirement to accumulate ~107 piS
per second. W1th the present PS intensity of
10 13

.PPP~la cycle time of 2.6 secs, and col­
l~ct~ng p s of 3.5 GeV/c, this can be attained
w1th1n a momentum bite of ±O.75% and trans­
verse emittances of 100TI ~rm.

III. Cooling Ring

. The r~n~ ~iameter must be as small as pos­
slb17 to m1n1m1z7 the stochastic cooling
requ1rements. Slnce means exist to confine the
protons in one quarter of the PS circumference
the cooling ring can have one quarter the diam~
eter of the PS. At 3.5 GeV/c this allows a
design with adequate space for injection
extraction, cooling·, and diagnostic equi~ment.

To provide adequate "mixing" of particles
~ must,be at least 0.1 (i.e., Ytr < 2.45) which
1n a r1ng of average radius 25m implies an aver­
ag7 a p ~ 4.2m. However, injection of the large
em1ttance, large momentum spread beam requires
apclose to zero at the septum to minimize the
"kick" strength required. Also the stacked
beam must be screened from the injection kicker
by means of a moveable shutter. To minimize
the momentum separation required to achieve
this, ap at the injection kicker should be
large. For similar reasons, the pre-cooling
kickers have shutters and must be located at
large a. In addition, to avoid blow-up of
betatroR oscillations the pre-cooling kickers
are located in two regions of equal a separ­
ated by half a betatron wavelength. ~he focus­
sing lattice designed to satisfy these con­
ditions is shown in Fig. 2. The aperture
requirements are based on the need to have a
stacked beam with a total momentum width of
2.5%, an injected beam of 1.5%, both with hori­
zontal and vertical emittances of 100TI ~rm and
separated by a momentum "gap" of 1. 8% (Fig. 3).
The corresponding apertures are shown in Fig. 4
and the overall layout of the ring in Fig. 5.

IV. Some Limitations

In order to make use of the extracted beam
line TT 60 for reverse injection to the SPS, a
vertical emittance limit of Ev = ITI ~rm is
imposed. With 6xl0 11 antiprotons in the
cooled stack within this emittance, evalua­
tion of intra-beam scattering following
Piwinskils theory shows that the beam blow-up
can be overcome by the stochastic cooling for
a final horizontal emittance, EH = 1.4TI ~rm

and a total momentum spread of op/p = 3xIO- 3.
This corresponds to a total bunch area of 5.63
eV sec.

The SPS rf system has a nominal frequency
of 200 MHz and will be able to supply a peak
voltage/turn of 8.8 MV. The traveling-wave
structures accelerate only in one direction so
that connecting half the cavities in the
opposite sense allows the p and p beams to be
treated separately with up to 4.4 MV/turn. For
stationary buckets at 270 GeV/c this provides a
bucket area of about 2 eV sec. This leaves no
margin for dilution of the antiproton bunches



unless the number of bunches is 4 or more.
The number of bunches proposed is 6, which
leaves open the possibility of utilizing more
than one of the 6 long straight sections for
colliding-beam physics. Although this leaves
some margin in the bucket ·area at 270 GeV/c,
the area available near transition energy in
the SPS is insufficient. Consequently it is
proposed to accelerate each of the 6 bunches
in 4 adjacent 200 MHz buckets up to high
energy. There the 4 adjacent bunches will be
coalesced into a single 200 MHz bucket.

V. Injection and Initial Acceleration Into
the SPS

Many options exist for the detailed
scheme of capturing the antiproton and proton
bunches in the SPS and for their initial accel­
eration without incurring excessive Laslett Q
shift. These are being studied both theoreti-

cally and experimentally at present.

The scheme proposed initially is to trap
1/6 of the stack in the cooling ring in a
small bucket (h = 1), accelerate it to the
injection/ejection orbit and then eject it
along TT2A and down TT60 thence into the SPS.

The 6 bunches thus formed would be cap­
tured by a subsidiary rf system in the SPS
running at 2.6 MHz (h = 60) with an initial
bunch length of 80m. Subsequently, the
shortened bunches would be recaptured and
rotated at h = 210 in larger buckets. After
this, each 5.7m long bunch is captured into
the four adjacent 200 MHz buckets. Both pro­
ton and antiproton beams are then accelerated
by the normal SPS rf system up to the
required collision energy.

The main parameters of the proposed
scheme are shown sequentially in Fig. 6.

50.0

40.0

Fig. 1. Overall site layout

Antiproton rll19 November 77

'0 D on D nE:3u
25.00

20.00

Fig. 2. Focussing lattice

30.0

I' (m)

20.0

10.0

0.0
0.0- B.O

, . ,. ,
16.0 24.0 32.0

S (m)

40.0

15.00

Clp(m)

10.00

5.00

83

llIL1"-U1



2.JEvf3~

JEH~~ I

I~ected
Beam

= 100Tt~{)m

= 100Tt~~m

Stacked
Beam2.1 Ey ~~

(¥) Total Momentum Width

(1t Ev) Vertical Ernittance

(1t EH) Horizontal Emittance

(¥ h Stack Momentum Width = 2.5·'.

(!j ~ Injected Mom.ntum Width. t5 .,.

Fig. 3. Machine acceptance

Antiproton rinQ November ,11

'0 U D° D "E:3u r

s:
.;;
'j

:; 400
:::...
•!:l...
~ 200..
III

o L...-....L.~4L...-....J8L---::1'=-2~1~6---=2~O---=2L.:-4---=2'=-8--::3'=-2--::3~6~
S (m)

X8L7IIl-lIC

Fig. 4. Apertures

84



'~
.~

=,

J.am _~tl)l')p.r

Bending magnet long
Bending magnet short
Quadrupole defocusing wide
Quadrupole defocusing narrow
Quadrupole focusing wide
Quadrupole focusing narrow
Sector valve
Bending magnet

)r\j.ction lin.

-lMAVn!!,c. horn • I

" - !~r9'! POint 1>\I •

0-.-: 00 Q Qr-_ . .

~._-_._----_.. __ .. _. __ .._-

BLG
BST
QDW
QDN
QFW
QFN
VS
B~

~- rilt-, • I ---+.__ I r--~ ! ~"" ----:J- '-Jt--f'~
/' H .8 Mom. -, I, . (/ r I ""-. r- ".

1/ \s[' .Cav" IStack kick.,. ~_";'
'_ ,'X ! / ..::,::-. 1_"

...~\::/i.'.....l\Y\JU I_.~ "'-~.'..W- I -----':-: //Cinr.

\

Stm-pi~~ - ($(..
P ~' (totQmCntum&horB.) ..~-' ..

I "1'· Poil1t~--------T----- :--- - .::::!.------ • , I

\ \ \SWk.~ "'-..~, _. . ,"".,,,Ego C ~.> ..

Prccool!OQklckcrs-1... u - o·~ /~ \ \ ~~. 1,,··- o..Ill 0 0 ~'-/' ~\I~J'~~ l..~. \. ~/._. / I I ....'0."" ~ ..n' ,.'01100'.... \ .-' -IO.

• I <,,'. \.",,(, " "
-,/ '. '> .', .• ; • .// J<01«\) s.PtdmaQ~.ts ,..~"'/'" I • lt~....•

:~. + '7,", , '

.",":, ....,~, ~/ n':'
I r:1 ..........'.. ' _ __ • n

I __ ,:..' ~ -G- ~ Prolon d~
, IWS: 1\\- - ---G--_o/\.o-~_. ,; "'1'u~ ---a-G-~J::-l9o-o_1

'A

" ...~::-;;,.,.~ \

/-::;.-::> Edradlon 11".1
---..,.o,...·...~--=-=-------,L._------ _

D~tP_ - --Et-~--i3- ----~ --a-- - ---a-- - - --e -D_2 - -:B- - -- --G-- -- - --0 CI El

00
CJl

__------'I I I

Fig. 5. General layout of the antiproton accumulator



MAIN PARAMETERS

1013 protons at 26 GeV/c each 2.6 sees.

o
2.5 X 107 p's at 3.5 GeV/c within: -

Pre-Cooling

Stack

6 X 1011 P in

± 7.5%

1o07fJ.lrm

~ from ± 7.50/00 to ± 1%0 in 2 sees.p

Ox 24,000 in 18 hours.

~ = ± 12.5%0: EH = 1007fJ.lrm: E'Y = 1007f

o
~ = ± 1.50/00: EH 1.47fJ.lrm: E'Y = 17fJ.lrm.

<:/
Colliding Beams at 270 GeV/c

6 bunches p, peach 1011 and 1.5m long.

Interaction Region t3 H = 4.7m: t3y = 1.0m

Emittances

Luminosity:

protons 6.9 X 3.5 } 8
(E

H
,E

y
): X 10- 7f rad m.

antiprotons 3.8 X 1.9

L. Lifetime 24 hrs at 2 X 10-9 Torr.

Fig. 6. Main parameters of the proposed scheme
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