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The PSE es an e-, e+ Accumulstor ?
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1. Intrcduction

In the comparison of the verious options for the electron-positron
eccumuletor (EPA), the PSR has been looked st ty T.-P. Delehaye and
not ccneidered to be a serious candidete for this role. Indeed there
are strong erguments of both operetional end technical charecter
virtuelly excluding eny further deteiled investigetion :

(2)Vhen deciding for the P& + SPS as LEP injector, it was conditio
sine qua non thet proton physics cen centinue during LEP filling
reriods. As it stends, the Booster 1is indispensible for £PS
fixed terget physics, for 25 GeV/c proton rphysics 2nd for T
rrecduction for LEARK.

(b)Cwing to its design,the PSB is not well suited to store low
energy electrons : et €CC MeV/c its bending field is C.24 T and
the ensuing trensverse demping times of the order of 450 ms ere
very long compered with the enviseged linzc repetition rperiod of
10 s .

In view of these obvious drewbacks it was only logicel +to stop
thinking &bout the ZEooster end pess on the design of a dediceted
storage ring. Nevertheless, in a situation dominated by a penury of
fineancial (2nd labour) resources, on might esk whether an adaption of
the PSE such to allow simulteneous e+,e- storage and p acceleration
could result in interesting cost savings. DNoreover,the concept of the
LEP injector system hes evolved such that the adaption of the PEB
seems eesier to the present than to the 1initielly proposed
configurstion [1,2,%]

Mainly for this reascn, end applying the novel ideez of magnetic
separetion of rings outlined below, the author reconsidered the
question some time sgo. First results were encouraging: adaption of
rings is feesible eand rather inexpensive. But a2 more global 1look
including beam transport problems renders this solution less
attractive.

Since the question zbout the feesibility of the Booster as en e+,e-
rreinjector mey always erise, and in fact hes recently been esked by
R.Billinge, this note hes been written up although the dedicated EPA
ring has been adopted officially. The cost estimetes given in Section
& confirm this choice.

2. Fesic concept of the zdeption of the PSE :

Serereticn of the mein megnet circuit of rings (1 + 4) end rings (2
+ %),

As it is well kncwn, the PSE is a stack of four superrosed rings.
The Yendirgs end quedrupoles of these rings sare linked by their
connection in series end tc & common main power supply. For the rest
they ere equipped end ccontrolled individually. The megnetic field



teing far below saturation (F = 0.24 T at 0.6 GeV/c end Fmax = 0.59 T
&t proton ejecticn energy), megnetic seperation, without substantial
interference, appears perfectly feasible. Kesidual courling effects
shcould eesily te compenseted with the existing correction elements.

A ratural end advantageous division would be the one into rings (1
+ 4) 2nd rings (2 + %) for the rezsons

~ megnetic symretry eround the medien plene with the consequence :

- eech ring of one grouyp experiences the ssme residual interference
effects

- tending megnet coils are elready electricelly separated this wey.
"his seperetion means that (during LEP filling periods)

- two rings mey continue to accelerate protons

- twec rings are aveilsble for e+, e- storage

Curing LEP collision reriods all four rings are aveilable for p
acceleretion.

“he modification imrlies :

- rodificetion of quadrupole connections (et present the four of
one stack zre in series)

-reconnecting them to their bus and to

- two new busbezrs going round the ring to permit their independent
excitation

- reconnecting the mein power supply with 2 + 2 groups (at present
4 groups, of which 3 are powered in normsl operation)

- 2dd 2nd connect two addtional supplies for the now four
quadrupole families.

The block diagrem of the present and the proposed magnet circuit is
shown in Figs. 1a, 1b .

The proposal of separation of Eooster rings might be of interest in
its own, leaving e+- eside : a good part of CPS operations requires
only two rings ore one : P production in 2-Ring mode, AA and other
test beams, 25 GeV/c rhysics, MD beams etc.

Powering cnly tvwo rings during these cycles mey save up to 1
GwWwh/year or sbout 10C kF 2t present energy cost. A separate study
will find out whether the raybeck time of this modification justifies
its irrlementetion.
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7. Cchemes to adept demping times to linac repetition rate.

Corstreint : 211 schemes have to allow for dispersion-free
secticns end have to preserve stability egeinst turbulence. Input dstez
for 211 schemes locked 2t ere taken from the sppendix to the Pink Book
[1] end from K. PFuebner [2] znd J.P.Delsheye [Z%], if they have
chenged since then.

Princirel new perereters ere :
- 8 bunches in_ the accumulator
- Xb = 2.4 10%0e+/b, 1.2 10%%-~/b meximum
- the & e+ bunches zre split ("sliced") into
2 x 8 bunches going into two consecutive PS cycles.

Tre <fzct that incoming 1linec pulses are distributed into &
respectively 2 x € bunches considerebly reduces the damping rete
required for the injection process. Nevertheless some ertificial
derping hes to bte provided by one or two wigglers, or the linac pulse
frequency hes to be reduced.

From the meny possible solutions, five different options have been
chosen and compared. Three of them (I - IIT) tzke the existing rings
end just =dd wigglers etc., wheress the other two (IV, V) use
individual bendings rether than wigglers to form a bypass where 21l
elerents particuler to e+,e- oreration are concentrated.

"his fecilitates (o) adaption of the 1lattice to provide a
dispersion-free section to house injection elements, and (b) reduces
length end bending engle of the injection channels; (c) if
sufficiently 1long (option V), the mein RF cavity can be bypassed too.
(d) the strong bendings in the bypass replacing the wiggler(s) of the
in-ring solutions II, III are fairly simple zero gradient magnets. 1In
the ring, wigglers of very strong field and strong gradient would be
required, which are certzinly not easy to design. The bypesses
Freserve 4é= 2, %¢= 1 and consequently a sene 1longitudinal damping
rate.

Table 1 a2llows comperison of the five options considered. The

teble weinly deals with dsmping times,dispersion suppression and with
stebility with respect to turbulence.

4. Nore constraints to be met

(a) Cog-wheeling Fcoster -PE is not straightforwerd. In order to
trenstfer & %btunches to the PE one has to chenge the unusable
circumference ratio of 4/1. For the in-ring solutions I - III this
can only te done by cheénging the radiel gposition prior to ejection.
In eny czse the retios =ere such that RF frequencies have to be
"synchkrcnized" by PLL techniques, &and the whole trensfer takes scme



tire :

Cption C(Pe)/C(PSE) AR (mm) T bunch-to-bunch

I - I11 700/20C Z1 mm 52 us
IV 112 /28 <Z0 mm 7.4 us
\' 1¢/5 - mm 1.3 us

(t) Existing normzl sextupoles are not sufficient to produce zero
chromaticity 1in both rléznes. Four normel sextupoles of the same
strength 2s the existing ones (2.25 T/m) have to be s2dded in L1
secticns.

(c) Zero chromsticity should help to tame high frequency head-teil

rodes. Lower frequencies <1CC MEz are covered by the existing wide
band feedbeck syster, which needs some minor modifications.

5. Linac sites and injection lines

Cbviously the potentisl linac sites are others than those compsared
for = dediceted rirg [4]. Two linacs sites have been considered and
the corresponding injection lines evaluated in Teble 2 :

A) Linazc in TT1 tunnel (straight part), making use of the existing
TT1 line to trensport the beam to the PSE.

B) Linzc on the carpark South of the computer building 513. The
level of this site being s&bout 10m above the PSB level, the
injection line hes to be bent down , after crossing TTZ2 .

Cther sites of potentiel interest would be the (not even finished)
tunnel of the neutrino oscilletion experiments or the area East of the
PERB.

Figs. 2,% end 4 show some combinations of injection and trensfer
lines with the three ring a2daption schemes considered : ortions
I-111,IV,V of Teble 1

6. Trensfer schemes; kickers end septe

There is o considerzble veriety of transfer routes by combining the
e+,e- schemes given in Table %.

Yor 211 tending foreseen 1in trensport 1lines and bypasses, strong
field (1.6 T) bending modules of 22.5 deg bending are assumed
everyvhere.

Cenerally spezking, the transfers from and to the PSB are the most
exrensive part of the project, for severel reasons :



trensport lines are sll underground

nztural ejection region of PFB blocked by €CC MeV proton ejection
equirpment.

A mejor constraint 1is that for options I-III the PBooster lattice
hes to be tasken &s it is qii 6 min I1 section) end no

ortimization to reduce kicker 'strength is possible. Kicker
deflections to produce bumps of 20 mm emplitude is * - 4 mrad,
corresponding to €0- €&C Gm for options 1I1I,III . Cption I,

imrlying rostzccelersation to p > 1.05 GeV/c requires sbout twice
this strength.This more then compensates whet has been gained
saving the wigglers.

These fects are reflected 1in the following section where the cost

of *
cun
Tebl

7. C

he irdividuel compcnents is estimeted. The cost of the machine
tyre ejection kickers suggests e+, e- trensfer combinations of
e % where one single kicker cen serve both e+, e- ejection.

ost estimete of components
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.1. Adeption of the ring.

Element (group) relevant unit group
for option price
lLedif.ct qued. connectiors sll 5CC kEF
Cetling 760 kF
IFodificetion of meir 211 =7C kT

rower surrly

{trerg Ecbinson wiggler 11,111 Z5C kF
Short byress v
5 quadruroles 50 kF 250 kF
5 power supplies 15 kF 75 kF
C bendings 22.5 deg 40 k 4CC kF
O power surplies for bendg. 25 kF 250 kF
C m tunnel 15 kF Z2C0 kF
acuum equpt. 100 kF
Total 1755 kF
Long tyress \
12 quadruroles 6C0 kF
12 rower suprlies for qu. 180 kF
14 bendings 22.5 deg 56C kF
14 rpower suprl. for tendg. 35C kF
5C m tunnel 75C kF
vecuur equirpmt. 25C kxF

Total 269C kF
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m

RF cavity + electronics

~J

4 rnormel sexturoles
4 rcver suppl.

Sextupoles for chromet. contr.

Total 1000 kF
all
%0 kF 12C kF
15 kF 60 kF
Total 18C kF

7.2. Modificaticn of linac design to meet PFE constreints.

1 Energy Compression System T,(II) 600 kF
2 Lirec rep.rete 5C Ez -
7.%2. Injection and trensfer lines
1 quadrupole per 5m length 25 kF
1 yower suprly for quad. 15 kF
1 ending 22.5 deg 40 kF
1 power supply for bending 25 kF
tunnel per m length 15 kF
vecuum per m length 4 kF
instrumentation prer m % kF
Totel beem trensport rer m length %0 kF
Totel bendings per 22.5 deg 65 kF
Fodificetions of existing hardware :
existing €CC MeV lire : septa +
tendings in prm 500 k¥F
ER.SFME in ppm 2C0 kF
whole injection line in prm 500 kF

7.4. Kickers and septs

1 Kickers + rower surrlies :
jfdl required

1€0 Cm I
€0 Cm IT,III,IV
40 Gm v
2 Serte + power suprlies
I-1V
'

for option

injection ejection
(& modules)

4CO kF € x 200 kF
200 kF & x 120 kF
1C0 kF & x 80 kF
200 kF 200 kF
20C kF 250 kF

(symmetric

septum)



€. Cverall cost estimate.

“ebtle 4 displays the estimated costs following the estimates of
sect © The outcoming totel includes adaption of the machine itself
rlus team trensport from the linac to the PSE 2nd from the PSE to the
Pe. Fxcluded 1is the irjection into the PS, controls, and specific
e+,e- instrumenteion in the ring.

¢, Cernclusions

Assumirg that the electricel (2nd megneticzl) separation of the PSE
rain regnet is feasible, inderendent operation of two pezirs of rings -
(1 4 4) e2nd (2 + 3) - 21lows 7troton ecceleration to continue in two
rings during e+,e- filling reriods.

Comrering & few possible adeption schemes, a coarse but rather
conservative estimetion of ceosts for the complex machine + trensport
lires shows thet

- two of the"roor men’s solutions" I - III promise some savings,
with respect to the dedicated ring, at the exrense of somewhst
limited performences and 2 Ecoster ring stuffed to its limit with
herdvere.

- the long-bypess solution V keeps e+- 2nd p equipment prorerly
sererated, and offers all the flexibility needed to make it
rerform as well es 2 dedicated ring (there 1is even some spare
capacity for future demends in form cf an unused Eooster ring).
Fowever it turns out that this (preferable) solution apparently
elso costs as much as a dediceted ring. This is not obvious es
ore would expect to rezlize at least some savings on building,
cabling end vecuum equiyrent ( some more savings should be
rpcssitble on the control system not considered here,which
practically exists for the PSP and needs to be built for FPA).

In 211 cases, possitle savings have to be balanced ageinst +the
increesed oyerationel complexity of an elreedy complex machine, end,
of course, reduced p output.

Tre letter may however be zcceptable if one keeps in g}nd, thet the
PFE will increase 1its intesity towards % 10~, or 1.5 10 71in two rings,
and multibatch filling could catch up for the rest *]. AA produces p
only for LEAR in this case, end & reduced eccuruletion rate might be
sutficient then. 25 GeV/c rhysics does not need the high intensity
anyway.

*| The circumferentizl structure due to trensfer of two rings only
to te expected in the CPS cen be evoided for an even number of batches
ty 2 suiteble a2lternation in the ejection timing in the PCB.
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Figure Captions :

Fig.12 :Block diagramm of the present magnet circuit.
Fig.1t : Block diegram of the proposed separated megnet circuits.

Fig.2 :Ring configurations I - III, combined with linac site A
end trensfer schemes 4(e+) and T(e-).

Fig.? : Short bypess (IV) shown with both linac sites A and E
end transfer schemes 2(e+) 2nd 5(e-). <<- indicates position
of the common ejection kicker.

Fig.4 :Long bypess (V) with linzc site B and dedicated transfer
lines 2(e+) znd &(e-).
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