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The purpose of this report is to describe the preliminary proposals of
the Gargamclle Bean Study Group regarding beams for Garganellc in the South-
East arca of the PS, T¥e have considered physics and beam optics aspects,
and moke a tentative proposal for the over—all layout of the arca. Members
.of the PS Division arc in the process of making a detailed evaluation of the
technical problens involved.

The ain of the study has been to provide around the v installation,
which‘is central to the wholc arca, convohtional‘beams (K, 7, p) delivering
paftiolos over a wide range of nonenta, and also to consider in the sane con-

text sone non~standoard beans K%).
3

1. CHOICE OF BEAIIS

"The full list of beams in the areca has bcen token to be:

- the v bean (cssentially alrcady existing);

- three scparated beans for the approxinate momentun ranges 1.2 to
2. Gov/b'(Es scparation), 2.4 to 42 GoV/c (ES), and 5 to 14 GeV/e
(RF - 2 cavitics with variable scparation) |

- . a nuon becanj

- a Kp bean;

- a non-scparatcd been (test-bean),
The code numbers of these beans arc showm in Teble 1.

Sorie omissions fron this list should be explained., For the prescnt,
no low-cncrgy X bean (bolow 1.2 GeV/c) is cnvisaged, as it is not yet ovi-
dent that such o beem could be successfully injected into Gergamcllc through
its fringe ficld, If this were cventually possible, we would proposc o suit-

ably modificd version of the K11 beam. No high momentun, clectrostatically
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scparated, kaon bcam is proposed, so that therc would be a gap in kaon
nonmentun fron about L to 5 GeV/%, which could bc larger if the RF bean
werce unsatisfactory at low nomenta, For this rcason it is proposecd that
in the event that tﬁis monentun gap is a scrious onc, it should be possible
to construct an clectrostatically scparated bean (nomentun about 5 GoV/b)
along the linc of the RF beamn. A further qualification to the 1list of
beans is that thce non-scparated bean is proposcd in spite of the fact that
nost of its functions could be fulfilled by the RF beoan. The rcason is :
the difference in time scales. A high-nomentun bean of hadrons will prob-

ably be required as a test bean long beforc an RF beanm could be available.

2., LAYOUT OF ARLIA

A numbef.of siting problems werc considered, somc general and sone
specific to éerfain becans.  Sincc the arca was COncoivéd basically for v
experinents, Gorgancllc is in a fixcd position bchind the v shiclding
(although it can be rotated through an anglc of i20°). Also the present
ejected proton bean (EPB) is dircctly aligned towards the chamber in a nar- '
row tunncl under a large nound of carth shieclding. It has been assuned
that the main bulk of thc v shiclding is not to be moved, and that there
will continuc o be on axial hole through the fixed shiclding. It would in
any casc bc nccessary to leave some shielding on the EPB axis in or&er tb
shicld the low-nmonentun boan target (G1). It is possible cither to take a
bean out of the v tunncl and round the shiclding, or to kcep it in the tunncl
and to pass it through the shiclding,  Each possibility prcscnts probloﬁs,
but it is thought that thesc problems arc surnountable, without defleccting
the EPB, for all the standard beans with tho cxception of the RF bean, For
the RF bean, a deflection of the EPB is nccessary before the v tunncl in
order to obtain suitaoble high-cnergy bean optics in the given length, and
to naintain conpatibility with the v beanm., Coare will be necessary in the
design of thce dowmstrcan cend of the v shiclding if it is cxtended closc to

Garganclle in order to maintain flexibility among the diffcrent beams. -
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Fror the bean optics point of view, the South-Eest arca is, of coursc,
syrmetric about the present EPB linc. The positions of the various boans
will thercforc be governed by other factors. These other factors have becn
considered in a non-detailcd way, sterting from the assumption that the
grcatest problens arisc for the RF bean and that its position should there-
fore be fixed first., The question is then whether the RF bean should be
placed on the left or on the right (1ooking dovmstrean) of the prescnt EPB.
The considerations taken into account were: i) excavation near the PS ring;
ii) effects on present buildings ond plant; iii) cffects on present access
ways; iv) radiation hazards; v) casc of deflcction of the present EPB to

o now linc. With all thesc things considercd, it would secnm preferable to
have the RF bean on the right rather than on the left of the prosent EPB
linc., These +wo possibilities arc being considered inm nuch norce detail by
noribers of the PS Division. In the cvent of the choice of deflection to the
right being nade, then it would be logical for rcasons of compatibility to
ploce the two obher scparated beams (G1 and G2) on the loft. On this side,
tho higher moncntun bean of the two (GZ) could make use of the alrcady exist-
ing branch tunncl, The high-monentun unscparated bean (GL4) does not onter
into the‘disoﬁssion of 1eft/f1ght‘faotors, as it is cnvisaged that this will

be nostly: within the v tunncl and will cnerge through the central hole of the
shiclding. '

3, BEAM CHARACTERISTICS

Sonic of the characteristics of the beans G1 to G4 are shown in Table 2,
The cormon-assunptions nade for the fluxes given arc as follows: 1) one
bunch is 3.5 X 10'° protons; ii) the target is always copper of dincnsions
2rm x 2nn x 100mn; 'iii) the target officicncy is 25%; iv) the bean-line
transnission is 50%. For G1 and G2 it is assuncd that the liniting valuc

of the scparation ratio (including chronatic aborrationa) is 1.0

G5 has not been considered, as it is cxpeeted to be essenticlly similer
to the prescent v bean, G6 and G7 do not appcar in Table 2, as their study

is not so far advanced as thc other beans. They arc, however, discussed at
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the end of this scction.” Appended to this report is a drawing showing the
linces of the boans G1 to G5 as they are cnvisaged at present. It should be
enphasized that the information on the drawing and in Table 2 is provisional
Onlyo »

Therc follow sonic comments about the individual beans. The studios

for the boans G1 ond G2 werc nade by D. Sinon and D. Leroy (NPA Int. 68-L).

G1: This is a single-scparation-stage bean with nonentun definition before
and rcdefinition after the scparation. The nomcntun dispersion is almost com-

pensated through the separation stage.

"The flux figurcs were obtained fron the curves given by Jordan (CERN“65—14);
and by Sanford and Wang (AGS Intornal Report JRS/CLW-2), o

G2: This is again a three-stage bean with a single~scparation stage, defini-
tion of nonentun bite before and after separation, and approxinate correction
of dispersion through the scparator. The fluxes werc obtained fronm the papers

ofAJordan, ond Sanford and Wang.

Sonc modification of the v branch tunnel will probably be nccessary for
G2 but this should involve only a small additien to the programe of work which

will be neccssary for the RF bcan in that arca.

G3: G3 is a two=cavity RF scparated bean fron which a continuous nmonentun band

of particles will be available through thc usc of one nobile cavity. The naxi-

mun length aveileoble is about 150m, which causes somc probléns of bean aesiéna

The o.-pt‘ics arc not yet sbufficiontly fixed tc allow solid angles and fluxes to '
~ be quoteds In ordor to obtain an idea of the fluxces expected, a rough compari-

son with the U3 bean is nade (CERN/TC/BEAM 66-7). The solid angles accepted

in the two beans should be sinilar but We>can tolerate a larger monentun bite,

which in turn leads to a larger target width. However, the chfométié aBerra—

tions wiil‘probably be worse in G3. It cdn thus be expected that the fluxes

should be about the sane in the two beans.
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G4: This is on unscparated beam which, in its T version, has a target
at the beginning of the v tunnel. A momentum sclection and fecoﬁbiﬁafion
is made in the tunnel, using pulsed magnets, and the 7 beam then passes
through the central hole of the v shielding before being shaped by stan—
dard quadrupoles for entry into Gargamelle. The fluxes were calculated
from curves given by Sanford and Wang (AGS Internal Report JRS/CLW-1) and

are uncertain at high momenta.

The proton version of G4 is still being studicd. The principal pro-
blem is the reduction of the flux to about 10 protons, given one whole
bunch ejected. Usc of an internal target would be very difficult because
of the pulscd nature of the scptum, EPB, and G4t megnets. The momentum of

the GL proton beam would be equal to the momentum at cjection, and the lower

1limit is uncertain,

G5: The details of the v beam have not yet been considered except in recog-
nizing the problems of compatibility that will exist. As already stated,
it is not cxpected that there will be any radical changes in the v beam

when it is rcconstructed for Gargamclle.

G6: The muon beams that are being considered arc of two basic types, large
and small momentum bite. The large momentum bite beem (about £10% or more)
is boing studicd in two forms, both of which use the v target but which use
the v horn or a gquadrupole doublet for focusing the pions. The v-horn ver-
sion has alrcady been uscd in a pilot experiment, and with proper choice of
shiclding can provide muons in the approximate momentum range of 8-16 GeV/c.
The version with quadrupolc focusing provides a smaller momentum spread and
a smaller muon flux. Bach version requires two or threc magnets between the

shiclding and Gargamecllc to shape the becam for entry.

The low-momentum~bite version attempts to trap the muons which arc pro-
duced when a pion beam dccays over a long drift longth in which it is par-
allel in both plencs. Such muons can be spatially separated from the pions
in the planc of a subscquent pion image. A large absorber placed at thec pion

image may then obsorb the pions while allowing a useful fraction of the muons
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to pass. It is cxpected that the loss fector for the muons will be large
and calculations arc be¢ing made to determine its magnitude., EBven if it
proves possible to'produc‘g a uscful muon flux in this way, this version:of
the muon bcam would suffc.r from the disadventage thet it would rcquire a
large numbcr of magncts, probably about the samc number as in o conven- -
tional high-cnergy secporated beam. Becausc of this, the possibilitics arc

being considercd of using lincs in the region of G3 or G4 for this beam.

G7: There are a number of possible ways of producing K°'s for study in
Gargamelle and therc is no universally optimum beam. If a repcat of the

X cxperiment (B11 beam) were desired (K3 produccd by protons; tube through
chamber), it would probably be possible by using a target in the v tunncl
and passing the Kg beam through the hole in the v shiclding. Other possible
solutions arc being studied in which K°'s arc produced by the interactions
of T or K+ , both with or without tubes in the chamber and with or without
knowledge of the K° momentum, The.ée solutions arc cxpccted to suffer in‘

general from low fluxcs when compared with an X4 type experiment.

Wo would like to thank all the peoplc who have helped us in this study.
In particular, we are grateful to B. Langeseth, D.-Leroy, D. Simon and

SN, Tovey for thc work that they have contributed.:
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Table 1

Beam Momentum (GoV/c) Type of
" Number Porticles Lowest Highest separation
.. ~ : _ :
G1 K, n,p, p 1.2 2okt ES
G2 ) ] 2.4 . l‘{{_.z n
' z
G3 K 5 14 RF
’ oy
T 22
GL T 2 22 ‘None
b - 25
G5 v, ” - - -
G6 u - - -
G7 K° - - -
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Tablc 2

Boam { Length (m) |2p/p (%) Q (msr) Perticll  Flux/Bunch
0.58 0.11 - 15 105
¢1 40 1/ at at | K at at
1.2 Gov/c 2.4 Gev/c 162 2.4
+ 30 150
X at at
1.2 2.4
- [180 9%
P at at
162 2.4
62 75 % at at ¥ | at  at
n Le2 2.4 4.2
. |50 150
X at  at
24l Le2
~ 1230 110
P at at
2.4 4,2

€3 146 A - - -
' — | 600 4000 100
Gl 122 04 0.03 T at at at

22
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