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ADSTRACT

In the paper we describe the project of an antiproton
target station with particle focusing carried out with
lithium lenses, The optimal conditions of obtaining high
particle density inside a phose volume determined by the
following entivproton cooling for three projects - Precoo-
ler (FNAL), Aniiproion Accomulator (CERK) and INP-IHEF
(USSR) are analysed. Tre efficiency of antiproton collec—
tion with a lithium lense is compared to the efficiency
achieved with another focusing devices -~ magnetic horn
and guadrupole triplet.

In all antiproton storsze ring projects, the major problem of opti-
mizing antiproton production conditions is the achievement of meximum
phase density of perticles In the phase volume determined by the require-
ments of a subsequent beam cooling., For this purpose, the geomeitrical pa-
rameters of & target, its material, and the conditions of proton beam fo-
cusing and aentiproton collection chould be optimized., The present peper
concerns the optimal targetry conditions for three designs of antiproton
s*torage rings - Precooler (FNAL), Antiproton Accumulator (CERXN), end An-
tiproton Source for the IHEP Acceleration~Accumulator Facility (INP) and
also the efficiency of antiproton collection by various optic devices.

Tha ontimnl targetry conditions analvsis

The antiproton beam paremeters st the target entrance are mainly de~
termined by the antiproton production asngles and a target length. The
productiion angles distributicn may be considered as a Gausslan one with
the meen square (0% = annzgf Mg is the pion mass, M and P are the
antinroton mass and momenuLm) Tais follows from the thermedynamical des-
cription of the antiproton tranaverse momentum distribution ot 7~~fﬁxc .
This description agrees well enourh with experimentel date st relatively
small engles. The antiproton distribution in a transverse phase space may
be characterized by the effective values of an emittance "P and & &anc

- functions, which are determired by the mean squeres of angles end
coordinates, {82%> and {I"'?) , end by the product {rf> at the target en-
trance as £5=|Kr2{62) -{~0>* }69 <’~2> , = -$rS phe values {r) and {rodere
(r~>~,<91>’2 and (V@b”’<¢}> ' wbe;e z is g%e target length.

The offective emittance of the antiproton beam and the minimum value
of its p - function (at the cenire of the target) are: ﬁ“’<€i§? and
ﬁﬁnmr~/ix + The antiprroton yield is maxzimun when the target Length is

clonm to the nucleny nbunorption lenesth A . At Z = A s Lhe ermittanee
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be considored se en effective emittance of antiproton production, &= v -
The capture effliciency at a given acceptance £ may be charscterized by ths
function F  determined by the relastion of the scceptsnce to the entiproton
benm enittance, the degree of proton and antiproton sboorption inside the
target. The number of captured antiprotons per incident proton i determie-
nad by meane of this funciion as iﬁ'.;‘fi? :_g_m g_p FAP W._mu(ezyzap
- Analyticel evaluation of the capture efficlency into the acceptance

under condition thet £ & A{6Pend the scceptance envelope function B equals
to that of an antiproton bee "\ﬁ? s Getermines the optimal target lengvhz;@u

8s 2 opt z43 {%)zl) _ffaﬁ and corresponding value of F as:
F= 3 £.exp(-Zeot)
3’ <Q2>(a\-’~7o;>~‘}

Here Iy, is the radius of a preotom beam wit“ the uniform partiocle density.

The +hin proton beam condition is N2« 3(9-5 The ortimal entiproton colleg-
tion argle ia determ*nad by & minimum value of jB - function of the acceptan-
Ce~ﬁﬁuﬂ ﬁgpbr 2V3 y 8nd it equa¢s to OQmax% 1. 65(&$—§?4 The expresziecn
for ‘“P is ANp= i EAP d’s_ exp(C%* ) In enalytical evaluaticn of
Mo  bin 3 dodR Zopt+A

the cupture efficiency we n.ave not teken into account the wultiple and eleg~
tic nuclear scetltering of v»rotons end antiprotons, the difference in thelr
abgsorption lengths, the angular spread, esnd the inhomogenelties of the pPro-
ton coordinate distribution in the initial beam. It has been done in compu-
ter simulation; ite results (Fig. 1, a-d) are conzistent with the analyti-
cal estimates, The values of F in Fig, 14, b were calculated at on‘im&l‘ﬁg
and # (tarngsten) for each velue of € and %, , in Fig. 1c - for ontirmal sz,
Shown in Fig, 1@ is the [ dependance on a target length (mercury) for tar-
gets with & large cross~section end with a crose-section equal to that of 2
proton becm (thin terget). The preoton beam - function vaslues for the dats
in Miz. 1c, 4 are: 1 cnm (M/\_J), 6 c¢m (CERX), 10 cm (IP), The main pare
exrs ciharacterizing the optimal tesrgetry for three menticned sbove projectn
are listed in Table 1,
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Pig. 1 Capture efficiency in tke depeondence on a) the accepiance
size for the proton bean radius equal to 0.5 mm (1) end
infinitely thin proton bveam {2). Sclid lines denote tie
simulation, dotted lines - analyticnl evaluatien., The onti-
proten momentun dia equel te © GeV; b) the proton bosa ra-
diue for the FYAL (1) and £A (2\ project; c¢) ithe collectie
on angle from n target for the FIIAL (4), IZP (2), end AR ()
progecte; ¢) tha tarpget lensih for the thick aud thin tar-
peto nt the uniform prolen bLonm d‘j.mtri‘uutLun,'a\,g, FHL('?);AMZ)
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) 49 Target oot oL =
GeV/e Ir.ryad O material em  nrad

Ee 0.0064
mef‘) 4,5 5 2 o 1.5 35 o.onos
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w2) + g Q.
CERN®? 3,5 100 fo.75 T 3.5 100 G oce
p3) 5.5 60 17,2 W .5 80 0.80

Antipmoteorn collection

Antiproton collection up to the optimal angle requires powerful optic
systens, The choice of a collecting lens (quadrupsles, "magnetic horns", i~
thium lenses) is determined both by angular acceptance snd aberreticn 3,9“““~
which the chromatic eberraticn neede the great care.

The chromatic dispersion of rarticle deflection angles in a2 lens lends
to an additional angular spreed in the bean, If the beem tranafer with en
optical system is described with a matrix (M) as(X)=(M(Xd, the anguler an2
cooréinate incremse et its entrance due to chromeotdce aberration.@ﬁX)is Gescw
ribed by the matrix(ﬁ?)obtained by differentistion of (M) over momentum, as
(@ X)=£22(M)(Xo) - The effective engular and coordinate incresse in o “eeﬂ So-
“urce (8k)is detexrmined as(AXo)= (M)"UAX*-K(MQXXJ, viaere (M= (M)1(M)

increese of besm emittence is described by the expression:

e= 1+ (2D (a3 +afrad pl + )+ (32
where G and A are the elements and de ermlnv t of (Ms). Por example, ihe
use of 2 quadrupole triplet, propoeed to collect antiprotons with <the
tum spread iq,5.1o“3 in a preliminesry FUWAL project4>, at the momentiunm sprond
i2'10'2 would lead to a decrezse of the capiure efficiency by s fa
g3 shovm by computer simulaztion, For a thin lens with foecal dicsione
ererretion inerease of an emittance ig cdetermined sz C-—Ebv .;Q PQ>&_

Thug, besides the mzirn restriction -« a rolatively small collccv
le (no more than 0.01-0,02 rad), chromatic aberration turms out o be an =i~
ditional restriction on the uce of gquadrupoles feor entirroton collocticn,

The use of the systems with large magretic fields end exisyrreivic To-
cuging of the parsbolic lanse (mogneiic horn) or lithiur lens iype allows
thae cngular acceptance to be extended up to optimal ccllecticn anglez., Zie
logges due to multiple scattering are minimized, in thic cage, by short fo-
cal lengths end minimum material thickmess., Unforitunctely, the nucleor in-

teraction can 1limit the enplicedbility of such systerms in gom e cornen,

FPig., 2 shows tho profiles of possible variante of parsbolic lenges for
antiproton collection in the optimal anpzle din ell three projectr, Theoe 100w
sog hnve the focnl dintancesn, fields, und the wall thicinenven ecleas te 1

LE .

Timidt e, The enprente in the Jenaen nyas 170 LA (THMY, f00 W
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Fig. 2 Veriants of parabolic lenses. Cross-section
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400 kA (INP). The profile shaves are determined by the linear dependence of
entfance coordinates on excit angles, that provides the minimum geomeirical
aberrations). The wall thickness changes with a distance from the axisas-%
amd ig equel to 0.5 mm et maximum i+ . It corresponds to the mechaniesl stress
6 > 1200 kpg/em™ in the wall. The ceomputer simuletion of particles passage
through eluminium lenses shows that the capiure efflciency decreases by rore
than 4 times for the FNAL project (F = 0.0015) snd by 1.65 times for the
CERY project ( F = 0.032). In the FNAL case the losses are mainly cue o
miltinle scatterirng. The nuclear losses and chromatic sberration csuse a de=
crease in efficiency of about 20%, In the CERN‘oase, the deg¢rease is lorgely
{(Govm to F = 0.036) due to nuclesr losses,

An essential decrease of multiple scattering cen’be mchieved with tke
use of lences made of bveryllium. The manufscturing process for beryllium
lenses with the parsmeters close to those for FYAL end CERMN projects hes heen
developed In the INP6). In tkhe FNAL case, the beryllium lens efficiency ic
avout 2 timres higher as compared 1o the aluminium one, 1.e., the capiure ofLi-
ciency constitutea 0,5 from the mexirmums in the CERN case, the galn Iz 65 on-
1y (up to F = 0.034).

Lithiun lenses?> cen provide the minimum focal distsnce alt which the
distortion of the entiproton beam emittance ie excluded nearly completelw,For
exenple, in the FIIAL project the lens for antiproiton collection in an optimzl
angle cen have the 10 cm focel distenco and the 0.8 cm eperture, In thin caun,
the f£ield on the surface is 12 T and the lens length is 6 em. The ansle of
rultinle scattering in the lithium and beryllium walle at the ends isviﬁg =
= ?-10—4 rad, that .1s less than the anguler size of accepionce ot the Zens,
Computer sirmulation snowe that the losses in captvre efficiency scarcely on-
ceed nuclear losses in the lens, At INP the technolery of lithium lencern oy
teen developed, and wide experieace hog been guined in operation with oinilns
syetc&sa" At pregent, IFD? 1o deoigning tho lerg chown scemntlenlly In T1:, O

It has aperture 2 cm, length -10 em, snd cen be Led by a L00 mko enrrent
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Pig. 3 The antiproton lithium lens cross-
gsection: 1~flat current input; 2 -
current connectlcen cura; 3 ~bervl~
livm windowa; 4 - t3i ;i
pe of the lens, 5 =-
symmetric current in
ter cooling asystem.

of up to 700 kA through & matching trong-
former, Chenge in innermecst structure (ro-
sition 4 in Filg., 3) and corresponding
ckange in the gmplitude end pulse durati-
on make it ponsible to use this lens in
all three projects.

The focal distance of the collectin
lens has a lower limit due to a burnirg
through the beryllium entrance wall of the
lens by a proton beam with high deneity
near the target, Heating estimestes and the
FIAL neutrino beam experience with beryl-
lium targets show that at &n intensity of 5.1015 protons per pulee end &

1l1limcter beem efize beryllium is not destroyed. To have such & size at =
dietance of about 7 cm from the target center, the proion beem should heve:
large divergesnce achieved by strong focusing of it on the target. The 1ithi-
unt lens with the 35 cm focsl distence and the 0.5 cm aperture meeits this
condition, For 80 GeV it has length 13 cm and field 15 T, At present, such
a lens is undergoing a test at INY.

~
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Proton focusing on 2 target and sntiproton collection with lithiur
gses with the above parsmeciers results, for the I'HAL project, in a capture
efficiency conaztituting the ~ 0.75 of the ideel value (Tadble I), If, bo-
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cauze of the collecting lense entrance wall heating,it is necesesary %o

it up %o the foczl distence of 20 crm, the cecattexring contribution decrontor
the collection efficlency down to F = 0.0035, This is only 10% nigher

for the beryllium horn.

B RN

Tha toarmet device .

At intense proton beamz (more than 1013 particles per pulse) and c—all
beem eport sizes the work with heavy targét8~is cecompanied by a large o~
g7 release (of the order of & few %xJ) and high temperature of pulee Zogiin g
the letter leads to the explosive regime of a torget operation, One or i
ways to overcone the difficultien is the use of ligquid-rmetallic, for axaio-
le mercury, targets., This enables one to replace a target between puluce @0
to golve the problem of target cooling, After consideration of severnl vori-
enta of mercury targets we have chogen flat-jet-like target, The o
through @ narrow glit and the level of mercury ig mainiained conctant wi-:

-y LR R L
PR S04

pump, IL thre mercury leovel pbove the alit in 7.0 eom, ithe det o ool
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Fig. 4 Schematic croes-section of mercury pumps.

well-chaped with the stable cross~section, In studing of the mercury Jet
flow from a narrow slit of 60 cm long its width wes ranged from 0.5 to % mnm,
After anelysing varlous designs of pumps for mercury pumping we heve chosen
simplest variant the principle of operastion of which 1s demonstrated in

Fig. 4. The trials of the models of these pumps showed that, it can provide
pump cupacity more 5 liters per minute, sufficient for creating a stable e
with 60 x 3 mm™ cross-section. This construction is placed in the eir-tight
containers with water cooling. The beem is passed through the exit end en-

trance windows covered with bveryllium folls.

ATS levout

The use of short focusing lenses with small apertures allows & very
coﬁpact antiproton target station (ATS) to be built up. The station scherme
is shovm Iin Filg. 5. All components of the station are placed on one common
platform (4), 2 m long, erd 0.7 m wide: a lithium lens for proton focusing
(5), a target device {3), a lens for antiproton collection (2), erd a ben-
ding magnet with the 5 T field. The pletform can move slong a statlonary
plate (10) together with trhe robile section of shielding (7). Az a plug, “he
letter enter the window of a cstationery shielding (8,16) under operation of
the ATS. Both lenses snd separating magret, with their matching tronsformers
are instelled on the platform arxd have radiastion herd insulation, The tronge
formers have 8 low-inductance current inputs (17) which pass through tiwe
nobile shielding. The current inputs are connecied t¢ o remotely~coperated
switeh (15). Each elerment can beo lifted up arnd chifted with a specinl moni-
pulator for replacement. To do this, each element 1s mounted on the snecie-
al cetches and remotely-operated current and water connections, Poth lerves
can be remotely-adjusted simultisneously with an accuracy better than
100 microno,

The ATS will be mounted at IHUD for a study of the. behaviour of wvollid

end liquid metnllic tarpets 1h the explosive regine at the 70 GeV prolon Lowns

end oleo for anlution of o yvimbar of srehloma poncnyy e he povrlorennee o
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ige 5 ATS anout. 1 - tendinz megnet, 2 - antiproton lens,
7 ~ targey device, 4 - mobile pletforn, 5 - proton lens,
6 = distent adjusting device of the APS, 7 - mobile ciifel-
dirg, 8 ond 15 - stationery enielding, © - switch-drive,
'C - stationary piate, 11 - chain beli, 12 - drive mecha-
nisn, 12 - acjusting devices, -4 ~ the gecond rmatchine
trensforrmers, 15 - current switches, 17 - rediation herd

current inputs,

T.t.Vaevelozhskeya et al,, "An antiproion source for the JEET acgcoln-
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