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ABSTRACT 

p NOTE #94 

In the paper we describe the project of an antiproton 
target station with particle focusing carried out with 
lithium lenses. The optioal conditions of obtaining high 
particle density inside a :phase volu!l:e deter::::inod by the 
following entiproton cooling for three projects - Precoo­
ler (FHAL), Antiproton Accomulator (CER10 end INP-IHEF 
(USSR) are analysed. T~e ef~iciency of antiproton collec­
tion with a lithium lense is compared to the efficiency 
achieved with another focusing devices - magnetic horn 
and quadrupole triplet. 

In all antiproton storage ring projects, the major problem of opti­
mizing antiproton production conditions ie the achievement of meximum 
phase density of particles in the phase volume determined by the .require­
ments of a subsequent beam cooling. For this purpose, the geometrical pa­
rameters of e target, its material, and. the conditions of proton beam ~o­
cusing and entiproton collection should. be optimized. The present paper 
concerns the optimal targetry conditions for three designs or anti~roton 
stor::ige rings - Precooler (FNAL), Antiproton Accumulator (CERN), m:d .'L:.­

tiproton Source for the IHEP Acceleration-Accunulator Facility (INP) and 

alao the erficiency of antiproton collection by various optic devices. 

,!:.l.'t..,..~~timaJ_j;_~x.g~~ry __ conditiQ!la "analysis 

The antiproton beam paraneters at the target entrance are mainly de­
termined by the antiproton production angles and a target length. The 
production angles distribution may be considered as a Gaussian one with 
the nean square (62

) .= 2 m~zr..£.2 , rn.x is the pion mass, m and p are the 
p 

anti:proton mass and momen·~u.m). This follows from the .therl!1od~rrw~ic~l d<"~»-

cription of the entiproton transverse mo:mentum distribution at T~ntll.C 2• 
Thie description agrees well enough with experimental dote at relotivcl;,· 
small angles. The antiproton distribution in a tranoveree phoee o:pace D~Y 
be characterized by the effective values of an emittancH Ep and Ol Emc 

_P - functions, which are deter::nined by the menn squares of anglen and 
coordinates, <92) and <t"2 ) , end by the product <r-8) at the torget en­

trance aa £15=V(r'.2)(82>-(1"'9>2"~/3i5= <~? ,oc=-<Er-e>. The volueo (!"'~) ond (r-E.l)n~c 
<82.):;;12 (R"):; '-P ~ . (t".Z),;: . - end (r-e>= ~ 1 wl:erc z is the target lenc;th. 

3 2 
The effective er:ii ttance of the ontiproton bcel!l ond t!ie minir..u.:n v::11t~ .. : 

of its p, - function (at the centre of the target) arfl:fp:= (~~-~? m;d z r ~v.1 
for.rnin=;rv) • Tho antirroton yi<·lcl ie mn:xin1ur.1 when tho tnrgt•t h':1 1~th if' 
~10~'"' l;o ibr nuel"ll.l.' l'llrnon~tl<'ll ] nn::th ,,l • At ? :: .\ • th•' ('l'\J~ ( ::t:r~·· ··• ··· 
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be co~sidorcd ae en effective emittance of antiproton production,Eo=~~· 
'.l'he capture efficiency st a given acceptance € l!lay be characterized by the 
!'unction F dete!Tlined by the relation. of the ecceptance to the antiproton 
bevm enittanc~, the d~grce of' proton and nntiproton aboorption inside the 
target. Tho number of capt~red antiprotons per incident proton is determi­
ned. by :means of this function es ~ N '!!. = _i_. f;L~. Ft. p = ..1.... ~'.IT(82)Fh.p. 

Np 61.h. a p 6Ln. dp1.;...>c. 
Analytical evaluation of the capture efficiency ;into the acceptance 

under condition that£<< )I. <ff)end the acceptance envelope fu-"lction 8 equals 
J 

to that of' an antiproton bee:m Jrs , deter.nines the optimal target length Z cpt 

es i!. opt ~ t 3 ~£;;>+ f"'k,.A. an~ corresponding value of F as: 

F~ 1.t:.exp(-7n.t.) 
- 3 (92) (..,\. 4-;!¢pt) 

Here ~ is the redius o~ a proto~ beem with the u.niforn partiole tlensity. 
The thin p~oton beam condition is l';,2<<J·~~· The optimal entiproton collec­
tion angle ia determined by a minimum value of;.- function of the ncceuton­
ce pmtn= f>p,mtn= i~~, and. it equsle to Clma.x~ 1.6S(L~)11 The e:r.::prc::rn~c:l 
:ror ll llp is L!. N 2=:: .i · ..R:rr£·6P·cP.b, .exp(-?fF!1] In e~alytical evaluat:tc=. of 

Np Np bi.H. 3 dPa.Q. Zo.,t+.A 
the capture efficiency we have not taken into account the multiple end elas-
tic nuclear scattering of protons end entiprotons, the diff'erencc in their 
absorption lengths, the angular epre~d, end the inhooogeneities of the pro­
ton coordinate distribution in the initial beam .. It has been done in compu­
ter s~~ulation; its reeults (Fig. 1, a-d) are consistent with the analyti­

cal eotimates. The values of F :l.n Fig. 1A, b were calculated at optii:::sl PE 
and~ (tan3stcn) for each value of£ and r;, , in Fig,. 1c - for O!'tir:aJ.2 .. 
Sbov.'D. in Fig. 1d is the F dependence on a target length (mercury) for tar­
gets with 8 large cross-section end with a cross-section equal to that of c 
p~oton been (thin target). The.proton beam ft - function values for t~e ccta 
in 7:..~.,. 1c, dare: 1 cn (J!ITAL), 6 cm (CER:.'1'), 10 cm (TI!P). The r:a:.::1 p:::ccr;;e­

t~rs c~a~acterizing the optimal targetry for throe Eentioned a~ove ?~ojec:~ 
are listed in Table 1 .. 
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Pig. 1 Copture ef'fici~ncy in the depondencc on a) the acceptnnco 
~ize for the proton bea~ radius equal to 0.5 mm (1) and 
infinitely thin proton beam (2). Solid lineo denote the 
simulation, dotted lineo - anolyticnl ev1:1lunticu. The' onti­
protcn mo;:::ent:.'.::'l is eq~nl to 6 Gt'V; b) t.hc proton boe·.:.1 ra­
diuo for tho P:iAL (1) o::1d AA. (2) projec't; c) the collecti­
on nnr;le f:ro~ n tor,set for th•:> F:L".T.. (1 ). r:~.P (2), i·.r~·~ AA 0) 
p:rojccto; <J) thry tm•!·rt lf'r'·~b f'0.,., t'·P ·11~cc- ""•.1 th"1 t·1r-· 
;:;cto nt tho unHor=· l·;~.ot~nl ··t~;~r.;m«Jlot~ltn,;ti~,;;,~,~t~~L;,,)· .11.r,,) 
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Anti.proton collection up to the optimal sn~le :requires por:erf'ul o;it~c 

eyste::::is. The choice of a collecting lens {quadrv.poles, "magnetic horns.,, :.1-

thium lenses) is determined both by angular aocepta.'lce end aberreticns, e.~r-~.:: 

which the chro!!latic aberration needs the great core. 

The chromatic dispersion of particle deflection angles in e lens lc~ds 

to en additional angular spreed in the bee!D.. !f the bea~ trans!'er with a::-~ 

optical system is described with a matrix (M) as(X)=(M)(XJ, the angule:r an1 

coordinate increase at i ~s entrance due to ch.1."onmtic aberration (LlX) is C:::.eec­

ribed by the natri:x: (M')obtained by dif':f'erentiation of (M) over mo=:e~tum, ~:: 
(L1X)=~(M')(Xo) • The effective angular and. coordinate increase in e 1'ee::i ao-

. urce P(Ll'Xo)is determined as (LiXo)::= (Mt1 (AX)=1-J?-(M~XXo), where (M~)= (Mt~ (M').. l:.1 

incree~e of benm emittance is described by the expresnion: 

E= EoV1 + ((.1J')2)(a~1 + aJ2 +a~1 p~ + j;f )+<Clltf-)2)-~/ 
where atKa~d !::,. are the ele~ents and detcr.ninnnt of (~. Por exanple, t~e 
use o! e quacl::r'~pole triplet,propoeed to collect antiprotons with t~o mo=f~­
tun spread ±1 .5.10-3 in a preliminary PIJAL project4 ), at the r:one!ltt1l?l 

!2•10-2 would lead to a decrease of the capture efficiency by a factor of 4, 

e'J s:'1i?"r."!l 'by CO::!puter ein~t!e:;ion .• Per a thin le:o~e \",1i th focal C.!ct:1:?.c~~ .J. J'._~:;~ 
eber:r-~tion increase of' en c!:'littonce is C.etermi.."1ed. as E=EoV '1+<~f))(2+~~+.;.~ )", 

i :' ;...',_, 

T:"·.rn besideft th,..,...,,. .. ...,. .,..es+r"ctio"" - .... r,.,,.., ... -1..,ci .. """"ll c"110 c'·~,..,-· _ ..... _ _.. f ;\;J _.., ...,,,.. __ -..:.. - V -I.. .I. ... Q V-\..tV- •.J ;,;.:;,;..._.-... ,..;...1.. 7 __,, ""--"•"'••~;I 

le (no more than 0.01-0.02 rl)d) 1 chro::nntio aberration turml out to bo m: :·.~­

ditional restriction on the uce of qu.ncr.:ipolen :fer cnti;;:-:-o"!:o:! co::::.~c~ic:1. 

The use of the eyste?!!s rrith lc:rge I!!a0netic field8 end c::dc.y!'.::~et:ric :~c­

C?::.sin,s o'! the parabolic lenee <=c.snotic horn) or lithi'l.l.I: leno type u12ow~1 
the V!:T..tlar acceptance to be e;;:~er..cled up to opti:::nl ecllecticn angles. :;::,o 

loo8es due to multiple scattering arc minimized, in thic caoe, by ohort 'lo­
cal lengths ·and mini.mtl!Il .t:::iterial t=.ic'!C'leao. U~~or"tunr:tely, tl1~~ nucl('\~r i!:­

teraction can limit the C!iplicebility o:f such c;ystenl:' i1: 00!:10 ccr;en. 

Pis. 2 chows tho profiles of poaoible varinnta of rnroLolic le~~cc f~ .. 
ontiproton collection in tho optironl n:::!glc i!1 all three rrojC'c:.n. 7'.,<'::(• ~ :'-· 

noa hnvo tho i"ocal dic1tnncon, !'iC1l<lo, uncl tho t:nll ti!~ d ~·-':i:•l'rT <.'.) l~·w tc-

·1 • c1 l'. r, ,' i.) 1 :ct "': (I' :• "" ' 

http:0.01-0.02


FN?l.. 

~~==~~\:-r-f _-_-.,_-___ .;;.,.:--_-:;;:·_·"_.:: _~~ _-=~=~~v_' ::~1P=·~=· -._-_ ~-~-----_ _._-__ -__ -__ -__ -_-~~ 
L -u9-.____~~~-

CEf.N 

INP . 

···-----~§.__0 ___ _ 

Fig. 2 Variant~ of parabolic leneea. Croes-section 

400 kA (!NP). The profile shapes are determined by the linear dependence of 

entrance coordinates on excit angles, that prov!dea the minimum. geometrical 

eberraticn5). The wall thickness changes with a distance from the axisao +. 
a~d is eq~al to 0.5 mm et naximum r • It corresponds to the mechanical strees 

6 > 1200 kr;/cm2 in the well. 'fhe computer simulation of particles passage 
through elU!!linium lenses shows that the capture efficiency decreases by ~ore 

than 4 times for the FN~ project ( F = 0.0015) and by 1.65 tioes for the 

CERN project ( F = 0.032). In the F?IAL case tho losses are tudnly due to -multi,le acatterir-g. The nuclear loEses and chromatic aberration cause a de- ...,,, 
crease in ~fficiency of about 20%. In the CERN case, the decree8e is lo=scly 
(down to F = 0.036) due to nuclear loeoes. 

An essential decrease of multiple scattering cen',be achieved with the 

use of len~es maoe of beryllium. The manufscturir-t; process for berylliu.:n 

lenses with the parameters cl.ose to those for P!~AL and CERU projects has :,een 
developed in the I?IP6). In the PNAL case, the beryllium lens efficiency is 
about 2 tin:es higher as compared to the alumini'ltm or.."!, i. P.. the ca:pt'.l~e e'!:f:­

ciency cons ti tut es O. 5 from the mexin:u::i; in the CE.Rli cnse, tl~e gn:i.!1 !s 6;:. c!:­

ly {up to F = 0.034). 

Li thiu!:l lenaes7) een provide the :c.ini::m.tm focol d istsnce at which ".:.he 

distortion of the antiproton beam emittance :is e:::cluded nearly co:npletcly.Po:r 

e:xe~ple. in the F~l.L p'!"oject the lens for n~tiproton cclloction !:n m1 opti:r.::l 
angle con have the 10 cm :focal cistanco and the 0.8 cm aperture .. In tld:J cn:..'•~ 1 
t!:".! :t'ielc on the surface is 12 T and. the lens length ia 6 cm. The an:;le cf 

~--

r.-rt.'.1 t:.;i:e scotte:rini; in the li thiu::i end beryllium wnlls at the ends is V(6:.) = 
-4 = ?·10 rod, that -ie less than the aneulor size o:f occeptonce a".; t~ie ~en::;. 

Cot:.'puter si::::-ulation ehowe thnt the loooea in cnpture e:fficit..~ncy ocf!rcc~:: ~'::­

ceed nuclcer loflses :!.n the leno. At INF tho teclmo!or,y of lithiun len::>!':-. l ::u 

bee~ developed. and wide experience hoo been guinea in operntion with ci~~l~~ 
~) ...,,, 

eyotcc1D'-''. At preoent, !it? ia dcoit;nint:; tho lona dl0>-.n ec•-'.:.::::iticHlly .'..t: :·.: -. "·. 

It hnu nper~.urc 2 c~1, lcn~~th ·JO cm, r.!1d. cm1 l•C' ft'd by o ~CC'l :::'.01 cmT•'~1 t : -. 
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F:!g. 3 The antiproton lithium lene croee­
section: 1-flot cu:-:·cnt input; 2 -
cu?'rent cone'2cctic~ cur.is; 3 -bor~rl­
limn windows; /J.. - titn?!iu:::. envelo­
pe of the lens, 5 - lithium oxi­
sy:mmetric ciirrent input; 6 - wa­
ter cooli~.g system. 

of up to 700 kA through a ~atching trans­
former. Change in innermost structure 0o­
si tion 4 in Fig .. 3) and corresponding 
cha~ge in t~e a~plitude end pulse durati­
on make it possible to use this lens in 
all three p:!'ojects. 

The focal distance of the collecting 
lens has a lower li:nit due to a burnirg 
through the beryllium entrance wall of the 
lens by a proton bea!Il with high density 
near the target .. Heating estimates and the 
~AL neutrino beam experience with beryl-

5 
5, 

: I 
I 

lium targets show that at en intensity of 3.1013 protons per pulse end n 

millimeter beam size beryllium is not destroyed .. To have such a size at e 

distance o:f' nbout 7 cm frore the target center, the proton bear:i should. hr>.vc · 

large divergence achieved byatrong focusing of it on the target. The lithi­
um lena with the 35 en focel dietence and the 0.5 cm aperture meets th~s 
condition .. For 80 GeV it hae length 13 cm and field 15 T. At present, sue~ 
a lens is undergoing a test at DlP. 

Proton focusing on a target and antiproton collection with lithim: :Qr.­

sea with the above pars!llcters results, for the PXAL project, in a cepture 

efficiency co~stituting the ,,,......, 0.75 of the ideal value (Table I). If, 2~-

cauee of the collect ins lcnse entr3nce ,.,all heoting, it is necessn~:r :o t">.~.:~:: 

it "J.p ";o the foc~l dis~ance of 20 er::, the cca~~c:-::'..ng contri'tlutio~. cccr·::r::~ 

the collection efficiency d.o••'n to F = 0 .. 0035. Thia is only 10); hi.:;hcr ~~ .. :- :l 

for the berylliUI!l horn. 

~e tarr:et a e'lice 

At inte!lse proton bea!n':l (core than 101 3 psrticleo per pulse) m::d z:--...:1 J •. ~ 
beam e::;:iort sizes the v:ork with heavy t::i:r5eto it: ccco::.-:.pnn:!.ed by :J. l~i::-ce c::-: .:­
gy releaE:e (of' the oruer of: a few kJ) nnd hir;h tc:::!per~ture of :pu:!.'c .:.::•c. : .~; 

the letter lead::: to the explosive regime of a target operation~ Cnc c:t' ~·:.' 

ways to overcone the difficul tie a is the use of liquid-i::e tnllic, for ~~x::: 

le mercury, targets. This Bna1::>leo one to replace n tErgct betwe>cn rulGN' 

to solve the problem of tareet coolinc;. Aftor cor.nicc:::-otion of SL~Yt::--nl ·:~·. 

ents of: mercury targetn we hnve chooc:n a flat-jet-l:ikc tart-;t"t. Tl::.~· ~!.:~ •" 
throU{;;h n nnrrow ali t ond the level of merct1ry io nni1;i~tined con(' t~m t '" • · 

pump .. n: t}J'• nercury level. el~ov~ th,. nl:l.t 1:1 

http:ccco:.;:.pnn::!.ed


Fig. 4 Schematic croes-section of ~ercury pumpe. 

well-shaped with the stable crose-eection. In studing of the mercury jet 
!low from a narrow slit of 60 cm long its width wes ren~ed from 0.5 to 3 x=n. 
After analysing variot1e designs of pumps for mercury pumping we have cho2en 
simplest variant the principle of operation of which is demonstrated in 
Fig. 4. The trials of the modela of these pumps showed that, it can provide 
pm:ip cLpacity more 5 lit~rs per minute, suf~icient for creating a stable ~et 
~ith 60 x 3 m:n2 crosG-oection. This construction is placed in the eir-tig~t 
containers with water cooling. The beam is paosed through the exit end en­
trance windows covered with beryllium foils. 

ATS levout 

The use of short focusing lenses with small apertures allows a very 
compact antiproton target station (ATS) to be built up. The station sche~e 
is show:n in Pig. ,5. All compo:lents of the station are placed on o:t:!.e cc-:r:.:::c:r1 
platf'orm (4), 2 m long, end O. 7 m wide: a lj.thium lens for proton focusi~ 
(.5), a target device (3), a lens for antiproton collection (2), en~ n bc:!­
ding r:ia.gnet w~th the 5 T field. The platform ca~ move elong a atstionary 
plate (10) together v.·it::i t!:e :c.o1Jile section o:f s~ield.ing (7). As a pluc;, •.:::c 

ls-:;ter enter the window o:t e .stationery shielding (8,16) under oper.'.1.tio::1 o: 
the ATS. Both leneea and neparsting m3gnet, with t~icir matching trD~~for=crs 

are instelled. on the plot:fo:rm o!:.d. l:::r:e radiation herd insulation. The "t:::-::-::1-

f'ormers hove a low-inductsnce current inputs (17) which pnoe thro'l.lL;!l ti!l! 

mobile shielding. The current inputs are connected to a reruotely-operc'.:ce 
switeh (15). Each elei:ent con bo lifted up and c11ifteC. with o spccfol :!:.·~1i­

pulato~ !or replacecent. To do this, each element is mounted on the o~eci­
al catches and re~otely-opernted cu~rent and ~ater connections. Foth ler.LcB 

can be remotely-adjusted s:i!:!Ulteneouoly with an accuracy batter thnn 
100 microno. 

The ATS will be n1ountcd. nt llrnr for n utu<ly or tho. bohnviour or uol !d 

end liquid 1!letollic torc;eto in the ~xplonivc l'<'Gi'110 nt tho 70 GcV r~·ott"' ··:; .. 

!1111.'l pJ.no for (10)11 l;Jf.'TI {If fl tHHnl•r"t' p(' ~n·p!d •H::1i f'('1\''"1':' !11;~ 1 ~,.., rn1•(\'!' .. !"h'<" 1
1 

'1 ''flwpl<"M pl1yf1l11ul t"'tJ1llr1•1,.11l. nt v111·: 'd:·h t«vr·l" ••r 1·n,\l1d.h.•11. 



Pig .. 5 ATS layout.. 1 - bending magnet, 2 - u~tiproton lens, 
3 - target d.ev.:'..ce, 4- - 12obilo plstf'orn 1 5 - p:roton lens, 
6 - dist2nt .'.:!cjustin.~ device of t!1e ATS. 7 - n;obile s::iel­
dir..g, 8 and 'i6 - ~t~tionary sh:!.eld:.!\r;, 9 - avTitch-drive. 
40 - ata·cionnry p:ote, 1'1 - cl:nin bcS..·~, 12 - drive !:lec'.::a­
nism, 13 - adjusting devices, 14 - t1ie !:econd rictchin::; 
t:ransforl!:ers, 15 - current switches, 17 - radiation herd 
current inputs. 

• • . . 
:!?..EFERE:i'Cl]. 

1. Des:ti;n report .. The Per:::::.ileb high-i:ntenai ty antiprotoL. so".!:-ce 1 ::'.?:IAL, 

C~'.:obe:-, 1979. 

2. :.':~t:'i~. st'l.u:'t of' a protor;.-::mt!p!'oton colliding bee!!! faci:i ty, c.:::r-:urs;:: .. 
73-3, 27.1.1978 .. 

3. ~.A.Vsevolozhskeya et al., "ft.!'.!. an:tj_p:ro-::on cou:-cc for the !EE:? s.cc~l-:-

rotion-neeW!:.ulation :f'ecility .. DTP Report, ?:.oy 192-0. 

4. Bea::n Transport and Tare et Systec for pp and r'P Colliding Beel!ls, FNAL 
06/20/78 .. 

5. T.A.Vsevolozhakaya, G.I.Silveotrov, ZhETP, XLIII, 61, 1973 .. 

6. G.s.·;:111ewald., V.N.Knresyuk, G.I.Si::.vcst:rov, ZhS'i':?, XLVIII, 5G6, "!97S. 

?. T.A. ·:aevolozhckoya, M.A.I.yub:Lmova, G.,I.,gilvcstrov, ZhI~1':C, XLV, 2'~9:+, 

1975. 




