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Abstract experiments were 6 to 7 orders of magnitude lower than the

Wc intend to can3' OUt a series of plasma lens experiments nominal colliding beam density at the SI.C and the next
at the Final Focus 'l'cst Bcmn facility at Sl.AC. These generation linear colliders, so that the experience is

experiments will bc tbc first to study the focusing of particle insufficient to design or evaluate a plasma lens in a high
beams by plasma focusing devices in the panuncter regime of energy collider detector. A begun such as the FI:TB offers a
interest for high energy colliders, and ix expected to lead to unique ctwiromncnt to test ali aspects of plasma focusing of
plasma lens designs capable of unprecedented spot sizes, high energy, high density, and low emittance beams.
Plasma focusing of positron bosuns will be attempted for the II. PARAMETER STUDIES
first tune. We will study the effects of lens aberrations due to
various lens hnperfcctions. Scvend approaches will bc applied When ignoring the effects due to the return current, the
to create the plasma required including laser ionizalitm and focusing strength for underdcnsc plasma lenses ix governed by

be_ma ionizalion of a working gas. Al an increased bunch dm plasma density ne,

population of 2.5 x 1()10, tunneling ionization of a gas target K = 2 trr,,
by a-" electron beam - _meffect which h:L,;never been observed _y-- ns, " (2.1)
before- should be significant. The compactness of our device whereas for the ovcrdense plasma lenses the strength is

should prove to be of interest for applications at the Sl.('. and determined by the be:un density ht,,

the next generation hnear colliders. K 2trr,.= -----ni, • (2.2)
Y

I. INTRODUCTION The plasma return current tends to reduce the locusing efliect of
Plasm_. l(vcusing devices arc compact, sitnple, and very tlm lens [12]. The effect ix approximately given by

smmg f(u.'using elements. The flvcusing strengths for typical K_,. = K (2.3)
par_uncters are equivalent to -10 9 Gauss/cre focusing magnets. 1+ (kt, G):' '

In principle, such strong lields arc capable of li)cusing be_uns where crr is the rms size of the beam and k t, = 3f-4trrenp is the
to very small spot sizes [1-6] and perhaps cvcn capable of plasma wavcnumber. The effect is appreciable only when the
avoiding [7] inherent (Oide) limitation 181 in discrete strong plasma is considerably denser than the beam.
focusing. Our goal ix to show the effectiveness of plastna
lenses in the parameter regime of interest for SI.C and dac next Bemn Panuneters Case 1 Case 2 Case 3
generation high energy linear colliders. The experience g_fined t? [GEV] 50 50 50
is expected to yield new final focus designs capable of N [101°] 1.0 1.0 1.0

producing SlX_tsizes stn_dlcr than cvcr produced before. _:, 1105 m-rad] 3.0 3.0 3.0,,,

There are two low energy, low density bc_un experimented 13,*,[cln ] 7.5 7.5 7.5
results which confirm the theory of the beam-plasma .
interaction performed al ANl. 19,101 and Tokyo l.lniversity ..... o, 2 lbun] ..... 4.74 ..... 4.74 ....... 4:7_4 ....
[1 I1. While such experimental rcsulls have been useful, _ Icm] 8.03 8.03 8.03
however, the bc,'un densities involved in the ANl. and Tokyo o, [btm] 4.91 4.91 4.91

o, [mm] 0.47 0.47 0.47
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A Rouml Beam t",_cusin_ [ ti'i'"l T '........_""

_[ ,C plasllla is cr¢;.itcdby ;.illintcllXC lLIscrbefore the arrival f:;,,, i cy,,.<,,<.._. ,

of thepart!eh:beam hunch. The ,g,sdensitywillbc variedto * -!......_*.......----::_:_-_-". .

cover ali rcgimcs of the plasma lens from undcrdcnsc It)

I'" " ....... J/)_ _ ' "ovcrdcnsc and lo lhc tolalc(_inflcrlsationlirrlii,al which ,v,_,,,,,_...... ,,,,,,_,_,,,,,<,._,_;.,,"_,_" _.-
l'ocu.,,ingdegrades due to returncurrent.Typical parameters .D.._-/-- _ ',

t.'lirrcsptmdill_[,iIIICSClense.';arcshown ii,T;.lbleI.. _{ , '" )

Inthetable._:'isii'lcbeam energy and t:.,,isthenormalizc:d i;_<_,,,,]_ w.... i \ .... '
clrliltarlcc.The initialbetaaithe vacuum waistisI_)and .v_iis E_,,_,n:;,_<,M.............t.............

the begirlning of the Ion.,.; with respect It) this waist . The hela _L.....,_'""_::'_'.,,..,,-,,<.-,,-,........._o,-,,,:,,"_ " _t_,_._ _.....;_,t.,,_,_,:._<,-A,_,:,]

I'unction at the entrance to lhc lens i.'.; J_0and / is the Icns c,,_._, {_"_"........ ]'" _,,,,,v, t,,_,..,,,_t.r,,,,,_,s,_,,:,_,,,,_,v,.....
thickness. The focal lengttl of the lens is f=s'-%-I/2

where s+ is the distance of the new' focul l_oint from the iniliai Figure I" ()utline _f F'lasma l.ens l'_xperimental Setup

one without plasma. Tlie plasma density ix hl, and ni,. is lhc III. EXPERIMENTAL I)ESIGNS

peak beam density at li'tc, entrance to the f_hisma. A.F.xperimenlal ,S'erUl_

B. Hat Beam i,'o_'usint_ The outline of the expcrimenls is shown in l:igure !. The

With the designed I:I:TB beam paramctcrs while sCtUl'_mainly consists (_l'a v,cuum chamber wilh a plasma

N = 2.5x I() I" , the beam is illtCllSC enough lo l-uoducc ;.thigh chamber emhcddccl Lllld pl}l'lS ft)l" ionization laser, ]'llLlSilli.I

density plasma by ilnpact ioni/.ation and should even reach the diagnostics and beam size measuring devices. The setup ix to
tunncline, ioriization tlll'esh_ld when c.'losc emlu,,h lo the be installed al thet;lrFp, final focus region near Station 1027.&--.

initial lt_cal iufint. Theory [6] and .sinlulalhms [13] of such a An isometric view _l lhc design is shown in l:igurc 2.

scheme suggest substantial fllasma tocusi,'ig. Typical ......--_ ................ i;......----T.I....................................--. "'" "li]Ii|' ' '_ "$

In (',so4. lhc tun,lelingioni/.atio,_thrcshoM is,cuched '/,:_/f;].'_*'.%"_:', _'_I,_._ / IpIasma COilS[-×PIS ]

righi fi,,m lhc sla,'l ,,,f the lens, und the i,,nizatitin is quickly /{I( }:7_:"" ' _"" _'{_J'_! // !
s,tu,atcd.With the c,,,,,pli.,c,_tarvi,np.ct i,,,,,i/mi,,n,we },',(..,<if"/ lt_.=:_V._;);,.:_{.4,.,'
expect ,hal the plasi,,a st, produced sh,,uld be reasonably ¢_ ......l! t/vf"#'_i'L_ %'.- '
uniform, and the aberrations sh(mid he much mild. In (,ase 5. ._t ...... ,"iii[{_.D_ac.%"<'/a' ,..,,,..-.-,-.;-.%

than 2/3_I the6{)nlildesigned I:I:'l'll,minimum verticalhcunl _ _*<. .::".- : _' ,'_/; /:.*...._:'
1 , ._',it] iI,i I _Ig-,Eal!1" "'._I.<<,/. " ._

size. i "'"_J _lil I _'a,i_.,kt: r_<"J_,">'<l
,- Ji_*_-'4-.D_..,at,,.,,. ,. _...

Btanl l)ar;.ilncltrs ('ase 4 l Cnsc 5 _ ,. <. <,,r;*,e.. - . .!

t'l(;cVl .s_) I 5o l I ! I ,+!,!'7;;.X\_! t,....
.......................... . ................................ _ ! I I l 1 "":" ' _ f

N I,(,'"I Z.5 2.5 [._____i L __ .] I __ _ __': _.] . _>I_Etki] .... ' ........................
................. . ......................................... 7

c,,,/c,,, I1() -.s m-radl 3.0 / ().3 3.0 / 0.3 Figure 2' Plasllla [.ells l']xl'lCl'illl¢lll,_ al lhc: I:!:1"I3.

1_;,,/[:/].I,n,nl 3.o / 3.() _.() / (i. 12....................................... " ............ B. Plasma Chamher

csf. /cs_, Inml II)()() / 333 + I()()() / 60 Tlle plasma ch;.unbcr ix sllm.vn iri l,'igure 3. The chanihcr
15,<_t J$,<_Imml 4.33 / 4.33 ! 4.33 / 33.5 itself is u small (I - 3 nlln) flipe nl;.lcilincd (Itl{ til" ;.1 lllCI{l]

............................. Ii

. cs,<,/cs>9 Inml . 12!)() / 4()() i 12()() / I()()() block which allows easy
Val-iali¢lll (ii It:ns thickness Liild t_._I }(){ ]

cs:Imml 0.47 ! (i.47 struclur;.iI inlcgriiv.. The particle heath cnlers lhc gas. pipe ;ind

nS,0Jl()ixClll li 7.7 i 2.14 cxilsthrough ().()It;lllIndies;AIthe C¢lllCr _)I'ihe block. A
--- pressure diflcrtnlial is maintained helwecn lhc g;ls coni_¢ctions

I..¢ns l_ai-amelers - I{>r a laminar ,-;is flow through lhc pipe, which sh_mld reduce

ll/,'Ii]() I;'4tilltj " ' 2.() _ 2.5 ....... gas ]tlss. Punlping t.'llalllllcr.s aic provided (ill hulh sides oi IIlc

............ /"l:cs: .... J .... 125. I................... 13..9.9....... gus pipe to Cal)lure most of lhc leakage bcI,,re ii enters II-I;

.... .v, !m!!!l .......... -2:() .... ...................-2.0 , vacUtllll cl'lalnbcr, lclni/;.lli_lrl, diag,.mstic, alld bealn si/.c
/Inlnll I I llleasurelllenl lasers art: in.jetted through windows on the

...................................................................... ch;.ullbcr. The shield in fronl llf the chainber blocks l'lh_llluls,
.flmml 1.6 1.714/ 11.147

. amcomparlying lhc particle beam. ltydrogen gas will be used tt_

l:ocuscd Beam minimize lhc backgrllund lr_tnl tx.'alll-p]aS;llla intcracli_ln.
I$,/fS, Imml ' "{l<J/ 0.9 ' , "(}.75 / (}.()47

' CS'"t / _: i,,,'i......... s;0) ] _} _ .... t ..... 4 s ( J i _ s - " ( ' I _I''' (I''''''' 'S' ' I ' ' ' ' J ' ' '
....... l:or lhc Inaxin_un_ plasil,a density iii (Tasc 5 of

,s_/s I llninl ().1() / ().1() -().12 / -().63
... ni, = 2.5b< I() TM Clll , a H? pl'CS,W,Ul't." (ii" 314.14 ION" al l't)(llll

Table 2: Hat Beam Focusing lelnpcralur0 is required. In order 1()keep punlping rcquircnl0nls



Parl,de Vacuum Pumpoul×8 laser is shared with the FFTB version of the m_,milor t',v

Beam][ _.o,..ed2_2S f.omt,.e po_,t,o,,_ mechanically inserting a heam splitter/mirror into lhc exi,,;tin,,_,

r- ............._ r ..............: laser transporl line.'...............* ....J ' Iii •
Laser i } ; /_ }i li Ap_ c+-'.r.-,_._.;.r,,T.:.,'.:--*+:-:.._' ,,,, IV CONCLUSIONS

i i t.jfJ . i / _l , .;.
i l i[ The series of experiments to be performed will serve lo

•.-i:::::_........_-':: ........._'::::i s]D_..v..;_
.....!  ha,acterizeplas,,,ar,,usi,,gaecl{es,andirs,   ssrul,will

.... ' ..........'---J ..5. • ."., lead to practical applications al the Sl.,C and the next

Gas Pipe '} _"_ []{, i i A ' .',, A generation of linear colliders. The primary goal t,l"
our

'.-.,-.z.' ' . 'l: "...&,
E=-.........-.=-.. ' " :' experiments is to study lhc locusing of high energy and high

ENDVIEW density particle beanls by plasma lenses of various densities

SECTION A-A and thicknesses Plasma focusing of positron beams will hc

Figure 3: Hasma (_:lmmber demunstrated for the first lime. With a bunch population of
about 2.5x1() I° fronl the FFTB, we will demonstrate the

within a practical range, lhc body of plasma chamber is tunneling ionization of a gas target by an electron beam, and

hollowed out lo create two pumping chambers as shown in establish the plasma lens as a simple, compact and economical

Figure 3, which enable lhc majority of lhc gas lo be picked up add-on device for luminosity enhancement in linear colliders.
at a high pressure using a ?,() liter/set mechanical pump. The l;urthermore, lhc total compensation of beam self-fields by lhc

gas then flows _ul of the plasma chamber through two plasma can be of interest for beamstrahlung suppression in
narrow, high impedance openings into lhc vacuum chamber future linear colliders.
for lhc experiments. TMs vacuum chamber is pumped through
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