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Protons will be sin81e-turn txtrected from the
LANPF 11 ●ynchrotron ●t 30 NM. On ●lternate pulsee
they will be ●ingle-turn injected into ● etorsge ring.
Both procassas utilize fest kickere ●nd bmbartson srp-
tum megnets. Nelf-integer r~eonent ●xtraction will be
ueed to elo-extrect the beem from the ●torege ring
over ● the spreed of 1/15 ● . The ●low ●xtraction
occure ueing ●lectrostatic wire ●nd iron ●epta.

I. Introduction

The current reference design 1 for the L.AtfW 11
project le beeed upon the requirement of producing an
intenee (1 - 100 vA) proton beam. Theee protons would
be ueed to produce intense beems of keono, hyperone,
●nd neutrinoe. A rapid-cycling eynchrotron would be
ueed to ●ccelerate 800-MeV protone from the LAMPFlinec
to ● peek ●nergy near 32 CmV. The ●sired current cen

4be obtelned ueing 30 N? with 2 x 101 ppp. The refer-
● nce deolgtt for the ●ccelerator 1. ● ●uperperiod five
machine. The total betetron tunes ●re v - 14.19 end

‘Y - 12.29; 8tne circumference ie 1082. 9 m (hemonic
number 216). Figure 1 shows a leyout with the uchine
inscribed within ● pentegon. The machine 10 composed
of five ● rea At snd five straight ●ectione S1.

Total Length - 10S2,69m

MCX. Width - 36S.97m

Mox. Height - 370.88m
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Mt.1. Geometry of five-eided mechinee for LAMM II.

On ●lternete puleeo the beem ie single-turn ●x-
tracted end sent to a DC ●torege ring for ●low extrac-
tion to ●xperhente. This ring has been deeitned to
●leo be five sided ●nd to be positioned, for ●xemple,
directly ●bove the ●ccelerator. On lntervenin8 puleee .
the beem ie cent directly to a nmtriuo ●xpmriwnt
●ree. The ●torage ring hee ● unit ●uperperlod ●nd hee
● high beta section in one of lto ●tralght ●ections in
order to locnte ●n ●lectrostatic ●xtraction ●eDtum.
Thie machine has ●

In Sec. IX V*
beem trenefer, ●nd
The ●toregd-ring
Concluding remerke

tune of Vx - 13.45 ●nd Vy - 12.95.

deecribm the ●ccelerator ●xtraction,
injection into the ●torege ring.
●xtraction ie diecuseed in Sec. 111.
●re given in Sec. IV.

II. Single-Turn Heni@etione—. .—

Figure 2 chows ● plen view of the ●ccelerator.
Beem is ●xtracted in ● ●ingle turt. by ●nergizing two
fact horizontal kickers to d?flect the beem into ● Lm-
berteon ●xtraction ●eptum. Kicker (Kl) bends the beem
1.5 mr inward, while the second kicker (K~) 8ives an
identicei but outwerd deflection. We ●saumm s l~ngth
of 5.5 s for the kicker. ●nd fi~ld of 300 #eusz. ?1g-
ure 3 chows the kicked orbit from K] through the
●xtraction IamberLeon L1. Themaximum dlsplecament Ie
i20 ~ throuBh ●rc 2, well within the eperture. At the
Iambzrtson tinter we heve XL - 24.2 ~, xi - 0.8 ● r.

Identicsl ●xtraction cen tekn place through kick-
●r. 3 ●nd 4 ●nd the ●xtraction Lembmrteon 2 (see
Pig. 2). In thit ceee the beem would be treneported to
●nether ●ree (neutrino ●xperiment). The kickers muet
be cepable of ●t leeot 300 gaues with ● ●hort rise time
(100-200 ns). Theyere eepersted by 190.2m SOIC2(K4)
●ot be deleyed by 634.8 ●e reletlve to K1 (K3) when
transporting 32.977 CZVIC protons. The Lember”aon ●x-
trsction ●eptc will bend the horisontelly diuplsced
beemm up. A length of 5.0 m ●hould ellow for ●fficient
●xtraction ●nd trensport, ●seuming ● mzximum 1.0 T
field.

Cat Klchw
Va....wl

W Lemberleen I
u, ●e.968s-

Cnl.I(kkw
~ _ 8,7X3

Pfg. 2. Plan view of th~ ●ccelerator ring ehowin~ the
locations of the ●xtraction component.



Extracted Kicked Beam in Accelwator
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Fig. 3. Clooed orbit for monocnergetic kicked beam in
●ccelerator froa kicker K1 through the ●xtraction Lem-
bertson L1.

Inj@ction wili occur via ● Lemberteon (L ) into
the ●torase rins. TWOoynznetric q..dr.pole i?ripleto
will ●ccomplish the matchin~ of TW1OO parameter ●nd
will be locsted in th~ line between the two Lembertsono
L1 and L3. The huight differential 02 the two rings h
is given by 37.2 tan O wh~ro O repweento the bend
•n~le of the Lambertoone L cnd L..

1!
J!xioting quadru-

poleo in t!)e ring atrai~ t ●ectlone requiro ● minimum
●ngla near M mr ●nd h > 1.5 b. Thle band can be
●ccomplished with jwl . 4,4 T-; for ● 1$.k J.ambert-
oon we require BO - 0,68 T (at B(, - 110 T-m),

?isure 4 illustrate tha ntorags ring and tranefer
component. TIM injection Mmb@rteon (L3) rmdere the

@J&berhw!

Fig, 4, Plan view of ths etorage ring
locstiona of the injection ●nd ●~trsction

ohowing the
component.

incoming beau horizontal; ●t this point the horizontal
displacement of the boem is, for ●xample, +15- mrtd
parsllel to the central orbit. The injected beam un-
dergoes ● cohamnt betatron oecilletion through the ●rc
A3 (see Fig. 1) and the ●traight S~ before being ●cted
upon by the injection kicker. The trajectory benevior
between Lembertoon ●nd kicker ie ●hewn in Fig. 5. AfI
before, the required kicker field ie 300 geuse for a
length of 6.33 m.

III. Storage Ring Exttection

The unperturbed tune of the mechine ie Vx - 13.45.
tie plen to ●xtract the beam using half-integer teoonant
axtrection in the horizontal plane. Time-dependent
perturbing ~uadrupole(a) will driva the tune close to

- J2.5c.
‘%

R,. .*pa.::.tcoo will be defined by ●uit-
a ly placed octurole(e). AZ the reeonance is ●p-
prozched, perticlee will ●rrive ●t the locetion of the
●lectrmtetlc ●eptum (see Fig. 4) with larger ●boolute
dieplecementc Xe on successive tumt. The wire will be
locatod St X, - +40 mm. An ●lectric field of greater
than 50 kvlcm ie sufficient for ●xtraction. Asouming ●

●eptum length of 3.0 m, we will keep the step ●ize lees
then 20 ~. Thue particlee ●rriving ●t the septum with
displacement +40 = C x { +60 m will receive ● hori-
sontel kick. Figure # shows the horizontal displace-
ment for ● teet particle ●rriving ●t the ●lectroncatic
oeptum with Xe - +60 ~ and zero ●ngle x: - O; the par-
ticle then treverces the following ●rc to the Lembert-
●on location ●t Vx - 3.0. The solid line repreoente
the trajectory for no kick from the clectroatatic ●ep-
tum. Thirn curve 10 ueeful to chow how the beem growo

=to ●xtrection” Aporturen can be inferred from
their behavior ●s well ●e from the injection orbit in
Fig. 5. T%. dashed curve in Fig. 6 rtinultc when the
teot particle receives ●n outwsrd +0.45-mr kick in the
Qlectroetat+s ceptum. The ●xcureione 8row to *35 - in
●rc 1; the displacement is -25 cmn●t the ●xtraction
Lamberteon L4, sufficient to then take out for ●xperi-
manta.
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Fi~. 5. Injection orbit in otorege rina from inj~rtion
Lembertaon L3 through the injection kickar.
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FiS. 6. Trojoctory of ● porticlo it, tho storato rint
starting ●t tha position of th~ ●loctrostatic @@ptum

% - 60 m.

Th@ straight soctlons in th~ machinoo sro diopor-
sion fra~. In particular, tha ctorap r~ns has ● @pe-
cial hith-bata straight ●action S1 with tI, - 136.9 ● ●t
tha .Icctroctatic ●optum. Tho cxtrs$tion Lmbsrtmon is
Iocatad ●t tho contor of S2 whara o - 21.278 m. TM
thrga ranatning otraitht sacttonn S -S5 ●ro ldontical

1mirror-nymatric quadrupol~ systmms w th Aux = 0.65 ●nd
Av m 0.48333. Tha psak O VQ11108●re near 52 m in
th~rna aoctionrn. Tlw hlth ba?a @t tht .loctro@tatl:
oaptum 10 particularly ucaful to minimiso tho maximum
●xcurolorm in tht machina ●s wall -B to mmximls~ th~
●xtraction ●fficiancy. A #ood rulo ~f thuml 1s to lo-
cate tho oaptum wiro ●t, for ●xamplo, Xa - a{ ~, whart
c ia th trano tree ssomatrlc ●mittanca.

-4
u. ax?act c

-(1.0-105) B 10 mm ,0 w chooso u, = 40 ~, ‘fhe 9x-
traction ●fflcloncy 10 approximately ~ivon by2

t8rml.. 1
x,+A“ ‘A 10SJT)

(1)

for quadrupolo-dominatod extraction. In Cq, (1) t iz
th~ wir~ thicknuoo ●nd A in tho ●tap sit.. Oivun !-
0.073 m w obtain r - 0,993 ●nd r - 0.997 for g =
10 m and A - 20 ~, roopoctivoly.

In th~ oimploot half-lnt~~or roconsnt ●xtractton
oyatom onc nood includo only ● ●insla 27th harmonic
quadrupolo ●nd toroth harmonic octupolo. Achiovammt
of ● qutidrupolo-dominatod ●xtraction ●nd lsrSo atap
sito A 1, @omatimm@ lntroctablc for @ 81VOn unporturbmd
tuns ●nd Twima paramators ●t tho ●l.ctrootat!c septum.
W. show In ?18, 7 tho xx’ phaeo-opaco trsjactorla of

throo toot particloe ●t tho location of tho oloctro-

X’(mr )
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\
\

\
\
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Mg. 7* x-x’ phasa-spaco bahavior ●t the s,actroatatic
capture ior throo $OL: pa:ticloo with initial x’ = 0,

% - 8.85 n, X, - 12.52 ~, ●nd %, - 17.71 am.

static ooptum. Tho outot’ two trcjoctorica ara outsido
tho stmbla ●rm ●nd ●t raam out ●long the
ooparatriccc-they would jump tho scptuw ●t x, - 40 -.
Tho pctiurbin~ quadrupolo is locatod fit Vx - 1.20 (in
tho first ●rc Al) with o - 22.676●. Ythas ● powmr
P - 0.0135 m-l (HP).

?
%. octupol. i, Iocat.d in th.

s ralght S at v - 5,6387
powmr C“’?/( 6~!-l.66:m ~~hB0-s2”’3m andha’ m

ThQ stop sise in ?18. 7 10 still too cmall for af-
f;ci~nt •xtr~etion, Fu:rharmor+ th~ ~.p~ratr~c~~~.~d
r~orionciag for ●ctual ●xtraction. In f~ct, ●n ●xton-
sivo ●aarch WC. parformad in order to obtain more optf-
mwm quadrupolo and octupole locationc~ ●n improvad
●ttustion wao not obtaind. A sli~ht redesitn of th?
ctorb80-rinR lattice 18 nocdad. Octupola-dodnatad ●.*-
troctions •r~ pooolbla, but they n~cocaarily lntroduca
hi8h@r oraar nonllnanrltl~o; tha ●xtractod beam
●mittanco dapanda atronuly upon tht ●trm@h of :tta
po~turbins quadrupoi? in thaac cama ●lao,

TM ●ctual design for LAMPF II la otlll ovolvirtg
●t tfti~ tiran, U. havm idamtlfiod the major hardwaro
●nd tachniqwaa for baam tranafar. Th@y ●ra wall within
t% proaant t~chnolouy ●n4 should pmaont no #ro@t
problan. Wa ●ra concomod with baati spill, howmvcr,
●apsc~,ally at th~ ●loctroatatic saptuml further work
w~lt b. ●imad ●t rohcin~ this ●ffoct.
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