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ABSTRACT

Interest in rare K decays, neutrino oscillations and other
fields have generated an increasing demand for running, and iraprov :•.
intensity and duty cycle, at the ACS. Current projects include ac-
celeration of polarized protons and light ions (up to mass 32).
Future plans are for a booster to increase intensity and all-jj heav
ions (up to mass 200), and a stretcher to give lOO'i duty cycle. A
later upgrade could yield an average current of 32 '-1 nnps.

1. AGS PERFORMANCE

The AGS, a 30 CeV fixed target proton accelerator, has b-*en
operating now for more than 20 years, yet its performance and it.;
physics program are by no r.:eans static. Roth the /^era.'d and the
peak intensity in protons per pulse have been recently increased by
approximately 60% (see Fig. lb). This combined with an increased
number of weeks of running per year has produced an even greater
increase in the total number of protons accelerated per year (Fig.
la). Perhaps aure surprising, however, is the increase in the ;iu;.ij
of experimenters, institutions, and individual e>:~>-rip-ii.ts that :.\'^
currently running on the accelerator (sea rig. 2). Tiitse incr-ia.-,
may reflect a lack of opportunities at other f a; -;.lit Los, but alsu
reflect a vital interest in the physics that can be done ;a thL-
energy region- In an atterrot to find out whether this '..'o.-> a lor..;
term trend implying a long term need for the AGS, the i.-.anagt'ient
asked the users organization to hold a user task fore-.? to -.-.! u>'y tiv
question.

2. "AGS IT" USSR

This task force met betwen N'liv/̂r.'.bp" of 1').i3 arid .i.-'.nuary of
1984, and produced a major report in February <_•£ 1984. The phvpios
experiments both current and future at the machine were rstudied j..i
great detail as well as possible JMprov-^euts in the operation ;in.J i ;i
the facility. In the. phv^ics conclus Ion, sppcial o-i;v'.-..i Is was ~iv--;i
to the rare kaon decay experiments which \:ere de.sr: ri bed .i..< "an extra-
ordinary opportunity for frontier physics". y:ei:trlno inceract i.v *,
oscillations and muon studies were d?scri!>=e<J. as ofrferin/; a "uT'.ique
opportunity for high quality foret>-_M;t research". £n addition, tin-
report concluded that the intense hadrou bea.'.s, polarizt'J proton.-;,
and unique infcecnediate kaon bean; at the ACS allo-;e.d "detailed
studies of QCD, e.iploratiou of exc tic atou*, dibaryons, and hyper-
nuclei".

One may ask why the rare kaon decays were singled out
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s p d . i l , . • ! ' ' Leva. Ka.i. ̂  h a v e bo--1 a ''. '. >-."a a a d t r - . o i r d e c . y r . s t u d i e d f o r
.i Ion-', ' . ! - ' . ' . ^ v ^ r t h . : '•:;/.. J a r_-o.'Li- f . t r o i ' . , i. a ; - - r ^ s h i- th- i ^v-i :::\\ f u r
•/.art i . - .al . i - V.' r a r e ; d - c : '.u h a s a r i . i e a . V a r i o u s ' i e i ' . J / * v.::r. j d i s c u s s e d
i n th-'j Ta- .k " o r c e i m p o r t ( s e a T a M e I ) . I n o u a h c a - , ' - , c b e d e c a y i ^
e i t h e r a t r. ^ y l y supiLV.- iSed - • ' f o r ' i i d d v - n by ac : .-.: p a r t i c u l •• r s e l e c t i o n
r a l e . A; . ' a " . u n i n •.•.•.•;'! c s i 3 e , t.'..-: d ^ c a y n i ; V ; t b e e ' : pe . : " . j d t o p r o c . v - . l
a t a LL'T'r:--- c i t e i f so ' - . - new p h y - L ^ J v e r e nr._-s.i;' l.C. \ rcw C e c h a i c u J o r
p a r t i - c l i i ll..it c o n p l o d c p i i r k f l a v o r c h a - i ^ i : i : i t i r r . . ' . " . ' ; •••'Li;1 I ' j p t o n
f l a v o r ch. in .J Lng c u r r . . " i : -; c o u l d b . av i a m a s s a s h i ; ; h i . : 1UU T^V n n d
s L i l l p r o d u c e - f o r b i i d e a d - e c a y s : i i j r a t e o f t h e o r d ^ r of 10 ' . I n
t h e T a b l e t h e a p p r u x i r . : m e c : ; p ' j a t ; i a nf the-, c - . i r r e ^ t b r ; iac ' . i in , j ; r a t i o
l i n i c i s p i ' . ' e n f o e < a e h d s c i y , t o L ; -:'. : i ; r '-;i ; i i t h ? o : ; ;un-: ' ! t t h i t ;ni,^'nt
br- C ! a r h - i ) -.--ith c u . r r . i : i f l y p r ' j p o s j i - ' . p e r i - " - n t s a n d a l - ; r ' t ' .;e e x p o u - ' - r :
t 'r.ar c o u l d oe r e a c l ' . " d '.ji.ch up^rad-.-.-'. ' jxpcir i . '.-,:'_•; ind ACS vnten ' - j i . t y ,
t i n , i l l y t ' . ie P j i p r ' ) •: i..:i.r. .-• s t a n d - i r a •.:. i-.l-l j i r ^ d L c t L o i i i.-; j ; i v ? n . I t i s
SiH = n t h a t L'I'.^ c u r r e n t ^ c n t t c a t i o i ; of e x p ^ r ir-f-i i- • a t t ' . is A:'-S : ' . ! T H I 1 J h e
; : b l e t o VOI- ' -T t h - b r a ^ . r h i a g r a t ' u l i m i t by a f a c t o r of. a:>ouL L1.'1 ar.d
: ' n a t f u t u r e ^ \p^r Li">-a!:5 coui 'A i n c r e a s e t h i s r o 1'J"'. Th ?."•"•• s e a r c h a s
c n u l d rev-.- •'. a wiii-i ra;i- ' ,n o f new p h v s i ^ s a s i n d i "aL ">rt i a t h e t a b L i .

Table 1. Rare K. Decays

BR = 10"'

Standard
Propnsi-d Fossiblo f[odel

Cl' T.-st ?:-M 5 9 12 11

Heavv v 6 7 10 -

;+-•••-• 2nd order ,;e.;k 7 V 11 10

r\i-f: flavors

.< Tochnicol^r 8 11. 13

•h\-.'rv~ T.'rii.iicolor S 11 13

Til"_• R-r-i-ond ar;;-i of physic.-; picked oat bv t!:e Task -oct , for

speciaL n" i:Li.m •..-as thai: of neut" ritv"> i n t e r a c t i o ^ . s , osr i. Llat Ions , and

r.nnn otudi"1-.. This nr-ai r"Lno o s c i l l a t i o n s t u u i a s are in "ac't su"e.what

c.ompl.L;:t^at/! cy to the r re K decay: K. > vie. In both cases taa fua.Ia-

:/.cntal coni-opi; of nu::iiiv', b-;f.-;een the lapton f l a v o r s i s being i n v e s ; : i -

K.itsd. In Fiv;. 3 v.v i-'xa^i^.c; o,w p a r t i r u l a r c a s e : that of nuon neu-

t r i n o s mixing in to ele-.-.tron n e u t r i n o s . The r e l evan t pav.-w^tar^ a r -

trie mass d i f r -Tence between the two neu t r inos which r.rijlit be e:cpected

m he of ti'.e order of an e l e c t r o n vol t , and Lh;- s in of the ?il-:inc;

"i"' '.ly 9, i.'h • >.;h i f i t w r c siiiiil .ir to thoie encountered In quark



mixing n i g h t be expected to be of th<= or do - oF 10 ' . Tl-e f i:*<::^
shows the cu r ren t limit.-; tiv-i,.:"!v:'r ':!i[ii an <.->••. Li ivic Lon ot Mint TTi;". 1 it h.1

p o s s i b l e with an imp roved ACS. \:i in the cas.- of ti;_- r a r e I' u'i'.iy:. ,
a l a rge ii'ipiroyeneat i s seen to bo p o s s i b l e .

As a r e s u l t of the c o n s i d e r a t i o n of thes.? phvsi.cs t o p i c s .-in:', t ii-
many o t h e r s that were s t u d i e d , the Task Force ca;v.- up ',:iLh re..o..- • - . i -
d a t i o n s for improvement: of ths ACS fac i. Lit i KS .

1) I t was i m p l i c i t t h a t the Task Force concluded t h a t a useful
phys ics program should extor.fi beyond f ive years ur.l'.-ss .-.il unt iL an
a l t e r n a t i v e f a c i l i t y in t h i s energy range i s b u i l t .

2) The Task Force concluded that the oper. t t in;/ r e l i a b i l i t y of
the ACS should b* improved.

3) The Task Force concluded that the Inr . -u^i ty L>LT tiK'. A'--:
shouLd be inpro/—J by a conb inaCi ' ^ of a s t r̂ > te l ler , vhi'.-.'a \:o".L'. .i .1 1 •> -
a h igher r e p e t i t i o n ra te , , and a boos t e r , '.vhi.-l: '..Muld b i c r ^ i o - th--;
nu;nber of protons per p ' l ^se .

4) They concluded t h a t the duty cyc le should be irinnn'o-d burn hy
a t t e n t i o n to the ope ra t i on of the slow e x t r a c t e d b-.-a.i and by the COM •
s t r u c t Lon of a s t r e t c h e r r i n g in the AP,S t u n n - l .

( In f ac t the Task Force suggested t h a t a stret'-.hr-r r i i jh t be con-
s t r u c t e d f i r s t , followed by a boos te r and ACS Lnprover; - ; i t s ) .

In response to these Task Force conclusion.-;, Bro'>Y.iaven rjaii.i ; e -
ment has come up with a Lone; t e n plan for the V-S. This p lan f o l -
lows in s p i r i t the ACS visors task force a l though Lt d i f f e r s i\. d- r .a i l
p a r t l y i n response to the ne^-rls of rhe heavy ion iinv:r y (not co'. r;r-il
by the Task Fore:1), and. p a r t i / as a r e s u l t of no::.- d e t a i l e d t e c h n i c a l
study of the booster p u s s i b L l i c y .

3 . ACS PLANS

P r e s e n t l y Hearing complet ion are the i.iod.if Lent iop.r, to th.- .VS L
al low po la r i ze . ! protons to be in jec ted and a c c e l e r i t<- .1 to of th.-
order of 20 OeV. This p ro^ran i s nearin,^ c.onplot i '? '.'il'.i s iu :c j s -f'il
oper . i t ion of the j - j l a r i ~-jil proton sou rce , the MI'Q, . "Civlerni ion
throujh tb.e l i n a c , i n j e c t i o r ! in to t'ae ACS and r-.-̂ '>-~i v-i,:.-. jur:piH;; ih.ir-
in;; a c c e l e r a t i o n up to about 12 GeV. This pro.^r i"1 : !M'!I I ! be co:i-
p le ted t h i s su;: v.r.

A p r o j e c t c u r r e n t l y j u s t s t a r t i i . ; i s to con-.i r. r':>v. t •: r r . ja ; i •_• •-
l i ne fron! the T.nul- n Van de Hrp.riff to thi.1 ACS '.•;hi.ch ••'111 al io. . ' t',i-
i n j e c t i o n nnd accu l e r a t Ion ci. hea/y ions of nn.ia up f'i Tl (diilnhn •)
in the ACS. Thi^ p r o j e c t aai,ul<] be conp! .=-ted in ri.:-:;: \l year l'J-;.-,.
P.i inned

The new lo.i^ t e rn c o n s t r u c t i o n pLan would eir.'isa;;e b u i l d i":1, a
boos t e r in the 103o and I'^TV f i s c a l y e a r ; , and follow! n,; r.his v;i rh
the. c o n s t r u c t i o n of a s t r e t c h e r in t'ns f i s c a l years \'J i" ariJi 19'-"-).
The boo.si.er anvisa;.;id i a t h i s pl.in !\as a so^iew'-. . t reduc-'d can ib i.;. i tv
compared with that propos-d in th^ task f o r c e , but -.?tnil:.l be e::pected
to i n c r e a s e the prot..in i n t e n s i t y per pu!-;e t ron i.tu C U T ea t va l . i - of
around 1.2 10 '"' to 5 10" . Such aa i n c r e a s e should not re.-;uLr" any
m o d i f i c a t i o n to the ACS vacuin or rf sys tems .
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The stretcher would not increase the r.u:-i!>.±r oi protons p--.tr

pulse, bul would allow a ne.irly nontimi'Vis si-;., bexa -..•hLL1 the AGS is

used only to accelerate and transfer particles i".tu the stretcher.

In this v.'ny the AGS would be able to cycle at least a f ••. -tor of 2

f as tor and \,'ith some electrical mod if icitions possibly a factor of 3

faster, thus increasing the proton intensity par sec 'i! by a factor

of 2 or 3.

PossibilLty

The I.ab will keep in riind the possibility of 'ip'.r.nlin,', the

booster to allow inje-ctioa at 2.5 Ce7 instead of 1 Ge-V v;h.ich '..-ould

allow the injection of up to 1.4 10 protons per pul^e i.ito the

AGS. In order to accelerate this number of p m i u i m , s i ;;ri Lf "i cu:iL i-̂ .l-

if icat Ljns W".ild be. require.! in the AOS wu-.ivyi, rf sy=ti:.^, -I.T! i-M-,

shieliliiig. These modii: ications \-io^d be e:.p.:n^iv? .IP.J no .Lrr-v: ! i it-1

plans have been ciade t;i propose th:-..i. Tht-y are Mresentud h.r-r.i pri-

marily because the resulting proton current of 32 nicvo.irip'-i is coiri-

parablo to the currents in proposed kaon factor it??. The cost of

implementing such <m upgrade, nlthon^h hi;i!i, ir, cert.'.iulv less thaa

that to construct a new factory.

4. THE BOOSTER

Table I I g ives the main p a r a n ^ t e r s of the proposed b o o s t e r . I t s
circumference I s one quar te r of the AGS. As a h c o . - t t r , i t s uaonnts
would cycle a t a 10 H;; r e p e t i t i o n r a t e up to a pe.->. fv?lri of 4 !:G
corr^spo'i.liri;-' to a proton i ' ivi ' ,7 of 1000 "ieV. Tor !v..'.iv .• i ons , tii-.1

r e p e t i t i o n r i t e wouii be lowarocl tu 1 Hz, but the fi:jLd '..',-JUL.U r i s e to
12 kG.

Table FT. Accurr,-i l a to r /Boos te r Cost fiwiri'nary

( ^ l ' ) H h ) :•; l U i n i

Conventional Construction 1,7 30

Accelerator Sysrev.:1; 11,500
Magnets
Vacuum
Cooling
Controls

Rf
Pow.-r Su

•r< I'.ussln^

nply

4,7 20
1 ,790
150

1 ,640
1,950
1.2 30

EDIA (15% Conventional, ?.0% Tsc!

Contingency (l.r>% Ovt-rall)

Total



This booster has 3 purposes and 3 corresponding ".odes of op^ra—
ti'>n.

1) To boost the ACS priitn.i intensity.
By i i ie.ct in."'; iiico the ACS at 1 C-eV . •••stead of 20J :ieV the space

chacvf. IL^Lr. in the ACS should be reachnd with four ti~.es the nuvi-.r
of protons, i.e. at 5 10 . The space charge limit of the boost.a: at
injection into the booster is approximately twice thuL of the ACS.
Thus ti-o cycles oi: the booster would ha required to attain the factor
of 4 in overall currant capability. In fact as i.vdiiy as four cycles
will probably hs vsed.

2) Heavy io,\ injection. To allow the stripping and acceleration
r,C ions up to na.,.! 200 in the AGS. Usiisg the Van de Graaff euar^y,
the highest inass that can be fully stripp-d is appro--:! lately 32 (sul-
fur). Higher ijaSb^s such as gold are only approximately 50% stripv.-d
at this energy. Such, partially stripped ions cannot be accelerated
in the relatively poor vacuum of th- AGS, but can be collected and
stacked in the booster ring and subsequently accelerated to the
booster rin^ ina:ci' :t.i.".i field. At this energy full stripping is per-
formed and the particles are injected and subsequent accelerated in
the AGS.

3) Polarized proton intensity improvement.
Stacking in the AGS of more than one linac pulse of polarized

protons JS not possible because of vacuum considerations. The
booster, however, with its superior vacuum v/ould allow rculti pulse
stack L-v-, up to say 20 pulses with a resulting 20 fold intensity in-
crease.

The cost o2 i~he booster is aun-nsrizea in Table TI and is seen to
total approximate!/ SIP'1. It may be noted that this cost could P.J
reduced by apnro-'.i :aate l.y $5M iE the heavy ion option were not in-
cluded. Figures 4 and 5 show the booster layout and a cross section
of one dipole ningp.ef.

We note that the currently approved experiments on the ACS if
running sl;"ult;jneously would require of the order of 3 10 protons
per pulse compared with the current average of 1.2 101 . Further
experiments will increase thin beam requirement as new techniques
allow th.e us" of other beams. The need for the boos: .r is thus ur-
gent for rjv/̂ n for the present progra-.n and its ir.iplĉ .-.ntation \;ill
allow a significant ranje of new experimentation,

5. STUHTCHHX AriD REPETITION RATE KODIVICATCONS

The stretcher would be a snail aperture ring of fixed field vm?,—
nets in the .V.o tunnel placed yoi:!:swhat higher than the present main
AGS rin;3. Since with the stretcher the AGS would not be required to
have a flat top, a r:od i. cication can be pade in the power supply wir-
ing to allow? a faster rapp of the main ring magnets. The design of
the stretcher ring is only currently in the conceptual stage. As
stated before it should llow a duty cycle of 100":^ and a repetition
rate increase of approximately a factor of 3 coining from a reduction
in the cycle time from 2.5 seconds to approximately .8 seconds. The
intensity per second would thus be-increased by this factor of 3.
The cost estimtrri ,;iven by the Task Force is of the order of $20M, a
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a Ei'JL estimate has not yet been nade.
The need fur a bettor duty cycle has hf>?n str"n-;ly stressed by

the rare K decay experiuentalisLi;, and it appears !i.';ely 'chat, th,'
ultimate limic in the rare K decay branching ratios uay be se':. by the
duty cycle. The stretcher is thus clearly desirnhi-.-:.

6. BOOSTER. ""CT'^y.

As stated above, this is presented as :i possibility and not as
part of the AGS plans. The upgrade of the booster would involve -MI
increase in *"he power supply to allow ten cycle operation to the full
field and al. > an increase in the rf system t:> allow -i nore ra;>Ld ac-
celeration of rhe high currents. The boo^LeC would then ha operated
to an energy of 2.5 GeV at which value the space cha.f:..i li»iLt in the
AGS would be reached at el-.-ven tines the p:;j.5ont current, or approxi-
mately 1.4 10 protons per pulse. The co-;r. climate for these nod -
ifications is fairly wall known at appro.<i:n.itely $b.-l includin;.; }?X>1.\
and contingency.

In addition, however, improvements '..'Ould be requir.-d to the ACS
rf system and vacuum in order to handle the high cr.rreii';. The cost
estimate for these codifications given by the Task. Force is approxi-
mately $32d.

In addition the high currents V7ould require significant upgrad-
ing of beam lines and extract Lon equipment th? cost of \,'hich h?.-; not
been estimated but is likely to be of the order of $50M.

If this final niodil.icciti.oti v'as ,?;\i\.-. tli."1 proton Intonsitv vould
average 2 10 * per second or 3°. iriicr..- .-> •. S".-h. ;i c .:?.-v.it •-.•••.; Id
allow a full ran^e of nuclear ant! !T.:eaiu:> oii'.-r ;•/ phy.-s ics a.-. Oiitllneil
in the various hao-.'. factory proposals.

7. CONCLIiniO?!

Figure 6 sho-,.;-; the AGS intensity per second :.:; a function of
fiscal year if all of the proposi-d plans were carried out. Sue!) a
plan shows a steady improve :nenc in I. he av i L1 :ible c.\irrent and vj.v.ild
alloi'f a full exploratioa of the. nt-y Fioldt of u r d K. d >cays, of Live
neutrino physics of oscillat tons, and. of the vide ran,:.1 of nucJ.n.ir
and medium energy physics for which the ACS i:, unique Ju its tn.-r^
range.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of iheir
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily ttate or refict those of the
United States Government or any agency thereof.
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