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ABSTRACT *i 

P1 

-4 
An extrapolation of the I!5ABEI&E 200-200 Gev2 proton.-proton s to rage l  p m 

higher ener y has been studied and heze the conceptual design is present& n: a 
400-400 GeV version. The basic storage ring structute has been so modified that 
the circumfgrance of the rings could be . subsar~t ia l ly  iacreased without am in- 
crease of the t rans idon  &gy. Because of the now well established microwave 
longitudinal bunched beam instabi l i ty ,  t h i s  is essent ial  i n  maintainfag a viable 
loagi~udi ru l  f u y b e  lh i t  for  che werall sehlcture. The principal mameters  
for  the 400 GeV structure a re  given and compared with the-basic 200 GeV desiga, 
Performance limitations, where they may di f fe r  from the 200 GeV design are fndi- 
cated. Each 400 GeV r ing uses superconducting magnets essentially identical to 
those employed $n the 200 GeV design, but energized t o  50 kG peak field,  The 
just i f icat ion for  t h i s  is  given together with other technical features differing 
from the basic design. It is concluded that for  a cost increase of 402 over the 
basic p-p storage ring design, twice the center-ofarass energy could be praoided 
for the ISABELLE proton-proton colliding beam faci l i ty .  

'Introduction. 

In the course of design studies for  .the ISABEUE 200-200 Gev2 prot-mton 

colliding beom fac i l i ty ,  the maximum desired center-of -mass energy hss coma- 

tent ly  been-a d i f f i cu l t  parameter to establish. Altho*h geieroutsly &- bhe 

predicted energy required for  possible detection of the charged or nwtxal  tnter- 

mediate vector bosom with readonable statistics, avai labi l i ty  of higher euergy 

would clearly give increased assurance, especially a l so  in  the detect- of higher 

mass members of a possible W family. Indeed, it was suggested by the .~ ig€t  Energy 

Physics Advisory Panel on new fac i l i t i e s ,  Woods Hole meeting, 1974, that  a higher 

energy ISABELtE design might be mote interesting to  the physics comumity. In 

sp i te  of this ,  principally for  reasons of. t o t a l  f a c i l i t y  cost, the major &rust 

of the Broolchavea design haa concentrated on the 200 GeV case7. Recently, however, 

the in te res t  of extending ISABELLE t o  higher energies has been revived and a new 

study has been made of a posaible higher energy design, tke essence of vhiclr is 

reported here. 

Following the f i r s t  Woods Hole meeting, a preliminary examination m made 
Ill 

of a higher energy structure. It was shown that  ISASELLE could be extralpolatad 

t o  400 GeV peak single beam energy while maintaining the basic beanebsr lwd- 

norriw objective. Neverthelese, t h i s  structure had a . t r sns i t ion  euergy (Y = 
in3 

25.0) rather close t o  injection energy (Y = 31.4) leading t o  a srimll orbi& 
. - ief - -- ' a - *  . - - -  

freqaency dispersion value (I = 0.58 10'9 a t  injection. This -& b- s&-' - 

* 
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d i f f i c u l t  and the  longi tudina l  s t a b i l i t y  c r i t e r i a  fo r  the beam, during vaxious 

phas'es of the s tacking process, more seve re .  With r e s p e c t . t o  ' the Lat te r ,  sibs&- 

quent observat ion add i n t e r p r e t a t  ion 12'31 of the  so-ca l led  bunched beam microwave 

longi tudina l  i n s t a b i l i t y  i n  the  CERN PS and ISR has crea ted  a g rea t e r  concern of 

beam stacking i n  a s t r u c t u r e  with too low an  ll value. Consequently, more recent  
. , 

' s tudies  towards higher ISABEL& energies wire aimed a t  circumventing t h e  t r a n s i t i b n  
.. 

energy problem and i t s  associated f a s t  beam i n s t a b i l i t y  dur ing  beam stacking.  A 

v a r i e t y  of methods e x i s t ,  A f i r s t  method cons i s t s  of adding a small s tacking  r ing,  
. . .  

interposed b e k e e n  th. ACS i n j e c t o r  and ~SABELLE,'~' "hireby the  high c u r r e n t  would 

be momentum stacked i n t o  the  s tacking r i n g  and t r ans fe r r ed  i n  a bunched fashion  
. - . . . . 

from t h i s  i n t o  ISABEELE. A second method cons i s t s  ,o f  changing the  AGS' t o  accel-- 
. . 

e r a t e  on the  f i r s t  ha&or$c and stacking proton bunches "boxcar" fashion i n t o ,  

ISABELLE. 15/ A t h i r d  a l t e r n a t i v e  cons i s t s  o f  weakening the  lattice focussing 

t o  keep t r a n s i t i o n  energy low even i n  a l a rge r  circumference r ing.  This l a t t e r  

method has been adopted a s  .the design approach .for the higher energy  ISABEL^ 
. . 

s t ruc ture .  OnLy a s  a r e s u l t  of the extensive work on the ISABELLE 200 GeV ver- . 

sion161 has i t  been possible t o  develop the  concepts bf the  400GeV f a c i l i t y  i n  a 

s h o r t  time. 

. . 

Summary of the  400 GeV ISABEUE -- . . .  . . . . . . 

. .Maintaining the  bas ic  -s ix-fold .iymme try structure,  - the.  higher  energy capab i l i t y  

. . . . . . . .  . . . . . . . . . .  . . . . . .  . .. . . .  . . .  . . .  . . .  
i s  achieved by increasing the t o t a l  bending length and increas ing  the peak magnetic 

. . . . .  . . . . ..( . . . ,. . . - . . 
f i e l d  des ign  value to  5 Tesla. Also, the experimental i n s e r t i o n  lengths have been 

. . . . .  . . .  . . . . .  . . . .  . . .  . ., . . . . . . ' 7  : .  
.- . 

increased' t o  accoAodat= ' the  "physics" .> . at , the  h'igher center '  o f  &is energy. *or 

the  l a rge r  circumference s t ruc tu re ,  the t r a n s i t i o n  energy is lowered by adopting a 

weaker focussing s t ruc tu re ,  maintaining . the  . o r i g i n a l  s t r u c t u r e  tune value, This 

i s  ach:Leve'd by increasing the basic c e l l .  length and using - three .  d ipoles  pe r  ha l f -  

c e l l  r a t h e r  than two, The added benef i t  i s  a reduction i n  t h e  t o t a l  number of 

quadrupole magnets required fo r  the s t ruc ture .  A drawback. . is . the higher l a t t i c e  
. . .  .p and X l oca l  dispersion,  value, a f f ec t ing  po ten t i a l ly  ape r tu re  parameters; Bjr . . 

py - . . . . . . . 

modifying beam i n j e c t i o n  i n t o  the AGS, the  i n j e c t o r  fo r  ISABELLE, a somewhat 

higher beam brightness i s  possible,  r e s u l t i n g  i n  a stacked beam c a p a b i l i t y  of , . . 

. . .  8. amperes, with an' ape t tu r& f i l l i n g  a t  i n j e c t i o d  equal  t o  t h a t  ' o f '  the present  

200 GeV design. With minor adjustment of  the in t e r sec t ion  region  parameters the  

lumin?s i t y  pb j ec t ive  . of . s?c-l  a t  -*urn, energy =an thus be preserved. 

An overview of the  400 GeV s t r u c t u r e  parameters and comparison with the 200 GeV 

system i s  given. i n  'Table I .and a .  layout of the 400 GeV f a c i l i t y  is shown i n  

Fig. 1 indica t ing  tha t ,  while preserving ,an adequate periphery f o r  muon shielding,  .. - 

t he  BNL s i t e  is more than adeqyate f o r  the higher. energy f a c i l i t y . - ,  .+ .,-,*.,; -,, ,. . . . .  . . .  . . . .. . .... . . . . . . . . .  . - " .  , . .  .T'Lf -i_l-;: ,--.-.- .-. - I ..-.I, *a^- *. r..i-,.--- TCr -.,-72.7;>~2-~--"?? I; 
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400 CeV R i n ~  Structure 
, . 

The l a t t i c e  s t ructure  for  the L.CU GeV lSAbEI,Lt i s  quaiizatively s imilar  to 

the 200 GeV case; A l ist  of principal  l a t t i c e  parameters i s  given i n  Table 11, . . .  . . . . -. . . , .  . - 
The l a t t i c e  s t ruc tu re  near and ' in' 1mE 11. 400 w.1stal.E bnlcr a 

....... 
the ' inser t ions  'given i n  'pig. 2. with 

. cwm . . -  OuJCa W k P  . 
an iusert!.on l e n g t i  no4 of 160 in, a I-I= 6 ~ E i l . 2 1 1  (6 x us.0 

aareacFlA 
crossing angle of -. 10 w a d  i s  obtained ,,,,,, 
and a separation of the beams i n  the 

. '2- 
Twnrm o ~ a  . . curved arcs  of " 99 cm. The in- 19.9 119.9 
b ~ r  maem D I ~ U I W ,  L ~ . M - ~  u,? x 

creased inser t ion length a '  . . rElm ~ ~ ~ w ,  l,,, a,, 67.6. ~ J I I  (a.3, ~1.91 

f ree  ,space now of f 30 m, which, - . . .  nls~soim, % M 2.w r . . c1.m 

with the s t a ted  crossing angle 
RUEKW~ZVQLLC+,, o a o z  $2- (0.25. o.m . 
6 -7sm -33 ' (- m 

r e s u l t  .in a separation of the two taa*ncm. FU SYI. IIU~~IO) - + P  (7 2.9 1- - 
------ .- 

be- a t  the f i r s t  quadrupole of the 4 ~ " ~ ~ f & m & .  . . 

near crooaing poiae focussing doublet of - 30 cdh;' which i s  adequate for  the 

. . . . . . . .  . .  . . .  . . quadrupole -gn@.ts .under. considerat ion., tharet . . , . . , ... . . .  . . .* . . . . 

. . . . . . .  . . . . 
.' * * 

I n  the standard inser t ion confl'guration (B  = 7.5 m, pH = 30 m), the -.hum v 
values of the s t ruc tu re  functions a r e  increased from the 200 GeV design, with 

. . 
pH - 175 m and BV 128 .m. ~everthele... the e f fec t s  on o f f  momentum o r b i t s  are 

. . . . .  not s ignif icant ly  a l tered,  the  iaaximum B var ia t ion with momentum being approx- 

imately * 10Xfor  a f 1% moment* aperture. 

. . . .  . . . . 
Becmi ' P a r d t e r s  for the -400 GeV ISABELLE ' , 

fie desired uiode of AGS operation 'for optimum beam stacking i n  the 400 GeV 

ISABELLE was reexamined. Assuming a-lower beam current from the AGS for LSABELCE 
. . .  . . .  . . 

idjection,  s ingle  turn ' l o s s ~ e s s  in jec t ion '  ( f a i t  t&n-off kicker) in to  t k e  AGS ' . 
from the 200 M*V Linear Accelerator becomes feasible. In the  absence then o.f 

horiz.oata1-vert ice coupling i n .  the AGS and with reduced. space charge e f fec t s  . . .  

near the in ject ion i n  the AGS, s ignif icant ly  l e s s  transverse phase space di lu t ion 

. ' ii. expected. and an 'knprdveinent 'by a factor  of '2-3 i n .  the. four-dimensional trans'- 

verse  densfty should result .  -. - 

parameters a re .essen t ia l ly  the same,as f o r  the 200 GeV case with the..exception of ,,,. . . - -. .. - . . . . . .  . . . . . .  . . . . .  1 ,  . . - -  . .. . .: . . .... .2... . .  .,.. L -- _._ %- . . .  .... .- . . . . . .  . . . . .." . . . . . -  . . . - -. . ,.-. -- . . - ?  - - . 
. . . . . . . . .  . . .  . . 3 ' .  
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. . .  . . .  . . . . . . 
. . 

. 1 
. . . . . . . . . . . . . . 

. - .  
stacking systeni tiarmbnlc nwiber (39 +'56),  acceleration rf. frequency (228 kHz + 

159 kHz), and number of AGS cycles required.  for  a f u l l  beam stack (- 200 -+ 300) .' 
. . 

Also, maintaining the same energy gain per turn of 12 keV/turn, and keeping k a t  

l e s s  than the maximum value, f o r  p 4 1.3 pinj, i n  order t o  keep the maximum momen- 

tum spread of the bunched beam below 1.5%, f u l l  width, the  t o t a l  acceleration time ..... 

t o  maximum energy becomes' 6.6 min (2.5 m i n  for  the 200 G e V  case). 
'.- I 

! 
Taking in to  account the bean parameters.encountered duriqp the various stages 1 

i 

of injection,  stack.bui1dup and beam acceleration, a s  given i n  Table . . 111, the 1 
aperture requirements can be evalu- 

ated, This is shown i n  Fig. 3, . . 

indicating t h a t  fo r  a comparable 

f i l l i n g  of the 8 erra waw (curved) 

bore, as for  the  200 G e V  design, a 

debunched stack width of 0.64% is 

possible, which, w i e h  . the stack 

densLty of 12.4'A/%(Ap/p) leads to  

a .  design current of 8 A. 

. . .400 GeV - 400 .GeV p-p Performance Parameters . . .  

. . .  . . The f l e x i b i l i t y  of inser t ion design, as developed f o r  the 200 GeV structure,  
. . . . is maintained fo r  the present 400 GeV c o l l i d i d k  beam system. A numbet of in~et- 

. 

'1 : 

i 
. 1 

. . .  . . . .  . . .  . . . . . . : .  : - .  - tioa- 'optics ..option3 -haire.'been wurked nut, .of which tw.o cases,. together with. . . .  I 
ISABEIltE performance parameters, a r e  l i s t e d  i L T a b l e  LV. As indtcated,  the .  design .I . . . . . . . .  . . . .  

luminosity a t  maximum energy i s  ', 

2 crn-28ee-l fo r  a "standard" ''. 

ins'ertfon setup, increasing t o  10 33 
. . 

-2 -1 
cm ?ec fo r  a high luminosity 

configuration. A t  lower beam energy 
. . 

. . .  the, luminosity w i l l  be lower, since 
f 

- .  * . . 

L Y , i f  Bv and a, the crossing 

' . . angie, a r e  kept.  constant. However, * 
BV a t  low. energy is limited because 

the maximum beam s i z e  i n  the inser-  

an rev 
. a  . . . . 

i S . X l . 5  ("R.,,,? . . 
.... .SJ- . - La b u m r ~  
7.5. 33.0 W 2.0, PD.0 

m m w  , -  Im, 1A 
0.2. 0.3 M 0.1. n . ~  

. . . . . . .  . . .  
0.1 : 0.1 1 

r0.D 63 ' 0.s 

9d 0 ' 4.0 

'POW 19 
I.?. w3 .I.? 1 . ~ 3  : 
23 r 10P hn-'qc-') 1.1 I I# . - . . . . . . . . .  - 

t ion  quadrupole doublet should not  exceed th.2.t ? €  tht- valu..: for the s t  ~ndard I 
ins&tioh a t  30 G ~ V  &ergy. This resul t9  i n  love. than 'ff proporrional value= 

below 200 GeV. Nevertheless, a t  any given energy 200 GeV,it is  a t  most a , 
. . 

factor  J 2  lower than i n  the '  200 GeV design and a t  in ject ion energy it is s t i l l  



Performance Limitations 
I 

Since i t  is expected t h a t  optimum performance w i l l  be limited by co l l ec t ive  ! 
ef:Eects, a few of these anticipated t o  be dominant a r e  considered here, comparing 

again the 400 GeV ,ISABELLE version with the 200 GeV basic  design. 

..... -. Znc~k~renS,E!?fi~!h,if E 
, Neglecting e l e c t r o s t a t i c  and magnetic image e f f e c t s ,  the t u n e ' s h i f t  d u e r o  I 

the d i r e c t  space charge f i e l d  alone may be wr i t t en  a s  /7,8/ 
- .  

AvxSy(o) - - ( ~ ~ 1 2 ~  X S Y  ( \ / e l  -- (rplabyfi2) ( Y - ~ - T ~ )  Kx,y (a/b) 
I 

. . . . .  i n  the usual notation, with Kx (a/b) denoting a beam shape factor. The.magnitude. 
s y. 

. . , of Av depends .strongly on beam shape., . . however, the beam opt ics  f o r  the 400 GeV 

I 
I 
t 

sase  is  qua l i t a t ive ly  the  same a s  fo r  the 200 GeV case and both i n s n ~ t i o n  length i 
and regular c e l l  s t ruc tu re  length have increased by about the same fac to r  of i 

! 

approximately 1.4, therefore,  the above equation w i l l  s u f f i c e  to  sca le  the in- . . .  

coherent tune sh i f t .  The l a rges t  values a r e  encountered a t  in jec t ion energy and 

are fo r  the.400 GeV case  a fac tor  of 1.65 l a rge r  than f o r  the 200 GeV versiozi, 
' '  

resu l t ing  i n  Avx(o) = - 0,011, Av (0) = - 0.015 f o r  the debuncbed f u l l  stack, 
Y .  

. indicating a requirement f o r  some increased correction of the working l i n e  during 
. . 

the  stacking process.. 
. . . . . . 

. . . . E S ~ E Y ~  w ~ P ~ & ~ ~ ~ ~ G F - I I " , : ~ ~ I ~ ~ S P ~ ~ ' I N E S B ~ ~ X E ~ M ~ S ~ : ~ I E ~ ~ ~ ~ ~ , ~ E Y ~  
The most s t r ingen t  of these i s  the longi6udinal high-frequency. (microwave) . 

. . . . . . . .  . . . .  .... . . . . .  . . . . .  . . . .  . . . . . .  . . -  - . . - .  . . 

i n s t a b i l i t y  as  applied to  the bdched injected beam, espec ia l ly  during the de- 
. . . . . . . . .  . . . . . . .  q,:. 

:bunching phase'. &I' the tieani 'stack 'formation. ' In t h ~  case, "the' bunches ' a re   hi^- 

s t a b l e  against  high frequency inside bunch osc i l ln t ion .  f o r  which h < Lbunch and 

7 < 7 where ,TS is the synchrotron osc i l l a t ion  period. A convenient expression 
.gr :s . . 

. -  191 
. . . . 

f o r  the s t a b i l i t y  c r i t e r i o n  is given a s  . . . .  - . . . . 

2 
. . (21 113 . P(E . .o.  l e )  (ITIIIY) (i-'; (Apflmoc) 

. . . . . . .  where ,i is the loca l  value of the. be& current  and. Ap i s  the  locil~fwlih. aiomentlrm. 
f 

. . .  
spread i n  the  beani bunch; F i s  a'form factor  dependent'on the 'shape of the iderisity-' . 

dis t r ibu t ion  and 2 1  I is  the longitudinal coupling impedance ,at  mode number n. 

Since the l a t t i c e  design of the 400 GeV s t ructure  has been guided towards main- 

taining y ' and with t h i s  fl;essentially equal t o  tha t  o f ,  the 200 -GeV s t ruc tu re  . tr 
the relevant scal ing quanti ty i s  

2 -1 -1 2 
. . .  (Apflmoc) ( i .  .) 3 im .(Ap/moc) . . .  . . . .  

where, f o r  a parabolic l i n e  d i s t r ibu t ion ,  im is the maximug loca l  current  value 
. . . . and Ap . is  half  the . f u l l  momentum spread. With. the beam and stacking.  parameters 

as- used-here, t h i s  quanti ty is  approximately equal t o  t h a t  fo r  the 200 GeV case. ., ..-. 

-.- - -. . . :.- - ; ..- . -  Expl ic i t ly , .  for.. the: p resen t  case; a maximum m longitudinal - .  knp,e.dance ,value. of ,.: . ; ~ ~ i , ; : . : . ~ ~ ~ : ~ ; - - ~ ~ ~ ~ ~ + ~ : .  . - . . . .  ,' . . . . . . . .  . . a--. . . -.. - .  
. * 5 Cl should not' be exceeded f i r  high mode numbers (frequencies 1 G H ~ ) ,  essen- 

- . . .  ....- - . . . . . . . . . . . . . . . .  ........ .- - - . .  - . t i a l l y  the same value as  fo r .  the 200 GeV ISABELLE, . . . . . . . . . . . . .  . .....3., . - . . . . . . .  . . .  _ _ . . . . . . .  . . . _ . . . - .  . . .  . . . . .  - *  =. . . . . . . . .  . - . ,-. . . . .  . . . . .  _ ,  . . '  
... . . .  - .  



Cons-idering the  longi tudina l  s t a b i l i t y  of the  debunched coas t ing  beam, a low 
. . 

impedance requirement would only be encountered during the  very e a r l y  s t a g e  of 

s t ack  formation where I and (Aplp) may be lower by one o r  two orders  of magnitude,' . 

Consequently, i t  i s  expected t h a t  some beam shake-up might occur during t h i s  stage. 

The threshold f o r  t h i s  is the  same f o r  e i t h e r  the  200 GeV o r  t he  400 GeV ve r s ion  . 
... 

of ISABELCE. The growth time is nevertheless  a f ac to r  of  1.4 l a rge r  f o r  t he  

400 GeV case,  s ince  i t  sca l e s  with the o r b i t a l  frequency. 

A t  t he  s t a r t  of.beam acce lera t ion  the  dominant impedance i s  t h a t  of t h e  

wjus t 'g  unshorted r f  acce lera t ing  c a v i t i e s ,  i.e. assuming the  use  o f  feedback, 

(Z 1 l /n)  - 75 n f o r  ' the th ree  acce lera t ing  c a v i t i e s  f o r  the  200 6eV ISABELLE. 
' ' 

Since, a l s o  i n  the  400 GeV case, t he  peak r f  voltage. is kept  a t  30 kV by increas-  

i.ng the' t o t a i  & a o e l e r a f i o n ' t h P  the s&e impedance value can be maintained and 

the  s t a b i l i t y  c r i t e r i o n  f o r  the debunched f u l l  s t ack  can be met generously. 

The s t a b i l i t y  c r i t e r i a  and growth r a t e s  of  the  . longitudinal  bunched,beam in- 

s t a b i l i t y  has been developed by Sacherer. 'lo' No concern e x i s t s  during beam 

acce lera t ion ,  s ince  a l s o  f o r  t h ~  400 GeV case  a low hannonic,number has been 

adopted. During i n j e c t i o n  up t o  56 high ( long i tud ina l ) . dens i ty  bunches may be. 

circulat i r lg.  S t a b i l i t y  can be provided with adequate Landau .damping, The s t a b i l i t y  ' ' 

c r i t e r i o n  has  bien given as  .: . - I  ., 
VS .. 

. . . . . : . . . . .  . . .  . . . . . . . . .  . ,  . . . . . . . . . . . .  . . . .  . . . I J m h w u ,  I .+ Idmi! h ( h / 4 ) - ~ .  . . 
SC 

. . . .  *ere, Am is.. the  s h i f t  in..synchrotron frequency. due .  t o  space charge, .@JJ the sapx . t  . .  
S C  m- 

due to ,  say, the i n j e c t i o n  r f  cavi ty  impedance', and S the  spread i n  frequency' 

between center  and edge of the  bunch due . t o  the  nonlinear longi tudina l  focussing 

force. Since i n  the  200 GeV design Ausc >' (S14) the' bunches. a r e  expected - t o  be 

unstable, This w i l l  be s imi l a r ly  t r u e  f o r  the  400 GeV design. Fortunately, the  
-1 

growth t h e  i s  l a rge  (117" 1 sec  ) I n  the  absence of frequency spread i t s  

inverse  i s  given by (117) = Aw giving an inverse p ro~or t iona '1 i ty  of the  growth 
. . m . . . . .  

time with I.us, where both I and Us a r e  smaller  f o r  the  400 GeV s t ruc tu re ,  i .e.  

t he  re levant  growth time is  estimated a f a c t o r  of 1.5 l a r g e r  f o r  the 400 GeV 

ISABELLE. , A l s o  here, i n  ,case  of  need, a feedback system can, r e a d i l y  be b u i l t .  

f o r  suppression of  t he  d ipole  arid quadrupole mode. 

. . T ~ ~ ~ S , ~ ~ ~ ~ S - ! ~ S _ ~ S , E ~ I ! ~ ~ W ~ A T - I , ~ : _ ~ ~ ! I T ~ ~ Y  . . . . .  
The s t a b i l i t y  c r i t e r i o n  may be wr i t t en  a s  /11,12/ 

z n E fvlIR). Bv ( A P I P ) ~  - v) 11 - 5 1 . . 

i n  t he  usual  nota t ion  with d > v and 5 = Av/(Ap/p), the chtomaticity. The required 

tune spread, i n  case of  Landau damping only, f o r  a l l  modes n > V, i s  obtained from 



Since presently a s t a i n l e s s  s t e e l  chamber w i l l  be used, the required tune - 
spread has been recalculated f o r  the 200 GeV case. Its value (and chromaticity) 

t o  suppress the i n s t a b i l i t y  a t  in jec t ion energy by Landau damping alone is  

Av = 0.015 (5 = 2.2) and the corresponding value f o r  the 400 GeV case is  Av = 

0.026 (5 = 4.1)'. The l a t t e r  value is s t i l l  well.below the spacing between 

. resonances at the working poing (22.. 6 - 22.6679 and, consequently should be . . . . 
manageable. . 

. . .  . . 
Similarly, is' fo r  the 200' GeV design, the use e f '  dctupoies and e ' lectr 'ods ' . 

' 

feedback should reduce the required tune spread f o r  the bunched beam t o  a value 
. . . . .  . . . . . .  , . . . 

"of appri'hteiy 0.02,' 

~ u r t h e r ,  fo r  the s o  ca l l ed  'ehead-tail" i n s t a b i l i t y ,  a .transverse r e s i s t i v e  . . . . 

wall, bunched beam i n s t a b i l i t y ,  theory1141 predic ts  s t a b i l i t y  f o r  tb h e r  

2 TB uo S/(Bv) " 30 

with TB the bunch length i n  seconds and 5 = Av/(Ap/p) as  before, For the 200 GeV 

design a 5 value of 1.5 would be adequate. For the 400 GeV cas,e, with iden t i ca l  

. . , .  
. . .  

bunch length, 1 and v values,.  a lower value ( 5  = .1) would su f f i ce  because of 
. . . '. . . . . 

. d i n g  with ko, indicating that ,  with the  larger 5 value requ&ed fo r  the ordi-  
. ' 

. . . . . . .  . . . . . .  . . .  aary ti-nusverse resistive-.wall- in~tabilit~,..-the'~head-tail. i n s t a b i l i t y  should.tlbt : . . .  . .  

occur, . . .  1 

. . . . .  . . . . . . . . . .  . . 
& b e t  System ' ' . 

. . . .  . . ~ ~ e z s -  . . . .  . . . .* . . . . . . . . .  . . 
m e  higher dipole f i e l d  value (50 kG a t  4250 A) is  achieved by permitting 

a l imited amount of training. Experience. with the 4.25 m long magnets has shown 

t h a t  a . f ie ld  i n  excess of 40 kG can be achieved wfthout t ra in ing a t  a temperature : 
. . 

of 4.5O~. After approximately 10 quenches, f i e ids  a s  high a s  49 '-kG have been ' 

reached a t  t h i s  temperature. I f  the operating temperature is  reduced t o  6 4.0O~ 

the expected maximum f i e l d  a t t a inab le  i s  increased t o  53 kG which would permit an 
. . .: 

operating f i e l d  value of 50 kG. Ths temperature dependence .of '  the f i e l d  i s  s h o k  . 
i n  Fig. 3. 

. . 
The present  approach i s  'somewhat l e s s  .conservative then tha t  adopted f o r  the  

. . .  
,200 G e V  design, but i t  is  supported by a steady improvement i n  the performance. of . . .  . . 

ISABELLE prototype magnets. It should a l so  be pointed out t h a t  a s l i g h t  increase 
- .  

of conductor width would regain ex t ra  reserve, without changing .the basic magnet , 

. . . . . . . . . . . .  . . . . .  . - . . . .  . ...... . . .  _ . . . . . . . . _  ........ -.design. ::, --F <..-. :..:. .... .:: :., *.. .7..: .:.. :,-#.- --..:.. ... .:. :cL..--c2.... 
...... 

"* .-..+., ' - ..-. . - _ ,._. ..-. .-- . ...... . . . . .  
. , , .-. .--7 > ->,- - - . -..* -.-- "-". .-.-,--- .- --.- -. --** 

.; . . . .  . . . . . .  . .  - . . .  : ..... .".> . . . . . . . .  . .  . _ . _ . . . . . . . . .  . . . . . . . . .  : . . . .  - .  - .  - . -  .-. . . .,. 
. - .  . . . . . . . .  -: . . . .  

..,--..-. '1 5 . .  ...::'.:.'-.;;?<-:> 
. . . . . .  . . -  . . - .  >- .......- -_-.-__.. 



The higher operating f i e l d  and increased magnet length 1ead . to  a considerable I 
increase i n  magnetic stored energy, i.e. presently 0.82 ~ I d i p o l e  compared with I 
0.46 Wldipole  fo r  the  200 GeV design. However, the  "HEUB1' magnets, 1151 which a re  i 
of s imi lar  design, have 'quenched sa fe ly  a t  a higher spec i f i c  energy density . , 

(equiv 0.92 M J )  , therefore, no changes a r e  contemplated i n  the magnet protective ". ' 

c i r c u i t r y  for  the 400 GeV design. . . I 
. . .  . . 

F O ~  the most p&-t, the correction c o i l  system'"for the '400 GeV ISABELLE is 
' ' 

similax t o  tha t  described i n  the 200 G e V  proposal, however, the sextupole correction I 
has been increased here because of the larger  i ron  sa tu ra t ion  a t  50 kG which,togeth- 

e r  with the larger  X and B function values,causes the v value t o  be more sensi t ive  
B 

t o  e r ro r s  the sextupole f i e l d  (by m p p r o x ~ e e l y  a factor  of 2). Further de ta i l s  

of the 400 GeV ISABELLE f i e l d  correction system a r e  presented i n  Ref. 16. 

!e_frig~fat k!? 
The 400 GeV IS~BELLE re f r ige ra t ion  system is s imi lar  i n  design t o  that  

described i n  the 200 GeV proposal, i.e. a s ingle  r e f r ige ra to r  supplies a l l  ref r ig-  

e ra t ion  i n  the  form of high pressure (15 a h )  He gas c i rcula t ing through the mag- 

nets. For the 400 GeV design, the higher dipole f i e l d  value requires a steady- 
. > 

s t a t e  temperature. maximum i f  3 . 8 k  (2.6'~ i i 1 3 . 8 ~ ~ '  out)  cornpired w i t h  4.3 '~  for.'----' . 

. 

the 200 GeV design, necess i t a t ing~  a l a t g e t  mass f l b v  r a t e  of  helium coolant. 
r.. . 

. . . .  . . . .  . ,The heat: .load md:  cryogenic system .parameters ara ggven i n  Table 'J. - ..- . . . . - .  . . 

, ~ o n c l & i o n  and Surmnarx . '.. T= v. sa, w IWPI~E. om rat^ s ~ n a  ~nrvrrrm .- . . . ' .  . : . . . .  .- -- . . 
. . 

, . . 
' A study df a 'higher e n e r e  ' .  '. "'. en om iwnj Y csmP 

version of the ISABELLE col l id ing Trnwrn uwr 
. . .  . . . . .  . . . . hml R.W EM¶..EP)N. LLYD . . . . . . . .  . . 

be& bys tern. has - been ' ckrrikd. out," '. b t & r m  -ma nstor . 
fbal ml-, mwzs3Rs 

which indicates t h a t  increasing the Turn LlaJlO mu% mJN. 

' . - s ing le  beam energy t o  ,460 G e V  does bom*steu . . 
--- 

. no t  r e s u l t  i n  .any par t i cu la r  prcblem. ~ ~ " ~ m ~ ~ ~ a .  

Performance l imi ta t ions  due to  high in tens i ty  e f fec t s  a r e  no more severe than 
-2 -1 

the 200 GeV design and t h e  luminosity objective o f  lo3' cm s e e  with a diamond 

length of 1 m can be maintained. A t  energies 200 GeV the luminosity value is 

a t  worst a f ac to r  of J2 Power than t h a t  of the 200 GeV design. 

Since the only . inhibi t ing fac tor  against  adoption of t h e  higher energy design 

would be constructipn cost ,  the ISABELLE design team has evaluated the cos t  of the 

400 GeV version, The r e s u l t s  indicate  that  fo r  a cos t  increase of  approximately 

40% over that-of the  basic 200 GeV design (173 M$) twice the center-ofmass energy 

. . . . . .  .coul<;be provided.. f 05 the ISABELLE p-p- col l id ing . . . . . . . . . . . . . .  bean! f ac i l f  ty. ......... .;;.;: . . . . .  ?'\ .-c::,;-:E>;&-:.< ......... .; . . . . . . . . .  .- :- . . . . . . . . ~ . . ~ . . . . ~ . .  . . . ............ .-, -. ..- - - . . . 

A t  the time of t h i s  writ ing,  the High Energy Advisory Committee subpanel on 
. . . .  . . . . .  

.... . . . '  n m  f a c i l i t i e s  (Woods Hole .,I11 .meeting) .released it= recoa&ndations .. ..Nit.- only.'-:i:v.~i~~:~. :'-:.\-I: . i;r:"i- .....- ..T. . 
. . . . . . . .  ....................... . . .  . . . . . . . . . . . . . . . .  . . . . .  . . . . .  . . _ .  ... . . . . . . . .  . . ':.. ' .  . _ .>- .- . ..... .. . . .  
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- 8 . . . . . .  . . . -. 



. . . . . . . . 

d id  S t  i nd ica t e  as a f i r s t  p r i o r i t y  the  author iza t ion  of  ISkBELLE fo r  FY 79, but 

i n  a most pos i t i ve  response t o  t h e  higher energy ISABELLE version,  s t a t e d  ..... n 

eo opera te  with a maximum energy of about 400 GeV per beam" and emphasized t h a t  

"while the  physics i n t e r e s t  of the  lower energy is grea t ,  the  incremental.phys+cs 

benef i t s  a t  the  higher energy are_impressive r e l a t i v e  t o  the  incremental cost". 
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