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Plane are  d e r  way for  the construction of a pair  of intersecting storage 

rings providing for coll iding be- of protons of energy a t  l eas t  200 GeV. The 

rings (circumference 2.62 km) wi l l  contain supereonductfag magnets constructed 

with braided Nb-Ti filamentary wire, with a peak f i e l d  of 4.0 Tesla corresponding 

to  an energy of 200 GeV. A current of 10 amperes of protons w i l l  be injected a t  

29 GeV from the existing AGS accelerator a t  Brookhaven, using the energy stacking 

technique similar to  that  employed a t  the CERN ISR; subsequently the stored beam 

wi l l  be accelerated gradually in the storaga rings. Six Fnteraection areas w i l l  

be provided for experiments. They are  designed t o  provide f l e x i b i l i t y  i n  beam 

characterist ics for  d i f ferent  experiments. The maxirmen luminosity a t  f u l l  energy 
-2 -1 is expected to be 1.0 X cm sec , a t  29 G e V  it w i l l  be approximately 

lo3' cm'2sec'1. Recent work with prototype magnets indicates that  f i e lds  of 

5.0 Tesla can be produced. This has led to an alternative design of somewhat 

larger rings ((cir'~umference 3.77 'm) that  should be capable of providing 

coll iding beams a t  400 + 000 GeV. 

A proposal for a coll iding beam f a c i l i t y  for protons i n  the range of 200 GeV 

(ISABELLE or ISA) has been studied a t  Brookhaven for the past several years, and 

has been described a t  several previous conferences. 11-31 In th i s  report  the 

current s ta tus  of the proposal w i l l  be summarized. 

ISABELLE is t o  be a pai r  of intersecting storaga accelerators using super- 

conducting magnets, with injection from the exist ing 30 GeV AGS a t  Brookhaven, 

and acceleration to  200 GeV taking place i n  the storage rings. With a c i rcula t -  

ing current of 10 amperes i n  each ring, the l d n o r i t y  v i l l  be i n  the range of 

to  cm'2sec'1 depending on the de ta i l s  of the intersection coafiguration. 

(see Fig. 1) 

I. Operating Cycle 
A. Injection and Stacking 

Pulses a re  injected from the AGS in to  the ISA ring a t  29 G e V  and accumulated 
* 
Work perfoamed under the auspices of the U.S. Energy & Development Administration. 

 he work reported here is the re su l t  of the jo int  e f fo r t s  of a large number of 
individuals a t  SrcmW1aven National Laboratory. 

WTRIBUTION OF THIS DOCUMENT IS UNUMIW 



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 their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility 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. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



\ )  - KEY 

, ,&?I 

pig! 1 

by an energy s tacking technique s imi la r  to  the one used a t  the ERN ISX. i n  order  

t o  optimize phase space dens i ty ,  the  i n t e n s i t y  of the  AGS w i l l  be reduced t o  

approximately 3.5 X 1012 protons per pulse; 11 of t h e  12 AGS bunches a r e  then 

i n j e c t e d  i n t o  the  ISA r ing ,  acce le ra ted  by an rf system a t  the AGS frequency 

(39th harmonic i n  ISA) t o  a s t a c k i q  o r b i t ,  and then debunched. This is repeated 

approximately 180 times f o r  each r ing ,  bui lding up a s t a c k  of 10 amperes with a 

momentum spread of  0.67%. The s tack ing  process requ i res  approximately 6 seconds 

per cycle ,  f o r  a t o t a l  of  18 minutes. Neg. #2-699-77 

B. Accelerat ion ' . 

The s t a c k  is  rebunched by a second r f  system operat ing a t  t h e  second harmonic 

of  the  revolut ion frequency, i . e .  228 lcHz with  a peak vo l tage  of 30 kV. The 

magnetic f i e l d  i s . t h e n  ramped up slowly, a t  the r a t e  of about 24C Gauss per second, 

and the  beam acce le ra ted  a t  11 keV per  t u r n  t o  the  peak energy of  200 GeV correz . 

sponding t o  a f i e l d  of 4.0 Tesla ,  o r  ( i f  desired)  t o  a lower peak energy. The 

acee le ra t ion  cyc le  takes 150 seconds. 



C. Col l i s ions  

The beam i n  each r i n g  i s  then debunched, and t h e  two beams c o l l i d e  a t  six 

i n t e r s e c t i o n  points .  Coll iding beam experiments can bow proceed for  t h e s  of 

many hours t o  severa l  days, with the two beams a t  equal o r  unequal energies  

anywhere betyeen 30 and 200 GeV. 

11. Magnets and L a t t i c e  

The two i n t e r l a c e d  r i n g s  each have a .circumference of 2623 meters, 3.25 

times t h a t  of the  AGS. Each r i n g  is arranged i n  a  l a t t i c e  of superconducting 

bending and focussing magnets, with six i n s e r t i o n s  where the two beans i n t e r s e c t .  

Each sex tan t  contains  nine "FOW" Cel l s  of 4 bending magnets and two quadrupoles; 

each i n s e r t i o n  has If modified c e l l s  with some bending magnets omitted or shortened 

so  as  t o  br ing the  d i s p e r s i o n  funct ion t o  zero i n  the c e n t r a l  region, followed by 

two quadrupole doublets  which focus the beam down t o  a  small c ross  s e c t i o n  a t  the  

i n t e r s e c t i o n  point ,  and then a  r e f l e c t i o n  of  the  above s t r u c t u r e  (Fig. 2) 
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The bending magnets w i l l  be 4.35 m long (magnetically), Cons t ruc ted  with 

cosine windings of  m u l t i f i l b e n t a r y  Nb-Ti braid and surrounded by an i r o n  sh ie ld .  

The quadrupole magnets a r e  1.5 m long, wound with the  same braid. Fu l l - sca le  

prototypes of  both d ipo le  and quadrupole magnets have been b u i l t  and tes ted ,  

and assembled i n t o  a  h a l f  c e l l  of the  l a t t i c e ;  these  a r e  described more f u l l y  

i n  a  paper by P. F. Dahl a t  t h i s  conference. /4/ 

The prototypes have worked extremely ire11 and appear capable of  f i e l d s  

well  i n  excess of  the  nominal 4 Tesla design'v'alue. 

The vacuum chamber w i l l  be a  warm s t a i n l e s s  s t e e l  tube with inner diameter 

8 cm, while the magnet's inner  c o i l  diameter is  12 cm, with i n s u l a t i o n  fnbetween 

( see  Fig. 3). 
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111. Exoerimental Inser t ions  
The s i x  i n s e r t i o n s  a r e  designed with f l e x i b l e  o p t i c a l  c h a r a c t e r i s t i c s :  

by changing the  s t reng th  of quadrupoles but not  t h e i r  loca t ions ,  the  amplitude 

func t ion  3 and thus the beam cross  s e c t i o n  can be modified t o  produce the  optimum 

condit ions f o r  experiments of var ious types. The f r e e  space around the  c o l l i s i o n  

point  is 40 meters long. I n  the "standard" conf igura t ion  the beams i n t e r s e c t  a t  

a n  angle of 13 mi l l i rad ians .  With t h e  help of a u x i l i a r y  bending magnets iil the  

c e n t r a l  f r e e  space, t h i s  angle can be varied between 5 and 50 m i l l i r a d i a n s  so  a s  

t o  p i u v l d r  e icher  f o t  higher  luminosity o r  a shortened i n t e r s e c t i o n  region. 

Several  p a r t i c u l a r  configurat ions a r e  envisaged. I n  the  s tandard i n s e r t i o n  

the  amplitude funct ions a t  the c e n t e r  a r e  8x = 20 m, By = 4 m, rss beam height  

a = 0.25 mm. i n t e r s e c t i o n  angle u 13 mi l l i rad ians ,  luminosity a t  200 GeV = 
Y 

2.3 X 10 32 ~m-~sec- ' .  For high luminosity the  angle u is  reduced t o  5 . 6  mr, 

By = 1.0 m. o = 0.13 nun, L 1.0 X lo3); t h i s  conf igura t ion  is p a r t i c u l a r l y  
Y 

s u i t e d  t o  weak-interaction experiments with secondaries a t  l a r g e  angles. I f  

p rec i se  loca t ion  of  the source po in t  of i n t e r a c t i o n s  is  des i red ,  one may use the 

"small-diamond" v a r i a n t ,  where the i n t e r s e c t i o n  angle is  increased t o  50 nu; 

here  t h e  c ross ing  region is j u s t  4 cm long, but  the luminosity w i l l  be lover. 

F ina l ly ,  by making Bx = By - 64 m a t  the  cen te r ,  one can reduce the  nns angular 

spread of  the  beam t o  about 10 microradians ( a t  the  expense of  the  luminosity),  

making t h i s  high-beta conf igura t ion  s u i t a b l e  f o r  experiments on small-angle 

e l a s t i c  p-p sca t te r ing .  The amplitude and d i spers ion  funct ions i n '  these v a r i a n t s  . 

a r e  p l o t t e d  i n  Fig. 4; Fig. 5 shows the t r a j e c t o r i e s  f o r  high luminosity and 

-"small-diamond" cases. 





Different axperfmental halls have been designed for these interaction regions; 

sketches of saveral of &hem ate e h m  in Figs. 6-9. Initially there w i l l  be four 

halls with different width. a d  length most suitable for different types of expert- 

nemts; topo insertions d l 1  be le f t  free to provide flexibility fur future 
6 

developments. - 
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IV. Performance Lhitations 

The performance capability of ISABELLE is limited by the usual phenomena: 

longitudinal and transverse instabilities, beam-beam interactions, and resonances 
a. 

induced by imperfections in the magnet structure. 

To avoid resonances, we propose to operate in the "wind&' between 

v = 22.60 and 22.667. . With a momentum spread of 1.6% (during stacking aid 

acceleration) this means that the chromaticity must be not more than about 3 units, 

as. against 35 for a linear lattice. Therefore, sextupole windings are incorporated 

in the magnets. 

Longitudinal instabilities are expected to be mngt oovcre Eor the individual 

injeccrd pulses during the stacking process, because these pulses have a very 

small energy spread. To alleviate this, we choose the transition energy well 

below the injection energy ( y  = 19.3). For high mode numbers corresponding to 
t 

the microwave range, it is then found that the vac'uum chamber coupling impedance 

mast be kept below Z/n* 5 ohms; this is provided for by avoiding sharp disconti- 

nuity in the vacuum chamber; During acceleration and final storage the longitudi- 

nal instabilities are less severe. The choice of the second harmonic for acceler- 

ation avoids the dipole mode of bunched-beam longitudinal instabilities. 

Transverse instabilities can be avoided if the spread in betatron tunes 

is large enough. It is estimated that a tune spread of 0.02 units at injrccion 

(corresponding to chrbmaticity of 3 units) is sufficient. 

Beam-beam interacttons in the colliding beams can produce a slow diffusive 

growth of oscillations. . The conventional rule of thumb is that the tune shift 

due to beam-beam interactions must be less than 0.005 units. In our design, 

this shift is smaller than this by a factor of 2 to 5 in all the interaction 

regions described above. 

V. Extensions of Pp-rformance 

Antiproton production acceleration, and storage for p-p collisions should 
be possible. By ejecting a 200 GeV proton beam from one ring it appears to be 

possible to produce a beam of about 1 milliampere of antiprotons in the second - 1 
ring:' P-p collisions with luminosity around lo2' ca,-'sec seem feasible. 151 

With the help of cooling techniques (stochastic cooling as developed at CERN, 

electron cooling as developed at Novosibirsk) it should be possible to attain 
30 a luminosity an order of magnitude larger, around 10 . 

Another possibility is the addition of an electron storage ring in the 

ISABELLE tunnel.'6/ with luminosities i n  the range of 1031 to with 15 GeV 

electrons or positrons colliding with ,200 GeV protons. 



h . a i t e r n a t e  version of ISABELLE f o r  400 + 400 GeV c o l l i s i o n s  is described . 

by A. van Steenbergen i n  another paper a t  this-Conference. 17/ In  addi t ion ,  

M. %nthr8' w i l l  p resen t  an a l t e r n a t i v e  design with a n  intermediate  accumulator '  

r i n g  f o r  i n j e c t i o n  and c o l l i s i o n s  of  bunched beams i n  which some of the perform- 

ance l imi ta t ions  a r e  l e s s  s t r i n g e n t  t h a t  i n  the  vers ion  described here, and which 

should, therefore,be capable of a t t a i n i n g  a higher  luminosity. . 

References 

/1/ 200 SeV I n t e r s e c t i n g  Storage Accelerators ,  BNL 16716 (1972). 

/2/ E. 'D. Courant, Proceedinzs of Third All-Union Acce 
&scow, 1972, p. 367. 

- /3/  H. Hahn, Proceedines of  IXth In te rna t iona l  Conference on Hieh Enerqy 
Accelerators. Stanford, SLAC COITF 740522, 1974, p. 537. 

141' P .  F. Dahl, these proceedings. 

/ 5 /  C. Baltay, e t  a l . ,  Proceedinss of IXth I n t e r n a t i o n a l  Conference on High 
Energy Accelerators. Stanford, SLAC CONF 740522, 1974, p. 572 

/6/  R. Chasman and G. Voss, IEEE Trans. Mucl. Sc i . ,  NS-20. !k3, 1973, p. 77. 

/7 /  A. van Steenbergen, these  proceedings. 

!8/ J. Claus, e t  a l . ,  these proceedings. 




