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This book war prepared aran amount of w a k  wnrored by an a p e w  of the United Starer Government. 
Neither the United Stater Govanmnt ror any wncy thereof, mr my of their employeer. makerany 
wrmnty, express or implied, or a w m  any 1-1 liabillw or rsrponribility for the accuracy. 
completenel~, or usefulnerr of any information. BDParatul. prod~Et, or oraces disclored, or 
reprerents that its u s  wuld not infrinse privately owned rights. Reference herein to any v l f i c  
mmmrcial pmdun, p-. or service by trade mme. tademrk,  msnufasturer, or otherwise. doer 
not neceuarilv mnltitufe or imply 8tr endormmant. remmmmdation. or favoring by the Unitad 
Stater Government or any w n c y  thereof. The virwr and opinions d authors nprausd herein do not 
necesilily sate w reflect thosaof the United Stater Govwnmnt or any agency thermf. 

I f  pro& of vwy high ouagy kptnga om a Cargat. a lug. p u t  of , 
dl. ruu l t*  autiprotonr u r  suffici.nely coi1tMt.d to b. in- 
joctiblo ia to  a seackhg and ~ l a r a t i a l n g  riag. They can Chan bo 
sc8ckod a d  injectod into th. n u i n  proton accmluaca* ra aa to pro- 
duco i-p c o l l i s i o ~ .  without 1w . ~ . t g y  antiprocon cooling. A schamm 
i s  prmHnt.d for ch. VBA. whue 20 'kV protoo. produco 9 x 104 
ot lpro toru  par proton a t  LOO GoV, which u a  c h a ~  st.cM, =.lor- 
a t d  to 1 mQ, d i n j r t d  inco tho main ring. W i t h  16 proton 
pu l su  of LOU proma#, . o w  obtains a LUPIPOsity of th. ordor of 1032 
-02 s,-L d t h  a bmam-beu tuna sh i f t  of 10-3 por intoraction 
ngbrr.  a m  b o r n  are brnrhd Utto 1000 bunchu; th. orbi ts  are 
reparacod by mom of rolativoly &st ~LoctostatLc e1octrod.r. 

To sucL antiproton8 a t  lw onorgy om guura l ly  doponds on so- cooling sch- eo 

rodaco tha phuo spa. or Focrauo tho p twe  a p a o  d o ~ i e y .  Hornver, both olectton cooliag 

snd s tochu t i c  cooling kcow i r u f f r t i r n  for s . ~ . t g i u  above soma 10 GoV if  cooling tL.. 

a t  a feu soeond. 0s sbot8.o u s  desirod. Oo che rrtk bad, ac incidomt u u r g l u  fn the 

T ~ V  region th. G or0 produemi in such a t u r n  forward coru &at the phase spa- d u u i t y  is 

tuhrrally quiea high .ad usoful luainosity can ba obtainod for  &Q collision8 even wlthout 

 cool^. U. - h . n  tbr 1IPLleaeion8 on LUDfOOaity o b ~ l o  wieh d i r r t  production - 
and seackiag of th. p' bur a t  high umrgkr. 

A. Ptbduatioo of AatiDroeo* 

V. u a m a  dl0 mtiprotonr a r m  produced by r proeon bom a t  ToV aaergy focwod on a 
small spot on r h u q  trag.c. Zb. i nvu fu r t  cross saction 

for inclusitn 6 productfma hu m ugspeoeic value of .bout 3 &/Go$ for incidoac ptocon 

anorgioa .botn 1 ToV a d  for produaed a t  r u t  in Cho c.lrtu-of-au8 frann of tho incidonc 

p-nucleon syrtm. Th o u u g l  i fs, th re foro ,  gi- by 

whore B 'sad M are tha,oturgy and rut  uurw of the ia~idmnt proton. For E = 20 ToV this 

gives % 100 C.8. Tho Lntagraced production cross section i s  

*' Those note* wore wrLtton while rh. ruthorr urro actendiag tho Second ICFA Workshop on 
Possibilities and Limitations of ~ c c e l u a ~ o r s  and D o ~ c t o r s  a t  Las Diablerocs, 
Swiuorlaad, Octobu 4-9, 1979. 

*Research ca r r ied  out under t h e  auspices of t h e  United S t a t e s  Department 
of Energy under Contract No. DE-AC02-76CHO0016. 
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a - r ad iu s  of  p spot  on t a r g e t  

5 = uomalited t ransverse  emit taace of 6 beam 

a d  where t.0 replacement of l a t e g a t t o n  by a product irr v a l i d  f o r  a production semi-cone 

srrgle 
at/- < 0.4 &v/Z 3 4 mad 

and mometacum spread ~ p / p  c 201.. 

The longi tud tan l  d t t a n c e  w m l k a d  i n  the  8- manner a s  t he  t ransverse  emittance 

is givarr by 

where Ap is tha f u l l  mola4ntum spread a d  1 fa  the  length o f .  the ;-beam (equal  t o  the lang& 

of the proton beam). Thus vo have 

vhera w e  have put la the  values a* = 3 ab, mdbs - 40 mb, p - 100 G e V  correspondlag t o  

production by 20 TeV protons. 

Ue s ee  that th. s t x - d ~ s i o a a l  phase space dens i t y  of an t ipro tons  Is proport ional  to  

the physical  dens i t y  of t he  proton beam on the  ta rge t .  To fncrwe it  wo have to reduce 
2 the v o l w  na 2 of  the  proton beam. Hence w e  must coatpress o r  bunch the  p beam longi tud t -  

2 n a l l y  to reduce rl. and focus t he  b a a  t o  a small  spo t  on the  t a r g e t  t o  reduce na . 
B. Numerical Examole 

Ue aaecnne che f o l l w f n g  paranmeera f o r  a 20 TeV mala ryschrocron (a): 
I n f ec t i on  +orgy 1 TeV 

Pkral energy 20 TeV 

Circumference S 57 'A 
Proeons per pulse , LO" 

Pulse  r a t e  ( lo0 sac)  

To g e t  the  maximum dens i t y  of protolls on the  t a r g e t  ke assume tha t , che  10" procoes: 

c& be compressed by RF manipulation t o  a. t en th  of  the  c i r c d e r e n c e  (2  r 5700. m) before 

ex t r ac t i on  and t h a t  t he  ex t rac ted  p b- can be focused t o  a spot  of rad ius  a - 0.15 axn. 

We also a s s u m  a t a rge t  a f f i c i ency  of 50%. This g ives  f o r  each main syuchroeron pulse 

The phase space vol- i s  l imi ted  f i r s t  by what is ava i l ab l e  comlag from the ta rge t , .  . 

and second by t he  aper ture  of  the main synchtocron a t  t n j e c t b n ,  as well  a s  by the  aperture '  

of the ring the ani tpro tons  are f i r s t  in jec ted  Into. AS s t a t e d  i n  s ec t i on  A above, the  

stmi-cone angle of the  LOO GeU 6 beam is. a = 4 m a d  and the  mocnantwn spread is 20X; 

hwevar ,  w e  assuae che s tack ing  r i n g  can only accommodate ~ p / p  5%. Thus 

ct = naoy 2 r 10.' m '  



To gat an estimnta of tho e d t t a n c e  l imitation arising ftom the amin synchrotron 

aperture a t  in ject ioa  va asscnra 

3, 400 0 

'I,-. 5 m 

k c .  betatron width a = 5 am 

Max. ammntum vfdth 8 = 5 am (Ap/p = .001) 

This gives tranaverse a d  L o n g i t u d h l  accaptancs.for the main spnchtotron 

2 8.6 x lo4 m " = km v/e, 

4 
eL = C y b / b -  yC0p/p-6 x 10 m. 

The longitudiort  accepeaaca la half f i l l e d  in one pulse, but to f i l l  thm traasverse ac- 

ceptaace & both plaires one needs about 16 pulses. In prFncipLe, then., &a six-dLmspsional 

acceptance voluma of tho VBA can be f i l l e d  i n  about 16 pulsea or 25 minutes. But, of 

course. o m  has to taka a c lose  look a t  cha p r a c t i u l  ' f i l l i n g  procedure to  determine the 

actual  Dtrrnber of pulses &ad. Bare va assum that  va caa f i l l  the soin synchrotron with 

i =  k2 x (7.7 x 1 0 ~ ~ r n ' ~ ) ( 2  x l o4  m)'(3 x 104m) = 1.5 x 10 13 

antiprotops in phase space voluma given by 

(asaumFng di lu t ion by a factor of 2 and four-fold multiturn in ject ion i n  each plane); 

4 c = 3 x 1 0 m  . 
(assumo the VBA can actually accept N i c e  tho emitturce given above). 

C. Tune Shi f t  and Luminositv 

For two ident ica l  bunchad'beao~ coll iding head-on the tuna s h i f t  AQ and the l u m b ~ s i t y  

L are  given by 

where N = umber of pa r t i c l e s  in each beam = 1.5 x 10 13 

n = number of buachas par beam (assumo n = 1000) 

f = revolution freqwncy = 5260 Hz 

j* = 3 a t  sollFoioa point = 1.5 m 

r 3 c l a m i c a l  proton radiue = 1.54 x 10'l8 a .  
P 

Theas values qiva 

AQ = 1.5 

L = 1.0 x 10'~ cm-2sec-L. 

Since cha tune s h i f t  is so m a l l  we can safe ly  correider a much stronger proton beam. If we 

take the f u l l  beam of loL5 protons with the s- emlttance as the antiproton beam, the 



l ~ r i t y  a d  t- s h i f t  a r e  each Facreased by a fac tor  . L O ~ ~ / L .  5x10'~ - 67 giving 

AQ - 0;001 and L - 0 . 7 ~  

D. ALIti~roton Stackinst Scenario 

We preaant a s c a n u i o  which m y  be the cheapart but not necessari ly the s h p l e s t  o r  

eas ies t .  We need oru rs lae ively  small antiproton s t a c k i q  and a c c a l e r a t h g  r ing  with ap- 

proximately ths following parameters: 

CiX~cmrfaraoca (1/10 of the VBA) 5.7 b 

Staclcing enorgy LOO CeV 

Stacking dipole f i a l d  0.5 T 

Muham energy (- VBA injectfon) 1 TaV 

W. dipole f i e l d  5 T 

~ n w c  
SO m 

b 0.5 m 

The circumference jut a c c o d a t e s  the length of the p boem produced by tha proton beam 

which ham bean co~pres sed  in the -in ring. The values of 8- and ludicate tha t  

t h i s  is a r a the r  strong focusing ring. The baama from 16 main synchrotron cycles,  each 
4 with st - 2 x lo4 m a d  st - 3 x 10 in (corresponding to  OpIp = * 2.5% a t  production) a re  

stacked i n  cramversa phase space (4 t h s  per plane) a t  LOO G e V .  The s u c k  concatan 

1.5 x 10" antiprocons a d  has emitcance re - 16 x lo4 m (assuming fac tor  of 2 d i lu t ion)  

and et - 3 x lo4 4 with videhs of f 7.7 I (batatron oscillations) and r 12.5 am (momen- 

tum spraad). The r ing  needs a good f i e l d  aperture ( to t a l )  of about 70 an. 

A t  the top energy of I TeV &a beam is "un8tackad" h ~poaw~trun, 1.0. extracted by 

n t u m  peeliag in 10 C ~ U M .  The mmaantum spread of + 2.5% a t  100 CeV v i l l  hava bean re- 
4 duced t o  * 0.252 by accaleraeion and is fur ther  reduced t o  * 0.025% ( f u l l  spread 5 x 10 ) 

by the can-turn momentum peel* (va mny allow a d i lu t ion  fac tor  of 2 to  ge t  a f u l l  spread 

of. LO-)). Thia b- nov has the same length as the mnh  synchrotron, and fs tojected in to  

it. Then a normal pula. of 1015 protom is injected,  and both counter-rotating be- a re  

acceieratad, v i t h  LOOO bunches per beam, t o  20 TeV and usad for co l l i d ing  bean, experirnants. 

m e  o r b i t s  a r e  kept separated by an electrostatic schema ou t l fns  below. 

In t h i s  scenario thare are several  uncoaventional procedures: 

i. Transvarsa phase space stacking in both planes has never been done v i a  any rea- 

sonable efficiency.  One possible method i s  cba lnvarse of resonant extraction: the beam 

enters  along an incoming s e p u a t r i x ,  and the can t r a l  s t ab le  res ion  Fs  expanded in  one turn 

by jus t  the armun', to  accol~lnodace the incoming beam. Because t h i s  proceso is untried w e  

have allowed a d i lu t iou  fac tor  of 2 per plans. 

2. L o o g l t u d i ~ l  phase-spec. unatackfng is a l so  an untried process. This could again 

be tha inverse of -cum stacking. Tha BP is turned on abruptly to  form longitudinal  

phase-speca buckets in tha middle of the stack. When the buckets are  w e d  out of the  

stack by frequmcy modulation tho pa r t i c l e s  i n  tho buckets are  "pealed" avay from the beam 

stack. One should also a l l w  f o r  soma d i lu t ion  here, but i f  ve assume zero dispersioa a t  

the co l l i s ion  points, t h i s  does not a f f ec t  the luminosity. 

3. I t  is necessary to  have d i f f e ren t  o r b i t s  f o r  the t~ beans fn order t o  avoid beam- 

beam fnteractfoas-ocher than a t  the desired in terac t ion  points. This may be done with the 

help of e l e c t r i c  f f e ids  ( s t a t i c  o r  RF). A possible e l e c t r o s t a t i c  separation schema is as 



follovs: I f  chere is a f i e l d  Ey = Eo s i n  n0 in  tho nuin synchrotron. vhere a is the 

integer nearest to Q, the o r b i t  equatioi  is approxinutoly - 
ee0d 4 + Q2y = * - s i n  n8 

dB Ym2 
a d  ch. o r b i t  is 

Taka Q = 60.25 for tho VBA, and n = 60. To get  an o r b i t  amplitude of 1 ca (separation be- ' 

tvson p and of 2 a a t  the  pe&) we need 

Eo - 0.73 kV/cm 

I f  vs. use 60 short  dipoles, one per o r b i t  wavelength, ve f ind that  each one m a t  be of 

strength 73 k V l a  x 6.75 3. Wtch appsrts  feasible. 

In t h i s  schema the o r b i t s  in t e r sec t  in 120 places, ra ther  than jus t  che six or efght 

envisioned fo r  experimonw. To avoid w a n t e d  beam-beam interactions,  ve may use timing: 

If cho beams are  bunched in a number nh of short  bunches, there are  jus t  2 m places where 

the RIO beam pans syachronously. If o is choaen so tha t  tho greates t  comaroo factor of a 

and a (tho numbor of o r b i t  wavalengths) is I, then theta wfl l  be juat  8 of the 2n o r b i t  

in tersect ion places whore p and bunches pass simultaoaowly. Thus, with a - 60, we 

sfiooee LQ * L O U  buac&es (or m = 999 for  six crossings). However, there w i l l  s t i l l  be a 

nuaber of placas whore n e u  &see OCCUX: a t  two locationa per octant  the bunches miss by 

only 0.07 bunch spacbgs ,  La . ,  4 meters. The buach length is l fkaly  to be larger  than 

th ls ,  especially a t  infectLou. Theso spurFolss oressFrrgs vLLl cancribute to  the beam-beam 

tuna s h i f t ,  but probably me too much t o  the aonlfmar long-term ins t ab i l i t y  (since they 

repoat perfodically) . 
S. Alternate Sceaarfo 

The lollgitudinul energy unutackfng can be avoided by addfog a fu l l - c i r cu fe renca  

stacking r ing  to the same turmel a s  the main rfng. One now t ransfers  from the 100-1000 GeV 

acceleraror lnto one tanth of the main r ing  c f r c d e r e n c e ,  'and repeats t e a  times, a t  the.  

expense of = corraspadingly  long f i l l i n g  cbo .  Here .a may be. somewhat more modest in 

fflLFng the  "small" stacking ring. say with a momontu spread of only 1% (tocal)  and with 

an emittaoce smaller by a fac tor  2. This reduced the amber of main r ing  pulses per 

stacking cycle in the accelarator to 8. Ihe f i l l i n g  t h o  is increased by a fac tor  of 5; 

tho number of i is tbe same as  before, but the l~lminoaicy is Larger because of the smaller 

ed t t ance .  There is ao debunchlag required i n  tho transfers from 6 accelerator to stacking 

r ing  to aaio r h g ;  therafora the l oag i tud lnd  phase space efficiency is lilcnly to be bet ter ,  

and che bunch length shorter  ( t h i s  reduces the beam-beam e f fec t s  fn  the urnranted crossing 

points, a s  discussod above). This schema is probably more expensive than the ocher one, 

but requites sewwhat Leas axtremo optirpisa in the capacity of the accelerator r ing  and :he 

longitudfnal sCacking schema; it a lso  pro-es somevhat bet ter  luminosiey. 

A further var ia t ion  is to  use 5 TeV protons racher chan 20 TeV to nake antiprotons, 

thus reducing the basic cyle tima. The antiprotons a re  now made a t  50 CIV. The anci- 

protons may now be accelerated to 1 TeV a f t e r  every production pulse u s i n g  the same 



accelerator that L used i n  the main proton accoleraclng complex (thw eliminating the 

extra antiproton accelerator). Now a l l  t b  stacking, transversa aa v e l l  as  longitudinal, 

wuld  have t o  taka placo a t  L TaV. 

P. Supmarv 

We have shown that t h u e  are  several schaMs for  producins a proton-curtiprotoo col l i - '  

rion capabili ty by d i rec t  high-ansrgy production of aoeiprotorrs without cooling. The 

a t t a b a b l e  Luduosity appears to  be around cm'2se~-L. 




