
years of cons t ruc t i on , is b e t w e e n 
5 0 0 and 5 5 0 M D M . 

There is a p re l im ina ry e s t i m a t e 
t h a t abou t 4 0 0 peop le w i l l be 
invo lved in t he pro ject . DESY w o u l d 
l ike t o recru i t s o m e 7 0 add i t iona l 
staf f , s ince th is is t he n u m b e r w h i c h 
w o u l d be needed t o ope ra te t he 
add i t iona l fac i l i t ies l o n g - t e r m , and 
cou ld m o v e a l m o s t 2 5 0 peop le of 
t he ex is t ing s ta f f o n t o H E R A if it is 
au thor ized . 

The rema in ing e f fo r t of abou t 
1 0 0 people it is hoped can be f o u n d 
a m o n g s t po ten t ia l users of the 
mach ine f r o m ou ts ide the Labo ra to ­
ry, half w i t h i n t he Federal Republ ic of 
G e r m a n y and hal f e l sewhe re in 
Europe. Spec i f i c c o m p o n e n t s , such 
as the l inac, ion p u m p s y s t e m , etc... 
cou ld be f a r m e d o u t t o o the r Labo ra ­
tor ies , so t h a t the re is no need fo r 
peop le t o m o v e in large n u m b e r s t o 
DESY. 

It is hoped t h a t approva l o f the 

p ro jec t w i l l be f o r t h c o m i n g by m i d -
1 9 8 1 , f o l l o w i n g fu r t he r d iscuss ions 
b o t h inside and ou ts ide G e r m a n y , 
m o r e p ro to t ype w o r k and the p r e p a ­
ra t ion of a f o r m a l p roposa l . If th is 
au tho r i za t i on da te w e r e m e t it w o u l d 
be poss ib le t o br ing the e lec t ron r ing 
in to ac t i on in 1 9 8 6 and the p r o t o n 
r ing ( insta l led above t he e lec t ron 
r ing) t w o years later. 

It is obv ious t h a t s o m e e l ec t r on -
pos i t ron phys ics in t he e lec t ron r ing 
cou ld be possib le du r i ng the t w o 
years pr ior t o c o m p l e t i o n o f t he 
p r o t o n r ing. Howeve r , the re w o u l d 
be a g rea t deal o f mach ine phys ics t o 
be done w i t h the e lec t rons (per fec t ­
ing f eedback sys tems , mas te r i ng the 
po lar iza t ion techn iques) . A l s o the re 
m a y no t be m u c h to be ga ined f r o m 
e lec t ron -pos i t r on phys ics at ener ­
g ies up to 3 0 t o 3 5 GeV w h e n , fo r 
th is , LEP wi l l be able t o exceed t he 
H E R A pa ramete rs . The excep t ions 
m a y be the f i nd ing o f the t o p quark 

and a s t u d y o f the e l e c t r o m a g n e t i c -
w e a k in te r fe rence reg ion. N e v e r t h e ­
less, t he H E R A emphas i s is de f in i te ly 
on e l e c t r o n - p r o t o n phys ics . 

A n ECFA m e e t i n g f o l l o w i n g t h e 
expos i t i on o f t he H E R A pro jec t on 
2 8 M a r c h t o o k a p re l im inary look at 
t he p ro jec t and expressed its g rea t 
in te res t in the phys ics and t he 
m a c h i n e des ign . ECFA has a l w a y s 
s t a t e d t h a t t w o s ign i f i can t p r o j e c t 
are des i rab le in Europe to sus ta in t he 
h igh ene rgy phys ics c o m m u n i t y w i t h 
f r on t - l i ne research fac i l i t ies. The 
ECFA W o r k i n g G r o u p Repor t (des­
c r ibed in t he M a r c h issue, page 1 1 ) 
s h o w e d t h a t f ru i t fu l p r o g r a m m e s 
cou ld be m o u n t e d on bo th LEP and 
H E R A w i t h t he p resen t levels of 
f i nance and m a n p o w e r . H E R A is 
n o w be ing d iscussed in t he Euro­
pean h igh energy phys ics c o m m u ­
n i ty pr ior t o f o r m u l a t i n g an ECFA 
r e c o m m e n d a t i o n at i ts m e e t i n g 
schedu led f o r 9 May . 

Protons in a spin 
Sca t te r i ng e x p e r i m e n t s us ing po lar ­
ized b e a m s are a po ten t ia l l y r ich 
source of de ta i led i n f o r m a t i o n on 
par t ic le in te rac t ions . The s w a n - s o n g 
o f t he A r g o n n e Ze ro Grad ien t 
S y n c h r o t r o n be fore it shu t d o w n last 
year w a s the acce le ra t ion o f po lar ­
ized p ro ton b e a m s t o G e V energ ies . 
Exper imen ts w i t h t hese b e a m s 
y ie lded a ser ies of u n e x p e c t e d 
resul ts (see fo r examp le O c t o b e r 
issue 1 9 7 8 , page 3 4 7 and N o v e m ­
ber issue 1 9 7 9 , page 3 5 1 ) and th is 
success has p r o m p t e d B r o o k h a v e n 
and Fermi lab t o launch po lar ized 
p r o t o n b e a m p r o g r a m m e s fo r the 
near fu tu re . 

A f t e r s o m e th ree years o f s tudy , 
des ign and eva lua t ion , B r o o k h a v e n 
and the U S A D e p a r t m e n t of Energy 

have agreed on a p lan t o m o d i f y t he 
3 3 G e V A l t e rna t i ng Grad ien t S y n ­
c h r o t r o n t o a l l o w the acce le ra t ion o f 
po lar ized p ro tons . Because o f 
ISABELLE ' s heavy m a n p o w e r d e ­
m a n d s , phys ic is ts f r o m A r g o n n e , 
B rookhaven , M i ch igan , Rice and 
Ya le w i l l co l labora te in o r d e r t o m a k e 
these mod i f i ca t i ons . 

In s o m e sense the A G S polar ized 
b e a m pro jec t began at t he 1 9 7 7 
A n n A r b o r W o r k s h o p (see D e c e m ­
ber 1 9 7 7 issue, page 4 1 8 ) w h i c h 
c o n c l u d e d t h a t it m i g h t be poss ib le 
t o j u m p depo lar iz ing resonances at 
s t r o n g f o c u s i n g synch ro t rons . The 
1 9 7 8 B rookhaven S u m m e r S t u d y 
inves t iga ted in deta i l t he poss ib i l i ty 
o f po lar ized p ro ton acce le ra t ion in 
t he A G S and p roduced t he 'P re l im i ­

nary Des ign S t u d y and Cost Est i ­
m a t e ' . 

For t he pas t e igh teen m o n t h s the 
techn ica l feas ib i l i ty and overa l l i m ­
pac t o f t he p ro jec t have been ca re ­
fu l ly eva lua ted by B rookhaven . A l ­
t h o u g h the pro jec t has m a n y t e c h n i ­
cal ly cha l l eng ing p rob lems it ap ­
pears t h a t by 1 9 8 3 the A G S shou ld 
be able t o acce lera te abou t 1 0 1 1 

polar ized p r o t o n s / p u l s e to 2 6 GeV 
w i t h a po lar iza t ion of abou t 6 0 per 
cent . 

M u c h o f t he phys ics e n t h u s i a s m 
fo r po lar ized p ro tons c a m e f r o m the 
resu l ts at t h e A r g o n n e Z G S . Large 
and u n e x p e c t e d sp in -sp in f o r ces in 
h igh t ransverse m o m e n t u m p r o t o n -
p ro ton e last ic sca t te r i ng w e r e d is ­
cove red by t he M i c h i g a n / A r g o n n e 



g r o u p and these f o r ces m a y st i l l be 
g r o w i n g at the m a x i m u m t ransve rse 
m o m e n t u m va lues avai lab le at t he 

G S - 5 G e V 2 . Th is is no t u n d e r s t o o d 
tn t e r m s o f the genera l l y a c c e p t e d 
ve rs ion o f q u a n t u m c h r o m o d y n a m -
ics t h e o r y ( t hough the re are a l t e rna ­
t i ve ideas in l ine w i t h t he resu l ts , 
p r o p o s e d by a f e w peop le such as 
G. Prepara ta and J . So f fe r at CERN) . 
T h u s it s e e m e d i m p o r t a n t t o e x t e n d 
t he s t u d y o f sp in e f fec ts t o t h e A G S 
w h e r e va lues o f 1 0 t o 15 G e V 2 

cou ld be reached . S t u d y i n g these 
sp in -sp in fo rces shou ld he lp in 
u n d e r s t a n d i n g t he d i rec t q u a r k -
q u a r k i n te rac t i on . 

A l t h o u g h no p roposa ls are ye t 
be ing cons ide red f o r t h e po la r ized 
b e a m , severa l expe r imen ta l g r o u p s 
are a l ready s ta r t i ng t o p lan po la r ized 
b e a m p r o g r a m m e s . In f a c t a p r o p o ­
sal by a M i c h i g a n / A r g o n n e / 
B r o o k h a v e n / C o p e n h a g e n / M i a m i 
co l l abo ra t i on t o s t u d y sp in e f fec ts 

w i t h a conven t i ona l b e a m and a 
po la r ized t a r g e t has been a p p r o v e d , 
w h i l e a B r o o k h a v e n / M i n n e s o t a 
g r o u p is p ropos ing t o measu re large 
t r ansve rse m o m e n t u m elast ic sca t ­
te r i ng . The Ya le and M a s s a c h u s e t t s 
g r o u p s are each gear ing up the i r 
po la r ized p r o t o n ta rge ts , and t h e 
M i c h i g a n and Rice po lar ized t a r g e t s 
b o t h s e e m t o be m o v i n g e a s t w a r d . 

The b igges t p r o b l e m in acce le ra t ­
ing po la r i zed p r o t o n s at t he A G S w i l l 
be to m a n o e u v r e the p r o t o n b e a m 
t h r o u g h depo la r i z ing resonances 
w i t h o u t los ing all t he po la r i za t ion . 
U n f o r t u n a t e l y , t hese resonances are 
a b o u t t e n t i m e s w o r s e at the s t r o n g 
f o c u s i n g A G S t h a n at t he w e a k 
f o c u s i n g Z G S . Never the less t he 
s a m e t y p e o f resonance j u m p i n g 
s c h e m e w i l l be used and shou ld be 
success fu l , acco rd ing to depo la r i za ­
t i o n expe r t s such as E.D. Couran t . 

One o f t h e m o s t cha l l eng ing t e c h ­
nical p r o b l e m s w i l l be t o deve lop t he 

Layout of the Alternating Gradient 
Synchrotron at Brookhaven showing the 
major modifications that must be made to 
allow acceleration of polarized protons. It 
is hoped that a programme of polarized 
beam experiments will be possible from 
1983. 

pu lsed q u a d r u p o l e m a g n e t s requ i red 
t o j u m p t h r o u g h t h e e igh t ' in t r ins ic ' 
depo la r i za t i on resonances . The re 
w i l l be t w e l v e o f t hese quad rupo les , 
each w i t h a 1 | is r ise t i m e , c o m p a r e d 
t o t h e t w o Z G S quad rupo les , w i t h 
1 0 \is r ise t i m e s . The A G S q u a d r u ­
po les w i l l be c o n s t r u c t e d o f fe r r i te by 
M i c h i g a n , w h i l e B r o o k h a v e n w i l l 
c o n s t r u c t t h e 2 5 kV, 3 kA p o w e r 
supp l ies and A r g o n n e w i l l aid in t h e 
s y s t e m ' s des ign . 

T h e o the r m a j o r p r o b l e m is t h e 
po la r ized ion source . W h i l e t he 
1 0 0 j a A Z G S po lar ized p r o t o n ion 
sou rce cou ld be used , it w o u l d g ive 
an in tens i t y o f on ly a b o u t 2 x 1 0 1 0 

po lar ized p r o t o n s / p u l s e . A nega t i ve 
h y d r o g e n ion po lar ized sou rce is 
p re fe r red s ince t he A G S in jec t ion 
s y s t e m w i l l be c h a n g e d t o nega t i ve 
ions w i t h i n t h e nex t yea r ; A r g o n n e is 
c o n s t r u c t i n g s u c h a source t o g ive 
1 0 t o 1 0 0 | iA w i t h Ya le a id ing in i ts 
de ta i l ed des ign . Th is source shou ld 
resu l t in acce le ra ted b e a m in tens i ­
t ies o f a b o u t 3 x 1 0 1 0 t o 3 x 1 0 1 1 

po lar ized p r o t o n s / p u l s e . A r g o n n e 
and B r o o k h a v e n w i l l co l labora te on 
t he m o d i f i c a t i o n o f t he p reacce le ra -
t o r d o m e t o house the po lar ized ion 
sou rce . 

The ' i m p e r f e c t i o n ' depo la r i z ing 
resonances w i l l be avo ided us ing 
9 6 co r rec t i on d ipo le m a g n e t s a l ­
ready in t he A G S . These requ i re n e w 
p o w e r supp l ies w i t h c o m p u t e r c o n ­
t ro l t o p r o d u c e t h e necessary har­
m o n i c s t o m iss 4 7 d i f fe ren t r eson ­
ances . Th is s y s t e m w i l l be c o n ­
s t r u c t e d by B r o o k h a v e n w i t h so f t ­
w a r e a id f r o m Rice and M i c h i g a n . 

V a r i o u s p o l a r i m e t e r s m u s t be c o n ­
s t r u c t e d t o s t u d y depo la r i za t ion 
e f fec ts and t o m e a s u r e t he f ina l 
b e a m po la r i za t ion . These m e a s u r e ­
m e n t s requ i re ve ry c lose c o - o p e r a ­
t i on b e t w e e n acce le ra to r phys ic i s ts 
and e x p e r i m e n t e r s . A 2 0 0 M e V p o -
la r imeter , w h i c h is be ing bui l t a t 
Rice, w i l l m e a s u r e the le f t - r igh t 



a s y m m e t r y in p r o t o n - c a r b o n sca t ­
te r ing at the end of the l inac. M i c h i ­
gan is bu i ld ing an in ternal po la r i -
meter , to m o n i t o r t he po lar izat ion 
du r ing acce lera t ion , and a h igh 
energy po lar imeter , w h i c h w i l l g ive 
an abso lu te m e a s u r e m e n t o f the 
po lar izat ion by s tudy ing p r o t o n -
p ro ton elast ic sca t te r i ng f r o m a 
hyd rogen target . 

W h i l e all t he h a r d w a r e w o r k fo r 
the next f e w years w i l l concen t ra te 
on polar ized p ro tons fo r research at 
the A G S , it is hard t o f o rge t t ha t 
a round 1 9 8 6 the A G S w i l l b e c o m e 
the in jector fo r ISABELLE. Ernie 
Couran t has been s tudy ing the 
acce le ra t ion o f po lar ized p ro tons t o 
4 0 0 GeV in ISABELLE us ing the 
'S iber ian Snake ' s c h e m e . Th is novel 
idea fo r hand l ing depo la r iza t ion be ­
c o m e s easier as t he energy in ­
creases and, if it real ly w o r k s , the late 
1 9 8 0 s m igh t see exc i t ing s tud ies of 
sp in -sp in e f fec ts at co l l is ion ener­
gies o f up t o 4 0 0 GeV per b e a m . 

Fer mi lab: Polarized proton beam 

In N o v e m b e r 1 9 7 9 , approva l w a s 
g iven t o deve lop a po lar ized p ro ton 
b e a m at the Fermi lab 4 0 0 GeV 
synch ro t ron . Opera t ion is expec ted 
a round 1 9 8 3 open ing the w a y t o 
th is f ru i t fu l app roach t o phys ics at 
hundreds of GeV. Co l labora to rs in 
th is e f for t inc lude A r g o n n e , Fe rm i ­
lab, LAPP, Kyo to , Berke ley, Rice and 
the I tal ian INFN. 

The polar ized b e a m fac i l i t y w i l l be 
a jo in t pro jec t b e t w e e n A r g o n n e and 
the Fermi lab M e s o n D e p a r t m e n t . 
A r g o n n e w i l l have respons ib i l i t y fo r 
m o s t of t he techn ica l c o m p o n e n t s 
and wi l l cons t ruc t s ix teen n e w 
supe rconduc t i ng quadrupo les fo r 
the beaml ine . Conven t iona l d ipo les, 
f o rmer l y used at t he Z G S , w i l l be 
s h i m m e d and reused. Fermi lab w i l l 
be responsib le fo r the conven t i ona l 
cons t ruc t i on and fo r a n e w exper i ­

men ta l area bui l t as an ex tens ion of 
the M e s o n A rea . 

The par i ty -v io la t ing decay of 
l ambdas or an t i l ambdas w i l l be used 
to p roduce the polar ized p ro tons or 
an t ip ro tons . The b e a m wi l l cover an 
energy range f r o m abou t 5 0 t o 
3 5 0 G e V w i t h e i ther 4 0 0 or 
1 0 0 0 GeV pr imary p ro tons . W i t h 
s o m e rea r rangemen t it cou ld w o r k at 
8 0 per cent of the h ighes t p r imary 
m o m e n t u m avai lable f r o m the T e v a -
t ron . The average t ransverse p ro ton 
po lar izat ion at 2 5 0 GeV w i l l be 
abou t 4 5 per cent fo r an in tens i ty o f 
over 1 0 7 po lar ized p ro tons per spil l 
(us ing 3 x 1 0 1 2 p r imary p ro tons at 
4 0 0 GeV) . The in tens i ty per pulse 
w i l l be h igher w h e n the Teva t ron is in 
opera t ion . The Teva t ron w i l l a lso 
m a k e avai lable f luxes o f over 1 0 6 

polar ized an t ip ro tons at energ ies up 
t o 2 5 0 GeV. 

There wi l l be t w o basic m o d e s 
of opera t ion , one us ing the h igh 
m o m e n t u m end po in t of t he l a m b d a 
p roduc t i on s p e c t r u m and the o the r 
us ing a cor re la t ion b e t w e e n po la r i ­
za t ion and pos i t ion at a focus . The 
po lar izat ion can be reversed at shor t 
in terva ls and any d i rec t ion o f po la r i ­
za t ion can be ob ta ined at the exper i ­
m e n t by us ing a so-ca l led magne t i c 
sp in p recess ion snake. 

The polar ized b e a m fac i l i ty can be 
used to carry ou t an in tens ive 
p r o g r a m m e of expe r imen ts on spin 
e f fec ts in the p r o t o n - p r o t o n and 
p r o t o n - a n t i p r o t o n s y s t e m , up t o t he 
l im i t o f Fermi lab energies. It w i l l be a 
na tura l ex tens ion o f the p r o g r a m m e 
of h igh energy s c a t t e r i n g carr ied on 
at the Z G S . 

The f i rs t exper iment , a f ter the 
pa rame te rs of the b e a m have been 
es tab l ished, m a y be a s tudy of sp in 
e f fec ts at h igh t ransverse m o m e n ­
t u m by de tec t i ng neut ra l p ions 
p r o d u c e d us ing a t ransverse ly po lar ­
ized b e a m sca t te r ing f r o m a l iquid 
h y d r o g e n target . 

These m e a s u r e m e n t s cou ld t h e n 
be f o l l o w e d up us ing bo th a l ong i t u ­
d inal ly po lar ized b e a m and a po lar ­
ized ta rge t t o look at in te rac t ions 
b e t w e e n t he f u n d a m e n t a l c o n s t i ­
t u e n t s of t he p ro ton . Later exper i ­
m e n t s m i g h t measure a s y m m e t r i e s 
in je t p roduc t i on at large t ransverse 
m o m e n t u m . A n o t h e r f i r s t - round ex­
pe r imen t cou ld be the s tudy of t he 
sp in dependence o f t he rise of t he 
p r o t o n - p r o t o n to ta l c ross -sec t ion at 
h igh energ ies. Exper iments cou ld 
also be done t o help unders tand the 
e n h a n c e d par t ic le p roduc t i on f r o m 
nuc lear ta rge ts . Exper iments have 
also been d iscussed t o s t udy p r o ­
duc t i on o f p ions, d i - m u o n s and 
s t range par t ic les. 

M e a n w h i l e o ther exper imen ts us ­
ing po lar ized ta rge ts have p rov ided 
i m p o r t a n t ev idence fo r apprec iab le 
sp in e f fec ts a t h igh energy. S tud ies 
at bo th CERN and Fermi lab s h o w 
tha t t he po lar izat ion pa rame te r 
(wh i ch descr ibes the spin e f fec ts in 
p r o t o n - p r o t o n sca t te r ing) changes 
s ign t w i c e w i t h increas ing m o m e n ­
t u m t ransfer , hav ing an apprec iab le 
pos i t ive va lue in the region of t h 
second m a x i m u m in the e las t i c 
d i f ferent ia l c ross-sec t ion (2 G e V 2 

squared m o m e n t u m t ransfer ) . 


