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S U P P L E M E N T S  

Spi .  l ' l l '~ 'c l  s in Iligh-l '~ Elastic Seal I , , , r i n g '  

A. I). IGis,'h 

l{;,n.h)l l l,;,l)t)rah)ry . f  I"hyslcs. l t . iver.. ; i ty ()f Midf igau  
A,m . \ r l .u ' .  Michi.u:m ISII)!) i|2(1 l ISA 

l{('c,'nl ,.Xl),.rim,.~fls f,)und hu',~,(' un(.Xl),'ch'd spin fi)rm.s in hlgh-P~_ l)rohm-l))~fltm elnstir  s, 'aH,.rin~ hy ~q;,~_, a 
l-)!ariz( 'd l)r-h)t.  (')rg('! nnd s,)m(.)imcs ;) l.)hu-ized pro ton  l)enm. If l),)th l .Ot()ns m(" U. l ) .huiz , ,d  then (me c:ut -u iy  
IIIpasllrp time dilfprelfl i:)1 ,.In.rl ic 4"r().,rs:-soclioll. If ell her the I . . am ()r Ih," InrK,.f is sl)in-l.)lariz,.d th,.n ,mr. rnn n. 'nsm~. 
Ih(' ()li('-Sl)il) i)nrnlneh.r A. whid l  is cnlh,d Ilu, ;m;d:,'zi)lg I-)wer ,)~ th(" left l ight  as;ymmelry. If 1.)lh Hl~" | . ' r im : ~ d  
| h ( '  I-'11"~,~4"[ ;If'l" l" 'hn'iz( 'd then ,)he cnn measure  two Spill q)mnli l i rs  such ;)s A . . .  lh¢" spin Spill ('))ll('|;)ti/)l! l)ar;mt~,|,.;. 
l~(,ca]l lhal. A . .  l )a r ;m. 'h iz ( ' s  lh(. Sl);.n-Sl)h~ forc(, while A measures II . .  Sl)in-orlfil f()rre. 

I ,,','ill l,,'~im, the d iscuss i . ,  o[  .~l',iu ,r't|'ecls in proton- 

pr(flc, n scatle~iug;, h.y ih::-;l rwciw, vin.u; U. l - , la r iz . 'd  

l)r,tfl,.,lt i)r(f lon scalt,rr ing. Fig. 1 sh.v,,-s .11 high e i . . rgy 

p]ot(:,n-pr,)l(n~ el;)sl:i,v scalh.r inK ,h,ta pl,,fl.h'.d a~nir, st a 

~c;:lt,d P~ v;,ri;,hh.: lh(, ph)l is a l . )u l  14 .v,';u's ,,hl ~. Tiff.'< 

vat ia ld, '  r,.moxes m,)sl ()f Ih(" energy dependence which 

is somet im('s ,'ailed Ihp sh,i ,d,: i ,~g ,,f Ihe , l i t i i 'acl ion I . ' a k .  

In lh," small  ["~ , l i l [~; . ' l i (m i . ' nk  I ] . '  en(.r~;y dr l . ' t .h ' ] . ' , t "  

is h f l a l l y  el lnf innh'd. The d i f f racthm i . 'ak  mea.~ures the 

ouh.r  size c,[ t1.' l',],fl,vr~l; F , .u i , ' r  h'a't~sfc, rmhLe; l l . .  ,p- IIIl"j_ 

slul',,p .~i.:,rs a.. ouh.r slz,r, o[ ah, oul 1 fermi. "]'hi,'; ngr,.,t..'-: 

with fh," l l'('.)fi clmi~(' )ndius . ,easuv(,d 1)y l | ()fsla, lh.r  

i1~ ('h'clr(q)-I)rt,tt)n sc;lll.('llll°~ ('Xl)t'lilllPllls. AI lll('dilllll 

I)~ Ih('r(" is some c()ml)lpx h,.hnvi,,r whi,'h disalH-' ;)rs 

al.)v(,  al)()ul. 10ll (h,V. At hl.u,h m,')~:" t l . ' t e  is jus t  a 

sharl)  d ip  n) Ih(' end ,)[ Iht. dill 'racli()n peak fi)lh)w('d I).v 

a e]. 'r~y-h~,h' l)VUd(' . l  I;~rK(' !)/ c()nq.)nent.  Pn.~mHnl,ly 

this h.,'k,'-l)-[ hmd-.,<c;)l h.rlu~ C~)lltl)t)llvllt is I h(" ditl'r;,'- 

l i()l l  S('llllt'lill,L~ (hl(' I ()  )h(" l)i,)l()u's co)tsl~l).'nfs. 113" 

D)mi( ' r  I rnnsf . rmin~  II . .  lav~:. P~ sl,)l-" , ) f , '  ) : . l ' j .  ,))),. 

lin, ls n size ~>t' al,(),fl 1/3 .,f ;. t'~'~mi. This is 11.' , 'hat; ." 

l , ~ ' l i s l i ( '  ."-:ix(" I l l ; ~ l  i s  S( ' l ' l l  V' , ' ] I ( ' l l  t l v t )  , l ' ( ) l l . " ; t i | l l ( ' l l | S  . ' - ; t ' ; l t t~"l ;  

l i f ts 1/3 I; 'rmi lU(Jml, ly , ' .n la i~s h . l h  11.' conslit.w.nl,q" 

hf l r ins ic siz,. a l . I  l l . .  r 'm~c of I I . . i r  intvr; . ' t i~m. 
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Fi<. 2 P¢)larized mid mH),)|arized p-|) elastic scat t , ' r ing.  

Nmv t will turn t,) spin physics. Fig. 2 shows the 

p-p elastic ('r(~s section again l)h)l |ed against  ih(" s('nh'd 

P i "  The  2800 G,'V-' mq)~)lariz,'d data- '  from the CERN 

ISR wa~ just  shm,'n lit Fig. 1. The  sl)in-l)c)hirized d a t a  

is fl ') l l t  ,)IH 12 G('\" Argt)mte ZGS exl)('rim('nts :l. Whal 

does Ibis data show'/ tn the smal l -P  i dilt 'ractioll i,(,ak, 

)hp |)l '~flolls al) i )ar( , l f l |¥ do  It()| i l l l l d l  car(" r'll)()llt I | lch '  

ell~'l'~" ~)I" l | l ( ' i l  Spill sl'ate: all tl,," da ta  l)()ints fall on top 

()f each o)l,(.r . Thus in the diffracti,)n peak th(, two 

])l*)toltS just  sca t te r  off ('ach other  and tlt(" geomet ry  of 

their  I f,'zmi outvr s!;:,,, is (hmfinant,  Tiler(" are also some 

l,)w energy spin effects at medium-P  i ,  but tl,(, whoh, 

m( 'dimn P l  reg;i,m disal)l)pars a t  high energy. 

Ther(.fi)r(,, I will ¢-()ll(-('llhat," ()11 the large-P~ hard-  

seat~erhL¢ ,('gion. N,)fi,'e Ihat  the sh)l)(. ()f tit(" sl)in- 

p}u,,lh'[ c r ,~s-sed lou  at  12 G('V is exact ly  th,, same as 

the sltq)e at  2800 GeV 2. However, when the spins nre an- 

til)aralh'! the 1),'havi()r is w'ry different: Che ('ross-s(.t-(i()u 

just  keq)s dr(,l)l)i,,g. This  was r, m, mt surl)risiug result  

wh(.n xxa, first f(mnd it in 1977. In simple laugua~e: the 

prohm:~ apl)e;u to have violent c()llisions only  when they  

are sl)imling in the same direct ion;  when t h o y  spiu in 

, ,pl)-si te  d i . . c t i . n s  t l . ' y  semn t , ) j u s t  l)aSs th rough  each 

oHwr. T h e  f iwtor - f  four difference I . . twven the two 

.~lfin cross-sect ions was to ta l ly  unexl)ee ted .  This  largo 

spin efl'~,et caused c(mt'usitm fi)r lwoph ' who believed iu 

Perturlmtive Quantum Chromodynamics, since it seems 

imp()ssil)h, h) get hlrg*' spin effects fi'om PQCD ahme. 

Tw,, . [ - m "  re . s t  d is t inguished collenp.;ues bo th  made  

the snm(" comment  al)¢)ut this  resul t  a f te r  s , 'mi:mrs in the 

Fall of 1977. Professor  Bethe at  Copenhagen  and  Pro-  

fi'ss()r W(,i.skopf a t  CERN both  said a p p r o x i m a t e l y  " It 

h)t)ks w,ry in t ( ' r e s t i ,g  tha t  y()u have such a larg(, spiu 

effe('), l)ul h(,fore you ( ' b r i m ) h a ( i )  is a higl . -P i hnrd- 

s( 'at ter ing elf('('i you sl ,ouhl u,)l(' t ha t  a t  your  ( 'umgy 

nero 12 G( ' \ '  the  sl)in (,ff(,('l only g(,ts large near  90°..,. 

S,) l),'rhal)S it is not  real ly a. la,rge-P i lmrd - s r a t t e r ing  

effect, but  inst(,ad some partich" iden t i ty  effect which 

is ,).dy iml)()rt;mt n( 'ar 90°.,, "'. One  (h)esn' t  l ight ly di.~- 

miss  t h e  ¢'OlllllR'll|,s ¢)f t w o  s1ldl  ( ' l l lh l0nt  .~('i('ntist,~; indeed 

th(,r(, was al)par(,nt]y lIO W;ly t() ~IIl.'4~,V('I" thei r  ques t ion  

i h(,()r(,tically. Therefor(,,  w(, decided to  ins tead  answer it 

exl)( ' r im('nhdly hy doing an exl)er imont  ) where  w(, hehl 

fix,'d th,, scat t.(,rhlg angle  at  exac t ly  90,?.. and  var ied the  

hwhh'ut ('m'rgy. In Fig. 3 the tad()  ()f the  spin-l)aralh,l  

p+p--  p+p 
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Fig. 3 Ratio ()f sl)hl-1)m-aH(,l t() sl)in-nntil);iral[(,! l)-i ) 

('lastic ('r()ss-s(,('ti()ns l)h)((e(I ag;ihlst P~L for fixed energy 

;llld ~Xt'tl all~I(" ('Xl)Pl'iltwlltS. 
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t.o sltin--'mtil)nr;dh'] eros: s,.,'li, m is l) loth 'd ngninst P l  

fiw bo th  ,'xlwrimcnts, There  nr~" ch.nrly ditt;'l~'nc~'s nt 

th,. Iow-P i points  which corrcsl,Ond to e l . ' r g i . s  1..low 

1 G¢.V. But  above 1.,5 (G~'V/c)" .  the two sets of dn t a  

fsdl ~.xndly on top  of (.~,ch o t l . . r .  This  shows di rec t ly  

tha t  this  m.'XlWCt,,'d spin , 'tt '~'ct is n l n rge-P~L hmd-  

scn t tc r ing  Ht'~,cl. 11 is clearly n - I  ~, 90,°,,, Hfi.cl. h,.c;tus,. 

th<" nwdi~uu-P] p, fiuts wh,'r~. Ih,. gpiu eti'cct is smnll  :~r," 

. i .st  as m,wh at 90°,,, as th," larg, ' -P i p.inCs wl . . i , '  it is 

h,,g,'. 
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(GeVIc) 

? 
_ . . . .  l I t l  ~ I \ / ,  , . / 

/ _  . , ,  / ,, 
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Fi~. 4 Thre~" din,~'z~si,,nal plot  . f  p p cl;,stic A . . .  

Th,' hig]| ,.lt,'rgy p-p elast ic  spin-spin dnta  n r e  c o n t -  

pih 'd  in t i t , "  3-din . 'ns i ,  mM Fip_;. 4. The spin-spin lmrnm - 

el .or  A,,,, is p l o t h ' d  naainst t i t , "  incid,.nt ]!l'1111~r'11|11111 ;lql,[ 

ag;,inst P i '  Noti, 'c lirst the 90~,,, fix,.,I-;,ngl- d;,tn and  

th , "  12 GcV fix,'d cn, ' rgy dat; , ,  which w,'r+' h . t h  s l . ,wn  

in Fi~. 3. Also sl:,,wn is a f i  C'<'V Cxlwrim,'nl by our 

g roup  ;,Itd n 3 G,'V CXlWri,u,'nt 1,y h;tb~sawa s p4t,.q,. 

Our r,.,'cn| 16.5 and 18.5 AGS &,ta :,1,' a l s -  sh<,wu ~. 

Noli,'¢' lha t  al  , 'ach fix,'d ,a.'rgy tlwr, '  is a lwaking 

ncnr 90°,. .  T i . '  h,vel h, which it lwaks chm~g,.s 1,.l  Ihcrc 

is ~, l,e:l].: I : ' ; ,r 9{},?,,, a t  , 'ach ,,was, u'vd , 'u, ' t~y.  Whil , '  

B,'I hv rHi,l Vf,,iskol)f 'Wt'I'P ll'If c, qnl~lt'h']3- ~',,I'I','I'I ill t lwir 

cot,,','Ins ql.mt 9(|~,,, Imztich • id,'ntily ,~ff,.cts. p,*lh.l~ 

tl.'y w~'r,, par t ly  c, wr,,,*t. M,n,' ~,.n,.rnlly F]~. 4 ~~'I 

t;,inly d.,.s t.,t supp.rt th,. l..Ib,f |hat spin ~,ll'~,cts will 

diSnpl.'ar nt higl.'r ~'z,,'r~y m,.! lfi~;hcr Pi" 
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Fig. .5  A . .  p!olh'd against  Phi, for O0,°m p-p  .~cnttcring. 

Sin,'," 90°,,, is ~'lcarly a s | . .c ia l  l- , i l , t  fi,r the P I '  sy.~- 

lcm. I prclmrcd F i g . . 5  whid] is ;1 sumnmry  of the lw- 

h;,vior ¢,f A,,. ;,! 90°,,,. I holier,, lhis  pl,,t c,,nfrfil,.~ all 

9(1°,,, &,h, flora tl ." low~'sl ~a-'rgy to  H." high,~t  cn.r~y. 

1 (J~h,in,'d lit,. 1,,w,., ,.lll ',~y drl|;i fr**n: r; t;d,,tlnii,,n ,ff 

Pr,,f,.ss,,r Ih,<.l.-rli. Th," h)wcst m , m . ' n / m n  corr,'sl.mds 

1o ;,I.~ut ll) hh 'V kin,.lic ,.nf.rgy nnfl Ih+. ntamitmlm is 

llw sin,- '  12 G+'V <lnta s l . ,wn in Figs. 3 m . I  4. W h a t  

<h,:.s Fig. .5 sh,~w about  th<" Iwhavior of spin-sl>in ,'[- 

fi.cls? At w r y  low <'n+'rgy. A,,,, nl~tsl It,' 1 b~-cmtsc ,,f 

ki.,.m+,lics. Tl . 'n  A .... tis,.s v+.ry ralfidlv t .  + 1. N+.x/ 

, ] . ' r , '  is sore,..~1 rH<'t ltt,, ilt llt," "diharyon'" r,-~ion; l. ' :hal~S 

lifts s h u c h u , ,  is ,hu" t .  d iharyons or I. 'rhnl)S it is dlw to 

s,m." thrcsh,,hl  ,.IG.ct. Aflcr  that  A,,,, ,h , ,ps  rapidly n~'ar 

3 G,'\'/c: it is t l . ' n  ,',,ml~h't,'ly flat unti i  a l . m t  S Gt.V/c 

wh,'rc A,,,, ngaln grows rnpidly. S ,m . '  |l..orists in lch . l  

in~ Bl,,,Isky'; and  Tyur in  z think th;,t A,,. may . sd | l a t , -  

;,t hi~,l.'r ,.ner~;.v. 
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I ~vaH n~,w ~utn ~, "~t~ , 'Xl , , ' thn~'nr wh ich  us,.d n~-ith,'~ 

~, l~ola~i:~'d l , , 'am n,,~i n p, da~i:~'d t : I t ~ ' l .  Jill| is qU.il, '  im  

p~,~:~atl ~ birth ,,n~'r~v sp in  physics.  T h e  exp~' t lmenl~ ' r - :  

~,.asuz~.d "~ lhe p , , D ~ z ; ~ l l . n  o f  the  in, luslv~,ly p r , . h w , , d  

] i l l l l ] )di ls .  w h e l p  S=';ltt~'l ' lil~ ;I high ~'ll('l'~y pl~,t~,t~ h v ; , I n  

[to'~1 t , i ihl , l-  ii pl~lt¢ll i  ~',~ll~,l,t ~ti .h Ilill'il'.hl" |.;ll.~,t'l su,'h its 

B,.~yllhuu. ,,] hy c,,lli,lhm; I,r~,h,n h, . ; ,ms al ~lt,. ISR. ' lh ,"  

m~'~ut~'ol ]amhd~ l - , Imiznt ion i~ ,pills, hug~, ;,s sh,,wn in 

F ~ .  G. The" d;~sl.i,'d l ine ,',~II~'sp,~llds t , ,  th, .  r i dh , . r  ~'x- 

l~'n'~h'e ,Inl'a ;d 4{HI G , ' V  f r o m  F, '~n l i l .h .  Th," 4(10 ( ; , . V  

h,'hav~,u is l~i~st ,',~,'np;u,'d wilh s~un," 12 ( h ' \ :  dnt'~ fi~lu 

. f  th," 4i l l )  ( h ' \ "  curv~'. N~'xl t~d~" tha l  ~h," ISR , l ; , i ; ,  ;,t 

21Hill ('~.\" h,'hav,'~, hl,'n~i,';dly. Fi.u,. (1 ~lt.ws that th,'~," 

_11/, ',vhi,'h nl,- i~ ;~,~ in,'lusiv,. A p, ,h ,~ i : :~t i , ,u  , , f  ; ,b,,ut ) " 

pi';~lS t~ 1~" t o t n l l y  h ldp l lp l~d, ' l l l  o1" ~'l|erl.kx" fr,~ll l 12 G, .V  

I, ,  4111l ( h . V  to 2{l{}{l ( ; , 'V .  '[h~" l , , ' l i , ' f  tha l  .~l,iu , ' l |; 'cts w i l l  

di~nl,l.';n" nt hi.,_.'hc~ , 'n, '~.y i,- ce~lninly not SUl~p.rt.d I~y 

this da l i l .  

P~ (GeV/c) 
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Fi~. (; h~,'hish',..\ l - ,hui / : , t i , ,n nt ,lilF,.r,.nt ,'z,,'~i,.s. 

! will n,,w ,lis,',~-..~ ; ,n e x p , ' r i l l l p l l l  that  w,' ,lid ;,hn,~st 

l,x" : , : , ' i , le i , |  w i l i l , ,  d, ,v , , l ,qf in~ lh, ,  l . d~u ized  pmt ,~n l . , nn l  

;,t ~'1~,' Bl, , , , ldt; , ' , 'ei l  A G S :  w," did this h,w 1,ri-rity ~'x- 

p, ' l in, , ' l l t  l,;ut]:." t,~ i~.~t - n r  p,,l;u'iz~'d plot~ni  t;tr.n.vt ; , l id  

sp¢','tl~lll,'t, 'l, l, Vt' ,lid l lot  pXpvct ];ll,~,' ,U~,'-sl,in ,'tl,', 'ts 

• 24  GeV CERN 
= 28  GeV AGS 
• This Exper. 

3 1 
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I , I * I • 
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F'i~,. T l'l,,t ~,l' A vs P i -  

I..,-;ul~.~, mo~;! II . .orists thou,~hl tha t  A w . u ld  Iw zvro. 

Th, 'v '.;,i,l Ill;it. whih. th,,y mi~lil ,lot ,u~d,'r..;land tilt. 

l;uu,,. Lxx-,~ Slfin vt|~.cls from th," Z(',q. lhey '~urt.ly . - u l d  

un, l,a~.tnnd ,,l,,. "qfin .tt;.cts. P(,~('I) Iwedich.d th;H A 

mn~.l I~,. z, 'm: fm,h,'lmt~r,,, lifts lW,'diclh~n sh,~.hl I..- 

, , ,u,,.  m,, , , ,  l~.linl,h. ;,t hi~,h,-r , . , . ' r~,y m ,d  .1 ln,~;,'r P~L" 

l_tsiti.~, , , i l l  lh , .n  sl; l l ,p ()[ lh , .  ;it!  high i n l , ' l l s i t y  I~ohu "- 

i/~',l I;ue: ' l .  x','," tils! contirmed stm~. 1,,w to med ium P l  

( 'ERN/()xf~,rd dntn :,I 2t  G - \ ' .  ns s h . w n  in Fig. 7. W~. 

n,'x! nlox~.d c,ut Io l;u~er P i "  w]..l,.  P Q ( ' D  p red ic l i . n s  

s l , - ,d , l  I . "  h c l t , ' l :  w," ins le ; id  f , ,u l ld "  t h a t  A w; is  In,~vins4 

r;,pidly ;,w;,v t'r,,in i h .  i,lv, lici'it~u of A = O. This  rather  

];,r~:" spil, ,.tI~,cl nplmrvntly e;msps some lw. ldems ftw 

P(] ( 'D nnd  I- ' th; ,ps fi~r (.~('D in gc.nernl. S~;np th,,~v 

ri-.ts 1.,I,,,v,. Ih:,t - u r  ,1,.r~,.v nnd P-~ ; n .  h.~ low 1. 1,p 

-I" int,'t,'~.l to  I'(~('1): if t l . , . ,  this s~.ems :, fu]l,1;~mt'nt;d 

w,';,kn,,ss . f  Iq~( 'D.  
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This  spin ell'e,'t is h,r~,'r 'h~,~ :i tony f i ,s l  al,l,oar. 

Noti,'t" tha i  whih" A rea('lt( s olt lv  ;Ih,,lll 9(1'~,. Ihv s,';lt 

h'tiXLg to the left. is a l . m t  ~l)'g, n.~no luolmlJ~, thnn  the 

s,t'~| l~.rillg t.o the right, as showu onn t1.. al./all sca[o. "l'hi:; 

spin ell'oct is acl.ually e v e n  ]~ll'gOl'.~ ItO|i('(' lha t  A is givoln 

1,y 

A _= a l l  - a l l  + a l l  - n i l  = a l l  - - n i l  

a l l + a l l  t a l l  + a l l  a l l  | all  t al l  ~, all 

where lhe two arrows in ai.i rvf,'n' r , 'Sl- 'coivdy 1o qh," 

beam and tango! l .dmiznl icms.  The  second equal i ly  ,,f 

t l , '  , ',luaq],m c,m~es flot,: r,,t-,!i,m-:! ):,variant," t,f sire,',. 

which st.;llos tlnnt a l l  111ulst. 1)(" equal Io a I I; this cq,u,l- 

it v does not. require lmrity or tithe reversal invnuin,. 'o.  

Thus  there arv Ollly two aii ill ll," 1111111Ol~lt~tl'. bu! ft)ur 

aij ill (']l(' d('ll ,)lllill; , lor; |.ht, l'O.,-;llllillg ratio ~,f _'2 tt, 4 v, ivvs 

a simple t.llt't)l'q'llt : 

I f  A, , .  = O. t l . ' n  lit(" n m x i n i m n  value of  A is n, fl 

100% hill ~()%. 

Tl toreforo,  f iw l i ug  an A of  mort ,  than 2(i% is ~eally ra ther  

siA~;nifica]ll. To Im mouo quant.itativc" assllntl~" t ha t  there 

ar," no spin spin ef|'~.cls so that  A,,,, is z,.r~. Thotl a nvsult 

of A = 20% corr,,sptmds to a ratio of  a l l  : a l l  - _'2.33. 

This  is certaitdy a large spin effect; indeed spiu appt.ars 

h) 1., ,I,,m n. *i,,g lit,. ,tr~mv~ hd,,'ll;-qi,~ln ;d, largo P~L" 

Thus .  there apln 'ared t.o ln" lm~c uneXlWCt~'d spiu ,.f 

G'cts al hi~h-P i .  Most lhoorist.s t.h~mgh! i.hat theso spin 

effect:; should n - |  exist; Ihcy could not explain| them 

and  oli'erod no clear guidance alcott, how t o nndelst . :md 

{]l( ' l l l .  ~( ' i lL~ , 'XpPl ' i ln( ' l t | . (TS w o  tr ied h )  i l l l l ) r o v o  {)ill illl- 

denstandiuig 1, 3" extondiulg~ Ill(" l';lllg(" ( , f  (,Ill" l ) ; l l ; l l l t t ' l , ' rs .~ 

wo mud, I ~ ,  eil her to hi~hor onorgy or 1o h~rg,'r P i "  Sudl  

oxhunsions w.u ld  certainly I,o c~,nslstent wilh the basic 

scionlilic l~rinciph • of h,arning t ru lh  by explorin~ and  oh- 

s,,]*x-i]l~ nat.ure. Un[,~rlm~at.('ly. wc could u,,t g~, t,, hi~h,'r 

energy al  the AGS: lit,, t imxinmm avai lnblo eno]gy wns 

ahont  28 G¢'\ r. 

Aflor nmwh di.~cussion nnd  though|  we ch,cidcd to 

IIIII1X( ' ;F Itlll ' l 'h hlgJn'r 't 'llOt'gV tllOll.'gt!.lX'lltoIlt Of A i l t  p + p  --~ 

p I p nl the nvw | I N K  accdq.t '~t.t which i~ ~ , °  l~'h~. 

bui l t  al l " l~ lv i l , ,~ nl,'al M,bn¢,~u,-. I~NI(. ~]t, mld (itsl ,~|~.1 ~ 

:,h, ]nh, in 199:{ ;el 400 G,'V and ~ml NEPTI !N  A ,°~I 

I;,1.wa|i,m is al ,pn,vvd t -  do  the' thst ~'xt,.rhnrll~; UNI~. 

later will oi,~latV ;it 3 T,.V. P,.rhalr. s~mt~, th~'~a~.li*'i'uts 

amy h,.li,.v,, that 4iff) (h.V and 3 "I;,V nr, • still mu0'h h ~  

l, nv h~ I.' mtq, lvnt ing.  ~'e,wpv,*t the,to wi l l  I , ,  n~ ; i~n i f  

h-iml|y hi~h,.~ en , .~y  im~hm lu,~t-n f;,'ili~h'.~ ,l,-~n~h,~ 

on this p]m,,l  uutil  the q'nd of the contuty. 

1 will now hn,,,tiy d,.~cfih,, thb, UNI( ,.Xl,,nim,,l~t 

whi,-h is calh,d N E P T U N A .  The parti, ' i lmut~ in 

N E P T I ; N  A m,': 

(). V. Buymn,,v. V.V. ( 'hmak, ,v .  ( ) .A.  (,1:, 'h~v. 

V.N. ( i t )shin.  V.A. K: . ' lmn, ,v .  V.Yu. l'ih,,ty~,'v. 

Yu.M. Mvlnik. A.P. M,.s,'h;min. V.V. M,,dml,,v. 

S.B. Nmush, 'v .  D T  Pntahtkl,n. A.F. Prudk,~lynd.  

V.V. Rykalin. V.L. S,h}vim,ov, M.N. Ukhnw,v, 

A.N. Vasiliev. ;m,I A. E. Yakutin:  I I I E P .  

V.V. Fimuslnkin, V.G. Luppov. M. Merlin,. 

Yu.l,:. l ' i l i l , ,a ,k- .  V.V. Shutov: J I N R .  

V. A. Anfcr,,v, R. Bni-d.  J.A. Bywarer.  D.G. ('ral,l~. 

D.A. ( ' rawh' l l .  CAl.  ( 'hu.  Yn.S. Dcrh , 'nc ; .  

W A. !~.,ufman,. A.D.  Kris,'h. A.M.3-. Li t ,  

D.(' .  Pe;,sh'e. R.A. Pholps. R.S. Raym,,nd.  

D.P. S h . w m t .  J.A. St ew:~rt. B .S  v:m Guilder.  and 

V.K. Won~; M I C H I G A N .  

I , .G .  Rntnm:  B N L .  

G.R. ( ' . u r t .  D. Kle lq . , ' r .  A. Yu; M I T .  

The UNE f: . ' i l i ty is ,4~,,wn in Fi~. S with the con- 

MltWl io l l  s ln l t ts  n l . l n h ' d  h~ ;l])t)l l l  Sepl, vnl l )er 1990: the 

U N K  l t t tmol  is now a l . n l t  95°~, f inished. Our  N E P T U N  

A exper iment  w i l l  I . .  in t ] . .  SS 3 ,'ave. which is now 

])p]II~ ct~lls|t-lff'h,d .~0 Il l 1,elOw ~,rom.I.  Th is  cave in ht 

a nice wo, , ,h ,d  n r , , a :  i l l lrot ' tull l ;d,~' ly,  il  i~ 1 ] knn f r .m tit," 

70 G,'V illjOcfor nlld |h(" i.owIt of  Pr, ,tviw,.  Notice that 

11 km is a railtps l(mg distance: one ,'au ~1(~ l-nKer ju,,t 

walk [I('I'()SS; ; I  I'O()lll | .0 , ' h y d e  (h,"  4"Xl)"lil l lOll[- 
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UNK $TATI~ f~l:r lq~O ~ ~ to.mE I~ ~ 

Fig. 8 Di~w,'nml - f  UNK sh,wing the p.siti~m ,ff N E P T U N A .  

A rr . ( ' inl  comptmeut of this NEPTUN-A experimt'nt 

is the p.lnrize~! gas jol wlfich pl~duces Slfin-l.dariz('d 

at . role hy&~gen by using n ver b- high t idd  inagnet. We 

:row have a Pl~t. t .vpe Gas Jet w.rking in Aml Arlmr. l! 

u ~  a 7.6 T lnagnet It, t rap the spin polarized hydrogen 

;ltolllS ill ¢)lle spin strata, ((he high-f idd-~ 'kPrs) .  S()lll~" 

213 GHz nficn~waves then spiu-flip the attnns, turning 

them i l d ,  I.w-tiehl-seekers whit'h then eumrKe as an ex- 

trnet~! l~ealll, r~Vt" u~- n sextul)ole to focus the beam. 

Tiffs Pi~)t , type .h't alremly Ires an in |easi ly  . f  well ah.w" 

10 I~; atoms per .,~'e. X~q- are m,w building thP Mink II 

P. lar ized Gas Jet which we plan to install ns au iuternal  

jet  t;,rgq't in the UNK ring. 

VG* will detect lnrge-P~ Plastic a.nd inehtsive ewuRs 

IlSillg a. 5~ lllCter recoil  Sl)~,ctrOllleLer with focus ing  

quadrttpt~lPs ~nd |)eliding lll~tgllOtS; it has a large solid 

;lllgll" ;tlld lisps rnther small scintillator h .doscopes  ~lll([ 

wire d taml . ' r s .  We Idan to ~d~tain a monlentmn res . lu-  

t i . n  . f  a h . u t  4-0.1~g, by using a 12 ° vertical bend. Th," 

Sl~eOr.meh'r is shown in Fig. 9. We hope to obta in  

SOllle 4110 GeV NEPTUN-A data in about  two years. 

/ 

0 10 ZO 30 40 60m 

Fig. 9 The NEPTUN-A exi,,rin,,nt: h,p view. 
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The  . !  her p.ssilfil i ty fin , ' x t - , . l i n g  our  high-P~_ one- 

Sl)in iil(.ilSllll.ilit.lit.s W~lS |.o go t() high,'r t,l'~'lilSVt'l'S(" lliO- 

mt'li |lltll ;1lid 1,igh{'r l)rf'cision, lit smmnar iz ing  n. conf,.r- 

(,ncv. lny fri(.nd Willi Etnc.I),'rli It, tinted ,)ut |,hnt. our  er- 

rors w('l(" fnirly lnrgo nt  h igh-P~.  He said c,)rrectly t|m). 

w0 had only 7, G,w it, tints Ihnl we,r,. 2.5 t,) 3 s tnndnrd  

(h ,via t i .ns  f i . m  th," A = 0 l)r~'dicti()n of PQCD.  Whih.  

it nl)l), 'ar,'d rnthor unlikc,ly, our  n,)n-zcro A could I)e a. 

statist.toni fhwtuntit)n. If it was n stalisti , 'M Ihwtunti ,)n,  

n serious l)rol)l,'m G)r P Q C D  w.u h l  disnl)l),'nr. 

Wo thus  decided to 1,uihl n ll('w l)olnrizcd l)rot,)n 

tnrg, ' t  with a highor cooling pow,.r, so tha t  we c,mld use 

a high~'r I . ' a m  intensity. Th, n w," . ' ,mid s tudy high,'r P~. 

and ob l . in  I . ' t ter  pr,.cision. Rocnll t.h;tt, t.l,,' l .dmiznl i , ,n 

of imrti, 'h,s with mngnc t i ,  ni, mwnl. i t is giv,'n I,y 

P = h t . b  \ k T / "  

Bvcnuso of |ho ]~l'{~|{)ll'S smnll  mngn,.|,ic lllOlil('lit,, this 

s iniph'  bru to  G~rcc t,,chniquo giv,.s ;~ rnt]it 'r low p{dnrizn 

t i . n  of o n l y l / 3 ' ~  nt n nmgl,,.tic fivld, B, - f  2.5 T and  a 

t t .mpornturo,  T. of 0.5 K. Fortunnt, . ly,  m ,mn d  1955 Pr - -  

h.ssors JclG'ri,.s nnd  A1)rngani inv, 'nt , 'd Dyn;mfic Nuch'm" 

Polnriznt ion.  Thoy first, nol.cd I hn|, nn ,.h,ctron's p- lnr-  

izai ion at 2.5 T ,rod l).5 I( is mot," thnn  99% I..cnus," ,ff 

it.s lal'g," I t ;  lhoy ll('xt. 1)r~q.~scd uSillg 7(1 GHz micr.wnv, 's  

|,() tl~tilsf,'r this big:" vh,ct ron l~,)l;tliZ;i.|,ion tO n , ' n rby  1)1"o - 

t . n s .  D N P  nllows prol.on l~ol;trizatioliS of  up  to  75% ill ;I 

fnirly in tcnso  I,o;un. W~' hnd used such t h e  eVal. , rnt ion 

rvhigor;dor  t.nrN'i,s hi, 0.5 K fro' runny y, ' . rs  t .  ol~|,nin Ih,, 

results shown in Figs. 9 3. 4, nnd  7. Our best, tnrg,,L 

lind n l . , u t  140 m W  - f  , ' . . l i n g  l~OWCi '. A [',,w y, 'ars ngo, 

wc ¢h.sign,,d n IIOW |;li'g"[ with a cooling i~ow,'r of ;l]~,}tl~ 

1 X~," by vvnporat iug IHo n| 1 K. 

hi  us ing tl." rn,l,hor ,'Onll~lox Dynamic Nuch'nr Po- 

lar iznl ion tocl,ni,luO wo t,h,.Ight, thnt  if one do,dd,'s the 

teml~ornl,uo, on, '  should nlso double thv field to keep 

, ' ,ms|nnt. | / . '  qumll.it,v I ,B/ I , 'T .  X'V,' hop~.d t/me this al- 

,.-i.,1 would k,,o I, |.lw prot,on i.dariznLirm blirly high. 

We tlwr,.fore ohtnin, .d a n,,w ()xf-rd I n s t r u n w m s  su- 

I . , r c -nduc t ing  nmgn,. t  which olwrnts..s at 5 T with a 

g, . -1  uniGum field r,'gi,,n. W; buil t  at Michig;,n a v,-r- 

ticnl SHe cr.wmt.t; this was m{mtly ,h.-sigiwd IL~, Gha;ff 

(kmrt .  We conncct , 'd  the ~'~',mtat to large R~a~.r bhm'er 

lmmps  wl~id, gave abou t  1 W . f  c, mling at  1 K. Tlw 

tnrg{,t ranter{hi wns radiati ,m-d, qwd nmnumin .  We uss~l 

a 140 GHz micrownv," .~.u'c," of 20 W to tr;msfi-r tl~- 

electron I.J;u'iz;~ti.n to th," hydrogen l~t'otcnls. Tin" t~'w 

P P T  is shown in Fig. 10; il work~-d un,,xlw,'t, .dly w,.ll It. 

It, not  only gave the  d, .'sir,'d 1 W of c , .d ing  IX~tver; it al..~J 

gay|- n to t . l ly  mwxp,,cl, ed 96% l)ro|,on l~olnrizati, m. 

q ~ , ~  140 GHz Microwaves 

I iLi 
c0ils 

To 6000 m3/hr 
Pump 

Superc0nductir~ 

Fig. I{} Th," n,.w 5 T nt 1 K Polarized P r . t , , n  Targ,'t.  

t|ow,.w.," w~" go t . . f f  to n lind stnrt .  ~ ;"  iirst tried a 

c.nx-~'ntionni ;,lcoh-I I:mt,'rial in Ih,- I;,rg,'t: xw" tliottglit 

thnt  this alcoll.I w .uh l  give" higher polnrizal ion thnn  mn- 

moni;~, ns ill the' ,d,I targ,-t. At, ttw . l d  , - , , , . l i t i . . s  ,,f 

2.5 T nt 0.5 K Ih,. a l c . h . l  g.v," n 75%-80'7,, I ,r-t , ,n i ' "  

] a r i z . l i . n  whiG' alnlltOlli;t g;Iw" ,,nly 45 50%. In tl." . , 'w  

5 T n! 1 K t..rg,.t, th,. ; J c . h . I  gilx-,, only . i . . t t  1(}'~, !" '  

b , r iza l i .n ;  this s,.cm{.d l,; I." a dis.sh.r .  W~" w,.r,, quit,. 

,'¢)ll('eiliOd ;lilt)It|. th," ,'Xl)ensiw" new .5 T talgt . t :  i , ' rh ;q)s  

sore," sul,tl, ' l . O l - ' r l y  ,,f DNP was ml,king it fail. Th, 'n  

wc l,Ut in t ram,  rain nwl  it w.rk, 'd I. .autifidly. 
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With lllllll|tllli~'l ',,Vt" ~l~|i~illcd ,~l lll~.IXillliilll l,l~,iOll I~O - 

i:lriznti~m t,f 9t;'~f, in Imth spin  s tntes  as sh.x~al ill Fig. 

i 1, Dltri l lg n 3 lltlt,llt|l A G S  trill wi th  a hcillll i l l t t ' i l s i ty  o f  

i~xx,r 2- i l l  i i pl'~lttllS l~r'r pll lse till tilt" t i l lgr t ,  tilt" ;tV~'l'ilgcd 

l~d. ' lfizathm was about  SStX, including ;dl of tile spin  n -  

XX'l-,-~lls axl¢'~ difticullh's.  W i t h  t , t r  old -9.5 T ill 11.,5 K 

tl l l ' I t ' l ,  lilt" l ,olnrizntion with  nllllllOlli;I ~xnlld t 'Vl'lllunlly 

reach Mrmt  ~l~;,f hut  lilt" rise l ime wns qui te  slim,. W i t h  

tilt- nt'w t;irget I hc i . da r i za t i on  n,,~e very quickly to  ~°6% 

os .-~htm'll. Tht- ut,w lltl'gt't is n ' ; l l ly it nlllch I,t ,ttcr tmg(.t;  

the, l~)Iarizatitm is ~,d~oul I.wict" its Ime.e ;Uld it has nllout  

.'~'vt'n timt-s tilt. ct~,l;._qg powt.r of  tilt. ,dd I ; l l ' [ t ' ( .  

m - "  ' ' ' " ' " ' . q  

f 
qt,mml~l • • • • • • • • • 

4 
flit III 

20 ~ • 5TIIK 
PT(V~) ~ • 2.STI0.5K 

-'100~" tJmtmmm • • • • • • • • • • • • • 

- - ' £ '   'io" 
T~ne (min) 

Wc then instMlcd this target  in our  S l ,ec t romcter  a t  

tile AGS as shown ill Fig. 12, T h e  s p c c t r o m c t e r  had  

h c n d i n g  li l i l /~llets ill bo th  the  forward ;,rlll nnd till. recoil  

I l l ' I l l :  bo th  i l r n l s  l , ] s t l  ctmtMncd sciut i l la t i tn l  C O l l l l t o r  ho-  

dcJscopes. Because  ot" tilt" x-cry high bCillll in le l ts i ty  our  

('xp('rilll(qlt W;I,~ su r rounded  by tlu't~, l l l t , t ( ' l~  Of t ' l ) l l l ' l 'e to 

shicMing: the  t . t M  hl l l l i l lOSi ty  WilS wl,ll Micro 10 :l'~ st ,e-I  

q ' l l 1 - 2 .  ~V{" i l l F , ( )  iushdled  t w o  f l l l ' l lSi l lg  t l l l i ld l l l l ) l ) | ( 'S  i l l  i l l l r  

.~llcc(ronlPter. These  qumlrupol l ' s  inclx,ased ou r  cveltt  

rah" Ily ;i f;,ctor of l lh l loSt  9; t l :cy a l~ ,  ga.xn, us "g4)llll' i'x- 

perit'nct" wi lh  S l ) o c t r o l l l e t c r  quildrul,t lh.s i l l  l ) rc lmrat ion 

f - r  Ollr UNK t'XllCl'iln~'llt. Till" COlicrt'tc shieldil lg kt,pt 

Us frt~nl lynching lnrp_;er P~ :  we could  t ic,  e;lsily lllOVe 

tilt- l~'Ctlil i ,  r l l l  I l l  S l l l ; I . l l l w  ~lllg|t'.'-; Of till" forwilrd l l r l l l  t o  

];i.l~cr i l l lg | t 'S.  To l'(~.lt'h lllrgl'r P i*  wt, I,hl't'efol'e h l shdh 'd  

;' : : l ; Igl l t ' t  whid l  bent  tilt" incidont bl•;llll by  3 ° tO tilt '  h,ft 

.iusl ht,ftlie it, h i ts  till" t;llXPt. Th is  3 ° I icnd Mlowt,d ItS 

h,  roaril  sonlowlmt Inl'gor P~  whore tho rcct~il il.llg]O is 

smMh'r and lho forw;ird iutgh" is lmgor;  l ids  Iio1.1 was 

equivnh,nt It, ro tn t ing  bo th  Sl ,cctrometor  a r lus  by 3 ° It, 

tilt, righl.  XVc nlno did careflll  Imckground mllll, rac t i tms 

nlld ,,lilt'l" tes ts  ri'll t.0 ill.~,lro tirol wt' ll~.l ~l {'It•~lll vblstic 

sic;m,1. 

Fi,~. II Pl~,ton l.,lariz;di,,n ph,ltvd a(;,iusl micr, m':Ivt. 

i t r ; . i i ; , l iol l  lintc. 

Fly,. 12 T h -  i m l u . v e d  d ; i s l i r  .~lwctr, m, , Ibr  iu flit, 2 t  GoV I . 'mn.  
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\ \ ' i l  h I Jl,'~l' i l l i l l l l IV { ' l iU" l i l~ ,  t l i l l '  r x l l i ' l i l l l r l l t  l l ' ; i~ I l i l i l ' ] l  

h~ ' l l l ' l  l h l i l l  i l , , l , l l l . .  Jli [ ' i l l - I .  Ih , .  d ; i l l i  i ' i l l l l l ,  in  l i l l l l l l l  1~ 

I i l i i~'~ fl l .~hT w h i d l  l i i l i d r  Jill i ' l l~ l l l l l ln l~  dill ', 'r,'uc~.. T I . "  

i i ( 'w d l i l l i  I I  i,~ l l lo l i . l 'd  i l l  Fi~, 13 a l ( l i i~  w i l h  Ih l .  ~ 'a l lh ' r  

d l i l ; i  ' l. N(, I i , - , "  lJ l ; i l  Ji l l ,  l i ( 'w  i l i l l l l  ]lll.~ I i i . ' r  I,iil,~: In l l  i 'V¢'l l  

w i l h  I li~'.~l' I i l i l ' l  hhi~ Ilia" el rlli',~ i l l , .  l y l l i , ' l i l l y  i l i r , ' r  l iill,',~ 

Sl l in l l l . r  l h i i u  hi.I 'd.i,. ( ) i u  l i l l '¢ i .~ ' ili.W "-).i t h . V  i I ; l l l i  i l~ l l , i .  

w h h  Ih,.  i . ; l lJ i l . r  7~ (i1,%" d l i l i i .  'l'li~" i l l , iv i l l l l l l  i ' , , i i : l h i l y  

Co l ; i l l i l l  l h l l l .  Ji l l  I' I ' ,,lli,~li," ,~, ' l l lh , i i l i~  Il l l i i~ l i  I 1" ih , .  

l l i i r  ,~l,hl ; , i l l i iVZ i l i~  I . ~ w . r  ..% is I lOl l  Zl'l 'O ; , l i d  J i i l ~ ' .  

l i  l l l l l v  .~r,'ili,~ l i iO ,~ l . . l l l l k , ' l . v  I h l i t  I1." l i l l l i -Z l ' l ' l l  A i l l  

hil4h i l ~  w i l l  d iSa lq . .n r  Jl(.l'illl,~l. i i  i.~ li .~lnli,~li, ' ; i l  th . "  

l i i ; i l i~ l l l :  .~l.l~.rii| dl i l . l i  i- i i l i l . ,~ i l l l "  ,~iX I o  ~'i141il ,~ l ; i l ld l i l l l  

c l l ' v l l l t i l , l i  r l ' ( l l l l  7('1"(I. " l 'h l . r l .  i l i lXv .~¢'('111~ I , i  l l ( .  li c l l . ; i r  
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