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Ih , "  I ; l i 'K, ' i  ; i n  l , . l i l i i z ¢ , l  t l . ' i i  l l l i ( ,  i ' i i i l  l i . ' ; i ~ l l l ~ "  I . I I ' . . l l h i  q l i l l l i l i l i , ~  ~ l l l ' | l  l i .M /~ . . .  Ih , "  .~l, i l l  ~ l i h l  ¢ . l l , . l l l t i l l l l  l l i i l i i l i l , , . l l . i .  
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l l l . t . l i  ~¢ ; l th ' ih l~ .  h v |h.~l Ir ' , ' i i .~ri l iK l l l l l . l l ; i r iz~'~l  
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l i i  t h -  .~i i i l l l l  l l ~  , l i l l ' i ; . ' l i . l i  i . ' ; i k  I1 . ,  (.liil.r~%" d q . , i i , l l ' l l , ' , .  

it< I . l . l l y  d i l i i h u l t ~ . , I .  ' l ' h l .  , l i t l ' i ' . ¢ t . l l l  I l l ' i l k  l l l l . l lS i l l l ' s  i h , .  

t . l h ' r  ~i;~l' . f  ih , '  l l l  l l h . I ;  I ' ] .11 i , ' r  t l ; l l i~l ' , l l  I i i i11~ i l . "  . ' -  I " l ' l  

d . l - "  ~h','~ ; i l i  I t l l h l  ~ i l ' "  n f  ; i l . l l l l  I r l . l l l l i .  "l 'hi~ li~.lt't".~ 

w i i h  i h , .  I I '~,i i l i i  , 'hil l,~,,, i ; i i l i l l :~  iii~,.;l:~lll-ll.d I w  11,4r~ i . , l i , ' l  

i l l  ~ ' l , ' , ' l l - l i  l l l , l l - - l l  ~ ¢ ; i l h l i l i l t  r X l - ' l i l l . ' l l l ~ .  .kil I I . ' + l i l l l i i  

l l~  l h , ' i , "  i~ '-:( i l l ." ,',l i l l l>l,'.~: I . ' h . r i . I  w l l i , ' h  , l i ~ . l l l - ' ; l l ~ .  

; l l . l l ( "  ; l l . . l l  l l i l i  f ; , ' l t  ". A i  l l i~.ll + ' l . ' l ~ : "  I1 . '1¢  i'~ j l l ~ t  ;i 

~.h;ll l l , l ip  ; i l  I 1 . '  " l i d  , , I  l h , .  , l i l [ l ; . i i l , l l  i . , l t k  f . l l , ,~r , . , l  I,$" 

lhi'~ h, l~, '  P /  l i ; , l , I  ~ l ' ; l l l l ' l i l l ~  ¢ l l l l l I . I l l l  III i~ I1"" ' l i l l ' l ; " "  

l i . l i  ~ . , ' ; l lh ' l i l le ,  ,h i , "  I , I  I1."  I , i - t . i i " ~  , ' . l i ' . t i l l . ' l i i . ~ .  iI.~- 

r i l l l l i , . i ,  i I  ; l l l :~l ' l l l l l l i l i ,L~ i l l ,"  I'I'I.V | l  i s l " l " "  4 ,  ' i ",1']. , i l l , '  

I h . l s  ;i ~-il,' ill" ; l l . . i l  I1:1 ,,r li I~.l l i l i .  Th i s  is i l l , .  , 'h: l l ; . "  

i , , l i> i i , "  .d/.," t h ; l l  is " . l l ' l i  w h , ' l i  hv ,  t r . l i s l i l l . ' l i l ~  ~ r i l l h ' l .  

ilii~. I / : l  r, l l i l i  I . - h ; i h l y  , ' . i l l a h l ' -  h . i h  I1 . .  ¢ . l l . d i l l l , . l i l f  

i i i l i h i d , '  . . i / , ,  ; , i l , I  Ih , .  i ; l i l ; , . , ,  . f  l h d i  h i i , . l l i c l i . i l .  
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Fig. 2 Polmiz('d ;,1111 Unl)olariz,'d 11-1 ) ,.Ins,it. s( 'nttl.ri .g. 

Now I will turn  to spin phys;;cs. Fig. 2 shows th," 

11-1 ~ clasti< cross s,'ction agni'~ plotl~'d against  the scal,.d 

Pa t. The 2800 G,'V 2 unpoh')rizcd data" from lit)" CERN 

ISR was just  shown in Fig. 1. Tit," sifin-polnrizcd datn 

is i r .m  our 12 G~'V Argonne ZGS eXl . ' r in . ' n t s  :1. What  

do,,s this data show? In tit,. snmll-P~ dilfim-li~m p,,ak, 

| l i t '  [), 'OtOIlS ;ll)l);I,'Plllly do ,1111, llIIU']I I"~'1,',' about t i , , i r  

,'|l,'lg)" .,1 tlwir spin st;de; all tl," dntn poillt:; hdl ,)il t,,p 

of cnch otlwr . Thus i,i the ,;iffraction lwnk II11, two 

l~,otollS just  scqtt,,r off o~wh ot i , , r  ;hid II1,' geoln,,try of 

tlu,ir 1 h'rlni i}ltt~t'l s!z0 is d~lltill;tllt. The11, nr,. ;dso ~plml(' 

low ¢'llot'gy sifin cffccts at medium-Pat,  I111t t.ll~" whole 

nwdi~uu P '  region disnl~l,,ms at high cn~,tgy. 

Tl..rcfi,rc, 1 will (t',lllCl,lltl;it,. ' I l l  t i l l '  largc.-P~ 11;,111- 

scath,ril~g rl'gion. Notic,. that lit,' slope of th,, spin- 

lmr,.ll~.l cross-s,,clion ~1t 12 GI.V is exactly t l , -  sam,. as 

tit,' slop,, at 2800 GeV; .  Howcv,'r, wlwu the. spins a,'l- ml- 

til)malh'l 111," l),,havil)r ix v~,ry diffcwnt: the" ('ross-re,t-,ion 

just  k,','l)S dr,)l)l)ing. This  wns n most Sntl)risil)g r(.sldt 

whet, wo first found it in 1977. It, sitnplt" langunge: Ill," 

.:~,.~ .... ~ ...... ~ i~.. ,~i~,~ ~:~.,, ,.]]~,'<.~i-',:=_,.: ',':i-,-'~:.- "- ~]~:'~ ~.'-i:-'~ i~ 

l l t ~ l l ' l "  I llq* I~I111111" Ib~" ~dllll" , l l ,  . . . . . . . . . . . . . . . . . . . . . .  t . ! , ! [ ~ , ! - ~ , l . u o  ]).,,.iW.#..,,l,. fh,, | W t ;  

Sp i l l  #'I 'OSS-S{'C|iOIIS ~.V;IN | o | ~ l l l y  l l l l{ 'X]}l ' ( ' t , l 'd .  T h i s  ]; l | '~l" 

SlfiU ~'ffcc! caus, 'd coufushn~ for l . .oph, xvho I+~.]icvod in 

Pc rhu lml ivc  Q u a n t u m  Chromodvnamics ,  since it . ~ ' m s  

iml,ossil)h, to g,.t larg,' sl)il, ,.tFccts from PQCD ah)m.. 

Twl) of ,mr ntos! ,list ing)fisl , 'd colh'ngu,~ both  made  

t ]l(' S; ' t l l ' "  ('1)11'111"11| ;tl)o(tt (,Ills result afh.r S,,llmi!!;tI'.'-; ili |.hlY 

Fall ,,f 1977. Prof,.ssor Dell." a! COlw,lhag,,11 a,ld Pro- 

f(.s.~or W(,isk,,pf ;~t CERN bolh  said a i ) l ) roxin . t tdy " I! 

hx,ks v,,ly ilttcrcstill~; I.Ii;)1 you haw" such a ];ugh' sl)in 
• - i t  clrccl, but I),,f(,rc you clain, lha! it is a l n g h l  ~t hard- 

~';lt.t~'l"itlg ,.ffl.ct 3"o)1 should 11o11. that  at  3"1}111' i'lll'rg..v 

ne~lr 1_'2 GvV tiw spit, ~.ffcct only gl'ts larg," n~.ar 911o,,,. 

So I,,'rl,~q)s it is n,,! really a larg,,-P~ hmd-s~'; , th.ring 

ctt'(,ct. I,u! inst.,.ml mnue lmrticb • ida.hilly vffc¢t which 

is only inll~o,lant u~';,r 90~,,,'. Ono d,X'slft li~,htly di,~- 

/tits,.4 tlw ¢o1111111.111 s of two such ,'t,titwI11 scit.nlists; ind)~'d 

tht ' le was alq);,rcntly I,o way to answ¢.r their qm.stiou 

ih,',n).t ic:dly. T l . . r c f i . c ,  w,, ,h,cid,,d h) insh,~.l n,lswer it. 

CXlll.riulcntall.v I)y do i . g  an eXl),'rin.'nt t whl.t,, wc h)'hl 

fix,'d t.lw scat h. t ing nngh, at  exactly 90,0,,, i)11,1 vm'il'd th," 

inc idc , t  cnt're.y. In Fig. .3  H," rat io of t l , .  slfin-p;,ra]h'l 

p+p-.- p+p 

4 • 11.75 GeV/c 

' ' ,1 
t 

, 

, t , 1 ) I i I s I 
I 2 3 4 S 6 

p~(c.~)" 
Fig. 3 Ratio ,,f sl)in-lmralh.l t,) Slfin-nntilmrall,.I I'-P 

elastic cl~,~4-s,'ctiolts plot h 'd agah|sl  P~L hll• fix,'d et . ,rgy 

and [ix,'d ;!ilg]¢' i'Xl),'tJlllPIl|S. 
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,",,~: b~.'-fi,+ rxb~.iTn_.,+.m~. Ti.~.~: , n~':, < . i . ~ I )  ,iii!7._.:~-.-_<-<,.: ~,.f 

1 ~ I , ~ "  ~ I I I  ; i !~ i l ' i "  I.,~ I ( :~*V#, - }  7. I l ia. iV,'. ~*i~, , , f  , laH* 

fa i l  , ' xm ' t l y  l l l i  I , I  !' ,*f ,'~,,'ll , l lhc r .  "l'lii.~ .~liliw..i dh~' , ' l ly  

t l i l l t  t i i i~  l u i c × l - ' c h ' d  ~ l lh i  ~,tr,.cl i~ l i  I ; l l l4,. I !~  l i l i i , I  

~ci i t t l . l - i l i l l7 i,tl'l..,cl, l i  i~ i , l l . ; i r l y  I . i1  i l  ~l l?l i, , ' t f l 'c i .  l l~ 'cn l l~"  

t1 . "  l i i ~ 'd l l l l n  l l~  l l l l i l l l . " i  ,,vh+.r,, I l l , '  ~ l ih l  ~.tl,.i.l i.~ s i l u l l l  Ji l l  ° 

j i i s t  i is l i i i i c h  ; i t  ~)ll?lii i l~ ih l .  i l i r l~, '-P~ l l ,  l h i l s  w l i l r l l  ° i l  i~ 

l l l iK~'.  

I ~ ,~i 4 ill wi 

P i l . . 1  Tills'+" dini, 'n~i~>li;i! pl , , i  , , f  1' I '  , ' l i,,~lir A,,,,. 

T i l l "  l i i l l i  i r l l l , l~V l l - l l  , ' i l i~i i ," ~l l i l l  ~l lhi  i I ; l l ; i  ill~," i ' , l l l l  

I , ib.d i l l  the, 3-di l i i l . l i . . , i i ,  l l l l l l  Pi~. 1. T l u "  .".: l lhi.~ll i l i  l l l l r i l l i i  - 

~'11"1" ,.liill, i~ l i l t , t ied  iil.~ilill~l ih," i l iC i l l , ' l i l  II l, l iUC*l i i l l l i l  a l i d  

ill411ili~l P ~ .  iN~lii,.i. I i r~ i  i l . "  9(),°,,, I i x , ' , l  i l l i l& l l '  , l i i l l i  i * l i l l  

i l l , "  12 ( I t ' V  t i×c , I  I*111'11.~1" d l i l l l ,  w h i r h  w, ' l , "  I . i l h  .~hlll,rl l 

h i  P i~ .  ~. A l ~ t  ~ l u l w i l  i~ i l  (i G, ' l l "  , ' X l . ' l h i l l ' l i l  l l v  l i l l i  

Kl l+l l l l l  , i l l i ,I ;i 3 ( . ' V  I~'Xll~' l i l i l¢' l l l  l IV ~l'llk, l~ii lV;,~: l.~l,J, i l l l .  

( ) i l l "  i ' l '¢' l ' i i t  ll~.Pl i l l i l l  10..~ A ( ' S  d l i l i l  J i l l .  ;11~ii ~ h i l w i l " .  

N l l l i l - t .  l h i i t  I l l  i . i i ,-I i t l x rd  , ' l l l r lK l '  I h i ' r , .  i~ i i l i ,  l ' i lki l i l ,~ 

l i l ' ; i l  011~iil. T l i , "  I~'v,.I l -  w h i c h  i i  I . ' l l l ~  I ' l l i l l i lAl '~ h i l l  I1. '1, '  

i~ ;i l l , ' l l k  l i l ' ; i l '  .I)ll,°ll I n l  , ' l l ch  I l l l ' i l~ l l l~ ' l l  I ' i l¢'l l~V. t lV l i i l , '  

B l ' l h l "  l l i i d  W,'isl~,,pf w , ' . '  i i l l l  C l l l i l l t I ,Mt ' l y  , ' , l l i l ' c l  i l l  i h ,* i l  

i i i n i i~  ~i~..~ ,i~',i ~ i i l l l . l l i  ih,," i . ' i i , ' f  l i l~ l l  ~ l i i l i  ,'1i,',*t ~. wi l l  

. . . . . .  i~1 . . . . . .  h l~ l l ; ' i  i ' i i i ' i i~% . . . . .  i i l l ,  Ii i i i l l l l .  I '  "--, i . ] .  

" T ~ l ~ i i ' l l l  ' '  i i i i i ! i l  l I 
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Pi~.. 5 :li.,, l,l,,ll,~l alaill.~l Ill.l, I',,I .i}ll~,,, I* I' ~'iill,'rill~. 

Si., ' ,"  .'}0.°,,, i~ , ' l . 'a i ly  a Sl .~ ' ia l  |~rlilif 5i! fh. '  i '  I '  '~Y~" 

t , .m.  I Im' l , ; , , , ' , i  Fief. 5 w h i c h  i~. ;, .~ i i l l i l i la l ' y  , , f  I l l , "  I~.+ 

l . , v i , ,  , , f  A .... ~,I .~io,,, I l,.'li,'~'," i l , i~ l ' l ' , i  . ' ,., i~,i,,~ a l l  

911,Fi., i'Illl ;i ~I I,III | h,' I, ,ll','~! il.lll'l I~?," |' ' ii If,' llil~ll,'~l , II,'I F-.Y. 

I , , l ,n , iw 'd  f l , , '  l.,w,', , ' , , , I ~  d:, ta l ' l " l l l  ;! i ah , i l a l i , , l l  o [  

lilill'l'<~.,l,I lli.'ll~'lli+ " [ h ,  ° l i iw,l '~i l l l i ) l l l l ' l l l l l l l l  , - i , i x i , . ~ l i , ~ n l , l ~  

I l l  ; t l l l l l l t  i l l  ~ l l . l l "  k i l l , ' i i , "  ,. l l l. ip..v : i l l l l  i l . ,  I i i ; i :%i l l l iUl i  i~ 

th<. ~,.illll,, 12 ( i t%"  i l a i i l  +h, l lVl i  h i  Pi~+. 3 ; i l i , I  .I. I%' l i l l t  

d,,,'+ Pit4J .5 ",lut','," ah , , l l i  Ih+" I . ' l i ; i v i ,> l  , i f  + l , i i l  - l l i i i  ,'f+ 

f , ' , ' i+? ) l i  ~ , ' i v  l ow  Ir l l l ' l l~V. A . l l  IIII1+I It+" I h~+l'ilil>~ ' ~ll 

l i i l , ' l i l i l i i , "~ .  ' l h , ' l l  A,,,, i i ~ ' +  ',','iS + i a l , l + l l v  I , ,  t I .  N , ' x l  

t l i , ' l , '  i~, ~ l l l i , "  + l l i l l ' t i l l l '  i l i  i l . "  '+di lJai v, iti '" i , '~ i , , i i :  p<'l h a l ~  

t l i i ~  +I i  i i , . h l i , ,  i.-. ,h i , .  h i  di l , i l ryo i l<  <,l I~ ' i ha l  + i i  is ,1111 + till 

, '~il l l l" l l i i , '~ , l i , , l , I  ,'11"~'~'1+ A l l c l  t h a i  .,Ill,. , l l l l l i .~ I ; l l l i , l l y  I l l ' l i t  

: l  (:,.', '/,.: i i  i'~ th t ' l l  , 'O l l i l l l , ' t l ' l y  I l i l l  l l l l i i l  i i l .~, l l l  + (;,,%'/,- 
v~'li,+l, ' A i , .  ~ t l ; i i l i  ~ l , l l l '~  l a l l i d l y .  ~ t l l l l l "  l l ic ,  l l l i+t~, h l l d l t d  + 

h iK  i l l , , i l 'd~y"  i l l i l ' l  T . v i l l i l i  7 t h h i k  l l i a t  An l l  I l l l i ,  %° i + , r i l i l i t l '  

;i I l i ip.,hl' i I" l l l ' l t~v. 
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hll' i i lS~ll'~'d ~ |[1~" I tOJ; t l ' iX l l | i l t l l  ('~f t i l l "  i l ~ , ' h l s i v d y  !~l,~d~;, ' , 'd 

]aml,,1;~,-,. whih" Nl"~ll~'T'l'illJP~ fl l i i lAh ( ' l l¢ ' ]~.v ]plnltOl l  he'd.till 

f l O l i l ,  i |  ] l l . r  ;i l ) l o t o n  1~11,~.,¢.1 o1 ;t i i i ic l~.;~r t ; t lK~' l  Sll,-| l ;,s 

IM~y l l imu.  ,,r by c,, l l i , l i .g, p r o h m  I~,.alHS at Ih,. ISII.  "Ih," 

m,,~sur,', l  l ambda l . , la r iza t i . l~  i~ q~fih, larp.,,, as sh,,v,'nl in 

Fi~. 6. T I w  d;,sh,.d l in,. , ' , ,~, '~l- ,n, l~ t, ,  lh,. rath, . r  ,'x- 

tensive , |a la al 41)1) G, 'V fr,,t,~ F,. Im]lal) .  ' l ' l - ' - f IX)  (hA" 

I . ' lnavi , , r  is Ih~t c,)l l i l);,I, ' , l  w j l h  s, ml," 12 G, 'V ,1;m, f l l / l l l  

b:EK:  .~ t i , ' v  I11;11 |h(" !2 (MV ,l :m, p,~hits fall ,,], t,, 1, 

~d" t l l , '  400 (;~'~" cllrv~'. N,'xt Ii,d,~' lh: l l  l ip" I.bl{ ,I;,I;, at 

2000 G, 'V I . 'hav, 's id,'n,li,'~,lly. F'i~. {; sh,,w.~ thai  lh, ' r , '  

iS ;111 itlclllniV~' ,% I, , , I ; l l iz; l l i , , l l  ,,f ;11,,,111 21)'/, v. l l i, 'h a p  

t,, 400 ( M V  Io 2(}00 (MV.  Th,.  b,.l i,.f th;~t .~pin ,.tt;.,'t~ wi l l  

, l is ; , i , l . .ar  at ld,~h,': ,'w'r~..~" i~ ,','n lai~ .v n,,l .~q, lmrh.d hy 

lh is data.  

P~ (GeV/c) 
0 .2 .4 .6 .8 1.0 1.2 1.4 

~ .  I " I " I ' ' I  = '  ' I " l ' I " 

"" " . . . . . C ~ .  ,I00 ~ V  
-.1 " ...~., - ~ -  

:2  p *Be. - .^÷X --  '-~-- - - 
12 GeV x~.5 

:3 

P 
0 ",k. I ' £ ' I ' " "  i ' , . i , 

".2 2000 GeV X-.4 

Fi.~. (; hwhn~iv,' A I . , ] ; , l iz ; , t i , ,n  ;,t ,li";.r,'~=t , '~.',~i,.~. 

I wi l l  w ,w  di~,',n~.s ;,,i ,'×p,'~in,,.n,l I h . t  w,. , l id ~d,,,,~t 

h y  ; Icc id l .n l l  whil,, d , ' v . ' l , q f i v ~  I j l , '  p, d a l i x , ' d  I ) l 'o t ,v l l  Iv," l ln l  

al th, '  Br,.,kh:,v, '~l A(:S: w," d id  this I,)w pl i ,~r i ty , 'x- 

p~'l'illl,'lnt ]);,Ill.'," h~ t,'sl (llln' 1,,d;,riz,.,I i)not,~ll t;,i-~/.t ;, l id 

S l - ' c t ton l  't,,r ~\~' d id  n~,,l eX|~'ct lal~,," ~1~," spi l l  ,'tli"*'ts 

J 

• 2~ G@! CERN 

. I  ~ 11,:. I C : . ~  I -.! 
! 
I 
l 

/ /  

".| 

p~(GeV/c} 2 6 

F i ~ .  7 l ' l , .  ~,f  A v:~ 1'~. .  

I,~',';ltls¢' i lrlpsf I], , ' l ! , l iSl.~ I I i o J l [ h l  I h ; d  A WOlll~! b, '  Z~'l'O. 

Th, 'y  ~.;,i,I Ihal  whih '  Il l, ')" mi~h l  n,,I m - I , ' l ~ l a u d  t lu '  

I . lu , , '  i w , ,  , q , i n  , t l ~ ' , ' t ~  I'~,,H, t h , '  Z ( ; S .  t h , ' y  ~:,,r,'l'." . ' , , , ,1 ,1 

. , , , I , ' r . l a w l  , , , ." sl,hl ,'ll~'('ts. P(~( 'D Pr, 'dh 'h 'd that  A 

qlvls! In '  2",'ro: f u t h ~ ' n m , , j , . .  | I l l s  I , r , 'd i , ' l i , . I  ,~h,.dd b e  

,',,m,' ~l.~w wlBdd, '  at hiu, h,'~ , ' . , ' ~ , y  m . I  ;,t Im,u,,'r f ' / "  

l;'~hi~. ,,~It lh,'Jn ~l;d, '  ,~f lh , '  m l  hi~,h i l l l l ' i is i l .v l - d a r  

i71"1 I ; t l  ~ " | .  W" t i tS|  "qH l | i l l l l " l~  :<OII1(' 1')~.'~" 1() l l l l ' l | ] l l l l l  1~'~ 

( ' l '~ITN/()xf , , , , I  , lal ; ,  :,1 21 (MV.  ;,.~ ~l,,,wn i,, l"i~. 7. W," 

u,*xt m,,v, ' , l  , . , I  l,, l;,,~,,.r I '  I . wl,,.m,. P(~( ' I )  l,r,*(li, 'li,,ns 

nald,lly ;,way f i , ,m th,, i,l, . ,li, ' li , ,ll ~f  A ::  I}. ' l 'hi~ ~atl,,,n 

P(~( 'D :~,~,I I,~'~h:,i,~ l',,i (~ ( ' i )  h, ~., ',, 'ral. .%,a,," I l l , .,, 

liN|~ l..li,.v,, l h ; , t  l , l l l  , ' l i ( ' l l ~ , y  ~ l l , ( l  P - ~  : I t ( '  l ( ~ l ' i  l ( IP~"  | l )  I l l" 

,,f il,h'l,'~.t h,  I ' (~( '1):  i f  t~,,,', lh is  ~,',*nv,~ ~ fllllll;llll"lll;t] 

w,,;,k.,,,~- ,,f I ' Q ( ' l ) .  



A.D, Krisch /,S'~i~l effecis in high.p~ elasti," sca~:eri~+g ~89 

"]+lll~ ~,lli it i l ia<f |  i ~+ i : l l~f>i + l l i l | i  !l ttl;l% + l l l ' i  ; t ] ip'~'; l l .  
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l~y 
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vi.'Ini+'ri ' lh+' h v o  illl+Irilvs inn trij l + l ' f 4 " l  . l++li+'cl lvi ' ly Il l  l lu '  

l l< ' i t l l l  i l l i ( I  l l ir l t,+'l l l ,  l la i iz i i l ion i , , .L  Th, . . , ,+, , , ' , , l . I  , , q u a l i t y  , , f  

t h<' <,, l l l l i t  l+~li ,~.<llli+~ l"llll~; +,+.ll ;ll i+m:l! i . i l  ; l l i i i l i l ,~,, t.ll" +l l ; i r l '  

v r h i c h  +h l t l ,+  I h l i l  +'i'll I l l i l~ l  ll~, i ' l ' l i l l i l  I l l  a l l :  i l i i~i  t"+l l l i , l  

i l y  d~.',+.+ l i o l  r l ,ql ih+l <" l t+ i l l i l )  • i l l  th i i+,  i -+,vcrmil  i i rv i l l i i l l iC~- .  

"l-liil+,,+ Ihl+,r~ , +ll+l • ~ l l l v  i , ,v~ " i i  i i i  th<. i i i i I l l l , l i i h ,  l l .  h i l l  I ' l l l l r  

~'ij h i  t l l< '  d c n o n i h i a i < l r l  11.. I+. ,~ l i l l i l iK i+; l l io  ~ f  2 lltl .| ~i,+'+,~ 

i l  ,~iii i l)l~, Ih~ , . l~ . i i i  : 

I f  A . .  --: 1). t h l , l i  t l l l l ,  l i i i i x i l n l l i l i  v i t l l l+, i l l '  .+li i~ l i f t t  
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i i l i-~i; , l i+m i'+ ;i!+!,,,i+++l I .  , I - I l l+"  l i i - I  ,"q,'l+!+~,+!.~l+ II.N!{ 

l ah ' i  +'ill " I "  i ;,I,+ ;,I :I "I ; 'V.  l ' , ' I I m p  m,lli , '  l l , . . i+ . l i , ' i i l l i+  

lll;,.v l.-li,+v, • lh; i l  IIH) (i+'ll + m i d  3 T++ll . ill , '  ".fill lllli , 'h I , . ,  

li+i'Iv li~ ll, i' illli'li"~lill~+, l l , ,w, 'v , ' i  lh , ' i , "  wi l l  I,~" l l -  sii~liil" 

i+'illill+,," hi~l , ,  i , ' i , , ' i~v  l , l . l , i l l  l i l+,lilll  l'il+'ililii'm ,,l-'lal+lil#. 

. l l  illim l,l:,li+*l lllilll I I , '  +'li+l , ,f i h , '  <+,'llhuy. 

I will  i , , w  hli+'lly ,!,".<+Ill,+" illi'~ I~NK +-xl~<'lhli+.lll 

x+lli,'ll i'. ,';:II,+,I N E I " I + I * N  A+ 'l'h+' l,;illi,+ill;illlm ill 
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,~i.ll, N i l i i i ~ h , . v ,  I ) . ! .  | l ; i l a l a k h i l .  ! l i .P.  |+l i l i ,  l k i l~ lya i< l ,  
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Th+,r~,f l lr+,, t h i+ lh i l l  l i l i  A <,f i i i l l i '<" l h i u i  211'/~, is l l ' i l l l y  l i d  h+'r 

s i ~ u i t i c i l i i l ,  " r~ i l l ,  Illlll-+l, q l i a i l i i l i l l i v ~ ,  li~,<,,illln( • I l u l l  I h l , l l .  

ill+,l • i1o s l l h i  s l l h l  - I I '+ , r is  + l  I h a t  .,fill . is ~.cll l . " | 'h l , l i  i l  l l , ,+i l l l  

i~f A + "~lilJ + c l l r l+~ l . l i id , '+ ;  t l ;  I i  i i l l i ~ l  +if a l l  : " I l l  -- 2 .33 .  

" t h i s  i,,.; i ' < , r t ; i h l | y  ;i I l l iCit, + l l i l l  ,,tl '+,ci: h id , '+ 'd  + l l i l i  i l l l l . ' ; i l ~  
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i l l i d  - I t '~ ' l~ 'd I l l l  c | ( ' ; i r  p..,lli l ' ltll i l ' l. ; i l l+ l i l t  h l l w  I , i  i l l i~l~, l+~l; i i ld 
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Fig. S Diap~riinl +if U N K  sh<lwhiK lh," l l,>sil i lnl , i f  N E P T U N  A. 

A ~'rueial c+Unlmn<'tJl ~,f lhis NEPTUN-A ~'xi,<+rim+'nt 

is lhe l,,,h, riz<'d gas jel whidl pr<.hw<+s spin ll<~larizf.d 

atomic hydrogen by using a w'ry hi~,h field ma~;n+,l. W< + 

n.w haw" a Pr<,h,tylw Gas J~,t working; in Aml Arb+w. It 

u,~'s a 7.6 T lllag, l. .l  1o lrap th+' sp~n lmlariz+'d hydr-g,'ll 

t i l l , I l l+'+ i i i  o n l  + s p i n  S t i l t (  + l i l l e  h igh- l i dd  ,.~'kvi's). S~, i l i , ,  

.+13 Gt tz  lniCl'OWiiv~+ t.hen ,~phi-ttill lli~, iil.<lnis+ h l rnh l  I 

Ihl , i i i  h ih l  hm'-th,hl-,~<,ek~,rs wh id i  Ih+'li i'llll'l+l~o Ii. <-; fi l l i 'x + 

h l i c t + ' d  I~+' i i l l i .  l V i ,  iis+, i l  t - X t i l l l O | < ,  t o  t ' l l l ' i lS i | i t .  b< , i l l l i .  

Thi,~ Pr<lt,llt$'lle .1~'t i lh' l 'ady lliiS tin h i iens i iy  i l l  w+'ll i l l. iv+, 

10 I~I i i h l l l l +  |l+'l ' t ' 1 ' .  "%¥1" l i l ' l '  l iOW l l u ih lh ig  ih~" Pi|iil+k i l  

P~,lariz,.d Gas Jet whirh wo l,hm to iilsh,li as an intornal 

j,,! h~rg~.! in t l , '  UNK ring. 

W+. will ,l<,t<.,-! larg+.-P~ vlaslic and inclu.~iw" +.w.nls 

Ii.';illg II 55  lii( ' |"l" r,'c+,il Sll~'.rfl'Cllll,'tPr with focusing 

q, mihul.,l,.s and 1..ndhig mag.i,,ls: i! has a larg," re,lid 

angh' and u.,a.s ratlu'r smidl s~'inlillator l , , doscop~  and 

Will" q'hlllllll, l'l'S, ~Vt' pl;lll  | o  o | ) l a i l l  II lll¢llll~'ll|lllll I'li'.'4olll- 

ti,,ll cd" ab, m! ~ 0 . l ' /  by ushig i, 12 ° v,.rlical I,,.lid. ThP 

.':ll,'C|l'Olll,'l+'l" iN .,.+hlP..'¢ll ill Fig 9. W+, l.,p," I,, <,h, lain 

S~Jlll+' JAil| (h'V NEPTUN-A <itlla ill a l .mt  two y+.ars. 

\ v, v, % v , ~  

, /  

0 I~ 110 m O U m  

Fig. 9 Tile NEPTUN-A exp,.rim,,nt: t . p  vi~,w. 
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(. l ie,-. i i i .v l l i , , i . i  W i l l i  I l a , ' h e i l i  ! . ~ i l l i , ' d  o l l l  i l m l  , . l l  , .r 

IO lS iw . i l "  f a h l y  l l i i~ , "  i l l  l l i l t l i  l l~  . I1," s l l i , I  , ' , l l l e C l l y  t ] i a l  

w l ,  | i l l , I  l l l i l y  i i  f i 'w  l~ l l i l i l s  I h ; i l  IV,,l l" 7 .5  1o "] ,~ l l l l i , I ; l l , I  

d e v i a l i ,  l i is  f l , l i i i  i h , .  A ~ I) l U , . d i c l i i , n  o f  I ' ( l ( ' I ) .  l tVh ih .  

i i  l i l l | l l , l i r c d  I l i l h l . l  u n l i k e l y ,  l l i l l  l l l l l i . ~ l . l l l  A r , l n h i  l i e  l i  

s t l l l i ~ l i , - i i i  t h lC t l l n l i l > l l .  I f  i i  II'il.~i i i  ,~ ta l i~ l i c l l i  I l l l l  l l l n t i o l l ,  

Ii s , - i i i n i s  ]>l ' , l l>], ' ln ~lil" P{ICI )  i v o l l h l  , l i .~ ; l l l i . ' i l r .  

fill', , l l l i lS  ,h'ci, lcd l,, l l l i i l , I  i i  I l l ' Iv  l l l l l l l l i / , l ~ l  l l r ,  l t t l i l  

t l l rR , ' l  w i i h  i i  h i l h , , r  , ' ,~ l l i i iR  I '  lw, . r .  ~ l  I h ; i l  w," c, l l l l d  ii~;i. 

i i  h i R h e r  I l l ' l l l i l  h i l c i l s i t y .  ' [ I .  I i  ir." , ' , l l i h l  ~ h l i l v  h i l h , ' i  P i  

a l i d  ,~ l l t l l i l i  l l , . l l , ' r  l l l ' ,~ ' is ic l l i  R e c a l l  I I l : l l  I1 ."  l l ,  l l ; i i l z : i l i , i n  

i l l  l l a l l i , ' h ' s  w i l h  l i l ; i l l l C t i ,  l i l i l l l l , ' l l l  /0 is R iv , ' i i  l l y  

P -- # , , , h  t ~ = - ~ # .  

.~ i ln l l l , .  h l n i e  fo i l ' , ,  l , , , ' h l l i q i l , '  R iv i ' s  i l i  a lh , ' i "  l i lw  I - i l a l i z a  

l i o n  , i f  , l i l l y  li-~'S a l  ;i I l l i l ~ l l l ' l i , "  I i"1'1. #/. , i f  2 .5  T i i l l , I  n 

t l ' l i l i i l ' l " i h l l ' l  ,, 7'. ~ l f l l . 5  I { .  i ' ] l l h l l l l l l l ' l y ,  n l i l i l l i d  i l ) . ~  Pl ,~ 

[ i .ss i l rs  . Ic l t 'e r i i ' s  l i l l ,  I A h l  i l l¶a l i l  i i iV l . l i l l ' l i  I ) v l i n l l l i C  N i l , ' l l , : l r  

Pc l l l l i i z ; i t i i l l i ,  ' [ h e y  I hs i  I l i l l , . l l  I l i l l l  Ji l l  , ' h . , ' i lO l i 'S  I - i I / i l  

i z i l l i i l l l  i i !  '-}.~l 1' l i l l d  l ) .5 K i~ i l l i l l i l ,  I I l l i l i  f )g i / ,  l l#, l -~l l l . ,  i l l  

i i s  l l i l l , "  #,: i h , ' y  i i e× t  l l l ' l l i l i l .~cd l iS i l iR 7 l l  ( ; l l z  l i i i , ' l  ,~w;ivi ,s 

i(~ l l l l l i s f , ' r  i l i i s  l l l r l4 i .  ,.],-,-i i , l l l  i - ~ h , l i z a l  i, n i  t , i  IW;i l  I ,v p l , ,  

I , i l iS.  r ) N P  i , l l ,~ws l l r i l l i l l i  i . i l a l  i z ; i l i i l l iS  i l l  i l l l  I l l  7.~'~1 i l l  a 

f ; i i l l y  i l l l l . l i .~c l l , , ; i n l .  I%~i , l i ; l , I  ns, , l l  Si l , ' l i  I l l+ ,  c.V;l l l i tr;0f i i l l i  

i , , f l i / A i - i a l o r  l l l l R c l s  i i i  0 .5  I {  f , .  i l l ; l i l y  Vl . l i lS I ( i  , l l d ; i h i  th , ,  

i c s l l l l s  .~lil~Wli i l l  I:h~. "2. 3. i .  l i l l ,  I 7. ( l l l i  I . .~ i  '; i lp~,,I 

h l l d  : i h i l l l l  i I I I  Ili%%" i l l  , ' , l ,  J h l ~  I . , w e r .  A G,w $'l,; l lS ; iRil .  

w, ,  d , 's i lA i i , 'd  ii l i , 'w  I ; i l ~ , , t  w i i h  :l c , . , I h i ~  i . i w , ' r  , i f  ; i l . l l l l  

1%%" h y  i . V l l l l i l l ; l l i l i  K I l l , .  ; i l  I K .  

i l l  I l S i l i l  l l i c  l l i t l i , ' l  , ' ,m i l i i , ' ×  [ } y n l i l l l i , "  l~ l l , ' l , * ; i r  i l ,  i 

l l i l i Z l i l i ,  l l i  i , . ch l l i q l lC  wl ,  Ih011ilt | i l  I h a l  i f  l l l l ' "  , l i l l l l l l l ' s  Ih , .  

l , , l l l i l , . l l i t i l l ~ , ,  l l l i , ,  sh,  l l i i d  l l l ~ l  d,  l u h h .  l h l .  I~,1,1 l , i  liC~.ll 

i . l i l i s l ; i l l l  i h , .  , l l l ; i l l l i t y  #,IUZ+# ". %%:, l i , , l l , , , I  i h a i  i l l l s  a l  

cob ,  l] w i l l l l d  l l l~- I i  i h , .  l i l i l l o l i  l l i l | i l i i z l l l i i l l i  f l l i i l y  h i l d i .  

I ,. ,I i l l , . . - , ~ . , ~ t  , t -  i l , i .  ~,~.< , , . ~ l h -  . I . .< i~, , . . . I  I.., %_'...llF 

( ' l l l l l l ,  liV#' c ' ( l l l l l , 'c ' l l 'd  I l i , '  , '1V( l~ l i l t  I t l  I i I1~," I l l . i t s  l l l ,  lw, ' !  

l l i l i l l l l ~  ~vL ich  I~av," i i l l i l l l l  ] W , , f  , ' , . , l i l l l t  l i t  I K .  " l 'h," 

l l iF~ , ' l  I l l a l . , ' l i ; i l  IVli.~ I i u l i a t h l l l  ,1,,I-~1 l i l l l l l l l i l l i l l ,  ltV," l l t ' , l  

l i  140 G I I z  I l i iCllIWii%'l" ~ii l i l lCl" , i f  {1(I I V  I , I  l l i i l l ~ l l , ' l  th l "  

, . l ,~ ' l r l l l l  ]~ l l ; l l  i z a l i i , n  t i l  I l ie  h,v, l i l t , . l l  l l l l l l , l l i ~ .  Th , "  I i , .w 

P P T  i~ .~|i. l l l . l i  i l l  Pil~. I l l :  i i  ~v, l l t l i~ l  l i n , . x l . ~ - i i , d l y  w. . l l  i ' .  

l i  l i i l l  l l l i l y  l l l v , .  I h l .  , l ,~ . i i l~ l  I I t "  , i f  , ' , . J i i l l ~  i ~ v , . i  : i l  a ] ~ l  

)~;ll-i, l i  t~ l l ; l l l .v  l i l i e X i . . ~ l , , d  9G'/,, l l l , l l i l l i  I . i l l i i i z a l i i l n .  

[.~=...~ 

. . . .  140GHz ~ 

T o  6000 m : ~  " 
Pump 

l 

~'i~. III 'lh," n,*~" 5 T a! I K P,J~.iz,'d P,,,I-. *l';olr'+'i. 

I I , ,w, -v , - I  w,, ~, , t  , i l l  L ! , l  ;i I,aol , 4 a , I .  ~ ; -  l iJ~l i i io+d :, 

c, mv, ' l l t i ,~ l * : * l  : , l , ' , ,h , , l  n , a ' ,  l i ; , l  m l h , .  l ; | l~ ,~ f ;  w,-  l l i , ,n/ .~hl  

t h : , l  i l i i ~  :d, . , , l , , , l  w , , , i l , l  ~ i , , .  h i~h , , l  l - , h , l i z a i i , , n  i h ; , l l  m l i  

I l i ' l l i i i i .  i i~ i i i  Ih , .  ,,1,1 I ; , l t t ,  I .  A t  Ih , ,  , , I , I  , , , t , , l i l i , , l t ~  , i [  

~..t'1 +r ;11 ii..~t l {  ih , .  a l , - , ,h , , I  ~,:,~,. a 7.'0'/ ~II 'X ! l l , l i , l l l  l t i l  

l a l i ; / i l l i i l n  ~vl l i l , '  ; i l l l l l i i i l l i ; i  !~ l l l "  , l i l l y  IFI Pill '/ ' . h i  l h ' "  i i ' '~" 

PI T ; i l  I l {  l a l t C t  i h ' "  a l ' ' ' h ' ' l  14aV'" ' ' l i l y  i l l l ' l i l l  I I l ' J  I " '  

I , ' l iZ ; l l i ' ~ l l ;  i l l i ~  ~tY' I I I I " I  I l l  h i '  II ' l i w ' ' l '  I .  till"" ~ ' ' l ' *  ' l l l i l  ' '  

I ' l l l i ' ' l ' l l l ' " l  : i l ' l l l l  t h ' '  , ' ) : l . 'n~- iV,"  l l , 'W :l r l l i l l~ , , t ;  i . - i l l a l , <  

~ l l l l , - , , l i h l l , .  i , i , ~ l . . l l y  ,~f I ; I N i '  wa~ li i ;~ll; i l l lk i i  f~,il. "1 h, i, 

w,. l i i i i  h i  ; l l l l l i i ,~ ! l i ; l  . l l i , I  i i  ~ , , l k , . , I  I ~ . l l i i l i f i l l l ) .  



292 A.D. Kdsch /Spin effects in high-p~L elastic scattering 

\Viih a,~m~¢mi;~ wc ~i~t;,i~l~'~[ a u m x h t H m  i)i,)lCm p,) 

. . . .  I I  {}V('[" ~" I l l ' "  I)l 'tdOIlS per  pilJs{' I } l l  l iP" i i i l '~{ ' l ,  l i l t '  m,'l'l ;ll~cd 

| )O la l iZ l l | lo l l  was "J~out $5~, i . r h . l i u £  al l  . f  Ih(" sp in  rc- 

V(~I'N;I|S i111¢I ( l i f f icul l i "s.  W i th  . . r  . I d  2.5 T "d 0.5 K 

t; l l ' ,~cl, lh l .  I~Olal iz; l l l {~l l  w i t h  ~l l l l l l lOl l i ; l  V.'l)llld i . v l . l l l , ,a l l y  

i~'.;ich ; l l )o l l t  ..~0'/i. b i l l  I l l , ,  i'is,. |Ji l l( '  was , l l l i t e  ~,low. ~tVilh 

Ihe n e w  hl l 'gct  Iho Iml ;n iz ;d ion  I oso very q . i r k l y  1o 96~7~, 

IIS slI~Wll. T h c  l l l 'W I~111~1'1 is Icall.v a much  I.~l.| |#.r |{11 1.1: 

t i l l ,  ih l l ; l l iZ ; l t iO l l  is al)(~llt Iwi4'(' }is; I;u,~c a l l l l  ~t has al)()nl  

scVl,ll | i l l l ( 'S fhc cot~li l lK pllW'tT i l l  the  ~ l l l  t:,,r.l~l'.l. 
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Fi~. 11 Pl ' l ,h,u l .) l ; , r iza~hm i,l , , l t , 'd ;,Rahist ini,.li,',v;iv,. 

i r .mt ia l iou  i in,," 

~ .  . ~ . ~ ,  . ' q ~  i ~  ~ , g , .  }2. The, ~¢'¢', r~:u~'tc,_ . 1~;.~ 

;11"111; i } l t | i l  ;If'IllS i lJ.~l I ' l lll | ; lilJC#i S C i l l l i l l l l t i l t l l  Ir 'Olll l l l ' r  h o -  

do.~c,,I)eS. B,'caus," ,X t l . '  w.ry h igh  b e a m  iuh 'ns i ly  o , .  

i 'X l lC l i l l l l ' l l | ,  ~,V~I.~ s l l r lO l l l l i lCd  I)y t ; l l ' l '~ '  l l l( ' | , ' l . '~ i } f  ¢'¢111¢'11"|l' 

s h i d d i . g :  t hv  h d a l  ]u lnh i l ) s i t y  was w{.ll ; , I . ,w .  l l )  |~; ~ . c - I  

vm -2 .  ~'~' al.~) h i s t ; l l l cd  t w o  f i . ' u s i . g  q n a d l u i . d c s  h~ oli1' 

Sl)CC|l'ltllllr'{i,i'. T lws{ ,  ¢lll]llh'llpO]cs ill*'l'~,~lst.iI o111' t ,Vl ' l l t  

I ' l t l l '  IIV II I ' | l ( ' |o r  ( ) f  l l l l l lOS| 2.~ I I ;cy al,.~ gin'(' u-" ~,mjv , 'x 

i)(,rielac, • v.'i lh sl)(. i-h,) l l l ( 'hT qna(l lu l . ) lc.~ i l , l n l . lmra t i on  

for m u  U N K  (,Xl)(.l l l l l(. l l t. T I . "  r , . , , ' rc t ( ,  s l , i , ' ld i .g,  kept  

. s  f i - m  r(.arhi.e, l ; ,r~, 'r P~ :  we t o . h i  i lo l  (' l l, '~ily | I IOVi'  

the I('(',)il a r m  to ~malS'r au~,le.~ ,." flu" fo rward  m-,n t,) 

l;llR;('r ;tl l l~li 's. To  r( ' ; i i 'h i;irE,i.r P i "  ",vc 'h( . l ( , for t .  h~sl ;dl , .d 

:, :a ; , ,~ . , ' l  w h i , ' h  I)¢' l t l  t h e  I l i ( ' i d l ' l l |  i ) , '~l l l l  | } y  3 ° I l l  t h c  h ' f i  

just I . ' f iu, '  it hits lhe lal 'g, ' | .  TI,is 3 ° I . ' l . I  ;lllow,'d ~lS 

to  I , ' ; . 'h  s, mwwlml  larg,,r P ~  wh,.r,, ihi.  recoil angl, '  is 

smalh . r  ;rod t l . .  f , . w a r d  ;,l,gl{' is I;,lg.,.r; th is  I,,.vd was 

, ,qn ival ( ' l ] t  t o  I ' , da th i  g I){)t l l  Sl)o¢'h'¢~llllr'|"l" HIIIIS; |~"i" 3 ° |O 

flU' lil.~]d. ~'~' ; ' ] ~  d id  r a r c f . l  I m , ' k g m m . i  s U h l l ; . - l i ,  ms 

m,, I  , , t ho r  h,~ls ";'11 Io  i i lS l l l l ,  l ha t  w~, had ;, cl t . ; l l l  ~,lasl ic 

silU,;,l. 

Fi~,. 12 Th, '  i mp mw ,d  da.- l iv ~ l . . . ' h . ,mvh, r  iu th,. 21 (;,.V I . 'mu.  
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