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hadrons , and n e w ul t ra heavy p a r t i ­
c les up t o 1 0 1 5 G e V in mass . The i r 
appa ren t absence in t h e f o r m of 
hyd rogen - l i ke a t o m s at t h e l o w c o n ­
cen t r a t i on levels ach ieved in t h i s 
e x p e r i m e n t s e e m s t o p rov ide s t r o n g 
ev idence aga ins t t h e ex i s tence o f 
s tab le cha rged par t i c les w i t h 
masses g rea te r t h a n t h e p r o t o n . 

T h e e x p e r i m e n t has an i n te res t i ng 
h is tor ica l paral le l . In A u g u s t 1 9 3 7 , 
Ru the r fo rd ' s last paper appea red in 
'Na tu re ' . It desc r ibed a sea rch fo r 
na tu ra l t r i t i u m in an e lec t ro l y t i ca l l y 
en r i ched s a m p l e of heavy w a t e r 
us ing A s t o n ' s m a s s s p e c t r o m e t e r . 
The search w a s unsuccess fu l on l y 
because t r i t i u m is uns tab le , r educ ing 
i ts c o n c e n t r a t i o n t o less t h a n 1 0 - 1 7 

ra ther t h a n 1 0 - 9 if it had been s tab le . 
Na tu ra l H T O w a s later d e t e c t e d (in 
t h e s a m e sample ) by c o u n t e r t e c h n i ­
ques. 

A c o m p a r i s o n b e t w e e n t h e 1 9 3 7 
e x p e r i m e n t and the la tes t m e a s u r e ­
m e n t s is a n ice re f lec t ion on t h e 
e v o l u t i o n of our expe r imen ta l ab i l i ­
t ies. Lord Ru the r f o rd b e g a n w i t h 
1 3 0 0 0 t o n s of w a t e r a n d expe r i ­
m e n t e d on 1 1 ml of heavy w a t e r (an 
e n r i c h m e n t f a c t o r of 1 0 7 ) . The 
Ru the r f o rd Labora to ry b e g a n w i t h 
1 2 0 0 0 0 t o n s of w a t e r a n d expe r i ­
m e n t e d on 0 . 0 2 m l of heavy w a t e r 
(an e n r i c h m e n t f a c t o r of ove r 1 0 1 1 ) . 
Lord Ru the r fo rd had a d e t e c t i o n s e n ­
s i t i v i t y of 1 0 - 5 and an overa l l s e n s i ­
t i v i t y of 1 0 - 1 2 . The c o r r e s p o n d i n g 
f i gu res fo r Ru the r f o rd Lab are be t t e r 
t h a n 1 0 ~ 1 7 and 1 Q - 2 8 . 

The continuing hunt 
for neutrino 
oscillations 
Last year, ev idence f r o m a n u m b e r of 
ve ry d i f fe ren t expe r imen t s spa rked 
of f a f lu r ry of in te res t in t h e poss ib i l ­
i ty of neu t r i no 'osc i l la t ions ' . A f t e r t h e 
d i scovery in 1 9 6 2 t h a t neu t r i nos 
c o m e in d i f fe ren t k inds, all t h e e v i ­
dence had been t h a t t hese d i f fe ren t 
neu t r i nos w e r e i m m u t a b l e and cou ld 
no t mix. T h e n sudden l y last year, 
e x p e r i m e n t s us ing l o w ene rgy n e u ­
t r i nos f r o m f i ss ion reac tors , t o g e t h e r 
w i t h s tud ies on t he be ta -decay of 
t r i t i u m , gave p re l im ina ry resu l ts 
w h i c h p o i n t e d t o a poss ib le m i x i ng 
b e t w e e n e lec t ron and m u o n - t y p e 
neu t r i nos (see J u l y / A u g u s t 1 9 8 0 
issue, page 1 8 9 ) . S o m e ini t ia l h igh 
ene rgy neu t r i no resu l ts f r o m CERN 
also p rov ided p re l im ina ry ev idence 
fo r such an ef fec t , a l t h o u g h a s u b s e ­
q u e n t s t u d y us ing t h e n a r r o w - b a n d 
neu t r i no b e a m s h o w e d n o t h i n g o u t 
of t h e ord inary . 

In c lass ica l neu t r i no theory , t h e 
par t ic le , no m a t t e r w h a t spec ies — 
e lec t ron , m u o n or t au — is mass less 
and t rave ls a t the speed of l ight. Th is 
a s s u m p t i o n m a k e s t he t h e o r y neat , 
bu t has ye t t o be p roved . The n e w 
ev idence , as yd t st i l l s l im , po in t s t o 
t h e poss ib i l i t y t h a t t he d i f f e ren t 
t y p e s of neu t r i no have d i f fe ren t 
masses and the re fo re t rave l a t d i f fe r ­
en t speeds. If so, t h e c o m p o s i t i o n of 
a neu t r i no b e a m w o u l d appear t o 
change as it t rave ls a long. 

S o m e of last year ' s i nd ica t ions fo r 
s u c h neu t r i no osc i l la t ions c a m e f r o m 
a reac to r e x p e r i m e n t c o m p a r i n g t h e 
ra tes of d e u t e r o n d i ssoc ia t i on 
t h r o u g h the cha rged a n d neu t ra l 
w e a k cur ren t . Fred Reines ' g r o u p 
o b t a i n e d a resu l t w h i c h w a s no t in 
a g r e e m e n t w i t h t h e theo re t i ca l p re ­
d i c t i ons us ing zero mass neu t r i nos . 

In t he m e a n t i m e , o the r exp lana ­

t i ons have been p r o p o s e d w h i c h 
cou ld a c c o u n t f o r t h i s resul t . Nuc lear 
b i nd ing e f fec t s in the d e u t e r o n , 
t o g e t h e r w i t h unce r ta in t i es in d e t e c ­
t i o n e f f i c ienc ies and in t h e reac to r 
neu t r i no s p e c t r u m , cou ld m e a n t h a t 
t h e e f fec ts seen in t he reac to r s t u ­
d ies are no t ' c lean ' . In add i t i on , 
resu l ts f r o m A n o t h e r reac to r n e u ­
t r i no expe r imen t , th i s t i m e at G r e n o ­
ble, have g i ven resu l ts in a g r e e m e n t 
w i t h t h e s i m p l e non -osc i l l a t i ng 
theory . 

In t he sea rch fo r neu t r i no osc i l l a ­
t i ons , e x p e r i m e n t s w h i c h m a k e the i r 
m e a s u r e m e n t s a t a f i xed d i s tance 
f r o m t h e sou rce of neu t r i nos are 
d i f f i cu l t t o ana lyse as t hey requ i re a 
prec ise k n o w l e d g e of t h e neu t r i no 
f lux — no to r i ous l y d i f f i cu l t t o q u a n ­
t i f y w i t h con f i dence . M o r e re l iable 
i nd i ca t i ons are expec ted f r o m exper ­
i m e n t s w h i c h c o m p a r e read ings at 
d i f fe ren t d i s t ances f r o m t h e neu t r i no 
sou rce , w h i c h s h o u l d be able t o 
d e t e c t any c h a n g e s in t he c o m p o s i ­
t i o n of a n e u t r i n o b e a m . 

T o t ry and p rov ide a conc lus i ve 
a n s w e r t o t he neu t r i no osc i l l a t ion 
ques t i on , n e w e x p e r i m e n t s are be ing 
cons ide red . Ideal ly, osc i l l a t ion ef­
f e c t s shou ld s h o w up bes t at l ong 
d i s tances f r o m t h e neu t r i no source , 
and at l o w n e u t r i n o energ ies , b u t 
because o f t h e d i f f i cu l t ies of w o r k i n g 
w i t h neu t r i nos , s o m e o p t i m u m s o l u ­
t i o n has t o be reached . A t CERN t h e 
poss ib i l i t y o f us ing a l o w e r energy 
neu t r i no b e a m , der i ved f r o m t h e 
2 8 G e V p r o t o n s y n c h r o t r o n , is be ing 
l ooked at. Th i s w o u l d be t h e f i rs t 
e x p e r i m e n t spec i f i ca l l y des igned t o 
look fo r n e u t r i n o osc i l l a t ions in an 
ene rgy range w h i c h f avou rs the i r 
d e t e c t i o n . T h e idea is t h a t near t h e 
n e w neu t r i no source , t he CERN / 
D o r t m u n d / He ide lbe rg / Sac lay 
co l l abo ra t i on w o u l d have d e t e c t o r 
m o d u l e s iden t i ca l t o t h o s e used in 
the i r large W A 1 e x p e r i m e n t us ing 
neu t r i no b e a m s f r o m t h e SPS 

CERN Courier, January/February 1981 2 1 



4 0 0 G e V p r o t o n s y n c h r o t r o n . The 
n e w l o w e r ene rgy neu t r i nos w o u l d 
a lso pass t h r o u g h t h e m a i n W A 1 
d e t e c t o r s o m e 1 0 0 0 m d o w n ­
s t r e a m , enab l ing t h e f lux o f m u o n -
t y p e neu t r i nos t o be m e a s u r e d in 
t w o p laces. The na tu ra l d i ve rgence 
of t h e neu t r i no b e a m over th i s d i s ­
t a n c e is k n o w n , and any osc i l l a t i ons 
c h a n g i n g t he level of m u o n neu t r i nos 
w o u l d s h o w up as an add i t i ona l 
sma l l e f fect . A n o t h e r poss ib i l i t y w i t h 

t h e s a m e neu t r i no b e a m is t o look fo r 
t r a n s f o r m a t i o n s of m u o n - t y p e n e u ­
t r i nos t o e l ec t ron - t ype neu t r i nos 
us ing a bubb le chamber . 

A n e w l o w energy neu t r i no expe r i ­
m e n t is be ing a s s e m b l e d a t B r o o k ­
haven (see page 12) w h i c h cou ld 
he lp shed more l ight on t h e ques t i on , 
w h i l e f u r t he r ev idence cou ld c o m e 
f r o m c o n t i n u i n g e x p e r i m e n t s b o t h at 
reac to rs and us ing h igh energy 
b e a m s . 

W h e t h e r success fu l or not , t h e 
search f o r neu t r i no osc i l l a t ions looks 
as t h o u g h it w i l l add ano the r in ter ­
es t i ng chap te r t o neu t r i no h is tory , 
w h i c h a l ready inc ludes s o m e of t h e 
m o s t i m p o r t a n t d iscover ies in p a r t i ­
c le phys ics . 
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