
In-line holography tests in BEBC used 
100-micron glass beads glued to 20-micron 
wires to simulate particle tracks. Top, the 
original target bottom, the hologram. 

Big holograms 

Shor t - l i ved c h a r m e d par t ic les and 

the tau lep ton l ive s o br ief ly t ha t even 

at ve ry high energ ies t h e y t rave l on ly 

a f e w mi l l imet res be fo re d e c a y i n g . 

T o ident i fy such t rans ien t par t ic les 

and measure the i r l i fe t imes requi res 

t rack d e t e c t o r s w i t h h igh e n o u g h re­

so lu t ion t o ident i fy c lear ly the decay 

po in t . 

A n u m b e r o f g r o u p s have deve l ­

o p e d smal l h igh- reso lu t ion bubb le 

c h a m b e r s f o r use as v e r t e x de tec ­

t o r s in assoc ia t ion w i t h larger elec­

t ron ic d e t e c t o r s . T h e s e g r o u p s have 

f o u n d tha t h o l o g r a p h y is qu i te useful 

in help ing t o i m p r o v e reso lu t ion . 

T h e s e smal l c h a m b e r s have been 

success fu l l y used in h a d r o n exper i ­

m e n t s (see N o v e m b e r 1 9 8 2 issue, 

page 3 6 2 ) , bu t are t o o smal l t o ca tch 

neu t r inos . 

Recent ly s o m e g r o u p s have been 

t r y ing t o d e v e l o p high reso lu t ion 

techn iques f o r the large bubb le 

c h a m b e r s , BEBC at CERN and the 

15 f o o t c h a m b e r at Fermi lab. A t p re­

sent the reso lu t ion o f t h e s e c h a m ­

bers is l imi ted t o a b o u t 5 0 0 m i c r o n s 

by the conven t i ona l o p t i c s used t o 

p h o t o g r a p h the bubb le t r a c k s . H igh­

er reso lu t ion w i t h c o n v e n t i o n a l o p ­

t i cs m e a n s g iv ing up d e p t h o f f i e ld , 

t h e r e b y reduc ing t h e usable v o l u m e 

o f the chamber . One poss ib le so lu ­

t i on is t o use h o l o g r a p h y in con junc ­

t i o n w i t h c o n v e n t i o n a l o p t i c s . Ho lo ­

g raphy ho lds the p r o m i s e o f a c o n ­

s iderable i m p r o v e m e n t in reso lu t ion 

t h r o u g h o u t a large d e p t h o f f ie ld . 

Th is is on ly ach ieved at t h e expense 

o f m o r e c o m p l i c a t e d reco rd ing and 

m e a s u r i n g , w h e r e t h e p layback 

s c h e m e has an add i t iona l th i rd d i ­

m e n s i o n . 

The conven t i ona l p ic tu res w o u l d 

be scanned and m e a s u r e d in the 

usual w a y and se lec ted in te res t ing 

e v e n t s e x a m i n e d w i t h the high reso-
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Bias Cabrera — in the continuing hunt for 

magnetic monopoles. 

lu t ion p r o v i d e d by the ho lograph ic 

p ic tu res . W i t h th is in m i n d t w o 

g r o u p s have been deve lop ing t w o 

d i f fe rent techn iques f o r reco rd ing 

t r a c k s in large c h a m b e r s ho log raph i -

cal ly. 

A h o l o g r a m is p r o d u c e d by the 

in ter ference o f coheren t l ight f r o m a 

' re ference b e a m ' w i t h coheren t l ight 

sca t te red by an ob jec t . T h e t w o 

s c h e m e s f o r using ho log raphy in t h e 

large bubb le chambers d i f fer e s s e n ­

t ial ly in the m e t h o d used t o ge t the 

re ference b e a m t o the f i l m . 

The f i rs t m e t h o d uses a m o d e s t 

in tens i ty laser b e a m w h i c h is spl i t 

in to a l o w p o w e r re ference b e a m , 

pass ing d i rect ly t o the p h o t o g r a p h i c 

e m u l s i o n , and a higher in tens i ty par t , 

w h i c h t raverses the f i sheye w i n d o w , 

g o e s t h r o u g h the l iqu id, is re f lec ted 

f r o m the 'Sco tch l i t e ' sur face back t o 

the same op t i c po r t . The re turn ing 

l ight w a v e is d is tu rbed by t h e b u b ­

b les and f o r m s an in ter ference pa t ­

te rn w i t h the reference b e a m . A p p l y ­

ing th is techn ique , c o s m i c ray t r a c k s 

w e r e p h o t o g r a p h e d last s u m m e r in 

BEBC by a CERN / Inst i tut Sa in t -Lou is 

g r o u p . M o r e recent ly , a CERN / Ru­

t h e r f o r d co l labora t ion has d e m o n ­

s t r a t e d tha t 4 0 m ic ron w i r e s can be 

r e c o n s t r u c t e d f r o m h o l o g r a m s in a 

real ist ic m o d e l o f BEBC. Th is p r o m ­

ises we l l f o r high reso lu t ion h o l o g r a ­

phy . 

T h e o ther m e t h o d needs a m o r e 

p o w e r f u l laser b e a m , w h i c h en ters 

BEBC t h r o u g h a smal l w i n d o w o n the 

b o t t o m o f the chamber . Th is b e a m 

d ive rges t h r o u g h a specia l ly de ­

s igned lens. A smal l f rac t ion o f the 

l ight g o e s d i rect ly t o a f i sheye w i n ­

d o w t o f o r m the re ference b e a m , 

wh i le the rest i l luminates the bubb le 

c h a m b e r t racks . The in tens i ty at 

larger angles increases t o c o m p e n ­

sate f o r the decrease o f the l ight 

sca t te red by the bubb les under these 

c o n d i t i o n s . The sca t te red l ight inter­

fe res w i t h the reference b e a m t o 

f o r m a h o l o g r a m . Th is idea w a s d e ­

v e l o p e d at Co lumbia Univers i ty and 

pe r fec ted w i t h help f r o m Hawa i i , 

Ru tgers -S tevens and CERN. 

A 10 Jou le Ruby laser w i t h a pulse 

dura t ion o f s o m e 2 0 ns w a s instal led 

undernea th BEBC in order t o t e s t th is 

s e c o n d s c h e m e . W i t h the c h a m b e r 

sti l l e m p t y , 1 0 0 - m i c r o n g lass beads 

g lued o n t o 2 0 - m i c r o n w i r e s , t o s i m u ­

late part ic le t r a c k s , w e r e p h o t o ­

g raphed w i t h excel lent con t ras t . 

Th is s c h e m e w a s then t r ied in a 

co ld - tes t , parasi t ical ly w i t h a phys ics 

run , th is sp r ing . High con t ras t ho lo ­

g r a m s w e r e ob ta ined o f bubb le 

c h a m b e r t r a c k s p r o d u c e d by c o s m i c 

rays t ravers ing the n e o n / h y d r o g e n 

f i l led chamber . Due t o the r a n d o m 

t im ing o f c o s m i c rays , t r acks o f v a ­

r ious d iamete rs w e r e p h o t o g r a p h e d . 

Smal l t r a c k s w e r e seen w i t h bubb le 

d iamete rs o f s o m e 1 2 0 m i c r o n s . Po­

tent ia l v is ib i l i ty p r o b l e m s due t o local 

heat ing or l iquid tu rbu lence , or m a g ­

net ic f ie ld w e r e no t o b s e r v e d . H o w ­

ever at t he present laser p o w e r level , 

there w a s s o m e laser- induced para­

si t ic boi l ing w h i c h o b s c u r e d the v i e w 

o f the conven t iona l p h o t o g r a p h s t a ­

ken severa l mi l l i seconds af ter the la­

ser f i red . Th is boi l ing can be s u p ­

p ressed by a reduc t ion in laser p o w ­

er by lengthening its pulse dura t ion 

and using a higher sens i t iv i ty ho lo ­

graphic f i l m . It is in tended t o instal l 

such a s y s t e m in the 15 f o o t c h a m ­

ber at Fermi lab f o r T e v a t r o n neut r ino 

e x p o s u r e s . 

Magnetic monopole 
meeting 

The a t tendance o f mor e than a 

hundred phys ic is ts at an ' In terd isc i ­

pl inary Mee t ing on Magnet i c M o n o -

po les ' d e m o n s t r a t e d the in terest o f 

European phys ic is ts in th is b ranch o f 

research. The m e e t i n g , held in 

(Photo Stanford) 

Orsay , f o l l o w e d the W i n g s p r e a d 

Co l loqu ium (see January issue, page 

11). 

F. R. K l i nkhammer o f the Leiden 

O b s e r v a t o r y fe l t tha t the main ques ­

t i on fac ing theore t ic ians w a s no t so 

m u c h the ex is tence o f m o n o p o l e s , 

but rather h o w m a n y w e r e lef t . C o n ­

t ra ry t o l imi ts f r o m as t rophys ics (the 

m a s s o f t he un iverse , the ex is tence 

o f galact ic magne t i c f ie lds) , c o n v e n ­

t ional Big Bang c o s m o l o g y p red ic ts a 

m o n o p o l e abundance . Theore t ic ians 

are at p resen t do ing a great deal o f 

w o r k on the ' in f la t ionary m o d e l ' : at 

the phase t rans i t ion w h e n g rand uni ­

f i ca t ion s y m m e t r y b reaks d o w n , the 

magne t i c m o n o p o l e s are t h r o w n far 

a w a y f r o m our universe dur ing i ts 

f o r m a t i o n . If th is is co r rec t , it w o u l d 

be imposs ib le t o de tec t a single m o n ­

opo le . (See the art icle by J o h n Ellis 

and Dimi t r i Nanopou los on Particle 

Physics and C o s m o l o g y , J u l y / A u ­

gus t issue, page 2 1 7 ) . 

3 1 8 CERN Cour ie r , O c t o b e r 1 9 8 3 


