
lnin I and rolls ol 70 nrm Agla-Gevaert Holotest
10E75 fl ln wcrc exposecl. 'fhe fl lm was proccsscLl in
D-19 w i th  Phcn idone acLdec l  (1 .5  g  I  ' )  in  o rdcr  to
increase the spccd oi the developcr and contpcnsate for
high intensity reciprocity f ailure.

During thc 198-i physics ruD 100 000 holograms werc
producecl. Thc holograms werc rcconslrLrctc(l in three
institutions with opcrational holographic lcplit l '
hcil i t ie s: Fermilab I JSA. Rutherlbrd Labofabry LJK
( l - IOLRED) .  a rd  thc  [Jn ivers i ty  o f  Hawai i  USA.  The
first wils i i  virtual imagc system atrd the lasl lwo were
tc 'a l  imagc sys temsr6 .z? .  In  a l l  th lee  lac i l i t i es .  thc
holograrns werc reconstri lclcd LLSing a (Lyc'laser
pumpctl by an argon ion lascr to generate a con
til luous-wavc l ight beam u,ith thc salne witvelength as
the ruby iascr. In the virtual imagc systern. the
t 'econs t ruc lcd  image o l  the  bubb lc  t racks  in  the  I iqu id
wcre  seen th rough the  ho lograph ic  imagc o f  the  l i s l te l "c
w indow.  In  thc  rea l  image sys tcm.  r '1 imc- reversed '
rclcrc'nce beam was usc't i. The holographic rcal imlges
ol'the bubble tracks rvcre projected through rn actual
l ' isheye winclow. or lenses simulaling the wirtdow. inlo
a ln los t  thc  rca l  b rLbb le  chan lher  spacc .  However .  an
opt ica l  compcrsa t ion  lb r  thc  lac l  tha t  thc  inage was
rep laye t l  iD  a i r  ra ther  than l iqu ic l  had to  be  macLe.  Bo lh
thc virtual and lcal images rvere vicwctl b1, a vicLicon
camela as well as photographecl for furthcl clctailed
nreasurc'nlents ancl compiLrisort with the collvenliollal
bubb le  charnbcr  p ic tu res  wh ich  wcrc  lakeD a t rou t
l0  rns  a l i c r  the  ho logra tns .

Results
A percentiige ol'the holograms tl i i l  not have good
quality. This poo| quality was cluc'to various efl 'ects.
Most importlntly were

i the poor quality ol 'the ret-erence heanr as a rcsull
o l  hav i l rg  iong lascr -pu lses  pass ing  th rough the
tur t ru len l  l iqu id

I bubble growth ancl movcrlcrt du ng the hologranr
exposure which could easily cxcL'cd scvcral
w lve lengths  o f  l igh t  lb r  pu lse  Iengths  >  l0  ps .  thus
chang ing  the  phasc  t lehveeD the  in te r lc r i0g
rclcrcnce and o[-rjec1 beams by rnany l imcs 2ni

i l  slnall amounl of boil ing occurri ltg 11r'ar thc l i lscr
winciow during the laser pulse which scatterccl l igirt
towarcls thc fi lrr giving l irzzy bubble images.

,1 scattered l ight lrom thc Scotchlite increasing the
background l igh t  on  the  t l lm.  and thus  c lecrcas ing
the  cont ras l .

5 the vlriations in thc lasc'rfulses' tenrporal ancl
spatial proli les. i lnd outpul energy.

Ana lys is  o f  a  sample  o l  the  ho lograrns  shows a
lesolution of I50 pm was achievecl in an ovoi,: i i t l
shaped l iduc ia l  vo lume o i  0 . ,18  nr .  tha l  i s .  l%,  o I  the
1,1  mr  to ta l  i i duc ia l  vo lume o l  the  bubb le  chamber .  An
exirmple ol what holography can achieve is given in Fig. 7.

Fig 7a is a convcntional photograph ol a neut no
cvent taken 12 ms after the particle beam injec-
tion into thc bubble chamber with a magnification
ol (r l iom rc'al space. The bul.rbles arc ol 'thc orcler oi '
< I mm diameter. Fig. 7b is a picture of the same event
photographccl lroln its reconslructecl holographic
imrge at Fcrmilab with a magnil ication ol l0 tiorr rcal
space.  Herc  the  bubb les  r re  rnuc l t  smal le r  1190; rm
diamc lc r ) .  s ince  the  ho logr lm was takcr  on ly  2  ms
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Fig. 7 Comparison of the venex region of a neutrino event imaged in
a- a convent ional  photograph; b-  a hologram

alier the bcan injection. Whc're Iarge bubbles irr
conventional pllotographs obstrucl the cletails ol a
closc-in interzrctioD at a dislnncc of aLrout I cm llonl
the primary vcrtL'x. holograms witlr bubblcs ol srnallcr
d ian lc lc r  can  a l low a  de t r i led  s tudy  o t  th is  s r -condary
in le rac l ion .

Future of  bubble chamber holography

Thc two la rgc  bubb le  chambcrs .  the  Tohokt t  bubb le
chambe'r and thc ,1.6 n.r ( 15 ft) bubtrle charnbe r have
bcen preparccl lbr l physics run starting in the
bcg inn ing  o f  sumnter  1987.  Th is  phys ics  run  is  a
cont inuat ion  o f the  198-5  run .  Thc  ho lograph ic
lechn iqucs  are  esse | l ia l l y  the  samc in  t ro th  cascs i
however. n1osl of the conlponcnts arc- rc-clesigned and
improved. lt is hopecl to oblain statistics ol good
ho lograms and es tab l i sh  ho lography  as  a  r lew
rccord ing  techn iquc .  Ho lograph l  i s  esscnt ia l  fb r  a
search of thc tau-neutrino which is only corlcr' ivablc
LLSing accelcralor-producecl high enerery nc'utrlnos and
largc-vo lume bubb lc  c l rambers .
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