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New developm ents at nuclear emulsion experiment 

Qian Wan．Yan，Cai Xu，Zhou Dai·Cui 
f The Institute of Particle Physics，Hun-Zhong Normal University，Wuhan,~soo 79) 

Abstract Three new nuclear emulsion techniques used f0r measuring emission angles of 

charged particles in central events at ultra-high evergy heavy·ion collisions are fully described· 

K eywords Nuclear emulsion detector，Heavy ion collisions，M ultiparticle production 

1 Introduction 

In 1 896 Henri Bequerel discovered the 

spontaneous decay of uranium by noticing that 

a photographic emulsion was blackened despite 

being wrapped in black paper．Moreover，the 

particles 7r+，7r一，K+，K—were discovered using 

emulsion detectors．【1】Even today,nuclear emu1． 

sion is still in active service in both high energy 

particle physics an d nuclcar physics researches． 

There are man y research topics involved，from 

studying basic nuclear fragmentation，and rnul— 

tiparticle production to searching for T neutri． 

noes in neutrino oscillation experiments． The 

main difierence between today s nuclear emu1． 

sion research techniques and those used twenty 

years ago is that the former can be applied with 

modern techniques such as computer．controlled 

meas urement systems and systems based on 

CCD technology．I2，驯 

Nuclear emulsion is characterized by high 

spatial resolution — l#m．complete 47r an gle 

coverage an d almost perfect detector efficiency 

which make it well suitable for measuring the 

charged particle multiplicity and pseudorapid· 

ity distributions． The drawback of emulsion 

detector is to take a long time to accumulate 

data．difficult to identify the particles and has 

limitations for the measurement of particle n'lo- 

menta．especially．in central Pb-Pb interactions 

at 158A GeV at CERN／SPS．where the number 
of charged particles may be as high as about 

1500． Therefore，it is impossible to measure 

such big events with the traditional emulsion 

technique． In this paper three sets of new 

nuclear emulsion techniques are described for 

fast an d accurate measurements all(1 the three． 

tracks at ultra-high energy heavy·ion collisions 

can be performed． 

2 Emulsion experiments 

2．1 Emulsion stacks 

The photographic emulsions used for 

recording the tracks of charged particles differ 

from those of ordinary photography in two re· 

spects：the ratio of silver halide to gelatine is 

about eight times greater and the emulsion layer 

thickheSS is commonly ten to a hundred times 

thicker in the nuclear emulsion．The density of 

standard emulsion is about 3．8g／cm3．The sen． 
sitivity is about 30 grains per 100 microns for 

minimum ionizing particles． 

The nuclear emulsion consists of three b 

sic components：(a)silver halide，chiefly the 
bromide density of 6．47 g／cm3；(b)gelatine and 

a plasticiser，such as glycerine；and(c)water． 
The elements present in the gelatine and plas． 

ticlser are carbon，nitrogen，oxygen，hydrogen 

and sulphur． A charged particle passing the 

emulsion will activate silver bromide crystals 

along i￡s trajectory．During the development of 
the enmlsion the activated silver bromide crys． 

tals will be reduced to metallic silver and de． 

posited in the gelatine as black grains． 

The emulsion stack serves both as target 

all(1 detecto~·．The pellicle stacks provide a good 

estimate of minimum bias cross．sections． Be． 

cause“along the track”scanning carl be used to 

determine the fate of all the projectile ions ob． 
served．In the stacks it is possible to determine 

the charge of the fragments by grain counting， 

ray counting or photometric width measure． 

~leil t． In emulsion experiments ac cording to 

dimensional reconstruction of charged particle ~_onization of tracks．particles can be categorized 
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into：(a)shower particles，singly charged parti— 
cles with a velocity 0．7c，most of them are 

pions；(b)grey particles，velocity <0．7c and a 
residual range greater than 3mm，mainly recoil- 

ing target protons which carry information on 

intranuclear cascacling；(c)black particles with 
a range smaller than 3mm，these are fi'om the 

evaporation of the target spectator excited by 

intranuclear cascading；(d)projectile fragments 
2．2 NGC 12×12 system 

NGC is a semi．automatical system fsee 

Fig．1 1 which was designed to measure horizon— 
tal exposed stacks[4J and which has very good 

angular resolution l#m and an efficiency close 

to 100％． 

The main components of NGC 12×12 

setup are nuclear track precision coordinate 

equiped with camera head and TV monitor；a 

pentum 586 microcomputer equiped with Color 

Image Card；microscope controled by a step mo-- 

for(the resolution of ，Y and z is 1／zm1．The 
一 !，一 z coordinate readout system has been 

engineered to achieve speedy processin g ot any 

coordinate or luminance information provided 

on the face ofa film．Employing a TV camera in 

the primary means，the unit will perform data 

transfer of the darkest or brightest point on the 

screen to the reading host computer．It also per— 

mits transfer of luminance data to the CPU，by 

converting into digital signals projected images 
on a sampling line．The stage control unit per— 

mits shifting the stages of z．Y and z coordinate 

axes to match the CPU—designated coordinate~． 

Fig．1 NGC system main frame 

2．2．1 Coordinate m easurem ent 

The unit is capable of making automatic 

detection of the position of the point in the iIn- 

age，when the comman d pressed，picked up by 

the TV camera and projected onto the screen， 
and of out—putting the z．Y and z coordinates 

of the point detected． 

2．2．2 Inspection of the event 

The program allow the operator to check 

event，to add the trac ks lost，to discard the 

wrong tracks． 

2．2．3 Track reconstruction 

After the measurement．all the tracks co— 

ordinates are obtained．The tracks can be re- 

constructed．The tracks 77 and are calculated 

af er reconstruction． 

2．3 Emulsion cham bers 

The particle production in a central inter— 

action between a projectile nucleus and S，Au or 
Pb at 200A GeV was expected to be very high， 

i．e．several hundreds or more than  one thousand 

of charged particles．The emission an gle of most 

of these particles should be very small，typi- 

caliy less than 5。．These two fac ts made it dif- 

ficultly make accurate meas urements of all the 

emission angles with the normal emulsion tech— 

nique，therefore，we also design a special emul- 

sion technique for fast measurements，by using 

emulsion layers perpendicular to the beam di- 

rection during exposure．This technique needs 

a special designed measuring station combined 

with new computer programs． 

The emulsion chambers contain 7 base 

plates with two layers of FUJI ET一7B emul- 

sion(emulsion plates)，a8 shown in Fig．2．The 
geometrical ar rangement has been the same in 

all run experiments．The emulsion thickness of 

each side is 180#m on plates 2．3 and 90／~m on 

other plates．The target foil is of 250／~m-thick 

Ag，Au an d Pb，located in front ofplate 2．The 

beam nucleus is perpendicular incident onto the 

target．The charged particles are visualized as 

tracks in the emulsion layers．The angles can 

be measured，but momentum measurement and 

particle indentification is not possible since the 

exposures were made without a magnetic field． 

The plates in the chambers are separ ated 

by honeycomb paper spacers made of very little 

material，which means that the particles travel 

mostly through air． This greatly reduces the 

secondary interactions and 一conversion． The 

other advantage of the design of the chambers 
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is that track pattern can be observed at a long 

distance from the vertexf一 5cm1．Therefore it 

is easy to separate all the tracks even within 

the dense core in high multiplicity Pb+Pb inter— 

actions．Interactions with multiplicity as large 

as 1500 charged particles，can easily be me&- 

sured using a newly developed automatic mea- 

surement system based on the CCD technique 

and image processing． 
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Fig．2 Sketch of the emulsion chamber 

0ne disadvantage of the chambers is that 

“along—the—track” scanning is not possible．so 

that the minimum bias cross—sections can not 

be determi ned．The events in the chambers are 

found by “area” scanning，which is inemcient 

for finding low multiplicity events．The tracks 

from a very peripheral event al'e lridden in the 

dense core of the projectile fragment．The sec— 
ond disadvantage is that it is impossible to mea- 

sure large angles and backward moving parti- 

cles．Only par ticles produced within 30。can bc 

measured with nearly 100％ e硒ciency． 

2．4 EM U．PAD system 

In order to obtai11 tracks information aP． 

EMU．PAD system was built[5J(see Fig．31．Tlle 

EMU．PAD is a computer．aided measurelncnt 

system which was designed and successfully en-1- 

ployed for measuring central events of multiplic— 

ity roughly up to about 500 or more but with 

skilled operators，the system has been proven 

to be able to handle even large multiplicities． 

The EMU—PAD consists of a mi crocomputer 

and a coordinate digitizing pad with a cursor 

and a microscope equipped with a projection 
tube with a 70％ to 30％ beam splitting prism at 

the end．The system superimposes three difrcr． 

ent images into the eyepieces of the microscope 

i．e．the image of the EMU—PAD and the display 

of the monitor onto the microscope image． 

Fig．3 EM U-PAD station for emulsion chamber 

The event is measured through the whole 

chamber．starting with the emulsion layer clos． 

est to the vertex point． A1l coordinates of 

tracks measured in the difierent planes are 

transfered to a common coordinate system us． 

ing non—interacting beam tracks in the vicinity 

of the collision as refefence． During the nlea- 

suring and inspection procedures all the coot． 

dinates and other relevant information will an． 

toma tically be stored in the computer．All the 

nleasured points will give a sma ll spot on the 

screen at the same position as where they were 

measured with the EMU．PAD cursor as seen 

through the eyepieces of the mi croscope． The 

operator can therefore concentrate on compar— 

ing the emulsion picture and picture on the 

screen．W hen the measurement in one plan e is 

finished，coordinates in the next plane al'e pre． 

dieted and projected onto the screen．When all 
predicted points have been handled the opera- 

to1"can add further tracks in regions previously 

not measured．All tracks are then reconstructed 

using a three．dimensional least square fit． 

The measuring station needs a complex 

software package both during the installation 

of the package and especially during the mea- 

suring，the event reconstruction and the data 

analysis procedures． The EMU PAD softwar e 

packa ge consists of 14 programs，of which 9 are 

used to make a complete measurement of event 

i．e． choose the interesting events for measur— 

ment，reconstrust and check the measurements， 

A menu is automatically displayed on the 

screen when entering the EM U directory．From 

this menu the operator chooses among the 9 

programs，All data files produced are stored on 

two difierent sub directories，one with the raw 
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data files and the other with the reconstructed it is configured as 640 x 480 pixels． The win— 

data files．W ith this measuring station，events 

with 600 charged particles can bc measured iil 

4 to 5 h．【6J 

2．5 CCD autom atic system 

To be able to study Pb．Pb interactions 

to search for the quark—gluon plasma wh；ch 

is believed to exist under extreme conditions 

of high enengy density and high temperatures． 

W le develop a new CCD system for automati- 

cally meas uring the charged tracks in the Pb． 

Pb interactions[2 J(see Fig．41．The basic idea of 

such CCD system is to scale the images in differ— 

ent z coordinates to the same z value．then the 

scaled images are added together．In such way 

the ratio of signal／background(S／B)will be 
enhanced．The tracks coordinates can be calcu— 

lated after Pixel background subtraction by us— 

ing some kind of track cluster algorithm．W ith 

such technique，the measurement time arc dra- 

matically reduced to about half to an hour for 

events with charged multiplicity high as about 

1500． 溉 fully describe the experiment equip． 

ments and software which control the whole 

measurement and track reconstruction process． 

Fig．4 Automatic measurement system based on 

CCD·technique and image processing 

The main experiment setup are ttl!image 

series board(IM—LC1 installed ii1 a host PC COI．TI- 
purer，a CCD camera，a high resolution colour 

monitor and a microscope where stage motion 

and focusing is controled by step motors．The 

detector is emulsion chamber． 

2．5．1 Im age．board 

The M ATROX Image—LC consists of a se 

ries of boards(Base board image real t pro- 
cessor board and digitizer bom'd1， 

2．5．2 M onitor 

The monitor is a high resolutionf 102,1×1024 

pixels)colour screen，but in present application 

dow from (123，0)to(639，479)(corresponding 
to 312×295#m with a 22× oil immersion ob- 

jective)is used to display the image from the 
Cam era ． 

2．5．3 The CCD cam era 

The camera(LDH 0703／30)is equipped 
with a charged couple device． A C—mount de— 

vice(OLYMPUS U—CMAD．2 and U—TVO．5X1 

redl,ces the image scale on the CCD by a fac tor 

of 2． 

The camera delivers all analog video sig— 

nal to the image processor．The signal is then 

digitized by an 8一bit flash A／D converter which 
produces interlac ed black and white video pic— 

ture of 625 lines at 50 Itz． 

2．5．4 Software 

The image of emulsion in the cer tain field 

of view of the microscope(Region of Inter— 

est(ROI))is transfered to the image processor 
and displayed on the window of the monitor． 

The track coordinates in the field of the mi- 

croscopc are then calculated ac cording to the 

corresponding position in the window． 

2．5．5 M easure the distance between star 

and ref track 

A non．interesting reference track is used to 

define the coordinate system．This is calibrated 

in plate 1，upstream of the interaction．W hen 

a plate is changed．this reference track is man— 

ually moved to the center window． Then the 

step motors move the stage to a position where 

the event center is in the center of the window． 

2．5．6 M easure the event 

In the measurements．each emulsion layer 

is dicided into scquential sublayers at l#m dis． 

tance along the beam direction． The micro— 

scope is focused automatically onto each sub- 

layer an d the image is grabbed by the image 

processor． After being digitized，the image 
is transfered to the grame buffers of the base 

bom'd and displayed on the monitor．The im- 

age ix treated by spatial filtering，is geometri- 

cally sc ed and the images at different sublay． 

ers are summed pixel-bv—pixel to enhance track 

S／B ratio．This is done in the image real time 

processor(hnage—RTP)．The summed images 
are~tored on the hard disk of the computer． 

W hen all the summ ed images for the event have 

been recorded．tracks are identified and recon— 

structcd by conventional methods． 
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2．5．7 Reconstruction of tracks 

After track finding in the summed im— 

ages，the tracks are reconstructed by tracing 

the tracks through the emulsion plates，start— 

ing with the last plate． The “search radius’ 

depends slightly on the track position in the 

image． 

d 

△ = 0(1+1-~0UA0) 

Here r0 is 3．4 pm and 2．1pm in the first layer 

of emulsion plate 2 an d the other layers of the 

plates，respectively and d iS the distance of tile 

track from the Window center．For a track to be 

accepted，it is required that the track appears in 

at least 75％ of total number of summed images， 

after considering the geometrical acceptmlce． 

2．5．8 Alignm ent 

It is not unusual that the actual distance 

between two emulsion plates deviate somewhat 

from the nominal distance．There may also bc a 

translation error in tile coordinate sys tem，since 

the lead track used to define tlle coordinate sys— 

tem is quite fuzzy．The error in the measure— 

merit of the centroid may be several microns． 

To compensate these effects，a fix,al alignlnent 

iS done．The two images are displayed on the 

monitor．By visual recognition of track patterns 

the operator identifies the tracks of a particle 

in both irnages．They are marked，and this is 

done in different parts of the image，preferen- 

tially along the edges．The software then makes 

the final alignment． 

3 Conclusions 

As shown， the three sets of new tech— 

nigues are fully described． W ith such tech— 

nique one can make fast an d accurate measure— 

ment and three—dimensional reconstruction of 

charged particle tracks． 
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