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ABSTRACT:

An experiment is propesed to study charm decays with a 10* decay
statistics. The experiment is of a hybrid type, using a magnetic
spectrometer {a'), a high resolution multivertex detector  (CCD
telescope), and nuclear emulsions.

The main aims of the experiment are:

1. to study charm decays (D,iq,F} with high statistics;

2. to study the production mechanisms by 350 GeV/c »~ and by 70 to
200 GeV y's;

3. to study the capability of the CCD telescope device as a stand alone
high energy multivertex detector.
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A 104 CHARM DECAY STUDY WITH EMULSIONS COUPLED TO A MAGNETIC
SPECTROMETER AND A HIGH RESOLUTION VERTEX DETECTOR

Introduction

A study of charmed particles requires to collect
a very high statistics sample to give an answer to many
questions {(branching ratios, rare decays, production mechan-
isms etc).

This fact requires mainly a selective trigger +to
enrich the sample over the background without biasing
too much the statistics, and a good vertex detector.

Up to now many possibilities for high reéolution
vertex detectors have been proposed. The oldest and more
precise of these methods ‘is based on nuclear emulsions.
This method gives an unsurpassed resolution of a few microns
and is not so time consuming if a good localization of
the interactions into the emulsions is provided (as proved
by WASS, WA71, WA75, E531). If moreover an external multi-
vertex 1dentification could be possible, a good enrichment
of the sample of the decays over the background can be
obtained with a correspondent shortening of the scanning

time.



Cbviously a multivertex identification done with
an electronic device allows, in principle, to study directly

the decays.

Several electronic multivertex detectors for studying
short lived decays have been proposed. They are based
on microstrip detectors, silicon slices as live targets,

optical TfTibers coupled with CCh's etc. A method based on
CCD detectors as particles detectors has been developed
by us and it is described 1n ref. 1.

Each eof these methods promises a precision and two
tracks resolution of the order of 10 um.

In any case many problems have to be preliminary

solved before a reliable use of these devices in a very
high statistics experiment. The most important of all
these problems 1is to ascertain what is the true spatial
resolution. |In fact the impact parameter for charm decays.
is, in the mean, of the order of 100 um, very close to
the claimed resclution. Moreover it has to be pointed
out that, in a purely electronic experiment which wmight

resolve the decay vertices, there does not exist the certitude
that the tracks associated to each vertex do really belong
to that one. This fact increases the combinatorial background
over which the true physical signal can be observed.

To try to give an answer to these problems and to
check the real possibilities of the electronic multivertex
detectors we propose a charm decay study based on nuclear
emulsions coupled with a CCD telescope.

The experiment can give good physical results based
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on about 10 charm decays. The multivertex capability
of the CCD telescope is used to obtain a very good local-
ization of the interactions inside the emulsion and to
enrich the sample with charm decays.

We think that this 1is a necessary and preliminary
step before the use of this type of detectors in Figed
target physics as well as in c¢olliding beam physics as

stand alone detectors.

Physical aims

During the last few years some of the most important

features of open charm particles have been determined

using different experimental techniques. The life-times
of the charged and neutral D mesons have been measured
together with their branching ratios for several decay

channels.
Mark 11ll (2) measured the 0 branching ratios given
+ —
that thousands of D particles are produced in e e collisions;

it was thus possible to reveal even rare decay channels.

On the contrary the life-time of the charmed baryons

and of other charmed particles containing the s quark
+ +

(F-, A, T°) are stil!ll uncertain. The number of collected

events and the ambiguity in recognizing the charmed particle
are such that a big experimental effort is still necessary
in order to give an answer to the problem of determining
the intrinsic properties of these charmed particles. To

achieve this goal it becomes necessary to use visual tech-



niques as nuclear emulsions or bubble chambers or equivalent
electronic devices. In order te collect a sufficient number
of events for each type of particle a suitable <choice
of the incident beam is also necessary. The charged and
neutral D meson have been produced in many experiments
by collisions of leptons ( v and FL), of photons and of hadrons
{7t ,p). But few examples of the F meson have been detected
in an uneqguivocal way; for instance the last data on the
360 GeV/c s p interactions published by the LEBC-EHS collab-
oration (3) do not show any unambiguous signal of F in
a total of 185 charm decays.

The F production seems on the contrary more abundant
in photoproduction and leptoproductions (4).

It seems therefore profitable fo collect a high sta-
tistics by ¥ -nucleus interactions tn order to separate
a significant sample of particles with charm and strangeness
and to determine their life-time.

Concerning the cross section and the production mechanism
of charmed particles in the different reactions induced
by different beams, the data are still very uncertain
or completely defective (5,6,7,).

The technigues to be wused to get information about
cross sections and  production mechanism are of different
kinds:

a) beam dump experiments, where the leptons from semi-
leptonic decays of charmed particles are 1identified;
in order to compute the cross sections it 1s necessary

to know with high accuracy the semileptonic branching-



ratios of the different charmed particles and to
formulate a hypothesis on the production mechanism.

b) experiments showing a peak in the mass spectrum of
peculiar combinations of final state particles; i f
the branching ratio of the charmed particles in that
exclusive channel s known, then it ts possibie to
go back to the total number of produced charmed particles
of that type. The combinatorial background is almost
always considerable because of the high multiplicity
of the final state at high energy, and so the comput-
ation of +the acceptance of the apparatus and the
influence of the +trigger used make such determination
uncertain.

c) experiments where the charmed particles are directly
"seen” (nuclear emulsions, bubble chambers); in this

case the problem arises mainly from the poor statistics.

The results obtained so far with these different

methods are considerably uncertain because of the poor

knowledge of some branching ratios that, being anyhow
of the order of one percent, leads to large correction
factors.

Moreover it is not clear how to compare the results

in order to obtain the significant data due to the fact
that the experiments are done on different targets and
with different beams. A method that can eliminate some
difficulties and give useful information about the properties
of the charmed particles produced from different reactions

is to use different beams on the same active target with



the same experimental apparatus for the detection.

The comparison between data taken under the same
acceptance conditions can be better than the comparison
between data taken under different conditions. The ratio
between the cross sections is at least achievable more
directly and many corrections cancel out.

For these reasons we intend to study charmed particles
by an experiment using different incident beams, the 'same
target and the same detecting apparatus; The use of nuclear
emulsions together with a telescope of CCD's for the detection
of the interactions vertices will allow wus to <collect
events of production of charmed particles pairs both in
photoproduction and in hadroproduction (beams of @ or K, p, B)
with a negligible background. The collection of some thousands
of events with charm will allow the study of the correlations
between the produced particles, and this will in +turn
allow to discriminate between the different production

mode | s.

Experimental technique

Ay tagged beam with momentum between 70 and 200
GeV/c and a 350 GeV/c 7 beam hit a nuclear emulsion target.

The beams have both a cross section of about 2 cm2
and the emulsion stacks are moved to cover all the surface
of the stack when the foreseen dose is locally reached.

fmmediately after the emulsion target there is a

telescope of detectors with high spatial resolution*‘ This
(*Fig., 1)



telescope will aliow the reconstruction of vertices with
an accuracy of about 10 Lm in the perpendicular directions
to the beam and of about 100 gum in the Jongitudinal direction
(see Appendix 1).

The emulston stacks and the telescope are inside
a magnetic spectrometer which will give an accurate reconstruction
of the kinematics of the Iinteraction and of the decay.
Finally a suitable trigger will allow an enrichment of

the sample of the detected events with décay candidates.

. The focal points of the experiments are then:
1) The emulsions and the high resolution telescope,
2) The spectrometer, the particle identification and

the trigger.

In particular we propose to use the upgraded Q' spectro-
meter(8). The 1’ system provides in fact enough spatial resol-
ution and good momentum measurements. The RICH (9) detector
and the large area calorimeter {(10) can give good enough
particle identificaticn to obtain a complete kinematical
recoenstruction of the events. The foreseen set-up is shown in

Fig. 2.
[ _

Emuisions and high resolution telescope

Two types of emulsion targets are foreseen:
The first one is done with emulsions exposed perpendicularly
to the beam for a tota! thickness of 1.5 em. This exposure
allows a density of about. 3000/mm2 crossing particles
{ & or collimated electrons pairs).

The second one has the emulsion parallel to the beam and



cut in strips of 1.5 em. This type of exposure s more
suitable for an accurate measurohent of short lived particles
but support a track density of 2000 tracks/mmz,

In any case the first cm is used as fiducial volume,
in order to have at least .5 cm for observing the decays.
Each target wil!l have a cross section of 2 cm2 and hence
a volume of 3 cm

We plan to collect an equal number of decays on -each
type of target, half of them photoproduced, the other
half hadroproduced. The CCD telescope is described in
ref. 1, together with advantages and disadvantages of
this type of device. The main differcnce is now that . the
read-out works at 10MHz (6.7 MHz in ref. 1) and a factor
1.5 can be gained in the exposure time for y rays.

Appendix 1 describes the results on the vertex re-
construction capability of a 7 plane telescope for simulated
decays.

The main parameters of the telescope and the results
of the simulation are here summarized:

7 planes of 4 CCD arrays for a total area of 4 cm2 each
plane; distance between the planes 1 cm; maximum number
of points per plane 10600/ (40 ms),(400 for each array),corre—
sponding to a maximum rate of 4x104 crossing points per
second; vertex localization (taking into account the multiple
~scattering in emulsion and inside the telescope planes)
+ 10 um on the plane perpendicular to the beam and + 100 um on
the beam direction; vertex resolution 50 Um and 500 yﬁ re-

spectively.



The spectrometer, the particle identification and the

trigger

As we have said we foresee to use the Q spectrometer
together with the RICH counter and the electromagnetic
calorimeter.

Appendix 2 describes the details of the assumptions,
simulations and calculations performed to obtain the main
parameters of the experiments as yiefd, Pun time, event.
-selection, scanning time etc.

Here we try to summarize the main points.

1} The only on~line foreseen trigger is a multiplicity
trigger {obtained from ), 10 for pions, 8 for
Y ’s.

2) The maximum rate of pions Iimpinging on the emulsion
target depends on the maximum number of on-line

triggers the data acquisition system of £ is able to han-
dle.

3) The maximum rate of vy’'s impinging on the emulstion
target depends on the maximum number of c¢rossing
tracks (e+ e pairs from converted Y’s) on the telescope
planes.

4) Only for the pions an off-line event selection of
at least one charged K is applied.

5) For both pions and vy ‘s a multivertex reconstruction
is required.

6) With this event selection we obtain for both pions

and v's about 3 fully observed charmed pairs over
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100 canditates.

7) For the scanning time evaluation, emulsions exposed
to 300 GeV/¢ protons have been used. These emulsions
were fully scanned many years ago and the i1nferaction
locations were hence known. We have given to our
scanners the interaction coordinates and asked them
to find and follow the interaction tracks. The mean
time resulting from a sample of about 1000 interactions
was about 20 minutes/interaction.
Table A summarizes the main parameters of the experiment
for the production of 104 observed charmed decays (5.103
from 7t and 5.103 from ?'S)
TABLE A
Tot: Rate run litres on-line | candidates | scanning
numb. time emuision | triggers time
(d) (h)
8 6
i3 1.5x10 6.5:{103/S 2.5 1 2.0x10 8.4x104 2.8x104
10
Y 2.7x10 1.2x105/ 21 75 7.5x105 8.8x104 2.9x104
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comments

1)

2)

3)

4)

All the data presented have been calculated with

a maximum track density of 2x103 71'/mm2 for x’s, and
with the track density we have used in WASS for v's, i.e.
the density that can be supported by an horizontal
plate. An increase of 50% in both cases can be applied
for one half of the emulsion vertically exposed. The
total vyield will be in this case of about 1.2x104
charmed decays.
The total scanning time is exvected to be 5.7 X lO4 hours.
The collaboration would benefit of the work of a minimum
of 25 scanners (8 in Italy, 12 in USSR and 5 in Spain).
Hence the scanning can be accomplished in 2.3 X 103 hours

i.e. in about 2 years, solar time.

For the - ‘s half of the statistics (K selection
applied) could be scanned in the first two months.

The increased read-out frequency has not been taken
into account in the calculations. This gives an improve-
ment of a factor 1.5 in the*f* data collection (the
max imum number of ¥’s is limited by the maximum number of
tracks/s crossing the telescope).

This improvement can be used either to increase by this
factor the number of decays collected, or to reduce
by an eqgual factor the run time.

It is difficult to estimate the expected number of
F and Ac we can hope to collect, given the quasi total

uncertainty of the data. For the photoproduction,



starting from the WA3S (still unpubiished data),
we can think to collect about 700 Ac (15%) and 150
F (3%).

For the hadroproduction, from the LEBC-EHS data (3)
about 050 Ac {(13%) can be expected. No reliable
prevision can be made for the F production. |In fact,
although the F signal has been observed (NAI1) no

cross section has been published.
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Work Organization

The Italian part of the collaboration will have in charge
the construction of the CCD telescope and its management.

The Russian part will have in charge the full supply of
the emulsions and their partial management,

The Spanish part will probably have in charge the manacement of

£ system (for the part not suprorted by CERN) hefore and during the run.

The whole collaboration will contribute to the software de-
velopment, to the scanning of the emulsion and to the data ana-
lysis.

For the Italian part 8 scanners will be full time engaged in
this experiment.

For the Russian part at least 12 scanners will work.

¥Yor the Spanish part 5 scanners will work.

In the total at least 25 scanners will be full time engaged.

The collaboration expects from CERN:

= the availability and the partial technical collaboration
for the management of the @' svstem;

~- the availability of the CERN emulsion processing facilities

{see Appendix 3}
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APPENDIX 1
Event stmulation

The background events were generated with the Qertex
put at random inside the target (1.5x2x1 cms){ The number
of charged particles of the interactions is wvariable and
reproduces the multiplicity distribution experimentally
seen. Lvery event is generated with a number of 71° half
that of the charged particles. The outgoing Z° are then
let decay into 2 P’s. The V'’s conversion probability in
the emulsion is calculated together with the coordinates
of the vertex of the pair. The background events, which
give in their turn a secondary interaction, are generated
as the previous ones, letting one of the outgoing particles
interact at random inside the distance betwcen the vertex
and the end of the target. The secondary event is generated
with an average charged multiplicity NZ:C = 5 and the coor-
dinates of the secondary vertex are Caléu!ated. The events
which charmed particle production are generated according
to a model of the type (1-|Xf)3 e—l'1p2 (11). For what is
concerning vertex coordinates, charged multiplicity and
number of 7° , the procedure is the same as that adopted
tfor the background events. The two particles generated as
charmed are let to decay with an average multiplicity n=
3 and a lifetime T= 5 10_13 s. |f the decay occurs inside
the emulsion the coordinates of the decay vertex are cal-
culated.

The events with CE production which have all the poss-

ible decays outside the emulsion are less than 1%.
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Simulation of the background due to the beam tracks and

to events out of time

One thousand tracks, being parallel and c¢rossing the
whole emuision with constant spatial distribution, are taken
into account. Between them about two tracks get into 70 us
(resolving time of the apparatus) with respect to the event
under study, about 20 events out of time are generated in
addition. In other words there are no events produced inside

70 s from the production of the event under study.

Simulation of the track trajectories inside the telescope

! For each one of the charged tracks of the generated .
events the multiple and single wide angle scattering inside
the emulsion and telescope planes, as well as the Q'

magnetic field of 18 KGauss are taken into account. The
direction of the track when it leaves the target is sued to
determine the crossing points of its trajectbry with each of
the 7 planes, each consisting of 4 photodiode arrays. The
coordinates are in units of diodes. The same procedure is
adopted for the beam tracks and background events. The pro-
cedure of reading the information relative to the single
planes letting it run in alternatively opposite directions is
used. In this way, a trajectory which is not inside the read-
ing time bf one row of cells (70 ﬁs) will appear as a broken

line,

Event reconstruction

After having generated events and background there

are about 1600 coordinates for each plane of photodiode
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arrays. Firts the incident tracks out of time are removed,
analyzing separately the coordinates of the odd and of the
even planes and flagging thoeose fitting a trajectory compat-
ible, for its direction, with the bcam direction. Each of
the tracks reconstructed using only the points of the odd
planes is compared with each of the tracks reconstructed
using only the points of the even planes. If two of these
tracks are coincident inside 1 diode they are accepted as
one track in time and the points are kept as tracks points.
The remaining points are flagged as points of primary tracks
out of time. From all the points not flagged as points of
tracks out of time, start the pattern recognition and the
fit of the tracks. A track is accepted if it has at least
5 points {i.e. it crosses at least 5 planes). When all the
tracks are reconstructed the vertex reconstruction starts

and 41ts coordinates with the errors are calculated (Fig. 3).

Results

Table A shows the percentage of reconstructed vertices
for different kinds of generated events and for a distance
from the emulsion to the telescope aof 5 mm. !In column 1 be-
tween brackets is the percentage of events from which all
the decay products have less than 5 points detected by the
telescope. To test the capability of the program to work
well also in a rather confusing situation 5 more in time
events were added. No difference was found in verticeé re—
construction.

Figure 4 shows the differences Ax, Ay, Az between the
coordinates of the vertex of the primary event as it was

generated and as it was reconstructed.
Fig. 5 shows the same differences for DD decays. Fig. €& shows
the generated decay length distribution and the same for the

detectable decay vertices.
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TABLE A
Type of event 1 reconstructed 2 reconstructed More than 2 recons—
vertex (%) vertices (%) structed vertices (%)
Without seconda-
ry interaction 96. 4.0
With secondary
interaction 18.0 77.0 5.0
With éE produc— _ :
tion 32.3 62.9 _ 4.3

(t = 5x10_35ec) (3.0)

With BB produc-

tion 17 26.7 24 49.3
{1t = 2x10 “sec) (22.6)



APPENDIX 2

A) 350 GeV/c pions in emulsion

fmulsions exposed to 350 GeV/c pions have been scanned.
The resuits obtained are the following:
a) Mean number of minimum Jionizing tracks in *+ 30° (i.e.,

which can enter into the CCD telescope and into ') 12

b) Events with>10 minimum ionizing tracks (Ns)} in +30° 56%

c) Mean number of ionizing tracks for the events with
Ns > 10 | . 16

d) Mean free path in emulsion 62+ 2cm
(well compatible with q&em = Unp <A2/3>

e) Mean free path in emulsion for secondary interactions

Asec 51+ 6cm

The production cross sections for charged kaons (KCh)

in high energy interacti;ns are (12'13).

o IK:h =0 /4

L ZKCh = g /10

T 3K°© = /100
The charged kaons are recognized as such when their

momentum is between 5 and 70 GeV/c. It has also been taken

into account that about 1% of the pions in the same momentum

interval will be interpreted as kaons.

.The momentum distribution of the K's produced in the inter-
actions (Fig.7) has been simulated with a production of the type
e-2'2|x] . e-4'5 pé (Ref.12,13), and 0.24 of the produced K's
have a momentum between 5 and 70 GeV/c. The momentum distribu-
tion of the pions obtained with a simulation of the type e p;,

gives that 0.11 of the pions have the momentum in the same

interval.



For the events with multiplicity > 10 the events with

. h :
recognized K" are the following

a) events without secondary interaction .11
b) events with secondary interaction, background of pions
included .17

The momentum distribution of the K's coming from charm
decay (Fig. 8) has been simulated with a production of the
'l‘lp§ (11), and it has been obtained that
0.7 of K's have momentum between 5 and 70 GeV/c. |

type (l-—]x])3 X e

In order to compute the charm pairs percentage detectable,
the data of ref.11 have been used for the decay multiplicity.

Requiring that at least one of the two charm decays has at
least 2 charged prongs {in order to be able to reconstruct a de
cay vertex), the 87% of the produced pairs are detectable. The

former percentage decreases to 78% for the events with Ns > 10.
ch ch

- K
| b+ a1
=44%, it has been obtained that 53% of the

Assuming {from SLAC data) the following ratios: D

- 22% and D+ K"
D+ all ch oh
detectable pairs has 1K and 11% has 2K . Taking into account

the percentage of the KCh having momentum in the 5% 70 GeV/c

interval and the background percentages, it comes out that 50%
of the events which produce detectable pairs have at least one
particle recognizable as kaon. Other useful daté for evaluation

of the detectable pairs and for the experiment feasibility fol

[ow:
_ . eff__ . .
a) Unp tot—28mb, UDU=30pb, LA> /(AT >=3.83 from which it Fo]
lows that N05=0.0041x N produced events
b) Maximum number of recordable triggers per second = 100

c) target dimension xyz=15x20x10 mm3 with x= beam direction

d) maximum primary track density ZOOO/mm2
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The maximum total number of pions crossing one target will

be 2x105x2 = 4x105 for a total path of 6x105 cm and about

3

104 interactions will be produced, ©6.2&10" of which will

give a multiplicity trigger. This implies 62 seconds of

3 r/s. The total number

exposure time, at a rate of 6.5.x10
of tracks crossing the telescope will be 7.7 103/5, wel i

below the maximum number of 4x104/s.

The particles produced in the fiducial volume (lcm)
will travel in the mean 1 cm of emulsion and therefore
(16x1)/50=.32 of the events will have a secondary interaction.

This figure decreases to .28 for the secondary interactions
with at least 2 minimum ionizing tracks (i.e. with recon-
structable vertex) and to .23 requiring Ns > 10.

Table 1 summarizes the events produced by pions in

the emulsion.

TABLE 1
Events Total in fiducial as before as befogﬁ as before
volume (lcm) Ne > 10 with 1K with more
than 1 vertex
reconstructed
without
secondary 7200 4800 2700 297 12
interaction
with
secondary _
interaction 2800 1870 1534 261 214
with
DD pairs 41 27 21 10.5 7
Therefore to obtain 5000 reconstructed decays we will need
about 360 targets, corresponding to about 1 liter of emulsion.

With a 2s burst, a repetition rate of 14 s and a 70% SPS ef-
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ficiency a 2,5 days run will be needed. The scanning will concern
about 8.4x104 candidates, corresponding to about 28000 hours.
The finding rate will be 3 charmed pairs per 100 scanned

events.



B} (70 = 200 GeV) ¥ in emulsion

A reasonable estimate of the maximum dose to which the
emulsions can be exposed is about 0.5 x 106 'Y/cmz.
This dose is eguivalent to about 1.5 x 185 electron pairs/cmz.
In fact we can extrapolate the WA 58 scanning data
towards the increased thickness of the emulsion and the increa-

sed energy,
¥

s

This extravoclaticon aives that about 2000 electren péirs/mm
allow an accurate scanning of emulsion, giving rise toe about
2000 tracks/mm2 alioned with the beam, prlus somethinag less
than 2000 not aligned tracks, these last ones coming mainly
from low enerqgy ¥'s and from ¥ 's converted before the
emulsion.

With this number of pairs we obtain easilv :

-(7/9)x2{1.5/3)

N’T/mm2 /{1~-e ) = 2000/0.32 =

N__.
pairs

2
6250 Y/mm

With a safetv cut of 20%, this is the dose we have before
indicated. This dose corresvonds to 1.x106 Y's on the 2 cm2
target, and hence to about 6.x104 fullvy tagged Y's/cm2
between 70 and 200 GeV. The 1.5x105gﬁﬂctﬂx1 pairs/cm2 give
rise to 3.x105 tracks/cmg, 1.?x105/cm2 of which as a maximum
enter the CCD telescobe, corresponding to 3.4x105 tracks
entering the telescone from the whole target for a complete
dose, This implies (4.x104 being the maximum number of tracks
per second supported bv the telescope} that about 8 s will

be the exposure time for each target.



For each second there will be about 1.5x104 full tagged
Y 's on the whole target. This dose/ {targetx s) implies
1.3x105 v's/s crossing the target, for a total length
of crossed emulsion of about 1.9x105 cm/s. The data we

have used for the evaluation of the detectable pairs of

DD and for the feasibility of the experiment are the following

ones:

a) O_ = 115 ub, A_ = 5700 cm {for hadronic interactions)
Yo Yem e _

b) o ==0b i Zay/ AT =152
v+ DD

c) mean charged multiplicity <:Nch> = 10 _

d) with a multiplicity cut Nch & the DD pairs will be

81%, the hadronic interactions 67%.

e) 25% of the events in the fiducial volume will have
a secondary interaction, 22% if we ask at least two
minimum ionizing tracks and 18% if they have to have

a total! number of prongs larger than 8.

We first obtain 1.9x105/5700 = 34 interactions/s.
This figure is well below the maximum number of interactions/s
that_can be handled by the data acquisition system.

Table 2 summarizes the events produced in one target

with the above assumptions.
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TABLE 2
Events Total in fiducial | as before as before
volume Ns > 8 with more than
1 vertex recon-
structed
without .
secondary 25 17 11 .4
interaction
with
secondary 7 5 4 3
interaction
with :
Uﬁ;xﬁrs .25 .17 .14 .1
Therefore to obtain 5000 reconstructed decays it will
be needed 25000 targets, corresponding to 75 litres of emulsion

With a ~ 25 burst, a repetition rate of about 14 and a 70% SPS
efficiency, a 21 days run will be needed,
The scanning will

therefore 8.8x104

concern about 3.5 events/target and
events corresponding to about 29000 hours,.

The finding rate will be 2.8 charmed pairs per 100
scanned events.

ft should be remarked that for v ‘s no K selection
has been used. The reason of this choice is the uncertainty
in the RICH
the K

functioning with y beams. If, as it now seems,

selection can be reduction of a factor

applied, a

about 4 in the

number of the candidates to be observed



in the emulsion will be obtained. This reduces the scanning
time for the first half of the charm sample to about 800

hours.



APPENDIX 3

A) Exposure device

As menticned in Appendix 2, each emulsion target will be exposed for
about 30 bursts {for = ) and for about 4 bursts (for y's) before it
will have reached the exposure dose. This means that the emulsion stack
(containing several targets) has to be put in the beam and then moved to be
exposed vniformly. This fact implies two separate movements: )

1. To place the stack in the beam and to take it out. This will be
achieved in a way quite similar to that used in experiment WAS8 by
means of a gravity operated device. In the final position, the
emulsion shuttle will be nydraulicatly firmly constrained 1in 4

reference position .

2. To move the stack by steps in two coordinates, perpendicularly to the
beam, will be achieved by hydraulically operated movements and
mechanical stops remove-controlled. This operation will ensure a
position reproducibility better than .05 mmn. This method easily over-
comes probiems arising from the strong magnetic field because it 1is
not necessary to use ferromagnetic materials.

This exposure system will be built in Italy.

B) Emulsion Handling

At least 4 main operations will be necessary:
1} Machining of the emulsions to.obtain accurately dimensioned stacks.
2) Gridding of the emulsions to create an emulsion reference system.

3} Mounting of the emulsions on glass plates.



4} Processing of the emulsions (development and fixing).

Operations 1} and 2) should be carried out at CERN, and the availability of

adequate facilities is requested for these operations.

Operations 3) and 4} will be carried cut for half of the emulsions in the
USSR and for the other half at CERN. This splitting is desirable in order
to reduce as much as possible the time required for processing such a large

amount of emulsions.
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FIGURE CAPTIONS

Fig. 1 = CCD telescope beyond the emulsion stack.

Fig. 2 -« TLayout of the experiment.

Fig. 3 -~ a) full line: distribution of the generated primary event
multiplicity -

dotted line: distribution of the reconstructed primary
event multiplicity.

b) same as a} for DD decay (T D 5x10_13 sec)

Fig. 4 - Difference ( in microns ) between the cocordinates of the

generated and of the reconstructed vertex.

Fig. 5 - Difference ( in microns ) between the coordinates of the

generated and of the reconstructed vertices of the DD pair.

Fig., 6 - Full line: decay length distribution of the generated DD decays.
Dotted line: decav length distribution of the DD decays

detectable by means of the CCD telescope.

Fig. 7 - Momentum distribution of the K's from the interactions

produced by 350 GeV/c pions.

Fig. 8 - Momentum distribution of the K's £from D'decays.f
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