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The main difficulties to observe beauty decay are a very short expected
decay path and a very low signal to background ratic. The use of nuclear emul-
sion allows to solve the first problem, while the second one asks for a very
selective trigger and for a very high precision in the interaction vertex recons

truction inside the emulsion.

We present here a proposal for an experiment to measure the lifetime of

the beauties.
The experiment has been projected under the feollowing hypothesis:

i) cross section for BB production: 6;5 = 50 nb

L
ii) average charged kaon number per BB decay: 2.2( J.

The scheme of the proposed experiment foresees the use of the upgradedlllj
spectrometer. A 350 GeV/c n beam hits a nuclear emulsion target, 1.5 cm thick
aiong the beam direction {Fig. 1). This target is followed by a high spatial
resolution telescope which gives an accurate vertex reconstruction. The expected
precisions are IOJp m across the be?m direction and 1Q0 P.m along the beam. Tar-
get and telescope coupled to the gz— spectrometer will give a very good kinema-

tical reconstruction of the primary interaction and of the decav. The set-up

for particle identification will be used to enrich the beauty sample.
The focal points of the sxperiment are:

a2} the high resolution telescope

b! the trigger system

Apart from these two points the experiment iz a conventional one.

The high resclution telescope

Many tests have been done to check the possibility of using solid state

area image sensors as particie detectors.

These devices are made up by planes of photodicdes with a pitch ranging
frem 60 to 16 }¢ m. The photcediode arrays are serially read by a sequential line-

by-line read-out through a CCD mechanism.



It has to be pointed cut here advantages and disadvantages of this appara-

tus in comparison with other ones {(stripped silicon detectors).

The advantages are:

a) very high precision (up to 16 }p- m or better) by determining the weighted

center of the collected charge; .

b} wvery simple associated electronics: only one output channel for a very high

nunber (2+3 '1051 of pixels;
c) no ambiguity for any multipliciﬁy;
d) resolution as good as about 80_}Lm;
~e) commercial availability.
The disadvantages are:

-2
a') rather long read-out time (10 s)

b') sensitivity lasting even during the read-out time.

a') precludes the use of this device for on-line triggers. b') bounds the beam
intensity to the ability of taking the interesting data out of all those colliec-

ted during the read-out time.
Many tests have been performed to check severzl points:

a) flatness of the 'base line in the dark (fixed pattern); .
b} measurement of the standard deviation of the signal in one pizel as a func-
tion of the temperature, due to the fluctuation of the collected charge from
the dark current; ‘L Ry -
¢} sensitivity of the device to the minimum ionizing particles; <
d) measurement of the signal to fixed pattern ratio under different weork condi-
tions;
= measuremeﬁt of the width (in pixels) of the éignal due tg the minimum ionizing
rparticles.

The tests a) and b) have been done in our laboratories, the tests <), d}

and e} have been done using 22 MeV/c electrons from the Lirac of the Radicloegy

Institute of Florence University.and exposing also the device to cosmic rays.



Among several tested devices the MA357 GEC from the GEC Hirst Research

Center has fulfilled our needs.

The main features of these arrays are: 22 Vm X 22}4m single pixel dimen-
A
sions, 8.5x12.5 mm overall dimension, 385 columns and 576 rows corresponding

to 221,760 pixels, 10 MHz operating frequence, 20 ms read-out time.

The operating temperature was fixed at -25°C. In this condition, when a
minimum ionizing particle crosses the device the pixel collecting the most of
the charge gives a signal (6000 electrons) about 3 times the fixed pattern back
ground, while thé whole charge is distributed at the most over 3x3 contigucus
pixels. The charge due to the dark current is 6000 electrons too, with a statig
tical fluctuation of 80 electrons. It is then easy to lqcalize the crossing of
a minimum icnizing particle inside one pixel or even a fraction of it.

By lowering the temperature it can be probably reduced the fixed pattern back-

ground and this is important to obtain good information on the particle trajec—

tory,

The results of the tests are shown in Fig. 2. By exposing the array to
cosmic rays with suitable slectronics a number of pulses corresponding to the
expectad number of cosmic rays has been counted. The height of these pulses is

comparable with that given from the slectrons.

In any case, during this year, we like to do some tests mainly to check
the efficiency of the array to the minimum ionizing particies, efficiency that
now seems vary closge te 1. Dur electron beam is however not suitable for these

mezasurements so we will ask for a test run with a hadronic beam.

The best compromise between cost and performances of the telescope is given

by 7 planes, 1 cm. spaced.

Many compﬁter tests have been done on this configuration to determine the
ability of reconstructing verteces of events produced by 350 GeV/c pions. The
events have been generated by the Monte Carlo FOWL program with the geometry

1

of Fig. L1, taking into account a 18 kgauss magnetic field and including the mul

tiple scattering siffect in the smulsion.



The transverse precision on the vertex reconstruction turns out to be about

10 i m, the longitudinal one about 100 ym.

The reconstruction program, written by us, is able to solve, without loo-
sing information, several contemporary events spread over the target volume and
with multiplicity up to 15. These results have been cbtained with a background
of 400 ocut-of-time points {Figg. 3 and 4). Only 2 over 1000 events are lost and
the extra-track percentage is less than 1%. A track is classified as extra when

its distance from the reconstructed vertex is more than 50 }1m.

The telescope seems then able to determine the position of a vertex in
the emulsion with a precision of 20 y.m x 100 Y{m, i.e. inside one microscope

field of view.

The main features of the telescope read-out, that allow to discriminate

out-of-time tracks, are illustrated in the Appendix.

The read-out time of a single row is about 40 }15. Furthermore it is easy
to eliminate a priori a great amount of spurious information due to non interac

ting primary particles.

Tests to increase the read-out frequency up to 20 MHz are in progress in

order tc double the beam intensity without increasing the background.

The trigger system

The trigger selecticn is based on the result, quoted above, that the ave-
rage number of charged K per BR ig 2.2. Therefore we think to ask for a trigger

with 3 charged K detected by the S}_‘ Cerenkov system.

Using the CLEO data[l} about the momentum distribution of the K¢ from B
decay and assuming for the pion-nucleon interactions a B central production of
the type (l—lxﬂ])2 , we have estimated by a Monte Carlo program that the detec—
tion efficiency for each of the charged kaons coming from the B decay is about
3.5 with the present :rlj Cerenkov systém. It turns then out that the 3 charged

K trigger will select abcut 10% of the produced BB pairs.

It is difficult to evaluate the number of background hadronic interacticns

4.



detected by this multikaonic trigger because at these energies there is a lack
of information about the production of more than 2 charged kaons. Assuming the
central production of charged K with XF and PT distributions as those of the K°
at 40 Gev(z) and 250 GeV{B}, it is possible to estimate a detection efficiency_

of about 10% for each of the charged K. In this case about 0.1% of the background

events with 3 charged K would be detected by the Cerenkov.

Under the hypothesis that the production cross-section for the events with_
more than 2 charged K is lower or equal to 1/100 of the total inelastic cross-
section, one can foresee few hundred background events per each BB pailr detected
by 2 3 charged K trigger, taking alsc into account the eventual wrong identifi-~

cation of a T ag a K.

We are anyhow studying the possibility of using a léss selective trigger
with 2 charged K: the advantage of having a larger number of detected BB events

could however be made void by a prohibitive number of background events.

It could be crucial for taking a final decision a test run to study the
background event rates with different kinds of multiadronic triggers.

Experimental yield and time request

The emulsicn target will be made up of 16 layers, 600 ;A m thick, so as
to have a stack of 1 cm. Each target will be 1.5 ¢m wide and 15 cm long, as shown

. , . 2 ' .
in Fig.lb. A stack will be expcsed to a beam of 1 cm  five times, moving

x 2
(z) {v)
it 3 cm at a time in the y direction and leaving 1 ¢m between one exposition

and the other one. Each part of the stack will so have a volume 1.5x3 = 4.5 cm3,

By the Monte Carlo program it is possible to determine the maximum particle
background supported by the photodiode arrays of the telescope {as already said,
the photeodiodes are sensitive also duriﬁg the read-out time). This background
is of 400 tracks per each array. Each telescope plane is made up of 4 arrays
covering an arez of 17x25 mm2 to give a minimum angular acceptance of 10 degrees
with respect to the target of le2O'mm2. Therefore the maximum acceptable back-

ground will be of about 1600 spurious tracks per plane.

. ~ 3
For this reason the maximum besm intensity has teo be of about 10 primary



4
tracks in 20 ms (read-out time of the arrays), i.e. 5 10 717 /burst. In fact
3 . . . . . .
1C primary tracks crossing 1.5 ¢m of emulsion during the ryead out time give about
35 interactions. Assuming an aﬁerage multiplicity of 8 tracks entering the teles

cope, 300 tracks will be added. 4

The number of produced BB pairs is given by

W - —=L.Cf& | A
BB 1y G¥™ A%3

where LT total track length

lp = T{ mean free path in emulsion

C;B = BB production cross section on nucleon
61““)— total inelastic cross section
A = average mass number in emulsion

With the gquoted beam intensity it will be

_510%.5 50107° = o -
NB@‘ e . 20 -3.75:0.0288/burst

Because of the 3 charged K trigger the number of selected BB pairs per burst

will go to 0.002. .

- 4 .
To collect at least 100 BB pairs 5 10 bursts are necessary. With a 70%
SP3 efficiency and including the set-up time the requested number of bursts cor=-

razsponds to 9 days of run, i.se. 1 shift.

Qur experience indicates that the maximum accettable track densitcy in emul-
, . 3 2 - 3
310n 1is about 2 10 tracks/mm . Therefors for sach part (4,5 e¢m } of cone stack B
bursts will be necessary.

. . 5 10% e 33
The total requested amount of nuclear smulsion is then ——e—— 4.5=28 20" :

Under the hypothsasis done in the "Trigger system" paragraph less than 3 10

nadrsnic interactions will be detectad by the 3 charged K zrigger.

During the emulsion scanning iz is possikle to select the events with two



9 physicists

1l expert in pfogramming
S electronic £echnicians
2 mechanical technicilans

6 nuclear emulsion scanners

The number of people available for the experiment seems adeguate to the work
to be done. At the ;Pitial stage the work consists mainly in making ready the
electronics associated to the telescope (see Appendix). Also the number of peo-
ple available for scanning emulsion plates and performing data analysis seems

well proportionate,

The software for the one vertex reconstruction has already been done and
it has given particularly good results in simulation; for the multivertex racons

truction the work is still in progress.

t
The software for matching the telescope to gl , which we believe would

improve TRIDENT, has still to be done.

The mechanical parts will be built entirely in our shops. The "electronic
part prototypes will be made in our laboratories and then given to commercial

houses for mass-productiocn.

Computations will be done on the CYBER 76 at CINECA laboratories and on

the VAX of Bologna CNAF.

The list of the expected expenses is enclosed.

Conclusions

The proposed experiment foresees the detection of 100 BB pairs cut of about
1000 pairs produced in 28 litres of nuclear emulsion with a particularly reduced

scanning time.

This result will be achiaved by using the detecting particle device descri-
bed above. This kind of detector mav have several different uses in all the ca-
met
- . . - . . L . B
ses where vertex reconstruction accuracy 1s very important and it istfessentlal

to have the relative information in real time. A& feature to be underliined is



1l0.

the cost particularly low respect to detection methods (stripped silicon detec-

tors) with comparable performances and an almost comparable precision.

From the point of view of this experiment it has to be pointed ocut that

the longitudinal development of interaction and decay allows a resolution between

interaction and decay verteces in emulsion of 30 B m or better. Therefore it

1s possible to observe beauties with momenta greater or equal to 50 GeV/c, if
. . — -14 . :

the lifetime is 735= 10 s, and beauties with momenta greater or egqual to

-13
s

5 GeV/c, if it is “C, = 10

The available path in emulsion, long esnough to allow the observation of
the whole chain B C- X, will make easier the topological identification of the

avent.

As far as the 3 charged K trigger is concerned, its efficiency could be
considerably improved by using the identification particle systemhdescribed in
Pl40 of the dmega—Photon Collaboration. This system increases the momentum range
useful for identifying charged kaons. Identification.efficiency can reach 0.75
for the charged K coming from the B decays. Therefore the number of detected

BB pairs may increase.

Finally for the high multiplicity svents fthe kinematical reconstruction
efficiency of the spectrometer and the asscoclated TRIDENT program ought to be
much improved since the data for the tracks in the central cone, as given by
the telescope, can zazllow a very accurate geometrical recoﬁstruction by TRIDENT.
For this reason it is possible to forese a relatively low fraction of incemplete

or unsuccessful kinematical reconstructions.



Time estimate.

We think to be ready for the test run in the se-
cond half of 1982. A more precise date depends on the
delivery time of the materials and on the time needed
for buildiﬁg the apparatus. To complete the analysis
of the £est run data about 5 months will be needed.

Therefore we think to be ready for the main run

about at the end of 1983 or at the beginning of 1984.
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TABLES

BB produced
BB observed

Total number
T 350 GeV/c

iV /burst
Beam dimension
Bursts/target

2 :
T /mm- in emulsion
Number of targets

Number of hadronic
interactions

Number of triggers

Run time
{702 S.P.sS. efficiency)

Emulsions

Scanning time

=k

MATN RUN

1000

70

1 shift

28 1

2000 hours

=
=

|

TEST RUN

1.6 10

7.6 3.6
v Z

2.9 10

6 10

1.5 davs
2 1

700 hours
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LIST OF EXPEINSES

Cost of a single array and related electronics

Array MA 357 10000 SF
Buffers, ADC,drivers, ampliphier 5500 &F
Derandpmizer {(FIFO) 900 Sr
Buffer.memory (8KwW, 232 bits). 1800 sSF
Other materials 1800 SF

20000 gF

Cost of other ﬁérts

Control logic 5400 SF
Crate CAMAC and controller 10000 SF
Refrigerating system 6300 8F
Mechanical driver . 7000 g¥
Device to cut emulsicn 70C0 st

Evaluaticn of the cost of the test run

7 arrays and electronics 14¢000 =27
Cogtrol logic 5450 SF
. Crate CAMAC and controller 10000 57
Refrigerating system 6300 EF
Mechanical driver 7006 sr
Device te cut amulsion 7000 3¢
2 L emulsion 23400 57

e T B A R oo
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Evaluation of the cost of the main run

21 arrays and electronics
(to be added to the ones of the test run)

5 more Crates CAMAC and controllers

28 1 emulsion

420000

30000

356000

SE

SF

SE

Total (test run + main run)

The whole expenses of the test run (including transfers,

806000

1007100

ST

ST

emulsion developing"ahd computing) dre supported by

I.N.F.N. and M.P.T. {Miriisterc Pubblica Istruzione)




1a)

1b)

2)

4)
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FPIGURE CAPTIONS

General layout of the experiment
Enlarged view of the target and vertex detector

Oscilloscope picture of the signals from the array.
The first three rows are the outputs of one row of
pixels when a 22 MeV/c electron beam hits the array.
The last three rows are without the beam. a) and b)
differs only for the time scale on the oscilloscope.

sketch of a tipical cenfiguration of points collected
by seven planes of arrays and projected on the Y-Z
plane: the points have been generated simulating

2 on time events, 8 out of time events and 300 not
interacting primary tracks. The lines are the recon-
structed traks of the on time events. The arrangement
of the target and the planes is the same of that of
the test run.

Differences between generated and reconstructed coor-
dinates of interaction wvertices.

Beauty momentum.distribution in the lab system.
Momentum of the Kaons from Beauty decay.

Momentum of the Kacns from hadronic interactions.
Distribution of the distances between the primary

vertex and the fg%ghest charm decav. The dcttg?Bline
refers toTea= 10 s.The full line toY¥ g = 10 S.
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1.

a)

b}

e}

2.

APPENDIX

Photodiode arrays and telescope structure

The photodiode arrays. The GEC AIS MA357 photodicde arrays have been chosen.

They consist of 576 rows with 385 photodiodes each. The read-out sequence,
free running in our experiment, implies the shift of the collected electrons
from one row to the next one until they reach the cutput register (Fig. 1lAa).
The output register then transfers serially the collected charges to an out-
put channel with a frequency of about 10 MHz. This means a fregquency of 10/385
MHZ to read a row, i.e. an exposition time of about 40 }bs. per row.

To carry out all these operations, 7 phase signals are necessary, 3(8 @4,

S (i)i‘, ) (55) for the shift from one row to the next one, 3(R @{ ' Rff),_ ,Ri‘g"a)
for the serial transfer from the output register to the output channei and

1 @R ) to reset the base line. Two signalé are received at the exit: one,
VS, proporticnal to the number of electrons collected on the photodiodes and
the other, Vp (dummy output), carrying only the ncise, so as to obtain a clean

signal Vv_=V_ - V .
c 8 D

Set up of the telescope. As shown in Fig. 2A, a telescope built by 7 planes,

4 photodicde arrays each, will be used. The arrows in Fig. 2A indicate that
the shift of charges from one row to the next one is done in opposite direc-
tions for the contiguous planes. In this way, besides the geometrical corre-
lation, it is alsoc possible to cobtain a time correlation. The tracks of a
"triggered event" will ke separated from the background tracks with a resolu
tion time equal to the shift time of a row, i.e. about 40 }us. bacause they
will be no longer aligned.

Read~out. The read-out is dimensioned on the basis of about 2.103 minimum
ionizing particles crossing the telsscope planes during the 20 ms exposition

time {corresponding to the rsading of the photodiode arrays).

Block scheme of electronics and read-out

The arrays are handled in parallel and the output data are memorized in the

same way. Therefors 28 identical and not interactive chains are used to send



the data toc a computer via CAMAC.

The scheme of the system is shown in Fig. 3A, where

M

MD

FIFO

WS

DU

is the photediode array

matches the signal to the array. It consists of few chips to be mounted

near the arrays.

amplifies the Vg-Vp signal and send it to a "Flash Converter". The "Flash-
Converter" converts the signal, if it is greater than a fixed thresﬁold,
at the leading edge” of the signal CONV. At the end the signal CPi makes
valid the result coding it in a 8 bit word.

This circuit is mounted near the corresponding array.

is a fast memory of "First in - First cut" type consisting of 16 words,
26 bit each. In input one has the conversion code (8 bits} and the serial
number of the pixel which has given the converted signal. This unity, when
the level RS (read-out signal) is present, derandomizes the data flux
and gives a couplé of words of 16 bits for each input.

is a RAM memory of 8 K words, 32 bits in CAMAC.standard units. It memori-
zes addresses and serial numbers of the pixels which have given an accep-
ted signal. It is dimensioned in order to memorize several triggers in
each bursts.

is an unity to manage asynchronous;y the arrays. When a "trigger-signal™
(T) reaches a "scalgr", it begins a counting starting from the first row
"shift”. The contents of the scaler, sent to FIFQ, identifies the serial
numbers of the pixels which give a signal above the background.

This unity gives then a signal (CONV), synchronous with each output (there
fore at 10 MHEz2) and with a scale of time adequate to choose the more con-
venient time of conversion.

Finaliy, always starting from the signal T, it generates the signal RS

which lasts the whole read-out time of the photodiode arrays.

3. Yotes on structure and feasibility

The mechanical lcdging of the arrays wust allow their refrigeration by means

of a gas flux. It is then convenient to have passing~by connectors so as to link



two cards contiguous to each plane of the telescope. One card acts as a support

for 4 MD units and the other one as a support for 4 AFD units.

When the prototypes are available, one person for 30 days per plane will be ne-

cessary to do this work.

in view of their function the FIFC units have to be built gan the basis of a spe-
cific project. They will be located in CRMAC or NIM containers. The use of NIM

modules may be advantageous because they are less expensive and convenient, be-

cause they do not involve data or control exchanges by a CAMAC "data-way".

For each of these devices (28 in total) it will be necessary a building time

of less than 15 days of a man.

The DU unit is a unique exemplar which will manage the photodiode arrays, codify
the addresses, etc. In this unit one has to reproduce the circuits used for the

GEC MA357 telecameras. The time necessary to do the work is estimated to be of

about 30 days of a man.
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