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Charm and Beauty at the ISR

1. INTRODUCTION

The present proposal is based on the results obtained
by the R41H experiment in the study of charm and beauty

production at the SFM.

1.1. CHARM

The resulls [1-9]1 were obtained from the study of 20
reactions, 9 where charm production was observed (set-A)
and 11 ""control'" reactions where, as expected, no charm
signal was observed (set-B).
Set-A

The index TOF indicates that the particle has been identi-

fied by the time-of-flight system (TOF).

PP 2 A*g + (anticharmed state) 4+ anything (1)
‘—pK-7+ lae-
pp - D+ + (anticharmed state) + anything (2)
L—tK— Tt Lo
TOF
pp - DO° + (anticharmed state) + anvthing (3)
K-+ Be- + K+
' TOF
pp - D+ + (anticharmed state) 4+ anyvthing (4)
toK-w+m+ t-e- 4+ K+
TOF
pp - Do .+ (anticharmed state) + anything (5)
K- g+m¥w- . tae-
TOF
pp - D- + (charmed state) + anything (6)
LK+ m-m- s+
TOF
pp - Do + (charmed state) + anything (7)
'—tK+ ‘n'-n-—n'-‘- '——oe+

TOF
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pp = A+. + (anticharmed state) + anything (8)
—p K=o+ Lae -
TOF
pp - A-¢ 4+ (charmed state) + anything (9)
—p K+m- L+
TOF

For the set-A reactions, the trigger was a "prompt"”
electron (for charm states) or positron {(for anticharm
states) with, in some cases, a K= of the appropfiatc
charge sign identified by the time-of-flight (TOF) system.

The eleven "control'" reactions were

Set-B
pp = (pK-7+) + e+ + anything (1a)
pp » (K- #w+xm+) + e* + anything (2a)
TOF
pp » (K-m+) + e+ + K- + anything (3a)
TOF
pp - (K-m+) + e~ + K- 4+ anything (3b)
TOF
pp = (K-7+) + e+ + K+ + anything (3c)
TOF
pp » (K-mw+m+) + e+ 4+ K+ 4+ anything (4a)
‘ TOF :
pp » (K- aw+a+7w-) + e+ + anything (5a)
TOF
pp » (K+ wma-7-) 4+ e* + anything (6a)
TOF
pp - (K+ 7w-m-7+) + e- + anything (7a)
TOF
pp » (p K-7+) + e+ + anything (8a)
TOF
pp = (P K+m-) + e- + anything (9a)

TOF
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In these ""control” reactions, no charm/anticharm signals
wvere observed in associalion to a trigger given by an
electron/positron (plus in some cases a TOF identified K)
of the "wrong' charge sign.
The main results were:
i) charm production‘in (pp) interacltions was observed in
the nine reactions mentioned above (set-A);

ii) the longitudinal and transverse momentum distribu-
tions of the charm particles were studied. For asso-
ciated (baryvon-antimeson) pairs, the baryon is pro-
duced following the ‘'leading" effect and the
antimeson in the '"central'" way. For associated
(meson-antimeson) pairs, both are produced in the

""central'" way.

1.2, BEAUTY
The results [10-12] were obtained from the sludy of the
reaction
pp = A0y + My + anything ~
et + anything
pDOw-
K-nm+
The main conclusions ﬁere:
i) the observation of 25 A0y events:
ii) the longitudinal momentum distribution of Ay follows
the same trend as A+, i.e. the "leading'" way. The

antimeson produced in association 1is consistent with

being produced "centrally'.
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1.3. (esfm)

The results of R415 extended also to the delerminalion
of the basic quantily (e/w) [13], which was directly mea-
sured to be slightly above previous measurements, even if
consistent with them, It is worth emphasizing that this
new measurement of (e/m) was obtained using the same
experimental set-up and identical hard- and software con-
ditions as for the charm and beauty studies.

This new (e/w) result is not high enough to account for
the rate of charm and beauly production observed, unless

peculiar production mechanisms are at work.
2. IMPROVEMENTS

In order to improve the results obtained from R415
experiment on charm and beauty production in (pp) colli-
sions, a new experiment should satisfy the following gen-
eral requirements:

i) the highest (pp) collision energy:

ii) the best possible selection of events where a charm
or beauty flavoured particle has been indeed pro-
duced;

iii) the momentum analysis of charged secondaries over a
fraction of the Létnl solid angle as large as possi-
ble;

iv) the mass identification of charged and neulral secon-
daries over a solid angle aud momentum range, both as

large as possible.

According to these requirements, the choice of the ISR
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(point i) and of the SFM (point iii), coupled to a
powerful electron detector (point ii), is still the best

option. The new experiment would therefore be an upgraded
version of R415 and the areas where improvements are pos-
sible are listed below:
i) the solid angle for the (e+/e-) dectection:
ii) the selection of prompt (e+/e-);

iii) the particle identification.

2.1. THE SOLID ANGLE FOR (e+/e-) DRETECTION

In R415 experiment, the prompt (e+/e-) identification
was limited,as shown in fig. 1, to the 909 region outside
of the SFM (lhe so called 8- region).

We propose to exlend the solid angle for (e+/e-) detec-
tion, by adding an electron detector to the 90° region
inside of the SFM (the so called ﬁﬁ region).

The detecltor for the A+ region is sgow& in fig.2a. It
is based on the same principles as those of the g- side
detector and has a dE/dx chamber to reject (e+e-) pairs
due to external ¥y conversions plus internal ¥ conversions
from 70 and nn Dalitz decays, followed by two gas threshold
Cherenkov counters and an elecltromagnetic shower detector

(EMSD) to reject the charged hadrons background.

All the elements of this delector exist, with the

exception of the EMSD. The addition of this detector on
the #+ side increascs the solid angle for (e+/c-) by a

factor of about 2.

Under the conditions specified in section 2.2.2 , a
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larger increase in solid angle (up to a factor of about 3)
could be achieved by using, as shown in fig.2b, only one
gas Cherenkov countler, coupled to an EMSD with an adequate
7m/¢ rejection. This solution would offer the additional
advantage of leaving two Cherenkov counters available for

charged hadrons identification.

2.2. THE SELECTION OF PROMPT (e*+/e-).

2.2.1. NEUTRAL HADRON BACKGROUND

The results obtained with R415 show that the background
from neutral hadrons (7® and m Dalitz decays and external
v conversions) constitutes about 507 of the total electron
sample for momenta greater than 800 MeV/c. Therefore an
effort should be made Lo reduce this type of background.

To this purpose we are sludying, via Monte Carlo simu-
lation, the design of a new dE/dx chamber where the low
energy partner of the {(e+te-) pair ;oulh be more effi-
ciently detected.

Amongst the various possibilities, we list the follow-
ing

i) increase the number of proportional gaps, so as to
improve the pulse height resolution:

ii) use horizontal, vértical and inclined wires, so as to
be able to detect low energy tracks in the chamber
itself;

iii) detect low energy spiralling elecctrons from the total
pulse height in the chamber once the contribution

from high momentum tracks reconstructed in the out-
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side delector has been subtracted.

Of course the first step of this study is to determine
the backgfound level due to undetectable electrons origi-
nating from Dalitz decays or v external conversions, i.e.
those thalt are curled up by the magnetic field inside the
vacuum chamber. In fact, only a relevant gain in the back-
ground rejection would justify the development and con-
struction of a new dE/dx chamber. All this is under

active investigation.
2.2.2. CHARGED HADRON BACKGROUND

The total rejection power against charged hadrons of
the outside (8- side) electron detector in R4{5 was 7.5 x
10-6 and therefore we do not need to improve it.

The same, obviously, applies for the A+ side detector,
if the solution with two Chercnko“ counters plus an EMSD
is chosen. As mentioned before, all Ehc élements of this
detector already exists, apart from the EMSD.

The present developments of electromagnetic shower
detectors based on the limited streamer tube (LST) techni-
que [14], show that these detectors are faster and cheaper
to produce than the spandard lead/scintillator sandwich
detectors, and have thé.following characteristics:

i) good energy resolution ;

ii) longitudinal shower sampling to discriminate electro-
magnetic and hadronic showers;

iii) high spatial resolution and determination of the

shower axis to reject the background from overlapping
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charged hadrons and v's -(ﬁly) and electromagnelic
showers originated by charged w's through charge
exchange reactions,

The use of these limited streamer tubes appears, there-
fore, as a convenienl solution for the new electromagnetic
shower detector to be built.

Moreover, the n/e rejection factor of such a detec-
tor,in the range 0.5-2 GeV, has been measured to be of the
order of 10-3 [15]. Notice that this figure has been
obtaiﬁed using a detector with a few radiation lengihs and
a rough sampling and, therefore, a better choice of the
parameters should produce a =w/e rejection better than

. v
10-3.

We are planning to clarify this point via experimental
tests, and, if the results are successful, we could use,
for the (e+/e-) detector on the B+ side, only one gas
Cherenkov counter coupled to a limited>streamer tubes
EMSD, with the advantages specified in section 2.1.

The main drawback of the limited streamer tubes 1is,
however, their time resolution. As for most gascous detec-
tors their time jitler is quite large (=~ 200 nsec) and
their information cannot be wused at the fast trigger
level.

Therefore we propésn to use a hybrid elecctromagnetic
shower detector constituted by layers of tubes interspaced
by some layers cof scintillators. In this case the scin-
tillator information would provide a first rough energy

measurement for the fast trigger.
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An accurate determination of the shower energy can then
be made with the Llubes information to be used at the slow

trigger level.

2.3. PARTICLE 1DENTIFICATION

In R415, the charged hadron identification was based on
the TOF system, for momenta below 2 GeV/c, and on the p/n
ratio versus x = 2pL /Vs for x>0.3.

For the new experiment, we are considering the follow-

ing improvements.
2.3.1. THE SMALL-x REGION

The use of Aerogel Cherenkov counters would extend the
momentum range over which m's can be separated from K's
and protons. However, the amount of Aerogel needed to
cbver a solid angle adequate for ipvariant mass studies,
would imply a major production effort gt the Bologna Univ-
ersity Institute.

Another interesting possibility would be the use of
high pressure (~1.5 atm.) Freon Cherenkov counters to

r

separate 7's from K's and p's, in a momentum interval bet-
ween 1 and 6 GeV/c.

We are, at preseﬁi, studying the details of this
improvement program.

In any case, the disposition of the TOF hodoscopes
around the SFM, will be changed with respect to R415 and,.

eventually, a few counters will be added in order to

improve the TOF acceptance.
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2.3.2. THE LARGE-x REGION

A way to improve the identification of the "leading'" pro-
ton, is to use gas threshold Cherenkov counters filled
with Freon 114 at atmospheric pressure. These counters
would be installed in front of the large compensator mag-
nets of the SFM and would separate #'s from K's and p's in
the momenlum interval between 3 and 9 GeV/c, with unambi-
guous p's identification for momenta greater than =18
GeV/c.

Unfortunately, the two Cherenkov counters used by pre-
vious experiments at the SFM, are not suitable for our
purposes, due essentially to the fact that their optics
has Dbeen designed for negative particles and, conse-
quently, their detection efficiency for positive particles

is too low.
3. THE MINIMUM CHOICE

A proposal with all the improvements outlined in chap-
ter 2, would require a large effort in terms of cost and
manpower, and a time interval which could be incompatible
with the present ISR schedule.

In order to take in‘duc account the present plans for
the ISR running, we have restricted the presenl proposal
to the minimum choice in order to exploit, as efficiently
as possible, the ISR before its closing date, i.e. end of
1983, The minimum choice is based on a preparation ltime
for all items &hich should allow data taking by 1st Janu-

ary 1983 and for all the year. This is in fact, the last



Charm and Beauty at the ISR 1

98]

possibility for studying "heavy flavours'"” produclion in

the Vs = 62 GeV (pp) energy range.

3.1, EXPERIMENTAL SET-UP.

The proposed set-ups are shown in figs. 3a and 3b,
depending on which solulion is chosen for the (ec+/e-) g+
side detector. The outside electron detecltor is essen-
tially the same as for R415H, The electrons are identified
by the coincidence of two gas threshold Cherenkov counters
(COC3 or COCH) followed by an electromagnetic shower
detector (SW3,SW4) constituted by the lead/scintillator
sandwiches already used in R415. Also the Cherenkov coun-
ters and the dE/dx chamber are those which have been used
in R115,

The inside electron detector (8+* side) is constituted
by

i) a dE/dx chamber which has already been installed but

needs some calibrations to provide the analog infor-
mation necessary for the rejectlion of background e-e+
pairs:

ii) three gas threshold Cherenkov counter, C1, C2 and C5,
which have already been used in R415 as a part of the
electron pair détoctor (fig.3a), or, as shown in
fig.3b, only one Cherenkov counter, Cl;

iii) an electromagnetic shower detector based, as speci-
fied before, on limited streamer tubes plus some
scintillator planes.

The charged hadron identification is based

i) on the cxisting TOF system for the small-x region;
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i) on two Freon 114 threshold Cherenkov counlers for the
forward large-x region (fig.3a). As shown in fig.3b,
if the two Cherenkov counters C2 and C5 are not used
for the (e+/e-) deteclor on the B+ side, they will be
installed in the forward direction, to increase the
solid angle for large-x charged hadrons identifica-

tion.

2. ESTIMATES QF RATES, EXPECTED EVENTS, TOTAI, RUNNING

ME AT Vs=62 GeV

The trigger of the experiment will be divided into

three separate steps.

)

The fast tripger. The purpose of this trigger is to

provide a fast rough selection of events within the
time limits imposed by the need to strobe the MWPC
one-shots into the memory flip-flops. iL will be based
on the fast information from the MWPC fast-or (FOR)
signals, the Cherenkov signals, the EMSD signals. The
use of fast programmable units will allow for a more
sophisticated fast trigger than in R413 and, on the
basis of our previous experience, we extimate the fast
trigger rate to bc‘§f the order of 50/sec., with the

energy cut Emin(e) > 500 MeV.

The slow tripger. The purpose of the slow trigger is

to provide a better selection of events using the more
detailed informations available, at this stage, from

the various delectors. It will be based on momentum
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selecting roads defined by the MWPC memory-or (MOR)
signals in coincidence with a more precise spatial
matching of the energy clusters in the EMSDs and a bet-
ter determination of the shower encrgy. The expected

trigger rate is =~ 10/sec.

9%}
S’

The on-line filter. In this last sltage of the trigger

chain we will use the PDP 11/20 computer to perform a
further refingment of the event seleclion wilh a fast
track finding in the detector region determined by the
slow trigger, Lo define the candidate (e+/e-) ‘track
using the single wire informations from the various

chambers. The expected trigger ratec is =~ 6/sec.

The purpose of the experiment is to reach a statistics,
on charm and beauty signals, a factor 10 higher than the
R415 one.

Having doubled the (e+/e-) detectar acceptance, this
new experiment should collect a factor 5 more luminosity
than R415, i.e. a total integrated luminosity of 2.2 x
1037 em-2,

At an average luminosity of 0.8 x 103t ¢m-? sec-—!, the
above figure corresponds to =~ 7680 hours of ISR running.

As we expect the data taking efficiency to be around
20% in the first period of run (= 250 hours), and to reach
the 50% value in the following, the total ISR running time
needed by the experiment is =~ 2300 hours. This includes
the on-line calibrations of the EMSDs and the other oun-
line apparatus checks, but does not include about 300

hours needed for setting-up.
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The total ISR time needed is, therefore, ~ 2600 hours.

From the expected trigger rate and the total luminosity
to be integrated in order to reach the above mentioned
increase in statistics for charm and beauty signals, the
total expected number of raw events to be collected is 1.8

x 107,

3.3. COMPUTER TIME NEEDS

To optimize the computer time utilization, a filtering
procedure, similar to that used in experiment R415, is
forescen.

This filter selects a sample, as clean as possible, of
"prompt" (e+/e-) events and is based on the analysis of
the informations from lhe MWPCs, the Cherenkov counters,
the dE/dx chambers and the EMSDs (lead/scintillator sand-

wiches and LSTs).

A

-

The computer time needed for this filt;ring will be of
about 40 msec. per raw event on the 7600 CDC computer,
which means about 200 CDC equivalent hours for the full
statistics of 1.6 x 107 raw events.

The time needed to fully reconstruct the events (= B x
105) selected by the filter is of the order of 1000 CDC
hours (=~ 6 seconds/cveﬁt).

The Bologna University and the LNFt VAX computers and
the CINECA 7600 CDC computer can provide, in two years,

about 500 CDC equivalent hours of computing, which will be

t Laboratori Nazionali di Frascati
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used to perform half of the full reconstruction of the
selected evenls.

Therefore, abeut 700 CDC hours / 2 vears will be spent
at CTRN.

We ;rc studying the possibility of using the E/168 com-
puter, available at the SFM, to perform the raw events
filtering, cquivalent to 200 CDHC hours, as meuntioned

above. This will reduce the needs for the CERN 7600 CDC

computer to 500 hours divided into two years.

3.4, ESTIMATES OF FINANCIAL SUPPORT FOR THE EXPERIMENT.

The following Ltable summarizes the financial support

needed by Lhe experiment.

KSFr
EMSD on the g+ side 150
Forward gas Cherenkov N 400
PM's for existiné Cherenkov and TOF counters 50
Fast eleclronics - 200
ADC, TDC CAMAC crates 150
Mechanical supports v 100
Stores iSO
TOTAL = 1200

This cosl corresponds to the "minimum choice'" set-up. The
addition of Aerogel or high pressure Cherenkov counters,

would imply an additionad cost of about 300 KSFr.
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3.5. TECHNICAL SUPPORT NEERDED FROM CERN

3

.5.1. OPERATION OF THE SFWM DETECTOR

We require the support of the SFM detector group for
the standard maintenance, control of working conditions
and reparation in case of break-down, of the various parts
of the detector:

i) the multiwire proportional chambers and the dE/dx
chambers;

ii) the gas threshold Cherenkov counters;

iii) the scintillation counters used for the measurement
of the luminosity and background;

iv) the system electronics.

3.5.2. CONSTRUCTION OF THE LIMITED STREAMER TUBES AND OF
THE FORWARD GAS CHERENKOV COUNTERS

We require a support of the Eﬁ division for the con-
struction of the limited streamer tubes at the same level
as for the NUSEX experiment. Notice that the tubes that
we intend to use have Lthe same characteristics as those
presently being produced for the NUISEX experiment; there-
fore; the production chain does not require any modifica-
tion.

We woﬁld also require the support of the EF division
for the construction of the two forward gas Cherenkov

counters.
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3.5.3. ELECTRONICS FOR THE SLOW TRIGGER

We require the support of an eleclronics expert to help
in the development of the eleclronics associated to the
limited streamer tubes read-out and of lhe slow-trigger

electronics.
3.5.4. ON-LINE COMPUTING

We require the experiment to be provided with a dedi-
calted on-line compuling specialist to help in the develop-

ment of the on-line monitoring and fillering programs.
3.5.5. QFF-LINE COMPUTING

One professional programmer is needed to help in the
development of the off-line filter programs, in the optim-
ization of the reconstruction programs and their installa-

¥

tion on the VAX computers. -
4, THINGS TO BE URGENTLY DONE

i) All the lead/scintillator sandwiches are to be tested
and calibrated 1in an electron beam in the momentum
range 0.5-4. GeV/c.

ii) All the electroﬁios associated with the electromag-
nétic showver delectors and the Cherenkov counters is
to be installed and checked. The same applies for
the fast trigger eleclronics relalive to the single
electron trigger and to the various control and cali-
bration triggers.

iii) The TOF counlers have been in operation for several
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iv)

vi)
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years and prcgcnt performances should be checked in a
test beam.

The dE/dx chnmbcr” installed in the g8+ side neceds to
be calibraled in order to provide the necessary ana-
log informalions.

All gas Cherenkov counters (CO to €5) should be
checked in a test beam.

A prototype of the LST electromagnetic shower detec-

tor should be tested as soon as possible to finalize

its design.

5. TIME TABLE FOR THE "MINIMUM CHIOCE"

1) Testing of all exisling equipment, i.e. TOF, Cherenkov

counters, EMSDs, dE/dx chambers: 6 months;

2) construction of the LST (EMSDs): G months;

3) construction of the forward Cherenkov counters: 8

months:

b}

-

4) assembling at the SFM: July - Augusti 1982;

(93]
~

rcady Lo start run: October 1982;

6) data taking: all during 1983.
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