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Summary. — Evidence is reported for the existence, with six-standard-deviation sig-
nificance, of a new particle: the heaviest baryon observed so far, whose mass is meas-
ured to be m = (5425718 MeV/c2 Its width is compatible with zero. It is electrically
neutral and it decays into a proton, a D® and a =—. This particle is produced in asso-
clation with a hadronic state whose semi-leptonic decay contains a positive electron. The
partial cross-section for the observed effect is A¢ = (3.8 £ 1.2):10-% cm?. The inter-
pretation of these results is in terms of the associdted production of naked-« beauty »
states in (pp) interactions at +/5 = 62 GeV c.m. energy. The new particle is identified
as the first « beauty »-flavoured baryon with quark composition (udb), <.e. the Ab.

The diserimination power of the experiment against « known » physics is of the order
of 10-3°,

Tntroduciion. 'The relevance of the «leading» baryon effects in hadronic phe-
nomena (1) has prompted a thorough study of its applications in many fields of particle

{Y) M. BasiLE, G. CarA RoMEO, L. CIFARELLI, A. CoNTIN, G. D’Axnr, P. Giusti, T. MassaM, R.
NANIA, . PALMONARI, (. SARTORELLI, G. VALENTI and A. Zicumicui: The leading particle effect in
hadron physics. CERN preprint (1981), to be submitted to Nuovo Cimenio.

97



98 M. BASILE, G. BONVICINI, G, CARA ROMEO, ETC.

production (38). We have recently reported (°) proof that even the heavy-flavoured
baryon Al is produced following the «leading» effect.

The application of the same «leading » technique to search for heavier flavoured
states brings us to the observation of a new particle. It is the highest-mass baryonic
state observed so far. It ig electrically neutral and decays into a proton, a D® and a
negative pion. This new baryonic state is produced in association with another hadronic
state which decays semi-leptonically into an et. The new particle is identified as the
first « beauty »-flavoured baryon, the AJ, whose quark composition is [(ud)bl, with
the (ud) pair in an isosinglet state. The purpose of the present paper is to report on
this work.

Let us remark that, even if the higher-flavour symmetries such as SU; cannot exist,
because of being badly broken, the « beauty » quark flavour (b), when coupled to or-
dinary quarks (u, d), is expected to reproduce a sequence analogous to the well-known
« strange » baryons and mesons. In fact, the «strange » and « beauty » quarks are both
« down »-like.

The lowest-mass state of baryons with a b-quark is, therefore, expected to be eclec-
trically neutral, as is the «strange» A® unlike the case of the lowest charmed baryon
state AY, which is electrically charged.

The first point in the search for the lowest-mass baryon, with « beauty » flavour A,
is, therefore, to look for a proton plus other mesons to make up a system which is elec-
trically neutral. Because of obvious observational reasons, we require that this elec-
trically neutral state be made with secondary particles, all electrically charged.

The « beauty » flavour (b) is Cabibbo-favoured () to decay into a « charm » flavour.
This means that a signature for the AJ decay is the presence of a charmed state, such
as the D®, which can be detected in our set-up as a (K™=+) pair.

Notice that the quark decay sequence is b —» ¢ — 8, which means that the K+ is
forbidden to be at the end of the decay chain.

Thus the baryonic final state to be searched for should have a proton, a negative
K-meson, a =+ and a n—. These are the basic ingredients that are needed in order to

(?) M. BASILE, G. CARA ROMEO, L. CIFARELLI, A. CoNTIN, G. D’ALr, P. D1 CESARE, B. ESPOSITO,
P. GIusTI, T. MAssaM, F. PALMONARI, G. SARTORELLI, (. VALENTI and A. Zicuicai: Phys. Lett, B,
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search, with our experimental set-up, for the first member of a neutral baryon family
with open « beauty » flavour.

We now turn to the associated « antibeauty » state. This could be a meson or a
baryon. However, the key point is that the Cabibbo-favoured semi-leptonic decay
of the «antibeauty »-flavoured state is expected to follow the pattern illustrated in
the diagram below:

This means that the presence of a positive electron, e+, is the expected signature
for an «antibeauty » decay. If an anticharm state were involved in the process, the
decay chain would be ¢ —~s+e-+7,. The Presence of a negative electron could be
due either to the decay of a directly produced anticharm particle or to the second step
in the « antibeauty » decay chain b —> ¢ — Bte~+9,.

The main purpose of the present experiment was to search for a reaction which
could only come from the associated production of a « beauty »-flavoured baryon plus
an « antibeauty »-flavoured state. For this reason the e+ trigger was chosen.

The reaction investigated was therefore,

(2) Pp — (pDr-) et +anything,

— K'nt

with the «leading » conditions (?) imposed on the baryonic state (pK™wtn-) (see the
part dedicated to the results). The initial (pp) state was the ISR colliding proton
beams at v/s = 62 GeV total c.m. energy.

Ezperimental set-up. The experimental set-up is shown in fig. 1. It consists of a
large-volume magnetic field, the so-called Split Field Magnet (8FM), equipped with a
powerful multiwire proportional chamber (MWPC) complex for track detection. A system
of gas threshold Cerenkov counters and electromagnetic shower detectors (EMSD) (1)
was used for clectron detection. The e+ trigger was given by the coincidence of two
Cerenkov counters (CoCy or C)Cy) and by the condition of a minimum energy release,
15 > 500 MeV, in the corresponding EMSD,

A «dB/dx» chamber (32) (i.e. a MWPC with analog read-out, placed very near to
the intersection region) was used, at the software level, to reject events due to Dalitz =°
and 7 decays and to external y conversions.

The momentum measurement, provided by the SF'M and the MWDPCs, coupled to

(1) M. BAsILE, (. CARA RoMEO, L. CIFARELLI, A, CONTIN, G. D’Avt, P. GIusTi, 1. MassaM, F. PAL-
MONARI, G. SARTORELLY, ¢, VALENTI and A. ZICHICHI: Nucl. Instrum. Methods, 163, 93 (1979).

(**) H., FrE®SE, I, LiPIQUR, M. PANTER and F. Piuz: Nuel. Insirum. Methods, 156, 87 (1978);
H. Frense, M. Hrpey, M. PANTER and F. Druz: Nucl. Instrum. Methods, 156, 97 (1978).
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EVIDENCE FOR A NEW PARTICLE WITH NAKED ¢ BEAUTY » ETC. 101

the time information obtained via a large time-of-flight system (TOF), allowed par-
ticle identification (1*) (r, K, p) up to ~ 2 GeV/e.

Data analysis. A sample of about 1.5:10° trigger events corresponding to a total
integrated luminosity of 4.39-10% cm-* was reduced to ~ 3-10% ovents by a soft-
ware filter, where conditions more stringent than those at the fast trigger level were
required :

i) Uncorrelated background from v's and charged hadrons was rejected by
asking for a reconstructed track through the positron detector (MWPCs, Cerenkov
counters, EMSDs), and for the matching of the impact point of this track with the
energy cluster relased in the EMSDs.

ii) External y conversions and =%,  Dalitz decays were rejected using the « dE/dx »
chamber information, either by a pulse-height cut (unresolved ete- pairs) or by the
detection of two close, but resolved, tracks.

After the full reconstruction of the ~ 3-104 cvents, a final check was carried out

to verify that the positron track fitted the interaction vertex.

Monte Carlo simulation studies and data taken during calibration runs allowed
us to choose a transverse-momentum cut for the positron (pp(er) > 800 MeV/c), which
maximizes acceptance with optimum background rejection. The residual contamina-
tion from neutral hadrons (point ii) above) is estimated to be less than abous 509%,
while the background level from charged hadrons (point i) above) is below 29,.
The overall efficiency for genuine «single » positron detection is about 459, .

The particles entering in the (pK m*n-) invariant mass spectrum had to satisfy
the following conditions:

i) to be part of an event where there is a positive electron, with prlet) >
> 800 MeV/c;

ii) to fit the vertex of the event within -+ 5 cm;
iii) to have a momentum uncertainty Ap/p < 309,.

The particle identification, in terms of p, K7, nt, n~, was obtained using the fol-
lowing eriteria: i) the proton is any positive track, not identified as a K* or a =+ by TOF;
ii) the K~ is any negative track, not identified as a § or a =~ by TOF; iii) the =+ is
any positive track, not identified as a K* or a proton by TOF; iv) the = is any
negative track, not identified as a K~ or a § by TOF. These are quite loose conditions,
because the TOF system, in spite of being large, covers only” about 109% of the total
solid angle. Nevertheless, these conditions are helpful in reducing the number of par-
ticle combinations per event.

Resuils. The mass spectrum. — In our previous A} study we have already

shown that the «leading » proton technique allows a clear Al signal to be seen (14).
Moreover, the Al itself shows a «leading» cffect (*). This study has prompted the
suggestion that, also for the heavier-flavour production such as « beauty », the «leading »

(%) M. Basize, G. Cars RoMEO, L. CIFARELLI, A. CoxnriN, G. D’ALi, P. D1 CESARE, B. EsposITO,
T.. ¥avare, P. Grusti, T. Masgan, F, PALMONARI, G. SARTORELLI, G. VALENTI and A. ZICHICHI:
Nucl. Imstrum. Methods, 179, 477 (1981).

(Y M. BasiLe, G. CArA Romeo, L. CirARELLI, A. COoNTIN, (4, I’ALI, P, D1 CESARE, B. ESPOSITO,
P. GrusTr, T. MassaM, F. PALMONARI, G. SARTORELLI, G. VALENTI and A. ZICHICHI: Measurement
of associaled charm production in pp inferactions df vs = 62 GeV, Nuove Cimenfo, in press.
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baryon conditions could be important for selecting a signal from the large physical
background due to multiparticle production processes which dominate high-energy
(pp) interactions.

For this reason, in the event sample selection we have adopted the «leading»
baryon conditions:

__ Poroton” Pincident

Lg =
inncidentlz

> 0.32 and  |Y|g-nin-> 1.4,

1f the heavy-flavoured baryon A2 follows the same « leading » effect as does the AT (%),
the above conditions are expected to produce the best possible sample of (pK n+r-)
candidates for A},

The choice xy>0.32 was suggested from the knowledge that the proton-to-pion
ratio, in inclusive measurements (1%), was measured to be greater than 2 and increases
with 2. This is obviously an important condition for having a sample enriched with
protons. It could be argued that the inclusive measurements (*5) do not necessarily
imply its validity in the exclusive channel we are searching for. However, the results
show that this criterion for proton selection is a good one.

In order to clean the event sample, we have studied the charged-particle multi-
plicity associated with the class of events searched for. The main prineiple was to be
guided by physics intuition, and then to check if this was introducing bias in the class
of events searched for. The production of heavy states is expected to be an interaction
with high inelasticity; so the multiplicity associated with the event should not be too
low. Moreover, in the direction opposite to the (e*), at least ome particle should be
present if the decay is really due to a heavy-mass object. We, therefore, chose for the
associated charged multiplicity, i.e. the « anything» in reaction (2), the condition
N> 4. Of these four particles, at least one had to be opposite to the positron direc-
tion. These are quite efficient conditions for background suppression, while leaving
the sample to be searched for almost unbiased, as shown by Monte Carlo simulation
programs and by a detailed analysis of the experimental data.

To recapitulate, the event selection is based on the following conditions:

i) pglet) > 800 MeV/c,
i) |og| > 0.32,
i) |ylpgrin- > 1.4,
iv) mg> 4, with at least one opposite to the (e*).

We will call this set of conditions set «.

Figure 2 shows the (pK =*r~) invariant mass spectrum with sef-x conditions ap-
plied to the data.

The next step is to apply the DO trigger to these events. In order to do this, the
(K™n*) mass spectrum has been worked out, as shown in fig. 3. To obtain the sample
with the D° trigger, a cut symmetric with respect to the nominal D° mass (**) and twice

(*%) P. CAPILUPPI, G. GIACOMELLI, A. M, RossI, G. VANNINI, A. BERTIN, A. BUSSIERE and K. J. ELLis:
Nuecl. Phys. B, 79, 189 (1974).

(3% PArTICLE DaTta Grour: (. BricMaN, C. Dionisi, M. Mazzocaro, L. MONTANET, N, BARASH-
derMipT, R. C. CrawrorDp, M. Rooes, R. L. KrrLy, C. P. HorxEe, M. J. LosTY, A. RITTENBERG,
T. SEIMADA, T. G, TripPE, C. G. WouL, G. P. YosT and B. ARMSTRONG: Rev. Mod. Phys., 52, No. 2
(1980).
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Fig. 2. — (K wtw-) invariant mass spectrum in events selected with the sef-x conditions.

as large as our mass resolution in the (K™z+) mass range,

[L.7 < m(K %) < 2.0] GeV/e,

has been applied.

Figure 4 shows the (pK mtn-) mass speetrum with the DO trigger. Here ovidence is
found for an enhancement with (29.4 4+ 7.4) combinations above the background,
in the mass range

[5.35 < m(pK nin-) < 5.50] GeV/c .

The statistical significance is ~ four standard deviations. The ratio of signal-to-
background is one to two.

In order to check the «flatness» of our system of detection-plus-analysis chain,
we have studied the (pK™n+=-) mass spectra using event mixing in three ways: i) take
a D® and combine it with a proton and a - from another cvent, ii) take a D plus a
proton and combine them with a =~ from another event, iii) take a proton and combine
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Fig. 3. — (K'n*) invariant mass spectrum in ovents selected with the sel-x conditions.

it with a D® plus a =~ from another cvent. The observed x* distributions for the in-
variant masses corresponding to these various types of background random-mixing
events have been compared with the theoretically expected y2 distribution. The same
study has been done for the mass spectrum where we observe the (pK ™ w+r—) enhance-
ment. The experimentally observed x* distributions have been compared with the
theoretical ¥* expectations. A good agreement Bas been found between the expected
and the observed fluctuations. This study shows that the « flatness» of our detector-
plus-analysis chain is very satisfactory.

A key question now arises. The enhancement (fig. 4) has (29.4 =2 7.4) combina-
tions in the mass range

[5.85< m{pK ntr—) < 5.50] GeVjet.
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Fig. 4. — (pKwtw~) invariant mass spectrum in events selected with the sef-¢ conditions plus the
« nominal » D? trigger,

1f this enhancement is really a Ay, then going back to the (pK w+n—) mass spectrum
without the D° trigger (fig. 2) and applying a cut in the mass range

[5.36 <m(pK ™ntr~) < 5.50] GeV/e?.

we should find in the (K™wx+) mass spectrum a D? signal with a number of events com-
patible with the (pK™n+z-) enhancement observed in fig. 4.

The result is shown in fig. 5a), where the dotted-line and full-line histograms show
the (K"=t) mass spectra OUT and IN, respectively, with reference to the (pK m*zm-)
mass range where we observe the enhancement (IN), and to the adjacent mass bins
(OUT). Notice that in the dotted histogram there is no enhancement in the D° mass
range, as expected. The D® enhancement iz present in the full-line histogram. Figure 5b)
shows the IN minus OUT distribution. In the D® mass range there are (28.5 -- 5.5)
combinations above the background level. This is in excellent agreement with our
expectations, based on the hypothesis that the (pK =*=-) enhancement is a A} decaying
via a charmed meson. The statistical significance for the presence of the DY is ~ 5.5
standard deviations.

We are now in a position to go further: i.e. to apply a more precise mass-range cut,
where the D° really shows up in the (K =+) mass spectram. Notice that the barycentre
of the D® enhancement in fig. 5 is about 60 MeV/c? below the « nominal » D° mass value.
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We attribute this mass shift to instrumental effects already observed when using the
SFM as a mass spectrometer (17), This shift suggests, for the DO cut, the values

[1.725 < m(D%) < 1.875] GeV/e?,

since it is in this mass interval that the (K x+) enhancement is observed. This pro-
cedure is justified because the primary purpose of the present experiment is certainly
not to measure the D% mass. The knowledge of the DO is merely used to apply a (D9, e*)

software trigger in (pp) interactions, in order to study possible candidates for « beauty »-
flavoured baryons.

The results of the sharp D° cut in the (pK n*r-) mass spectrum are shown in fig. 6.
There is a clear enhancement in the same mass range,

[5.36 <m(pK =tr~) < 5.50] GeV/e?,

with a signal-to-background ratio that is twice as good: now it is one to one.

inations/ 75 MeV/c?

Comb

{ i T 1 T T T
30} > ]
72 ]
20 7 -
10} .
~
L 1 1 1
5.0 55 6.0 6.5 7.0
m[p(K"’rr*)DO’rr-] GeV/c?

Fig. 6. — (pX w*%~) invariant mass spectrum in events selected with the set-oc conditions plus o
¢« sharp » D9 trigger.

(") D. DR1JARD, H. G. FISCHER, W. GuisT, P. G. INNOCENTI, V. KORBEL, A. MINTEN, A. NORTON,
S. STRIN, O, ULLALAND, H. D. WaRL, G. FONTAINE, P, FRENKIEL, C. GHESQUIRRE, G, SAJOT, P. HANKE,
W. HOFMANN, M. PANTER, K. RAUSCHNABEL, J. SPENGLER, D. WEGENER, H. FREHSE, . E. KLUGE.
M. HEIDEN, A. PUTzZER, M. DELLA NEGRA, D. LiNGLIN, R, GORIELI and R. SosNOwWSKI: preprint
CERN-EP/81-12 (1981), submitted to Z. Phys. (.
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There are two ways of estimating the statistical significance of the observed effect:

i) to fit the whole spectrum with a polynomial function and to evaluate the
background level in the two bins where we observe the « enhancement »; this procedure
gives 31.5 L 4.9 for the erhancement above the background level, i.e. 6.4 standard
deviations;

ii) to evaluate the background level simply by using three mass bins on each
side of the two bins where we observe the «enhancement»; this procedure gives
29 -+ 5.2 for the enhancement above the background level, i.e. 5.6 standard deviations.

An estimate of the consequences of the (K nt) mass shiff in the (pK ntn~) system
again gives ~ 60 MeV/c? if the effect is coming from a systematic error in the mo-
entum measurements, and ~ 100 MeV/c? if the effect is attributed to a systematic
error in the angular measurements. We conclude that the absolute mass value of fig. 6
should be shifted upwards either by 60 MeV/e? or by 100 MeV/c?. It follows that for
our (pK m+r—) mass range we have to take into account the-observed D® mass shift
in order to get the correct A) mass range. This turns out to be

[5.35 < m{(pK wtr-) < 5.60] GeV/e? .

The most likely interpretation of our results is in terms of the following reaction:

(3) — A% - [« antibeauty » flavoured state] + anything
pp y

— et - anything
—>pr~D?

|, gt
with the A} mass measured to be
4) m{A2) = (5425117%) MeV/e? .

This mass value is in agreement with a theoretical estimate (*%) which fits the known
charmed-baryon masses quite well, and with the more exact bounds calculated by
MARTIN (), using flavour-independent quark forces. We emphasize that the absolute
mass determination in our set-up cannot be established more accurately because there
is no absolute calibration which is possible in the 5 GeV/e? mass range with a well-
known resonance.

We have not studied whether, in the same mass range, there is & positive and/or
negative state. The identification of the enhancement in terms of the isosinglet A
is based on the fact that the mass appears to be the lowest possible one for a [(ud)b]
state.

The partial cross-section estimate. A detailed study of the whole mass

gpectrum in fig. 6 shows that the number of combinations exceeds the number of events,
on the average by a small percentage (259), in each mass bin. In order to work out

(1*) D. StanLeEY and D. ROBSON: Phys. Rev. Lett B, 43, 235 (1980).
(1%) A, MARTIN: Ezact bounds and estimates on the masses of «bequtiful » hadrons, preprint CERN
TH. 3068 (1980).
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the cross-section for the enhancement reported in fig. 6, the number of combinations
has to be divided by 1.25.

As already reported in the data analysis, the total (pp) luminosity is L(pp) =
= 4.39-10% ¢m~?,
Let us call Ac; the partial cross-section for the reaction

(5) Pp > (pK™ntn-) - et + anything
—~
Dﬂ
with leading Dy 2800 MeV/c Ny 2 4

baryon conditions

measured under the experimental conditions already specified and synthetically indicated
in formula (5). In order to evaluate Ag;, it is necessary to know the global efficiency
&5 for detecting the final state (5). In fact,

number of events
& L(pp)

Agy =

The detection efficiency e; has been caleulated via Monte Carlo simulation programs
and taking into account the electronic effiiciencies and other details of all instruments
which make up our detector: MWPCs, EMSDs, (dB/dz) chamber, ¢ counters, TOF, ete.
The value for & turns out to be

g = (11.9 + 1.2)%, .

The result is

Agy = (3.8 - 1.2)- 10-% cm? .

The value of Acy does not need any meodel for the production and decay of Aj and Mg,
the associated «antibeauty s-flavoured state. It represents the sensitivity of our
experimental set-up, when illuminated by a final state such as (5).

In order to derive the production cross-section for the reaction

(6) Pp — A3+ M+ anything ,

1t would be necessary to assume the validity of six distribution functions: two for the
production and one for the decay of A2, and three more for the M, together with three
branching ratios:
By(DP > K™nt) D> K 7
_— ) e e — |
: AR TS |
Mz — et} anything

B M —e7) = M- — all
bt ™Y

Ap — pDOr~

By(AY - pDOp-) = A0l

3

one of which, By, is unknown; B, needs a further assumption about the nature of the
«antibeauty »-flavoured state, Mz, in terms of a baryon or of a meson; and B, is measured
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with large uncertainties. The cross-section oy, has been estimated (%) using three
models, and turns out to be about five orders of magnitude above the value Ag;. A
comparison has also been made (*) with the A} associated production cross-section,
measured in the same experimental conditions. For this comparison it is necessary
to choose six other distribution functions, for the production and decay of the A} and D,
plus two branching ratios:

D — e--+-anything

B,(D -) = —
3D —e7) D — all
A¥ - pK
B5(A:——>pK"n‘+) I __"::.E_L
AT S all

In fact, the reaction to be compared with reaction (6) is
(7) pp — A +D +anything ,

with the final-state decays A} —pK =+ and D — e~ anything.

The most interesting result of these very wide extrapolations is that the associated
« beauty » production cross-section o, is compatible with being helow that for (AfD)
by the produced flavour masses squared. This study is reported elsewhere (*).

A remark. The data reported here have an interesting meaning in terms of

« forbidden » charm physics. In fact, in so far as we remain in the domain of the
« charm » flavour quantum number, the observation of a positive electron is the signa-
ture for the semi-leptonic decay of a «charmed» state. Therefore, the associated
hadronic state must be an « anticharmed » particle.

An anticharm gquantum number means that we should observe an antibaryon.
But we do observe a baryon with more than five-standard-deviation significance. The
signature for the « baryonic state» is the presence of the proton. This is forbidden
by charm physies.

Moreover, this baryonic state contains a D%meson. The D is observed with more
than five-standard-deviation significance. The signature that we are dealing with
a D° and not with a D? is the (K n+) decay. An antibaryonic state with a D° would
have been forbidden by charm physics; a baryonic state with a D° also. These states
would have been « anomalous» for charm physics, but forbidden only once. The state
we are observing is doubly forbidden by charm physics: it is a baryonic state and it
contains a charmed meson. These are independent features. One is based on the
knowledge of a baryon being fhere; the other, on the knowledge that a D° is there.
We are, therefore, observing an effect which is doubly forbidden in the field of charm
physics, but wanted by « beauty ».

Conclusions. — The data reported show evidence for the existence of an enhancement
in the [p(KX™m")pon~] mass spectrum in the range

[5.35< m(pDOn-) < 5.60] GeV/e? .

— Kt

(2°) M. BasiLe, ¢, BoxNvicIiNI, G. Cara RoMeo, L. Cirarernni, A, Cowrmin, (. D’ALi, P. D1 CEsarn.
B, Esrosito, P. Grusti, T. MassaM, R. NANIA, F. PALMONARI, (!, SARTORELLI, . VALENTI and
A. Zicaimi: Cross-section estimates for A,‘; associated production in (pp) interactions and comparison
with A%, to be submitted to Letf. Nuovo Cimento (1981).
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The estimate of the partial cross-section for thig enhancement, produced in associa-
tion with a positive electron and observed in our experimental set-up with all conditions
specified, is (3.8 & 1.2)- 1035 cm2,

The statistical significance of the enhancement is either 5.6 or 6.4 standard devia-
tions, according to two different methods of caleulating the background. The width
of the enhancement is perfectly consistent with the mass resolution of the apparatus.
The interpretation of the effect is in terms of a baryon whose quark composition is
[(ud)b] with the (ud) pair in an isosinglet state, i.e. the A with mass

m(A]) = (5425517%) MeV/e2 .

The evidence for the « beauty »-flavour quantum number in this (pK “n+x-) enhance-
ment is based on two facts:

i) the e* signature, which is coming from the semi-leptonic decay of the « anti-
beauty »-flavoured state produced in association with the AY;

ii) the presence of the D state in the sample where the (pK n+r-) enhancement
is observed.

& ok ok
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our group technicians, Messrs. J. BERBIERS, F. Brauvals and G. MoviNari, for their
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