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Summary. A new method of observing the production of open «top »
baryonic states at the CERN (pp) Collider is presented. It is based on
the «leading » production mechanism, extended to the heaviest-flavoured
baryon and antibaryon states, and on the charge asymmetry of the leptons
originating from their semi-leptonic decays.

1. — Introduction.

The purpose of this study is to investigate the observability of open «top »
states at the CERN (pp) Collider.

The guideline comes from our recent ISR results on heavy-flavour produc-
tion at v/s = 62 GeV. Evidence was found for both the charm baryon A7
and the beauty baryon A in the reactions (*-2)

(1) Pp — e~+A¢-Fanything
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and
(2) pp — et4A J-anything,

where the electron (positron) originated from the semi-leptonic decay of the
associated antiflavoured state. Moreover, it was established that these A
baryons were produced in a «leading» way, 4.e. with an approximately flat
o, (= 2p./V's) distribution (*4) in association with an antimeson produced
« centrally », 4.e. with an E(do/dw,) cc (1 — #;)® behaviour.

On the other hand, we have also measured the longitudinal-momentum
distribution of the D mesons observed in the same experiment (°). This appears
to be compatible with a rather « central » production mechanism, both for the
meson and the associated antimeson.

These results suggest that, in high-energy (pp) collisions, heavy-flavoured
baryons are produced in a «leading» way, in association with a «central»
antiflavoured meson, whilst in the case of meson-antimeson pairs both mesons
are produced « centrally ».

In this paper we will extrapolate our findings to the search for particles
with open «top» in (pp) interactions at v/'s = 540 GeV. Notice that, accord-
ing to the above-specified heavy-flavour production mechanism, in (pp) inter-
actions we should also observe «leading» antibaryons in association with
«central » mesons, and «leading » antibaryons in association with «leading »
baryons.

2. — How to detect an open t-state.

One possibility of detecting an open t-state in (pp) interactions would be
via the detection of its hadronic decay. However, since the multiplicity increases
when going from the energy of the CERN Intersecting Storage Rings (ISR)
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to that of the Collider (%), an invariant-mass analysis applied to the (pp) final
state would be very difficult because of the amplification of the combinatorial
background. Moreover, the detection of the decay chain t —+b —e —s,
where first a b-state then a c-state are identified, would involve a prohibitively
small branching ratio (of the order of 10-%),

Ancther approach would be to take advantage of the sizable branching
ratio (~109%,) of the semi-leptonic decay of the heavy-flavour states. In
this study we will show that the «leading» production of heavy-flavoured
baryons and their semi-leptonic decay provides a tool for disentangling the
production of the «top» quark from the large physical background.
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In the following, B.; and Mz indicate, respectively, the heavy-flavoured
baryon (antibaryon) and meson (antimeson) states.

As mentioned before, the associated heavy-flavour production in (pp)
interactions would consist of the following components:

[(B )leadmg (B )leading] b
[(B()]eading (M?)central] )

[(Bf)leadine (Mf)central] I
[('Mf)central(Mf_)central] .

We have assumed that the production of B,B; pairs, in which both the B, and
the B; are « cenfral », is significantly depressed.

Let us consider, for simplicity, only the leptons in the outgoing-proton
rapidity hemisphere. For the outgoing-antiproton rapidity hemisphere, the
same results will apply if the electric-charge sign of the leptons is reversed.

The number of positive leptons {*+ is expressed by

) N(t+) = LE[n,() + n,(t1) + n, ()],

where L is the total integrated luminosity, R is the semi-leptonic branching
ratio (assumed to be equal for all flavoured states) and n,({+) (f = t, b, ¢) are
the contributions from the direct production of top, beauty and charm states
according to the diagrams shown in fig. 1a)-f):
(Ba)  m(t*) = o(BB;) e (6) + 85,5, + £5(6H)] +
+ oMLM;) ey, (1) + a0 + ea85)] 4 oOLB) ey, () + &, () T enp(th)] +
+ o(BMy)[eq,(8) + &5, + e8],
(3)  m(t¥) = o(B,By)eg, () + enz(t)] +
+ oM M) ey, () + e8]+ o(M,By) ey, () + 25 (61 +
+ o(BM)[eg, (1) + enslf)]
Be)  m(lt) = o(BB;)[e5 (t)] 4 o(MM,)[e,, ()] +
+ oM B;)[ey (t)] + o(BM)[e, ()] .

The o factors are the cross-sections for BB;, MM; and M,gBz, production,
and the ¢ factors are the detection efficiencies, in a given phase-space region AQ,
for the {* originating from B.s, or Mg decay. The subseript to i+ indicates the
various possible decay chains. For instance, {f refers to the decay
t—>b —c—1t
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Fig. 1. ~ Diagrams illustrating all the possible electric-charge signs of the leptons
originating from semi-leptonic decays of the chaing t—>b->c->s (a)), b—>c—s (b)),
¢—>8 (¢)), T>D—>c—5 (d), b>c—F (e)) and c—5 (f)).



70 M. BASILE, G. BONVICINI, G. CARA ROMEO, L. CIFARELLI, A. CONTIN, ETC.
Analogously, the number of {7 in the proton hemisphere is given by

(4) N@E) = LE[n,(7) + n,(7) 4 n,(0)],

where, according to the diagrams shown in fig. 1a)-f),

(4a)  m (") = o(BB;)[eg,(V;) + &5z (i) + egplli)] +
+ o(MM)[ey, (1) + ez(7) - enllms)] + o(MBs) ey, (87) + egply ) + egllis)] -+
+ o(BM;)[eg,(t;) + agly) + e (fe)1
(4b)  m,(f7) = o(B,B;)[eg, () -+ e5;(42)] +-
+ o(MMg)[ey, (1) -+ a5(te)] + o(MBg)[ey, () + e5:(53)] +
+ oBM)le, (1) + a1,
(40)  n(7) = o(BB;)[ey(15)] + oM M)[e,A4)] +
+ o(MBy)[eg ()] -+ o(B M) [y, (5)]1 .

Finally, let us define the « asymmetry » ratio
N@E) — N(¢E)

0= — *~ -

® L= X FIE)

From our previous statements on Bz and M,; production distributions
in a suitable forward region of the outgoing-proton rapidity hemisphere, we
expect that the quantity A°® will be a good tool for leoking for a possible open
« top » signal.

3. — Estimate of the « asymmeiry » ratio A°.

In order to estimate the value of the « asymmetry » ratio A°, the following
quantities are needed.

1) The cross-sections values. We have assumed o, = 250 pb for the total
charm cross-section in the ISR energy range, a value which is consistent with
our measurements (%), and a factor of 3 increase of this cross-section at the

(®) M. BasiLg, G. CaAra RoMEo, L. CirArELLI, A. CoNTIN, G. D’ALf, P. D1 CESARE,
B. Esrosiro, P. Grusti, T. Massaum, R. Nan1a, F. PALMONARI, G. SARTORELLI, G VaA-
LENTI and A. ZicHICHI: Nuove Oimento A, 65, 457 (1981).
(1%) M. BasiLe, G. Cara Romro, L. CrrarELLI, A. ConTIN, G. D’ALf, P. D1 CESARE,
B. Esposito, P. Grusrr, T. Massaum, R. Nax1a, F. ParMoNar1, G, SARTORELILI, G, Va-
LENTI and A. ZicuHicHI: Nuove Cimento A, 67, 40 (1982),
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(vp) Collider energy. We have then assumed that the heavy-flavour cross-
sections scale as the inverse ratio of the quark masses squared (*!):

0,/0,= m;m; ,
and

0,/0, = my/m; .

For the «top» quark, we assumed a mass m,= 25 GeV/c2. The cross-
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Fig. 2. — Transverse-momentum spectra of the leptons originating from the decay
of t (t) «leading » baryon states, obtained as described in the text.

(1) A. Martin: preprint CERN Th. 2980 (1980), and private communication,
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section values at /s = 540 GeV are, therefore,
¢,=1T0pb, o, =T7ub and o¢,=3ub.
We also used, for all flavours, the hypothesis
¢(B;Bf) = o(M;M;) = o(M;B;) = ¢(MsB,) = ¢,/4 .
ii) The semi-leptonic branching ratio. We have assumed the branching

ratio of the semi-leptonic decay into a given lepton to be 109, for all heavy-
flavoured states.

iii) The detection efficiency . The detection efficiencies & have been eval-
uated with a Monte Carlo simulation. The heavy-flavour state and its associated
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Fig. 3, — Same as fig. 2, but for b (b), ¢ (¢) «leading » baryon states.
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antistate were assumed to be produced in an uncorrelated way. The generation
was based on a flat-w, distribution (de/dx, = const) for baryons and on a
central-x, distribution [E(de/dw.)cc (1 — #.)*] for mesons. The p, dependence
was assumed to be (1/p.)(do/dp,)cc exp[— 2.5p,] for all flavours.

Central,, Mf,M?
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Fig. 4. — Same ag fig. 2, but for t () « central » meson states.

For each flavour the semi-leptonic decay was simulated by using a X, decay
matrix. The p, spectra from the various decays are shown in fig. 2-5. The
choice of the phase-space region AQ, defined by the conditions

6 30° and p,>5GeV/e,

was determined as a compromise between the efficiency for {+ originating via
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Fig. 5. — Same as fig. 2, but for b (B), ¢ (c) « central » meson states.

the direct decay t — 1+ of the «top »-flavoured baryons and the rejection of
leptons from different sources. The detection efficiencies for the leptons originat-
ing from the various sources are summarized in table I.

The results of our analysis are the following:

N(t+) = L(7.59-10-2 yb)
N() = L(1.95-10-2 yb)

_ N(tH) — N(t)
N+ ()

0

= 0.59.

Notice that this value corresponds to the ratio N{EH/N(E) = 3.90.
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TaBLE 1. — The t* detection efficiencies for @ < 30° and py > 5 GeV/e in the proton
rapidity hemisphere (see corresponding equations in column 3).

&g, () 4.2-10-1 ep () 0 (3a)
epy(lie):  1.3-10-3 (3a)
epy(li): < 10~ epsti): 0 (3b)
ep ) ~0 (30)
epllin):  4.5-1072 R UE 0 (4a)

opplls): O (4a)
g, (8 < 104 epp(ls): 0 (4b)

ep;(17): 0 (4¢)
ey, (1) 7.6-10-2 ezlE):  7.4-10-3 (3a)
e, (Uhe):  1.8-10-8 (3a)
ep(lin): ~0 le—)([;:) 1 ~0 (3b)
e () ~0 (3¢)
ey (i) : 7.4-10-2 a(8): 7.6+10-2 (4a)

ayi(lzs):  1.3-1072 (4a)
syply): ~0 eyplles): ~0 (4b)

aslz): ~0 (40)

We have also evaluated the « asymmetry » ratio A% using a different extra-
polation for ¢, and ¢,, assuming
o,=o,[/mi and o,= 0o m.
This leads to
0,=30ub and o, =~1ub
at Vs = 540 GeV, with ¢, = 750 yub.
In these conditions we’get
N(t+) = L(2.53-10-% pb) ,
N({E") = L(6.50-10~% pb) ,

. N —N@)
2 =T re ="

The «asymmetry » ratio .4° does not depend on the cross-section extrapolations,
because the detection efficiencies for leptons from beauty and charm are
negligible in the phase-space region specified in point iii). However, the value
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of the «top» production eross-section will be important for determining the
integrated luminosity needed to reach a given statistical significance on the
measurement of A° and for determining, as will be discussed in sect. 5, the
rejection power of the apparatus needed to obtain a given signal-to-
background ratio.

4. — Background evaluation.

In what has been described so far, the background contamination in the
sample of prompt {+ and {~ has not been considered. It is mainly due to

i) the misidentification of charged and neutral hadrons in the exper-
imental apparatus,

ii) the prompt t+ or {” production from sources other than open heavy-
flavour states.

An attempt was made to evaluate the contribution i). To derive the pion
production in (pp) interactions at /s = 540 GeV, we have used a parametriza-
tion of the single-pion cross-section measured at the ISR (2):

S/dp?) — _ (3 —a)?
B(d®0[dp?®) = A exp [—Bp.] 0(105‘3 T’
where @, = 2p_/V's.

A further conservative hypothesis was made by including a Pzt term in the
expression for F(dc/dp2), for p,> 7 GeV (13).

The extrapolated 7 rate, in the phase-space region defined in sect. 3
(60 < 30° p,>5 GeV/c), should be multiplied by a reduction factor represent-
ing the achievable rejection of background source i) in the experimental
apparatus.

As regard the prompt lepton background ii), we assume, as a first approxi-
mation, that it would be negligible when compared with the contribution i).

(12) B. Arrer, H. BoéeeiLp, P. BoorH, F. Buros, L. J. CarroLr, G. DaMaaarD, G. Vox
Darprr, B. Durr, K. H. Hansexn, F. Heymanw, J. N. JACEsON, G. JARLSKOG,
L. Jousson, A. KLovNING, L. LE1stam, E. LitLernuN, E, Losse, G. LiyxcH, G, MAN-
NiNG, K. PorteEr, M. PreEnTICE, P. SHARP, S. SHARROCK, S. OLGAARD-NIELSEN,
D. Quarrie and J. M. WEiss: Nucl. Phys. B, 100, 237 (1975).

(**) C. KouvrkoumeLis, L. K. Resvanis, T. A. Fruepas, E. Fogiris, A. M. Cnops,
S.Iwara, R. B. PALMER, D. C. Rany, P. Renax, I. StumMsr, G. W. Farsax, T. FieLps,
D. Lissaver, I. MANNELLI, P. MouzoURrAKIs, A, Narp1, W. J. Wirris and M, GOLDBERG
Phys. Lett. B, 84, 271 (1979).
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5. — Estimate of the « asymmetry » ratio A° in experimental conditions.

In the presence of background, the experimental « asymmetry » ratio is
given by
AP . [N(f'+) + Nbg(£+)] s [N(t_) + -Nbg(t_)]
[V{ET) + Nop(0)]1 4 [N (1) -+ Nyp(87)]

Assuming N, (1) = N, (I") = N, (1), and expressing N(I") as
N9 — 4A%)/(1 + 49)]
according to eq. (5), we have

exp ___ Ao
(6) S T O i (GO

The quantity 4°* is plotted in fig. 6 as a function of the signal-to-background
ratio ,
/B = N(H)/N,,(f) .

Notice that A*™ is substantially different from 0 as soon as 8/B is greater than 1.
However, from eq. (6) it is clear that in order to keep the value of A°®

A”"_
0 e — e e e e e
04t
/
0.1 1 10 100 S/ B

Fig. 6. — Behaviour of the

S/B = N(1+)/Npg(t).

experimental «asymmetry» Aexp,

as a function of
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constant, i.e. independent of the «top » production cross-section o,, the rejec-
tion power of the apparatus must increase linearly with decreasing o,.

On the basis of the background estimate, computed as specified in sect. 4,
and for the range of ¢, considered, we have

1< 8/B <10

for a rejection against charged and neutral hadron background ranging from
10-3 to 10-4.

6. — Conclusions.

The above studies show a new way to investigate the production of the
« top » flavour at the (pp) Collider. They are based on the measurement of an
excess of {+ on the proton side and of an excess of {~ on the antiproton side,
both asymmetries being due to the gemi-leptonic decays of the «top » baryon
and the « antitop » antibaryon, each produced in a «leading» way.

The main parameters for the observation of this effect are the background
level (estimated on the basis of our knowledge) and the cross-section values
for the production of the leading baryons.

With the previously specified assumptions, and by assuming a luminosity
between 102 and 102 cm—?s~%, a few hundred hours of running would be suf-
ficient for determining the value of A**® with a precigion of a few percent,
thus establishing clear evidence for (or against) the production of «leading »
t-flavoured baryon (antibaryon) states.

® RIASSUNTO

Si presenta un nuovo metodo per studiare la produzione di particelle con «top» in
interazioni (pp) al Collider del CERN. Tale metodo si basa sul meccanismo di produ-
zione ¢leading » esteso agli stati barionici e antibarionici dotati del piti pesante
«flavour », e sull’agsimmetria di carica dei leptoni originati dal loro decadimento
gemileptonico.

Honckn oTKpLITON « Bepimusl » Ha (pP) myuxax B LIEPHe.

Pesiome (*). — Ilpenmaraerca HOBBIM Meron HaGIFONCHHS POXKIACHMSA OaPHOHHBIX COC-
TosiHMi Ha (pP) nyukax B ITEPHe. DTOT MeTOX OCHOBAH HA MEXaHU3ME POKICHUS « JIMIH~
pyfomeii » JacTHUEI, 0006MEHHOM Ha HauGojee Tspkelble GapUOHHLIE W aHTHOAPUOHHBIC
COCTOSIHISI ¢ apOMAaTOM, X HA 3apANOBOH aCHMMETPHH JIENTOHOB, OOPa30BAHHEIX U3 HX
TIOJIYJIENTOHHBIX pacHaaoB.

(*) Hepesedeno pedaxyueil.
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