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Production and Decay of Beauty-Baryon

A. Fridmant
Sezione di Trieste, INFN - Area di Ricerca, Trieste

ABSTRACT

We estimate the beauty-baryon production in pN interactions at c.m. energies
relevant to the LHC and SSC projects. The possibilities of searching for the CP
violation effects in the beauty baryon are discussed. Measurements of special decay
channels are suggested in order to estimate |V,;/V| with good precision.

1 - Introduction

Recently, the reasons for studying the beauty baryon produced in pN interac-
tions have been presented?. Here we will summarize some of these aspects. We
will discuss the interest in searching for CP violation in beauty-baryon decay as
well as the measurements of some CKM matrix elements. A list of beauty baryons
(Np) with their charge and quark content is given in Table 1. We use the following
notation'. The baryon with isospin I = 1 will be denoted by ¥, whereas = will be
used for baryons having I = 1/2. For I = 0, we use A unless each quark forming a
baryon has I = 0. In this case the notation will be ©2. The subscripts of &, =, A,
and ) indicate the number and the type of the heavy quarks (@ =&, ¢) contained
in the considered baryon (the light quarks are represented by ¢ = u,d, s). The

masses given in the table are those used in the PYTHIA Monte Carlo program?.

We estimate the N = bgigy production cross-section, o(bgigs), from the ra-
tio R = o(bgyq2)/o(bd) calculated with PYTHIA at the c.m. energies of \/s =
0.12,0.19,16 and 40 TeV, corresponding to the LHC and SSC projects (beam
fixed-target and collider experiments). Here o(bb) is the pN — bbX cross-section
(X meaning anything) at the corresponding c.m. energy. Using the o(bb) cross-
sections® given in Table 2, we obtain the cross-sections indicated® by Table 3.

Estimates of a(bcg) are based on the fact that the momentum of the light quark
will be negligible with respect to the momentum of the b or ¢ quark. The kinematics
as well as the QCD interactions in the final state will thus depend essentially on
the bc system. Therefore a rough estimate of o(beg) could be written as?
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Table 1 - Various beauty baryons using the notation explained above. The charge
and the quarks forming the baryons are also given. The mass values are those used
in the PYTHIA Monte Carlo program.

Quarks | Charge | Mass
(GeV)
Ay bud 0 5.62
buu +1 5.80
Yp | bdu 0 %
bdd -1 7
=, | bsu 0 | 5.84
bsd -1 7
S beu +1 7.01
bed 0 v
Eop | bbu 0 10.42
bbd -1 2
97 bss -1 6.12
Qpe bes 0 7.19
Qpae | bee +1 8.31
Qap bbs -1 10.60
Qope | bbe 0 1171
Qap | bbb wi A AR
o(beq) ~ o(B;) G x 1y , (1)

(B, = b) where G = 1/2 is a color factor comparing the beg color singlet with
the bé one and where o(B,) is the pp — B,X cross-section®’. The estimate of 7
is obtained from the probability of producing a given g quark using the following
ratio?:

bu:bd:bs:bgg=0.38:038:0.14:0.10. (2)

The o(beq) values are then obtained (Table 3), taking the o(B,) from Ref. 7. Table
3 indicates also the number of N, events expected in one year (107 s) of running.



Table 2 - The cross-section values utilized to determine o(bg;92) and o(beg).

o Ref. | 0.12 TeV | 0.19 TeV | 16 TeV | 40 TeV
a(bb) ~2pub |~ 2.5 ub |~ 200 ub |~ 500 ub
o(B.) ~1 nb ~ ~180 nb -

o(B, or B?) ~27 pb |~ 100 pb| ~ 60 nb |~ 147 nb

Table 3 - Cross-section estimates of the pN — N, X reactions for various c.m.
energies corresponding to fixed-target and collider experiments. Estimates of the
number of N X events produced in one year (107 s) of running are also given. For
the beam target experiments a Cu target was considered with a length of 5 mm
along the beam direction and a beam of 10® p/s. A luminosity of
L =10* cm~?%s~1 was taken for the colliders.

Ny 0.12 TeV 0.19 TeV 16 TeV 40 TeV
Ap | (1.7£0.3) 107 'ub [(1.784£0.01) 107 'ub| 17.04+0.1 ub 43.44+0.4 pub
~ 4.6 108 /year ~ 4.8 108 /year ~210%/year | ~ 4 10'°/year
Ty | (1.8440.02) 10~ 2ub | (2.75 £ 0.05) 10~ 2ub 2.940.1 ub 7.3+£0.2 ub
~ 5 107 /year ~ 7.4 107 /year ~ 3 10°/year ~ 7 10°/year
Ep | (1.704£0.02) 10~ 2ub [ (2.454+0.05) 10~ 2ub| 2.4+0.1 pb 5.8 40.2 ub
~ 4.6 107 /year ~ 6.6 107 /year ~ 2 107 /year 6 10%/year
Q| (2.04£0.4)107%ub | (2.5£05) 107 %ub [(2.040.4) 10~ 2ub | (10£2) 10~ %ub
~ 5.4 10% /year ~ 6.8 10% /year ~ 2 107 /year ~ 10% /year
Hie ~ 6 pb ~ 21 pb ~ 13 nb ~ 31 nb
~ 1.6 10 /year ~ 5.7 10* /year ~ 107 /year 3 107 /year
Qe ~ 2 pb ~ 8 pb ~ 5 nb ~ 12 nb
~ 5.4 10%/year ~ 2.2 10*/year ~ 5 10%/year ~ 107 /year




For the collider we use a luminosity of I = 10%? cm~2s~!, whereas for the beam-

target interactions we consider a beam of 108 p/s and a Cu target having a length
of 5 mm along the beam direction.

The present estimates indicate that both collider projects (LHC and SSC)
lead to similar statistics. With the present fixed-target example the statistics
are lower by a factor of ~ 100 with respect to the collider experiments where
L = 10%cm~?s~!. The choice of longer targets as well as larger luminosities could
certainly be envisaged. Within the present estimates, the search for becg baryons
could be carried out with the collider experiments.

2 - Comments about the search for CP violation

Similarly to the search for CP violation in the B¥ decay, the study of beauty-
baryon decays does not need tagging processes of the associated beauty hadron
produced in the same event. However, the search for an asymmetry in the Bt /B~
decay or in one of the cases, Ay/Ap, Zp/Zp, Ep/Ep, etc., would, in principle, depend

on final-state interactions®.

In the present discussion, let us consider a beauty baryon of spin 1/2 decaying
into two hadrons having spin 0 and 1/2 (this situation is similar to A — pn
and £ — An studied about 30 years ago?). The weak decay in these cases will
be described by S and P waves (corresponding to relative orbital momenta of
[ = 0,1, respectively). The partial width T and the decay parameters e, # and «
of Ny (a? + A% + 4% = 1) as well as those related to N (having a bar sign on the
parameters) can be used to search for CP violation by testing the non-zero values
of the following ratios™!:

=T
- E 3
A N (3a)
Te+Ta a+a
A= — ~ 3b
To—-Ta a=a’ (3)
g IB+TB _p+P (3

RV B

Note that for a given CP violation effect we expect!® that |B| > |4| > |A|,
indicating that the measurements of # and § might be very useful. In fact, even
with CP violation, A # 0 can only occur when more than one isospin transition
(between the initial and final state) is present (see for instance Ref. 1).

The relations between the various parameters are given in Table 4 for CP
conservation or violation in the beauty-baryon decay!. For each case we consider
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Table 4 - The I', @ and ‘relations between the Ny and Ny decays for CP con-
servation or violation. In each case final-state interactions (FSI) were assumed or
neglected.

CP conservation CP violation
FSI No FSI FSI  No FSI

=1 T=] Fgl* P=l
a=—a a=-alat-a a=-a

B=-F B,A=0|+-B B=48

* With only one isospin transition, I' = T (see text).

the presence of final-state interactions or decay processes where the final state
could be neglected. Note that non-zero values of the f or  parameters are related
to the violation of the time reversal (T) applied to the considered decay process,
and hence to the CP violation (CPT rule). However, final-state interactions can
also lead to 8,4 # 0. Table 4 indicates the relations between # and f# that could
indicate the violation of time reversal.

To clarify the discussion, we consider the pp — ApX reaction with the weak
decays of Ay — A7°® and A — pr~. Let us now see how to measure the o = a(A;)
and f = f(Ay) parameters [@ = @(A;) and # = B(As)]. To this end we consider
the angular distributions of the proton in the A rest frame with respect to the
coordinate system shown in Fig. 1 and given by (see Appendix B in Ref. 1):

I(03) x 14+ a(Ap)a(A) cos O3 . (4)
I(6s) o 1 - f;i P(Ay)B(Ay)a(A) cos b (5)
I(61) ox1— Z P(Ag)v(Ap)o(A) cos by . (6)

The A distribution with respect to the A, polarization [P(Ap), modulus P(A3)] in
the Ay rest frame is (see Fig. 1):

I(©) x 1+ a(Ap)P(Ap) cos O . (7)

The a(Ap) decay parameter can be measured with the distribution given by formula
(4). Thus a measurement of P(Ap) would be possible with distribution (7) valid in
the Ay rest frame. If P(Ap) # 0, one could determine (Ap) and y(Ap) [formulae

(5) and (6)].



Finally, we summarize the suggestions for measurements related to beauty
baryons as follows

— production rates and branching ratios of Ny or/and Ny,

— existence of baryons having more than one heavy quark,

— measurement of a(Np) and @(Np) for given decay channels.
— measurement of the polarization P(N}) and P(Ny),

— search for CP violation in the Ny, Ny decay by comparing their partial decay
widths as well as o(Np) with &(Np),

— search for T reversal violation for beauty baryons decaying into two particles
having J = 0 and 1/2 if P(Np), P(Ny) # 0.

3 - CKM matrix elements

The lifetime of beauty baryons is expected to be shorter than that of the B
mesons, similarly to the case of charmed hadrons®?. The A, Z% are shorter than
D® (which have similar non-spectator contributions) and Z} shorter than D*
(which have less substantial non-spectator contributions). The argument is that
QCD color factors make the meson lifetimes longer, basically due to the stronger
binding of the light quarks. This difference in QCD effects could facilitate the
determination of the CKM matrix elements (V;;) in the beauty-baryon decays. In
fact, the QCD effects are expected to be:gimilar for the decay of Ny, — D°X', DX’
(X' representing here either a nucleon, hyperon, charmed or beauty baryon). This
is because the spectator graphs yield similar amplitudes. Note, however, that the
non-spectator diagrams are different for Ny — D°X'" and Ny — D°X'. This can be
seen from Fig. 2, which shows the example of Ay — DA, DA decay. Assuming
that the spectator model (factorization process) is dominant in the decay process,
the measurement of branching ratios (BR) with X' = A, p (see Fig. 2) leads to:

BR(Ap — D°A)  |Vap Ves|?
BR(Ap— DOA)  |Vep Vas|?
BR(Ay — D)  [Vyp Veal®
BR(Ap — D%) |V Vial?

(8)

(9)

The errors in the measured |Vig|, |Vusl, [ Vedl, |Vad| values are small?, and will in-
troduce in formulae (8) and (9), only a small systematic error on the |Vyp/Vep|
measurement, of the order of 1072,

The decay B* — DK+, DK could also be used to estimate CKM matrix



Table 5 - Examples of Ny decays having final states that could be easily detected.
The A decay is not shown as we always consider the A — 7~ p process.

b—q Baryon decay Final state
b—u Q, — 720, 30— Ax” 7~ w’A
boe|Qy »r Q) WortQ-, Q- > K AlratK-A
b—u g) —» 7~ X%, Tt - pad 7%

boc| B 57 B}, Ef 5atEY E' % | matalA

b—w Ef < wA, A
boc|Ef »n B Bl oatE E- w7 A |7 wtA
b—u A) — 77 p, TP
b—c AY » 7= AY, AY - atA ratA

elements. Two spectator diagrams will, however, contribute to the Bt — DK+
(B~ — D°K~) processes (Fig. 2). This will complicate the extraction of the
CKM matrix elements relations. In addition, there will be stronger QCD effects,
as already stated above.

We present in Table 5 some beauty-baryon decays that could be measured
easily. Here the b — ¢ and b — u transitions lead to different final states. The
QCD effects could then be different in each diagram. Nevertheless, comparison of
the following measured ratios,

BR(SY; — n~E° g [Vasl? o(u)
BR(Q; — 7=09) ~ [Val® ¢(c)
BR(Z) — n~ %) [Vyl® ¢(u)
BR(._,g — 7 )3;,") [Ve|* é(c)
BR(E) — 7 A) N [Vasl? ()
BR(E} — 7~ EJ) = |[Val® 4(c)
BR(Ay — 7 p) N IVub!2 ¢(u)
BR(Apy — 7 A.) ~ |Val|? ¢(c)

with formulae (8) and (9) will allow the comparison of QCD effects in beauty-
baryon decays. Here ¢(u) [#(b)] is the phase-space factor corresponding to the
b — u [b — c] transition for a specific final state.
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Fig. 1 - The production plane of the pp — NpX reaction and the }:"(Nb) pola-
rization normal to this plane. The X,Y, Z represent the coordinate system used
in the A rest frame for defining the p angular (6;_3) distributions coming from the
A — pm decay. Here O is the A emission angle with respect to the P(N}) direction

in the Ny rest frame.
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Fig. 2 - Diagrams for the Bt — DK+ DK+ (top) and A, — DA, DA
(bottom) decay channels (see Ref. 1). The CKM matrix elements entering in the

diagrams are indicated. Note that the same kind of diagrams apply for the charge
conjugated reactions but where V;; « Vi





