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Doubly charmed baryon production in hadronic experiments
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In the leading order of perturbative QCD we calculate the total and differential cross sections for the
hadronic production of doubly charmed baryonsJcc and Jcc* in different experiments. The experimental

evaluation of the cross sections for theJ/c1D1D̄ production would allow us to decrease the uncertainty in
the determination of cross sections for the doubly charmed baryons due to the choice ofas andmc . We show
that in the HERA-B and E781 experiments with fixed tagets the suppression of theJcc andJcc* production to

the yield ofcc̄ pairs is a value of the order of 102621025, whereas at the Fermilab Tevatron and CERN LHC
colliders it is about 102421023. In the E781 experiment the observation ofJcc and Jcc* is practically
impossible. At the HERA-B and Tevatron facilities one can expect 105 events with the double charm, and at
LHC one has about 109 events.@S0556-2821~98!02903-8#

PACS number~s!: 14.20.Lq, 12.38.Bx, 13.30.2a, 13.60.Rj
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I. INTRODUCTION

Recent years have been marked by a rapid increas
charmed particles observed in modern experiments. Th
fore, the study of about 106 charmed particles is expected
the fixed target Fermilab facilities of E831 and E781. A
increase of this value by two orders of magnitude is p
posed in experiments of the next generation. Along w
standard problems ofCP violation in the charmed quark
sector and a measuring of rare decays, etc., an investiga
of processes with more than onecc̄-pair production become
actual. The production of an additionalcc̄ pair strongly de-
creases the value of the cross section for such processes
fact must be especially taken into account in fixed tar
experiments, where the quark-partonic luminosities
strongly suppressed in the region of heavy mass produc

An interesting process of the above mentioned kind
doubly charmed baryon production. The doubly charm
Jcc

(* ) baryon represents an absolutely new type of objec
comparison with ordinary baryons containing light quar
only. The basic state of such a baryon is analogous to a (Q̄q)
meson, which contains one heavy antiquarkQ̄ and one light
quark q. In the doubly heavy baryon the role of the hea
antiquark is played by the (cc) diquark, which is in an anti-
triplet color state@1#. It has a small size in comparison wit
the scale of light quark confinement.

The spectrum of (ccq)-system states has to differ esse
tially from the heavy meson spectra, because the compo
(cc) diquark has a set of excited states~for example, 2S and
2P) in contrast to the heavy quark. The energy of the
quark excitation is twice less than the excitation energy
the light quark bound with the diquark. So, the representa
of the compact diquark can be straightforwardly connec
with the level structure of a doubly heavy baryon.1

Another interesting aspect of doubly charmed baryon
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search is the production mechanism. (ccq)-baryon produc-
tion was discussed in a number of papers@4–7#. The main
problem of the calculations is reduced to an evaluation of
production cross section for the diquark in the antitrip
color state. One assumes further that the (cc) diquark non-
perturbatively transforms into the (ccq) baryon with a prob-
ability close to unity. The hadronic production of the diqua
is subdivided into two parts. The first stage is the hard p

duction of two (cc̄) pairs in the processes ofgg→cc̄c c̄ and

qq̄→cc̄c c̄, which are described by Feynman diagrams
fourth order over theas coupling constant@8#. The second
step is the nonperturbative fusion of twoc quarks with a
small relative momentum into the (cc) diquark. For the
S-wave states, this process is characterized by the ra
wave function at the originR(0).

The main difference between the existing evaluations
the doubly charmed baryon cross section consists in
methods used for the hard subprocess calculation. In@9# the
part of the diagrams connected withc fragmentation into the
(cc) diquark is used instead of the complete set of diagra
As was shown in paper@6# this estimation is not absolutel
correct, because it becomes true only atpT.25230 GeV,
where the fragmentation mechanism is dominant. In ot
kinematical regions the application of the fragmentatio
approximation is not justified and it leads to wrong resu

1Our estimates of the diquark mass in the Martin@2# potential,
with taking into account the color factor for the antitriplet state
the quark pair and using the results of heavy quark effective the
@3#, give the value ofM (Jcc

(* ))53.61560.035 GeV~without taking
into account a spin dependent interaction!. The mass shift of vector
diquark is determined by using the formuladM
. 1

2 uRcc(0)u2/uRc(0)u2(Mc2Mhc
)/4.5 MeV. The splitting be-

tween Jcc and Jcc* is equal to DM (Jcc
(* )). 3

4 DM (D (* )).108
MeV, so M (Jcc)53.58460.035 GeV, M (Jcc* )53.63860.035
GeV. The diquark sizer cc;0.5 fm is close to that ofJ/c.
4385 © 1998 The American Physical Society
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4386 57BEREZHNOY, KISELEV, LIKHODED, AND ONISHCHENKO
especially whenAŝ is not much greater thanpT
min .

In the framework of the fragmentation model the acco
for the leading logarithm corrections can be performed i
simple way. However, in the framework of calculations f
the complete set of diagrams in theas

4 order the regime of
fragmetation is dominant only in the restricted region of
nematical variablespT.pT

min , s.smin, wherein the proce-
dure for taking into account the evolution of fragmentati
functions does not cause difficulties. But the account for
emission of an additional hard gluon beyond the mentio
region requires calculations in the nextas

5 order of perturba-
tive QCD so that the number of diagrams increases dra
cally, and there are no large logs such as ln(pT

2/m2) or
ln(s/m2) in the dominant kinematical domain. So, followin
Refs. @4–7#, in this paper we are restricted by the Born a
proximation.

However, even after taking into account the complete
of diagrams, essential uncertainties in the estimations
(ccq)-baryon production remain. The basic parameters
termining these uncertainties are the values ofas , mc , and
Rcc(0). In addition, it is not clear to what extent the hypot
esis on the hadronization of a (cc) diquark into a (ccq)
baryon with the unit probability is correct or not. The pro
lem is that the interaction between the diquark and gluon
not suppressed in contrast to (c c̄)-pair production in the
color singlet state, where the quarkonium dissociation s
poses an exchange with the quark-gluonic sea by two h
gluons with virtualities, which are greater than the inve
size of the quarkonium.

A decrease of the uncertainty in the (ccq)-baryon cross
section would be possible by means of comparing the p
cess of baryon production with the analogous process
J/c1DD̄ production.2 The latter is described by practicall
the same diagrams of fourth order with the well-known wa
function of J/c at the origin.3

In this way of connection to theJ/c1DD̄ process one
could remove the parts of uncertainties which are due toas
and mc in the (cc)-diquark production process. In the fo
lowing sections of the paper the joint cross-section calcu
tions of these processes inp2p andpp interactions are per
formed.

There are some papers where the fragmentation mode
J/c production atpT.5 GeV were constructed taking ac
count of the color-octet contribution~see the review@10#!.
However, the associated production ofJ/c1DD̄ requires
the production of an additionalc c̄ pair, so that the produc-
tion mechanism is evidently the other one, and theJ/c
1DD̄ yield is only a small fraction of the inclusiveJ/c
production inpp interactions.

2We calculate theJ/c1c c̄ production and assume that thec c̄

pair transforms toDD̄1some light hadrons with the probability
very close to unity. So, we neglect the production of charmed b
ons as well as bound states of charmonium.

3The value ofuRC(0)u is determined by the width of leptoni
decayJ/c→ l 1l 2, taking into account the hard gluonic correctio

so, numerically,uRc(0)u5ApM /3 f̃ c , where f̃ c5540 MeV.
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For Bc1b c̄ production one has shown that the regime
fragmentation becomes dominant atpT.35 GeV. The pro-
duction of J/c1c c̄ is completely analogous to the assoc
ated production ofBc1b c̄ ~with a careful account for the
identity of the charmed quarks!. ForBc1b c̄, Jcc1 c̄ c̄, and
J/c1c c̄ production one finds a common regularity: th
fragmentation regime is displaced to the region ofpT.25
235 GeV. To convince the reader completely, we presen
corresponding figure for the gluon-gluon subprocess

gg→J/c1c c̄ at Aŝ5100 GeV. Thus, we insist on the
statement that for the associated production ofJ/c1c c̄ and
Jcc1 c̄ c̄ the fragmentation works atpT@mc .

Section II is devoted to the description of productio
models for (ccq) baryons andJ/c1DD̄. In Sec. III we
present the calculated results for the production cross sec
of (ccq) baryons andJ/c1DD̄ in the fixed target experi-
ments E781 and HERA-B.

II. PRODUCTION MECHANISM

As was mentioned in the Introduction, we suppose t
the diquark production can be subdivided into two stages
the first stage the production amplitude of four free quark
calculated for the following processes:

gg→cc c̄c̄, ~1!

q q̄→cc c̄c̄. ~2!

The calculation technique applied in this work is analogo
to that for the hadronic production ofBc @11#, but in this case
the bound state is composed of two quarks@5,6# instead of
the quark and antiquark.

We assume that the binding energy in the diquark is m
less than the masses of constituent quarks and, there
these quarks are on the mass shells. So, the quark f
momenta are related to the (Q1Q2) diquark momentum in
the following way:

pQ1
5

mQ1

M ~Q1Q2!
P~Q1Q2! , pQ2

5
mQ2

M ~Q1Q2!
P~Q1Q2! , ~3!

where M (Q1Q2)5mQ1
1mQ2

is the diquark mass and

mQ1
,mQ2

are the quark masses.
In the given approach the diquark production is describ

by 36 Feynman diagrams of leading order, corresponding
the production of four free quarks with the combination
two quarks into the color antitriplet diquark with the give
quantum numbers over the Lorentz group. The latter pro
dure is performed by means of the projection operators

N~0,0!5A 2M ~Q1Q2!

2mQ1
2mQ2

1

A2
$ ū1~pQ1

,1 ! ū2~pQ2
,2 !

2 ū1~pQ1
,2 ! ū2~pQ2

,1 !% ~4!

y-
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57 4387DOUBLY CHARMED BARYON PRODUCTION IN . . .
for the scalar state of diquark@the corresponding baryon i
denoted asJQ1Q2

8 (J51/2)#,

N~1,21!5A 2M ~Q1Q2!

2mQ1
2mQ2

ū1~pQ1
,2 ! ū2~pQ2

,2 !,

N~1,0!5A 2M ~Q1Q2!

2mQ1
2mQ2

1

A2
$ ū1~pQ1

,1 ! ū2~pQ2
,2 !

1 ū1~pQ1
,2 ! ū2~pQ2

,1 !%,

N~1,11!5A 2M ~Q1Q2!

2mQ1
2mQ2

ū1~pQ1
,1 ! ū2~pQ2

,1 !

~5!

for the vector state of diquark@the baryons are denoted a
JQ1Q2

(J51/2) andJQ1Q2
* (J53/2)#. To produce the quarks

composing the diquark in the 3c̄ state, one has to introduc
the color wave function as« i jk /A2, into the diquark produc-
tion vertex, so thati 51,2,3 is the color index of the firs
quark, j is that of the second one, andk is the color index of
diquark.

The diquark production amplitudeAk
Ssz is expressed

through the amplitudeTk
Ssz(pi) for the free quark production

in kinematics~3!:

Ak
Ssz5

RQ1Q2
~0!

A4p
Tk

Ssz~pi !, ~6!

whereRQ1Q2
(0) is the diquark radial wave function at th

origin, k is the color state of diquark, andS and sz are the
diquark spin and diquark spin projection on thez axis, re-
spectively.

In the numerical calculation giving the results which w
be discussed in the next section, we suppose the follow
values of parameters:

as50.2,

mc51.7 GeV,

Rcc~1S!~0!50.601 GeV3/2, ~7!

where the value ofRcc(0) has been calculated by means
the numerical solution of the Schro¨dinger equation with the
Martin potential@12#, multiplied by the 1/2 factor caused b
the color antitriplet state of quarks instead of the singlet o

To calculate the production cross section of diqua
composed of twoc quarks, one has to account for their ide
tity. One can easily find, that first, the antisymmetrizati
over the identical fermions leads to the scalar diquark am
tude equal to zero, second, the amplitude of vec
(cc)-diquark production is obtained by substituting equ
masses in the production amplitude of the vector diqu
g

f

e.
s

li-
r
l
k

composed of two quarks with different flavors, and taki
the 1/2 factor for identical quarks and antiquarks into a
count. In this work we suppose that the produced diqu
forms a baryon with unit probability by catching the ligh
quark from the quark-antiquark sea at smallpT or having the
fragmentation into the baryon at largepT .

The typical diagrams of fourth order describing the pr
cesses~1! and ~2! with the binding of thecc pair into the
diquark are shown in Fig. 1. One can subdivide them i
two groups. The first group contains the diagrams of fra
mentation type, wherein the (c c̄) pair emits another one.
The second group corresponds to the independent diss
tion of gluons into (c c̄) pairs with the fusion into the di-
quark. The diagrams of the second group are of recomb
tion type. The authors of some of the papers mention
above restricted themselves by the consideration of o
fragmentation diagrams. In this way they reduced the cro
section formulas to the (c c̄)-pair production cross section
multiplied by the fragmentation function of ac quark into a
(cc) diquark. As was shown in@6#, the latter approach is
correct only under the following two conditions:M (cc)

2 ! ŝ
and pT@M (cc) . In other kinematical regions, the contribu
tion of recombination diagrams dominates.

The typical value ofpT where the fragmentation begins t
dominate ispT.25230 GeV. It is clear that at realisticpT
one has to take into account all contributions including
recombination one. The complete set of diagrams was ta
into account for the first time in@6# and, after that, in@7#. In
both papers the calculations were performed only for glu
gluon production, which is a rather good approximation
collider energies. For the fixed target experiments the va
of total energy strongly decreases and, hence, the value
energy in the subprocesses~1! and ~2! decrease too.

The contribution of quark-antiquark annihilation becom
essential at fixed target energies, especially for the proce
with initial valent antiquarks. In the following consideratio

FIG. 1. Examples of the diagrams for gluon-gluon and qua
antiquark production of a (cc) diquark. The initial quarks are de
noted by the thin fermion lines, the final quarks are denoted by
bold fermion lines, and the gluons are denoted by the helical lin
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4388 57BEREZHNOY, KISELEV, LIKHODED, AND ONISHCHENKO
we allow for quark-antiquark annihilation into four fre
charmed quarks in the estimation of the yield for the dou
charmed baryon. To our knowledge, the corresponding
culations for diquark production have not yet been p
formed.

III. DOUBLY CHARMED BARYON PRODUCTION
IN FIXED TARGET EXPERIMENTS

The applied method of calculations is the same as in
previous works@6,11#. We calculate the complete set of di
grams in fourth order over the strong coupling constant
the Born amplitude of the process under consideration.

The calculation results for the total cross section of
diquark-production subprocesses versus the total energy
shown in Figs. 2 and 3 for the given values ofas , mc , and
R(cc)(0). These dependencies can be approximately
scribed by the following expressions:

ŝgg
~cc!5213.S 12

4mc

Aŝ
D 1.9S 4mc

Aŝ
D 1.35

pb, ~8!

ŝq q̄
~cc!

5206.S 12
4mc

Aŝ
D 1.8S 4mc

Aŝ
D 2.9

pb . ~9!

We have to mention that the numerical coefficients dep
on the model parameters, so thatŝ;as

4uR(0)u2/mc
5 .

As was mentioned in the Introduction, the production
J/c in the subprocesses ofgg→J/c1c c̄ and q q̄→J/c
1c c̄ is also calculated in this work. The numerical results

FIG. 2. The total cross section of the gluon-gluon production

the (cc) diquark ~solid triangle! andJ/c1DD̄ ~empty triangle! in
comparison with the approximations of Eqs.~8! and~10! ~solid and
dashed curves, correspondingly!.
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such a consideration are shown in Figs. 2 and 3. The par

etrization of these results versus the energyAŝ are presented
below:

ŝgg
J/C5518.S 12

4mc

Aŝ
D 3.0S 4mc

Aŝ
D 1.45

pb, ~10!

ŝq q̄
J/C

5699.S 12
4mc

Aŝ
D 1.9S 4mc

Aŝ
D 2.97

pb. ~11!

In addition toBc1b c̄, Jcc1 c̄ c̄ production, we find the
following regularity forJ/c1c c̄ production: the fragmenta-
tion regime is displaced to the region ofpT.25230 GeV.
This fact can be easily observed in the figure for the glu

gluon subprocess ofgg→J/c1c c̄ at Aŝ5100 GeV ~Fig.
4!. Thus, for the associated production ofJ/c1c c̄ and
Jcc1 c̄ c̄ the fragmentation works atpT@mc .

These formulas quite accurately reconstruct the result

precise calculations atAŝ,150 GeV, which is why they can
be used for the approximate estimation of the total hadro
production cross section for the (cc) diquark andJ/c by
means of their convolution with the partonic distributions

s5(
i , j

E dx1dx2f i /A~x1 ,m! f j /B~x2 ,m!ŝ, ~12!

wheref i /A(x,m) is the distribution of ani -type parton in the
A hadron. The parton distributions used for the proton are
CTEQ4 parametrizations@12#, and those used for thep2

f

FIG. 3. The total cross section of the quark-antiquark product

of the (cc) diquark ~solid triangle! andJ/c1DD̄ ~empty triangle!
in comparison with the approximations of Eqs.~9! and ~11! ~solid
and dashed curves, correspondingly!.
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57 4389DOUBLY CHARMED BARYON PRODUCTION IN . . .
meson are the Hpdf ones@13#. In both of these cases th
virtuality scale is fixed at 10 GeV. The choice of fixed sca
in the structure functions, is caused by the fact that the c
section of subprocesses is integrated in the region of loŝ
close to the fixed scale, so that the account of the ‘‘runnin
scale weakly changes the estimate of theJcc-baryon yield in
comparison with the abovementioned uncertainty of the

FIG. 4. The differential cross section for the associated prod

tion of J/c1c c̄ in the gluon-gluon subprocess at 100 GeV~solid
histogram! in comparison with the prediction of fragmentatio
model ~dashed curve!.

FIG. 5. The total cross section of the pion-proton production

a (cc) diquark andJ/c1DD̄ ~solid and dashed curves, respe
tively!.
ss

’’

i-

quark model~we have found the scale-dependent variation
be at the level ofds/s;10%!.

The total hadronic production cross section for these p
cesses are presented in Figs. 5 and 6 for thep2p and pp
interactions, correspondingly. As one can see in Figs. 5
6, the cross section of the (cc) diquark as well as the cros
section ofJ/c1c c̄ are strongly suppressed at low energi
in comparison to the values at the collider energies.

The ratio for (cc)-diquark production and total charm
production iss (cc) /scharm;102421023 in the collider ex-
periments and;102621025 in the fixed target experiments
The same situation is observed for the hadronicJ/c1DD̄
production. The distributions for (ccq) baryon andJ/c
1DD̄ production are shown in Figs. 7–10 for thep2p in-
teraction at 35 GeV and for thepp interaction at 40 GeV,
respectively. The rapidity distributions in Figs. 8 and
point to the central state of (ccq)-baryon andJ/c1DD̄ pro-
duction.

The pT distributions of these processes are also alike@we
assume that at given energies the (cc) diquark has no frag-
mentational transition into the baryon, but it catches the li
quark from the quark-antiquark pair sea#. One can see in the
latter figures that the process ofJ/c1DD̄ production can be
used to normalize the estimate of the (ccq)-baryon yield,
wherein the following additional uncertainties appear:~1! the
unknown value ofuR(cc)(0)u2 and~2! uncertainties related to
the hadronization of the (cc) diquark.

One can see from the given estimates that in the exp
ments with the expected number of charmed events at a l
of about 106 ~for example, in the E781 experiment, whe
As535 GeV!, one has to expect at least one event with
doubly charmed baryon. The situation is more promising
the pp interaction at 800 GeV~HERA-B!. The considered

c-

f

FIG. 6. The total cross section of the proton-proton product

of the (cc) diquark andJ/c1DD̄ ~solid and dashed curves, respe
tively!.
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4390 57BEREZHNOY, KISELEV, LIKHODED, AND ONISHCHENKO
processes yield about 105 Jcc
(* ) baryons and a close numbe

of J/c1DD̄’s in the experiment specialized for the dete
tion of about 108 events withb quarks.

IV. PRODUCTION OF A „ccq… BARYON AT COLLIDERS

As was shown in the previous section, the observation
Jcc

(* ) baryons presents a rather difficult problem in the e
periments specialized for the study of charmed particles.
a rule, such experiments are carried out at fixed targets
that the effective value of the subprocess energy is stron
decreased. Therefore, the relative contribution of dou
charmed baryons into the total charm yield is of the order

FIG. 7. dsp2p
cc /dpT ~solid histogram! and dsp2p

J/c1DD̄/dpT

~dashed histogram! at a pion-proton interaction energy of 35 GeV

FIG. 8. dsp2p
cc /dy ~solid histogram! anddsp2p

J/c1DD̄/dy ~dashed
histogram! at the pion-proton interaction energy of 35 GeV.
f
-
s
so
ly
ly
f

102621025. The production of (ccq) baryons at colliders
with largepT is more effective. In this case the cross secti
is determined by the region of quark-antiquark and gluo
gluonic energies, where the threshold effect becomes ne
gible and the partonic luminosities are quite large atx
;M /As. Therefore, the suppression factor in respect to
single production ofc c̄ pairs is much less and it is in the
range of 102421023.

ThepT distributions forJcc
(* ) andJ/c ~which is produced

with D andD̄) at Fermilab Tevatron and CERN Large Had
ron Collider~LHC! are shown in Figs. 11 and 12. The rapi
ity cut (uyu,1) is taken into account. One can easily und
stand that the presentedJcc

(* ) cross sections are the upp

FIG. 9. dspp
cc/dpT ~solid histogram! anddspp

J/c1DD̄/dpT ~dashed
histogram! at a proton-proton interaction energy of 40 GeV.

FIG. 10. dsp2p
cc /dy ~solid histogram! anddsp2p

J/c1DD̄/dy ~dashed
histogram! at the proton-proton interaction energy of 40 GeV.
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57 4391DOUBLY CHARMED BARYON PRODUCTION IN . . .
estimates for the real cross sections because of the pos
dissociation of a heavy diquark into aDD pair.

Furthermore, even if the (cc) diquark, being the color
object, transforms into the baryon with the unit probabili
one has to introduce the fragmentation function describ
the hadronization of the diquark into the baryon at qu
large pT values. The simplest form of this function can b
chosen by an analogy with that for the heavy quark:

D~z!;
1

z

1

@mcc
2 2M2/z2mq

2/~12z!#2
, ~13!

FIG. 11. ds
pp

Jcc
(* )

/dpT with taking into account the fragmentatio
of a cc diquark into a Jcc

(* ) baryon ~solid histogram! and

dspp
J/c1DD̄/dpT ~dashed histogram! at a proton-proton interaction

energy of 1.8 TeV.

FIG. 12. ds
pp

Jcc
(* )

/dpT , taking into account the fragmentation o
a cc diquark into a Jcc

(* ) baryon ~solid histogram! and

dspp
J/c1DD̄/dpT ~dashed histogram! at a proton-proton interaction

energy of 14 TeV.
ble

,
g

whereM is the mass of baryonJcc
(* ) , mcc is the mass of the

diquark, andmq is the mass of the light quark~we suppose it
to be equal to 300 MeV!. The pT distributions of doubly
charmed baryon production, are shown in Figs. 11 and
calculated with the use of Eq.~13!.

We have to mention that in leading order over the inve
heavy quark mass, the relative yields ofJcc and Jcc* are
determined by the simple counting rule for spin states, an
equal tos(Jcc):s(Jcc* )51:2. In this approach one doe
not take into account a possible difference between the f
mentation functions for baryons with different spins. T
corresponding difference is observed in the perturbative fr
mentation functions for heavy mesons and quarkonia@14#.

V. DISCUSSION

As we have shown with basic perturbative calculations
the hard production of doubly charmed diquark fragmen
ing in the baryon, the observation of doubly charmed ba
ons is a difficult problem, because the ratio
s(Jcc

(* ))/s(charm) for these baryons and charmed partic
yields the value of 102621023 depending on the proces
energy. The suppression of the doubly charmed baryon y
at low energies is explained by the threshold effect. As o
can see in Table I, about 105 events with the production o
Jcc

(* ) baryons can be expected at HERA-B. Practically t
same number of events atpT.5 GeV anduyu,1 is expected
at TEVATRON with an integrated luminosity of 100 pb21.
The large luminosity and large interaction energy allow o
to increase the yield of the doubly charmed baryon by 14

times at LHC. Under conditions of a large yield of the do
bly charmed baryons, the problem of their registration a
pears.

First of all it is interesting to estimate the lifetimes of th
lightest states ofJcc

11 andJcc
1 . The simple study of quark

diagrams shows that in the decay ofJcc
11 baryons the Pauli

interference for the decay products of charmed and va
quarks in the initial state takes place as in the case
D1-meson decay. The exchange of theW boson between the
valent quarks plays an important role in the decay ofJcc

1 as
well as in the decay ofD0. Therefore we suppose that th
mentioned mechanisms give the same ratio for both bar
andD-meson lifetimes:

t~Jcc
1 !'0.4t~Jcc

11!.

The presence of two charmed quark in the initial st
results in the expressions

t~Jcc
11!'

1

2
t~D1!.0.53 ps,

t~Jcc
1 !'

1

2
t~D0!.0.21 ps.

One can point to the important decay modes of these bary
in analogy to the case of the charmed mesons:
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B ~Jcc
11→K0~* !Sc

11~* !!

'B @Jcc
1→K0~* !~Sc

1~* !1Lc
1!#

'B ~Lc→K0~* !p!.431022.

One can observe 43103 events in these decay modes
HERA-B and TEVATRON without taking a detection effi
ciency into account. One has to expect a yield of 43107

such decays at LHC. Among other decay modes,Jcc
11

→p1Jc
1 andJcc

1→p1Jc
0 taking place with the probability

of about 1%, can be essential. The excitedJcc* states always
decay intoJcc by the emission ofg quanta, so the branchin
fraction of the transition is equal to 100% since the emiss
of a p meson is impossible in theJcc* decay because of th
small value of splitting between the basic and excited sta
in contrast to the charmed meson decay.

In conclusion we mention another possibility to increa
the yield of doubly charmed baryons in fixed target expe
ments. In the model of an intrinsic charm@15# one assumes
that the nonperturbative admixture of exotic hybrid st
uc c̄uud& is present in the proton along with the ordina
stateuuud& including three light valent quarks. The probab
ity Pic of the uc c̄uud& state is suppressed at the level of 1%
The valent charmed quark from that state can recomb
with the charmed quark produced in the hard partonic p
cess of (c c̄)-pair production. The energy dependence f

TABLE I. The production cross section of doubly charm
baryons at different facilities.

Facility HERA-B E781 TEVATRON LHC

Total cross
section,

2.031023 4.631023 12 122
nb/nucleon
.
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such doubly charmed baryon production is the same one
single charmed quark production in the framework of pert
bative QCD~PQCD! up to the factor of the exotic state sup
pression and the factor of the fusion of two charmed qua
into the diquark,K;0.1. This mechanism has no thresho
of four quark state production in contrast to the discus
perturbative one. Therefore at low energies of the fixed tar
experiments, where the threshold suppression of the pe
bative mechanism is strong, the model of intrinsic cha
would yield the dominant contribution inJcc

(* ) production.
So, the number of events in this model would be increa
by three orders of magnitude, and the ratio ofJcc

(* ) and
charmed particle yields would equals(Jcc

(* ))/s(charm)
;1023. At high energies the perturbative production is co
parable with the intrinsic charm contribution. We note th
the uc c̄c c̄uud& state suppressed at the level of 331024,
could also increase doubly charmed baryon production
low energies of hadron-hadron collisions.

Thus, the observation ofJcc* baryons in hadronic interac
tions is a quite realistic problem, whose solution opens
new possibilities to research heavy quark interactions. T
observation ofJcc

(* ) baryons at fixed target experiments@16#
would allow one to investigate the contributions of differe
mechanisms in doubly charmed baryon production, such
the contribution of the perturbative mechanism and that
the intrinsic charm, which strongly increases the yield
these baryons.
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