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Production of the double charm-baryons in pQCD

The quark-antiquark annihilation and gluon-gluon fusion are the
leading production mechanisms.

A compact heavy diquark allows us to split
production of the double charm baryon into
two steps:

1) production of cc-diquark

2) fragmentation of this diquark to a baryon.

g+g— (cc) = |(cc)u)

1 +
)
m(E M) ~ 3620 MeV/c?

J" ‘(CC)’LL> —2 Tee - TQCD = 0.39 : 1
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The double charm-baryons at LHCb

The LHCb collaboration recently published observation of Z77(3620)
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The double-charm baryons at SELEX

The first observation of the double-charm baryons was published
by the SELEX collaboration fifteen years ago.
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The double-charm baryons at SELEX

The SELEX experiment was a fixed-target experiment utilizing the
Fermilab negative charged beam and positive beam at 600 GeV/c to
produce charm particles in a set of thin foil of Cu or in a diamond
and operated in the kinetic region x> 0.1 (X; : Feynman-x). The
negative beam composition was about 50% 2. and 50% 7z . The

positive beam was 90% protons.
Production rate:

SELEX: RSELEX o(EL) - Br(Et - AYK—7t) N:?fc ey
(A+) €_+_ NAj_

pQCD: RPQCD 1074 -107°

Kinematics fiatures:
(xp) ~ 0.33 : <pT> ~ 1 GeV/c

=(1.2—-1.4) x107?

Such features are NOT amenable to perturbative QCD analysis
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Production of J/p-pair at NA3

The NA3 experiment was a beam dump experiment at CERN
utilizing pion beams at 150 GeV/c and 280 GeV/c and a 400 GeV/c
proton beam to produce charm particles with incident on hydrogen
and platinum targets in the kinematic region x; > O.

It is quite rare for two charmonium states to be produced in the
same hadronic collision. However, the relative double to single rate
measured by NA3 is

Ty — (3 T 1) X 10_4
T4

Another surprising feature are that the quarkonium pairs carried
always very large fraction of the beam momentum:

Ty > 0.6 at 150 GeV/c
Ty > 0.4 at 280 GeV/c
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Production rate of J/p-pair: NA3 vs LHCb

NA3: o(J/p+J/Y)/o(J/Y)=(3+£1) x107* Ynaz < 2.7

LHCb:  o(J/+ J/¢)/o(J/¢) = (51+1.0+0.6712) x 107* Ypaop < 14

I | [ [ [ I | [ [ [ I | [ I [ I | [ I [ I | [ I [ [
Kg=
-1 L —
10 - 00— 2Q NN - s —&——%—2
. . - gg~4Q -
N 1072 E_q(?l*zQ i —
©
10_3 E'_ e_l AN _:
:
- qq-4Q
10—4 [ ? [ | [ I | [ | L h ||||
0 2 4 6 8 10 12

Y=log(§/4m¢)

Partonic cross section for the production of two or four heavy quarks

BALDIN SEMINAR XXIV




Production ratio: The SELEX vs NA3

It is not possible to compare the SELEX and the NA3 data directly but
we are able to compare the production ratios of four to two heavy
quarks

RSELEX _ RSELEX f(Cf_> Al) ~10-3 _ 102

naz o) fa L,
R —0(¢) xfi/ﬂ~2x10

The ratio for the SELEX is comparable to the NA3 one or even less:
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Intrinsic charm mechanism (BHPS model)

In the BHPS model the wavefunction of a hadron in QCD can be
represented as a superposition of the Fock state fluctuations, e.g.

p) o [uud) + |uudg) + |uudQQ) . .. Tg X (mé + k%Q)l/Q
dPiQ x 044(M )5( Z?:l kT,i)5(1 _ Z?:l il?z)
[[i—, de;d?kr sVTRE 2 " m2 °
i=1 GLiA"RT (m2—->"" mT,i/xi)
u —
p = Ojc = P ic * Oinel
. =
| c The existence of a non-perturbative
‘ [ : . :
. intrinsic heavy quark component in the
, - nucleon is a rigorous prediction of
. L - QCD:
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Hadroproduction: pQCD vs intrinsic charm
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SELEX acceptance: pQCD vs Intrinsic Charm
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Mesons and Baryons: Same Regge Slope M? o J !
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The leading Regge trajectory: A resonances with maximal | in a given mass range.

Also shown is the Regge trajectory for mesons with | = L+S.

E. Klempt and B. Ch. Metsch




Mass of EF. in LFHQCD

LFHQCD — light front holographic QCD

Meson Baryon

RT The LFHQCD is based on the idea of
~0 O representation, for example, a pair of
quarks as an anti-diquark.
om, Lp+1 ¥y, Lp  h.(3525)

R\ q— (qq) S =

30 — 3¢

f2(1270)
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Meson Baryon Tetraquark
g-cont JPE) Name goont JP Name gcont JPE  Name
qq 0 w(140)

g 1 mm) | wde (120 NEw) |udad o0 o(zoo)
o 20 m(i6ss) | fude (32 Ny-(1520) | fudfad 1
22 1 - A(770), w(780)

(T o T o), LI20) BT AU | T o (1%60)
99 3 Ps - 2 n T
g9 4" a,(2040), f,(2050) | (g9g)q (7/2)" Ag.(1950) [ud]

75 0 K (495)

qs 14 K,(1270) udls  (1/2)  A(1115) | |ud][zg)] 0* K3(1430)

gs 2 Ka(1770) ud)s_ (3/2)~  A(1520) | [udllsa] 1-

sg 0 K (495)

sg 17 K,(1270) lsalg  (1/2)*  X(1190) | [sqllsq] 0**  ag(980)
fo(980)

5g I K+ (890)

T 2 K (1430) (sq)g (3/2)" %(1385) |(sq)fud 1* K,(1400)
5g 3 K:(1780) (sa)a (3/2)° (1670) | (sq)ud 2~  Kao(1820)
sg & Ki(2045) (sq)g_ (7/2)* X(2030) | (sq)|ud]
as 01 17 (958)

( as 1+~ h,(1380) lsgla  (1/2)* =(1320) lsqllsg] 0**  fo(1370)

ag| 140
s 2 2( 1870) lsgls  (3/2) Z=(1620) | |sqllsq] 1-°
s 1 $(1020)
&8s v f2(1525) (sq)s (3/2)* =*(1530) | (sq)lsg] 1**  f1(1420)
a,(1420)
s 3-- $a(1850) (sq)s (3/2) Z=(1820) | (sq)|7q|
5 20 72(1640) (3s)s  (3/2)" (1672) | (ss)}za] 1+  K:(1650)
Meson Baryon Tetraquark




ra

Superpartners for states with one ¢ quark |

e

Meson Baryon Tetraquark
g-cont JF©) Name g-cont JF Name g-cont JF©) Name
ge 0 D(1870) — — — — — —
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sc 0- D,(1968) — — — N — — —
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\
\predictions beautiful agreement!




Production of E' baryon with Intrinsic charm

p+A—Z(ced)™ + X

c3. [cd]s.. [eclz, [uuls, > c3c [ed]z, >

luudccee >

[Stanley Brodsky’s presentation, NSTAR-2107]
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The E;(3780) SELEX state

At a few conferences the SELEX collaboration presented observation
of EFF(3780) state with statistical significance of 6.3¢ .

12

Y5 Ak X Beam By removing the slower part of the pion’s,
§ " 5pbkg/zlzzm\;2/\1//2 SELEX observed that roughly 50 % of the
: p Comimnmen e 4, 020 signal events above background decay
o mixedevenibke weakly and 50 % decay strongly to
=rF(3780) — =F(3520) + »* . However, this is
NOT p055|ble for a single state.
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M(A, K 7* n*) GeV/c?

= (3780) - ATK wtat
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Masses and decay properties of E'7(3780) state

The SUSY LFHQCD prediction for the baryon mass spectra is given
by the simple formula: M? oc A\(n 4+ L 4 1) ; /1 = 0.52GeV

Assuming £ (3780) to be an excited state of E (3520) :

State (n,L) Mass (MeV /c?)

H ] >3/2(1,0) 3730 = 100
(uc)e)s 2(0, 1) 3730 & 100

The |[uc]c);,(1,0) state is more preferable for the weak decay.

In contrast to that | (uc)c);,(0,1) includes a D*-meson-like state
leading to the strong decay.
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SELEX Double Charm Isospin splitting problem

The SELEX Collaboration has reported a very large isospin splitting

of double-charm baryons. The mass splittings were reported to be
up to 21 MeV.

The theoretical analysis of the isospin splitting of the SELEX states
implies that double charm baryons are very compact, i.e. the light
quark must be very close to the two heavy quarks .

[Brodsky, Guo, Hanhart and Meissner, 20121

The pQCD processes lead us to the following internal scale structure:
[(cc)u) = ree : roop =~ 0.39 : 1

In contrast to that the intrinsic charm and LFHQCD lead us to the following:

[dc]c) = Ay ~ 1/mige = 0.5
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Lifetime: SELEX vs LHCDb

The LHCb measurements of the lifetime lighted up significant
discrepancy with the SELEX result:

Experiment | State lifetime (fs)
LHCb =r T 256755 & 14
SELEX = | <33(at 90 % C.L.)

T(Z2X ) /1(EF) ~ 2.5 — 4

7(21) ~ 60 — 100 fs
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Qg lifetime: fixed-target experiments vs LHCb

There is also a huge discrepancy between LHCb and fixed-target
experiments:

LHCDb:
T(Qg) — 208 £ 24 +10 = 2 fS

Fixed-target experiments:

Experiment | lifetime (fs) | Number of events
FOCUS 2+ 1111 64
WASY 55115 153 36
E687 86154 4 28 25
SELEX 65+ 13+ 9 83
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Summary

Using both theoretical and experimental arguments, we can see

that the SELEX and the LHCb results for the production of doubly

charmed baryons can both be correct.

« The data for the double J/psi production observed by the NA3
experiment strongly complement the SELEX production rate

for ' (3520) state.

C

« The LFHQCD predicts the correct masses for the SELEX states
« As well as the decay properties of E7(3780)

At this moment there are NO theoretical or experimental results
against the SELEX double-charm data.
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Thank you for the invitation:
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