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Introduction
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Observation of the Doubly Charmed Baryon E}*

R. Aaij et al.”

(LHCb Collaboration)
(Received 6 July 2017; revised manuscript received 2 August 2017; published 11 September 2017)

A highly significant structure is observed in the Af K=zt 2+ mass spectrum, where the A} baryon is
reconstructed in the decay mode pK~zt. The structure is consistent with originating from a weakly
decaying particle, identified as the doubly charmed baryon E/;. The difference between the masses of the
Elt and AJ states is measured to be 1334.94 4 0.72(stat.) £ 0.27(syst.) MeV/ c?, and the 21" mass is
then determined to be 3621.40 £ 0.72(stat.) £ 0.27(syst.) £ 0. 14(A+) MeV/ c where the last uncer-
tainty is due to the limited knowledge of the A} mass. The
collision data collected by the LHCb experiment at a cente:
integrated luminosity of 1.7 fb~!, and confirmed in an ad
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Previous work on doubly heavy baryon

LFQM:
Weak decays of doubly heavy baryons: the 1/2 ->1/2 case

Weak decays of doubly heavy baryons: the 1/2 -> 3/2 case

Weak decays of doubly heavy baryons: the FCNC processes

SU(3) analysis
Weak Decays of Doubly Heavy Baryons: SU(3) Analysis
Weak Decays of Doubly Heavy Baryons: Multi—Body decay

channels

QCDSR

Weak decays of doubly heavy baryons: decay constants

Weak decays of doubly heavy baryons: the form factors



(a) Antitriplet

with spin 1/2
The hadron transformation is parametrized by 6 form factors:
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Form factors in QCDSR

Basic assumpsion: Quark-Hadron Duality
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Hadron Level
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Insert identity operators
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Quark Level

Define the quark level currents:

I, (p%, p3, ¢°) = i* / d*zd*ye> = PrY(0|T{jn(2)3,.(0)jr (y) }0)
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Use the approach of OPE
HQCD (817 $2, q2) - Hpert(sl, S2, q2) + qu(sla $2, q2) + HGG(Sla 82, q2) + HngGq(Sla $2, q2)

Each term should be expressed into doubly dispersion relation form:
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Perturbative Term

The discontinuity of the diagram is factorized
into two independent parts:

P (s1, 82, 4°) = 12/dscq/d<I>A/d<I>2 N

Using cutting rule \]k
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qqbar Condensate
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qqbarG Condensate

The quark propagators should be modified by the interaction with the
background gluon fields.
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Using the fixed point gauge, the background gluon field 1s expanded
up to leading order:
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GG Condensate
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Form factors
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Have been explicitly derived.

Conduct Borel transformation:
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Numerical Results

’_‘—|—‘|‘ = '—‘—I—
(B2(p2, 52)|V,|Bi(p1, s1)) = @(p2, s2) [y f1(¢*)+iouw i;zf (g )+qﬁf3(q2)]u(291731)
ja F(0) Mt ) F(0)

fi | 1.002+0.096 1.37+£0.16 —-0.20£0.16 | 0.914
fa2 | 0.107+£0.033 0.98+0.35 —0.34+£0.10 | 0.012
f3 | —0.822+£0.147 0.69+0.15 0.06 = 0.09 - -

QCDSR LFQM
Eur.Phys.J. C77 (2017) no.11, 781




Form factors in LCSR

o, 0) = [ @26 (Alpa) T Ui (@720} 10
Not vacuum
J1u(2) = de(@)7u(1 —¥5)Qe(z)  J2(0) = €abclic(0)7,75(Q5 (0)7,CQ4(0))

Instead of condensate, for LCSR we use LCDA to produce
non-perturbative effects:
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LCDA of singly heavy baryon
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Summary

Form factors of doubly heavy baryons weak decay in QCDSR

The numerical results are consistent with previous works with
LFQM

LCSR 1s also applicable to doubly heavy baryon form factors



Thank you for your attention !



