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arXiv : 2109.01056 [hep-ex]
Observation of doubly charmed
tetraquark : T+

cc

Mass around 3875 MeV
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Evaluation of two point function  Hadron parameters

Πµν
H (q2) = i

∫
d4x e−iqx〈0|T OµH(x) (OνH(0))† |0〉
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Evaluation of two point function  Hadron parameters

Πµν
H (q2) = i

∫
d4x e−iqx〈0|T OµH(x) (OνH(0))† |0〉

Currents

Oχc(3872) = εijk εmnk
[ (
qTi Cγ5 cj

) (
c̄m γ

µC q̄Tn
)

+
(
qTi Cγ

µ cj
) (
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T
n

) ]
O
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= 1√
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n
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Evaluation of two point function  Hadron parameters

Πµν
H (q2) = i

∫
d4x e−iqx〈0|T OµH(x) (OνH(0))† |0〉

♣ QCD side : quark and gluon fields, OPE ⇒ Dispertion relation
♣ Phenomenological side : Hadron parameters ⇒ Dispertion relation

♣ Quark Hadron duality principle
QCD side ' PHEN side

♣ Inverse Laplace Transform
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Finite Energy Inverse Laplace Transform Sum Rule :

Lcn|H(τ, µ) =
∫ tc

(2Mc+mq+ms)2
dt tn e−tτ

1
π

Im ΠH(t, µ)

Ansatz :

1
π

Im ΠH(t) = 2f2
HM

8
H δ(t−M2

H)+ 1
π

Im ΠQCD
H (t) θ(t−tc)

M2
H = RcH(τ0) = L

c
1|H
Lc0|H

;

rH′/H(τ0) ≡
√
RcH′
RcH

= MH′

MH
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Finite Energy Inverse Laplace Transform Sum Rule :

Lcn|H(τ, µ) =
∫ tc

(2Mc+mq+ms)2
dt tn e−tτ

1
π

Im ΠH(t, µ)

Ansatz :

1
π

Im ΠH(t) = 2f2
HM

8
H δ(t−M2

H)+ 1
π

Im ΠQCD
H (t) θ(t−tc)

M2
H = RcH(τ0) = L

c
1|H
Lc0|H

;

rH′/H(τ0) ≡
√
RcH′
RcH

= MH′

MH

~ We use stability criteria with
respect to (τ, tc, µ) to extract the
lowest ground state mass and
coupling of hadron H [S.
Narison : QCD21]

~ OPE convergence obtained for
condensates up to d ≤ 6

~ To prevent the violation of
factorization the inclusion of
higher dimension condensates is
not suggested

~ Inclusion of NLO PT correction
to justify the use of MS running
mass for heavy quark
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♣ Beginning of τ -stability for : (τ, tc) = (0.31, 30) (GeV−2, GeV2)
♣ tc-stability reached for : (τ, tc) = (0.34, 46) (GeV−2, GeV2)

⇒ fTcc(1+) = 491(48) keV ; MTcc(1+) = 3885(123) MeV
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9

‡

Ú

Á

0.8 1.0 1.2 1.4 1.6 1.80.998
0.999
1.000
1.001
1.002
1.003
1.004
1.005

t @GeV-2D

r T
cc
H1+
LêX

c,
3

Á 22
20

Ú 17
15

‡ 12

m = 4.65 GeV
tc@GeV2D

♣ Stability region :
(τ, tc) = (1.24, 15) ∼ (1.30, 20)
� r

T 1+
cc /χc

= 1.0035(10)
⇒ MTcc(1+) = 3886(4) MeV
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♣ Stability region :
(τ, tc) = (1.24, 15) ∼ (1.30, 20)
� r

T 1+
cc /χc

= 1.0035(10)
⇒ MTcc(1+) = 3886(4) MeV

♣ Stability region :
(τ, tc) = (0.72, 23) ∼ (0.74, 32)
� rTccs̄ū/Tcc(1+) = 1.0115(13)
⇒ MTccs̄ū(1+) = 3931(7) MeV



Motivation
Laplace Sum Rules

1+ Tccūd̄ and Tccūs̄ states
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~ We have systematically evaluated the
masses and couplings of I(JP ) = 0(1+)
(cc)(ūd̄) and I(JP ) = 1

2(1+) (cc)(ūs̄)
tetraquark states using QCD Laplace sum
rules to study the recent data from LHCb.

~ We have included the NLO PT
corrections to justify the use of the running
heavy quark mass and to improve the LO
results in literature.

~ Our predictions are grouped around the
physical threshold.

~ The mass shift due to SU3 breaking is
tiny.
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