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INTRODUCTION
• Light scalar mesons :the QCD Higgs :long standing

problem
• Confirmation of the σ/ f0(600) Bern group, Yndurain-Madrid group

• BUT Proliferation of the number of f0 mesons:
f0(0.6), f0(0.98), f0(1.36), f0(1.5), f0(1.7) , ...?

• Less known values of their hadronic and γγ couplings.

• Speculations on their nature : q̄q , 4q or gluonia/glueball states or their mixings ?
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problem
• Confirmation of the σ/ f0(600) Bern group, Yndurain-Madrid group

• BUT Proliferation of the number of f0 mesons:
f0(0.6), f0(0.98), f0(1.36), f0(1.5), f0(1.7) , ...?

• Less known values of their hadronic and γγ couplings.

• Speculations on their nature : q̄q , 4q or gluonia/glueball states or their mixings ?

• Heavy hadrons :new experimental observations

• Mass splittings of Charm and Beauty baryons : Ωb(bss), ...

• Nature of Exotic mesons: X(3872), Yc(4660) and Yb(10890),...

• The aim of this talk
• Uses of QCD Spectral Sum Rules (QSSR) ⊕ Low Energy Theorem (LET)

⊕ data (ππ, γγ scatterings, e+e−,...) for understanding the hadron substructure.

Stephan 2011 – p. 2/2



QSSR
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QSSR

• SVZ Sum Rules M.A. Shifman - A.I. Vainshtein - V.I. Zakharov 79

• Duality between What one can calculate in QCD with What one can measure
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QSSR

• SVZ Sum Rules M.A. Shifman - A.I. Vainshtein - V.I. Zakharov 79

• Duality between What one can calculate in QCD with What one can measure

• QCD two-point function
• Π(q2) ≡ R

eiqx〈0|T JΓ(x)J†
Γ(0)|0〉 : JΓ(x) ≡ ψ̄Γψ ψ : quark fields

• Π(Q2 ≡−q2 ≥ Λ2) = ∑0,1,...C2n〈O2n〉/Q2n : OPE

• C2n calculable in pQCD

• 〈O2〉 : m2
q quark masses, λ2tachyonic gluon mass[parametrization of UV

renormalons(not in the usual OPE)] Zakharov 90, Chetyrkin-SN-Z 99, SN-Z 2010

• Condensates〈O2n≥4〉 : m〈ψ̄ψ〉, ...quark; 〈αsGa
µνGµν

a 〉, ...gluons

• Understanding the OPEfrom AdS/QCDSN-Z⊕ Ratsimbarison⊕ Jugeau(in progress)
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DIFFERENT FORMS OF QSSR
• Exponential Sum Rules (LSR)SVZ 79

• Π(Q2 ≡−q2) =
R ∞
t<

dt
t+Q2+iε

1
π ImΠ(t)+ ...=⇒ L [Π](τ) =

R ∞
t< dt e−tτ 1

π ImΠ(t)
• ImΠ(t) : measurable experimentallyexpenhances the ground state contribution• Ratio: R1 ≡− d

dτ logL1(τ) ≃ M2
R1

: “one resonance” +Θ(t − tc)×QCD continuum.

• Double Ratio: r12 ≡ R2
R1

≃
M2

R2
M2

R1

: Mass-splittings SN 88.

• ..
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dτ logL1(τ) ≃ M2
R1

: “one resonance” +Θ(t − tc)×QCD continuum.

• Double Ratio: r12 ≡ R2
R1

≃
M2

R2
M2

R1

: Mass-splittings SN 88.

• ..

• Optimal Results
• Stability criteria : versus the sum rule variable τ and QCD continuum threshold tc
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Scalar Mesons Spectra : the QCD Higgs
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Scalar Mesons Spectra : the QCD Higgs

• O ūq = (mu +mq)ūq : q≡ d,s

Mūd ≃ 1 GeV , Mūs≃ Mūd

6= positions of the optimization scales compensate SU(3) breaking effects SN 06
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• Importance of Ogg ≡ θµ
µ = 1

4β(αs)G
µν
a Ga

µν
Needs 2 resonances for consistency of the substracted and unsbtracted sum rules
MσB ≃ 1 GeV, MG ≃ (1.5 - 1.6) GeV Sn-Veneziano 89
Confirmed by inclusion of instanton-(anti) instanton in DIGA Harnett-Moats-Steele 08
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Scalar Mesons Spectra : the QCD Higgs

• O ūq = (mu +mq)ūq : q≡ d,s

Mūd ≃ 1 GeV , Mūs≃ Mūd

6= positions of the optimization scales compensate SU(3) breaking effects SN 06

• O4q = (ūΓu)(s̄Γs)+ ... , O6d = (uu)(ss)
M4q ≃ 1 GeV Latorre-Pascual 85, SN 88, Navarra-Nielsen 05

• Importance of Ogg ≡ θµ
µ = 1

4β(αs)G
µν
a Ga

µν
Needs 2 resonances for consistency of the substracted and unsbtracted sum rules
MσB ≃ 1 GeV, MG ≃ (1.5 - 1.6) GeV Sn-Veneziano 89
Confirmed by inclusion of instanton-(anti) instanton in DIGA Harnett-Moats-Steele 08
• ≈ 1 GeV Glueball : Unquenched Lattice McNeil et al. 08

Strong coupling evaluation of the gluon propagator Frasca 08

• No conclusive structure from mass predictions !
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Unmixedq̄q & 4q widths from QSSR

Stephan 2011 – p. 6/2



Unmixedq̄q & 4q widths from QSSR

• From 3-point quark correlation functions
Approach tested from ρ → π+π−, ωρπ (SN - Paver 84) and π0 → γγ decay (SN 86)

QCD

=

RESONANCES
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Unmixedq̄q & 4q widths from QSSR

• From 3-point quark correlation functions
Approach tested from ρ → π+π−, ωρπ (SN - Paver 84) and π0 → γγ decay (SN 86)

QCD

=

RESONANCES

• ΓS2(ūu+d̄d)→π+π− ≃ (120∼ 180) MeV ∼ MS2 (SN 98,06)

• Γa0(ūu−d̄d)→π0η ≈ 84 MeV: ga0ηπ =
√

2
3ga0K+K− (SN 86, 06)
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• ΓS2(ūu+d̄d)→π+π− ≃ (120∼ 180) MeV ∼ MS2 (SN 98,06)
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Unmixedq̄q & 4q widths from QSSR

• From 3-point quark correlation functions
Approach tested from ρ → π+π−, ωρπ (SN - Paver 84) and π0 → γγ decay (SN 86)

QCD

=

RESONANCES

• ΓS2(ūu+d̄d)→π+π− ≃ (120∼ 180) MeV ∼ MS2 (SN 98,06)

• Γa0(ūu−d̄d)→π0η ≈ 84 MeV: ga0ηπ =
√

2
3ga0K+K− (SN 86, 06)

• ΓS2→γγ ≈ (4∼ 6) keV ∼ M3
S2

:
ΓS2→γγ
Γa0→γγ

≃ 25
9 (SN 86, SN-Bramon 89)

• ΓS4q→γγ

ΓS2→γγ
≃ (1∼ 2)×10−3 ≈

(αs
π

)2
=⇒ ΓS4q→γγ ≤ 12 eV (SN 86)
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Widths of bare Gluonia from LET⊕QSSR
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Widths of bare Gluonia from LET⊕QSSR

• From 3-point hadron vertices (SN-Veneziano 89)
V[q2 ≡ (q1−q2)

2] ≡ 〈π1|θµ
µ|π2〉 = V(0)+q2 R ∞

4m2
π

dt
t

1
t−q2−iε

1
π ImV(t)

V(0) = O (m2
π) → 0 in the chiral limit (NSVZ 80) V ′(0) = 1 (SN-Veneziano 89)

Stephan 2011 – p. 7/2
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• From 3-point hadron vertices (SN-Veneziano 89)
V[q2 ≡ (q1−q2)

2] ≡ 〈π1|θµ
µ|π2〉 = V(0)+q2 R ∞

4m2
π

dt
t

1
t−q2−iε

1
π ImV(t)

V(0) = O (m2
π) → 0 in the chiral limit (NSVZ 80) V ′(0) = 1 (SN-Veneziano 89)

• =⇒ Two LET sum rules:

1
4 ∑

S=σB,σ′
B,G

gSππ
√

2 fS = 0 ,
1
4 ∑

S=σB,σ′
B,G

gSππ

√
2 fS

M2
S

= 1

=⇒ |gσBπ+π− | ≃ |gσBK+K− | ≃ (4∼ 5) GeV=⇒ ΓσB→π+π− ≃ 0.7 GeV MσB = 1 GeV
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S
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=⇒ |gσBπ+π− | ≃ |gσBK+K− | ≃ (4∼ 5) GeV=⇒ ΓσB→π+π− ≃ 0.7 GeV MσB = 1 GeV

• Euler−Heisenberg Effective Lagrangian :gg→ γγ (NSVZ 80)

=⇒ gSγγ ≃ α
60

√
2 fSM2

S

(

π
−β1

)

∑q=u,d,sQ2
q/M4

q Mq : constituent quark mass; fs from QSSR
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• Euler−Heisenberg Effective Lagrangian :gg→ γγ (NSVZ 80)

=⇒ gSγγ ≃ α
60

√
2 fSM2

S

(

π
−β1

)

∑q=u,d,sQ2
q/M4

q Mq : constituent quark mass; fs from QSSR

• ΓσB→γγ ≃ (0.2∼ 0.6) keV ∼ M3
σB

(SN-Veneziano 89, SN 98)
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Fit of ππ → ππ, K̄K and Ke4 data
Mennessier-SN-Ochs 09, Kaminski-Mennessier-SN 10, X-G.Wang-Mennessier-SN 10
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Fit of ππ → ππ, K̄K and Ke4 data
Mennessier-SN-Ochs 09, Kaminski-Mennessier-SN 10, X-G.Wang-Mennessier-SN 10

• Improved version of the K-Matrix model of Mennessier 83

• Introduction of a real analytic (shape) function ≡ form factor: regular for s> 0 and

has a left cut.
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• Improved version of the K-Matrix model of Mennessier 83

• Introduction of a real analytic (shape) function ≡ form factor: regular for s> 0 and

has a left cut.

• Model parameters fixed from ππ data
• Results for the σ• Mσ ≃ 452(13)− i 259(16) MeV ; |gσπ+π− | ≃ 2.64(10) GeV, OK with Bern &

Yndurain et al

BUT |gσK+K− |/|gσπ+π− | = 0.37(6) large ! : does not favour 4q & ππ molecule:
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Fit of ππ → ππ, K̄K and Ke4 data
Mennessier-SN-Ochs 09, Kaminski-Mennessier-SN 10, X-G.Wang-Mennessier-SN 10

• Improved version of the K-Matrix model of Mennessier 83

• Introduction of a real analytic (shape) function ≡ form factor: regular for s> 0 and

has a left cut.

• Model parameters fixed from ππ data
• Results for the σ• Mσ ≃ 452(13)− i 259(16) MeV ; |gσπ+π− | ≃ 2.64(10) GeV, OK with Bern &

Yndurain et al

BUT |gσK+K− |/|gσπ+π− | = 0.37(6) large ! : does not favour 4q & ππ molecule:

• Results for the f0(980)
• M f0 ≃ 981(34)− i 18(11) MeV ; |gf0π+π− | ≃ 1.12(31) GeV, |gf0K+K− |/|gf0π+π− | =

2.59(1.34) : does not favour pure ūu+ d̄d BUT 4q or gluonium + q̄q ?
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Fit of γγ scattering
Mennessier-Minkowski-SN-Ochs 09, Mennessier-SN-X-G. Wang 10
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Fit of γγ scattering
Mennessier-Minkowski-SN-Ochs 09, Mennessier-SN-X-G. Wang 10

• Separation of the direct σγγ coupling with ππ rescattering terms
• NOT possible with dispersion relation BUT with K-Matrix models :

T(0)
γ =

√

2
3

α
(

f B
0 +G

f̃ B
0

D

)

+α
P

D
: Born+Rescattering+Direct coupling

• Can also be done from the CP-odd asymmetry in e+e− → π+π− Layssac-SN 08
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Fit of γγ scattering
Mennessier-Minkowski-SN-Ochs 09, Mennessier-SN-X-G. Wang 10

• Separation of the direct σγγ coupling with ππ rescattering terms
• NOT possible with dispersion relation BUT with K-Matrix models :

T(0)
γ =

√

2
3

α
(

f B
0 +G

f̃ B
0

D

)

+α
P

D
: Born+Rescattering+Direct coupling

• Can also be done from the CP-odd asymmetry in e+e− → π+π− Layssac-SN 08

• Results from a fit of the γγ → π0π0 and π+π− data in units of KeV
Γdir

σ→γγ ≃ (0.16±0.04) , Γresc
σ→γγ ≃ (1.9±0.8) =⇒ Γtot

σ→γγ ≃ (3.1±0.8)

Γdir
f0→γγ ≃ (0.28±0.01) , Γresc

f0→γγ ≃ (0.85±0.05) =⇒ Γtot
f0→γγ ≃ (0.16±0.01)

• Total: OK with dispersion relations approaches
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QSSR and theσ/ f0(600)
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QSSR and theσ/ f0(600)
• What σ mass to be used ? (Minkowski)-Mennessier-SN-Ochs 07,08

• QSSR mass obtained in the real axis !

• USE the on-shell or Breit-Wigner mass (amplitude purely imaginary at the phase
900) Kniehl-Sirlin 08 BUT NOT the mass in the Complex plane :
often (mis)used in the literature !

• Mσ|pole≃ 452(12)-i 260(15) MeV =⇒ Mσ|on shell≃ Mσ|BW ≃ 1 GeV
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• Mσ|pole≃ 452(12)-i 260(15) MeV =⇒ Mσ|on shell≃ Mσ|BW ≃ 1 GeV

• On-shell σππ and direct σγγ couplings
• Can be compared with QSSR-LET predictions :

Γσ|on shell→π+π− ≃ 1.0 GeV, Γσ|on shell→γγ|direct ≃ (1.0±0.4) keV.
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QSSR and theσ/ f0(600)
• What σ mass to be used ? (Minkowski)-Mennessier-SN-Ochs 07,08

• QSSR mass obtained in the real axis !

• USE the on-shell or Breit-Wigner mass (amplitude purely imaginary at the phase
900) Kniehl-Sirlin 08 BUT NOT the mass in the Complex plane :
often (mis)used in the literature !

• Mσ|pole≃ 452(12)-i 260(15) MeV =⇒ Mσ|on shell≃ Mσ|BW ≃ 1 GeV

• On-shell σππ and direct σγγ couplings
• Can be compared with QSSR-LET predictions :

Γσ|on shell→π+π− ≃ 1.0 GeV, Γσ|on shell→γγ|direct ≃ (1.0±0.4) keV.

• What internal structure of the σ from QSSR is favoured by the data?
• NOT pure q̄q : too large γγ (5 keV) AND too small ππ [(120-180) MeV] widths !

• NOT pure 4q : too small γγ width (few 10 eV)

• MOST PROBABLY a large Gluonium component: γγ and ππ widths OK !
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QSSR and the f0(980)
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QSSR and the f0(980)
• Direct γγ width = 0.27 keV :

• Does not favour a 4q scenario : too small width !

• Does not favour a ūu+ d̄d scheme: : too large width !

• A s̄sscenario looks OK : 0.4 keV BUT
|gf0K+K− |/|gf0π+π− | = 2.59(1.34) allows a coupling to ππ !• σ and f0(980) : maximally mixed gg and q̄q? Bramon-SN 89, SN 98
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QSSR and the f0(980)
• Direct γγ width = 0.27 keV :

• Does not favour a 4q scenario : too small width !

• Does not favour a ūu+ d̄d scheme: : too large width !

• A s̄sscenario looks OK : 0.4 keV BUT
|gf0K+K− |/|gf0π+π− | = 2.59(1.34) allows a coupling to ππ !• σ and f0(980) : maximally mixed gg and q̄q? Bramon-SN 89, SN 98

• States above 1 GeV ?
• More Involved : Mixings - Spectroscopic Chemistry !

SN 98, Amsler-Close 99, Close-Zhao 05,...• ∃ σ′
B as a radial excitation ≡ f0(1300)?

• G(1.5-1.6) as "true OZI glueball" ! : couples weakly to ππ, K̄K BUT strongly to

η′η′, η′η : U(1) anomaly-like decays : GAMS
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SU(3) Heavy Baryon Mass-spilltings :
Spin 1/2

♠ General choice of lowest dimension currents

ηΞQ = εabc
[

(qT
aCγ5sb)+b(qT

aCsb)γ5
]

Qc ,

ηΛQ = ηΞQ (s→ q) ,

...

♥ b is a free parameter: fixed after optimization
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SU(3) Heavy Baryon Mass-spilltings :
Spin 1/2

♠ General choice of lowest dimension currents

ηΞQ = εabc
[

(qT
aCγ5sb)+b(qT

aCsb)γ5
]

Qc ,

ηΛQ = ηΞQ (s→ q) ,

...

♥ b is a free parameter: fixed after optimization

Spin 3/2
♣ Interpolating currents

ηµ
Ξ∗

Q
=

√

2
3

[

(qTCγµQ)s+(sTCγµQ)q+(qTCγµs)Q
]
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Study the 2-point-correlators
S(q) = i

Z

d4x eiqx 〈0|T ηQ(x)ηQ(0)|0〉
≡ q̂F1 +F2 ,

♣ QCD: SVZ-OPE in terms of quark & gluon condensates
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Study the 2-point-correlators
S(q) = i

Z

d4x eiqx 〈0|T ηQ(x)ηQ(0)|0〉
≡ q̂F1 +F2 ,

♣ QCD: SVZ-OPE in terms of quark & gluon condensates

♦ EXP: One resonance + QCD continuum
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QCD input
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QCD input

Parameters Values Ref.

Λ (353±15) MeV [SNTau]

m̂d (6.1±0.5) MeV

m̂s (114.5±20.8) MeV [SNB, PDG]

µ̂d (263±7) MeV [SNB]

κ ≡ 〈s̄s〉/〈d̄d〉 (0.7±0.1) [SNB, DOSCH]

M2
0 (0.8±0.1) GeV2 [DOSCH, SN]

〈αsG2〉 (6.8±1.3)×10−2 GeV4 [SNB, LNT, YND, BB]

ραs〈d̄d〉2 (4.5±0.3)×10−4 GeV6 [SNTAU, LNT]

mc (1.18∼ 1.47) GeV [SNB, PDG]

mb (4.18∼ 4.72) GeV [SNB, PDG]
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Baryons JP = 1
2
+

Baryons I r sd
B∗

Q
Mass Data

Ξc(cqs) 1
2 input 2467.9±0.4 [PDG]

Ωc(css) 0 input 2697.5±2.6 [PDG]

Ξb(bqs) 1
2 input 5792.4±3.0 [PDG]

Ξ′
c(cqs) 1

2 1.043(10) 2559(25) 2575.7±3.1 [PDG]

Ξ′
b(bqs) 1

2 1.014(7) 5893(42) −
Ωb(bss) 0 1.0455(64) 6076(37) 6071.0±40 [PDG]
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Baryons JP = 3
2
+

Baryons I r sd
B∗

Q
Mass Data

JP = 3
2

+

Ξ∗
c(cqs) 1

2 1.049(8) 2641(21) 2646.1±1.3 [PDG]

Ω∗
c(css) 0 1.109(17) 2792(38) 2768.3±3.0 [PDG]

Ξ∗
b(bqs) 1

2 1.024(8) 5961(21) −
Ω∗

b(bss) 0 1.040(9) 6066(49) −
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Summary

♣ Precise Extraction ofκ ≡ 〈s̄s〉/〈d̄d〉 = 0.74(3)

♦ Unexpected Good Predictions for the Spectra

♥ Good agreement with some other approaches:
Potential Models, Lattice,1/Nc

♠ Ωb agrees with CDF but not with D0 (2.4σ)

♣ New Predictions (Ξ′
b, Ξ∗

b andΩ∗
b) to be tested at

LHCb,...

♦ Extension of the work to QQs, bcs and
QQQ, bbc, ccbAlbuquerque-SN 2010 and work in progress
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Mass of the X(3872) → J/ψ ππ,γ
♠ Lowest dimension interpolating1++ currents

• 3̄−3 diquark−antidiquark : ∼ iεabcεdec[(q
T
aCγ5cb)(q̄dγµCc̄T

e )+ . . . ]

• 6̄−6 diquark−antidiquark : (qT
aCγ5λS

abcb)(q̄dγµCλS
dec̄

T
e )

• D∗−D molecule : ∼ (q̄γ5c)(c̄γµq)− (q̄γµc)(c̄γ5q)

• λ−J/ψ− like molecule: ∼ (c̄λaγµc)(q̄λaγ5q)
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Mass of the X(3872) → J/ψ ππ,γ
♠ Lowest dimension interpolating1++ currents

• 3̄−3 diquark−antidiquark : ∼ iεabcεdec[(q
T
aCγ5cb)(q̄dγµCc̄T

e )+ . . . ]

• 6̄−6 diquark−antidiquark : (qT
aCγ5λS

abcb)(q̄dγµCλS
dec̄

T
e )

• D∗−D molecule : ∼ (q̄γ5c)(c̄γµq)− (q̄γµc)(c̄γ5q)

• λ−J/ψ− like molecule: ∼ (c̄λaγµc)(q̄λaγ5q)

♣ Mc
3 ≃ 3925(127) MeV Mb

3 ≃ 10144(106) MeV
Mb

s
Mb = (0.988±0.018) Matheus, SN, Nielsen, Richard 2007

♦ M6
M3

≃ Mmol
M3

≃ 1.00±0.00.. Mλ
M3

≃ 0.96±0.03

SN, Nielsen, Navarra 2010
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X → J/ψππ,γ from vertex sum rules

♠ Diquark-antidiquark, D∗−D molecule

Fall-apart decay

Γ3,mol
X→J/ψ+nπ ≈ 50 MeV (data : ΓX→ all ≤ 2.3 MeV)

Γ3,mol
X→J/ψγ ≈ 3.4 MeV .
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Fall-apart decay

Γ3,mol
X→J/ψ+nπ ≈ 50 MeV (data : ΓX→ all ≤ 2.3 MeV)

Γ3,mol
X→J/ψγ ≈ 3.4 MeV .

♣ λ−J/ψ molecule

αs suppressed decay

Γλ
X→J/ψ+nπ ≈

( αs
π

)2 Γmol
X→J/ψ+nπ ≈ 0.3 MeV

Γλ
X→J/ψγ ≈

( αs
π

)2 Γmol
X→J/ψγ ≈ 0.02 MeV ,

Γλ
X→J/ψγ

Γλ
X→J/ψππ

≈ 0.07 (data: 0.14±0.05)
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X → J/ψππ,γ from vertex sum rules

♠ Diquark-antidiquark, D∗−D molecule

Fall-apart decay

Γ3,mol
X→J/ψ+nπ ≈ 50 MeV (data : ΓX→ all ≤ 2.3 MeV)

Γ3,mol
X→J/ψγ ≈ 3.4 MeV .

♣ λ−J/ψ molecule

αs suppressed decay

Γλ
X→J/ψ+nπ ≈

( αs
π

)2 Γmol
X→J/ψ+nπ ≈ 0.3 MeV

Γλ
X→J/ψγ ≈

( αs
π

)2 Γmol
X→J/ψγ ≈ 0.02 MeV ,

Γλ
X→J/ψγ

Γλ
X→J/ψππ

≈ 0.07 (data: 0.14±0.05)

♦ X a λ−J/ψ molecule ? SN, Nielsen, Navarra 2010
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Yc(4660) → J/ψππ, Yb(10890) → ϒππ

♠ Lowest dimension1−− interpolating current
• 3̄−3diquark−antidiquark : ∼ iεabcεdec[(sT

aCγ5cb)(s̄dγµγ5Cc̄T
e )+ . . . ]

• D∗
s −Ds molecule : ∼ (s̄γµc)(c̄s)+(c̄γµs)(s̄c)
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Yc(4660) → J/ψππ, Yb(10890) → ϒππ

♠ Lowest dimension1−− interpolating current
• 3̄−3diquark−antidiquark : ∼ iεabcεdec[(sT

aCγ5cb)(s̄dγµγ5Cc̄T
e )+ . . . ]

• D∗
s −Ds molecule : ∼ (s̄γµc)(c̄s)+(c̄γµs)(s̄c)

♣ M3 ≃ 4650(100) MeV Mmol ≃ 4420(100)

Albuquerque, Nielsen 2010

♦ Check of reliability and extension to Yb :
• Stability criteria

• Double ratio of sum rules: 4q/molecule, SU(3) breakings

• Study of the Decays using vertex sum rules

Albuquerque, Navarra, Nielsen, Simonetti (Sao Paulo)
Rabemananjara, Fanomezana (Madagascar)
Mennessier, SN, Richard (France)
Q. Zhao, Z. Guo,... (Beijing)
Kaminski (Poland)
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♣ Hadrons : a rich area of applications of QCD Spectral Sum

Rules & Non Pert. QCD

♦ Visit of Richard & SN at IHEP & Nankai Univ. Dec 08

♥ Participation of theBeijing groups (Guo, Liu, Wang, Zhang,

Zhao)at the Lyon workshop (April 2010)

♠ Beijing groups (Guo, Jugeau, Zhao, Wang)into the

France-Brazil-Poland-Madagascar-Russiacollaborations

♣ Beijing PhD studentsin Montpellier (Wang2010)

♦ RegularChinese participations (BES, BELLE, Zhao, Zheng)

at the International QCD-Montpellier Conference

♥ InvitedChinese participationsat the 5th International

HEP-MAD 11 in Madagascar(25-31th August 2011)
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Thanks for your attention !

Thanks to the organizers !

Thanks to the French-IN2P3 !

Thanks to the Chinese sponsors !

Stephan 2011 – p. 22/2


	vspace *{-2cm} hspace *{0cm}	extcolor {motive}{large it INTRODUCTION}
	vspace *{-2cm} hspace *{0cm}	extcolor {motive}{large it INTRODUCTION}
	vspace *{-2cm} hspace *{0cm}	extcolor {motive}{large it INTRODUCTION}

	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it QSSR}

	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it DIFFERENT FORMS OF QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it DIFFERENT FORMS OF QSSR}

	 vspace *{-1cm}hspace *{0cm}	extcolor {motive}{large it {ed } Scalar Mesons Spectra : the QCD Higgs}
	 vspace *{-1cm}hspace *{0cm}	extcolor {motive}{large it {ed } Scalar Mesons Spectra : the QCD Higgs}
	 vspace *{-1cm}hspace *{0cm}	extcolor {motive}{large it {ed } Scalar Mesons Spectra : the QCD Higgs}
	 vspace *{-1cm}hspace *{0cm}	extcolor {motive}{large it {ed } Scalar Mesons Spectra : the QCD Higgs}
	 vspace *{-1cm}hspace *{0cm}	extcolor {motive}{large it {ed } Scalar Mesons Spectra : the QCD Higgs}
	 vspace *{-1cm}hspace *{0cm}	extcolor {motive}{large it {ed } Scalar Mesons Spectra : the QCD Higgs}

	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Unmixed $�ar qq$ & $4q$ widths from QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Unmixed $�ar qq$ & $4q$ widths from QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Unmixed $�ar qq$ & $4q$ widths from QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Unmixed $�ar qq$ & $4q$ widths from QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Unmixed $�ar qq$ & $4q$ widths from QSSR}

	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Widths of bare Gluonia from LET$oplus $QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Widths of bare Gluonia from LET$oplus $QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Widths of bare Gluonia from LET$oplus $QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Widths of bare Gluonia from LET$oplus $QSSR}
	vspace *{-1cm} hspace *{0cm}	extcolor {motive}{large it Widths of bare Gluonia from LET$oplus $QSSR}

	vspace *{-3.cm} hspace *{0cm}	extcolor {motive}{large it Fit of $pi pi 	o pi pi ,~�ar K K $ and $Ke_4$ data}
	vspace *{-3.cm} hspace *{0cm}	extcolor {motive}{large it Fit of $pi pi 	o pi pi ,~�ar K K $ and $Ke_4$ data}
	vspace *{-3.cm} hspace *{0cm}	extcolor {motive}{large it Fit of $pi pi 	o pi pi ,~�ar K K $ and $Ke_4$ data}
	vspace *{-3.cm} hspace *{0cm}	extcolor {motive}{large it Fit of $pi pi 	o pi pi ,~�ar K K $ and $Ke_4$ data}

	vspace *{-2.cm} hspace *{0cm}	extcolor {motive}{large it Fit of $gamma gamma $ scattering}
	vspace *{-2.cm} hspace *{0cm}	extcolor {motive}{large it Fit of $gamma gamma $ scattering}
	vspace *{-2.cm} hspace *{0cm}	extcolor {motive}{large it Fit of $gamma gamma $ scattering}
	vspace *{-2.cm} hspace *{0cm}	extcolor {motive}{large it Fit of $gamma gamma $ scattering}

	vspace *{-2.cm} hspace *{0cm}	extcolor {motive}{large it QSSR and the $sigma /f_0(600)$}
	vspace *{-2.cm} hspace *{0cm}	extcolor {motive}{large it QSSR and the $sigma /f_0(600)$}
	vspace *{-2.cm} hspace *{0cm}	extcolor {motive}{large it QSSR and the $sigma /f_0(600)$}
	vspace *{-2.cm} hspace *{0cm}	extcolor {motive}{large it QSSR and the $sigma /f_0(600)$}

	vspace *{-2.5cm} hspace *{0cm}	extcolor {motive}{large it QSSR and the $f_0(980)$}
	vspace *{-2.5cm} hspace *{0cm}	extcolor {motive}{large it QSSR and the $f_0(980)$}
	vspace *{-2.5cm} hspace *{0cm}	extcolor {motive}{large it QSSR and the $f_0(980)$}

	vspace *{-1.5cm} 	extcolor {motive}{large it SU(3) Heavy Baryon Mass-spilltings : {white Spin 1/2}}
	vspace *{-1.5cm} 	extcolor {motive}{large it SU(3) Heavy Baryon Mass-spilltings : {white Spin 1/2}}

	vspace *{-2.5cm} hspace *{1cm}	extcolor {motive}{Large it Study the 2-point-correlators}
	vspace *{-2.5cm} hspace *{1cm}	extcolor {motive}{Large it Study the 2-point-correlators}

	vspace *{-1.5cm} hspace *{1cm}	extcolor {motive}{large it QCD input }
	vspace *{-1.5cm} hspace *{1cm}	extcolor {motive}{large it QCD input }

	hspace *{1cm}	c {motive}{large it Baryons $J^P={1over 2}^+$ }
	hspace *{1cm}	c {motive}{large it Baryons $J^P={3over 2}^+$ }
	vspace *{-1.5cm} hspace *{1cm}	extcolor {motive}{large it Summary}
	vspace *{-1.5cm} hspace *{1cm}	extcolor {motive}{large it Summary}
	vspace *{-1.5cm} hspace *{1cm}	extcolor {motive}{large it Summary}
	vspace *{-1.5cm} hspace *{1cm}	extcolor {motive}{large it Summary}
	vspace *{-1.5cm} hspace *{1cm}	extcolor {motive}{large it Summary}
	vspace *{-1.5cm} hspace *{1cm}	extcolor {motive}{large it Summary}
	vspace *{-1.5cm} hspace *{1cm}	extcolor {motive}{large it Summary}

	vspace *{-1.5cm} 	extcolor {motive}{large it Mass of the $X(3872)	o J/psi ~pi pi ,gamma $}
	vspace *{-1.5cm} 	extcolor {motive}{large it Mass of the $X(3872)	o J/psi ~pi pi ,gamma $}
	vspace *{-1.5cm} 	extcolor {motive}{large it Mass of the $X(3872)	o J/psi ~pi pi ,gamma $}

	vspace *{-1.5cm} 	extcolor {motive}{large it $X 	o J/psi pi pi , gamma $ from vertex sum rules}
	vspace *{-1.5cm} 	extcolor {motive}{large it $X 	o J/psi pi pi , gamma $ from vertex sum rules}
	vspace *{-1.5cm} 	extcolor {motive}{large it $X 	o J/psi pi pi , gamma $ from vertex sum rules}

	vspace *{-1.5cm} 	extcolor {motive}{large it $Y_c(4660)	o J/psi pi pi $, $Y_b(10890)	o Upsilon pi pi $ }
	vspace *{-1.5cm} 	extcolor {motive}{large it $Y_c(4660)	o J/psi pi pi $, $Y_b(10890)	o Upsilon pi pi $ }
	vspace *{-1.5cm} 	extcolor {motive}{large it $Y_c(4660)	o J/psi pi pi $, $Y_b(10890)	o Upsilon pi pi $ }

	vspace *{-3.5cm} hspace *{1cm}	extcolor {motive}{large it Conclusions : the FCPPL program}
	vspace *{-3.5cm} hspace *{1cm}	extcolor {motive}{large it Conclusions : the FCPPL program}
	vspace *{-3.5cm} hspace *{1cm}	extcolor {motive}{large it Conclusions : the FCPPL program}
	vspace *{-3.5cm} hspace *{1cm}	extcolor {motive}{large it Conclusions : the FCPPL program}
	vspace *{-3.5cm} hspace *{1cm}	extcolor {motive}{large it Conclusions : the FCPPL program}
	vspace *{-3.5cm} hspace *{1cm}	extcolor {motive}{large it Conclusions : the FCPPL program}
	vspace *{-3.5cm} hspace *{1cm}	extcolor {motive}{large it Conclusions : the FCPPL program}
	vspace *{-3.5cm} hspace *{1cm}	extcolor {motive}{large it Conclusions : the FCPPL program}

	hspace *{1cm}	c {motive}{large it }

