Nonperturbative Methods in Chiral Theories

Valencia – June 28-30 2001

A minimization procedure for the extraction of f_0(980) parameters for different models: some results

F. Nguyen, B. Valeriani and G. Venanzoni

Contents

• The transition ϕ → f_0(980) γ → π π γ:

different models for the matrix element.

• Extraction of f_0(980) parameters by a numerical minimization procedure applied to the SND data.

• Preliminary results for the Chiral Unitary approach.

• Conclusions and work in progress.

The f_0(980) in J/ψ, D^±_s decays

• J/ψ → ϕ π π, ϕ K K̄^{analysed by Morgan et al. PRD48,1185}

• D^±_s → π^+ π^− π^{± analysed by van Beveren et al. PLB495,300}

The transition ϕ → f_0(980) γ → π π γ

hypothesis BR(ϕ → γ f0(980)) qqq̄q̄ ≃ O(10^{−4}) ss̄ ≃ O(10^{−5}) KK̄ molecule ≤ 10^{−5} (uū + dd̄)/ √ 2 ≃ O(10^{−6}) glueball < 10^{−6}

Mϕ = e^3 s gϕγ Dϕ(s) fϕf_0 (Q^2)v̄(p2)γ^μu(p1) [(pq)gμν − qμpν ] ϵ^ν

� you can’t rely on pQCD � O(p^2) in χPT is not enough ⇓ ϕ → f0(980) γ → π π γ has been implemented in the MC code EVA according to different models for f_{ϕf0} (Q^2)

Valencia June 30^{th} 2001 XII EuroDaΦne Meeting

Pointlike ϕ-γ-f_0 coupling^{Bramon et al.}

• f0(980) = intermediate scalar between ϕ and π^+π^−

• the decay has to be damped @ Q^2 ≪ m^2_{f0} fϕf 0 (Q2) = exp − m2f 0 − Q2 2 Δ2 gϕf 0γ g f0π+π− m2f 0 − Q2 − imf 0 Γf 0 K^+K^− loop and const. Γ_{f0}^{Close, Lucio et al.}

fϕf 0 (Q2) = g ϕK+K− g f0π+π− g f0K+K− 2π2m2 K+ I(Q2) m2f 0 − Q2 − imf 0 Γf 0

F. Nguyen 5

Valencia June 30^{th} 2001 XII EuroDaΦne Meeting

Finite width corrections^{Achasov et al.}

qqq̄q̄ structure

if |f0(980)⟩ ∼ ss̄(uū + dd̄)/ √ 2: ⋆ mass close to the KK̄ threshold

⋆ strong coupling to KK̄ channels ⇓

Π_{f0} (Q^2) = ∑ ab Π^{ab}_{f0} =

ab = ππ, K^+K^−, K^0K̄^0, ηη

fϕf 0 (Q2) = g ϕK+K− g f0π+π− g f0K+K− 2π2m2 K+ I(Q2) m2f 0 − Q2 + ℜeΠf 0 (m2f 0 ) − Πf 0 (Q2)

F. Nguyen 6

Valencia June 30^{th} 2001 XII EuroDaΦne Meeting

KK̄ molecule^{Achasov et al.}

two qq̄ mesons with a

characteristic range R_K¯_K ≳ 1.2 fm

A(diagr.) ∼ ∫ d^4k

(2π)^4 ϕ(k) (internal lines)

ϕ(k) = μ4 (k2 + μ2)2 , μ = √ 3 2RKK̄

fϕf 0 (Q2) = 2 g f0π+π− g f0K+K− g ϕK+K− M2ϕ − Q2 |Gf 0 (Q2)|2 |Df 0 (Q2)|2

Df_0 takes explicitly account of the analyticity at KK̄ thresholds

F. Nguyen 7

Chiral unitary approach^{Oset et al.} • LχP T [ O(p^2) ] ⇒ ϕ-K^+-K^−, ϕ-γ-K^+-K^−, γ-K^+-K^−

• dynamically generated f0(980) in K^+K^− → ππ

scattering

troubles with LχP T [ O(p^2) ] in describing K^+K^− → ππ:

� bad approximation @^√s ∼ 1 GeV

� it doesn’t yield f0(980) pole

but Unitarity enables to include orders > O(p^2): t_{i,j} = t^{(2)}_{i,j} + t^{(2)}_{i,k} G_{k,k} t_{k,j} , i, j, k = ππ, KK̄

t^{(2)} G t ∼ ∫ d^4q

(2π)^4 t^{(2)}(q) G(q) t(q) ⇒ only parameter: qmax

fϕf 0 (Q2) = t K+K−,π+π− 2 √ 2π2m2 K+ f2π [ g ϕK+K− MϕI(a, b) +

4π2m2 K+ Mϕ ( g ϕγ 2 − g ϕK+K− ) GK,K

ϕ → π π γ: previous observations

CMD–2: e^+ e^− → π^+ π^− γ

√ s ∼ M_ϕ σ_{ISR}(s) ∝ (m_ϕ/ √ s)^{13} σ_{F SR}(s) ∝ (m_ϕ/ √ s)^9

SND: ϕ → π^0 π^0 γ

m_{f0} = (969.8 ± 4.5) MeV

g^2_{f0K+K−} /(4π) = 2.47^{+0.73}_{−0.51} GeV^2 g^2_{f0K+K−} /g^2_{f0π+π−} = 4.6 ± 0.8 χ^2_{min}/d.o.f. = 3/14

dBR ∼ |M_{f0} |^2 + |M_ρ0_π0 |^2 + 2|M_{f0} ||M_ρ0_π0 | cos θ

A numerical procedure

� no approximation in the matrix elements � inclusion of efficiency/resolution effects ∀ ⃗θ = (θ1, . . . , θn)^{EVA}−→ BR(ϕ → π^0π^0γ) d dQ BR(ϕ → π^0π^0γ) = S^{th}

m_{f0} = 974 MeV

Γ_{f0} = 94 MeV

g_{f0K+K−} g_{f0π+π−}

= 7 GeV^2

S^{cor}_i = ϵi,i−1S^{th}_{i−1} + ϵi,iS^{th}_i + ϵi,i+1S^{th}_{i+1}

Estimation of parameters

χ^2 = ∑ i

( S^{cor}_i (⃗θ ) − S^{exp}_i )_2

σ^2_i

χ^2(θj ) ≃ χ^2_{min} + 1 σ^2_j (θj − θj,min)^2 | | | |_{θi≠j =θi,min}

an example with 3 parameters: K+K− loop and const. Γf 0

Some results (Q > 700 MeV):

qqq̄q̄ structure

m_{f0} = (965 ± 3) MeV g^2_{f0K+K−} /4π = (2.3 ± 0.3) GeV^2 g^2_{f0K+K−} /g^2_{f0π+π−} = 5.0 ± 0.5 χ^2_{min}/d.o.f. = 3.6/12

BR(ϕ → π^0π^0γ) ≃ 1.3 × 10^{−4} SND: BR(ϕ → π^0π^0γ) = (1.158 ± 0.093 ± 0.052) × 10^{−4} (1) Q ∈ [700, 1000] MeV (2) ϕ → ρ^0 π^0 → π^0 π^0 γ

Some results (Q > 700 MeV):

K^+K^− loop and constant Γ_{f0}

m_{f0} = (978 ± 4) MeV Γ_{f0} = (98 ± 7) MeV g_{f0K+K−} g_{f0π+π−} = (6.7 ± 0.2) GeV^2 χ^2_{min}/d.o.f. = 2.7/12

BR(ϕ → π^0π^0γ) ≃ 1.2 × 10^{−4} SND: BR(ϕ → π^0π^0γ) = (1.158 ± 0.093 ± 0.052) × 10^{−4}

Some results (Q > 700 MeV):

chiral unitary approach qmax = 1.26 ± 0.08 GeV, χ^2_{min}/d.o.f. = 13.4/14

The decay ϕ → ρ^0 π^0 → π^0 π^0 γ

the decay has been included in EVA according to the VMD parametrization of Bramon et al., together with the analytical expression for the interfering term:

|M_{f0} |^2 + |M_ρ0_π0 |^2 + 2 e^{iφ} ℜe{M^∗_{f0} M_ρ0_π0 }

where φ is considered as a free parameter as the ones related to a given model, e.g. m_{f0} , g_{f0K}+_K− etc...

More results: χ un. approach

the whole Q spectrum, ρ^0π^0 improved qmax = 1.33 ± 0.07 GeV, φ = −0.55 ± 0.44 rad

More χ^2 vs. BR(ϕ → π^0π^0γ)

K^+K^− loop + const. Γ_{f0} the whole Q spectrum ρ^0π^0 improved

SND: BR(ϕ → π^0π^0γ) = (1.158 ± 0.093 ± 0.052) ×10^{−4}

qqq̄q̄ structure the whole Q spectrum ρ^0π^0 improved

SND: BR(ϕ → π^0π^0γ) = (1.158 ± 0.093 ± 0.052) ×10^{−4}

Conclusions

⋆ The decay ϕ → f0(980) γ → π π γ has been implemented with ϕ → ρ^0 π^0 → π^0 π^0 γ for generating e^+ e^− → π π γ.

⋆ Different models have been included: qqq̄q̄, KK̄, the chiral unitary approach.

⋆ A minimization procedure for extracting f0(980) parameters has been presented.

⋆ By applying the procedure to SND data:

(i) we obtained the best estimate for qmax

(ii) our method gave us as similar as SND results in qqq̄q̄ structure

(iii) we found K^+K^− loop with constant Γf_0 is an excellent trial function in simulating ϕ → f0(980) γ decay.

We are going to write a paper on these results.

We plan to apply the procedure to KLOE data.