Minimal Flavour Violation: an effective field theory approach

Giancarlo D’Ambrosio

Theory Division, CERN, CH-1211 Genève 23, Switzerland and Istituto Nazionale di Fisica Nucleare, Sezione di Napoli

19th October 2002

G. D’Ambrosio Minimal Flavour Violation

Outline

• Minimal Flavour Violation (MFV) in various extensions of the Standard Model

• Goal of our approach

• MFV, effective theory with one Higgs: phenomenology

• MFV, effective theory with two Higgses: Peccei-Quinn symmetry breaking and phenomenology

• Conclusions

From the work of G. D. G.F. Giudice, G. Isidori, A. Strumia, hepph/0207036

G. D’Ambrosio Minimal Flavour Violation

Technicolour

• In Technicolour in addition to SM fields we have a SU(2)_W doublet of quarks, T, coupled to SU(N_T )_W gauge group

⟨T T̄ ⟩ ⇒

{ SU(2)W ⊗ U(1) breaking

m_q, m_l ∼

2g^2_E⟨T T̄ ⟩ M^2_{ET C}

• Mixing T↔Q ⇒ Large FCNC M_{ET C} > 1.6 × 10^4GeV

• Chivukula and Georgi 86 SM fields: 3 families of Q(quark leftdoublet) U(right-singlet u-quark) D(right-singlet d-quark) L(lepton left-doublet) E (lepton right-singlet) have a global symmetry G_F = U(3)^5 broken only by spurion fields: the Yukawas, Y_{U,D,E} ⇓ Underlying preonic dynamics preserving G_F ↓ SM gauge group,⟨T T̄ ⟩, G_F , Y_{u,d,l}

• ΔS=2 preserve GIM mechanism and thus M_{ET C} ∼ 5 TeV : 1 M2ET C (

Q̄γ^μY_U Y^†_U Q)^2 ∼

V^∗_{td}V_{ts} m^2_t v^2

M2ET C (s̄γ

μd)^2

G. D’Ambrosio Minimal Flavour Violation

Supersymmetric Flavour Problem

• An analogous problem exists in Supersymmetry: 3 families of (Q,U,D,L,E) with superpartners.

• Supersymmetry must be broken

−L_{soft} = m^2_QQ̃^†Q̃ + m^2_LL̃^†L̃ + a_u ~ŪQ̃H_u + ...

• m^2_Q, m^2_L, a_u, ... are matrices in flavour space and thus they carry additional (to Y_{u,d,l}) non-trivial flavour structures ⇓ Large FCNC: H_{ΔS=2} ∼ (s̄d) 2 m^2_{Q̃} ⇓ m~_Q > 100TeV

• Gauge mediation

Problem ameliorated by assuming a hierararchy among the scale of supersymmetry breaking (Λ_S) and the scale of where flavor structures are generated (Λ_F ):

Λ_F > Λ_S ⇒ m^2_Q, m^2_L, a_u, ... know only the structures Y_{u,d,l}

and thus m_{Q̃} > 5TeV (Dine,Nelson, Shirman; Giudice, Rattazzi)

G. D’Ambrosio Minimal Flavour Violation

Large Extra dimension Flavour Problem

• Large extra dimensions also address the issue of fermion mass generation Arkani-Hamed et al., Dine et al.

• Severe FCNC unless MFV is imposed

• SM-fields live on one brane while flavour breaking is comunicated by a messanger-field ϕ. However since flavour is broken only trough Y_{U,D,E}, (G_F is preserved) is possible to solve FCNC-problems

(Rattazzi, Zaffaroni)

G_F SM-fields ϕ

G. D’Ambrosio Minimal Flavour Violation

Motivation of a systematic study of Minimal Flavour violation (MFV)

• To write a theory of flavours (valid also beyond the SM), which is potentially consistent with Higgs stabilized 100TeV → 5TeV

• We want to know, which scales are we probing in CKM-fit or rare decays in a theory where the Flavor problem has been “solved”.

• This should motivate which physics we should look

• We can study also in a systematic and general way, from an effective field theory point of view, the MFV model with two Higgs doublets

• This will allow to uncover new phenomenology (two-loop tan βenhanced) for B → X_sγ, ΔM_B and B → ℓ^+ℓ^−

G. D’Ambrosio Minimal Flavour Violation

Description of the MFV effective theory

We write an effective theory for the 3 families of Q, U, D, L, E_R which has the global symmetry broken by the Yukawas Y_{U,D,ER} G_F ≡

SU(3)^3_q⊗SU(3)^2_ℓ ⊗

preserved byYU,D,E

U(1)_B ⊗ U(1)_L ⊗ U(1)_Y ⊗U(1)_{PQ} ⊗ U(1)_{ER}

broken byYU,D,E

• We will see that the U(1)_{PQ}− breaking will be relevant for the two Higgs model

Giving the transformation properties of the spurions Y_U ∼ (3, ¯3, 1)_{SU(3)}3_q , Y_D ∼ (3, 1, ¯3)_{SU(3)}3_q , Y_E ∼ (3, ¯3)_{SU(3)}2_ℓ we have the dim-4 lagrangian L = Q̄_LY_DD_RH + Q̄_LY_U U_RH_c + L̄_LY_EE_RH + h.c. We can choose the fields Q_L, U, D so that Y_D = λ_d , Y_U = V^†λ_u ,

All the non-trivial structure to the dim-6 lagrangian is generated by

(λ_{FC})_{ij} = { ( Y_U Y^†_U ) ij ≈ λ^2_t V^∗_{3i}V_{3j} i ≠ j , 0 i = j

and it is dominated by the top contribution

G. D’Ambrosio Minimal Flavour Violation

MFV: ΔF = 2

• There are two basic blocks to build the dim-6 lagrangian Q̄_Lλ_{FC}Q_L and D̄_Rλ_dλ_{FC}Q_L

• In fact there is only one operator affecting B − B̄ and K − K̄ mixing

(V ∗3iV3j)2

Λ2 a_0O_0

O_0 =^1_2 (¯ Q_Lλ_{FC}γ_μQ_L

)_2

• Implyng a strong constrain on the coefficient of O_0 when compared the SM H^{ΔF =2} eff =^{G2F M2W}_{8π2} (V^∗_{3i}V_{3j})^2C_0 [¯ d_iγ_μ(1 − γ_5)d_j

]_2 , • We fix a_0 = 1 and determine the limit on Λ^2

• MFV could flip the sign of ΔF = 2 transitions, but low quality fit

Buras et al,Ligeti et al, G.D.,Giudice, Isidori,Strumia

G. D’Ambrosio Minimal Flavour Violation

ΔF = 1 gauge fields

• The operators contributing are O_{G1} = H^† (¯ D_Rλ_dλ_{FC}σ_{μν}T^aQ_L ) G^a_{μν} O_{G2} = (¯ Q_Lλ_{FC}γ_μT^aQ_L ) D_μG^a_{μν}

• From comparing the experimental data B(B → X_sγ) = (3.23 ± 0.42) × 10^{−4}

• to SM expectation Gambino Misiak B(B → X_sγ)_{SM} = (3.73 ± 0.30) × 10^{−4}

• we can get a strong a bound on the deviations from SM, δC_{7γ,8G}

B(B→Xsγ) B(B→Xsγ)SM = 1 − 2.4δC7γ − 0.7δC8G

G. D’Ambrosio Minimal Flavour Violation

Rare FCNC decays into a lepton pair

• The SM Wilson coefficients C_{νν̄}, C_{9V} and C_{10A} receive MFV contributions from

Oℓ1 = (¯ QLλFCγμQL ) (L̄LγμLL) Oℓ2 = (¯ QLλFCγμτaQL ) (L̄LγμτaLL)

Oℓ3 = (¯ QLλFCγμQL ) (ĒRγμER)

• MFV contributions to C_{9V} and C_{10A} limited by measurements K_L → ℓ^+ℓ^− and B(B → Kℓ^+ℓ^−) • Actually already non-trivial MFV tests B ↔ K physics • C_{νν̄} limited by the measurements K^+ → π^+νν̄ • ⇒ Limits on the MFV-scale for different operators

MFV main Λ [TeV] dim-6 operator observables − + O0 ϵK, ΔmBd 6.4 5.0 OF 1 B → Xsγ 8.3 13.4 OG1 B → Xsγ 2.3 3.8 Oℓ1 B → (X)ℓℓ̄, K → πνν̄, (π)ℓℓ̄ 3.1 2.7 Oℓ2 B → (X)ℓℓ̄, K → πνν̄, (π)ℓℓ̄ 3.4 3.0 OH1 B → (X)ℓℓ̄, K → πνν̄, (π)ℓℓ̄ 1.6 1.6 Oq5 B → Kπ, ϵ′/ϵ, . . . ∼ 1

Bounds on MFV operators

• O_{H1} = (Q̄_Lλ_{FC}γμQ_L)(H^†iDμH) • O_{q5} 4-quark operator

G. D’Ambrosio Minimal Flavour Violation

Bounds on decay rates in MFV models

Observable 99(90) determined by 90% Exp. MFV limit limit B(B → Xdγ) 2(2) × 10−5 B(B → Xsγ) − B(B → Xsνν̄) 8(6) × 10−4 6.4 × 10−4 B(B → Xdνν̄) 3(2) × 10−5 B(K+ → π+νν̄) − B(KL → π0νν̄) 5(4) × 10−10 5.9 × 10−7 B(Bs → τ +τ −) 4(3) × 10−6 − B(Bd → τ +τ −) 1(1) × 10−7 B(B → Xsℓ̄ℓ) − B(Bs → μ+μ−) 2(1) × 10−8 [B(KL → μ+μ−)] 2.0 × 10−6 B(Bd → μ+μ−) 6(5) × 10−10 6.1 × 10−7 B(KL → π0e+e−)CP 2(2) × 10−11 5.6 × 10−10

• Future experiments, in particular K_L → π^0νν̄ will probe deeply MFV

• Left: 10% accuracy on the CKM , Right: 1%

G. D’Ambrosio Minimal Flavour Violation

MFV scale-sensitivity of different rare decays

• Branching ratios of various processes involving d_i → d_jνν̄ transitions as functions of the scale of the effective operator O_{ℓ1}. The bands represent 1σ uncertainties, taking into account the present determination of the CKM parameters

G. D’Ambrosio Minimal Flavour Violation

Two-Higgs doublet MFV model

• The two-Higgs-doublet-model (2HD) is justified in several extensions of SM, including SUSY; we describe an effective theory with m_H << Λ_F • to avoid disastrous tree level FCNC ⇒ H_U and H_D, U(1)_{PQ}

Glashow-Weinberg

L_{Y0} = Q̄_LY_DD_RH_D + Q̄_LY_U U_RH_U + L̄_LY_EE_RH_D • U(1)_{PQ} broken by terms in the potential (to have m_a ≠ 0) i.e. V (H) = μBH_U H_D • New PQ-breaking (ϵ_{P Q}) operators to add L_{Y0} are allowed, Q̄_L ( ϵ_1Y_DY^†_D + ϵ_2Y_U Y^†_U ) Y_DD_R(H_U )^c

• New FCNC induced from the mismatch of the quark mass basis with these terms and the original L_{Y0} • Large values of ⟨H_U ⟩/⟨H_D⟩ = tan β may enhance this effect

Hall,Rattazzi,Sarid; Blazek al, Babu,Kolda;Isidori,Retico

G. D’Ambrosio Minimal Flavour Violation

• Typically ϵ loop-suppressed by ∼ 1/(4π)^2 (Susy)

• Additional flavour violation source, compared to one Higgs:

Y_DY^†_D ≈^{2m2b tan2 β}_{v2} Δ , Δ = diag(0, 0, 1) .

• The most general dim-4 L_{ϵYD}:

Q̄_L ( ϵ_0 + ϵ_1Δ + ϵ_2λ̂_{FC} + ϵ_3λ̂_{FC}Δ + ϵ_4Δλ̂_{FC} ) λ̂_dD_R(H_U )c

• Strategy

– Diagonalize the quark mass matrix from L_{Y0} + L_{ϵYD} – shift the quark-fiels and V_{CKM} – and then determine the effective Higgs coupling (charged and neutral). ⇓ • Interesting phenomenology for B → ℓ^+ℓ̄^− , ΔM_{Bs} and B → X_sγ, in particular for Large tan β

• In fact there are theoretical argument favouring ϵ tan β ∼ 1 Hall al

G. D’Ambrosio Minimal Flavour Violation

• Our effective field theory approach, due to the complete resummation in ϵ tan β, has led us to uncover new FCNC contribution relevant in this limit

Interesting phenomenology for B → ℓ^+ℓ̄^− , ΔM_{Bs} and B → X_sγ, in particular for Large tan β

G. D’Ambrosio Minimal Flavour Violation

Large tan β effects: B → ℓ^+ℓ̄^− (continuous line), ΔM_{Bs} (dashed red line), B → X_sγ (dotted blue line), B → Xτν̄_τ (dot-dashed green line). Left and right panels correspond to ϵ_2 = ϵ_0 and ϵ_2 = −ϵ_0, respectively, in addition to the constraints

G. D’Ambrosio Minimal Flavour Violation

Deviations of B(B → X_sγ) with respect to the SM value due to (supersymmetric) heavy-Higgs exchanges. The two full (red) lines correspond to the full result, for ϵ_2 = ±ϵ_0. The dashed lines do not contain the new (higher-order) contributions identified in this paper. All curves have been obtained for M_H = 250 GeV, tan β = 50 and ϵ^′_0 = −ϵ_0.