New Directions in Randall-Sundrum Phenomenology

Hooman Davoudiasl University of Wisconsin – Madison

Based on: H. D., B. Lillie, and T. G. Rizzo, hep-ph/0508279

Workshop on Collider Physics, Argonne, May 8-12, 2006

SU(2)L × U(1)Y Breaking

• m^2_H < 0 ⇒ ⟨H⟩ ≠ 0; m_W , m_Z ∼ g⟨H⟩.

• m_H ∼ 100 GeV ≪ M_P ∼ 10^{18} GeV: Hierarchy; Beyond SM.

The Randall-Sundrum (RS) Model:

• ds^2 = e^{−2σ}η_{μν}dx^μdx^ν − dy^2 ; σ = k|y| • −πr_c ≤ y ≤ πr_c ; Z_2 orbifold • M_5 ∼ M_P ; kr_c ∼ 10. • Λ_π = e^{−kπrc} M_P ∼ TeV. Gravitational Redshift:

⟨H⟩_5 ∼ M_P → ⟨H⟩_4 ∼ m_W on TeV-brane.

The Usual Picture:

• SM−{H} could be in the bulk. • H ∈ TeV-brane to solve hierarchy.

Bulk Higgs with Constant 5-d vev:

(i) mW , mZ → Extreme fine-tuning._{(Chang, Hisano, Nakano, Okada, Yamaguchi, 1999)}

(Huber, Sahfi, 2000)

(ii) Phenomenological problems. (H.D., Hewett, Rizzo, 2000)

Recent Work: Consistent EWSB with Bulk Higgs

(H.D., Lillie, Rizzo, 2005)

SM gauge and Higgs fields in 5-d:

S_{Higgs} = ∫ d^5x √ −g [ (D^AΦ)^†(D_AΦ) − m^2Φ^†Φ ] − ∫ d^5x √ −g { [ μ^2_H k + λ_H k^2

Φ^†Φ] δ(y − πr_c) − [ μ^2_P k − λ_P k^2

Φ^†Φ] δ(y) } Φ^†Φ

m^2 = 20k^2ξ ; μ^2_P = 16k^2ξβ_P ; μ^2_H = 16k^2ξβ_H.

Bulk quartic λ5(Φ†Φ)2:

• Dim-6 in 5-d.

• Not required by gauge invariance.

⇒ We set λ5 = 0.

We consider the free field: ϕ → ∑ n ϕn(x)χn(y)

∂_y ( e^{−4σ}∂_yχ_n ) − m^2e^{−4σ}χ_n + 1 k e^{−4σ}[μ^2_P δ(y) − μ^2_Hδ(y − πr_c)]χ_n + m^2_ne^{−2σ}χ_n = 0.

⇒ χn = e^{2σ}N_n ζν ( xnϵeσ )

ζ_ν = J_ν + κ_nY_ν m_n = x_nkϵ, ϵ = e^{−πkrc} ≃ 10^{−16} ν^2 = 4 + m^2/k^2 = 4 + 20ξ.

We want only one TeV-scale Higgs tachyon.

Find only one x2T < 0, |xT | ∼ 1.

Parameter Space:

• Dependence on βP ∼ ϵ2ν; ignored. • Our analysis focused on (ξ, βH).

• ξβH > 0 (μ2H > 0) → No tachyons or mT ∼ MP . (mT ∼ mH) • Explore:

Region (I) ξ > 0, βH < 0 Region (II) ξ < 0, βH > 0 • ν2 ≤ 0: multiple tachyons, extreme parameter sensitivity (instability).

Region I Region II

Allowed Allowed

4-d Effective Theory:

x2T < 0 ⇒ V = −m2T ϕ†T ϕT + λ4(ϕ†T ϕT )2 λ4 = λ^Hk_2 ∫ dy √ −g χ4T (y)δ(y − πrc) ϕT → (v + H)/ √ 2 • mH = √ 2mT = √ 2xT kϵ • Higgs vev: profile in 5-d, χT ∼ e(2+ν)σ. χT peaked near TeV-brane ⇒ v ∼ TeV.

• χT is adjustable via (ξ, βH); model-building possibilities.

0≤ xT ≤2.5

Gauge Boson Masses

• (DAΦ)†(DAΦ) → m2W , m2Z. • ∂y ( e^{−2σ}∂_yf_n ) −^1_4g^2_5v^2χ^2_T e^{−2σ}f_n + m^2_nf_n = 0. (g_5: 5-d SU(2)_L ; v: 4-d)

• χ2T ∼ e2(ν+2)σ ⇒ χ2T → λϵ−2δ(y − πrc). • Perturbation ⊕ Variation of λ: Vpt =^1_4g^2_5v^2 [ χ^2_T e^{−2σ} − λδ(y − πr_c) ]

• xW : mW = xwkϵ ; xW ≃ 0.2 − 0.25. ⇒ kϵ ∼ 350 GeV; mH ≃ 500 GeV (xT = 1). • We find δρ ∼ 5 − 10%.

• A more realistic setup may require 5 − d SU(2)L × SU(2)R.

Gravity-Induced EWSB

S_{bulk} = ∫ d^5x √ −g [ M^3 2 R − Λ_b + αM 2 ( R^2 − 4R_{AB}R^{AB} + R_{ABCD}R^{ABCD} ) ]

S_{branes} = ∑ branes ∫ d^5x √ −g [ M^3 k γ_iR_4 − Λ_i − λ_i k^2

(Φ^†Φ)^2 ] δ(y − y_i)

S_{Higgs} = ∫ d^5x √ −g [ (D^AΦ)^†(D_AΦ) + ξRΦ^†Φ ] ,

• ⟨R⟩ = −20k^2 + 16k[δ(y) − δ(y − πr_c)]: β_H = β_P = 1.

• Gauss-Bonnet term:

Λ_{P lanck} = −Λ_{T eV} = 6kM^3 ( 1 −^{4αk2}_{3M 2} ) ≡ 6kM^3β_H . (Kim, Kyae, Lee, 2000)

• m^2 = 20k^2ξ, μ^2 = 16k^2ξβ_H; allowed parameter space as before.

• No radion, graviton KK ghosts: region II favored.

ξ ≈ ξ_c ; ξ_c = −3/16 conformal.

Experimental Signatures

• Higgs KK states, mKK <∼ 1 − 1.5 TeV.

• gW W H_1/gSMW W H ≃ 0.02 − 0.13; perhaps beyond LHC, may need CLIC. • gW W H/gSMW W H ≃ 0.45 − 0.70: measurable at ILC, likely LHC. • Expect H1tt̄-coupling large: ⇒ H1 in gg/γγ-fusion.

• λeff_1/λSM ≃ 0.65 − 0.91: Br(H1 → HH) sizable. • Gravity-Induced EWSB: LHC/ILC or CLIC-type measurements. ⇒ Correlations among the gravity and Higgs sector observables.

Conclusions

• Resolving ⟨H⟩/MP in RS does not necessitate Higgs on the wall. • Suitable bulk/brane potentials for the Higgs give realistic EWSB in 4-d. • Bulk Higgs: KK states of H and their phenomenology. • ⟨H⟩ profile in 5-d: new model-building possibilities. • Gravity-induced EWSB: possible with off-the-wall Higgs. • Presicion multi-TeV measurements: Higgs-gravity connection.