Reconstructing Supersymmetric High Scale Theories using Precision Data

Werner Porod

University of Zürich

LHC/LC meeting, July 2002

– mSUGRA, GMSB, String – Procedure – Numerical Results

G. Blair, W. Porod, P. Zerwas

Phys. Rev. D 63 (2001) 017703; in preparation

Supersymmetry breaking

mSUGRA Universal input Parameters: M0, M1/2, A0, tan β, sign(μ)

GMSB Messenger scale: MM = λS Λ = F/S where < X >= S + F θθ M1/2 → g(x)αiΛ, M 20 → f(X) ∑ Ciα2i Λ2, x = Λ/MM , f(x), g(x) = (n5 + 3n10)O(1) A0, tan β, sign(μ)

String vevs of dilaton < s > and moduli fields < ti > give determine the parameters Mi, M0,j, A0,k. In general non-universal boundary conditions. In addition tan β, sign(μ)

Assumptions

1) Real Parameters 2) The generation mixing for sfermions is the same as for fermions: M 2f̃ij = δijM 2f̃i, af,ij = δijAf,iYf,i ⇒ Each of the three (l̃, ũ, d̃) generally 6 × 6 matrices can be decomposed into three 2 × 2 matrices

Procedure∗

• Input at mZ: g1, g2, g3, hl, hd, hu, tan β in DR scheme

• Using 2-loop RGEs to get the above parameters at the high scale: MGUT (in mSUGRA defined via g1 = g2) or MM (in GMSB)

• Evaluating mass parameters down to electroweak scale using 2-loop RGEs†, including threshold effects∗∗

• radiative electroweak symmetry breaking ⇒ |μ|2 = m2H_2 sin2 β − m2H_1 cos2 β cos 2β − m2Z 2 +rad.corr.

∗for details see e.g. Arason et al., Phys.Rev.D 46 3945 (1992); W. Porod, SPHENO, a program handling Supersymmetric PHENOmenology, hep-ph/0207xxx †S. Martin and M. Vaughn, Phys. Rev. D50, 2282 (1994); Y. Yamada, Phys. Rev. D50, 3537 (1994); I. Jack, D.R.T. Jones, Phys. Lett. B333, 372 (1994) ∗∗J. Bagger, K. Matchev, D. Pierce, and R. Zhang, Nucl. Phys. B491, 3 (1997)

• Calculate SUSY masses at the electroweak scale. Attach experimental errors to the masses.

• Calculation of production cross sections for t̃1,2, b̃1,2, τ̃1,2 with polarized e− and e+ beams.

• Fit the masses and production cross sections within given experimental errors by varying the low energy parameters: ME_k, ML_k, MD_k, MQ_k, MU_k, Aτ , Ab, At, MH_1, MH_2, Mi, tan β, k = 1, 3, i = 1, 2, 3

• use again RGEs to get high scale parameters within the errors.

This is a pure bottom-up approach!

mSUGRA

tan β = 10, M0 = 200 GeV, M1/2 = 250 GeV, A0 = −100, sign(μ) = 1

1/M_i [GeV^{−1}]

Q [GeV] M^2_{j̃} [10^3 GeV^2]

Q [GeV]

M^2_{j̃} [10^3 GeV^2]

Q [GeV]

1 σ error bands

GMSB

MM = 200 TeV, Λ = 100 TeV, N5 = 1, tan β = 15, A0 = 0, sign(μ) = 1

1/M_i [GeV^{−1}]

Q [GeV]

M^2_{j̃} [10^3 GeV^2]

Q [GeV]

M_M

M^2_{j̃} [10^3 GeV^2]

Q [GeV]

1 σ error bands

String

tan β = 10, M3/2 = 180 GeV, sin2 θ = 0.9, O–I, nQ = 0, nD = 1, nU = −2, nL = −3, nE = −1, and nH_1 = nH_2 = −1, sign(μ) = −1

1/M_i [GeV^{−1}]

Q [GeV]

M^2_{j̃} [10^3 GeV^2]

Q [GeV]

M^2_{j̃} [10^3 GeV^2]

Q [GeV]

1 σ error bands

String Parameter Determination

First preliminary results

m3/2 180 179.9 ± 0.1 t 14 13.6 ± 0.2 g2s ≃ 1/ < s > 0.5 0.47 ± 0.04 δGS 0 -0.06 ± 0.03 tan β 10 10 ± 0.1 nH_1 -1 -1.06 ± 0.02 nH_2 -1 -1.007± 0.01 nL -3 -3.03± 0.02 nE -1 -0.97± 0.01 nQ 0 -0.02± 0.01 nU -2 -1.99± 0.02 nD 1 1.16± 0.02

Summary

• We have used the bottom-up approach for determining the high scale parameters assuming we know masses and cross sections within the experimental errors.

• The model–independent reconstruction of the fundamental supersymmetric theory at the high scale, the grand unification scale MGUT in supergravity or string scenarios, as well as the intermediate scale MM in gauge mediated supersymmetry breaking, appears feasible.

• One can determine High Scale Parameters rather accurately. We have demonstrated this in case of GMSB as well as string theories.

• One has to use the most precise data available ⇒ Combination of data from LHC and LC are very desirable if not crucial.