Siena, October 2001

MSSM Constraints from Higgs Boson Searches

André Sopczak

Lancaster University

Outline

• MSSM Higgs limits from

LEP-1 to 209 GeV.

• Comparison of ‘benchmark’ and a more general parameter scan.

• Three Higgs boson signal hypothesis. • Conclusions and Outlook.

Motivation

• Indentification of mass parameter regions where a discovery is still possible.

• Determination of mass limits in the Minimal Supersymmetric Standard Model (MSSM).

• Testing hypotheses taking into account all possible scenarios.

MSSM Parameter

• (tan β, mA) • msq: squark mass (MSUSY) • mg: gaugino masse (M2) • μ: mixing of Higgs doublets • A: mixing in the scalar top sector A · msq − μtanβ

Parameter Ranges

• mA: 0 to 1000 GeV • tanβ: 0.5 to 50 • msq: 200 to 1000 GeV • mg: 200 to 1000 GeV • μ: −500 to 500 GeV • A: −2 to 2 SUSYGEN: M2 ↔ 2 · mg, μ ↔ −μ

Latest Scan Results

161 GeV to 209 GeV DELPHI data: hZ and hA searches

189 GeV to 209 GeV DELPHI data: invisible Higgs searches

LEP1 (mh, mA)

172 GeV (mh, mA)

189 GeV (mh, mA)

189 GeV (mA, tan β)

189 GeV (mh, tan β)

202 GeV (mh, mA)

202 GeV (mA, tan β)

202 GeV (mh, tan β)

LEP 202 GeV (mh, mA)

LEP 202 GeV (mA, tan β)

LEP 202 GeV (mh, tan β)

209 GeV (mh, mA)

209 GeV (mA, tan β)

209 GeV (mh, tan β)

209 GeV Invisible Higgs Importance

MSSM: HZ, hA, hZ Hypothesis

mA mh mH tan β msq 90 90.0 114.0 16 1000 100 99.3 114.0 16 1000 M2 μ A σ208HZ σ208hA 500 500 0 118 44 500 -500 0 97 8 σhZ/σH_{SM}Z = sin2(β − α) = ξ2 ≈ 0.1

LEP: hA

LEP: HZ and hZ

Limits on sin2(β − α)

Conclusions and Outlook

• 209 GeV DELPHI data: only a small reduction of benchmark limits.

Mass limits 89 GeV, both for scalar and pseudoscalar Higgs bosons.

Benchmark Scan √ s (GeV) Data m_h m_A m_h m_A 91 [1, 2] L3 41.0 none 25 none 172 [3, 4] DELPHI 59.5 51.0 30 none 183 [5, 6] DELPHI 74.4 75.2 67 75 189 [7, 8] DELPHI 82.6 84.1 75 78 189 [9] OPAL 74.8 76.5 72 76 202 [10] DELPHI 86.1 87.2 85 86 202 [11, 12] ADLO 88.3 88.4 86 87 209 [13, 14] DELPHI 89.6 90.7 89 89

• Three Higgs boson hypothesis in LEP data:

Heavier scalar at 115 GeV: HZ Lighter scalar and pseudo-scalar at 95 GeV: hA Matching MSSM parameters.

Some support by hZ candidates around 100 GeV.

Outlook:

• MSSM scan with complete LEP data. • Optimization of parameter points for the most likely MSSM hypothesis.

• Determination of minimal CL_b.

References

[1] A. Sopczak, Ph.D. Thesis, Univ. of California, San Diego (1992);

L3 Coll., O. Adriani et al., Phys. Lett. B 294 (1992) 457; Z. Phys. C 57 (1993) 355.

[2] J. Rosiek and A. Sopczak, Phys. Lett. B 341 (1995) 419. [3] DELPHI Coll., P. Abreu et al., Eur. Phys. J. C 2 (1998) 1. [4] A. Sopczak, Eur. Phys. J. C 9 (1999) 107.

[5] DELPHI Coll., DELPHI 98-95 CONF-163, contributed paper for ICHEP 1998 (Vancouver).

[6] DELPHI Coll., DELPHI 98-124 CONF-185, contributed paper for ICHEP 1998 (Vancouver).

[7] DELPHI Coll., P. Abreu et al., Eur. Phys. J. C 17 (2000) 187. [8] DELPHI Coll., P. Abreu et al., Eur. Phys. J. C 17 (2000) 549. [9] OPAL Coll., G. Abbiendi et al., Eur. Phys. J. C 12 (2000) 567. [10] DELPHI 2001-076 CONF 504, contributed paper for EPS HEP 2001 (Budapest) and LP01 (Rome).

[11] ALEPH, DELPHI, L3 and OPAL Coll. and the LEP working group for Higgs boson searches, ALEPH 2000-074 CONF 2000-051, DELPHI 2000-148 CONF 447, L3 Note 2600, OPAL TN 661.

[12] A. Sopczak, IEKP-KA/00-06; hep-ph/0004015, PASCOS-99, (World Scientific, Singapore, 2000), p. 511.

[13] DELPHI Coll., DELPHI 2001-078 CONF 506, contributed paper for EPS HEP 2001 (Budapest) and LP01 (Rome).

[14] DELPHI Coll., DELPHI 2001-081 CONF 509, contributed paper for EPS HEP 2001 (Budapest) and LP01 (Rome).