Higgs Searches at LEP

Page

Page 1

Arnulf Quadt

Bonn University

� Decay-Mode independent Higgs Search � Flavour-independent Higgs Search � Standard Model Higgs Search � 2HDM Higgs Searches

� general 2HDM Scan � MSSM Higgs Searches � Search for charged Higgs Bosons � Fermiophobic Higgs Searches � Yukawa Production of a light Higgs � ... and beyond ...

increasingmodel-dependence

...only selected topics shown ...

...for the LEP-Higgs working group...

Introduction

Page

Page 2

as example: OPAL numbers

Page

Page 3 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

Decay-Mode Independent Higgs Search

� select events on Z^0 -> di-lepton^{(+/-)} signature � be independent of recoiling S^0 decay products ... � compare observed recoil mass spectrum with expectation for a S^0 signal ... � minimum efficiency channel for exclusion

LEP 1 LEP 2

LEP 1: electron muon data 45 66 backgrd 55 54

LEP 2: data 54 43 backgrd 47 52

OPAL-PN 495

...repeated for TESLA benchmark study on Higgs...

115.4 pb^{-1} 662.4 pb^{-1}

Page

Page 4

cross-section exclusions (95% CL): k<0.1 @ 1 keV < m_S0 < 19 GeV k<1 @ m_S0 < 81 GeV

absolute mass limit for SM coupling strength

This result will be included in future model interpretations...

set 95% CL exclusion limit on production cross-section wrt. SM cross-section only assume -dependence as SM Higgs production cross-section ... s Decay-Mode Independent Higgs Search

Page

Page 5 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

Uniform Higgs scenario : � spectrum of Higgs states H_i in m_A < m_{Hi} < m_B

� for normalised coupling density ⇒ obtain mass limits

perturbative mass scale in normalisation condition

Stealthy Higgs scenario (Binoth, van der Bij): � prediction of additional SU(3)_C x SU(2)_L x U(1)_Y singlet fields (Phions)

� no strong/electro-weak interaction, only coupling ω to Higgs

� Higgs width can become large, depending on coupling ω and number of singlet fields

resulting Higgs width

Decay-Mode Independent Higgs Search

Page

Page 6 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

Flavour Independent Higgs Search

� physics beyond Standard Model could have modified H-b coupling � Higgs might only couple to gluons (bosons) (see 2HDM-type I) � ... ⇒ Search for e^+e^- → Z^0H^0 with H → Hadrons (qq or gg)

most powerful background suppression mechanism (b-tag) gone search in qqqq, qqνν, qqll in a mass window Δm_h ≈ σ (m_h) → correlated mass bins

ALEPH

...use minimum efficiency for conservative limit...

Page

Page 7

Flavour Independent Higgs Search

assuming : � σ_{HZ} = σ_{HZ}^{SM} � Br(h → hadrons) = 1

95% CL mass limits: m_H > 112.9 GeV (obs.) m_H > 113.0 GeV (exp.)

� strong cross-section limit � close to SM sensitivity � good agreement with SM

...will be used further in model interpretations (2HDM, MSSM, ...)

hep-ex/0107034

Page

Page 8 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

H → bb dominant in LEP mass range...

Standard Model Higgs Search

Page

Page 9 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

Standard Model Higgs Search

for m_h=115 GeV:

combination Budapest 2001

E_{CM}>189 GeV: 2465 pb^{-1} E_{CM}>206 GeV: 542 pb^{-1}

Page

Page 1010 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

"likelihood ratio method"

1-CL_b ... a measure of compatibility with b CL_{s+b} ... a measured of compatibility with s+b exclusion limits: CL_s= CL_{s+b} / CL_b

Standard Model Higgs Search

Page

Page 1111

Standard Model Higgs Search

�maximum likelihood occurs at m_h ≈ 115.6 GeV �LEP-combined result (Budapest '01) corresponds to 2.1σ over backgrd (backgrd fluctuation prob. 1-CL_b = 3.4%) �at the 95% CL: m_h > 114.1 GeV (obs.) m_h > 115.4 GeV (exp.)

LHWG combination Budapest 2001

CERN-EP/2001-055

�^{kinematic edge @ 116 GeV} �^{mass resolution σ (m}H^{) ≈ 3.5 GeV} �^{test signal (here) for 115 GeV}

Page

Page 1212 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

Standard Model Higgs Search

4-jet signal-like νν background-like

ALEPH signal-like DELPHI background-like

ALEPH ALEPH DELPHI L3 L3 OPAL LHWG

PLB 495 (2000) 1 PLB 526 (2001) 95 (Dec. 2001) PLB 499 (2000) 23 PLB 495 (2000) 18 PLB 517 (2001) 319 (June 2001) PLB 499 (2000) 38 CERN-EP/2001-055

� DELPHI and OPAL working towards final SM publication (summer 2002) � then final LEP-Higgs Working Group combination ...

Page

Page 1313

2 Higgs Doublet Models

for example: MSSM

g_{hff}∝ cos α ⇒ fermiophobic for α=π/2 i.e. might couple only to bosons, not to fermions

Page

Page 1414 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

...exclusion for any α ...

parameter scan in 2HDM:

Parameter Scan in General 2HDM

Parameter Scan in General 2HDM_{OPAL-PN475}

Page

Page 1515 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

...the other two projections ...

Parameter Scan in General 2HDM

...scan will be done for LHWG combination when all inputs available (summer 2002 ?)...

Page

Page 1616

MSSM Higgs Searches

MSSM Higgs Searches_{LHWG summer 2001}

hep-ex/0107030

from hZ searches from hA searches

Page

Page 1717 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

� no mixing scenario almost entirely excluded... � large-μ scenario: completely excluded with flavour-indep. searches

MSSM Higgs Searches

Theorie LHWG-March 2001 LHWG-July 2001

Page

Page 1818 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

Search for Charged Higgs

at 95% CL for any Br (H^+→ τ^+ν): m_H^{+-} > 78.6 GeV (obs) m_H^{+-} > 78.8 GeV (exp.)

...further investigations and comparisons ongoing ...

Page

Page 1919

Search for H

Search for H^{+-+-} → W^*A

In 2HDM type I:

H^{+-}→W^{*+-}A^0 dominates � for tan β>1 � if kinematically allowed

� search in LEP2 data for H^+H^- → W^*A W^*A → qqbb qqbb H^+H^- → W^*A W^*A → lνbb qqbb H^+H^- → τν W^*A → τν qqbb

OPAL-PN472

Page

Page 2020

Fermiophobic Higgs Searches

� In 2HDM - type I Higgs coupling to fermions can go to zero (→ ` fermiophobic higgs') � increase of bosonic Higgs decays (Br(H→ γγ)≈0.1% for m_h=90 GeV)

LHWG-summer 2001 hep-ex/0107035

At SM production rate (and 95% CL): m_h > 108.2 GeV (obs.) and Br(h → γγ) < 6% m_h > 109.0 GeV (exp.)

Page

Page 2121

Fermiophobic Higgs Searches

L3 final publication

CERN-EP/2002-010 submitted to PLB

At SM production rate (and 95% CL): m_h > 105.4 GeV (obs.) m_h > 105.3 GeV (exp.)

Page

Page 2222

Anomalous Higgs Couplings

L3 note 2698 on LEP2 data: studying H → γγ events limits on d, d_B Δg_1^Z, Δκ_γ, Γ(H → γγ) and Γ(H → Zγ)

Page

Page 2323 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

if very small a) suppressed if b) suppressed ...then ... c) might be dominant process

(possible in 2HDM type II)

...here search for bbττ ...in LEP1 data...

CERN-EP/2001-077(OPAL)

Search for light Higgs Yukawa Production

Page

Page 2424 Arnulf Quadt - Moriond EW 9.-16.3.2002 Higgs Searches at LEP

� assume 2HDM with SM particle content � calculate Br(H → ττ) including mixing of h/A with bb states

light Higgs h/A could change anomalous magnetic moment

via loop diagrams

at times 2.6 σ excess was interpreted as indication for new physics with

excluded for m_h= 4.0-10.7 GeV m_A= 4.0-9.9 GeV

... but one-/two-loop dependence ...

...one-loop < two-loop, opposite sign, h and A have opposite sign ...

Yukawa Production of a light Higgs

Page

Page 2525

e^+e^- → H^{++} H^{--} with H^{++} → l^+l^+, l=e,µμ,τ ... predicted by LR sym. models with B/L violation ...

assume short lifetime, i.e. Yukawa coupling h_{ττ} > 10^{-7}

(other cases covered by GMSB searches- kinks, impact parameter)

indir.coupling constraints from:

H^{++}→ e^+e^- from Bhabhas H^{++}→ µμ^+µμ^+ from muonium (µμ^+e^- ↔ µμ^-e^+) H^{++}→ e^+µμ^+ from decays μµ^+ → e^+e^-e^+

614 pb^{-1} of LEP2 data @ =189 GeV and 209 GeV

CERN-EP/2001-082(OPAL)

DELPHI-Moriond'02 note

Search for Doubly Charged Higgs

Page

Page 2626 assume Br(H^{++}→τ^+ τ^+) = 100% ⇒ limit on

compare with model ⇒ limit on masses:

OPAL / DELPHI m(H_L^{++}) > 99.0 / 99.6 GeV m(H_R^{++}) > 98.5 / 99.1 GeV

+

Search for Doubly Charged Higgs

Page

Page 2727

Conclusion

� LEP experiments still very active on Higgs searches � several new analyses presented (mode-independent, 2HDM, Yukawa, W*A, H^{++}, ...) � final publications are rolling in � final SM and MSSM results, also for LHWG combination, expected for summer conferences