Precision Higgs boson mass determination at photon-photon colliders

T.Ohgaki

Lawrence Berkeley National Laboratory

1. Higgs boson at photon-photon colliders 2. How can we determine Higgs boson mass? 3. Calculation results 4. Problems 5. Summary

Introduction

• Higgs boson at photon-photon colliders h→γγ

• Search Broad energy distribution of luminosity

D.L.Borden et al. SLAC-PUB-5715

• Precision measurement )( bbhB →Γ^{γγ} within 6,7%

D.L.Borden et al. Phys. Rev. D48, 4018 (1993)

T.Ohgaki et al. Phys. Rev. D56, 1723 (1997)

* , , ,, 2 WW gg ccbb m m^w h − + < ττ

Time table

Discovery Run

LHC, LC Light Higgs boson

Heavy Higgs bosons, SUSY particles (LC option) γγ Collider Precision Run LC Light Higgs boson Cross-section for Zhee →^{−+} )(/)(),(/)

( bbhBggcchBbbhB hB → + → → →^{−+}ττ GeV100,fb50

MeV,

180^1 = = = Δ^−_{SMh} h m L m 1fb100

MeV,

60^− = = Δ L m_h in threshold region

LHC γγ→→ hgg ^1fb300

MeV,

200^− = = Δ L m_h γγ Collider ? ), ( = Δ → Γ_hm bb h B_{γγ}

Determination of mh and Γh

•mass and width

SM Higgs boson --- mass undetermined by the theory

--- Couplings to fermions and vector bosons are

completely determined

SUSY Higgs boson

Δm^h_0 constraints stop,,tan,^0 mm m^t

A β

How can we determine the Higgs boson mass?

• Measurement of single point using large luminosity Luminosity peak of γγ Collider has the FWHM 10 ∼ 15% Therefore the large backgrounds are included in the region.

• Measurement of multiple points with small luminosity by the method of energy scanning Using the high-energy edge of the photon spectrum, there are no backgrounds in the high-energy region and the number of signal event is decreasing, but S/N is increasing.

Differential Luminosity

Tunable Laser Case x=4.8 mh=100 GeV

Scanning 10 points

Electron Energy from 119 to 128 GeV

Laser Photon Energy from 2.63 to 2.45 eV 3

0

2 1

5 4

85 80 105

90 95 110 100 (GeV) γγs

Calculated Events and Event Selection

• Events Signal bbh →→γγ _{Wh} mm 2< Background )(),( gccgbb→γγ G.Jikia et al. Phys.Rev.D54, 2030 (1996) •Event Selection

% 005.0

%0.49

Vertexing) al (Topologic tagging GeV 105 95 95.0| cos|

cc bb bb M_{jj} < < <θ

Signal 2 2 ) () ( 8 h X h M X hB h → → Γ = → → γγ π σ^{γγ}

Backgrounds

Determining mh

N um be ro fS ig na l

0

800

200 400 600

1000

122 120 124 126 128 118 (GeV)

5fb /point -1

m =100.0 GeV h m =100.2 GeV h m = 99.8 GeV h

Γ^{h SM}=2.2 MeV

Determining Γh

N um be ro fS ig na l

0

800

200 400 600

1000

122 120 124 126 128 118 (GeV)

5fb /point -1

Γ/Γ_{h h SM}=1.1

Γ_{h SM}=2.2 MeV

Γ/Γ_{h h SM}=0.9

m =100 GeV h

Statistical errors of mh and Γh of the SM Higgs Bosons

Δm^{h SM}(MeV) m^{h SM} (GeV) 80 90 100 110 120 140

Tunable 140 120 100 140 170 210

Fixed 140 120 100 170 200 210

ΔΓ^h/Γ^{h SM} m^{h SM} (GeV) 80 90 100 110 120 140

Tunable 0.078 0.067 0.060 0.057 0.057 0.074

Fixed 0.085 0.073 0.066 0.062 0.063 0.081

Tagging efficiency bb 60%, cc 2% m^h=100 GeV, Δm^{h SM}=120 MeV, ΔΓ^h/Γ^{h SM} =0.067

Tunable:Tunable laser energy, Fixed:Fixed laser energy

Problems