Stefan Söldner-Rembold 24 January 2001 NIKHEF

DEZOEKTOCHTNAARHETHIGGSBOSON

Higgs

Stefan Söldner-Rembold NIKHEF 2

De zoektocht naar het Higgs boson find a Higgs: 9 papers

find t Higgs: 5099 papers....

Stefan Söldner-Rembold Wuppertal 2

Stefan Söldner-Rembold NIKHEF 3

De zoektocht naar het Higgs boson

Higgs Mechanism in the SM:

Higgs Field

scalar doublet electromagnetic field U(1) symmetry weak fields

SU(2)_L

ϕ^+ B W^+

ϕ^0

W^- W^0

3 degrees of freedom of the Higgs field

become the longitudinal polarisations

of the W and Z Bosons

γ,W^+,W^-,Z,H

1 complex

4th degree of freedom Higgs mass free parameter......

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 4

Elastic WW scattering at tree le vel:

σ_{WW} ∞→

m_H ∞→ for

Unitarity:

m^2_H 2π 2 G_F

-------------- 850GeV ( )^2 ≈ ≤

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 5

Λ: scale of ‘new physics’

Planck scale

100

~λ upper boundary: λ Λ( ) ∞< lower boundary:

stable el-weak vacuum

If the Higgs mass lies outside the region 130-190 GeV, new physics beyond the SM exists below the GUT scale

GUT

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 6

Indirect determination of the Hig gs mass

electroweak radiative

~m^2_t ~ln(m^2_H/GeV^2)

BES data inc luded corrections:

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 7

Higgs pr oduction at LEP

Higgs-Strahlung

WW fusion

E_{cm}=206 GeV mH=115 GeV =>σ HZ ~0.05 pb L_{ADLO}(E_{cm}>206 GeV)~500 pb^{-1} => 25 signal events

(only Z->νν channel)

(GeV)

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 8

Chronica de una m uerte anunciada:

• 27 July: ICHEP2000, Osaka:

no signal (~120 pb^{-1} at E_{cm}>206 GeV) LEP run in ‘Higgs discovery mode’ until beginning of october • 5 September: LEPC

ALEPH observes events in 4 jet channel (3.9σ ); ADLO: 2.6σ LEP run extended 3 November • 3 November: LEPC

ALEPH: 3.9σ -> 3.4σ due to corrections L3: strong bbνν candidat ADLO: 2.9σ, LEP run in 2001 ?

Osaka

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 9

The LEP success stor y:

only 2000

only OPAL

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 10

Background: L γγ

qq WW ZZ H

−> hadrons

How do I recognise a Hig gs ? • kinematics (e.g. E_{vis}) • Identification of the final state (b-tagging) Higgs tagging onlypossib le on statistical basis

Stefan Söldner-Rembold NIKHEF 11

De zoektocht naar het Higgs boson

b tagging

• Secundary vertices (Si tracker) (B lifetime ~ 1.5 ps) • Tracks with large impact parameters • Jet properties • Leptons with large transverse momentum (b->clν) • syst. error: b-jets ~ 5%, udsc-jets ~2%

~mm B meson

Stefan Söldner-Rembold NIKHEF 12

De zoektocht naar het Higgs boson

e^+e^- -> HZ (Topologies)

4 jets Missing ener gy

Leptonic τ channel

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 13

m_h^{rec}=114.3 GeV

bbqq

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 14

q q γ

γ e

e Background:

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 15

• Kinematic 5C fit in the 4 jet

channel: energy/momentum conser vation M(jet-jet)=M_Z • Best Jet-Jet combination

determined with a likelihood method • sharp kinematic edg e at

m_H=(206-91.2) GeV~115 GeV

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 16

Statistics: Goal: Combine the data of all 4 LEP experiments

INPUT: -reconstructed mass -global variable G (b tagging,kinematics)

G s_i/b_i

How is the event ranked with respect to the “s+b” and the “only b” Hypothesis ?

Q m_H( ) L s b+( ) L b( ) --------------------- =

Q m_H( ) ln– Σs ΣN_i 1 s_i m_H( ) b_i

----------------- + ln – = m_2^{rec} m_2^{rec} for all channels and all cms energies

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 17

1σ 2σ

test mass median e xpected

1-CL_b: Inconsistency with ‘b’ hypothesis

1-CL_{S+B}: Inconsistency with ‘s+b’ hypothesis

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 18

P.Igo-Kemenes, LEPC-Seminar, 3.11.2000

2.9 sigma

m_H 115

+1.3 0.9 – GeV = ist consistent with SM cross-section

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 19

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 20

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 21

contributions fr om single

per experiment per channel

-2ln(Q)Σ̃ln(1+s_i/b_i) ‘weight’ candidates:

Stefan Söldner-Rembold NIKHEF 22

De zoektocht naar het Higgs boson

What is expected for a Higgs mass of 115 GeV ?

ADLO=4xDELPHI

A Higgs at 115 GeV influences smaller test masses !

Also no bias expected due to kinematic limit.

Stefan Söldner-Rembold NIKHEF 23

De zoektocht naar het Higgs boson

Mass distrib utions...

loose

Selection:

medium

hard

only contain par t of the information.

ADLO

Stefan Söldner-Rembold NIKHEF 24

De zoektocht naar het Higgs boson

Comparable contribution to signal from events with s/b>1 und s/b<1 !

ADLO expectation for s/b>1:

4 Jets E_{miss} Lepton Tau

0.93 0.30 0.35 0.14

1.60 0.46

0.68

0.29

Background Signal

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 25

3 b tags, m_h^{rec}=112.9 GeV

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 26

206.6 GeV 208.2 GeV only background

signal plus background

Stefan Söldner-Rembold NIKHEF 27

De zoektocht naar het Higgs boson

Press Release of the Director General:

8. November 2000: After extended consultation with the appropriate scientific committees, CERN’s Director-General Luciano Maiani announced today that the LEP accelerator has been switchedoffforthe last time.

..tantalising signs of possible new physics led to LEP’s run being extended until 2 November.

At the end...LEP ..had produced a number of collisionscompatible withthe productionofHiggs particles...These events were also compatible with other known processes.

The new data was not sufficiently conclusive to justify running LEP in 2001, which would have inevitable impact on LHC construction...

final decision by CERN council: 17. November

Stefan Söldner-Rembold NIKHEF 28

De zoektocht naar het Higgs boson

• OPAL, accepted by PLB 12 Jan 2001

Search for the Standard Model Higgs Boson in e^+e^- collisions at sqrt(s)=192-209 GeV • DELPHI, accepted by PLB 12 Jan 2001

Search for the Standard Model Higgs Boson at LEP in the year 2000 • ALEPH, Phys. Lett. B495 (2000) 1

Observation of an Excess in the Search for the Standard Model Higgs Boson at ALEPH • L3, Phys. Lett. B495 (2000) 18

Search for the Standard Model Higgs Boson in e^+e^- Collisions at sqrt(s) up to 202 GeV

Main Changes wrt preliminary results: ALEPH significance slightly reduced due to additional luminosity and 2-dim correlations L3 has published candidates but reprocessing needed for LEP Higgs combination paper

All4 LEPexperiments have published:

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 29

Higgs pr oduction in pp/ pp scattering:

pb

1 pb 0.3 pb

0.1 pb

0.005 pb

Tevatron

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 30

Discovery of the Higgs boson at the T evatron ?

expected luminosity:

(S. Holmes, ICFA seminar 1999):

• End of 2006: ~11 fb-1 • End of 2007: ~15 fb-1

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 31

Branching ratios:

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 32

Discovery of the Higgs boson at the LHC ?

H->γγ 100fb^{-1}

2005: pilot run 2006: ~1 fb^{-1} 2007: ~10 fb^{-1} ATLAS+CMS: 5σ for 10 fb^{-1}/expt.

Stefan Söldner-Rembold NIKHEF 33

De zoektocht naar het Higgs boson

Light Higgs at the Compton Collider:

G. Jikia, SSR, Nucl.Phys.Proc.Suppl.82 (2000) 373

any massive & charged particle in the loop

~2 % precision on two-photon width

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 34

MSSM Higgs bosons:

Two Higgs doub lets=>

5 Higgs par ticles

• h_0: light CP-event Higgs • H_0: heavy CP-odd Higgs • A_0: CP-odd Higgs • H^+,H^-: charged Higgs

m_{h0}<~135 GeV

σ =sin^2(β-α)σ^{SM}

tan β=v_1/v_2 (vacuum expectation value) α: mixing parameter

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 35

BR(H^+->τ^+ν_τ)+BR(H^+->cs)=1

τντν

τνcs

cscs

2 leptons

2 jets, 1 lepton +E_{miss}

4 jets

+ E_{miss}

WW wall

L3 discrepancy around 70 GeV under investigation..

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 36

Max-m_h Scenario..

m_h>89.9 GeV (expected 93.8 GeV) m_A>90.5 GeV (expected 94.1 GeV)

0.52<tanβ<2.25 also studied: ‘‘invisible’’, fermiophobic...

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 37

Not everything is Higgs....

De zoektocht naar het Higgs boson

Stefan Söldner-Rembold NIKHEF 38

Summar y

• LEPobserves a 2.9 σ indicationforthe productionofa Standard Model Higgs bosons with a mass of about 115 GeV.

• 3/4 experiments (ALO) and 2/4 channels (4 jet, E_{miss}) are ‘‘s+b’’ like • AllfourLEPexperimentshave publishedtheirresults before Christmas.

The LEP Higgs publication is expected in February. • The race between the Tevatron and LHC has started, confirming or disproving the LEP observation until 2006/2007.

• Higgsproperties oralternative scenarioswithoutHiggscan be tested at TESLA (also interesting forγγmode)