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IntroductionNEW RESULTS: FIRST TIME PUBLIC Introduction

LEP t d i 2000 ft 10 th till

HERE @ La Thuile !!!!
LEP stopped in 2000: after 10 years there are still some 
uncovered analyses

Theoretical hints for a missed low mass Higgs in a 
region NOT accessible to the LHC programg p g

Hard to look at the archived data. It was an 
h l larchaeological exercise

Re lt e the bje t of e entl bmitted p ep intResults are the subject of a recently submitted preprint 
(2 days ago!!!) by the ALEPH Collaboration:  
arXiv:1003.0705v1 (to be submitted to JHEP)
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LEPLEP

ATLAS and CMS cavern 
started the excavation 
directly above the LEP 

tunnel in the last days of 
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Higgs production at LEPHiggs production at LEP

Higgs primarily produced higgsstrahlung processHiggs primarily produced higgsstrahlung process
‣ kinematic upper bound for production ~115 GeV
‣ in that mass range, standard model Higgs decays dominated by 
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Higgs Searches at LEP
Searches dominated by H bb ττSearches dominated by H→bb, ττ

Direct searches for Standard Model Higgs put a limit at M >114 4 GeVDirect searches for Standard Model Higgs put a limit at MH>114.4 GeV 
Decay independent limit (from Z recoil) at 82 GeV
Excesses observed at 98 and 115 GeV but < 3σ
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Higgs SearchesHiggs Searches

Electroweak fits prefer a Higgs lighter than 100 GeV
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Higgs SearchesHiggs Searches
Electroweak fits prefer a Higgs lighter than 150 GeVElectroweak fits prefer a Higgs lighter than 150 GeV
No indication of new Physics below the TeV scale

Introduce fine tuning problems for SM and MSSM

LEP paradox:
Hard maintain naturalness if mH<150 GeV and new 
Physics (SUSY) at the TeV scalePhysics (SUSY) at the TeV scale

This has motivated theories with extended Higgs sectors 
or next-to-minimal supersymmetric extension to the SM
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How could we have missed the Higgs at LEP?How could we have missed the Higgs at LEP?

f h d ll h dif the production cross-section were smaller than expected
this has direct implications on how the Higgs couples to the 
Z and its role in EWSBZ and its role in EWSB

or maybe it decayed into something exotic that the standard         
analysis missed

Is that difficult to achieve?  
No, the Hbb coupling is quite small.  It doesn’t take much 
f d d d i h bb dfor a new decay mode to dominate the bb mode.

would the existing analyses have seen it?
it depends: in some existing searches may still be sensitiveit depends: in some existing searches may still be sensitive
but there is no easy and accurate way to determine the 
efficiency of existing analyses to alternative models
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LEP limits for H2Z→ H1 H1 in the H1 H2 plane
(f i H1 d l )(for issance  H1 = pseudoscalar a)
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Higgs reconstruction in 4 tausHiggs reconstruction in 4 taus 

e+e- →HZ →aa ll → ττττ lle e HZ aa ll ττττ ll
At LEP the centre-of-mass energy is known
M as recoil to Z: clean topologyMH as recoil to Z: clean topology
4-vector constraint for neutrinos
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ALEPH 
Simulated eventSimulated event
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Monte Carlo simulationMonte Carlo simulation

More than 10 years of running in a very clean 
environment and tuning MC to data 
V d d i ti f SM i th ALEPH MCVery good description of SM processes in the ALEPH MC
2 important background processes for this search:

4 f i4 fermions
γγ 
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Monte Carlo simulationMonte Carlo simulation
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Events selectionEvents selection
Z ll + e+e-Z →ll = μ+μ−, e+e- , νν
H → aa → τ+τ− τ+τ−

Two back-to-back jets of a → τ+τ− collimated due to the lowj
a mass

Jet reco by Jade algorithm 
clustering with Mjet<15 GeV

τ selection with track multiplicity (one prong – three prong):
Each jet with 2 4 or 6 tracks (72% 25% 3%)Each jet  with 2, 4 or 6 tracks (72%, 25%,3%)
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H 4τ and Z μ+μ− e+e-H → 4τ and Z → μ+μ , e+e-

LOOSELOOSE
Two muons /electrons identified with opposite charge
| cosθj1| < 0.9, | cosθj2 | < 0.9 for a proper| cosθj1| < 0.9, | cosθj2 | < 0.9    for a proper 
containment of the jet in the tracking volume 
cosθjl < 0.95       for a good lepton isolation
Mi i E 20 G VMissing Energy > 20 GeV
Additional photons from f.s.r. added

-----------------------------------------------------------
FINAL

80 < MZ < 102 GeV/c2
Z

cos θj1j2 < 0      jets back to back
Ntrack = 2 or 4 for each jet
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H→ 4τ and Z → ννH→ 4τ and Z → νν
LOOSELOOSE

Evis > 0.05 Ecm                                                       reject the γγ background
|cos θmiss| < 0.9  missing momentum     ..           ..         .. 

10 G V/ 2 dij i imj1j2 > 10 GeV/c2  dijet invariant mass 
| cosθj1| < 0.85, | cosθj2 | < 0.85
cos θj1j2 < 0                                       jets back to back j j
Ej1 > 25 GeV                                       highest energy jet

---------------------------------------------------------------------------------
FINALFINAL 

Ej1 + Ej2 + miss(E) > Ecm − 5 GeV     rejected events with events 
with energy deposits in the forward regions of the detectorwith energy deposits in the forward regions of the detector
Miss(E)>60 GeV and miss(m)>90 GeV/c2  Consistency with Z → νν
Ntrack = 2 or 4 for each jet
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Selected events: efficiencySelected events: efficiency

The upper (lower) portion of the efficiency 
band corresponds to ma = 4 (10) GeV/c2 (ma =  10 GeV/c2)
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Expectation for m =100 GeVExpectation for mh=100 GeV
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Discovery potential: 5σ sensitivity 
in an un-excluded region
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Loose selection: H → 4τ ,  Z → μ+μ−, μ μ
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Final selection: H → 4τ ,  Z → μ+μ−a se e o τ , μ μ
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Loose selection H→ 4τ , Z → ννLoose selection H→ 4τ ,   Z → νν
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Final selection H→ 4τ Z → ννFinal  selection H→ 4τ ,   Z → νν
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Selected events: No Excess observedSelected events: No Excess observed
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Results: Limit onResults: Limit on 
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2d Limits on2d Limits on 
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ConclusionsConclusions
A search for the Higgs boson produced via higgsstrahlung at LEP2A search for the Higgs boson produced via higgsstrahlung at LEP2 
energies has been performed, where h → aa → τ+τ− τ+τ− and
Z →ll = μ+μ−, e+e- , νν

No evidence for an excess of events above background was observed
limit on the combined production cross section times branching ratio,    
( + Zh) B(h ) B( )2 i t dσ(e+e− → Zh)×B(h → aa )×B(a → τ+τ−)2 is presented.

For mh < 107 GeV/c2 and 4 < ma < 12 GeV/c2 the quantity ξ2 < 1 is 
l d d t 95% CLexcluded at 95% CL

This analysis covers a region of parameter space previously left 
l d l 86 107 G V/ 2 d 4 12 G V/ 2unexplored: namely  86 < mh < 107 GeV/c2 and 4 < ma < 12 GeV/c2, 

which further constrains models with non-standard Higgs decays, such 
as the NMSSM
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Back up slidesBack-up slides…..
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Limits vs TheoryLimits vs Theory
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Setting Confidence Limits: CLSetting Confidence Limits: CLb

CLb is close to one in presence of big 
fluctuation of bkg (signal?)g ( g )
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Setting Confidence LimitsSetting Confidence Limits

CLs is close to one  when we are not able 
anymore to distinguish signal fromanymore to distinguish signal from 
background = signal NOT excluded
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Setting Confidence LimitsSetting Confidence Limits

Method: 3 final states f = μ+μ−, e+e- , νν
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Choice of Jet AlgorithmsChoice of Jet Algorithms
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ALEPH Higgs Searches
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Summary of similar LEP 
searches
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mh ma limitsmh-ma  limits
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OPAL low mass searchesOPAL low mass searches
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~ 10 times 

LEP
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The ALEPH detector: a piece of historyThe ALEPH detector: a piece of history
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Blind AnalysisBlind Analysis
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Blind Analysis: control samplesBlind Analysis: control samples

M(e+e-)
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SystematicsSystematics
Gi th l b f l t d t th fi lGiven the low numbers of selected events, the final 
measurements are statistically limited
Z →μ+μ−, e+e-μ μ ,

total systematic uncertainties (from lepton Id) are 0.6%, 
2.6% and 7.5% for the signal, ZZ, and Zee backgrounds.
Overall 10% background uncertainty for the other channelsOverall 10% background uncertainty for the other channels

Z → νν
Efficiency error was 5% for the signal and 10% for ZZ, and 
it is between 30% and 100% for the other background 
processes. 
Overall 30% background uncertainty for the other channelsg y

With Loose cuts data and MC agree within these errors
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M(μμ): Data vs MontecarloM(μμ): Data vs Montecarlo

Data

MC ZZ

Loose selection

MC ZZ

MC WW

MC μμ

MC qq

MC γγ
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Recoil Mass: Data vs MontecarloRecoil Mass: Data vs Montecarlo
Loose selection

Data

MC ZZ|M(μμ)-M(Z)| < 3 σ

Loose selection

MC ZZ

MC WW

MC μμ

MC qq

Recoil Mass(GeV)

MC γγ
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Loose selection: H → 4τ , Z → e+e-Loose selection: H → 4τ ,   Z → e e
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Final selection: H → 4τ Z → e+e-Final selection: H → 4τ ,   Z → e e
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