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Overview

Introduction

� presentation of results from
arXiv:1304.2591 [1]

� set Higgs limits using Φ0 → ττ final
states

� determine model independent
σΦ0 × BΦ0→ττ Higgs upper limits

� determine MSSM Higgs limits on
tanβ as a function of MA0

� data from LHCb Z → ττ
cross-section analysis

� JHEP 01 (2013) 111 [2]

� full 2011 dataset

� L = 1 fb−1
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Overview

Detector
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Overview

Signals and Backgrounds
leptonic semi-leptonic
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† EWK is a single hard lepton from an EWK boson and does not include Z → ττ , Z → ``, tt̄, WW
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Analysis

Reconstruction and Selection

� triggers

� muon (pT > 10 GeV)

� electron (pT > 15 GeV)

� muon

� muon track

� electron

� large EECAL/p

� small EHCAL/p

� hadron (single-pronged)

� small EECAL/p

� large EHCAL/p

isolated back-to-back

lifetime pT asymmetry
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Analysis

Signal and Background Estimation

� Φ0 → ττ , Z → ττ , tt̄, and WW

N = L · σ · B · A · ε
� luminosity (L ) from Van de Meer scan and beam-gas imaging

� cross-sections (σ), branching fractions (B), and acceptances (A)
from theory

� efficiencies (ε) from data using tag-and-probe methods

� simulated shape corrected for efficiencies and detector resolution

� QCD and EWK

� fractions from same-sign template fit of ∆pT distribution

� shape from isolated sideband (QCD) and simulation (EWK)

� Z → ``

� shape from sidebands, normalization from peak or mis-id rates
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Analysis

Theory Calculations

� Z → ττ cross-section with Dynnlo

� SM cross sections at
√
s = 7 TeV

with dfg [4]

� NNLL QCD contributions, NLO
electroweak contributions

� MSSM cross sections using mmax
h0

scenario at
√
s = 7 TeV

� gg-fusion at NLO/NNLO with
Higlu [5] and ggh@nnlo [6]

� associated bb̄ at NNLO in QCD
with bbh@nnlo [7]

� branching fractions with
FeynHiggs 2.7.4 [3]
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Data

Observed τµτµ [arXiv:1304.2591]
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Z → ττ 79.8± 5.6
QCD 11.7± 3.4
EWK 0.0± 3.5
tt̄ < 0.1± 0.1
WW < 0.1± 0.1
Z → `` 29.8± 7.0

Total 121.4± 10.2
Observed 124

SM× 100 3.9± 0.5

� secondary background: Z → µµ

� primary systematic: (5.8%) Z → µµ background estimation

Ilten (UCD) LHCb Neutral Higgs Limits April 23, 2013 8 / 16

http://arxiv.org/abs/1304.2591


Data

Observed τµτe [arXiv:1304.2591]
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Total 417.9± 26.7
Observed 421

SM× 100 11.9± 1.6

� secondary background: EWK

� primary systematic: (3.9%) electron efficiency
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Data

Observed τeτµ [arXiv:1304.2591]
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� secondary background: QCD

� primary systematic: (3.6%) electron efficiency
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Data

Observed τµτh [arXiv:1304.2591]
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� secondary background: QCD

� primary systematic: (3.5%) luminosity
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Data

Observed τeτh [arXiv:1304.2591]
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� secondary background: QCD
� primary systematic: (3.5%) electron efficiency
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Data

Observed Combined [arXiv:1304.2591]
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Results

Statistics

� extended likelihood using mass shape

Lextended(~x|µ, ~θ) = e−(Nb+µNs)
Nobs∏
i=1

F
(
~xi|µ, ~θ

) Nθ∏
j=1

φ(θj)

~x ≡ observables (mass) µ ≡ signal strength
~θ ≡ nuisance parameters F ≡ expected mass distribution

� systematics as absolute scale nuisance parameters

� mass resolution as shape morphing nuisance parameters

� profile likelihood ratio with asymptotic limit

qµ =


−2
[

LL
(
~x|µ,

ˆ̂
~θ

)
− LL

(
~x|µ̂, ~̂θ

)]
µ̂ ≤ µ

0 µ̂ > µ

� upper limits calculated at CLs = 95%
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Results

Limits [arXiv:1304.2591]
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Conclusion

Conclusion

� full analysis of neutral model independent Higgs and MSSM Higgs

� σΦ0 × BΦ0→ττ exclusion in the forward region, 2.0 ≤ ητ ≤ 4.5

� 8.6 pb at MΦ0 = 90 GeV

� 0.7 pb at MΦ0 = 250 GeV

� nearly two orders of magnitude above SM expectation

� MSSM mmax
h0 exclusion

� tanβ = 34 GeV at MA0 = 90 GeV

� tanβ = 70 at MA0 = 140 GeV

� LHCb has the capability to detect Higgs like particles in the
forward region

� important for investigating models with forward production
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Cross-Section

Cross-Section [JHEP 01 (2013) 111]
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