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Resources

e ATLAS

— Expected Performance of the ATLAS Experimelnrt,
Detector, Trigger and Physics (CERN-OPEN-2008-020,
December 2008).

« CMS

— CMS Physics Technical Design Report, Volume II: Physics
Performance (Phys. G: Nucl. Part. Phys. 34 995, April
2007).
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Final States
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Backgrounds:

— reducible: tt+jets
— irreducible: ttbb from QCD or EW

— other backgrounds: W+jets, tW and QCD
multijet production not considered
(negligible if 4 b-tags requirement applied)

Final states grouped by W boson decays

Experimental ttH(H—bb) Status

all-hadronic: highest branching fraction
with 43% but difficult to trigger on

fully-leptonic: simpler signature to trigger
but branching fraction of 5% very low and
two neutrinos prevent top mass
reconstruction

semi-leptonic: good compromise with
branching fraction 28% (excluding taus)
» complex final state: one isolated lepton
(trigger), high jet multiplicity (6 jets) with 4
b-tags, missing energy from neutrino

Simon Dean
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Preselection

e Analyses consist of preselection followed by reconstruction of
top quark pairs and Higgs boson

— ATLAS uses three different approaches: cut-based, pairing
likelihood, constrained fit

— CMS follows pairing likelihood approach
e trigger requirement: single lepton trigger
e offline selection
» exactly one isolated lepton
— ATLAS: p>20/25 GeV for e/u, Iml < 2.5
- CMS: p>20 GeV,
e high multiplicity jet selection
— ATLAS: at least 6 jets (cone algorithm R = 0.4) with Inl < 5.0 and

pr> 20 GeV
— CMS: 6 or 7 jets (cone algorithm 6R = 0.5) with Iml < 3.0 and p; >
20 GeV
* Jets with 10 GeV < p; <20 GeV allowed if there are two associated
tracks

e atleast 4 b-tagged jets

— ATLAS applies a "loose" b-tag at this stage:
* loose b-tag: eff ~ 85% and light (charm) jet rejection = 8.6 (2.4)
* tight b-tag: eff ~ 65% and light (charm) jet rejection = 60 (6)

— CMS applies a b-tag with 70% efficiency

light jet rejection
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ATLAS Cut-based

Tight b-tagging applied
Hadronic W: candidates from all pairs of jets excluding the
highest four b-tagged jets

Leptonic W: p, (neutrino) determination from lepton and missing
ET constraining invariant mass to mass of W

Mass window cuts: hadronic W and top quark candidates within
+ 25 GeV of their nominal masses

tt system: select combination of two b-jets and W boson
candidates which minimises:
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with 6, = 13 GeV, 6., = 19 GeV 5
Higgs: remaining b-jets assigned to Higgs decay, only events in g
low mass range of 90 - 150 GeV are considered to estimate =4
significance &
o}

Accepted G, = (1.00 + 0.03) fb
S:B =0.11
Irreducible background contribution (ttbb): 46 %
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ATLAS Multivariate Approaches

e Pairing Likelihood: £
— several topological distributions of top system as input for a likelihood: My, My, My, O0R(qq,b),
OR(1,b), angle(j,j)
— combination which maximises the likelihood output is used, remaining b-jets associated to Higgs
decay — rejection of combinatorial background

Accepted G, = (1.20 + 0.04) £b
S:B=0.10
Irreducible background contribution (ttbb): 45%

e Constrained Fit:
— fit to adjust lepton and jet momenta and missing ET to give W and top quark masses

— two-step likelihood:

* 2 output of fit, event kinematics, jet charge and b-tag weights (only "loose" requirements for candidates)
used as input

» signal events then separated from background events in second likelihood step
— rejection of combinatorial and physics background

Accepted G, = (1.30 £ 0.05) fb
S:B=0.12
Irreducible background contribution (ttbb): 50 %
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ATLAS Approaches Comparison
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e Comparison of ability to
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at their working points: |

| Cut Based | Pairing likelihood | Constrained fit |

b jet from Hadronic top correct 44.44+1.1% 49.24+1.1% 51.0+1.5%
Cut of b jet from Leptonic top correct 50.54+1.2% 57.44+1.1% 56.24+1.5%
Higgs boson jets correctly chosen 20.44+1.0% 34.0+1.0% 32.0+1.4%
90 GeV < my,;, < 150 GeV F::I:urbquarks correct | 23.3+1.0% 27.5+1.0% 27.1+1.3%
Higgs boson mass peak resolution, GeV 22.8+1.6 20.1£1.1 22.3+2.1
app]ied Signal Efficiency 2.04+0.05% 2.3240.05% 2.491+0.07%
Signal to background 0.110+0.014 0.103+0.014 0.12340.019
s/+/b, 30fb~! 1.82 1.95 2.18
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CMS Likelihood Approach

e All decays (all-hadron, semi-leptonic, dilepton)

considered
— Semi-leptonic analysis described here E 3_:§
* Leptonic W: p, (neutrino) determination from lepton and af
missing ET constraining invariant mass to mass of W 25 :
e Use likelihood to choose best tt system, based on masses, i: JEINTEITE SN
b-tagging and event kinematics: & aas Al SUE
NE
L vent = L prass X Lbfn& X Lgine- NI Ii
* 'I'woremaining jets with highest b- T L
tagging discriminator comprise the
Higgs
e b-tagging then tightened to reject % 25 wesol i
background P % s00F — tiNj 3
& [ Q.. F = ttbb ]
120 GeV Higgs working point: g f g =0 1z
c [ £ 200F
Accepted Gy, = (1.27 £ 0.06) fb S o 5 1s0f
S:B =0.08 : 100f
C 50F
Irreducible background of T -
contribution (ttbb): 40% 0 50 100 150Hig2g(?som jsio[ei?/?&]sso 0 50 100 150Hig2gosom jsio[eig{/)c?]sso
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Systematic Uncertainties

i =i I I I Tt I I I =
* Systematic uncertainties due to detector effects E 3 ATLAS 3
— jetuncertainties (jet energy and b-tagging) — crucial £ 18f (Semileptonic only) 3
impact on reconstruction of tt system and correct @ = cu-besses] =
identification of b-jets used for analysis £ 3 paiing Muanod 3
. . == congfrained mass il =
— ATLAS table of systematics 3 E
Source Cut-based Likelihood Constrained fit E_ \ _E
signal | background | signal | background | signal | background 3 e, 3
energy scale | + 9% £ 5% + 9% + 14% £ 9% + 8% 3 H"'““'—'—-—-—-_._.i
Jet resolution | +0.3% | +7% +1% | +£55% | +5% | +14% T T T T T T
bag | £16% | £20% | +18% | £20% | £16% | +20% O g b T S T S e e s e T s
bmis-tag | +08% | +5% |+11% | +3% +3% | +10% A BB
— CMS uses standard systematics
o« Jet energy‘scale: 3-10% depending on py 8 CMS
* Jetresolution: 10% cC 3| 1
* b-tagging: 4% o (All tt decays considered)
* light-jet rejection: 10% —
e Luminosity: 3% c > |
e theoretical uncertainties: large for signal and B
background but can be reduced by making direct n
measurements Ly
* Background estimation from data necessary!
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More Recently

Jet studies within ATLAS have ol
shown that anti-k| 1s more effective :
than cone. 0L

e Recent publication "Fat Jets for a ).
Light Higgs" (Plehn, Salam, ' 07 10 200 300 400 00 600 G;;Tiﬂ{]
SpannowskKy) et

e [ook for hard j@tS (pT>200 GeV) 06 L dojdmgg [b/5 GeV] ; rH - _
e Use subjet techniques to i1dentity ij 2222

highly-boosted hadronic tops and 02 -
Higgs o N

e Predicts a boost of signal
significance from ~2 to ~4-5

e Reduced systematic errors from jet
cnergy scale, b—tagging 30 60 00 120 150 180

m; [GeV]
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Conclusion

Accepted signal cross-section of ~1 fb can be found with statistical
significance of ~2 before systematics considered

Much lower (~0.4-0.5) after systematics are considered

Broad Higgs mass peak (due to combinatorial background) on top of
large backgrounds

Large systematic uncertainties — background normalisation from
data!

Possible improvement when looking at highly-boosted regime...
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