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* Observation of a new Higgs-like particle:
— m =126 GeV
— Observed decay into vector bosons: H » yy, H > ZZand H > W*W~
— Not yet observed direct decay into fermions: H - bb and H - 4t~
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H - bb:
— Highest branchlng ratio at low masses
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 Direct production:
— gg fusion and VBF: By far the highest cross-sections
— Suffers from a huge QCD multi-jets backgrounds
« Associated production:
— ttH, WH and ZH: smaller cross-section but cleaner signal
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A word about Jets
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* Jet reconstruction:

— Anti-kt (R=0.4) reconstructed at the EM scale with a global calibration to the
hadronic scale

— Use tracks in the jet to reject jets from pile-up

Uncertainties on the energy scale Jet energy resolutlon
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* Spatial tagging: ATLAS-CONF-2012-043

— B hadrons have a significant flight § 107, 0T 7T T
path length: :

« E(B)~50GeV = L~5mm
— Secondary vertex in jets.

— Tracks with high impact
parameter to the primary vertex.

— Single Neural Network based
discriminant

* Performa:nce: o ; tt simulation,\'s=7 TeV
— b-tagging efficiency: 70% C P15 GeV, <25 |
— Light jet rejection™: ~130 03 04 05 06 07 'E_)fé' o'g 1
— Cc-jet rejection: ~5 ERReliensy

JetFitterCombNNc

------ IP3D+SV1

Light jet rejection

e SVO

*rejection = 1/efficiency
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Analysis:
Selection, backgrounds and limits
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Top: tt, singlﬁcop
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 Signal definition:
— One high p; isolated lepton (e or u):
 Used for the trigger
— High missing transverse energy
— 2 high p b-tagged jets
— Veto events with extra leptons or jets
e Strategy:

— Search for excess in the invariant mass of the two b-jets
distribution
— Splitinto 4 p; (W) bins to enhance sensitivity:
« Different signal to background ration in each bin
- [0,50],[50,100],[100,200] and [200, ]
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LATLAS Background estimation: -
WH - lvbb oo
« Top+jets and W+jets: * QCD Multi-jets: from data
— Shape from MC distribution — E;™ss templates in inverted
— Normalization from control region: lepton isolation region for
* Mpp < 80GeV & 150 < Mpp < 250 GeV WH%IVb
" W3 Jets « Diboson: from MC
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 Exclusion limits:
—3.31t05.9 times the SM

Limits are expressed in terms of the cross-
sections divided by the SM prediction
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« Signal definition:
— 2 high p; same flavor isolated leptons:

» Opposite sign if muons.
 Used for the trigger

— Low missing transverse energy g
— 2 high p b-tagged jets

— Compatibility of the di-lepton invariant mass with a Z decay
— \eto events with extra leptons or jets

e Strategy:

— Search for excess in the invariant mass of the two b-jets
distribution
— Splitinto 4 p(Z) bins to enhance sensitivity:
 Different signal to background ration in each bin
- [0,50],[50,100],[100,200] and [200, o]
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« Top+jets and Z+jets: « QCD Multi-jets: from data
— Shape from_MC distribution | — m,, side-bands
— Normalization from control region: _ Contribution < 1%
* Mpp < 80GeV & 150 < Mpp < 250 GeV .
* my side-bands * Diboson: from MC
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 Exclusion limits:
— 7.7 to 14.4 times the SM
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 Signal definition:

— Very high missing transverse energy
* Used for the trigger

« Confirmed by a missing momentum
measured in the inner detector

— 2 high p+ b-tagged jets
« Back to back with the E; ™
— Veto events with extra leptons or jets

« Strategy:

— Search for excess in the invariant mass of the two b-jets
distribution
— Splitinto 3 E;™* bins:
« Different signal to background ration in each bin
« [120,160],[160,200] and [200, oo]
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&L&;ﬁ,ﬁ Background estimation: ) lﬁ;‘n
S HE

ZH - vvbb o
2 OCE AT AS Praimirant T oma g 3
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 Exclusion limits:
— 3.7 to 10.3 times the SM
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 Signal definition:
— One high py isolated lepton (e or u):
 Used for the trigger
— High missing transverse energy
— At least 4 high p; jets

e Strategy:
— Events categorized according to the
number of b-tagged and non-b-tagged jets:
. lI)D_ifferent signal to background ration in each
1
— Kinematic likelihood fit to reconstruct the
tt pair
— Search for excess in the invariant mass
distribution of the remaining two b-jets
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ttH — qq'lvbbbb e

« Top and dibosons: from MC

o WHjets:
— Shape from MC distributions
— Normalization from data separating different jet flavors
— Use W /W™ assymmetry:

ryc+1 N
NW=(MC

) (NW"' — NW‘)meas where mc = (in)MC

rMC_l

* Multi-jets: from data
— Using Matrix Method with a tight and a loose lepton samples:

Nloose — Nloose real T Nloose fake
Ntight= erealNloose real T efakeNloose fake
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o Exclusion limits:
— 7.0 to 33.0 times the SM
— 7.0 10 16.4 times the SM for m, < 130 GeV
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Uncertainties and Combination
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« Main experimental uncertainties:
— b-jet identification: 0.3 — 5.5%
— Jet and E{™'ss reconstruction: 1.2 — 12.1%
— Background normalization: 1.8 — 4.5%

— Other sources: luminosity, pileup, lepton ID,
c...<3.4%

* Theoretical uncertainties:
— shapes, cross-sections, PDFs, etc...: 0.3 —14.9%
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« The combination uses

only the VH channels: & " = J RRRE
— 9 e Observed (CLs) Vs=7TeV, | Ldt=4.6-471"
_ WH - lVbb E 10:_ ;C|5)>l;:pec’[eccij ((gll__S)) VH(bb), combined

— ZH - llbb = 8 e -
—/H - VVbB g 65— o
* 5 mass hypothesis >k s
considered: : IS
— my, = 110, 115, 120, 2 1
125 and 130 GeV AT

« Exclusion limits: ne e e

m,, [GeV]

— 2.51t0 5.5 times the SM
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Outlook and Conclusion
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4 ATLAS

 Improving m,, resolution:

— Correcting for the semi-leptonic b-jets decay with
muons in jets

— Inclusive jet corrections at parton level
» Multi-variate approach for signal/background
separation: Boosted Decision Tree

— Preliminary MC based studies show significant
Improvement
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« Search for Higgs boson decaying into b-quark pair:

— Three channels included in the final combination:
e WH->lvbb, ZH->vvbb, ZH->lIbb
 Results from ttH were available at a later stage

— Combined limit: 6/0g,,= 2.5-5.5 for m, < 130 GeV

 Analysis to be updated soon

— Additional data still to come:
 Already 15 fbt collected @ 8 TeV
e LHC will run until early 2013

— Improved analysis:
 Improved b-jet energy scale and m,, resolution
 Analysis based on multivariate techniques
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Back-up
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e 2011 data taking: “m
— 93.5% data taking efficiency |
(u) = 9.1 interactions/BC
— 5.25 fb~1 recorded luminosity
« 2012 data taking ==, |
— 93.9% data taking efficiency
(u) = 20 interactions/BC

LAr hadronic end-cap and
forward calorimeters

— 15.4 fb~1 recorded luminosity i
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« W — [lvsystem:
— One charged lepton (e or p):
s pr>25GeV ;
* n@) <247 ; n(wl <25
— E™° > 25 GeV
— Mg(lv) > 40 GeV

— Extra lepton veto:
« |n(e)] < 4.5and [n(w)| < 2.7
e pr>20GeV

« H - bb system:
— 2 b-tagged jets:
* |n| <25 ; p;y >45and 25 GeV
* AR(bb) > 0.7 if pr(lv) < 200 GeV

— Extra jet veto:
* Inl<45; pr >20GeV
« Splitinto 4 pr(lv) bins:
— [0,50],[50,100],[100,200] and
[200, o]

2011-10-24 01:59:15 CEST source: JiveXML_ 191517 7860174 run:191517 Atlantis

-20 0 Z (m) 20
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i 2 ﬁ ll System: ATLAS 2011-08-12 20:16:51 CEST source tJiveXML_187219 19058020 run:187219 Atlantis
— Two opposite sign leptons (e or -
Wn:

e pr > 20 GeV

* In(e)] <247 ; In(w)| < 2.5
— ETmlSS < 50 GeV

— 83 GeV < Mj;; <99 GeV
« H — bb system:

P i . “ 63
— 2 b-tagged jets: | ‘
* Inl <25 ; pr>
45 and 25 GeV
 AR(bb) > 0.7 if p7(1]) <
200 GeV

« Splitinto 4 pr(Ll) bins:

— [0,50],[50,100],[100,200]
and [200, oo]

19/10/2012
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¢ Z — vv SyStem: ATLAS 2011-07-23 16:48:38 UTC source: JiveXML_186178 5541666 run: 186178 Atlantis
— Transverse missing energy/momentum:
o E;™5 > 120GeV ; pp™SS > 30 GeV

o A(p(meiSS, ETmiss) < 7_[/2
« min{A¢ (b, E;™**)} > 1.8

— Extra lepton veto:
« |n(e)] < 2.47 and |n(w)| < 2.7
« pr>10GeV

« H - bb system:

— 2 b-tagged jets:

* |nl < 2.5 ; pr > 45and 25 GeV

« 0.7 <AR(bb) < 2.0if 0 < E;™ <
160 GeV

« 0.7 < AR(bb) < 1.7 if 160 < E;™% <
200 GeV

— Extra jet veto:
* Inl <4.5; pr > 20GeV

e Splitinto 3 E;™5S bins: | e — L
— [120,160],[160,200] and [200, o]
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e Electron channel: ATLAS Preliminary (Simulation), [ L dt = 4.7 fo m, = 125 GeV
— One iSOIated eleCtron %0:4 gjl:)attng '%0:4 jfiigs %0:4 :J::ng 'é'.i 0: gj:ttsags '? 0: ij:t;tags
* pr > 25 Gev W 0.3 0 0.3 wo3 0 0.3 w03
* Inl <2.47 o1 o1 o o .
_ ETmlSS > 30 Gev 0.0 0.0 00 n,:_ n:,_
—_ MT(IV) > 30 Gev .,032: 5 jets -mz., 5 jets -—ij 5 jets @ 2: 5 jets @ Z: 5 jets
Z 7l Obtags Z 7| 1btags Z | 2btags Z "'l 3btags Z | 24 btags
* Muon channel. " " " " "
— One isolated muon: o o o | NN
* pr > 20GeV ) ) ) )
* |n(ﬂ)| <25 %0'4 Egjtz:;ss 7%0'4 ?E{:’l:gss kigi 04 zs{:tgss k"i!i 0.4 3212:;85 % 04 iii)ettng
- Er™ > 20 Gev B o B I B e B
B ETmlSS_"' Mr(lv) > 60 GeV - e e e | f;-
« At least4 jets: : : .
~ pr>25GeV * Kinematic reconstruction:
In| < 2.5 — Kinematic likelihood fit to
- Events categorized according to jet reconstruct the ¢t pair
multiplicities: — Remaining two b jets are used
— 9 categories used for the analysis for H candidate
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pr bins: WH — lvbb
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pr bins: ZH - llbb i
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LATLAS Background composition: -

ttH — qq’'lvbbbb UNvE

4 jets 4 jets 4 jets 4 jets 4 jets
0 b tags 1 b tags 2 b tags 3 btags >4 btags ATLAS
Preliminary
(Simulation)
my, = 125 GeV
5 jets 5 jets 5 jets 5 jets 5 jets CJtT+HF jets
3 b tags >4 b tags I tT+light jets
Y
[ Wejets
I Z+jets
[ Diboson
B Single top
B Multijet

=6 jets =6 jets =6 jets =6 jets =6 jets
3 btags =4 btags

©
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Table 1: Number of data, simulated signal, and estimated background events in each bin of p‘ii for the WH — fuvbb ,

ZH — ¢+¢—bb and ZH — vibb channels. The signal corresponds to a Higgs boson mass of my = 120 GeV. The number of o
events is shown for the full signal region (my; € [80 GéV, 150 GeV]). Background sources found to be negligible are signalled b
with “~7. Relative systematic uncertainties on the hypothesized signal and estimated total background are shown. S
ZH — 7(7hb WH — ivbb ZH — viobh '\'
bin ¥ [GeV] ¥ [GeV] ¥ [GeV] o
0-50] 50-100] 100-200]  >200| 0-50| 50-100| 100-200]  >200| 120-160| 160-200]  >200] €N
| Number of events for 80 < my; < 150 GeV | ‘.-!
signal (1.3 £0.1{1.8 £ 0.21.6 = 0.2/0.4 £ 0.1{|5.0 £ 0.6/5.1 £ 0.6/3.7 £ 0.4{1.2 £ 0.2||2.0 £ 0.2]1.2 £ 0.1|]1.5 £ 0.2 .2
top 17.4 24.1 7.3 0.2 229.9 342.7 201.3 8.2 35.2 8.3 4.1 >é
Wjets — — — — 285.9 193.6 85.8 17.5 13.2 7.8 4.8 ©
Z+jets 123.2 119.9 55.9 6.1 11.1 10.5 2.8 0.0 31.5 11.9 7.1
diboson 7.2 5.6 3.6 0.7 12.6 11.9 7.8 1.4 4.6 4.3 3.6
multijet - E - E 55.5 382 3.6 0.2 E - -
total BG |148 4+ 10| 150 £ 6 T+ 4(6.9 £ 1.2|[596 = 23|598 £ 16|302 = 10| 27 = 5|| 85 =8 32 =x 3 20%3
data 141 163 61 13 614 588 271 15 105 22 25
| Components of the relative systematic uncertainties of the background [%] |
b-tag eff 1.4 1.0 0.3 4.8 0.9 1.3 0.9 7.2 4.1 4.2 5.5
BG norm 3.6 3.4 3.6 3.8 2.7 1.8 1.8 4.5 2.7 2.2 3.2
jets/ Fmiss 21 1.2 2.9 5.1 1.5 1.4 2.1 9.5 7.7 8.2 12.1
leptons 0.2 0.3 1.1 3.4 0.1 0.2 0.2 1.7 0.0 0.0 0.0
luminosity 0.2 0.1 0.2 0.4 0.1 0.1 0.1 0.2 0.2 0.5 0.7
pileup 0.9 1.6 0.5 1.3 0.1 0.2 0.8 0.5 1.6 2.5 3.0
theory 52 1.3 4.7 14.9 2.2 0.3 1.6 14.8 29 4.0 7.7
total BG 6.9 4.3 6.6 17.3 3.9 2.7 3.4 19.6 9.7 10.6 16.0
| Components of the relative systematic uncertainties of the signal [%] |
b-tag eff 6.4 6.4 7.0 13.7 6.4 6.4 7.0 12.1 7.1 8.2 9.2
jets/}:_,'-'f"SS 4.9 3.2 3.5 5.5 5.8 4.6 3.7 3.3 7.3 5.1 6.3
leptons 0.9 1.2 1.7 2.6 3.0 3.0 3.0 3.2 0.0 0.0 0.0
luminosity 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9
pileup 0.5 1.1 1.8 22 1.2 0.3 0.3 1.6 0.2 0.2 0.0
theory 4.6 3.6 3.3 53 4.4 4.7 5.0 8.0 3.3 3.3 5.6
total signal 10.1 9.1 9.6 16.5 11.4 10.8 11.0 16.0 11.8 11.4 134
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1 EXPERIMENT Monte Carlo Samples - i
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Signal:
— PyTHIA + MRST (LO*) PDFs

— Cross-section: LHC Higgs Cross Section Working Group report
(arXiv:1101.0593)

— Branching ratios: HDECAY

e W+b: POWHEG + MSTW 2008 NLO PDFs + PYHTIA parton
shower

o Z+h, Z+c: SHERPA

o W+c, WHj, Z+): ALPGEN+HERWIG

* Diboson: HERWIG

e tthar: MC@NLO + CT10 NLO PDFs + HERWIG
« HERWIG:

— MRST (LO*) PDFs
— ATLAS tune AUET?
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Explanatory figure (not actual data)

T T T T | T T T T I T T T T I T T T T I T T T T I
/o Higgs production cross section we exclude, divided by
M ihe expected Higgs cross section in the Standard Model

= “Observed” (example data)

— Higgs excluded at 95% CL below this line

----  Expected without Higgs (background)

- Expected region at 68% Confidence Level

I~ D Expected region at 95% Confidence Level -
b% Excess The data is higher than the expected background 7]
"‘6 10 Deficit The data is lower than the expected background |
c - .
o 'l -
= a
=
-
-
o 1
2 E -
l_o - -
o N i
<—Excluded— <+——Excluded-
10-1||ii‘|i||||||'ri'.||'i'||'I||||1
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mass of Higgs [GeV]
Figure A
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