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This paper:
— ZH—llb, WH—lvbb and zH—vvbb
— 4.6-4.7 fblanalyzed
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Cut-based analyses:

— Select Z or W or large E;™*s and A AN\ D .
i, . 100 120 140 160 180 200
search for 2 additional b jets My, [GeV]

— Search Higgs in m,, spectrum

my a(WH) o(ZH) Branching Ratios
(GeV) (pb) (pb) H - bb

110 0.8754 0.4721 0.745

115 0.7546 0.3598 0.705

120 0.6561 0.3158 0.649

125 0.5729 0.2778 0.578

130 0.5008 0.2453 0.494
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Datasets

Full 2011 data from periods B-M
— 4.7 fb~! e/u streams (zH—Ilb, WH—Ivbb)/4.6 fb~! JetTauETmiss (ZH—vvbb)

Signal (MC11c)
— ZH—llbb, WH—Ivbb, ZH—vvbb simulated in Pythia

— Normalized to NLO (EW) + NNLO (QCD) from LHC Higgs cross section WG (Yellow
Report |)

— my =110 - 130 GeV in steps of 5 GeV

Background (MC11c)
— Z/WH+jets: ALPGEN to model | (I and c jets) for Z(W)
— High statistics Zcc/Zbb(Wbb) using SHERPA(POWHEG)
— Top: ttbar + single top from MC@NLO
— Diboson: ZZ/WZ/WW from MC@NLO

QCD background
— ZH—llbb multi-jet electron from loose-loose no medium data scaled

— WH—lvbb electron and muon from anti-isolation data scaled
— ZH—vvbb from data (ABCD method) — negligible



Lepton Selection: WH—Ilb, WH—Ivbb

* Electrons
— medium++ (tight++) with pT > 20(25) GeV and |n| < 2.47 for Z(W)
— Include crack region
— Trackisolation: Ptracks /pT < 0.1 within R=0.2
— For WH: Calo isolation: Pcalo /ET < 0.14 within R=0.3
— For WH: Impact parameter cut d0 < 0.1 mm
— Latest recommended smearing and efficiency corrections
— Veto in WH: use central loose++ with pT > 10 GeV and forward loose
— with pT > 20 GeV(|n| < 4.5). Require trk/calo isolation (except forward)

* Muons
— STACO(Muid) tight with pT > 20(25) GeV and |n| < 2.5 for Z(W)
— Track isolation (as for electrons); For WH calo isolation
— Impact paramter cuts d0 < 1(0.1) mm for Z(W)
— Impact parameter cut against cosmics zO < 10 mm
— Latest recommended smearing and efficiency corrections
— For veto in WH extend to Loose/standalone, pT > 10 GeV and
— |n| < 2.7. Require track isolation (except standalone)



Jet/E,M'ss selection

e Jets— not updated to last week’s recommendations
— Anti-kT 4 with pT > 25 GeV and |n| < 2.5 "AntiKt4TopoEMJets”
— For jet veto in WH pT > 20 GeV and |n]| <4.5
— Remove events with jets pointing to the bad FEB region
— Pile-up: reject jets with |JVF| < 0.75 for jets with |n| < 2.5
— Current JES/JER uncertainty including pile-up, close by and b JES

* b-tagging — not updated to last week’s version
— MV1 with w > 0.602 ( 70% efficiency)

— Applying corrections and uncertainties derived by b-tagging group.

* MET - not updated to last week’s version
— MET RefFinal out-of-the-box
— Apply pile-up reweighting for each MC run period
— Additional u scaling reweighting: scale <pu> by 1.03+£0.03



Lepton and jet veto: ZH—vvbb, WH—Ivbb

Veto leptons:
— Electron : medium, pT>10 GeV, |n|<2.47, pTcone20/pT<0.1

— Muon : Combined & segmented-tagged STACO, pT>10 GeV, |n|<2.4,
pTcone20/pT<0.1

Veto on any event having an object with:
— pT > 20 GeV. Veto lepton has wider range than trigger electron
— (standalone muons, forward electrons).

Remove any event with:
— 1 extra lepton with pT > 20 GeV
— 1 extra opposite sign lepton with pT < 20 GeV
— > 1 extra leptons

Remove any event with > 3 jets (veto jet: pT > 20 GeV and |n| < 4.5)

In ZH—1lbb, WH—Ivbb: remove overlaps between electrons, muons, jets



Event selection

Common selection
— Using WZ+jets GRL (incl. b-tagging)
— Primary vertex containing at least 3 tracks
ZH—llb

Triggers: single and dilepton triggers
Exactly 2 leptons with 83 < mll <99 GeV
Opposite charge required for muons
ET™Miss < 50 GeV

At least 2 jets (1 jet with p; >45 GeV),
exactly 2 b tagged

WH—Ivbb

Triggers: single lepton trigger
1 lepton and MT > 40 GeV
Emiss

T>25 GeV

Exactly 2 jets(1 jet with pT >45 GeV) and
both b tagged

ZH—vvbb

— Trigger: EF_xe70_noMu

— No lepton (e or )

— Etmiss > 120 GeV

— Ptmiss > 30 GeV (remove events
with fake high Etmiss)

— 2or 3 jets, exactly 2 b-tagged jets

— Leading jet Pt>45 GeV (new)
— B-tagged jets separated by dR

(b1,b2)>0.7 (for 120<Etmiss<200

GeV)

— AdP(Etmiss, Ptmiss) < /2 (new)
— Plus optimized angular cuts (table)

ET™(GeV)
Cuts 120 -160 | 160 -200 | > 200
N jets =2 =2 =2
AR(Bjetl, Bjet2) | <20 <17 | <17
A¢(V, H) > 2.7 >2.9 > 2.9
min AG(E™, jer) | > 1.8 >18 | > 1.8




Other aspects of the analysis

Selected sample is divided into pT(W/Z) categories to
increase significance

Some cuts are optimized for each bin in ZH—vvbb
analysis

Heavily data-driven estimation of backgrounds
Normalization of main backgrounds transferred from

ZH—|lbb/WH—Ivbb analysis to ZH—vvbb analysis

More info in support material:

— ZH—llb & WH—|vbb:
https://cdsweb.cern.ch/record/1404176/

— ZH—vvbb: https://cdsweb.cern.ch/record/1418230




Table 1

Channel ZH — €*¢"bb WH — £vbb ZH — vvbb

p% [GeV] pY [GeV] EZ'* [GeV]
Bin 0-50, 50-100| 100-200, >200 0-50| 50-100| 100-200| >200| 120-160| 160-200; >200

Number of events for 80 < m;; < 150 [GeV]
Data 139 164 62 13 622 597 276 15 103 22 24
Signal |[1.4 +0.2]2.0+0.3(1.7 £0.3/0.4 +0.1{4.7 £ 0.95.2 + 1.04.1 +£ 0.9(1.4 + 0.3/2.3 + 0.5{1.3 + 0.3|1.8 + 0.5
Bkg 157 £ 15|157 £ 11| 70x7| 6+ 2{|625 +36(620 +24(303 + 13| 23 +4| 93+ 10 33+5| 20+5
Number of events for 90 < m;; < 140 [GeV]
Data 110 118 49 9 485 456 196 13 76 18 18
Signal (1.3 +0.2/1.8 +0.2(1.5+0.20.4 +0.1/4.3 + 0.8/4.6 + 0.93.7 + 0.8/1.3 £ 0.3/2.0 + 0.5|]1.1 £ 0.2/1.7 + 0.4
Bkg 119+ 12| 118+ 7| 48+5| 4+1||481 +28/453 +18[219+10] 17+3| 65+6/ 23+4 14+4
[ Components of the Background Systematic Uncertainties
B-tag Eff 31% 2.8%| 22% < 1.7% 14%| 1.7%| 2.5%| 11.3% 4.1%| 9.2%, 15.6%
Bkg Norm 52%| 5.0%| 52% @ 5.6% 40%| 2.8%| 2.7%| 5.5% 27%| 33%| 3.7%
JES/MET 1.0%| 28%| 35%| 3.1% 21%| 1.6%| 1.6%| 64% 82%| 10.7%| 16.9%
Leptons 04%| 0.5% 1.1%| 3.6% 1.0%| 04%| 0.7%| 6.1% 0.0%| 0.0%| 0.0%
Luminosity 02%| 0.1%| 02%| 04% 0.1%| 0.1%| 0.1%| 0.2% 02%| 0.5%| 0.8%
Pile Up 0.7% 1.8% 1.5%| 69% 0.6%| 0.7%| 1.1%| 2.5% 0.7%| 2.6%| 19%
Theory 7.3% 1.7%| 7.2%| 23.4% 31%| 1.0%| 1.1%| 11.9% 37%| 63%| 11.1%
Total Bkg 9.6%| 69%| 10.0% 26.6% 58%| 39%| 44%| 19.6%| 10.2%| 16.0%| 25.9%
Components of the Signal Systematic Uncertainties

B-tag Eff 10.1%, 10.6%| 12.6%, 16.0%| 10.0% 10.6%| 13.3%| 14.6%| 13.1%| 16.1%, 20.8%
JES/MET 6.5%| 4.6% 4.0% 3.7% 6.7%| 68%| 1.8%| 4.7%| 11.0%| 54%| 9.9%
Leptons 1.1% 1.5% 1.5%| 3.6% 32%| 42%| 50%| 5.5% 0.0%| 0.0%| 0.0%
Luminosity 39%  39%| 39% 3.9% 39%| 39%| 39%| 39% 39%| 39%| 3.9%
Pile Up 0.7% 1.2%| 24%| 3.4% 14%| 39%| 32% 34% 0.5%| 0.8%| 2.1%
Theory 50%| 5.0%| 5.0%  5.0%| 13.0%| 13.0%| 13.0% 13.0%| 13.0%| 13.0% 13.0%
Total Signal|| 13.6%| 13.3%| 14.9%| 18.3%| 18.5%| 19.4%| 21.4%| 21.5%| 21.8%| 21.7%| 26.8%
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Plots for approval — Figs.2, 3, 4
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Plots for approval — Fig.3 (WH—>Ivbb)
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Plots for approval — Flg 4 (WH—Ivbb)
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Limits plots for approval
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Table 2 — Exclusion Limits

Table 2: The expected 95% C.L. exclusion limits for each channel and the combined exclusion limits for
the three channels, in multiples of the SM Higgs boson cross section, as a function of the hypothesized

Higgs boson mass.

Ricardo Goncalo

mass | ZH — ¢*¢"bb | WH — ¢vbb | ZH — vvbb | Combined
[GeV] | Obs. Exp. | Obs. Exp. | Obs. Exp. | Obs. Exp.
110 7.5 5.5 38 44 | 40 45 | 27 26
115 7.8 5.8 5.5 56 | 48 5.1 | 39 30
120 | 10.1 7.4 49 59 | 54 51 | 31 32
125 | 104 8.2 80 75 59 56 | 35 38
130 | 13.1 106 8.5 91 | 122 89 | 53 5.1
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CDS comments & answers



Un-tagged m(j,j) plots

Added to WH/ZH support note (appendix 0.7): https://cdsweb.cern.ch/record/1404176/
Also in control regions of ZH->vvbb support note: https://cdsweb.cern.ch/record/1418230
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Rationale behind using different MC

generators for different samples

Alpgen was used for describing V+light jets due to better
description of some distributions (e.g. number of jets) — but
is very time consuming to produce and use, and requires
approximate procedure for removal of heavy-flavour jets

When appropriate, other generators such as Sherpa were
used instead if large statistical samples were needed

In some cases it was a question of convenience: e.g. large
standard MC@NLO top sample

Powheg was tried for the signal but a large (=10%)
difference in b-tagging efficiency was found — moved to
Pythia; Powheg being validated for 2012 analysis in vvbb



Signal contamination

* There is some small contamination expected from other channels

— E.g. from H->ZZ(*)->llqg on ZH->Ilbb:
* Negligible number of events passing ZH->lIbb selection (0.06 at most)

* Other sources either small or included in the signal cross section

Higgs mass [GeV] | #events (total) | #events (80<m,, <150GeV)

110 0.002 0.002
115 0.005 0.004
120 0.007 =

125 0.04 0.04
130 0.06 0.04
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Backup slides



Nice things to do later...

* JES — new recommendations released last
week

e MET — new MET code version released last
week

* B-tagging — discussion ongoing



Monte Carlo samples

Process Generator o X BR
WH PYTHIA See Tab. 3
ZH PYTHIA See Tab. 3
W - {y ALPGEN , POWHEG 10.46 nb [45,46]
Zlyx — £ ALPGEN, SHERPA
mye > 40 GeV 1.07nb [45,47]
Myeg > 60 GeV 0.989 nb [45, 47]
WWwW MC@NLO+gg2Ww 46.23 pb [31,32]
WW — fvgq HERWIG 46.23 pb [31,32]
wWZ MC@NLO

66 < Mgy < 116 GeV
ZZ

66 < Mgy < 116 GeV
Top-quark

tt

t—channel

s—channel

Wt—channel

MC@NLO, PYTHIA

MC@NLO
MC@NLO
MC@NLO
MC@NLO

18.0 pb [31]
5.96 pb [31]

166.8 pb [30,36]
64.57 pb [48]
4.63 pb [48]
15.74 pb [49]

Ricardo Goncalo

H->bb paper open reading - 29 Feb. 2012

26



Table 1 — Nr of events

Channel ZH — £t bb WH — tvbb ZH — vvbb
pZ [GeV] pY [GeV] E™ss [GeV]
Bin 0-50, 50-100| 100-200f >200 0-50, 50-100| 100-200{ >200| 120-160| 160-200 >200
Number of events for 80 < m;; < 150 [GeV]
Data 139 164 62 13 622 597 276 15 103 22 24
Signal |[|1.4 +0.2/12.0+0.3]1.7 £ 0.3|04 £ 0.1/4.7 £+ 09/5.2 + 1.04.1 £ 0.9/1.4 + 0.3(|2.3 £ 0.5{]1.3 £ 0.3]1.8 £ 0.5
Bkg 157 £ 15[157 £ 11| 70+ 7| 6 £ 2[|625 +36|620 + 24303 + 13| 23 +4|| 93+10| 33 +5| 205
Number of events for 90 < m;; < 140 [GeV]
Data 110 118 49 9 485 456 196 13 76 18 18
Signal |[|1.3+0.2/1.8 +0.2/1.5 +£0.2/0.4 + 0.1{4.3 + 0.8/4.6 + 0.93.7 + 0.8/1.3 +£ 0.3||2.0 £ 0.5|1.1 £ 0.2|]1.7 + 0.4
Bkg 119+ 12| 118 +7| 48+5| 4 +1||481 +28/453 +18219+10] 17+3|| 65+6/ 23+4| 14+4
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Entries / 2 GeV
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My = V2p,p;(1 - cos Ad,, ) > 40 GeV Joeh ;
E, ™ >25GeV ;
Exactly 2 jets (anti-k; 0.4; E; > 25GeV) 10 gy T
to reduce top background O 20 40 60 80 100 120 140
Both jets b tagged m, ., [GeV]
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