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Dominant channel in wide mass range
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Analyses optimised for final states
» Inclusive analysis dominated by gg—H 3L ZH — I'Tbb - _
Z l=e,u \ ]
» 3-lepton from WH - W WW(TT) N VEVeVVe \ e .
/ q = udsch DT -

» 2-lepton + 2-jet from VH and VBF 10%900 150 200 550
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Inclusive WW—-£vlv and WH in trilepton
are updated using full luminosity=4.9 + 19.5 fb-1of 2011 and 2012 data
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Signature of isolated leptons and large missing Ey

» 2 leptons with pt> 20,10 GeV

Analysis strategies

Categorise events with different
background composition

e jet multiplicity: O or 1-jet

e Different (ey) or same (ee/up)
lepton flavour pair

Signal extraction

» Template fit to kinematic
distributions (ep channel)

» Cutand count (ee/pp channel)
— systematics limited
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exclude region near mz in ee/pp
missing Er based discriminant

tt, tW.
veto on b-jet (IP, soft muon)

W+i€t$:
tight quality lepton selection

Wy, Wy*.
conversion rejection, isolation

WZ, 77.
no extra lepton, Z veto

WW.
kinematic selection




~ ~ 1200
o - " M (&) ) . .
= [ -edat I W+jets CMS Preliminary > [ edata W Wjets CMS Preliminary
© 160~ Wwzzz Wy (s=8 TeV, L = 19.5 fb" °© L Bw Top {s=8 TeV, L = 19.5 fb"
Z Wy WW {s=7 TeV, L = 4.9 fb" T1000—  WZA” WW {s=7 TeV, L = 4.9 fb"
2 140\ stat. @ syst 2 - 2\ stat. @ syst.
120~ o . . 800—
N Same-Sign dileptons - b-tagged
100\ | SRR .
- (0-jet) 600(— B Y (1-jet)
80_— : m ?
- L SN
60— 400 53¢ ¢ .
40 ng e
N 200|— L
20— RS B 4*0
B - LA S
0_ 0_|_|_|_|_|_|_|_|_|_W|_|_|_|_|||| ||||||||||||||?|‘,‘|‘_ﬁ"|‘.;
o o 257
= = 2
§ % 1.5_—
fo—got0 oot o oo ottt yy ; e
0.5_— +
" " " " 1 " " 1 " " 1 " " O .....................
0 50 100 150 200 100 150 200 250
2 R
m, [GeV/c?] mi ¥ [GeV/c?]

Backgrounds are estimated using data-driven methods (WZ,ZZ and Wy from MC)

Normalisation and shape modelling are cross checked in control regions

11,03/2013

H—->WW at CMS



IA

“

ey O-jet ey O-jet
(\lo B I | I I | I I I I | I I I I | I I I I | I I I I | (\lo | I | I I I I | I I I I | I I I I | I I I I | I I I I
S B ] S B ]
[O) -e- data — my=125 GeV CMS Preliminary | o 350 - data — m,=125 GeV CMS Preliminary —
O 1000 Il H125 Wl Wiets {s=8TeV,L=19.5f"— O - H125 I WHets {s=8TeV,L=19.5f" ]
o Top - o = A Top 1
— {s=7TeV,L=491b — [ Vs=7TeV,L=4.9fo" _|
- WwW SErE . - 300 [ | Z/v wWw SEhE s
%) - N\ stat.®syst. 7 (2 [ N\ stat.®syst. i
£ 800 — c - E
o) . : il S 250
S [ | . > B . . ]
s . preselection 5 I final selection
600 |- i - 200 ]
= 1 S/B ~ 3% . B S/B ~ 20% ]
i ! | 150 | -
400 — ] N N
- control - 100F E
- E - It .
0 B #mg.a_ 0 - 1 '“*"‘:..:-Q—Ou_,.:.d N
2.5 2.5
O = O = =
= S it -
o 1F *mmmm«mgﬁw*m\\%\\\\ o 1E %3‘*«»\\\'(%#&*\\\\ *\\*k\\\
S 55 E S S < © 65 E }
© . = © - o E
O E . ' o E E
0 100 200 300 0 300
m, [GeV/c?] m, [GeV/c?]

my dependent selection using A €2), me), mT¢, m.Ey) + lepton pt’s for high my

WW background normalised to data in m¢) < 100 GeV before final selection

H—->WW at CMS

11,03/2013




M, = 125 GeV 2D fit to extract signal & backgrounds

CMS preliminary L = 19.5 fb”" (8TeV)
y ml) <200 GeV, mt(ll, m.Er) < 280 GeV
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» Use most sensitive ep channel in 0/1-jet
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Observed in 2011+2012 data
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Exclusion for SM Higgs in 128-600 GeV at 95% C.L.
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Significance at my =125 GeV

expected (cut-based): 5.1 (2.7) o
observed (cut-based): 4.0 (2.0) o

» Constraints on backgrounds from fit

» Broad excess due to mass resolution

Yields at cut-based final selection
for my=125 GeV
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Best fitpat mH =125 GeV
o/o0m=0.76 £0.21
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Likelihood scan in p over my
show wide spread of flat minimum

(my independent 2D fit)




Results are consistent in different
categories and data taking periods

Signal strength by channels

ee/pup 1-jet e
7/ TeV :
O-jet .
Ay best fit yu (0 /osn)
ent 1_jet : . cut-based 2D shape
7 TeV 7 TeV 0.46 + 0.57 | 0.91 & 0.44
ep O-jet L 8 TeV 0.79 +£ 0.38 | 0.71 + 0.22
7 TeV combined | 0.71 + 0.37 | 0.76 + 0.21
ee/pp 1l-jet : .
8 TeV :
ee/up O-jet N signal significance (exp/obs)
8 TeV : cut-based 2D shape
ep 1-jet 7 TeV 1.7/0.8 2.5/2.2
8 TeV 8 TeV 2.6/2.1 4.7/3.5
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Best Fit G/OSM
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Spin 0* and 2+min hypotheses

4
4

Spin 2 signal with minimum coupling modelled by JHU generator

SM spin 0 signal using POWHEG (same as the standard analysis)

2D template fit in m) and my, m.Ey)
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Same background description and templates as the standard 2D analysis
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CMS Preliminary Vs =7TeV, L=49% (s=8TeV,L=195®"  Maximum likelihood (L) fit
2400} » Perform toy experiments to
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WH, H = WW/TT
» 3 leptons (pr>20,/10/10 GeV)

» Tighter missing E; and Z mass veto,
and relaxed jet veto

» ~30%from H—TT

Backgrounds
» WZ normalised within Z resonance

» fake leptons in Z+jet and top
Signal extraction using shape of AR(£*¢")

~3 X SM sensitivity at my = 125 GeV using
full datasetin 2011+2012

entries

10°
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VH = gqg WW

» Two jets (pt> 30 GeV) from W/Z decay
+ WW — |vlv

entries

10
» Selection based on dilepton and jet

kinematics + window in mt(€¢, m.Ep)
for different my

» ~50% gg —H contribution

Last update using 2011 data
y ~12xXxSMatmy=125 GeV

8 TeV analysis in progress 0
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qqH — qq WW

» VBF selection based di-jet kinematics: Anj), m(jj)

» Low statistics but high purity: S/B ~ 1 around my =200 GeV

CMS preliminary L = 12.1 fb" (8TeV)
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Last update using 12.1 fb-1

» Exclude SM Higgs in
intermediate mass range

» ~2xXSMatmy=125 GeV

Update using full luminosity
In progress



H—- WW — /v qq

CMS preliminary, /L dt =12.0fb", (s =8 TeV
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» High ptlepton (25/35 GeV for p/e) m; (GeV)
+2/3 jets (pt> 30 GeV) + missing Et
» my-dependent likelihood discriminant Side-band fit to m(jj) to obtain
(decay angles, WW pr and rapidity) W-+jets normalisation and shape
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CMS preliminary, /L dt = 12. Ofb1 s=8TeV
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Final fit to 4-body mass, m(&vijj)

» m(év) and m(jj) are individually
constrained to my from kinematic fit

Exclusion range for SM Higgs
(5fb-l@7 TeV+ 12 fb-lat8 TeV)

» expected: 220-560 GeV
» oObserved: 225-485, 550-600 GeV

Analysis is preparing for a search in
higher my
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Analysis in H - WW decay mode at CMS =™~y | /

" Inclusive WW — &vlv and WH in trilepton final state updated using full luminosity of

H— WW — ¢viv
i » Observation compatible with SM around my =125 GeV

significance = 4.00 obs, 5.10 exp
best fit signal, 0 / osy=0.76 £ 0.21

¥ » No significant additional excess up to my =600 GeV

» Sensitivity to spin O vs spin 2 hypotheses at 1.5-1.8c

Expect full updates of all channels and additional improvements towards summer
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Back Up



Public documents and material for the most recent results

» WW = |viv: CMS-PAS-HIG-13-003, web

» WW — lvqq: CMS-PAS-HIG-12-046, web

» WHin trilepton: CMS-PAS-HIG-13-009, web
» VH — gqq WW: CMS-PAS-HIG-12-014 , web
» VBF: CMS-PAS-HIG-12-042 , web
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https://cds.cern.ch/record/1523673?ln=en
https://cds.cern.ch/record/1523673?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13003TWiki?skin=drupal
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13003TWiki?skin=drupal
https://cds.cern.ch/record/1494573?ln=en
https://cds.cern.ch/record/1494573?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12046TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12046TWiki
http://cds.cern.ch/record/1523681?ln=en
http://cds.cern.ch/record/1523681?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13009TWiki?skin=drupal
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13009TWiki?skin=drupal
http://cds.cern.ch/record/1455252?ln=en
http://cds.cern.ch/record/1455252?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12014TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12014TWiki
http://cds.cern.ch/record/1493602?ln=en
http://cds.cern.ch/record/1493602?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12042TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12042TWiki
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Events at Cut-Based Final Selection
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Events at Cut-Based Final Selection
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—jet M, = 125 GeV

CMS preliminary L = 19.5 fb' (8TeV)
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1-jet M, = 125 GeV

CMS preliminary L = 19.5 fb' (8TeV)
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_ WWTemplate

Signal significance and best fit o/05y obtained using different generators
for the WW background template

7+8 TeV data sample
expected /observed significance
MC@NLO | POWHEG | MADGRAPH
5.3/4.2 5.1/3.9 5.1/4.0

best fit value
MC@NLO POWHEG MADGRAPH
0.82+024 | 0.74 +-0.21 | 0.76 £0.21

Shape uncertainties on WW template

» Renormalisation and factorisation scales
» PDF

» Generator (nominal = Madgraph, alternative = MC@NLO)
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