Higgs analyses at the LHC

PartIb: H - ZZ* and WW*
Part ll: The fermionic channels
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* Clean experimental signature (4 leptons), good S/B

* Very small signal rate (leptonic branching ratios)



Search for the H > ZZ" > ¢ {*{- decay
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The “golden mode”™: 4 isolated leptons
e: P;>20,15,10,7 GeV, [n| <247

w. P;>20,15,10,6 GeV, |n| <2.7

One pair consistent with Z mass (m,,)
Mass of other pair: m_,;, < ms, < 115 GeV

Mass of the Higgs boson can be reconstructed m,,

Good mass resolution my,;  Formy, = 125 GeV:
4e: ~2.7 (2.4) GeV without (with) Z mass constraint
4u. ~2.0 (1.6) GeV without (with) Z mass constraint

Low signal rate, but also low background
- Mainly from ZZ continuum

Wy
q z

- In addition from tt and Z+jet production:

(two prompt leptons from W / Z decays and two leptons
from (heavy) quark decays)



a.u

126 GeV is a low mass for ZZ* decays

- low p; leptons are required
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Stability of the electron identification:

Electron identification efficiency [%)]

Electron performance

efficiency versus

number of reconstructed primary vertices
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CMS: 4finvariant mass spectrum

Z > 4% peak
(good data / MC
agreement) %
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H > ZZ* signal
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121.5 <m(4%) > 130.5 GeV:
S+B: 28 events expected
25 events observed

ZZ continuum background,
modelled by Monte Carlo
simulation (NLO)

m(41{) > 140 GeV:
403 events observed
390 events expected

Reducible tt, Zbb, and Z+jets background,
data driven estimates



ATLAS: 4finvariant mass spectra
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Time evolution of the H > ZZ > 41 signal
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Time evolution of the H > ZZ > 41 signal
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CMS: use additional information on decay kinematics,
MELA discriminant

PRD81,075022(2010) Matrix Element Likelihood Analysis:

uses kinematic inputs for

signal to background discrimination
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contours
signal expectation

contours
background expectation

2D analysis using {m,,, MELA=K_}
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CMS: further refinement via jet categorization

(i) Jet-category: require two jets with E; > 30 GeV
(enhanced VBF fraction (~20%))

(i) Untagged:

Events / 3.0 GeV
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CMS: further refinement via additional discriminants
-to separate production modes-

- VBF-discriminant: V= o |Ang| + f m;

- P, boost: P.(4f)/ m,,
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CMS H - ZZ* significance
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Expected | Observed
3D (my, K, Voorprmy) 7.20 6.7GC
2D (my, K) 6.96 6.6 6
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at 125.8 GeV (minimum of local p value)

Stand-alone discovery in the H 2> ZZ* - 4f channel

Additional discriminants improve sensitivity, as expected
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Mass and signal strength for H 2> ZZ*

\
CMS preliminary \s=7TeV,L=5.1fb"\s=8TeV,L=19.6fb"

SO a4 N W & 00 O N 00 ©
L B L B L L B B B

T T
P m,, & m, KD (no syst.)

— m,, 6 m, KD (with syst.)

1 é2 1 é4 126 1 é8 1 éO
m, (GeV)

Mass:

Signal strength:
(m, = 125.8 GeV)

\5=7TeV.L=5.1f" \s=8TeV.L=196fo' 12(2MSPvdl'runary (5=7TeV,L=51%" ys=8TeV,L=196M"
CMS Preliminary m, = 125.8 GeV =_>
10/ B ss CL
8 Me5% CL
6 ® best fit
4 ~ SM
Untagged -
0
-2+
-4
Dijet tag -6} _
.| U FUPRY FUVIY FUUL T PR FEVIN FUREY FOTIY POVRY PO 3
-1-050 05 115 2 25 3 35 4
" M- PR | 2}
0 1 " F

2
Best fit “/"SM

m,, =125.8+0.5(stat) = 0.2(syst) GeV

u=0.9 03 0.2

15



Mass and signal strength for H > ZZ*

ATLAS-CONF-2013-013
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Search for H > WW - {v {v decay

u: 32 GeVg—/—
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Two high p; leptons (e or )

Leptons from Higgs decay (spin-0 particle)
are expected to have a small angular
separation

Two neutrinos

—> large missing transverse energy

- Higgs boson mass cannot be
reconstructed, use transverse mass

Highest sensitivity around 160 GeV
(nearly 100% H > WW branching ratio)

—> Tevatron sensitivity and early LHC
sensitivity in that mass region
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Y
{ ) ATLAS Run 214680, Event 271333768
17 Nov 2012 ©7:42:05 CET

1 EXPERIMENT

What are the main backgrounds?

Final state signature:

- Two isolated, high p leptons;
use all combinations: eu, ue,
ee, uu

- Missing transverse momentum

- Jets
Depend on production process:
gluon fusion (0, 1 jets), VBF: 2 jets

- Split analysis in jet multiplicity
0,1 and 2 jets

Major backgrounds:

Di-boson production, in particular WW production (0 jet, 1 jet)
tt background (1, 2 jets)

Z+jets [Drell-Yan], in particular for ee/uu pairs;

More difficult to reject at high luminosity

18



Missing Transverse Energy

The missing transverse energy is a key signature for many measurements

Calculated by summing all energy deposits
in the calorimeter (based on identified
objects: e, v, T, jets >20 GeV, soft energy
depositions incl. tracks, and muons

miss __ pmiss,e miss,y miss, T miss,jets
Evyy =Exyy +tExy +Ey) tEx

+ En.ﬁss.Sol'chrm Ennliss.,u ,
x(y) x(y)

Resolution depends on total transverse energy
(= plot from early data taking)
Missing transverse energy measurement is

strongly affected by pile-up !

—> needs pile-up suppression

i~ - T a
8 12 ATLAS Preliminary —
= i Data 2010 \'s = 7 TeV ]
5 - ]
o= 10— . —
5 - det:sepb‘ A 1+#++ .
[} C ad ]
3 s 'y ]
o - i

8 i ]
%.Ll>‘ 6 |

8" . MinBias: fit 0.45 \| E; ]
S - _
o 4 = Z-ee:042\3E —

- o Z-yuwfit044\SE, .
2 e MC MinBias: fit0.48\X E;
v —— MCZ—ee:fit0.42\Z E; 7
v b b e Ly
00 100 200 300 400 500

> E.(event) [GeV]

Resolution of E,™ssand E, ™ as a
function of the total transverse energy in
the event. The resolution in Z->ee and
Z->uu events is compared with the
resolution in minimum bias events for
data taken at Vs = 7 TeV.
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Events / 2 GeV

Data/ MC

Missing Transverse Energy (cont.)

Suppress pile-up contributions using tracking detector

Include only jets whose tracks have a high

vertex fraction

Scale Soft Term by Vertex Fraction

— T T T T T T T T T T T
10° § det=20 o' ATLAS Preliminary
10° \Vs=8 TeV e Data 2012
CIMC Z— pu
4 B MC ttbar
10 E@MC Wz
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ET"° pile-up suppression STVF [GeV]

Emiss Re
y

miss
X

solution [GeV]

)

E
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JVF = Z rr/ Z PT

tracksjer,PV tracksier
STVF= Y pi/ >, pr
tracksgongerm:PV tracksgoftemm

— T T
ATLAS Preliminary

Data 2012 before pile-up suppression

MC before pile-up suppression é‘é

Data 2012 pile-up suppression STVF ““5% Q

MC pile-up suppression STVF .QGQCQ'

O m O e

1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 200 400 600 800 1000 1200

2 E; (event) before pile-up suppression [GeV]

Good description of the missing transverse energy distribution/resolution

by the Monte Carlo simulation
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Events / 5 GeV

Search forH - WW — {v {v

Category Njet=0 Njet =1 Njet 22

Two isolated leptons (£ = e, ) with opposite charge
Leptons with pl¢*d > 25 and p§Plead > 15

ep + pe: mee> 10

ee+ i mep> 12, |meg — mz | > 15

Pre-selection:

E.miss distribution of e events i Emiss if Ap > n/2 P distribution of ee / uu events
(after pre-selection) Etrel = { EMS . sinA¢  if A < 7/2 (after pre-selection and
E Miss > 45 GeV requirement)

107 - T

10° ATLAS Prellmlnary ;m‘j‘ ﬁi“;,;;,ﬁ““’

. . S —
10° ATLAS Prellmlnary o Daa = S0

s=8Tev. [ Lat=207 ' i [ SngeTop 0w Wz
105 s = f B Z+ets [] W+ets \s=8 TeV f Ldt = 20.7 fb™ E tzt E Single Top

H—>WW ) / 0/1 jet: +ets Wiets
o'k evuv/uvev + jets [ H[125 Gev] H—WW' —>evev/uvuv +0/1 jets ] H {125 Gev]

Events / 5 GeV
=

10°
10?
10

1
10"
10

ee/ uu

0 50 100 150 200 250
calorimeter-based Ef [GeV]

100 150 200 250
track-based  pI'% [Gev]

=» Good description of the background composition

= Z/y* + jets (Drell-Yan) background is still significant in ee / uu analysis, even after tight
calorimeter E{™ss requirement 21



Search forH - WW — {v &v (cont.)

« Additional discrimination: - missing transverse energy (calorimeter and track-based)
- cut on soft recoil energy opposite to the leptons in ee/uu events

Category Njet =0 Nijer =1 Nijer =2

Missing transverse HTpe E?ri:sl >25 ep + pe: ErTmrsesl >25 e + ue: E%nfss > 20
momer;tum and ee + L EmlSS > 45 ee + Ju: EmlSS > 45 ee + pu: Emlss > 45
hadronic recoil ee + ppL. p%“rifl > 45 ee + up: pq,"rsesl > 45 ee + pu: E%nlss%VF > 35

ee + L frecoit < 0.05  ee + upt: frecon < 0.2 -

« Jet multiplicity distributions after pre-selection and E;™ss cuts:

T T T | T | T | T T T | T T T | & | T T T | T T T | T | T T T | T T T |
P - Data %% SM(sys @ stat) | C I - Data %% SM(sys@stat) 7]
ATLAS Preliminary o ' mwzzzw, Sos000r. ATLAS Preliminary & (V' & worowy
(s=8TeV,[Ldt=207f" [J&  [OSingeTop 3 w (s=8TeV,[Ldt=20.7fb" [J& [ SingeTop 7
Bl Z+jets [] W+ets = . B Z+ets [] W+ets B

() (*)
H-WW" —evuviuvev B H125Gev] ] H-=WW" '—evev/uvuv B H (125 GeV]

eu/ue 3 ee/un  ;

& o—1 ¢ I ¢ _: s o o 1 ¢ o 1 4 .

6 8 10 6 8 10
Njets N,

jets

— Multiplicity well described, background composition depends strongly on N 292



Search forH - WW — {v &v (cont.)

* Recolil energy fraction:

— RN SR R LN L LI IR I I
o - ATLAS Prellmlnary —5— Z+jets i
3 L Vs= 8 TeV, simulation —a— diboson, top and W+jets _|
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frecoil
frecoi := ratio of the recoil momentum and p+(ll) (Njg; = 0) or p(llj) (N;e; =



Search forH - WW — {v &v (cont.)

Additional (topological) selection:

Category Niet — O A’jet — l Njet Z 2
- Npjer =0 Npijer=0

General selection | Adbeemer | > 7/2 - pE;" <45

tf . * . -

pr >30 ep+pe: Z/y* - trveto  eu+pe: Z/y* — tr veto
- - m;j;> 500
- - |ijj | >2.8

VBE topology - - No jets (pr > 20) in rapidity gap
- - Require both ¢ in rapidity gap
mee < S50 mee < 50 Mmee < 60

H— WW® = vty | Adpee | < 1.8 | Agpee| < 1.8 | Adpee | < 1.8

Events / 10 GeV

Transverse mass distributions (after all cuts) = \/(E”’ EmlSS)2 (pT + p$185)2
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Search for H - WW — {v fv (cont.)

Background normalization:

“The key issue” in analyses with non-resonant or low mass-resolution
channels

- Signal fraction is small and non-resonant, even after further selection
cuts are applied

- Large uncertainties in theoretical predictions (scale uncertainties, backgrounds
in special kinematical configurations, e.g. VBF topology)

> Fr T 7T T L L L L DL

& ooF. ATLAS Preliminary & oee =000

2 - (s=gTeV [Ldt=207f" ¢ Esndetp

2 250 H—»WW‘*’eevuv/uveHOjets- i EH[:% Gev]

o - _

0 200F =

Example: 150F- E
A 1003— —f
Final transverse mass m- - -
distribution in the ATLAS 50F E
analysis, after all selection cuts ot :

300
mr [GeV]



Search for H - WW — {v fv (cont.)

Background normalization:

“The key issue” in analyses with non-resonant or low mass-resolution
channels

- Signal fraction is small and non-resonant, even after further selection
cuts are applied

- Large uncertainties in theoretical predictions (scale uncertainties, backgrounds
in special kinematical configurations, e.g. VBF topology)

- Even more important at discovery

. . > 120— ata % sys @ stat ]
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Background estimation in H - WW — {v fv (cont.)

« As seen before, many different processes contribute
to the background, with different relative importance
in the different jet bins

« Use Control Regions (CR) in data (ideally dominated by
one particular background) to normalize backgrounds

« Extrapolate back to the signal region using Monte Carlo
simulation

* Due to correlations among sub-channels,
background estimations have to be interlinked

Summary of background treatment:

Channel WWwW Top Zly* >t Zly* =ttt W+jets VV
Njet =0
eu+pe CR CR CR MC Data MC + VR
ee+uu  CR(ep+pe)y CR(eu+pe) CR (eu+pe) Data Data MC + VR
Njet =1
eu+pe CR CR CR MC Data MC + VR
ee+uu  CR(ep+pe)y CR(eu+pe) CR (ep+pe) Data Data MC + VR
Nje[ 2 2
ep+pe MC CR (merged) CR MC Data MC
ee+uu  MC CR (merged) CR (eu+pe) Data Data MC

CR = Control region, enhanced by particular background
VR = Verification region, for cross-checks
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Background estimation in H - WW — {v fv (cont.)

W + jet background:

Use a control region in which one of the leptons fails the identification/isolation criteria;
Determine fake factors as function of p; and n, apply them in signal region

Cross-check in sample with same-sign leptons (W+jet contributes to same-sign background)

> g T T < ——
) £ P Z= sMm tat) ) F %4 sl —
S o f ATLAS Preliminary e e 3 5] ATLAS Preliminary & owe = 000r0 s
2 F Vs=8TeV,[Ldt=207fb" [Ja  [EDSingeTop 7 2 (s=8TeV,[Ldt=207f" [Jt&  [HSngeTop
; 70K H WW(') y 0t B Z+jets [] W+ets - ; H WW(') ; 0ot B Z+jets [] W+ets 4
2 F H= —evuv/uvev + 0 jets BB 256y ] 2 - —eviwv/uvev + 0 jets Wl H[125Ge] iNti .
5 eo- 5 E Uncertainties:
L L B

3 W+jets: +£30%

. E WZ/ZZI/\Wvy: 16% - 22%
200 350
m, [GeV]

ZIy* > + jet background (Drell-Yan):
Use data-driven method: f,.; distribution

Measure f...,; efficiencies in Z - ee, uu events
(£ mass peak region, which is cut out in signal selection |[m;—m, | < 15 GeV)
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Background estimation in H - WW — {v fv (cont.)

« tt + single top (tW, tb, tgb):  Control regions via b-tags

Normalize top background to the data in a control region defined by N, ;= 1 and
my and |Ad,| requirements removed

> 1 ———— s 30— ——
[} C P - Dat: %2 SM (sys @ stat) | [0 - P - Dat 24 SM (sys @ stat)
cg s00k- ATLAS Preliminary & W @ wzzzw, E g - ATLAS Preliminary o W' m wzzzw,
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 Normalization factors: 1.04 £ 0.02 (stat) (Ni,; = 1) and 0.39 £ 0.07 (stat) (N = 2)

(most likely, the latter reflects the limitation of the tt simulation in the special phase space
region of: m; > 300 GeV, |An|> 2.8, and jet veto in central region)
Total uncertainty: £ 28% (Nii; = 1) and +£39% (N, = 2)
 Normalization for N;,;=0: normalization from data in a CR region with large E Mss | b-tag
(dominated by top events); estimate fraction of top events with N, = 0 from Monte Carlo;
Normalization factor: 1.07 + 0.03 (stat), uncertainty: : + 13% 29



Background estimation in H - WW — {v fv (cont.)

« WW background: = Dominant in the Ny, = 0 sample

Normalize in a control region, close to signal region defined by 50 GeV < m, < 100 GeV,
and |A¢y| requirements removed

7010 = S LA B B LI I IS I L L L B B I B L

> > ET
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- Normalization factors: 1.16 + 0.04 (stat) (N,;; = 0) and 1.03 £ 0.06 (stat) (N, = 1)

Total uncertainty: £7.4% (N,,; = 0), +37% (N, =1), and £37% (Ni,=2)

«  WW and top background estimates are anti-correlated (most affected: N;,; = 1)

« ForN;, =2: WW background estimation from Monte Carlo
(difficult to define a control region that is not dominated by tt background)



Transverse mass distributions
ATLAS-CONF-2013-030
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Clear excess above backgrounds in all sub-channels (jet multiplicities) 31



Search forH - WW

— fv fv (cont.)

- number of estimated background and expected signal events

(after final cuts)
Vs =7 TeV. L =4.6 fb
Njet  Nobs Nokg Nsig Nww Nyv Ni N; Nzy Nw+ jets
=0 154 16111 2545 113£10  12+2 5+1 4+1 6+2 2145
=1 62 47+6 7+2 16+6 5+1 10+£3 6+2 5+2 5+¢1
>2 2 46+08 14+0.2 0.7+0.2 - 0.7+05 0.1+£0.1 24+06 03+0.1
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Results on the search for H > WW - {v {v decays

ATLAS-CONF-2013-030

3

L B L L L L BN BN LN
ATLAS Preliminary Vs =7 TeViLdt = 4.6 fb”
H-WW" —Nh Vs =8 TeVyLdt=20.7 ft”
O +10

Shallow minimum of p, value at 140 GeV
—— Obs.
_...Ex:. m_ =125 GeV

Po (125 GeV) =8 10° (3.80 observed)
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:2? 3; g \\‘\ é
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0 0.5 1 15

33



Leading uncertainties on the signal strength u:

Category Source Uncertainty, up (%) Uncertainty, down (%)
Statistical Observed data +21 -21
Theoretical Signal yield (o - B) +12 -9
Theoretical WW normalisation +12 -12
Experimental Objects and DY estimation +9 -8
Theoretical Signal acceptance +9 -7
Experimental MC statistics +7 -7
Experimental W+ jets fake factor +5 -5
Theoretical Backgrounds, excluding WW +5 —4
Luminosity Integrated luminosity +4 -4
Total +32 -29
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events / 10 GeV/c?

data/ MC

Transverse mass distributions after final cuts

for the H > WW - {v {v search

CMS Preliminary |
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Signal extraction via 2-dimensional fit: m; versus m,,

M, =125 GeV Background
CMS preliminary L =19.5 fbo (8TeV) CMS preliminary L = 19.5 fo™* (8TeV)

80
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. i N ) - 110MT (Ge\})zo 2-dim. distribution for the back r“(:T(ie(\il)
2-dim. distribution for the signal hypothesis h Itﬁ 2 IOU'It t S
with my, = 125 GeV, 0-jet category yPOeslsnU et calegQly
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- Start with relaxed cuts, 2-dimensional fit to extract signal parameter u
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H > WW - v iv: signal significance and signal strength

CMS Preliminary
\s=7 TeV, L = 4.9 fb™
\s=8 TeV, L =19.5 fb™
H—-WW—2I2v 0/1-jet

significance
\o}
()]

N
o

----- Expected
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—
a1
IIII|IIII|IIII|IIII|IIII'IIII

O 1
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signal strength, CMS preliminary, L = 24.4 fb"
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Sub-channels give consistent results
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Couplings to quarks and leptons ?

Leptons

Search for H 2 tt and H - bb decays




Search for H - Tt decays

« Hadronic t decays (challenging signature)
Use multivariate technique to separate t decays
from jets

e 2-4 neutrinos in final state, mass reconstruction difficult;
Using “Missing mass calculation” *)

» Major background: Z - Tt decays;

Modelled using data:
“‘Embedding technique” replace muons in real Z 2 uu
events by simulated taus

» Signal-to-background ratio improves for
VBF-topology or high-p; Higgs (“boosted” category)

* Analysis is split into three sub-channels:
-H>1tt > tvw 1wy

-H> 1t 2 {wvv had v
-H->tt 2 hadv hadv

*) Nucl. Instrum. Methods A654 (2011) 481
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Di-tau mass reconstruction

« Despite the presence of two neutrinos in the final state, the Tt invariant
mass can be reconstructed,;

paie= i
et Vp

« Simple method: collinear approximation; /7%
Assume that the neutrinos fly in the direction of the
visible decay products; use measured E{™ss to constrain %
neutrino momenta

(Good approximation for “boosted” taus, e.g. for high-p; Higgs
decays ( H+1jet or VBF-topology))

« Today: more sophisticated methods used by ATLAS and CMS
ATLAS: Missing Mass Calculator (MMC), Nucl. Instrum. Methods A654 (2011) 481;
CMS: SVFit, documented in CMS PAS HIG-13-004;
Basic idea: under-constrained kinematic system, use maximume-likelihood fit method
(scan over all possible neutrino directions)

o Lt prorrorptorprororrioorroryg ’ CMS Simulation Vs = 8 TeV ne, CMS Simulation s = 8 TeV
Z 0.161- €r, .. + 1T, Preselection ] s 02 s 016
5 [ o —— H -1t m, = 125 GeV [ ——— H - vem, = 125 GeV
> 0.14f 4~ Z »1t Embedded | g 0.18 g 0.14 o
g F P 4 Z-»::Alpgen MC ] 3 0.16} L < =
£ 0.12 " Emb. syst § 014 iai g o i
< f ’ e =0 visible mass . after SVFit
0.1 a JLa=130t 0.12 0.1
[ — 1
008: w P 1s=8TeV 0.1 — .08 A L

F ATLAS Preliminary ‘ L C L
' 0.08| _
0.0 L E | ‘H 0.0 ) ﬁ L

0 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250 40
MMC mass m., [GeV] m,, [GeV] m,, [GeV]



Z = Tt embedding

 Z - 7t is the dominant (overwhelming) background

* Due to the small expected H - <t signal, its shape
must be precisely known!

= Use data (Z - uu decays) to model all properties
(jet activity, underlying event, pile-up, ..),
except tau decays, from data - overall smaller
syst. uncertainties

ﬂ - T ] T T I T 1 17 ] L B S § I T 1 .T T
g 0.16 €Tyq + 1 Tp,q Preselection
> 0.14~ $— Z—tt Embedded —
5 u 3
— = ~ : N
.’é 0120 P + Z—ttAlpgen MC
< C . 7777 Emb. syst. 7
o
0.1 . [Lat=130m"
0.08" @ ‘ is=8TeV N
N ATLAS Preliminary
0.06_— ® g -
0.041 o =
C n
0.02t ® .
od Q .. B

OveessD 100 150 200 350
MMC mass m., [GeV]

Data Z—pp events

!

Replace pp—tt I

!

T-decays:
Tauola + Simulation

!

Embed t-decays
back into Z event

!

Hybrid Z—tt event I




H - Tt background conditions/normalizations

CMS Preliminary,\s=7-8 TeV,L=24.31fb",H > 11

Ll Ll Ll Ll ‘l L) L] L] Ll L) L) L) L) L] L]

L et —e— observed

L~ "h CJZ o>

i B Z- ce
B clcctroweak
C
I Yeloin)

Z 21t

embedding \'e\emr

400

Z-> N (tfakesa T,

shape from Monte Carlo
simulation

normalization from peak

200 in visible mass region

lllllllllllllllllllllll

CMS Preliminary, (s =8 TeV, L = 19.4 tb”’

20000
Multijet background 15000
(QCD) oo |
|/ v, fakes: e

- use same-sign data
- variation of isolation

0
0O 20 40 60 80 100 120 140 160
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H - Tt categorization

et,, UT,, ey, U

No. of jets -
. 0-jet, low-p_ 1-jet, low-p_ 2-jet, VBF
= -
==|!'* Large background « Enhancement due to jet | | * 22 J€tS
o |1 - No fit for signal, requirement » M,>500 GeV
constrain uncertainties - Better mass resolution o Ar]jj >3.5
0-jet, high-p_ 1-jet, high-p_ « Central jet veto
. Larg.e background ) E}gﬁi’;ﬁgﬁm LelEi « VBF H signal
ot f'tt for S'gn?tl'. i - Better mass resolution enhanced
constrain uncertainties . 7 suppressed by
| high-p_(tau)
TT 1-jet 2-jet, VBF
e p(TT) > 140 GeV . p,(TT) > 110 GeV
» Better mass resolutionj | ij > 250 GeV
» QCD suppressed .An >25
-
« Central jet veto

Michal Bluj, EPS Stockholm 2013



H - Tt categorization

No. of jets ‘ €Ty HT, €H. HH |
. 0-jet, low-p_ 1-jet, low-p_ 2-jet, VBF
=9 .
|| * Large background - Enhancement due tojet | | * 2 2 J€ts
‘= |« No fit for signal, requirement . M.> 500 GeV
_constrain uncertainties | ; - Better mass resolution { |+ An, >3.5
~ Ojet,high-p. ||  1-jet high-p. ||+ Central jet veto
* Large background : S:l':,?:::ﬁg:ﬁm udl ol I VBF H signal
' 2';\2;;?; Sagc'e‘?tléinﬁes « Better mass resolution enhanced
« Z 1t suppressed by
\/ high-p, (tau)
T, [ 1jet | 2jet,vBF
‘ |+ P,(T7) > 140 GeV | i+ p,(T0) > 110 GeV
| * Better mass resolution | |« M, > 250 GeV
I = QCD suppressed H, An >25
P
+ Central jet veto

A simplified version:
ATLAS v 4 v v X

CMS v v v To constrain v
had-had  Low/high P-(t) systematics
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ut, VBF
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Combined reconstructed mass distribution

CMS Preliminary, \s = 7-8 TeV, L = 24.3 fb"

;‘ - l Z H(125 GeV)— 1t
8 L eu, er,, ut,, 1,1, aor -@- Data-Background ]
1 OOO - D Bkg. Uncerainty
~
— [ 20} _+_ -
b = =
£ s00f ‘ . -y
g i 0 - e o - - - -
T [ T00 T —
© GO0 L - m, [GeV]
g : : H(125 GeV)— 1t i
- —&— observed .
5 0r o .
9 I 3
; . B clectroweak J
m 200 ] aco -
N » o
(7)) .
O 1 1 1
0 100 200 300

m,. [GeV]

Combined observed and expected m__ distributions; The distributions obtained in each
category are weighted by the ratio between the expected S/B yields in the category.



Major systematic uncertainties

|. Experimental uncertainties

Normalization of Z - Tt background
(ATLAS study: 4-16% uncertainty)

Uncertainties on t identification and trigger efficiencies

Tau energy scale
CMS example: 8% on signal yield,

[I. Theoretical uncertainties

- signal cross sections and acceptance;
depends on production process and on the category

(e.g. scale uncertainty in gluon fusion yield is 10% in 1-jet/high p; category,
and 30% in the VBF category; scale uncertainty in VBF production yield is 4%)
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WH channel
— CMS Preliminary e CNSPleIlmnary
b (rerpyrrprrryrr | A A [Yvrjyeefrey rre : N(.) : MRS R 1
S B zz ' 3 205 -zz 3
8 25 =+ || Reducible bkg. ' R G 18- ] Reducible bkg. -
o | Ewz =yN: Tz |
N 20+ | e my =125 GeV.'ca E = F B S my = 125 GeVic’ -
2 || e Observed P2 e Observed -
°>) 15! Al == - |' 1 : °>’ 12 VE=7TeV [L=50Mb’
Wt f Aoetev isiesw | f 100 L EesTevietess
10} : i3 E
: St | 3
5 £ . =
F; ] - ’E b | 1 e rwrw &8 .._‘:;
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W(I)H(Ith) W()H(t, 1)
« Main background : » Main when one or two
irreducible WZ : fake 1_(reducible)

« Same-sign of two
leptons to suppress
Z-llI+(jet- 1 _fake)

« Z-ll+2(jet-1 ) fakes

reduced by vetoing
events with 2™ lepton

Search for H - Tt decays in VH production

' CMSPteIlmnary
: “‘024_~ I ,
; % 22; -zz
gzo:- [ ] Reducible bkg.
o 18:—‘ : : :]WZ ,
Q 16; """ mH=1256eVJ'C
»n 16; 2 5
T q4- | —* Observed
a>) ! GE=7TeV [L=501"
o 12F fE=8TeV (L=19.515"

0020 40 60 80 100 120 140 160 180 200 220

m's[GeV/c']

; Z(IH(LL)
» Four final states

« €T, UG, LT, el

i « Require Z — Il candidate

» Irreducible background
from ZZ, reducible from
Z- II+2]ets

All VH channels: Reducible backgrounds with jet - |/'l' fakes measured from
data using fake-rate method
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Combined CMS results (incl. VH)

« First “evidence” for direct fermionic (Htt) coupling

CMS PAS HIG-13-004

4.0 CMS Preliminary, (s=7-8 TeV, L =24.3fb", H > v CMS Preliminary, |s=7-8 TeV, L=24.3 fb", H—>tt
E - L) Ll L} L} l L} Ll L) L l Ll L) L L) l L} Al L] l Al H Al ] L) L) L] '
o —e— observed m,, = 125 GeV
5 3.5 —— expected
< I + 1o expected :
o :
~ 3.0 + 20 expected '—"'*" 1-Jet
£
-
cg . 2-Jet (VBF)
o~ :
m .
o
ot [ T—
—— Combined
o.o reaa a1 PR PR T 1 1 1 é 1 1 1 1 1 1
110 120 130 140 0 2 4
m,, [GeV] best fit for o/og,,
my, = 125 GeV: Fitted signal strength

(all sub-channels):

Observed 95% CL: 1.80 ogy
Expected (no Higgs): 0.77 ogy u=11x+04
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Events / 20 GeV
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Reconstructed mass distributions
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SM Higgs signal (multiplied by factors)

lepton-lepton e/u — hadron
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L [0 Fake leptons ] r Ldt=13.01f5" 1
r 77 Bkg. uncert. ] 10 f - =
E det=13.o ' ] VBF 8 (s=8TeV E
E [s=8TeV E 6; ATLAS Prellmlnaryé
r ATLAS Preliminary 4& e
i » A ] 2 i
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150 200 250 300
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Events / 16 GeV
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95% CL Limit on o/o,,

Results on the search for H = tt decays

« Discovery sensitivity for a signal not yet reached

« 2 95% C.L. limits on cross section
(normalized to SM cross sections)

ATLAS-CONF-2012-160
C | H— 1t | | ATllAS Pre‘liminary‘ ’
— —e—Observed CL, [Ldt=4.6f" {s=7TeV
- Expected CL, [Ldt=13.0f0",{s=8TeV ]
— [ J]+20 =
B +10 E

_\ ‘ | | | | | | | | | | | | | | | | | | | | ‘ \:
100 110 120 130 140 150
my [GeV]

my = 125 GeV:

Observed 95% CL: 1.9 ogy
Expected (no Higgs): 1.2 ogy
Fitted signal strength

(all sub-channels):

u=0.7x£0.7

Updated analysis, including the full data sample, eagerly awaited !
Important to settle the question of fermionic couplings o1



Search for VH production with H - bb decays

~ e/“ o e/p, Y
— Wz < - W
v 7z & e q oy Vo, W
Rl VAL b b
q- ‘W qr "W _ g~ oy
- . .

Exploit three leptonic vector boson decay modes
—> split analysis in 0, 1, and 2-lepton categories
ATLAS-CONF-2012-161

T I L | T T T T T I T
ATLAS Preliminar:.r —

-
=
o

Require 2 b-tagged jets
(working point for 70% efficiency)

JeiFiterCombii
= JetFilterCombiMc

==eees P30SV

Major background: W/Z bb, W+jets, tt

Light jet rejection
)

—
]
[=]
T ' T
f

— ENO

Signal-to-background ratio improves for
“boosted Higgs boson”,
split analysis in bins of p(V)

—h
=
T

—
=)

tt simulation,~s=7 TeV

ATLAS: in total 15 categories C P15 GeV, <25 .
(0,1,2 jets x py bins) d3 04 05 06 07 08 08 1
b-jet efficiency

CMS: multivariate analysis
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Event selection for H - bb analyses

(i) Basic event selection for the three channels

Object O-lepton 1-lepton 2-lepton
Leptons 0 loose leptons 1 tight lepton 1 medium lepton
+ 0 loose leptons + 1 loose lepton
2 b-tags
jet]
> 45 GeV
Jets P T
T > 20GeV
+ < 1 extra jets
ET"S > 120 GeV ET'SS > 25 Gev ETS < 60 GeV
issi T. T T
Missing Er PSS > 30 GeV
A¢(Egﬁ85, p;ﬁSS) <7/2
min[A¢(E"T°iSS, jet)] > 1.5
A¢(E';ﬁss, bb) > 2.8
Vector Boson : m) <120GeV | 83 < mg <99 GeV

(i) Further topological criteria in intervals of p(V)

p}r/ [GeV] 0-90 | 90-120 | 120-160 | 160-200 | >200
All Channels | AR(b,b) 0.7-3.4 | 0.7-3.0 | 0.7-23 | 0.7-1.8 | <14
ET™ [GeV] >25 >50
m,'if’ [GeV] 40-120 <120

1-lepton




Definition of signal and control regions

3 pr¥ bins x O=lepton CR CR SR SR -
5prY bins x I=-lepton CR CR SR SR -
5 pr¥bins x 2=lepton CR CR SR SR CR

CR=Control Region (low S/B) | electron+| muon
SR=Signal Region mz>40 GeV

« Common nuisance parameters across regions

« Systematic uncertainties on extrapolation between control and signal regions



round normalization,

Backg

interplay of regions

» —— T — T
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S [ ATLAS Preliminary I VE(bb) (best fit) 10°
o 100 Vs =7 TeV fLdt = 4.7 b =) n P L B O B A B R
[ {s=8TeV (Ldt=2031b" Em“ chan b $ 14— ATLAS Preliminary I VH(ob) st i) —
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80— B Z+bb ] c == Judt=20. Swt N
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60— --- Pre-fit background — C [ ]
H 1 VH(bb) (1=1.0) - B ;
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20 C ]
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Q 15 C
= 2
s 1 555% s
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50 100 150 200 250
my, [GeV]

W+jets CR: 1 leptons, 2 jets,
1 b-tag

Signal region: 0 leptons,
2 jets, 2 b-tags

Z+ets, Zbb

Events

Data/MC

ATLAS Preliminary

-e-Data
[ VH(bb) (best fit)
Evz

50 Ys=7TeV fLdt=47 10" =T
Z+bb
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40

-~ Pre-fit background
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e
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o
B TR

Zbb SR: 2 leptons, 2 jets.
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1

» A e RN B e e e S — T
€ . -e-Data
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>
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-+ Pre-fit background
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o
=
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m;,; [GeV]
Z+tjets CR: 2 leptons, 2 jets,
1 b-tags
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§ E ATLAS Preliminary
W 3500 s =7 TeV fLdt=4.7 b
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B VH(bb) (best fit) |
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[ZA Uncertainty |
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Top CR: 2 leptons, >=2 jets,
2 b-tags

95



(7]
=
c
[
>
1]

Data/MC

Events

Data/MC

Reconstructed mass distributions
-full data set, 7 and 8 TeV (a selection, high p; bins)-

L e L B S e s

F ATLAS Preliminary

F Vs=7TeV fLdt=471"

F s=8TeV fLdt=2031"
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-

8

o

70

T

T T T T

-8-Data
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22 Uncertainty

--- Pre-fit background
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60—

40

20

1.5

T

T T T T T T

-@-Data
[l VH(bb) (best fit) |
vz

1

O

[t s+t chan
CIwt

Il W+bb
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2 leptons

Events

Data/MC

60

50
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TT

- ATLAS Preliminary

[ (s=7TeV [Ldt=47fb"

[ {s=8TeV Ldt=203 1"

} 1 lep., 2 jets, 2 tags, p¥>200 GeV

IS S Sy S S S s E S
-8-Data —
[l VH(bb) (best fit) —
vz 1
[ Multijet
-ggsﬂchan
CIwt -
Il W+bb —

I W+bl -
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EZ2 Uncertainty
--- Pre-fit background |
[0 VH(bb) (1=1.0)

ATLAS-CONF-2013-079

1 lepton
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Demonstration of di-boson production with Z - bb in ATLAS

combination (all bins, channels)

data - backaround weighted distribution, by S/B ratio

C [T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T ] C [T T T ‘ T T T T ‘ T T T T T T T T ‘ T T T ]
o - ATLAS Preliminary ;%t(ib) (bestfiy ] o . ATLAS Preliminary ;3;&) bestfi) |
g 600 fs=7Tev fLdt=47fo" \lﬁce“aimy 7 "g 1 [ Vs=7TeV [Ldt=4.7fb" ﬁﬁcenaimy 7
= L {s=8TeV det =203 b I VH(bb) (1=1.0) | = L {s=8TeV det =203 fb" CIVH(b) (u=1.0) |
'% 500 L 0+1+2 lep., 2+3 jets, 2 tags — 'g I~ 0+1+2 lep., 2+3 jets, 2 tags T
(7)) C ] » 0.8 | Weighted by Higgs S/B 7]
5 C ] 5 L i
2400 = L e 1
2 - . g 0.6 .
£300F E 2 1 i
> 0 ? 2 0.4 :
L u ] o VI ]
200F . s ]
C ] Q L i
- — _C [ —
100 7 [<) 0.2 ]
C A () o - B
07 ° / ; 07 # oy , ,,,% i L oo
- . WGz 7z Pt
: 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 j 1 ‘ 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 a

50 100 150 200 250 50 100 150 200 250
m,, [GeV] m,, [GeV]

Di-boson signal established
(important “calibration” signal; a Standard Model Higgs boson signal is included as background)

Significance 5.10

Uyzeyyyy = 0.90 £ 0.20

ATLAS-CONF-2013-079 57



Di-boson signal strength

ATLAS Prelim. |==ofsta)  Tota| yncertainty
o(sys) +foonu
o(theo) VZ

n +0.3 :

VZ(bb), 7 TeV g yas|204 —

_____________________ vz~ 7 0051<0.1 ! i |

VZ, 0 lepton u,, = %1:0.5 | 1 |

VZ 1lepton  u = tl+0.8 | 1 |

VZ, 2leptons = O.ngjg +0.5 '|__' |

Y +0.1 :

VZ(bb), 8 TeV | goz|:02 s :

_____________________ M 02100 | - |

VZ Olepton  u_=1273]20.2 ; —— ;

VZ 1lepton u = 0.9'0%]+0.2 | '_-1" |

VZ 2leptons u = 0.9f8jj +0.2 | .——;-. |

~ +0.1 i :

Comb. VZ(bb) s |202 A f

_____________________ My = 990201 | i |

VZ Olepton  u = 1.20% 1402 | —— |

VZ 1lepton  u =097 1202 ; —t— ;

VZ 2leptons 1w, =0.8'5(0.2 (i) '__‘x :

Vs=7TeV [Ldt=4.7 fb"
s =8TeV [Ldt=20.3 fb"

1 pd

Signal strength [u, ]

ATLAS-CONF-2013-079




Weighted (by S/B ratio) m,,,
mass distribution

I

- I
CMS Preliminary

o) T 1=
T — 11 {125 GeV)
i 5001 (¢ u 770V, L=5.0 " — ]
= | is= 8TeV.L=190 1t = 2iicq .
S "~ pp - VH;H - bb L .
o 400 —
Q - — noh!o& -
b VH (125 GeV)
S —
() .
3 300
200
100[-
0‘ - 17K 1
o 2F %ToR7Kmos “]MC uncert. (stat.)
%1.5 -
pih ] ,+:_._‘—0-‘"'¥0~WQ>H-Q—'-O‘.‘.:
Qo5
o 50 & 1008 150 T 200 250
M,; [GeV]

- Di-boson signal established

weighted entries / 15

80l

601

40

20

Demonstration of di-boson production with Z - bb in CMS

Weighted (by S/B ratio) background-
subtracted m,, mass distribution

-

-

-

T 1 1 ] T 1 1 [

Ll Ll Ll L) [ L ' J T Ll Ll L] T ] L] LJ L L ] J T L I
CMS Prellmmary e Data

\s= 7TeV,L=5.01b

is= 8TeV,L=19.01b" [ VH (125 GeV)

pp - VH; H > bb -VV

Sub. MC stat. uncert.

‘ 11 1 l 1

------ Visible MC stat. uncert.

11 1 l | I — ‘

PE BT 17

1 1 1 | | 1 1 1 1 1 l 1 1 1 1
50 100 150 200 250
M5 [GeV]

- Signal size consistent with expectations from Standard Model

CMS PAS HIG-13-012
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ATLAS results on the search for VH, H - bb decays

[ ATLAS Preliminary
- VH(bb)

—— Observed (CLs)
----- Expected (CLs)
/16
[ J+20

{s=8TeV det =203 10"

Vs =7 TeV det: 47"

_L_III|III|III|III|III|II

my = 125 GeV:

Observed 95% CL.:
Expected (no Higgs):

L
10 115 120 125 130 135 140 145 150

ATLAS-CONF-2013-079
g ATLAS Prelim. -'-Gg;*:)) Total uncertainty
Of
_: mH = 125 GeV O(thEO) + 10 On M
. VH(bb), 7 TeV el b |
- w=-2.414 " SR T ‘
o D T B e e P S S |
i | VH, O lepton | M=27+;g:18 ! :l | 1 1
— | VH, 1lepton | “=2519+16@I o]
] VH,2leptons  1=0.6771:31 | = = =—pi— ;
- = 0.5 SRR R ‘
] VH(bb),8TeV oz | = =
4 e | o 07]<01 ! [ N 1
B VHOlepton  1=090,0:08 | | =
- VH tlepon  w=070ll0os | o=
- VH, 2leptons  1=-0.3"%|.1.2 | | '_I._' | |
Comb. VH(bb) o0 N [ |
M=0.2+0.7 =U. . . 5 .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - g,-g,so,-l, ! IO | RN !
my [GeV] | VH, Olepton | u=05(1>3108 1 1 ! I ! !
VH flepton  w=0T,los | | | ==
VH, 2 leptons u=-0.4""1+12 | ; '—I—l — 1 1
Vs=7TeV [Ldt=4.7 b’ 4 = U 2 4
Vs =8 TeV [Ldt=20.3 fb" Signal strength [u]
uy = 0.2 + 0.5 (stat) + 0.4 (syst)
1.4 ogy Probability of obtaining a result more
1.3 ogy background-like than the observed in the

presence of a SM signal (u=1) is 0.11 A



CMS results on the search for VH, H - bb decays

CMS PAS HIG-13-012

»

I C s L \s=7TeV,L=50h" (s=8TeV.L=190"

Ll L T Ll l T T ] Ll l
[ CMS Preliminary oL Observed G
e = - -1 —— sk . CMS Prelimina =125 GeV
\s=7TeV,L=5.0fb 1 . CL: H125 injected '(I::rm‘b:oeg sao y my
5 . \s=8TeV,L=19.0fb --e- CL Expected 8
. VH(bb), BDT combined 0 CL, Expected = 10 |
i CL, Expected = 20 -
4} — Z(vv)H(bb)
i | w=104:077

95% Asymptotic CL Limit ono/og,,

Z(I1")H(bb)

u=082+ 097

W(h)H(bb)

w=1.11: 087
f 1 ! 1 1 2o 2 N
OS5, ¥ 120 A ToE 100, 138 Best fit o/

my [GeV]

my = 125 GeV: uy = 1.00 £0.49

Observed 95% CL: 1.89 ogy
Expected (no Higgs): 0.95 ogy
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End of Lecture Il
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Backup Slides
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Events / 2 GeV

Data/ SM

107"

Results on the search for H=> uu

____ et Bl __ et Bl
imi -®- Data “~= SM (stat)
ATLAS Preliminary @ 2 = = 2"
\s=8TeV, | Ldt=2071" @ ww O«
. - B wzzzwy @l Z+ets
Hope [ H[125 GeV[]

Ml EPEFEE BFETErS BPEPErE EPET AT BT E S ST ST AT BPErErE BUET AT BUETara
80 100 120 140 160 180 200 220 240 260
mw[GeV]

95% CL Limit on

ATLAS-CONF-2013-010

70T T T T T
E ATLAS Prellmlnar'y ' ' ' ) l :
- Hou*u .
60 *g‘l(aseéved . B
- ---- Bkg. Expecte J B -1 :
50 EB+1o Ldt =20.7 fb =
F D420 \s=8TeV -
40— ~
30F =
20f- =
10F =
0: }'1 !‘!lllf1 f'l !'l!x‘l LA LA }’ll l}'\ ol o !‘l! lf{ e e l'll :
110 115 120 125 130 135 140 145 150
my [GeV]
my = 125 GeV:
Observed 95% CL: 9.8 ogy,

Expected (no Higgs): 8.2 ogy,

64



Results on the search for H> Zy, Z-> U

200 + 20

30

ATLAS-CONF-2013-009 ) ‘%W:: <ww~www~ .
--------------------------- w JURTRRN SO t H.
w :-\MMN\N\NW\:- f VW
> L A B R R I v v v
(3 1200 ATLAS Preliminary
2 ook HozpZow Expected BR = 1.54 10-3, decays via loop diagrams;
i ﬁ;mm“ E Measurement / limits can constrain BSM models
n -Z:}{ets ]
600} BT iy RPN ARRRs v v
r XY bkg uncertain N 4 —
“o0L s e 8 1oV Dot E 40 f Ldt=46"/s=7TeV Expected
- ] 35 Jrot=2071" fs=8Tev o

N}
)
T
3
o
S
0—"00 150 200 250 300 £ o5 ATLAS Preliminary
m,, [GeV] E 00
> LA B B DAL LR LA BRI B o
G 390 ATLAS Preliminary E =
% 300 —— Data 2012 E 3
I ] o
S ool Py e H—2y (m =125 GeV, 05,,x20)] L
w c 7 o)
o ] 2
200__ — o B Tl el st e i A S sl S et Sy et Wl e sl S
- ] 120 125 130 135 140 145 150
1505 = m, [GeV]
100 73
C _ _ Sy AN .
5o (s=8TeV, [Ldt=207 fb", Z e m, = 125 GeV:
C 8393 events ]
03530 35 40 45 50 55 60
Am [GeV] Observed 95% CL: 18.2 og
Mass difference Am between Expected (no Higgs): 13.5 ogy
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Events / 30 GeV

& Search for invisible Higgs boson decays

« Some extensions of the Standard Model allow a Higgs boson to decay to stable or
long-lived particles

q

» Search for excess in ZH associated production

ATLAS-CONF-2013-011

S e e e L S

— L
- 1 O L
[ ATLAS Preliminary {s=8 TeV ® Data f L=130m" 1 < 1 — Observed
40— P mz Wz — N, e Expected ]
C B Top ] L i
30 -+ Signal (SM ZH, m =125 GeV) -] I |
- . 107 E
20 - B - ATLAS Preliminary i
C ] ZH—-ll(inv) |
10— — \s=7TeV, [ Ldt=4.7fb™
- - . 10% £ Vs=8TeV, [ Ldt=13.0fb" E
_I ol . |I| Ll :‘:‘:‘.'.".'F‘F . ‘_ | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 [
0 ~""50 "100 150 200 250 300 B350 400  45( 0 0.2 0.4 0.6 0.8 1
E™° [GeV] BR(H—inv)

Assuming the ZH production rate for
my = 125 GeV:

BR (H = inv.) > 65% can be excluded



Background estimates

ATLAS-CONF-2013-013

> L { T T T T { T T T T { T T T T { T T T T { T

- H e~y N FrTTTT { T T T { T T T { T T T { T T T { T 13
8 60 ATLAS Prellmlnal’y an - (%5 45; ATLAS Preliminary é
S [ os= : - 3 : 2e2u 1
2 5ok (s=8Tev: [Lot =207 b ] S 40- (s=8TeV: [Ldt=20.7 fb" =
e " 5 a5 E
w 40i * Da.ta T _] Lﬁ : e Data ] H .

Fo tzf-:llttats and tt fit 30; — Z+jets and tt fit = control region:

so. ZZ 25~ g ifit 4 - isolation requirements not
W Z+jets ] . .
200 mmg ] applied to the two sub-leading

20

L LA L A R

wz

15 muons
10 10¢ - one muon fails impact
= 5k
0 parameter cut
7777777777777777777777777777 0 N S S (o s s ) S W
50 60 70 80 90 100 50 60 70 80 90 100
m,, [GeV] m,, [GeV]
> \ 1
0180 e Data - > [T ! I ]
g - OSignal (mH=125 GeV) P ] 81 80 F o g%tr?al (m =125 GeV) E
960 mzz ATLAS Preliminary  — ©160 g " ATLAS Preliminary |
S1a0| mEHets eTe ] - wrulete rete Y
O W _ . _ A ] c F BZ+jets, B
Ll>J g {;VZ VVE 7 TeV:det 4.6 fb E 91 40 - %Syst.Unc. Vs=7 TeV:det =46fb" 1
120, Syt Unc. s=8TeV: [Ldt=20.7 fb g T - {5 =8 TeV: fLat = 20.7 fb
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» Irreducible ZZ* background taken from Monte Carlo simulation (NLO)
* Reducible Z+jets and tt background: measured using various background-enriched control
regions and transferred to signal region using Monte Carlo simulation
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CMS, !

= H-> WW - iviv: excluded cross sections
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*  WW channel alone excludes high mass SM Higgs boson up to masses around 600 GeV
« Background from “boson-126" visible in low mass region

« Smaller cross section ratios (o / ogy) excluded over significant mass range

(important for “exotic Higgs model believers”) 2



H-> WW - {viv: VBF signal ?

Results of a dedicated analysis (similar as the ATLAS N, = 2 analysis):

Events / bin

data/exp
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No convincing signals yet

Best fit (m,,-fit): w=0.62*9%8_,,.  (1.3c observed, 2.1 expected)
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