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H — VV Modes
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» Most sensitive channels

» Very good mass resolution:
H—77Z&H — vy

> Large yield: H - WW
» Selection criteria defined before
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» Today's talk.. paying attention to 110 115 120 125130 135146 145

low mass region and updated m,, (GeV)

analyses w.r.t. last year 17.3 fb~! dataset only, figure for illustration



Key Points in the Object Id (just a few words)

» Trigger: single/double lepton/photon paths
> u, e, T, 7: relatively high pr isolated objects
> identification & isolation
» momentum scale & resolution
» Jet reconstruction:
> reject backgrounds and/or select VBF events
> particle Flow-based, pile-up Id and pile-up subtraction of the energy
> b-tagging:
> reject top backgrounds and/or select b-jets
> based on displaced tracks and soft leptons
miss.
=
> select events with neutrinos and/or reject backgrounds

> based on all particles pointing to primary vertex

» Systematics, data-driven methods



Color code:
» Red: new update, shown today
» Blue: no new update, briefly shown today

» Green: no new update, some information in back-up slides

» High sensitivity analyses: » High mass analyses:
» H—-772 — &4 » H— 77 — 202v
» H—- WW — 202y » H— 77 — qq'2/¢
» H— vy » H—- WW — qq¢'lv
» Other analyses at low » Two analyses also very high
masses: performing at high mass:
» WH - WWW — 3/3v » H— 77 — 44, including
» W/ZH — qq'202v H— 77 — 2027
» H— Zny » H—- WW — (viv



H — Z7Z — 4¢ (1) - Introduction

>
>
>
>

Four isolated leptons from the same vertex
Good mass resolution

Very small signal rate, but high signal-to-background ratio

Backgrounds:
» ZZ continuum: almost irreducible, different mass shape
» 7 + jets, Zbb & tt: lepton isolation and impact parameter, to
reject b — ¢X decays

v

Additional help from kinematic discriminants

> (mae) — (mae, Kp) — (mae, Kp, Vp — pr/mac)
Public document: CMS-PAS-HIG-13-002
New from last update:

» use of full dataset (£ ~ 24.7 fb=1)

updated kinematic discriminant variables

inclusion of VBF-like category to separate production modes
more detailed mass and spin separation studies

vy

v vy



H — Z7Z — 4¢ (11) - my Distribution

CMS preliminary

> T 1 | T T T T T T T 1
> J
O 30 * Data Vs=7TeV:L= 5.1fb! -
™ i [ m, =126 GeV Vs=8TeV:L=19.6 1"

- i  zy*x zz

12} i B z+X

c

g L

m 20 7]

» Good description of ZZ continuum at high masses
» 7 — 40 peak well visible

> Relatively clean mass peak at ~126 GeV



H — Z7Z — 4¢ (1) - Kinematic Discriminant(s)
H(126)

background
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» Kinematic variable to further separate signal and background

KD(Q*) (‘Dl) 017 02» (Da mz,, mZZ) - Psig/(Psig + Pbkg)

» Matrix Element techniques used to build the discriminant variable

» Other approaches give similar performance

[m] = =




H — Z7 — 4¢ (IV) - Di-jet Analysis

Events
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» First analysis able to separate
production mechanisms in 4/ events
» Two categories: tagged and untagged
events
> tagged: events with at least two
reconstructed jets with pr > 30 GeV
> untagged: otherwise
> Make use of a Fisher discriminant
(Vp) in the tagged category using mj;
and An)j; as input variables

» Make use of pr/my, in the untagged
category as discriminant variable

Event candidates in the tagged category
are likely to be gg — H events

Events in figures within 121.5 < myy < 130.5 GeV



H — ZZ — 4¢ (V) - Significance

121.5 < mqge < 130.5 GeV Kp > 0.5
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H — Z7Z — 4¢ (V1) - Mass Measurement

» Momentum scale, studied and
tuned in several di-lepton
data control samples

CMS preliminary \F 7TeV,L=511b"ys=8TeV,L=196fb"

T
....... m,, 3 m, KD (no syst.)

-2AInL

% —_—m,,0m, KD (with syst.)
» Event-by-event mass Ei {
uncertainty built from lepton i
momentum uncertainties used \
to increase the mass

measurement precision
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H — Z7Z — 4¢ (VII) - Production Mechanisms

b rmisn Gomimew | | pOiSpemeey STrL=sin’ G-t e 106 b’
CMS Preliminary  m,; = 125.8 GeV = C !
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> o/osm = 0.917530 F

> TH) — 0.9+05
S — pr (gg — H, ttH) = 0.9%0%
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H — WrW~ — 2/2v () - Introduction

12

vV vy VvV VYy

Two high pr isolated leptons and moderate Eiss
Large 0 x BR and clean final state
No mass peak is the main drawback
Controlling the background is the key
Categories:
» O-jet, 1-jet (VBF not updated yet)
» different-flavor (DF), same-flavor (SF)
Public document: CMS-PAS-HIG-13-003
New from last update

» use of full dataset
» 7 TeV dataset has been re-analized
» further work in understanding all relevant backgrounds



H— WTW~ — 202 (I) - Analysis Strategy

my = 125 GeV

background

M, = 125 GeV
CMS preliminary L = 19.5 fb™* (8TeV)

100 110 120

My (GeV)

Background
CMS preliminary L = 19.5 fb™* (8TeV)

my = \/“/2péTk E%‘““COS(AOI,75,1“,;»\‘5)
final state | cut-based approach | shape-based approach
DF 0-jet counting 2D myy-mt
SF 0-jet counting counting
DF 1-jet counting 2D myy-mt
SF 1-jet counting counting

Same strategy for 7 and 8 TeV datasets

13




H — WTW~ — 2/02v (Ill) - Counting Analysis

14

N-1 distributions, O-jet bin different-flavor (748 TeV)
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» Relatively large excess




H— WTW~ — 202v (IV) - Upper Limits

standard analysis using myg = 125 GeV as background
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» Exclusion at the 95% C.L. in the mass range 128-600 GeV

> Large excess in the low mass region makes the upper limits weaker
than expected

» When including myg = 125 GeV as part of the background, no
significant excess is seen over the entire mass range

15



H — WrW~ — 202y (V) - Significance & o/ospm
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CMS Preliminary ... Expected
\s=7TeV,L=4.9fb" —e— Observed
\s=8 TeV,L=19.51b"

H—>WW—>212v 0/1-jet

CMS Preliminary
Vs=7TeV, L=49fb*
[s=8TeV, L=19.5fb"
ep 0+1 jet

Injection m, =125 GeV/

[ miection - 1o
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significance
8 B
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m,, (GeV)

100 200 300 400 500 600
m, [GeV] » Low mass resolution gives a

shallow likelihood profile as a
function of myg

> ~4.0(5.1) o observed (expected)
significance at myg ~ 125 GeV
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H— WW — 202v (VI) = O'/O'SM (my = 125 GeV)

signal strength, CMS preliminary, L = 24.4 ot |

SF Lijet 7Tev.

SFOjet 7Tev . . Em

OF 1jet 7Tev i o

DF 0jet 7 Tev o

SF1jet8Tev _ .
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OF Lijet8 Tev. .

PROSTV L TR L
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Best Fit a/ag,,

» o/osy = 0.76 £ 0.21

» Consistent results among the different exclusive final states

17



H— 1y

» Two high pr isolated photons

IS

ALTRARRR AN LR

[ CMS prefiminary
Vs=7TeV,L=5.11b" . 68% CL Band

ys=8TeV,L=531b"

Best Fito/cg,

» Small ¢ x BR, narrow mass peak
on large continous background

» Main ingredients:

> ~ reconstruction, isolation and
identification i

> energy resolution and primary ve e im0 el
vertex reconstruction ot 00se

Di-jet tight

> background modeling L

Untagged 3

&

RN RRRRRRR}

°

> Additional categories help: -
> events with two high pr jets et S
with large Anjy; and my; Uniaggeds

Untagged 2

events with leptons untaggea |

Em iss Untagged 0
T 4

| | L
6 8 10
Best Fit o/cg,,

» Public document: arXiv:1207.7235 » Consistent with a boson with myg ~ 125 GeV

events with large

P Still largely statistical limited
work in progress to update the analysis with the full dataset

18



WH — WWW — 3/3v
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» Three high pr isolated leptons with moderate EMiss

» 7 veto and anti b-tagging to reject WZ and top events

» Two approaches: cut-based and shape-based (using ARy+,-)
» ~20% better performance with shape-based approach

» Public document: CMS-PAS-HIG-13-009
10



H— Zvy
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» Two leptons and one photon in the final state
> Relatively simple analysis, but very low expected signal yields
» Split in several categories to improve S/B and mass resolution
» No significance excess over the entire search region
» Public document: CMS-PAS-HIG-13-006

20



High Mass H — Z7Z — 4¢/2021
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» No significant excess at high mass

» data and background prediction agree in 2£27 final state
» 130-827 GeV exclusion at 95% C.L.

21




» SM Scalar candidate at my ~ 126 GeV growing

» So far, all measurements statistically consistent with SM
Scalar prediction
» Spin !, parity, couplings... will profit by increased data sample

v

Search for additional scalar particles has just started
» All results are still preliminary, stay tuned
» H— 772 — 40 & H— WW — 2/2v updated with full dataset
» H — 77 — 44 highlights:
» my = 125.8 £ 0.5 (stat.) = 0.2 (syst.) GeV
» 6.7 (7.2) s.d. observed (expected) significance
> U/USM = Ogltggg
» v (qgH, ZH, WH) = 1.07%4%
> pr (gg — H, tTH) = 0.973%
» H— WW — 2/2v highlights:
» 4.0 (5.1) s.d. observed (expected) significance
> O'/O'SM =076 £0.21

For spin separation hypothesis analyses, both H — ZZ and H — WW, see
Mingshui's talk

29
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o x BR at \/s =8 TeV
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» Large number of available channels at my ~ 125 GeV
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(1)

Barrel

Endcap

Events/0.04

CMS Preliminary, is = 8 ch,f Ldt=19.6"

Barrel, 7GeV <p_<35GeV

- Z(ee) simulation
Z+1 jet data

o Wil jetdata

-0.8 -06 -04 -02 0 02 04 06 08 1
MVA output (BDTs)

Events/0.04

CMS Preliminary, s = 8 TeV, f Ldt=196"

Endcaps, 7GeV < P < 35GeV
. Z(ee) simulation

Z+1 jet data

o W jetdata

-0.8 -06 -04 -02 0 02 04 06 08 _ 1
MVA output (BDTs)

» BDT analysis

» Trained using fake electrons from W + 1 jet events
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» Great improvement w.r.t cut-based approaches




Jet Identification

Pile-up jets structure differs wrt regular 151/ 8 TeV. CMS Preliminary ‘
jets: 5 | e
T T E

» pile-up jets originate from several L E

. . . t “F .- ]

overlapping jets which merge 2 fa Timis

c 07F #vix [9,12] E

togeth er S . #vix [13,16] E

% 0.6 fe= - # Vix {17,2;)] -

. . . . . o F -o-# vix [20,+] E

> F v ]
|||.<eI|hood grows rapidly with high . ‘ ]
pileup 2102 E

S . z  fr

» discriminant exploits shape and 1ot ]
tracking variables 0.98 ]
R i L 20 40 60 80 100

» discrimination both inside and Jet p_ threshold [GeV]
outside tracker acceptance )%t > 30 GeV is a usual requirement
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b Tagging

. +  data (HLT_JET60)
CMS Preliminary, \'s = 7 TeV B QCD (b quark)

=1 QcD (b from gluon split.)
[ QCD (¢ quark)
I QCD (uds quark & g)

» Mostly used either to
select H — bb events or
reject tt/ Wt events

» Techniques:

» find tracks with large 0
impact parameter %
» find set of tracks not 8

coming from the . ; —
interaction point Track Counting High Efficiency

» find leptons within jets (TCHE): impact parameter
» combine all together significance of the second most
displaced track in the jet

° i

P SR L TR ORI UL LTEE PN PS TS T Y £ 31
. v R SR AT A28 E !

5

5 10 15 20 25 30
TCHE discriminator
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H — 77 — 4/ Electron Energy Regression

4e
CMS Simulation
. 4(x)\H‘HH‘HH‘\\H‘\\H‘HH‘HH‘;

Oyop = 2.7 GEV

350 RMS, =38GeV

300 Oyep = 2.0 GeV
RMS,, =30 GeV

250

~4- Simulation (E,-p comb)

200 + Simulation (E,,-p comb)

150,
100,

pentpnis i T
110 115 120 125 130 135 140
m, (GeV)

RMS,, = 2.8 GeV
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» Great improvement in the energy resolution by applying an

electron regression




H — Z7 — 4/ Mass Study

CMS Preliminary {s=7TeV, L=5.11fb" {s=8TeV, L =196 fo* 0.01 CMS Preliminary (s=8Tev,L=196b"
>70, R A R AR AR AR R
[) C = r
V] 5 B r

L _ o

N o[ M =9117+0.23-022Gev | £ 0,005
" [ [,=286+051-0.47 GeV A r ‘
c f £ f Lo
@ S0C o pam E 0O - = = =
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40F L [ e
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E [|—e—
30F FT- }—"»- e —7,nj<08
[ F e
L -0.01- =u=7,10.8<|n[<148
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» Mass distribution in the mass range 50 < myy < 110 GeV
» 7 — 4/ used to validate mass measurement technique

» Good agreement between the measured and PDG values
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H — 727 — 4/ Mass Measurement

CMS preliminary \s=7TeV,L=5.1fb'\Vs=8TeV,L=19.61b"

2AInL

-
O a N W » OO N © © o
T T T T T T T T T

122 124 126 128 130
m,, (GeV)

> OTmy (1D — mygp) : 0.60 GeV
> O'mH(QD — m4g/5m44) :0.53 GeV
> 0my (3D — mag/dmay/Kp) : 0.48 GeV
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X — 77 — 40 Angles

[llustration of a particle X production and decay
ab — X — Z1Z, — 4¢ with the two production angles 6* and ¢,
shown in the X rest frame and three decay angles 61, 62, and ®
shown in the Z; rest frames
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H — 77 — 4/ Yields

Number of event candidates observed, compared to the mean
expected background and signal rates for each final state. For the
7 4+ X background, the estimates are based on data. The results
are given integrated over the full mass measurement range for the

SM-like Higgs boson search from 100 to 1000 GeV

Channel 4e 4u 2e2u 202t
77 background 78.9 +10.9 | 1189 + 155 | 192.8 £ 24.8 | 27.4 £+ 3.6
7+ X 6.5+ 2.6 38+£15 9.9+ 40 229+ 7.8
All background expected | 85.5 + 11.2 | 122.6 £+ 15,5 | 202.7 £ 25.2 | 50.3 &+ 8.6
mp = 125 GeV 35+£05 6.8 £0.8 89+10 -

mp = 126 GeV 39+06 74 +£09 98+11 -

mp = 500 GeV 51+ 0.6 6.8 £0.8 120+ 1.3 3.7+£04
mp = 800 GeV 0.7+ 0.1 09 +0.1 1.6 + 0.2 0.4 +0.1
Observed 86 125 240 57

24



H — 77 — 4/ Spin Separation Analysis

JP production comment expect | obs. JF | obs. 0T CLs
0~ gg — X pseudoscalar 2.60 3.30 0.50 0.16%
02’ gg — X higher dim operators 1.70 1.70 0.00 8.1%
2+mgg gg — X minimal couplings 1.80 270 0.80 1.5%
2+mqt7 qq — X minimal couplings 1.70 4.00 1.80 <0.1%
- g — X exotic vector 2.80 >4.00 140 <0.1%
1t qg — X exotic pseudovector 2.30 >4.00 1.70 <0.1%

» Aim to separate 0T w.r.t. several other models
» All studied alternative models disfavor by CMS data
» More details given in Mingshui's talk
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Events

Events
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Pseudoexperiments
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H— W™W~ — 2/2v Cut Flow

7 TeV data

8 TeV data

CMS prefiminary,\Ns=7TeV, L, = 49fb*

events

* data
[JH(125) -~ Ww
|| W+J%s
mW+y
M di-boson

top
W Z+jets
Ww
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| | | | | | | | |
3 Thiss 3N ar nl m, 4
N 205/10 %3 vty 7> 45 tver b s Moy Moy 49,0,

10?
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L
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» Good agreement between data and signal plus background

prediction




WTW~ — 202v Preselection

0-jet bin 1-jet bin

N T T T T T 3¢ T T T T T
o F ] o F ]
= [ ] S 700f —
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» WTW~™ background dominates in the O-jet bin
» WTW~™ and top backgrounds dominate in the 1-jet bin

20



WHTW~ — 202v Same-Sign & Top Control Regions

same-sign 0-jet bin
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H— WW~ — 202v vs. qg — WTW~ Generators

7+8 TeV data sample
expected /observed significance

MCQ@NLO POWHEG MADGRAPH
5.3/4.2 5.1/3.9 5.1/4.0
best fit value
MCQ@NLO POWHEG MADGRAPH
0.82 £0.24 | 0.74 £ 0.21 | 0.76 = 0.21

Expected and observed significance and best fit value of o/osp for
a SM Higgs with a mass of 125 GeV for the shape-based analysis,
where three different generators have been used to model the
qq — WTW~ background process

a1



H— WTW~ — 2/2v 2D Analysis
DF 0-jet (8 TeV)

49

DF 1-jet (8 TeV)

Data - Background
CMS preliminary L = 19.5 fo™ (8TeV)

Data - Background

CMS preliminary L = 19.5 fo™ (8TeV)

-46 36
£110  £93

31 -30
+88 106

35

. 02
86

£94

-39 22l 83
+74  £82  +74

5.2
86

6.2
+149

2.9
87

3.7
61

PN ] I I
7

» “Data - background” 2D distributions
» Excess seen over several bins

» Statistical analysis follows




H — WW — 202v - Significance & o /0 sp m =125 cev)

43

7 TeV
exp./obs. significance

8 TeV
exp./obs. significance

7+8 TeV
exp./obs. significance

cut-based

shape-based

cut-based

shape-based

cut-based

shape-based

1.7/0.8

25/2.2

2.6/2.1

47/35

2.7/2.0

5.1/4.0

best fit value

best fit value

best fit value

cut-based

shape-based

cut-based

shape-based

cut-based

shape-based

0.46 £ 0.57

0.91 £ 0.44

0.79 £ 0.38

0.71 £ 0.22

0.71 £ 0.37

0.76 £ 0.21

» Consistent results

among the different analyses




H — WTW~ — 2/2v Spin Hypothesis Separation (I)

» Perform hypothesis test to separate 07 (SM) and 2.f.
resonance with minimal couplings

» Include 0/1-jet bins different-flavor channels in 748 TeV
» Only gg — H mode considered for 2;;in:

> SM from POWHEG & 2. from JHU generator

> same initial normalization for both hypotheses (SM expectation)

> assuming SM expectations for ggH and VH modes (tiny effect)
0" case 2+, case

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

4

27 (125 GeV)
CMS preliminary L = 19.5 fb™ (8TeV)

=
o
S

M, (GeV)

M, (GeV)
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H — W*TW~ — 2/2v Spin Hypothesis Separation (I1)

» Perform a maximum likelihood fit
to extract the best fit signal

strength fOI’ eaCh mOdeI CMS Preliminary \s=7TeV, L=4.9 fb%; ys=8 TeV, L= 19.5 fb*
» Compare the best fit likelihoods to émi
determine the consistency of each |z | Hos n
hypothesis with the data %200? [ 2
» Test q = -2 |n(L2;m/L0+) §000; o e J
» Expected hypothesis separation at | °°F E
the 2-0 level so0f- H =
400~ i ! L;
case [ expected [ observed r e
assuming o /osy =1 200; u/{(ﬁl{ ‘r‘r TLI LLL
v | 24 | 13 N Y
assuming o/osy ~ 0.8
ot 15 05
2t 1.9 13
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H — WTW~ — 2/2v Upper Limits for Cut-Based Analysis

10° E
[ CMS Preliminary = Observed |
[ L=49f"(7TeV)+L=195'(8TeV) --- Median Expected ]
[ H->WW-2I2v 0/1-jet cut based - Expected = 1o 7
[ |:| Expected = 20 b

Injection m =125 GeV + 1o

—_
o

T T T
L

95% C.L. Limit on o/og,,

10

S|

T R IS SR FUURTTVIN PN A
100 200 300 400 500 600

m,, [GeV]
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H — ~v Flow Chart

Per-Photon Categorized
estinsty : Fite
EM Cluster Saressionil :
(RAW Energy, i
Shower Shape, i
Local/Global Photon H
Coords) Energy : Results
(Cluster
Corrections)
Primary
Primai .
Reconstruction erten Di-photon MVA
Probability [}
Reconstructed MVA H
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Conversion
Reconstruction
Primary
Vertex i Results
ECal and HCal e
Deposits MVA
Categorize
and Count
MVA

Photon 1D
MVA

(Photon/Jet
discriminator)

47



H — ~v Upper Limits

» Three analyses: BDT approach, cut-based approach, mass
window approach

» Chosen BDT approach as default analysis due to its superior

performance
i J q———— s Prlminay ;ﬁ 4 S——— P ;3 4 T
g-*;l‘z:f;ﬁfmww {5=7TeV,L=51 b ;35, tad (combined) fa=TTeVL=511b" otr) ; \c:;.sﬁ:‘;.:mgyw — Obsened
N = =530" i3=8TeV L=531b" (2012) I = =310
i of e 8T L =530 % o+ Z e " ) B 15=8TeVL=53b T
i
525 B
o >~
7 1
i i
= °
%
15|
1
05
| | | | I . i i )| Loveul I Lovul I
LTI TR T ) T0 115 120 125 130 135 140 145 150 0 115 120 125 130 135 140 145 150
m, (GeV) m, (GeV) m, (GeV)
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H — ~~ Mass/Significance

40

Both photons in barrel, 7™ > 0.94
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WH — WWW — 3/3r Cut-Based Results

50

cut-based limits

WZ — 30v enriched sample

SM
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95% CL limit on o/o,

=
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CMS preliminary
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H — Z~ Categories

1

eTe g

By

Event class 1

Fhoton 0 < [g] < 14442
Both leptons 0 < || < L4442

Photon 0 < [g] < 14442
Both leptons (< |y| < 2.1
and one lepton 0 < | < 0.9

Rg > 084 Rg = 0.9¢4
Data 17% 20%
Signal 0% %
Teff 19 GeV L6 GV
FWHM 4.5 GV A7 GeV
Event class 2
Photon 0 < [y < 14442 Photon 0 < [g] < 1.4442
Both leptons 0 < |g] < 14442 Both leptons 0 < [y] < 2.1
and one lepton 0 < [y| < 0.9
Ry < 084 Ry < 0.54
Data 26% 3%
Signal 28% 3%
T 21 GV 19 GeV
FWHM 5.0 GaV 4.6 GV
Event class 3
Photon 0 < [y < 1.4442 Photon 0 < [y] < 1.4442
At least one lepton 1442 < |y| < 2.5 Bothleptons in |g| = 0.9
orane kepton in2.1 < |g] < 24
No requi on Ry No requi on Ry
Data 26% 20%
Signal 23% 18%
ey 31 GeV 21 GV
FWHM 7.3 GV 5.0 GeV
Event class 4
Photon 1566 < [j] < 2.5 Photon 1566 < [§] < 2.5
Both leptons 0 < || < 25 Both leptons 0 < |y| <24
No requi on No requirement on Ry
Data RN R
Signal 19% 17%
L 3.3 GeV 3.2 GeV
FWHM 7.8 GaV 7.5 GV




H — Z~ Mass Distributions (1)

CMS Preliminary 2011 Vs =7 TeV, L = 5 fb™ CMS Preliminary 2011 Vs =7 TeV, L = 5 fb”
E S0~ H—>Zy—uuy E 50- Ho>Zy->uuy
3 Event class 1 4 + Event class 3
S a0 a) Event class A <) Event class
g | Pt g P
$ 20 S 20
= s £
w0 J | w0,
of Ao ; =,
60 b) Eventclass 2 50 d) Eventclass 4
s0- g - E 40! }
40} [Jeze 30F E
30- E £
20- E 200 3
10} + E 100
£ T L
foo 110 120 130 140 150 160 170 180 100 110 120 130 140 150 160 170 180
my, (GeV) m,, (GeV)
Vs=8TeV,L=19.6 fb" CMS Preliminary 2012 /s =8 TeV, L = 19.6 fb™!
> H—Zvy —puuy > 160 1 H—Zvy —pupy
[0} a) Event class 1 @ 140 . c) Event class 3
~ N 120 ) - ou
I " 100 Backoround modst
£ £ 80 Expactea sgnetx78
60
@ @ 40
20 1 n
e S .
200 d) Event class 4
160/ -
140/
120 M-
100!
80
60
40/
» 20
foo 110 120 130 140 150 160 170 180 foo " 3
my, (GeV) m,, (GeV)

Y4



H — Z~ Mass Distributions (I1)

CMS Preliminary 2011 Vs =7 TeV, L = 5 fb™ CMS Preliminary 2011 Vs =7 TeV, L = 5 fb”
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H — Z~ All Channels Together

CMS Preliminary H—>2Zy

Lo b Is=7TeV,L=5.0fb"
. s =8 TeV, L=19.6 fb"
1400 - Electron + muon channels
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W/7ZH — q¢'WW — qq'202v

o1

entries

data/ sim

T T T

[ = data ww  CMS preliminary |

10 |- —99H m =160 g Dy +jets L=asm' _|
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Higgs mass (GeV)

» Two leptons, EXSS and two jets in the final state

» Make use techniques from H — WW — 202y main analysis




H — 727 — 202v

CMS preliminary, Vs=8 TeV, [ L=5.0 fb" CMS preliminary, Vs=7/8 Tev,f L= 10.01"
2 A A AN - —_—
5 gf;[fiyam Dzz 9 & L eeand i channels. 1
> Instr. bik 3 e L —— median expected
w Wy (R 8 expectod = 1o
. data — ggH(350)~ zz,; 10 expected 20 |
=== qqH(350)—» ZZ E —e— observed 7
“j 3 1 |
L L Linlalon - 4
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B "leeasestest ”{ Hﬂ B | | | |
gosp U MU YL 107 g e
g 00 200 300 700 500 200 300 400 500 600
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» Two leptons from a Z boson, large EMiss
» Using mr as final variable

» Split in several categories: electrons/muons, 0/1/2-jets
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H— 727 — 2q2/¢

R7

CMS Preliminary 2011, 4.6 fb B \Ns=7TeV o CMS,L=461"at\s=7TeVv
S GOfF T T T T : ST T T T T
8 5 2 b-tag category 1 \b —a— CL, Obsarved .
< C e Data A 8 s EEE CL, Expectedt 1o :
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» Two leptons from a Z boson, two jets from another Z boson

> Using mogp¢ as final variable

» Split in several categories: electrons/muons, 0/1/2 b-jets




H— WtW~ — qq'tv

CMS preliminary, /L dt=12.0fo™\'s =8TeV o5, CHS preliminary_[1d1= 170 1169 le) {5 =TTevisTeY

= T T T wwwz g T — 95% C L. Otserved Limi ™
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One high pr isolated lepton, at least 2-jets, and large EMiss
Using mgqr¢, as final variable

No significant excess is seen

Public document: CMS-PAS-HIG-12-046

Analysis in progress looking at higher masses
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