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H-> WW analysis
e H>WW in a nutshell
e Analysis selection
e Background estimation
e Systematics
e Results

Higgs combination

Summary
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Signature
% 2 high p; leptons (e,n)

% Large missing E

% Small A¢; and low M, for low my,
% No resonance peak -

\

Backgrounds -
» WW: irreducible background
» tt/tW: b-jets
» W+jets: fake leptons
» Z/v*: mis-measured MET
K’e WZ/ZZ: V+ijj/vv or missing lepton /
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H2>WW iIn a

* Optimisation for different event categories:
e Different lepton flavour pairs SF (ee/up) and DF (ep)
 Exclusive jet multiplicity (0,1,2-jets)

Dominant backgrounds

DF WW, W+jets, V+y* (low mH) WW, To WW, Top
SF WW, Z/v* (low mH) WW, Top WW, Top,Z/y*
W- H W+

* Two analysis approaches: . {\) . 1‘ ) -
e Cut-based counting experiment E
e Shape analysis = {\) = 1‘) e

momentum direction =———————

angular momentum direction ———
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Analysis s

WW analysis

Mass independent

2D shape Cut based
o jets 1jet 2 jets o jets 1jet 2 jets
DF 2D 2D cut DF cut cut cut
SF cut cut cut SF cut cut cut

< Baseline: 2D [m’, my] shape analysis in DF o and 1 jet bins
% Exploits the correlation of two kinematic variables
* Easier interpretation than multivariate discriminants

** Cross-check: Cut-based analysis ; _
* mr = ,U-":Zp‘;fE{l”ﬁ” (l — co8 i'n.;jf.;rjr.im;”)
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Analysis se

Lepton selection

} T T T I T T T I T T T I T T T |
. . L] B : AR B
* 2 opposite sign leptons (|n| < 2.5 for e, [n| © goo|- 2ok Moe OMS preliminary _
< 2.4 for M) ‘;; : oW top data-driven normalization :
i 2 iggs [ s
e prleads 50 GeV/cand pr™il> 10 GeV/c = - :
Li1] oo —]
- \\\: 2]
WW selection level - 3
2 400 |- — -
e Low mass resonances: my > 12 GeV/c : — -
e Z-peak veto: |m; - m,|<15 GeV/c? for ee/ppu g — :
events 200 |- —+ -
» Soft projected E;™ preselection : ““;m_* -
e Extra lepton veto: 2 leptons only s
. i = AR ST . .
 Kinematical cut: p;!' > 45 GeV/c 3 af
. vk
e b-veto: no b-tagged jets nor softmuons L R e e
. . . s 05F
* . miss E L L L I
° Z/y* rejection: E;™* cut = 60 80 100 120
pl [GeV]
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und estimatio

7 96 WCMS—ETSW/; B +dat; W Ztiets CcMS t)[e:g?:;ll]ag ;
—g L .w :;]ah data driven normalization | -g | .v“:‘,w :’::e's A5 B oSO |
g Top background 5 soo|. e B oo 1 8 [ W Baom
* Normalization procedure relies j % | ’
on the measurement on data of i '

200 — l

the “top-tagging” efficiency

e Efficiency is measured in a top-

enriched sample 5 E
e Extrapolation to the signal region % ?
from the data yields obtained by  °* o S
inverting the top tag veto. WW background
O E— * FormH < 200 GeV,0/1 jet. bins: .
- Y A - e WW yields computed in data from a side
e band defined as:
Ll 1| « Mll >100 GeV
b - mH dependent cuts on lepton pT

e Substract all other backgrounds according
to their data driven estimates

e WW data driven yields propagated by MC
to the final level selection.

* For mH > 200 GEV and 2 jets bin:

e e Using MC prediction.
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und estimatio

in/out regions used for Rou/in
DYbaCkgrOund &l Em ||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl__
: § P %E%ts W+Hets  CMS Preliminary 3
Esssential to estimate the contribution in the SF Zaoof = Tp Sww o™=
bl « 3 ]
states from data 2 1? e E
n % i
e Reduced with Z-peak window veto + MET cuts £ 1400 = E E e =
= m
 Using the Ryyr;y method to extrapolate from the ° 1ﬁ 1k E
. . . 1 | | ]
control region to the signal region. 800 ol ! E
MC/Data 2 o i -
400 ] € =
Measure ;ﬂl Sig‘n al 200 E
on: region :
Routin In Z-peak Out Z-peak % 20 40 60 80 100 120 140 1{6{2 'L:EICQ]
3 e
X Rouhn by | Nov s Wi+jets background ™
i i I i L L L L]
L moeE 82 e (ritical background in the low mass region
e e e « Measure the ratio of tight-to-loose quality
a0 +55 data- M background leptons using QCD dominated data
40 - .
il e : - Apply “fake rate” to selected dilepton control
o E region to estimate the fake contribution to the
g b E analysis sample
% 25;— + _; y p
P VP0E. Same sign test
e E QCD data Data
e 5 Measure control Signal
o E fake rate : region : region :
él 11 | 11 | 111 | 111 ; | 11 1 E FR(PT’n) Tight-Loose Tight-Tight
00 20 40 60 80 100 120 140 160 180 200 FR

leading pT (GeV/c) .ib Nw+jets estimate
24/11/2012 Lara Lloret Iglesias (Universidad de Oviedo) I-FR in signal region 9
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o/1jet Cut Based Selection:

E,mar

: my | pp PT mey | Ade m
Cut-and-count approach with mass- [[Gevi | [Gev] | [Gev] [[GeV] | 71 | [GeV
dependent selection optimised at each E = = o=
_ 120 | 20 10 40 | 115 | [80,120]
mass-point: 125 23 10 43 100 | [80,123]
130 | 25 10 45 | 90 | [80,125]
Pr{lmay)s Pr (Linin) 160 30 25 50 | 60 | [90,160]
- 200 | 40 25 00 | 100 | [120,200]
1l 250 55 25 150 | 140 | [120,250]
Ad 300 70 25 | 200 | 175 | [120,300]
I 400 | 00 25 | 300 | 175 | [120,400]
T cut-based mass dependent selection

VBF (2-jets) Cut Based Selection:

2 jets with py > 30 GeV

No jet above 30 GeV in the n region between the two leading jets

= Anlj,~j.)>35

m;,;, > 500 GeV/c2

- Additional mass-dependent cuts on lepton pT, Dpll, mll
(as in the o/1 jet bin except for mT > 30 GeV at all masses)

24/11/2012
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//
~Systematic Uncertainties

Sources of uncertainties

Theoretical uncertainties on PDF and QCD scale and generator uncertainties: 10-50%
Data-driven background estimation:

< WW and Top : 10-30%

< W+jets ~40-70%

< Z/y* =2 1l: 20% to > 100%

* W+y(¥), Z/y* 2 1t ~30%
MC description of experimental (energy scale and resolution, efficiency): 2-10%
Luminosity: 4.4%

Uncertainty variation in shape templates
QCD scale variation and generator modelling (WW, Top)
Data-driven template uncertainties (W+jets)

Experimental measurements and selection efficiency bias
Sample statistics

24/11/2012 Lara Lloret Iglesias (Universidad de Oviedo) 1



— Results -

Significance of observed excess
for different m, hypotheses

. . g < - CMSPelminary o Expected m
L Above 3 1Ina broad I'eglon % | L-405'(7TeV)s L= 1211/ (8TeV) —e— Observed 2
(] - H=WW-—212v 01/2-jet Injection m =125 GeV -
= 20 e
o= i |:| Injection + 1o (stat)
5-, n [ | njection + 2o (stat
8 TeV results at my=125 GeV © ]
expected / observed
10{- ~
Cut-based P A g
Shape-based 3.7/29 5:_ 4
Combined 7 TeV + 8 TeV significance | I I~ == SOUTUY W W
100 200 300 400 500 600
at my=125 GeV m, [GeV]
Expected:4.1
Observed: 3.1
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ombination ov

110-150 2011 + 2012 1-2%

H%ﬂ 110-145 5+12 2011 + 2012 15%
H->bb 110-135 5+12 2011 + 2012 10%
H>WW-Ilvlv 110-600 5+12 2011 + 2012 20%
H>7ZZ->41 110-1000 5+12 2011 + 2012 1-2%
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—H =

86 GeV Signature and background:
e Two high momentum photons
. = . == ° Two photons = excelent resolution
£ e % ® ' e Looking fora narrow peak

“y ~ it . v
> = "ﬁ' e Large irreducible background from
o direct two photons

e Small fake photon backgound

56 GeV

Energy resolution is almost everything: calibrate and optimize
Rejection of fake photons and optimized use of kinematics

NO UPDATE SINCE ICHEP

24/11/2012 Lara Lloret Iglesias (Universidad de Oviedo) 14



CMS (s=7TeV,.L=51fb"'ys=8TeV,L=531b"

()] 15
=2 = Y
(?U _
o
= 10"E
O =
10_2:‘-J -——— WM
= -
= = QObserved
L 1] aaaa Exp. for SM Higgs Boson
4
10 = 7 TeV Observed
B \4 —— 8 TeV Observed
105IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII

CMS Vs=7TeV. L=51fb'fs=8Tev L=53 10"

1o

20

30

4o

-110 11520 e 2B 30 e A 3 4t d B B

my (GeV)

Over 4 standard deviations

> _I T L S ) P R ]

(0] g % A ]

o B 8 Unweighted 4

o) B 101500 :

1500 & = ;

£ i

C

o Y

> o

1000 130

D m,, (GeV)

= :

D

o ¢ Data

< 500 | —— S+BFit

A~ | eeees B Fit Component

55 [ +to ’

%)) | B 20 |

:/ 1 L | L 1 1 1 I 1 L | 1 | 1 1 1 | I | 1 1 1 | 1 |

» 0790 120 130 140 150
m,, (GeV)
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/.
~ H=>72Zz-2>4l —

Analysis overview:

- 4 isolated high p; leptons

Consistent with Z decays

From same vertex

Fit mass peak with resolution.2-4 GeV
Little background, non resonant ZZ

production
Also Zbb and top (212v2b)

- Background removal:
- Leptons from b-decays are non-isolated and displaced
- Analysis with only minor modifications since ICHEP
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CMS Preliminary {s=7TeV,L=5.05f";fs=8TeV,L=12211"

20
18
16
14
12
10

Events / 3 GeV

o N R O

24/11/2012

Peak ~ 125 GeV got more significant:
- Significance now 4.6 ¢

A P R e P g o CMS Preliminary VS=7TeV,L=5fb"+\VS=8TeV, L=12 "
e Data 2 50
o 45
Hz+x z 40
I:l 2y 22 ] 35
| —{30
|:| m, =126 GeV] : N
] ]y ESEEaa RaAt it S SRR A e et i
: _ o _ —120
[ . A0 g e - 15
_: { —o
— 20:'—' ........................ 1 —5
40 76 80 80 100 110 120
m, [GeV]
q} 1 él T T ‘ | D [ Ty Tlalaal LA LAt T T \%
= g =t
© i 1 %o
e o
o = 1 26
Tt v i S \ [ y E
E 10—3 = = 30
120 140 160 180 : \f :
10 g
m4| [G eV] = — 2D Fit 7+8TeV ""._‘: o
? V ------ Expected T_;_I
10°® % CMS Preliminary é
= H— ZZ - 4L : 3 56
107 = (5=7TeV,L=505f" ; ad
= : {s=8TeV,L=122" =
10‘8 _I | | N W i | I i \.Vl‘ ‘ | NP PNy P | ‘ | P I I | | Yool ko d h: Lo oo ‘ L1 \_
120 130 140 150 160 170 180
Lara Lloret Iglesias (Universidad de Oviedo) My 1[7GeV]
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* gg 2> H > bb and VBF are
dominant production modes
but overwhelmed by enormous nos,

QCD di-j et background ¢ 2.299
* Bestoption: qq =2 VH; H>bb bjet2

Pr47-3,

bJet1

e Major  backgrounds are 3.3
V+jets, VV, ttbar
* Use:

* VH topology: 6¢(V,H) >3

e pr (V) >100-160 GeV (boosted
W/Z)

e Tight b-tagging & MET
quality

e Backgrounds estimated from
control data

ZH — Efblé

Pr/1514;, \

p - view bb:
m 104.78
Pr225.93

X \ Ac (bb,MET) 3.06

A v MET

X
N\ e;19%6
\\gp -0.78

N

5 sub channels:

- Z(=211); H>Dbb, I=p,e
- W(=2>1v); H>bb;l=p,e
- Z(=>vv); H>bb

24/11/2012 Lara Lloret Iglesias (Universidad de Oviedo)
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95% Asymptotic CL Limit on o/cg,,

H

3 F I CIMSI Plrel=milnalry | | e CILS IOblserved A % .
-1 —— Sl
PSS TRV R --e: CL_H125injected | @O
5|~ Vs=8TeV,L=12.1fb --e-- CL_ Expected 2 D R
C  VH(bb), combined B CLgExpected+ 16 a 10
B CL, Expected+2c - g
4 &
- Q 102
N s
B e
. = 10”
Pl
-------- 4
: | 10
B L L L L ‘ L L L L | L L L | L L L L | L L L L r} _5
110 115 120 125 130 135 10
my [GeV]
6
10 1

1 1 I 1 I 1 1 1 1 I 1 1 1 1 1 I 1 I 1 I —E

-
-

3o

CMS Preliminary
{s=7TeV,L=5fb"
{s=8TeV,L=12.1 fb™
VH(bb), combined

—&— Observed

---9--- Expected from SM Higgs

T IIIIIII| T IIIIIII| T IIIIIII| T T IIIIII| T IIIIIII| T 1
LY
'
v
"
v
v
v
1
"
"
==

105995 o0 D5 gl s
my, [GeV]

Excess compatible with SM starts to build up: 2.2 sigma

24/11/2012
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Combination of three production mechanisms

Search is performed in ety pty, ey, pp. 1,7, decay modes

(o i q
'E+ ; : +
H W/Z T
EEEREN < H <
EaEEEN
T w/Z v
g q q q
Gluon Fusion Process VBF Process VH Process
[ Analysis S
Characteristics: halysis >trategy Jets p; > 30 GeV R
- High oxBR at low mass | ( \i( )
B . — 0 Jet, Low p; 1 Jet, Low p;
% SenSItlve to all prOdUCtlon Analysis divided into 5 ‘6 High background | ! | Enhancement from
modes categories mass resolution,S/B | | | Jetrequirement VBF
R i [ Syuspurpyeunpusyu gy sy 2 jets, no jets in
_ rapidity ga
Probes cquphng to leptons All categories are fit ro Jet, High pTw ; ( 1Jet Highp, | (MVA based selection
- Challenging large simultaneously Lepton prspectrum| § | Enhancement
harder from H from p,and jet
baCkgI'OUIldSZ \ ) :\ requirement )
- DY 11, W4Jets, QCD \ v
24/11/2012 Lara Lloret Iglesias (Universidad de Oviedo) 20
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= 5.0 CMS . Pleliminany. Ho 5 ," ST —— _ 5.0,CMS; Preliminary, H- 7, L~ 171" _
L o4sE absenied i i o —e— observed :
6 TYE —— expected © 39F — signal injected .
S 4.0 e e s S 4.0F I + 1o injected >
s [ 1+ 20 expected o [ + 26 injected E
E 35 | £ 35 E
= -
o 3.0 O 3.0

o o
3 25 Bm\ 3 o M s
o) o

1.5 15 -

1.0 1.0F :

0.5 05EF :

0_0 0-0 : 1 1 1 1 1 1 1 1 1 1 1 1 1 l:
110 110 120 130 140

m,, [GeV]

Sensitivity ~1 times SM - very mild excess is building at1.3 o
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Combin

CMS Preliminary {s=7TeV,L=51f" ys=8TeV,L=1221"

0o ===
S 10" N
g :— yd \—_BG
Q. = /r-v _-‘leﬁ'
T 10°F. \ ‘(// =
Q R —5c
O = L7 5
. =
10°F {6c
& "‘,‘\/ Hede
S ombined obs. |* =
10 :_ - Exp. tf)t:an't:jhnl"l E ". _:
| — H— bb 5Y _|8c
| == H-— 1T % -~
A7 || =—H— e g
10 _—_H_}E‘wa ‘ﬁ', 2]
| | e
§ P9 8y e o e i 1 1 My B L ) 145
m, (GeV)

- Observed: 6.9; Expected: 7.8 [signal strength: 0.88 +/- 0.21]
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CMS Preliminary ys =7 TeV, L 51 fb "s sTe\.r‘ L 1221b

- Mass measurement:
M, =125.8 + 0.4 (stat) + 0.4 (syst)

24/11/2012

i | 10_|||| | LA UL L T

c H — VY + iy ZZ AT Comblned

= g AL U

cﬂ 85— — H->2ZZ
1F ]
O%IIIIIIIIII|II\MIIIIII IIII:
122 124 128

my (GeV)
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onclusions

New results consistent with publications
— Significance of the signal now at 6.8 standard deviations
— Mass of the particle: My = 125.8 + 0.4 (stat) = 0.4 (syst)

Particle behaves even more like Higgs compared to
ICHEP

More data for the winter conferences.
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BACKUP
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* Combinatic

Vys=7TeV,L= 51fb' ys=8TeV,L=122fb"

CMS Preliminary m, = 125.8 GeV
H— bb
H— 1t
H— vy =

H— WW

H>Z77

1 B 1 & I 1 [ NN D | I [N N BN I Lo R

0 05 2 2.5

15 :
Best fit GJ’GSM
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