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OuHine.

m The 2011-2012 CMS’ Path to the “Higgs”

m The Search

® The “big five” : H>yy, H>ZZ, H-WW, H-bb, H>TT
m Updated combined results

m The Measurements
B Mass, Compatibilities with the SM, Spin&Parity
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Where CMNS stood at ICHEP
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The Luminosity d\p\“u\ge,

Instantaneous luminosity up to ~7-1033
20-30 pile-up interactions per bunch crossing
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o NS Globo\l Event bwswip"ior\

HCAL .
- H :
Clusters : A B

neutral .
hadron

charged
hadrons

« Rely on high granularity of CMS detector to identify and
reconstruct each individual particle in the event: classified into
mutually exclusive categories (charged hadrons, neutral hadrons,
photons, muons, electrons)

 Allows tagging of charged particles from pile-up: minimize impact
of PU on jet reconstruction, and lepton or photon isolation.
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L epton Enwglj Scale and Resolubion
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PileUP JeA +agqing

5. 1/fb 8 TeV CMS Prellmlnarv

PF reconstruction allows to reject 1

..‘B B _._—.--.-".‘ ]
c B ++++ N
charged particles from PU in jet building.g " E
o T e
Additional: rejection of jets from PU also of - :
outside the tracker coverage, relyingon o | = sl 1
. . B . -o-# vix [0,
jet shape variables. o 07 ™ Fvx[9,12]
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Validation on data:
jet counting in

Important in VBF searches.

Z = uu events vs vertex multeplicity.
Stable to <1% for jet p; > 20 GeV
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MET Performances

CMS Preliminary 2012 Z-uu
% 30 i T T T T T T T T T T T T T T T
| ® Data Particle Flow Ef.
Q)
= o5) .
.9 - MC Particle Flow Ef +
% 20 :_ ® Data Particle Flow MVAE/; . ¢ + —: "’0
8 | o] ° i U f
o 150 MC Particle Flow WVAG;. ¢ B Corrected U rom
— - [ ]
D) - o
! ° 2 e o + i
10« v eose e’ ]
5| 3 T
0 - | T IR ._
0 10 20 30

Number of Primary Vertices

o Instead of using PF MET ( from all PF candidates) different flavour
of MET variables ( TK MET, NoPU MET, PU MET, PU corrected
MET - in each one some component of the response of the event
are removed) are included in a multivariate regression which is
trained to measure a correction to the PF MET recaoil
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CMS

The Search

The Chanels:

—~ Higb\ Resoliion channels
svy OCHEP vresatts]

577 [ minor changes in the andysis + LUW UPDATE ]

— Low Resolution channels
[Mo\‘gsls imp\(ovu\ + LUW UPDATE]

H>tr [N\o\‘gsls improved + LUW UPDATE]
H-—>V\)‘N EMo\‘thIs improved + LUW UPDATE]
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S Higgs boson with M125CeN

3 e T ap O AN excellent mass For us

YVs
(High Mass: WW, Z7)

T T IbE | T T T T T T IVV\/IV T

{‘ .

Yy Zy

, TT favoured by BR but
challenging channels in huge
background environment
(bb only from WH,ZH,ttH)

LHC HIGGS XS WG 2011

|
4

i‘

Higgs BR + Total Uncert

YY, ZZ'>4| provide very gOOd mass 10?
resolution (1-2%)
- ZZ->4]l no bkg but very low rate

) 10-3 I L [T T Ny |
vy low S/B o0 120 140 fe0 1eQ, . 200
WW no good mass resolution but hi2s
good S/B also in the low mass @STeV >20K of hyss [ fb

region with the leptonic final state
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The Big Five: dedails

-1
H decay H prod Exclusive Final States No.of | mu range MH Lumi (fb”)
chan [GeV] | resolution | [7/8 TeV]
untagged | yy(4 diphoton classes) 4 110-150 1-2% 5.1-5.3
H-yy y .
VBF-tag |VV* (jiver(low or high mjfor 8TeV) 1012 110-150 1-2% 5.1-5.3
i (vv, ee, uy, ev, with 2-bjets) ® (low
VH_tag or high pt¥or low b-tag) 10 0r13 110-135 5.0 - 12.1
(I with 4,5, > 6 jets) ® (3, 24 b-tags) 10%
tt-Htag | (1 with 6 jets with 2 b-tags) 110-140 5.0 - 5.1
(Il with 2 or 23 b-tagged jets)
1-jets (eTh, MTh, ey, Up) x 8 110-145 20% 4.9 -12.1
(low or high pr)
H-tt VBF-tag (Iwith 4,5, > 6 jets) ® (3, 24 b-tags) 4 110-145 20% 4.9 -12.1
ZH-tag | (1 with 6 jets with 2 b-tags) 8 110-160 5.0 -/
WH-tag (Il with 2 or 23 b-tagged jets) 3 110-140 4.9 -/
H-WWoslulu |0/1-jets (DF or SF dileptons) ® (0 or 1jets) 4 110-600 50 4.9 -12.1
H‘*WW"IUIU VB F-tag [ulv + (”)VBF (DF or SF dileptons 8T€V) 1 0r2 110'600 4.9 -12.1
HoWWalule |WH-tag 3130 1 110-200 4.9 - 5.1
H-ZZ->4l inclusive |4& 4l 2€2u 3 110-1000 1-2% 5.0-12.1
Ho779512¢  |inclusive [(€& H) x (T Th, €Th, LTk, ey) 8 | 180-1000 | 10-15% 5.0-12.1
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Local p-value: Probability for a background fluctuation to give an excess as large as the

(average) signal size expected for a SM Higgs
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Expected Discovery Potentiad
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Expzd-u\ Eaxclusion Pal'%r\"'lo\‘

The 95% CL upper limits on the cross section ratio o/osm for the SM Higgs as function of mH

—
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pTY=89.8 Ge

pTv=46.5 GeV

myy=1 259 GeV

H— vy
candidate
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H->vy andlusic in a nut- shell

Search for a narrow peak with two isolated high Er photons on a smoothly
falling background.

High resolution: AM/M ~ 1-27%

Analysis optimized categorizing events according to purity and mass resolution
specific di-jet tag categories targeting VBF production mode ( Higher S/B )

Main analysis:
- uses MVA techniques for both photon identification and event classification
background model derived from a fit to the data di-photon mass spectrum

Independent cross checks analysis:
- cut-based analysis with same background model
- same MVA techniques but background estimated from side-band
5.1 fb' @ 7 TeV (2011) + 5.3 fb* @ 8 TeV (2012): HIG-12-015
analysis not updated since ICHEP
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input variables:

Event Uassification

The yy MVA - Event classifier variable trained on signal and bkg MC with

kinematic variables ( pT and n of each y, and cosAg between the 2Y)
photon ID MVA output for each Y
per-event mass resolution

vertex probability (from another MVA)
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budions in ovies

7 TeV (5 categories) 8 TeV (6 categorlés)
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Results

With a simultaneous maximum-likelihood fit of all the categories the statistical interpretation
is obtained:

=Y

Observed (Asyhptotic) ' CMS Préliminary

-------- Median Expected (AsymptotiC) vg =7TeV.L=5.1 fb-1 .
[ = 1o Expected _ ' _ et
[ =20 Expected Vs=8TeV,L=531b

©
)]

w

Largest excess at 125 GeV
- expected 95% CL exclusion 0.76xSM @ 125

o(H=> 7 V), o /o(H= 1 1),

1><OSM

Minimum p-value at 125 GeV with

local signiﬁcance4.1o ® 1%""" """"
© = N
- global significance in full searchrange &, kY a\\v4| lo
110-150 GeVis 3.2 0 s b \\ /// // eeme T 26
- fitted signal strength p(125)=1.56+0.43 ¢~ T \\\wv
I v 50
10 g_ Observed
I R Exp. for SM Higgs Boson
10-4 g_ 7 TeV Observed 46
Similar excess in 2011 & 2012 V' —smvomenes ]
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Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012 25



H-)ZZC minor changes in Hhe Mo\\gsis + LUW UPDATE ]

L

_— ’/bn v"‘w/ .
o~ eCiresults on Higgs searches at CivIS- 16.11.2012 26
PRaade. I



CMS Experiment at LHC, CERN [

Data recorded: Fri Apr 20 12:35:44 2012 CEST g
Run/Event: 191856 / 53791282 _AlPX\
Lumi section: 64 47 . " Y

w(Z,) p;: 22 GeV

p*(2,) p; : 58 GeV

w(Z,) p;:33 GeV

H—=ZZ—pppp
candidate
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4-lepton Mass : 125.2 GeV

M (Z,) p; : 16 GeV
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A U774 Mo\‘ﬂsis in a nut shell

Search for a narrow peak in the 4l mass spectrum on top of a flat and small bkg
Number of events small

Requires maximum signal efficiency: 4 isolated leptons from primary vertex
THE MUSTS: Excellent lepton reconstruction+identification
and energy-momentum measurement

Inclusive search; signal yield dominated by gg->H
High resolution: AM/M ~ 1%

Backgrounds include
SM ZZ [irreducible]
Z| tt + fake leptons or leptons from HF [reducible]

5.1 fb*' @ 7 TeV (2011) + 12.2 fb* @ 8 TeV (2012): HIG-12-041
analysis updated since ICHEP: minimal changes
2/3% higher efficiency and lower systematic on energy scale

Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012 28



Evml- sd%-"l on

- Any OS/SF lepton pair must
have Mi>4 GeV

g [to suppress QCD]

U pT>5,n<2.4 - FSR Recovery
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isolation/vertexing] ril ql . . N
lied ﬁ‘fﬂ/ from theoretical Xsection -
PP il qqZZ modeled by POWHEG 3
/ 10 ggZZ modeled by GG27Z 3

h,,s excess E -

5: -]

F

In region m4l [140-300]
expected 222 events
observed 224 events

3:
;.—1

Irreducible bkg

m, (GeV)
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CMS preliminary Ns=7TeV,L=51fb"'\s=8TeV,L=122fb"

N\‘H spwlvm @ ~125

g 12i”IIHHlllHllIlllllHllllﬁllljlatlaHIHHE In region m4l [121.5-130.5]

o [ [ z+x 1 |expected 19 S+B events

2 100 il 2z - |observed17

§ E m,=126 GeV E

w8 T Exp. Bkg | mH=126 | Obs
6l . I 4e 1.25 2.20 3

1 4p 2.09 4.26 6

) J'% 2e2u 3.14 5.97 8
2 "l I— TOT|  6.48 12.43 17

m,, (GeV)
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Mﬂcl'\flx Cloment ledlhooo\ Afp\(oo\d\

s —1
Pbkg(mhm?vghe%q) 0 (I)llmélﬁ) 0.06| ¢,
0.04 //
0_02 Background I|ke Slgnal Ilke
o / Z

Moved to fully analytical approach (signal and backgroundB0 2 o vV sl 6 ° 7 080 7(0
1% better significance @ 125 and 5% better limits at high mass

(m17 ma, 917 927 (D 0~ (I)1|m4€)

147

Sl&)

A kinematic discriminant (Kp or MELA) is *§ 0-14F s m2s Gev) E
constructed based on the probability ratio 2012 qaz -
of the signal and background hypotheses 8 o E

go.os‘— =

CMS preliminary {s=7TeV,L=51fb" ys=8TeV,L=12.2fb"
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25 it For Hhe stadistical N\o\lljsls

The likelihood used in the test statistic to extract limits and p-values
is for the 4l analysis a 2D PDF obtained as:

P(m4g, KD) — P(m4g) X P(KD”ITLM)

)

, Binned 2D model of
Unbinned mass model ..
KD in slices of m4l

[ all shape and normalization systematics are introduced as nuisance parameters |

Signal shape modeling: using convolution of double-sided crysta%
ball convoluted with Relativistic Breit Wigner

Background shape modeling: empirical parametrization
distributions for qg->2Z and gg->77
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The 95% CL upper limits on the cross section ratio o/osm for the SM Higgs as function of mH

CMS preliminary fs=7TeV,L=51fb" {s=8TeV,L=12.2fb"

% L IIIlI!IIIIIIIII!IIIIIIIII!IIII!IIII!IIII!IIII!IIII!IIII
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E ...................................................................................... O § 0 T T T T T T 1T T T TTTTT IIIIIIIII?IIIIEIIII?IIII?IIIIIIIIIIII
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2 -~ ~ CMS Preliminary | ™ Expected
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%’) 1 T L fs=8TeV,L=1221 forl o eeeeenes Expected + 20
;_r\ S i . w2 oy x BR(H- 4l)
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PN S P P ey SRR T I {
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S e
© 4
| i S . m = A —
10-1 Ll T . A e T
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m,, [GeV] bI
1 € - 2 H
Excluding other “SM-Higgs” like
111 |

-1 L4 T T e T I ,,”: )
bosons up to 700 GeV 10400 200 300 400 1000
pro7 m,, [GeV]

The 95% CL upper limits on the cross section 6-BR
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p-values

No Sign Of anOther Signal at high mass CMS preliminary s 7TeV,L=50f";Ns=8TeV,L=12.2fb"
L L L

q) 1 T T T T
= - 3
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. . O - -
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- ignal strength u(125.9)= 0.80.,.,8+%35 f -
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E = 40
1 CMS preliminary fs=7TeV,L=51f" {s=8TeV,L=122fb" 105 :E _;I
% % I | L | LI I | L I | L I LU | L I LI |§. E e DFt 78 TeV ‘k‘ E
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H -WW-—-vevu

candidate
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H—>WW: Channels

Three decay channels that probe three different decay mechanisms:
- Gluon Fusion: WW->2l2v [ WW-> 2129
- VBF: WW->2l2v
- Associated production: WH->3W->3I3v

m 212q 313v

Search range K120-600 GeV \ 170-600 GeV 110-200 GeV

Sensitive range (\120-200 GeV (~2My,) / 200-400 GeV 150-180 GeV (~2My,)

N

5.1 fb' @ 7 TeV (2011) + 12.2 b @ 8 TeV (2012): HIG-12-042
analysis updated since ICHEP, important changes:
- 2D shape analysis (Mg, Mt) for most sensitive category
- VBF selection optimization

Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012 38



Haw ov\o\l sis in & nut shell

Search for an excess of events with 2 opp051te sign prompt isolated
leptons (u, ) and missing Er

No mass peak, basically a counting analysis

Analysis challenge: understanding the backgrounds

DATA DRIVEN methods for reducible bkg: W+jets, tt/tW, Z/Y*->ll, Z[y*->Tt
WZ/ZZ, V+y(*) from MC

WW fit to data in sidebands after subtracting all other backgrounds
Events splitted in categories with different S/B and B composition
Dominant backgrounds

. O-jet j 2-jet (VBF)
Most sensitive

ww WW, To
W+jets, V+yl) (low my) ’ r 1OP

SE WW WW, Top

WW, Top

Z/y" (low mpy) Z/Y

Almost common preselection for all the events based on background rejection cuts

(inverted to define control regions): mll cut, pT(ll), Z-peak veto, extra-lepton veto,

B-veto, Z[Y* rejection MVA based on MET
Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012
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events / 10°

250

200

150

100

50 F

Next step:

mu dependent cuts common to 0, 1 jets
% slightly different + VBF tags for the 2 jets

Variables:

A(11), pr(Imax), Pr(Imin), Mu, Mt

mp = \/2pMEmlsS (1 — cos AqurTmssM)

Apro\tu\'l- cub-and—count Ar\o\lljsls

_IIIIIIIlIIIIIIIIIIIIIIIIIII]IIIIIII_
300 o 1125
- v
— 2
- W\ stat.®syst.

-+ data

— m=125GeV  CMS Preliminary 1
WHjets ys=8TeV,L=121fb" ]
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WwWw ]

DF o- ]ets TS
+
- Preselection .
OOI | I20I | I4IOI | I60I | I80 100 %21(5 I %J’(; l %(13(; l %_8
A9, [’

Cristina Botta - Updated results on Higg

s events /10 °

data/ MC

myg | pp" | pp™" | mu | Adu mr
[GeV] | [GeV] | [GeV] | [GeV] [°] (GeV]
> > < < ]
120 20 10 40 115 [80,120]
125 23 10 43 100 [80,123]
130 25 10 45 90 [80,125]
160 30 25 50 60 [90,160]
200 40 25 90 100 [120,200]
250 59 25 150 140 [120,250]
T B 25 200 175 [120,300]
Al L LL L 25 300 175 [120,400]
| -« data — m,=125 GeV CMS Preliminary |
| I H125 Wijets fs=8TeV,L=121fb" ]
go— M W Top - wW- H WA

ww

DF o-jets
FuII Selection;

1 | | —

|

I

. =
ol

_ =
g

momentum direCtion =————
angular momentum direction —=———————
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ZD Shape Analysis WiV

gegH, mH—125

Exploit the correlation of two kinematic variables in 2D
- mass-like variables mj and m+

Different background peaking at different location

100 150 200 250

m; [GeV]

Relaxed selection with respect to cut-based
aqww - Exploit the full range of the variables
- Mass independent selection f = oo CMSprelminar fs=grev L =121

- wdata [Jww [Jtop [ Wrets
- B H(125) Ezy B w

w

(=

(=]
T

Applied only for DF 0,1 jets
o most sensitive categories 200/

projection of my-mrin
mll<50 GeV for DF 0 jets
after the CLs fit for the
mu=125 hypothesis

Events/20 GeV

2D shape used as PDF in 100
building the likelihood ratio 50

I|IIII|IIII

ﬂ

100 150 200 250

m; [GeV]

Data/MC

TRt AR \\\\§ H%

100 150 200 250
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7+8TeV analyses result:

= observed CMS preliminary
--- median expected 3
H— WW — 212v ]

expected + 1 .
expected + 2¢ L =491 (7Tev) + 12.1 b (8 TeV)

— signal injection mH=125 GeV + 2¢ (stat.)

=
o
N

significance

1 lIIllll

95% CL limit on O'/GSM
- =
el |

[
Q
=

Illll

L+

| I IIIIIllllIIIIlIIIIlIIIIIIIIIII[IIIIIIIIII‘I‘

110 200 300 400 500 600
Excluding other “SM-Higgs” like
bosons in range 128-600 GeV
Broad excess at low mass
[110-160] GeV compatible with a SM
Higgs at my = 125GeV
with statistical significance of 3.10

Results

8TeV analysis with shape based approach (combine the analysis in DF 0,1 jets
categories with the cut based analysis in other categories)

25
I CMS Preliminary ~ ----- Expected 7
| L=49f5"(7TeV)+L=12.116'(8TeV) —e— Observed ]
- HoWW-2I2v 0/1/2-jet —— Injection m"=125 GeV
20 __ - Injection + 1o (stat) —_
L |:| Injection + 2¢ (stat) —
151 _
10 5
5/ ]
0 i L 1 1 1 T
100 200 300 400 500 600
m,, [GeV]
expected/observed significance
8 TeV cut-based | 8 TeV shape-based | 7+8 TeV shape-based
24/1.7 3.7/2.9 4.1/3.1

best fit value

8 TeV cut-based

8 TeV shape-based

7+8 TeV shape-based

0.80 £ 0.45

0.77 £ 0.28

0.74 £0.25

.11.2012
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b-jet
pt = 209.5 GeV

b-jet
pT = 46.2GeV

ETmiss
243.2 GeV

ZH —Zbb—vvbb
candidate

Cristina Botta - Updated results on Higgs searches at CMS- 16.11.2012
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=>Search in associated
production with W or Z
final states with isolated
leptons, MET,

b-tagged jets

General strategy:

High boosted vector boson and dijet

back-to-back V& H

H->bb andlusis in a nut shell

The largest BR for m, <130 GeV but o, (QCD) ~ 107 X o1 X BR(H—bb)

5 topologies
Z(IDH(bb)
Z(vv)H(bb)
W(Iv)H(bb)
I=e,u

each mode splitted
into high/low pr(V)
categories.

The high pr(V) is splitted
in low/high b-tag%

b-jet energy regression (15% improve in mass resolution myp - 10-20% in sensitivity)
BDT shape analysis (BDT output final discriminant for the fitting procedure)

Main backgrounds = V+jets, ttbar estimated from data in control regions

5.1 fb' @ 7 TeV (2011) + 12.2 fb* @ 8 TeV (2012): HIG-12-044

analysis updated since ICHEP:

new categories + improved BDT regression for b-jet energy (new variables added) ,,



95% Asymptotic CL Limit on o/ag,,

Results

observed upper limits from 1.0 to 4.2
expected upper limits from 0.9 to 1.9

°r 'cr'ms'. Preliminary "~ . cLomenes | With more data and improvements

s VecaTov, Lo 121 15" we ShMizsiiesied 4 50-30% more sensitivity wrt ICHEP
[ VH(bb), combined el Expected- 20 ] results

4=

3_ In the analyzed range [110-135]:

.=
-
-
-
-
-
-
-
-
-
.-
-
-
="
-
-
-
--"
-
-
-
-
-

-
-
.=

-
-

At my =125GeV:

55730 1asobserved limit = 2.5 - expected = 1.2
m,[GeV] an excess of events is observed with
a local significance of 2.20

] ] ] ] ] ] ] ] | ] ]
110 115 120

All consistent with the expectation from the production
of the standard model Higgs boson

The 7TeV data ICHEP ttH,H->bb analysis is also included in the combination
It directly probes the ttH vertex. Sensitivity in [110-140] is from 3-7 SM
No evidence of an excess. 5.1 fb' @ 7 TeV (2011): HIG-12-044
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H>11 andldsis in a nud shell

The only handle we have to study Higgs coupling to leptons.
High o-BR at low mass: sensitive to all production modes.

BUT:
- taus decays hadronically 65% of the times: experimental challenge
- 2-4 neutrinos in the tau decay
degrade mass resolution

- dominated by Z->tt decay
General strategy:
-reconstruct hadronic T decays with the hadron+strip algorithm

channels included in the search: TeT, TyTh TuTy rerh o o0ParAtON Of ZiH e o

- likelihood method to reconstruct the m (SVFit) | - e, < 125 0oV
- maximum likelihood fit to the m< distributions in

5/2 categories with different S/B ratio ooe;
[enhance specific higgs production mechanisms] ::
I[’q:-z' 50 '::';:164:;;""‘ 150 200 250

5.1 fb' @ 7 TeV (2011) + 12.2 b @ 8 TeV (2012): HIG-12-043
analysis updated since ICHEP, big improvements:
new categories + MVA MET + simplified VBF selection + ojet category for bkg constrain only,



0-Jet

In situ calbration
of backgrounds

1-Jet

Suppression of
backgr. from Z—11

2-Jet/VBF

Suppression of
bkg from Z->TtT

+ VH, H->TT
analysis

less sensitive with
respect to 1and 2jets
due to low cross

Event c«k@orizmﬁor\

0-Jet, p_(lep.)<30 GeV

0-Jet, p_(lep.)>30 GeV

No attempt to extract signal from these categories.

1-Jet, p_(lep.)<30 GeV

* Large statistics.

1-Jet, p_(lep.)>30 GeV
 Improved resolution
of m_.

* Less background
from Z—rr.

2-Jet, VBF

* Cut based: mjj>XXX, |An|>XXX, central jet veto%

Inclusive

jet
Boosted

Increasing p_(t/n)

- less bkg from Z->Tt

additional leptons from V decay

- main background from dibosons

Associated

5.1 fb' @ 7 TeV (2011) + 12.2 fb* @ 8 TeV (2012): HIG-12-051

section
Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012
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CMS Preliminary, Vs =7-8 TeV, L=17 fb™' T, T},
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dN/dm.. [1/GeV]

CMS Preliminary, s = 7-8 TeV, L=17 fb'T,, T},

4.0

e H(125)—tt
sk =
o B clectroweak
30F
25 — T
20F n had
15F
1.0 — !
0.5 — )
0-0 : L L L I L
0 100 200 300
m,, [GeV]

* After template fit
has been applied
(S+B hypothesis).

* Uncertainties after
fit.
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95% CL limit on G/GSM

Sensiivi

-1
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VBF and 1jet category roughly at equal strenght (@ mu=125 GeV
Strongest channel is ut (et,ep of equal strenght)
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Results

_ 5.0 S, Preliminary, H > to L=17f0" 5 0 CMS, Preliminary, H > 17, L = 17 fb”
: . =Y. LN N B 1 T 1 T T 1
\bw 4.5 ousEn/ed S B —e— observed !
o) . expected \b 4.5 . signal injected ......................................................
8 4.0 [ £ 1o expected SRRRR— S— S 40F [ + 1o injected
= [ 1+ 20 expected =  F [ ]*2cinjected
o ' O 3.0
2 32
B S 25
o o))
2.0
1.5
1.0F
0.5 E._. ................................................................................................................... —
0 1 1 1 1 | 1 1 1 1 l 1 1 1 1 | 1 1 0.0 : — 1 P | I — | | — 1 1 1
110 120 130 140 110 120 130 140
my, [GeV] m,, [GeV]

With more data and improvements the SM sensitivity is reached
Observed 95% CL exclusion limit for mH=125 GeV = 1.63 (expected 1.00)
An mild excess is found, and it is compatible with the

expectation from the production of the standard model Higgs boson
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Combination
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Combinir\g Hre vesutte: Limik on a/osm

The 95% CL upper limits on the cross section ratio o/osm for the SM Higgs as function of mH

CMS Preliminary {s=7TeV,L<5.1fb" Yys=8TeV,L<122f" CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<12.2fb"
T L L T T T T T Ty A T T AT T T TTT I TTTTTTTITTINTIT T LI U I UL

% : | | '+Observed i b% B o o I'+Observed:

\g B Expected (68%) S B Expected (68%)

(- 10+ | Expected (95%)H c 1o+ |7 Expected (95%)H

o - 3 @) - .

£ | E | :

= = I .
O O
o\° 1 3 5
(9] ] (9]
o . o

107 E -
: : -l | 11 I 111 | | I I | I | | | I I | | I l—
100’ = 2(1.')03604(50|6(I)0|I‘i000 110 115 120 125 130 135 140 145
mH (GeV) mH (GeV)

In absence of signal we expect to exclude the entire range from 110-650 GeV at 957% CL
For mH > 200 GeV the differences with obs and exp limits are consistent with statistical fluctuations

The broad excess for mH<200 GeV is attributed to the new boson with m~125GeV
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Combir\ing e vesalls: significance of the excess

Local p-value: Probability for a background fluctuation to give an excess as large as the
(average) signal size expected for a SM Higgs

CMS Preliminary {s=7TeV,L<51fb' \s=8TeV,L<12.2fb" CMS Preliminary s =7 TeV, L<51 fb' ys=8TeV,L<12.2fb"
7 1T 7 1T 1 I I L e I e L

o 1 11o o 1
> 10" 26 > 10"
) T
> 30 > \—
& s o 2 s N
w 10 w 10 =
&) 156 (&) =
S 9 s
10_9 6(5 10-9 A“ -
. k 70 i k 70
10'13 — = 10’13 —| == Combined obs. [* —
- —_8 | === Exp. for SM H * —
| —8c . s
j—Combined obs. B — | H— bb N 180
47 [ |- Exp. for SMH B I B
10 [ |[=——\s=7TeV N 10 _——H:}\;\;W B
| | ——\s=8TeV _ [ | —H— 77 il
Co T T b b Ll N AR i Heers s el N T*LI ol

110 115 120 125 130 135 140 145

my, (GeV)

110 115 120 125 130 l135 140 145

With the analyzed data the peak significance is 6.9 ¢

my, (GeV)

Other than the ‘125-GeV boson’, we see no evidence for a significant excess of
events that could be attributed to either an additional particle or particles
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Combir\ir\g e vesulls: significance of the excess

Local p-value: Probability that background fluctuates to give an excess as large as the
(average) signal size expected for a SM Higgs

o CMS Preliminary {s=7TeV,L<5.1fb" \s 8TeV L<122fb . CMS Prel|m|nary s = 7Tev L<51fb' \s= 8TeV L<122fb
TR L S A R I A R O
2 F / i A S —— =2
? 1 O !__‘ - 30 ? 1 0_ [ ' ‘ __ 30
Q ] / 1 Q. - —
© — . 40 C_U e 140
8 10°F ‘\\ \(.// - 8 10° .. -
- — ' 56 - — e, 56
10-8 :_ \/ 5.8 Y —: 10-8 i \“‘ z
M 60 i " |60
11 -_ ~'~.~ _— A1 i = Combined obs. ‘\‘ f
10 B 170 10 " | === Exp. for SMH ‘... 176
- | === Combined obs. *. . - N ]
| === Exp. for SM H “.‘ = = A= W “\ —]
10" |—H-yy . 14| |~ H-bb N
iz | HomeHoZZ 4, 1070 H—bb + 1t + WW g,
Lo e b B P T 0 1 i e sl T T P S
110 115 120 125 130 135 140 145 115 120 125 130 135 140 145
Decay mode or combination | Expected (¢) | Observed (¢) My ( G eV)
Z7Z 5.0 = 44
YY 2.8 4.0
WW 43 =2 30
bb 22 w2 1.8
T 21 e 1.8
vYY + ZZ 5.7 5.8
Cristina Botta - Updated resu| Y +ZZ + WW + 77 + bb 7.8 6.9




CMS

S 3{de s lntele

A
L. 4

Z.Somd'kiv‘\g observed 0.90 AN from e BO ov\\g b\gpo'ﬂ\‘vsis

MAIMAM sigr\iﬁwv\wﬂal'?o\( wH in [1251-254] GV

3 Mass Measurements with Hhe high

wso\wHon ohmnds
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Mass of He obsevved state

2D 68% CL regions for the two parameters that are let free in the likelihood
- signal strenght modifier u (6/osm) - mass my

for the 2 high-resolution channels — the channels give consistent results and thus can be combined

CMSPreIlmlnary ‘s 7TeV |_<51fb \s 8TeV L<122fb

= 3.0r
bU) H _> YY + H - ZZ -I- Combined
® o5 oo
- + H—ZZ
2.0 .
1.5 .
1.0F -
0.5 -
—I | | | 1 | 1 1 ‘ | 1 | | | 1 | | | | | | | | 1
00724 125 126 127
my (GeV)

Model-dependent 2D
combination:

relative event yields between the
two channels fixed to the SM

Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012

CMS Preliminary ls 7TeV,L<51fb' \s=8TeV,L<12.2fb"

— 10_' LN WA VLA U BB L T e ]
c H—>'Y'Y+H—>ZZ —— Combined i
- 9 — H->yy
:I] 8— — H-2ZZ
7t E
6F s
S =
af £
of .
Ui
O— 1111111111111111111111111
122 124 126 128

my (GeV)

68% CL interval
myx = 125.8% 0.5 GeV

Model independent combination used for nominal result,
with unconstrained normalization for HZZ, gg Hyy, VBF Hyy
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N\o\ss of Hhe obsevved stale

CMSPreIImmary is= 7Tev L<51fb \s 8TeV L<122fb

—
O

llllllllllll T | I

H 5 vy + H 5 zz — with syst. 1 |To evaluate the statistical component of the error:
perform a scan of the test statistic with all nuisance parameters
fixed to their best-fit values

1 1

---no syst.

—

£

<

QV
]

R

lll

68% CL interval:
mx = 125.8% 0.4 (stat) * 0.4 (syst) GeV

|IIIII\

Systematic part obtained subtracting in quadrature stat. uncert.
from the total one

_LI\JOOAO'IO')\I@(O
LN B 1||

111

(@)

T T YR T ST ; ;
m, (GeV) |Systematic uncertainty :

As coming from [H->yy and H->ZZ], dominant contribution is
from the knowledge of the energy scales for photons and
leptons:

- extrapolation from the standard candles (J/y->uy, Z>pp/ee)
to the kinematic of a H125 signal (pr, n)
- extrapolation from electrons to photons

The control of the energy resolution on data is also important
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CMS

The Measurements

Z 7 ANA YY MASUYRS Mx = (258 + 0.4(skab) = 0.4 (sysH
This mass is used 4o Fix mij for Hhe weasurement of properties

4’.Comp0<|—ibi‘i'|-g of Hhe observed state with Hhe SN -‘-\-iggs
Signo\( shrengit- in chaned combinations and cub-combinations
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Sigr\o\‘ Sl-vu\gH— at my=125.8 CoV

\s=7TeV,L<5.1fb' \s=8TeV,L<12.2 b’
CMS Preliminary m,, = 125.8 GeV

First compatibility test: H —s bb (VH tag)
best fit value for the common pu H — bb (ttH tag)
(signal strength modifier) obtained 1, < (0/1 jet)
in the combination of all channels  H_, < (vBF tag)

The observed u for my = 125.8 H - 1z (VH tag)
is consistent within 16 with SM:  H— yy (untagged)
0.88 % 0.21 H — vy (VBF tag)

H— WW (0/1 jet)

H— WW (VBF tag)

H— WW (VH tag)
The sum g(u=1) for any of the N sub- H_s 77
combinations can be used as X2 '2 ' 0 5 2
(with ndof =N) to test the Best fit o/c,,
compatibility of each sub-combination X2/n.d.f. = 8.7/11
to the SM

- asymptotic p-value = 0.65%
[from toys = 0.46%]
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Signd Strengit ab my=125.8 GV

u values obtained in different sub-combinations of search channels organized by

decay mode

\s=7TeV,L<5.1fb' \s=8TeV,L<12.2fb"

additional tags

\s=7TeV,L<5.1fb" \s=8TeV,L<12.2fb"

CMS Preliminary m,, = 125.8 GeV CMS Preliminary m,, = 125.8 GeV
H — bb
Untagged
H— 1t
VBF tagged
H— vy =
VH tagged
H— WW
H_s 77 ttH tagged =
1 l 11 1 1 l 1 1 1 1 I 1 1 1 I 1 1 I

0.5 1 2

[from toys = 0.54%]

1.5 2.
Best fit O'/O'SM
X2/n.d.f. = 4.3/5

- asymptotic p-value = 0.51%

0 2
Best fit G/GSM

X2/n.d.f. =1.3/4

- asymptotic p-value = 0.86%
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[from toys = 0.87%]




A combination of channels
associated with a particular N
decay mode and explicitly targeting
different production mechanisms
can be used to test the relative
strengths of the couplings to the
vector bosons [UgqH+vH] and top

quarks [uggh ]

ZZ analysis: the different
production mechanisms are
not yet explicitely separated
[diagonal band corresponding
to same values of total cross
section]

>+
T 8i
O .
O

Signd Strengit ab my=125.8 GV

CMS Prellmlnary |s 7TeV L<51fb \s=8TeV.L<12.2fb"
LI l v 11 1 3 31 3 1 1 1 1 1 1.1

] 1 l ! ] 1 l | ] 1 I | ]

Llllllllllllllllllllllllllllllllllllllllllll

-1.0-0.50.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

U
Other analyses: different 9gH-+IH

production mechanisms are
explicitely exploited
[elliptical allowed regions]

Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012 63



The Measurements

— ok mil = 1258 combined o, /osm = 0.88 = 0.21 (Jifferent ways of sp‘iH-ing
contbibutions Fu“g oompdcl‘iub, wiHh Miﬂ(PVﬂ\lMQ/) ~45)

Test of He Couyhr\gs
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The Couphng sw\lir\g factors

1. The event yield in any mode is related to partial and total Higgs boson
decay widths

N(xx=H-yy) ~ o(xx=>H)*B(H-yy) ~T,, I, / T

2. Eight parameters (MTwwI [ zzlbbl<[gglyyItot) are relevant for the following
- [¢s[yy are generated by loop diagrams and are directly sensitive to the presence
of new physics
- T'totis kept as an independent parameter to accommodate the possibility of a
['Bsm

3. Current limited dataset allows only to fit for a few of them at a time

4. TheT; are proportional to the square of the Higgs boson couplings. To test
for possible deviations in the data from the SM rates, modified couplings
[denoted by scale factors k;] are introduced according to the LHC HXSWG

prescriptions arxiv:1209.0040

5. We fit the data and the allowed regions of {ki}, or the allowed region for
one k, allowing all the others k’s to take arbitrary values
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The Measurements

(. For Hhe SN\ H-iggs e excprct 7.80 significance

X Z.somezl-b\il\g observed 0.90 A from e BG or\\g b\gpo-l-h%is
& MAIMAM sigr\iﬁcw\wﬁad— £or mH in [1251-4254] GV |

\ 3 Mass N\w\swmu\*s with He b\igb\ vesolkion ohMr\mls
T ZZ AN YY MASUrRS Mx = 258 + 0.4(stab) = 0.4'(5554—)

L@ This. mass is used Fo Fix mi} for Hhe properties measurements

% Campabloliby o He dosrved shake vibh e S Hiags

' ® | Sigr\o\‘ shrenght-in channel combinadions and cub—combinations

' (\ | _ ok i = 1258 combined o,/osm= 0.88 + 0.2 (Jifferent ways of sp\iH—ing conthvibutions Fu“«j
. compatide, with min(pNabe) - 4570)

P Tesk of Hie Conplings

C 7 Test Formions ve vector boson my‘ir\gs

N

\
\f\



Universal vector and fermion couplings.

Rescale universally the Higgs boson couplings to fermions by k¢
and coupling to vector bosons by ky

- Gver, OvH, Fww, [zz scale as (ky)?

- O, ', Scale as (kg)?

- OggH, g, scale as (k)?

[assume they’re just the SM quarks in the loop]
-Tyy, scale as |a-ky +p-kr |2

[assume W, t, b in the loop, as in the SM]

-Ttot= DI for all X decays in SM

[assume no other BSM decay mode]
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Ky? K2 [ [34 kg2 + Y4 Ky

Ke? Ke? [ [34 K2 + V4 K2

ttH
VBF

ggH

ggH
VBF

ggH
VBF
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Universal vector and fermion couplings.

bb

TT

TT
WW, 77

]
Ky? Ke2 [ [34 k2 + V4 k2]
Ke? K2 [/ [34 k2 + Va k2]
Ke? K2 /[ [34 k2 + V4 k2]
Ky? Ky? [ [34 K2 + V4 k2]

KFZ |KV_ 0.21 KF |2 / [...]

2 Ky - 021 Ke |2 / [...]

‘|

v

2
Ky
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Universal vector and fermion couplings.

2D likelihood scan of the test statistic q(ky, k¢) vs the (ky, k¢) parameters

g 20T R R S g 20T T T
150 = 1.8 E
- PR . 1.6F -
1.0F 77O\ ¢ = S :
- ( O ) ; . 140 : E
0.5 el g 1.2F JN -
: : 4 AN i
0.0 - 1.0 P \ i -
e -.. ; : P | ¢ ]
0.5[- NN 3 08F N ¥ E
- ; ) : . - E
1 0F i @/ N 0.6 . /i §
1.0_ H \ / K N . H \ / 0 N
- ".‘ ~_~ ' ] 04 :— "._‘ ~_~" .’." _:
1.5 T ' . oof T E
- _111111111111111111111111111|||11|||1111: 0. _'l"ll""llllllllllllllllllllllllllllI:
0.0 0.5 1.0 1.5 20 0.0 0.5 1.0 1.5 K2.0
° ° o K ° ° o
Likelihood scanintwo "V Likelihood scan constrained
quadrants (++), (+-) to the (++) quadrant

Solid, dotted, dashed contours show the 68%, 95%, 99.7% CL ranges
Yellow diamond shows the SM point (kv, kf) = (1,1)

Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012 69



Universal vector and fermion couy‘ings

2D likelihood scan of the test statistic q(kv, k¢) vs the (ky, kf) parameters:
interplay of different decay modes

CMS Preliminary \IS - 7 TeV L< 5 1 fb.1 (5 - 8 TeV L< 12 2 fb.1 CMS preliminary \rs = 7 TeV, LS 51 fb‘1 {S = 8 TeV, LS 12.2 fb“

i SM Higgs @ Fermiophobic 4 Bkg. only

N

o
T

K (scaling of fermion couplings)
Kg (scaling of fermion couplings)

0 ' 0.5 1 1 15 : '
Ky, (scaling of vector boson couplings) 0.5 1 1.5

K, (scaling of vector boson couplings)

The 1D 95% confidence level intervals for kv and kf while the other

parameter is fixed to unity, are obtained from a 1D-scans and are:
ky[0.78 - 1.19] k¢ [0.40 - 1.12] The data agree with

the SM expectations
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> |
The MQASMMQA'l's

- . For He SN Higgs e excpect 7.80 significance
b Z.Somwﬂ\il\g observed 0.90 A from He BG ol\‘g b\gyo'l-b\%is
\ AN signiﬁomwﬂml— Lor mbt in (1251-1254) CeV
: 3.Mass Measarements with Hhe high resolcion channels

T 7 AN YY MRASUYRS Mx = (258 + 0.4(skah) + 0.4 (sysH
This mass is wsed o st (o Praﬁ‘ir\g) Por He propvd—i% MUASAVEMS

T 4 Compntibiity of He dbsorved shate with He SN Higgs

N

‘; Signal shrenght-in combination and sab-combination

s r : - ot m-H- =125.8 combined-o./Osm= 0.88+ 0.2 (Jifferent wWals of sP‘iH'Mg condvibutions ﬁ\“ﬂ
(\ oompmHHe/ Wi min(f\/o\luw) ~45%)

=~ Test of Hhe Coup‘ings

yoy 7 Test formions vs vector-boson oouP\ir\gs

\(; s Test Cashodid simmd'vlj |

\ O



Tesh g Custodidl Simmvl'vﬂ

Test that the coupling to W and Z bosons scale together
from a fit to the full dataset, as in (kv, kf) but with
independent parameters for W and Z

Parametrization: kr, kz, Awz = kw/kz

[assume no other BSM decay mode]
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T%"M Cas'I'oo\lo\‘ SIMMQII“Yq

1D likelihood scan vs ?\Wz when kr, kz are profiled together with all the other

nuisance parameters

50 CMS Preliminary {s=7TeV.L<5.1fb' \s=8TeV.L<12.2fb"

= T S e |
— 4.5 ; -
§ 4.03_ --Exp.florSMH _
a5 \
3.0 '-,‘ ]
2.5[- ".. =
2.0 "-. 5
1.0 ‘
0.5} ‘ s
R Y- S B N R

Mz
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Awz is in the interval
[0.67 - 1.55] at 95% CL.

The data agree with
the SM expectations
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The Measurements

(. For Hhe SN\ Higgs e excpect 7.80 significance
z.somezl'hing observed ©0.90 A from e BG ol\‘g ijol-b\%is
MAXIMAM sig/\iﬁomwﬁml— fovr MH’ in [‘25‘—'25‘0 C?Q«\/

3 Mass N\easurements with Hhe high vesolukion channels

Z 7 AN YY MRASURS Mx = (258 + 0.4(skab) + 0.4 (sysH
This mass is weed o st wH (Mo praﬁ\ir\g) PovHhe properties MOASATEMENS

4'.Coml>¢<|—ibi‘i-|-tj oF Hhe observed state it He S\ H-iggs
$igr\o\l shrengit- in combinakion and sub—combinaion
— ok mHt = 1258 combined 0, /o = 0.88 + 0.2! (Jifferent ways of spliH—ing condvibutions Fu“cj
compabible with min(pVale) =~ 457)
Teet of Hhe Co«ap‘ings
v Test Cushodid simmezhlg
-/ Toek Pormions v veckor boson ooup\iv\gs

7 Test no BSM phYsice in Loops or Toba Width



BSM Pwisics in loops

Processes induced by loop diagrams (H-yy, gg-+H) can be
particularly susceptible to the presence of new particles

Combine and fit data for scaling factors k, and k; for
these two processes

~Kg? Tgq~Kg2 Ty~ K2

CT99H g gg g YY Y

(assume the tree-level couplings between Higgs and the other
particles as they are in the SM)
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BSM Pwisics in loops

2D likelihood scan of the test statistic q(ky, ke) vs the (ky, ke) parameters:
interplay of different decay modes

CMS Preliminary {s=7TeV,L<51fb"' \s=8TeV,L<12.2fb"

g 20 BERRRRRAS RRRRRRRAS :
1.8 ]
- gg-H-yy ]
1.6 drives the ellipticalshape
1.4 =
1 .2 __ ...... —': .: .... ——
1oF /s NG 1 The best fit value is (ky, kg) = (1.43, 0.81),
0.8 ‘\ @\ 1 while the 95% CL intervals for these
ek e N N 1 coupling separately are:
0.4; ........... ::m'/ 1ky[0.98 -1.92] kg [0.55 - 1.07]
oot 1The data agree with
00b i T i {the SM expectations
0 1 2 3

Solid, dotted, dashed contours show the 68%, 95%, 99.7% CL ranges
Yellow diamond shows the SM point (ky, Kg) = (1,1)
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BSM Pusics in Tt

1D likelihood scan vs BRasm = I'ssm/ I'tot When ky, kg are profiled together
with all the other nuisance parameters

CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<122fb"

— Observed

---- Exp. for SM H

IIIIII

BRgswm is in the interval
[0.00-0.62] at 95% CL.

The data agree with
the SM expectations
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The Measurements

(. For Hhe SN\ Higgs we expect 7.80 significance
2 Something odbserved 0.90 Ay Prom He BG on\(j b\ljpo'l-b\%is
MAXIMAM sigv‘\iﬁcw\wﬂmi— fovr M‘H’ in U25'—'25‘D C?b\/

3 Mass Measurements with +he high resolebion channels

Z 7 AN YY MRASURS Mx = (258 + 0.4(skab) + 0.4 (sysH
This mass is weed o st wH (Mo P\mﬁ‘ir\g) PovHhe properties MCASAEMES

4’.CAM|>¢<HH‘M oF Hhe dbserved state it He S\ H‘iggs
Sigr\o\\ shrengit- in combinakion and sub—combinaion
— ok mHt = 1258 combined 0, /o = 0.88 + 0.21 (Jifferent ways of spliH-ing condvibutions Fu“g
wMPmHHQ/ with miA(P\/o\lm/) -~ 452%)
Teet of Hhe Co«ap‘ir\gs
/ Test Cashodial simmertvy
-/ Toek Pormions v veckor boson oouP\ir\gs

7 Teak o BSW plifsics in Laops or Total Wik

-/ Teskof fermion wiiversality



Formion Universality

Several BSM models predict different couplings for the
Higgs to different fermion kinds

Two benchmark models devised to probe this:
- allow separate couplings for up-type and down-type
fermions: separate t fromb, t
- allow separate couplings for quarks and leptons

In particular define:

Adu = kd/ku (ratio of the coupling to down/up fermions)
Algq = Ki/Kg (ratio of the coupling to leptons and quarks)
[assume no other BSM decay mode]
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Fevmion

1D likelihood scan vs Aguand Ajq

Univexso\h-l-y]

(while the other free coupling modifiers (kv,ku)/(kv,kq)
are profiled together with the other nuisance paramenters)

— 5.0 :CMS' Fl’rlelir?ir:‘alrylf "l's '='7'T'e\'/"L'S| 51 f'bflvls n=|8rT|eY’n.L.S. 1,2.'2. f.b'.l: N 5.0 f’,'\\f"ls f’ffl'fr"?aryl |]s l 7Tev ||_<|5|1 .fb.‘ I\sl 8T7V]LI< .12.2.fb.
= 4'55_ \ — Observed é = 4.5F 1 — Observed -
C?I 4.0;- \\ B ljor SMH é (ﬁ 4.0§_ -- Exp. for SM H _%
35 s " 35F E
3.0 - 3.0 -
2.5/ = 25 % -
2.0} = 2.0F E
1.5¢ = 1.5( E
1.0f \ f 1.0
0.5/ | , - 0.5f -
0.0y e
}\‘du }\‘lq

Cristina

Aduisintheinterval  The data agree with
[0.45-1.66] at 95% CL. the SM expectations

Botta - Updated results on Higgs searches at CMS- 16.11.2012

Alq is in the interval
[0.00 - 2.11] at 95% CL.
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The Measurements
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Spin and Parity

The new state decays in yy -> SPIN 1 Hypothesis ruled out
The H->ZZ->41 channel can exploit the angular information using the “MELA”
methodology to test the hypothesis J°= 0*vs JP=0
Poses (M1, M2, 01,0, @, 0%, ®1]my)]
Pip(my,ma, 01,05, ®, 0%, Oy|myy) }

(2D PFD (MELA, m4l)) —> (2D PFD (pseudoMELA, superMELA))
o o >

“MELA” methodology: |1 +

Signal to Bkg prob ratio
as a function of
m1,m2,angles, m4l

CMS preliminary ys=7TeV,L=51f0" ys=8TeV,L=1221b"

Signal to Bkg prob ratio Signal(o*) to Signal(o’) prob ratio
as a function of m1,m2,angles s a function of m1,m2,angles

CMS preliminary ys=7TeV,L=51f0" ys=8TeV,L=1221b"

ﬂ T T T T e T g 6—_|||||I||I|I||I|l||I|I||I|I||I|I||I|l||I|I||I|I|||__
c 14 — @ L @ data

G>.> * data ] > [ — 0", m =126 GeV ]
L 12 —0+,mH=1ZGGeV . w 5. - 0, m_=126 GeV ]
[zzzy ] |:|7-Z’ZV ]
10 [ z+x _: 4_ = zx _:
8 7] 3:_ * o —

6F -
L 2_— ® ® —

" ;

n s

:
00 010203 040506070809 1 0 010203 040506070809 1
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Spin and Pavity

Distribution of the test statistic (likelihood ratio) built with the 2D PDF:
(pseudoMELA, superMELA) with generated bkg and signal of two types, for mH=126
Expected distributions are obtained with cross section equal to SM for both signal hypothesis

CMS Preliminary \s=7TeV,L=51fb'ys=8TeV,L=122 1"
£ 3000F assuming JF= 0o
Q B + ° °
E _F ] swo the observed value of q is consistent
s | g Thi with expectation within 2.5 standard
o 2000F = cus dat ,Illl 3 deviations
) i
© )
o 1500F l I .
5 | assuming JP= o+
(D : L] L
1000~ a1 the observed value of q is consistent
ol : with expectation within 0.53 standard
I Hf - . deviations
I il ".l—: 5 Y
% 20 10 Jo| 10 20 30
-2xIn(L /L)

1.990 from 0* 1.93¢ from 0 CLs criterion: ~ 3% disfavouring JP= o
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Conclusions

® New results consistent with publications
m significance of the signal now at 6.8 standard deviations
m mass of the particle: mx=125.8 + 0.4 (stat) + 0.4 (syst)

m Particle behave even more like the Higgs compared to ICHEP

@ fermionic final states starting to build up excess
® 2.5 standard deviations disfavoring particle to be pseudoscalar
® couplings are well within 2 standard deviations of SM
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Combir\ing Hhe vesulls: Exclusion Chs

The CLs value for the SM Higgs boson hypothesis as a function of mH

CMS Preliminary ys=7TeV,L<51fb' \s=8TeV,L<12.2fb"

S Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<12.2fb"
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gg fusion
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Hiaqs Production

The LHC H XS WG

CERN-2011-002 arXiv:1101.0593

Knniojnto | Scale | PDF+as | Total error
(Kniojo)

geF +25% +12% -7% | 8% +20 -15%
(+100%)

VBF <1% +1% +4% +5%
(+5-10%)

WH/ZH +2-6% +1% +4% +5%
(+30%)

ttH - +47% -10%| x8% +12 -18%
(+5-20%)
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H"ﬂﬂs

The LHCH XS WG

1T HD H I Iuph HD QED

§ | —ww & "mH [D THU | PU | Total
gcg - @& e ecay ota
5 27 1% | 120 | H>vyy | £2.9% | +2.5% | +5.4%
© & | GeV
5 f :
'110_1_11 3 H>bb | £1.3% | =1.5% | +2.8%
&5 ;g.\ H>TT | £3.6% | +2.5% | £6.1%
n
S F 150 |H=>WW/| +£0.3% | +0.6% | +0.9%
T . - GeV

102 = H>ZZ | +0.3% | +0.6% | +0.9%

'3 ! 1 1 1 1 1 1 1

10”00 200 300 400 500 1000

M, [GeV]
HD=HDecay NLO QCD +NLO EW
Proph = Prophecy4f NLO QCD+NLO EW
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H==Z4 blobs.

Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012 91



To vemember +ags

untagged | VBF-tag | VH-tag | ttH-tag
H— vy v v
H — bb v v
H— 17 v v v
H— WW v v v
H— 27 v

Cristina Botta - Updated results on Higgs searches at CMS-16.11.2012 92



” g E\nml- wuhor\

electron veto, |solat|on and shower width criteria
[preselection efficiency [no ele veto] from 93-100% from Z->ee tnp]

[ele veto efficiency 97-100% from Z->upuy events]

y Preselection: E ,>3and E

Ty1

y ID MVA (BDT) BASED: to separate prompt-y from 110 emerging from jets

requirement on y ID BDT output 99% on preselected signal events, removing 27% of data-event
in 100-180 GeV region. £ 1.1

. Aveage vertex prob.

interaction point mass resolution is not degraded

- choose the vertex among the reconstructed ones 0.7
BDT variable to select the right vertex
Inputs variables: Xp,2, Zp, projected onto the yy transverse !

direction, p, asymmetry, and conversions T T R T

BDT variable to define the EBE probability the choosen vertex is within 1omii " ©

from the nominal interaction [used with energy resolution, to estimate mass resolution]
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S B . . . 7
Inputs variables: isolation, shower shape, pre- shower energy, = [ Efficiency to identify -
per event energy density, and pseudorapidity 5 P correctvertex .
ool
VERTEX ID MVA (BDT) BASED: = |
- if the vertex is within ~10 mm from the nominal § 0.8 |

CMS Preliminary Simulation

0.6
<PU> =19

0

~ Q0



>99 ovies

Di-jet loose u CMS preliminary
N \s=7TeV,L=5.11b"
e s=8TeV,L=5.31fb"
Di-jet tight \s=8TeV,
- > -l Event Class
Untagged 3| " () m e cev
B h 0/Ggyy = 1.56+0.43
Untagged 2
Untagged 1
Untagged 0
Di-jet |
Untagged 3 >
Untagged 2 Iﬂ)
Untagged 1 N
Untagged O
| - | 1 1 I 11 | I 11 1 l | I I I — I

-4 -2 0 2 4 10

6 8
Best Fit G/GSM
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>t1 @ [CHEP

Compatibility with ICHEP Result

5 10 M8 by ICHER o, Lot~ eUnderfluctuation by ICHEP driven
Uw E -=--#--=- ghserved ICHEP E
L 9F T oemeace : by VBF category.
S 8 ;— 0/ 1[:5 expected =
[ R {  +Since ICHEP several changes
3 ef Restricted to ICHEP : appliec_j to improve and simplfy
® sp dataset = analysis:
= :
a: * Re-reconstruction of 2012
3F dataset.
2 « Improved }ZT reconstruction.
1E
0 A T T T « Simplification of VBF selection
110 120 130 140 (unification across all channels).
m, [GeV]

* Due to these changes the event overlap in this event category is
0O(20%).

 Estimated compatibility of the two observed limits after re-
analysis ~12% 32
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>TT

N«k@( ound

Z—1t: > ST el Observed | Z—ee(/up):
- Embedding: in 3 800 A
g o o * From powheg.
Z—py, replace pby = ., — eetoweak « Corrected for jet—-,
T I it kere
C 600
Z—pp events. = B
Z 500
T
400
acD: 300 Diboson/W+jets:
o 200 « From madgraph.
* Normalization & « Normalization from
shape taken from sideband
LS/OS or fakerate. 180 :
0
0 100 200 300
ttbar: Select isol m,. [GeV]
- From madgraph.  Select isolated leptons.
* Normalization from « Restrict E_ (supp. W+iets, ttbar).
sideband. _ o T .
 Discriminate signal from
background based on m_. (L MET) [GeV]
8
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>TT Signal Strength

CMS Preliminary 17fb'at ys =7 and 8 TeV

I I |
Category

1-Jet

...................................

I | |
m,=125 GeV

.............................

Combined 7TeV
Combined 8TeV

Combined
I | Il

-2
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BSM\ Pb\(jsws in Mt

CMS Preliminary {s=7TeV.L<5.1fb' ys=8TeV.L<12.2fb"
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Summay Y C(m?hl\g

Model parameters Assessed scaling factors Comments
(95% CL intervals)

Awz, Kz Awz [0.57-1.65] Ratio of couplings to W and Z; ZZ and WW(0/1jet) channels only
Awz, Kz, Kf Awz [0.67-1.55] Ratio of couplings to W and Z
Ky Ky [0.78-1.19] Couplings to W/Z-bosons (V); & =1
Kf Kf [0.40-1.12] Couplings to fermions (f); xy =1
Koy, Kg Koy [0.98-1.92] Couplings to photons (y) and gluons (g)

Kg [0.55-1.07] (loop-induced couplings)
B(H — BSM), x,, x, | B(H — BSM) [0.00-0.62] Branching ratio for decays to BSM particles
Adu, Kv, Ku Adu [0.45-1.66] Ratio of couplings to down and up-type fermions
Avq, Ky, Kq Mg [0.00-2.11] Ratio of couplings to leptons and quarks

Ky [0.58-1.41] Couplings to W/Z-bosons (V)

Kp [not constrained] | Couplings to down-type quarks (b)
Ky, Kb, Kr, Kt, Kg, Ky Kt [0.00-1.80] Couplings to charged leptons (7)

Kt [not constrained] | Couplings to top-type quarks (f)

Kg [0.43-1.92] Effective couplings to gluons (g)

Koy [0.81-2.27] Effective couplings to photons ()
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