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= Outline

* Observation of a new state with mass of 125.31
GeV

— 5.0 G excess observed, 5.8 ¢ expected.
— Consistent with SM prediction

~0.6

* More data and more studies needed to draw final conclusions

— HIG-12-028, arXiV:1207.735, Phys. Lett. B 716 (2012) 30-61

* The CMS experiment at LHC and data taking in

* SM Higgs boson search
— Decay modes with high mass resolution
— Decay modes with low mass resolution

* Results and combination of the searches
 Conclusions
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-~ CMS:a simple and elegant concept

Kev: Om im I im Am S5m &m 7m
S (E)E ~ 3%N(E) [GeV] 0.3%
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)

---- Photon
®

4T

o(p7)/p~15% at 1Te

Silicon
Tracker

. Electromagnetic
}! I ' Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Neutrinos “measured”through missing Iron return yoke Interspersed

Transverse slice with Muon chambers

through CMS transverse energy (E;™s) in calorimeters.

r: 1 (1 1 <3
: o I = I o ¥ -.
T By, CERM, Febriomey 2004

Fast detectors: 25-50ns bunch crossing
High granularity: 20-40 overlapping complex events
High radiation resistance: >10 years of operation

PPC 2012 - KIAS - Nov
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o(p1)/p-<1% @ 100GeV
o(p1)/p-<10%@1 TeV
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Total weight 14000t The CMS DeteCtOr

Overall diameter 15 m 76k scintillating
3 ECAL PbWOQO, crystals

Overalllength  28.7m N MUON
HCAL Scintillator/brass ENDCAPS

Interleaved ~7k ch 473 Cathode Strip Chambers (CSC)
. 432 Resistive Plate Changhbers (RPC)
3.8T Solenoid

Si Strips ~16 m'
~137k ch

Steel + quartz
Fibers ~2k ch

Pixel

Tracker Pixels & Tracker
ECAL * Pixels (100x150 pm?)
~1m?~66M ch
HCAL *Si Strips (80-180 pum)
~ 2~9.6M ch
BAUONE oM MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and |

480 Resistive Plate Chambers (RPC) 4



The CMS detector

=88 3.8T Superconducting |
p=—==y Solenoid

N Hermetlc (In|<5. 2) Hadron
Calorimeter (HCAL)
[scmtlllators &brass]
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- Detector operations in 2010-11-12

Excellent performance over the three years.
Data taking efficiency always higher than 91%
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Record efficiency achieved in 2012 despite the most challenging condition:
Instantaneous luminosity higher than 7.5x1033 cm-—s!
Typical yields of physics quality data: 90-95% of the recorded data.
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LHC: goi

CMS Integrated Luminosity, pp, 2012, v's — 8 TeV
Data included from 2012-04-04 22:37 to 2012-10-23 17:21 UTC
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Event from special high pu run:
78 reconstructed vertices and 2 muons...
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CMS
gﬁé;

" Particle Flow (global event description)

* Rely on high granularity of CMS detector to identify and reconstruct
each individual particle in the event in an optimal way.

M HCAL
A 3

:' : Clusters :
neutral | $ ;
hadron 4 HU ;

.: .: CDe ...

: . T hoton ECAL \‘ .

: Clus}é/rs \ :

Tracks W/
<3%md&mm | ?J 5
‘ g I

* Allows tagging of charged particles from pile-up: minimize impact of
PU on jet reconstruction, and lepton or photon isolation.

— Charged particles well separated in large tracker volume and 3.8 T magnetic
field

— Excellent tracking, able to go to down to very low momenta (~100 MeV)
— Granular electromagnetic calorimeter with excellent energy resolution

— In multi-jet events, only 10% of the energy goes to neutral (stable) hadrons
(~60% charged, ~30% neutral electromagnetic)

PPC 2012 - KIAS - Nov 5th Javier Cuevas, University of Oviedo 1



— Electron/photon reconstruction and identification

CMS Preliminary ~ ys=8 TeV, L=5.1 fb’!
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= Cluster reconstruction in ECAL Common for both electrons & photons.
Designed to collect bremsstrahlung and conversions in an extended phi region.
Energy spread in ¢ due to brems (E->4 GeV)

= Dedicated track reconstruction for electrons Gaussian Sum Filter allows
for tracks with large curvature due to brems and enables hit collection up to
ECAL; ECAL-seeded reconstruction complemented by a tracker-seeded
reconstruction to gain efficiency at low p+

= Energy scale and resolution

= Extensive control at the Z peak (and at the J/y=»ee for low p;electrons)
PPC 2012 - KIAS - Nov 5th Javier Cuevas, University of Oviedo 12
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matching and impact parameter (IP)
observables

« Background from data samples

W+jet for training
Z+jet for testing

* Performance

 Efficiencies

| CMS Preliminary 2012: \'s = 7 TeV
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Signal Efficiency

30% efficiency improvement in H-
>77->4e wrt cut based ID

Via tag-and-probe at the Z->ee peak

Electron reconstruction and identification

Multivariate electron identification in 2012
ECAL, tracker, ECAL-tracker-HCAL
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o Photon Energy Corrections, Scale and Resolution

« ECAL cluster energies corrected using a MC trained multivariate regression
— Improves resolution and restores flat response of energy scale versus pileup

— Inputs: Raw cluster energies and positions, lateral and longitudinal shower shape
variables, local shower positions w.r.t. crystal geometry, pileup estimators

* Regression also used to provide a per photon energy resolution estimate
 Energy Scale and resolution: use Z—e*e
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peak
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- Progress in ECAL calibration

July 2011 March 2012 July 2012
EPS Moriond ICHEP
FWHM/2.35 = FWHM/2.35=  FWHM/2.35 =
1.80 GeV (1.50%) 1.40 GeV (1.17%) 1.35 GeV (1.13%)
~ . 7 .
B if e g S]] ] e ]
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02- ‘ 3 ;
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For the golden categories, both photons in the barrel and no conversions:
FWHM/2.35=1.04GeV (0.87%) approaching the nominal value.
Still room for improvement.
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= Muon reconstruction and |dent|f|cat|on

* PF Muon Identification in 2012 _§1_00f : 5
— Exploit information from all subdetectors S . ;
: .. 0 _ _ 0 2 Efficiency is stable
. ngri(()efgu\e/hcy >96% for p=5 GeV; >99% for 006 in high PU :
Pr= e ! ooal environment
— EXxploit also tracker-based muon ID : :
0.92- -e-Data, 2012 ||
— Important for H->ZZ->4l : Bl simustion | ]
. . . 0.90- CMS Preliminary, s=8TeV ]
— Efficiency controlled in data with J/¥ and Z T&P ORIt Sa e |
-~ [ — IR Number of vertices
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. : o 06 J/V—ppn 7 - n 7

criteria applied - e - ©o096f —H :
In some analyses o4 ] 0.94 - .
i m - i i pT>20GeV ]
to further suppress - - Datz, 2012 | 1 0.92F o Dats, 2012 |
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< Particle-based isolation

* Created by summing energy deposits from individual particles in DR=0.4 cone
around the lepton

* Avoids double counting of the energy deposit in the calorimeters from charged
particles
- Pile-up contribution:
- Negligible for charged hadrons from vertex
- Neutral contribution corrected using the average energy density, p from the pile-up
and underlying event.

CMS Preliminary Vs=8TeV, L=5.1fb" |30|atI0n Eﬁ:ICIenCy r_C>J‘ :uu TT T T[T T T T[T T T T [ TT T T [TTTT 117171 HH:
1 . - - |- -
gk is stable in high PU .2 g0k N
§ oo ELECTRONS . g G 100
= E , environment % i )
g 0.8 @ det iso (2011 def) " 098 b
c (important for <+ 098 MUONS )
S 0.7 m PFiso (2012 def) . . . o r 7
2 higher lumi runs in Vo060 b
s 0.6 .
s Tk the future! S I )
ost EE pT < 10 GeV ) @ | _
B .o © 0.94- -
0.4_— °® [ ] n: : :
B e ¢ n LL - -
037 . - Q 0.92- -&-Data, 2012 | ]
0.2t . . =" i [ simulation i
0.1F 0.90- CMS Preliminary, Ys=8TeV
C \I\Il\l\l | | I | | | I | | | | ‘ || ‘ || ‘ |
¥ T oy 5 10 15 20 25 30 35 40
signal efficiency Number of vertices
Det Based vs PF Based
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Jet Identlflcatlon

5 1/fb 8 TeV. CMS Preliminary

w \r W/ T T T T 1 - > |
E - +++++# 1
3 09 - -
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© - -e- ]
+— 08 .
=] B - - # vix all i
5 P = # vix [0,8]
c U7L #vix [9,12]
O B # vix [13,16]
© 0.6 o # vix [17,20]
LL“_’ 8 o # Vix [20,+]
0.5
Sq02f | | | E
g0
1 —-—:’:—"%o—o—o—o—o—o—o—r—o—o—o—
0.98 |- -
i i i 20 40 100
Typlcal Plleup Jet Jetp threshold [GeV]

Validation on data: jet counting in

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

= Pileup jets structure differs wrt regular jets:

= Pileup jets originate from several overlapping jets which merge
together

= Likelihood grows rapidly with high pileup
= discriminant exploits shape and tracking variables
= discrimination both inside and outside tracker acceptance

Important in VBF searches.



= Jet Energy Correction Uncertainties

1OCMS preliminary, L = 1.6 fb1 {s=8 TeV 10CMS preliminary, L = 1.6 fo! (s=8TeV
~~ | L. 2 1 LI ~ | T l I I |l || T T T 1 1 I T 1
pﬁ ; = Total uncertainty |1 3% = Total uncertainty
> O Absolute scale g 9 Absolute scale
€ gt +Relativescale | € g + Relative scale
© = Extrapolation : ©  Extrapolation
& T « Pile-up,NPV=12 | & 7 = Pile-up, NPV=12
= 6k = Jet flavor 1 2 6 = Jet flavor
S F + Time stability : 35 + Time stability
5F = 5
iN: Antik R=05PF | D Anti-k, R=0.5 PF
24 In ,|=0 1 2 4 p,=100 GeV
3 3
2k 2
1 ; 13
0: 4 . LT T T T ‘ o9 7¢ Pocbimaccoococpeccocopeiioce b o108y
20 100 200 1000 -4 -2 0 2 4

P, (GeV) n

u the contribution of different uncertainty sources depends on pt and n

® total uncertainty of the jet energy scale is close to 1% for |n| < 2.4
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Z =
—

Missing Energy Resolution and PU

MET resolution for different Npy, is fitted with:

.2

the fit yields:
c :average resolution without PU
opy - degradation in resolution caused by PU

Npy
0.7

" JpU

improved resolution in 2012 for fixed Npy

® improved ECAL/HCAL energy
reconstruction

= reduces out-of-time pileup effects
® MET pile-up corrections applied
pile-up introduces an additional smearing of

~ 3 GeV on MET resolution opyj (in quadrature)
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= Tau ldentification

= Tau identification:
= Searches for major t decay modes within PF jets. iviairuy hadron hadron+strip 3 hadrons

, cor il

T decaying to 1 or 3 charged hadrons. G
= Photons/Electrons clustered in strips to reconstruct r°
= Discriminating variables computed on reconstructed t
object.
= Tau Isolation:Multivariate discriminator using
sum of energy deposits in dR rings around the t. Tau ID + Isolation efficiency
R ARy L AR CMS Simulation, {s=7 TeV
} g s T . ' a gz|M|c||| =
o 24 CMSZNN201ZNS=TSTOV Lz t0M" o oy A E
5 ok 63 ot g 3 99 Genmi<23 ]
- 20F 3zt 2 O C .
T 1'85- Ereil-eclmmak § .WZ’Z*‘Iew E 08:_ _:
E 6F Caco w 1T E ]
> af 1 0.70 ararh A Ay
T g2 { E skt ]
1ok 1 0.6)- Wﬂmﬁﬂ—‘—H e
| 0.4 :
"% 100 200 300 eV 035 ® HPSLooseCombdy |
m; [GeV] i : :
. 02:_ B HPS Med Comb dp _:
e-t, visible Mass ] [ 2Z- lhv invariant Mass 0.1 s swaLose ]
.. . ) T B N P P BT
70% efficiency with 5% fake! % 20 30 40 50 60 70 80
gentp,_ (GeV)

1’s in CMS have become “normal” leptons.
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Lepton+ijets:
CMS-PAS-TC

)

ATLAS 2011 { TJ }, I+jets
ATLAS-CONF-2011-120, 0.7 fb"

€MS 2010 (1), I+jets
CMS-PAS-TOP-10-009, 36 pb”

1759+ 0.9+ 2.7 GeV
(value * stat + syst)

17314 21+ 2.7 GeV
(value + stat + syst)

N ——
CMS 2011 (10 ), u+ets 1726+ 0.6+ 1.2 GeV
CMS-PAS-TOP-11-015, 4.9 fb! (value + slat + syst)
CODF 2010 ( MJ ), I+jets 173.0= 0.9 + 0.9 GeV
CDF-I, 5.6 fb™ (value + stat + syst)
. e
DO 2011 { MJ ), I+jets 1749+ 1.1+ 1.0 GeV
DO-Il, 3.6 fb™ (value + stat + syst)
Tevatron average 173.2+ 0.6 0.8 GeV
Tevatron prel., July 2011 (value + stat + syst)
| | I I | [N R | | I I | | L1

Methods.

T: Template, |: Ideogram, M: Matrix Element, J: with JES

Dilepton:

CMS-PAS-TOP-11-01

5

1 1 1 1 L 1 1
155 160 165 170 175 180 185
m,,, (GeV/c?)

m, [GeV]

CMS 2011 dilepton KINb
1733+28(12%26)

CMS 2010 dilepton
1755265(246%46)

D2l dilepton
1740%31(x18%25)

CDF-l dilepton
1703237 (20%3.1)

D24 dilepton
16842 128(£123%36)

CDF-I dilepton
16742 114(£103%249)

Top mass

CMS average: 172.6 £ 04 £ 1.2 GeV

600F
400f

200

Sum of permutation weights / 5 GeV

CMS preliminary, 4.9 fb*, \s=7 TeV
e BB et e S :

i - CJach ] (7))
i I tt correct 2 Woks 1 &
[ ttwrong o Zojets Y103
1000~ = & unmatched [ single top 7
L fluncertainty = —=— Data(4.91b™)
i 1.02
800
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u+Jets analysis
CMS-PAS-TOP-11-015

CMS preliminary, 4.9 b, \[5=7 TeV

nk-
ES =

172641 0.57 (stat+JES) £ 1,18 (syst) GeV

1.004-+ 0.005(stat) + 0.012(syst)

~1.3 (syst) GeV including color reconnection
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m, [GeV]

Effect of the underlying event expected to be small

22



=
|

Standard Model at 7TeV (2010-12)

CMS Preliminary \N's=7 TeV

CMS e/mtjets+btag
TOP-11-003 (L=0.8-1.09/ph)

CMS dilepton (ee,nmem)

TOP-11-005 (L=1.14/fb)

CMS all-hadronic

TOP-11-007 (L=1.09/fb)

CMS dilepton ()
TOP-11-006 (L=1.09/fh)

CMS 2010 combination
arXiv:1108.3773 (L=36/ph)

CMS e/mtjets+btag
arXiv:1108.3773 (L=36/pb)

CMS dilepton (ee,nmem)
arXiv:1105.5661 (L=36/pb)

CMS e/mtjets

arXiv:1106.0902 (L=36/pb)
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164+ 3+12 4 7

(val £ stat. + syst. £ lum)

16
170+ 4+3% + 8
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136+£20t, £ 8

(val £ stat. + syst. + lum)

149424150 + 9

(val + stat. + syst. + lum)

154+17 + 6

(val £ tot. = lum.)

150+ 9+17 + 6

(val + stat. + syst. + lum)

14
168+ 18+ + 7

(val £ stat. + syst. £ lum)

T I73+14x 0t 7

(val £ stat. + syst. + lum)

Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
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CMS-PAS-SMP-12-005,
007, 013, 014 (WW Z2Z)

Excellent agreement with NLO (or approx.
NNLO) predictions.

Key ingredients for Higgs hunting:
o(pp)2>H+X (for m_ =125GeV)=17.5pb
same order of magnitude of the diboson
(WW, WZ, ZZ production).
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Standard Model rare processes.

4-fermion Z—-llll decays
observed at a hadron collider!
(BR=4.4-10%), 6 = 125+26 b
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q "
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800 WW — lvlv events observed
in 2011, =10% xsec precision.
It constrains Higgs backgrounds
and anomalous trilinear

couplings.
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Search for the SM Higgs Boson



= Higgs Boson Production

e Dominant production mode: gluon-gluon fusion followed
by Vector Boson Fusion (VBF)
* All production modes exploited (gg, VBF, VH, ttH)
— Latter 3 have smaller ¢ but better S/B in many cases

10°

T T T '| T |' T T T T

\s=8 TeV -
~25-30% higher ¢ |
than at 7 TeV at

LHC HIGGS X5 WG 2012

o(pp — H+X) [pb]
o

1 _ ) W.Z W.Z
L i g HO
107 = W, Z bremsstrahlung
- . > t
i | 220002000 -
g al HO
1 0-2 F | | | | E per———%
| | 1 1 | | | 1 1 | | 1 | | ] g t
100 150 200 250 300 L L) '
M, [GeV] - N -6
t t fusion

Javier Cuevas, University of Oviedo



< Higgs Decays

1c

* Five important decay modes:

* High mass: y LZ

* Low mass bb, 17,
Y

* Low mass region really reach
and challenging:

* Main identifiable decay
modes, bband tthardto  1072:
identify in a huge :
background

* Two high resolution mass (~

N
N
LHC HIGGS XS WG 2010

N
N
Branching ratios

—h
Q
III_L

10° ' T Eon
200 300 500 100

1%) decay modes: H — yy and 100
H— 2Z — 4l M, [GeV]
° H - ZZ —_ 4' has |n addithn H—Z77Z—((vv H—=WW —(vqq H—77—((qq
— —({1TT —1thb
very low background et o

Many other channels also analyzed

Javier Cuevas, University of Oviedo




. Search for the SM Higgs Boson

Mass range | Lumi’11 Lumi*12 i
Channel [GeV] [1/fb] [1/b] Topologies gF VBF VH ttH
H = yy 110-150 5.1 5.3 incl. + VBF © © - -
0/1 jet + VBF
H= 1T 110-145 4.9 5.0 o | © © © -
H = bb 110-135 5.0 50 |WH+zZH=tH| - - © ©
H=2ZZ -4l 110-600 5.1 5.3 inclusive © - - -
0/1 jet + VBF
H=>WW=212v | 110-600 4.9 5.3 S WH 5 71 © © © -
: : : : : : : :
H=2ZZ-212v | 200600 : 50 : 50 iOMjet+VBF: © | © | - | -
1 1 1 1 1 1 1 1
H=22Z-3212q | 130600 | 49 | - | 0M12btags i © | - 1 - 1 -
................... Lem e mm e mem oo e mmm e me e m e e e mmm e e b e mmmmm mmmmm mmmmmbem mmm mm e mm mmm mmmmm b mmm mm o e e e e
i i i i i i i i
H=>WW=Ivqq ' 240600 4.9 ' 51 ' inclusive @ ' - ' - ' -
................... (U JUpU U SOSEOIUUIN SVUIUUVRNEY NPt P

Javier Cuevas, University of Oviedo
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[ High mass resolution decay mode ] H —>
VY

I LU LR L B L LB LB B = B

G| GCvscomoned I s [ 5 fb/1 at 7 TeV (2011) + 5 fb/1 at 8 TeV (2012)
B 5=8TeV,L=531" __E:: 1

E i —H—yy
£ 10F —alm f
£
o
b prv=89.8 Ge
R
pTv=46.5 GeV

110 115 120 125 130 135 140 145
Higgs boson mass (GeV)

CMS E=7TeV,L=511" {E=8TeV,L=531"
@ 1 1o
= 2
o
$10_2~__\—,—-’-_30
j=%
© dc
§10’~*
50 My=125.9 GeV
-8

o ) b

Expected p-values
11[_| = Combi —

1071} Gomoes iy H—YY
| ——H=2ZZ ]
L candidate

104 H— bb

110 115 120 125 130 135 140 145
m,, (GeV)
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* Search for a narrow peak in Background model derived from data
the diphoton mass Simultaneous polynomial fits of the m
spectrum with two isolated in all the categories

high ET photons on a

smoothly falling background 3 2500l ey e
— In barrel resolution ~ 1% X 2000 Ll — R
* Analysis optimized g L i :
o o gf - 2 [ ] Hoyy (125 GeV) x5 .
categorizing events w1500 Ey, .
according to purity L e, .
o - 7 ]
and mass resolution. 10008 ’ ]
— Specific di-jet tag categories 5001 A, -
targeting VBF production - o .
mode. Q0 110 120 130 140 150 160 170 180
m,, (GeV)

* Several complementary analysis:
Main analysis optimized using a MultiVariate technique to identify
and classify events, cross-checked with (independent) cut based
and mass sideband background MVA model



- H = yy

 Analysis selection (MultiVariate Analysis
MVA)
— Vertex ID

* Input variables: Zp;>(tracks) 'p_balance wrt yy,
conversions information

— ID photons p,>m, /3 p,>m,, [ 4
* MVA Diphoton discriminant categories
— High score

* signal-like events
* good m,, resolution

— Designed to be m,, independent
— Trained on signal and background MC
— Input variables:

* Kinematic variables: p 1, / m,,, 1, cos(@,- ¢,)
* Photon ID MVA output for each photon

* Per-event mass resolutions for the correct and
incorrect choice of vertex

PPC 2012 - KIAS - Nov 5th Javier Cuevas, University of Oviedo
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H — yy: what’s new in 2012

* 2011 data reprocessed with new energy calibrations
in ECAL to further improve the mass resolution.

* 2012 prompt reco. data: calibration stable vs time
thanks to live light monitoring corrections.

o 1.03¢ T i I J [
= = cM 2ﬂ12 Prela'mnarf Hiae with LM correclion 3 i
g 1.02 :“\’_' ¥y Te’u" o 3 g5 ﬁ::“ R R withiout LI‘-JT ¢t&rm¢ti‘ﬁh e 0.0019
= = 0.97
L,,Dﬂ- L [0 S S ST ST ST S — IS4 L E o.00ea 1
g 1 E : : : | : i-prﬁz | DR g gpue
B 0.99F b S
& 0.98F= ' ’ oo
D.QE L ' “Renid 3
o E/p scale stable too 2% ______________________ [
0.94 EGAL Eaarrel mem Hem A— =

0.93

12.-’{]4 19.-’04 EE."D-’-i 034’05 1D.-’D5 1?.1"-05 24.-’{]5 31.1"05 07/06 CI 50 100

date (day/month)

Laser calibration:Automated 48-hour calib. loop.

PPC 2012 - KIAS - Nov 5th

Javier Cuevas, University of Oviedo



H — yy: what’s new in 2012

2011 data reprocessed with new energy calibrations
in ECAL to further improve the mass resolution.

2012 prompt reco. data: calibration stable vs time
thanks to live light monitoring corrections.

Re-optimized photon selection using isolation
based on Particle Flow reconstruction

Split di-jet tag events in two categories with
different purity (15% better sensitivity)



CMS

H — yy: mass dstributions

Y N
7 TeV (5 categories) 8 TeV (6 categories)
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S/(S+B) weighted mass distribution

CIVlS \S 7TeVL 51fb'ys=8TeV, L= 53fb1

S and B are the E ' '% ..........
number of Signal and 10 I %500 Unwethtes
background events 1500 g |
calculated from the g 1000}
simultaneous fitto all Y100

categories

Summed plot for
illustration, results

%
¥
5
¥

I S+B Fit
...... B Fit Component

S/(S+B) Weighted
(@)
S

. . 1o
obtained with 0‘.;.%0..'....'....'......
simultaneous ML fit 110 120 130 140 150

, ' K . m,, (GeV)
O all Ca egorles As suggested in R. J. Barlow,

“Event classification using Weighting
Methods” , J. Comp. Phys. 72 (1982) 202



H — yy results

Excess of events observed for diphoton masses
around 125 GeV, consistently in 7 and 8 TeV data

Local significance 4.10. Signal strength 1.6 £ 0.4 X o\,

[ Evidence for a new state]

10

- Interpretation Requires LEE CMS Preliminary

{s=7TeV,L=5.11b"
is= 8TeV, L = 531b1

//}\\\ //

~ CMS preliminary

" 1s=8TeV,L=53fb"

Best Fit 6/cg,,

O o o s

—h
Q

-
"
'

H ¢.-
:,-"- :
e :

Observed (Asymptotic) - 35

1x SM Higgs Expected (Asimov)

7 TeV Observed (Asymptotic)

8 TeV Observed (Asymptotic)

-5 ] | I | I | PRI T I T T AT T T N T T N B B C11 L1l
Yo fs 120 15 10 1% 140 145 {50 110 115 120 125 130 135 140 145 150
m, (GeV) m, (GeV)
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95% CL limit on o/og,
a

—

110 115 120 125 130 135 140 145
Higgs boson mass (GeV)

CMS E=7TeV,L=5.1f" f{s=8TeV L=531"

o 1

3
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& 10
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108

10M

10—14

110 115 120 125 130 135 140 145
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PPC2012 -

CMS Combined
Vs=7TeV.L=51f"

¥s=8TeV,L=53Mm"

[High mass resolution decay mode ] H —> ZZ —> 4I

Expected limits
—— Combined
H—=bb
—H—-1t
—H—=yy
—H-=WW¥
—H—=ZZ

5fb/1 at 7 TeV (2011) + 5 fb/1at 8 TeV (2012)

H— bb

H —=ZZ—yuppp
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H— ZZ — 4l

* Golden channel: clean experimental signature

— Narrow resonance

— Four (potentially low p;) tightly identified and isolated leptons

* Low level of background: irreducible ZZ* , reducible Z+jets, t
tbar with two leptons from b or light jets, WZ, estimated from
data - 50 % uncertainty: fake rate method applied from signal-
free control samples, validation (data wrong flavours and

charges)

* Agreat performing channel in the whole mass range, but
extremely demanding in terms of selection efficiency down to

the lowest p; ¢4

Production cross sections

pr of the 4 leptons

— : 01 1 1 1 1 ]
g o w =t pré H—ZZ" -4y E
= : 0.08f i ms = 125 GeV -
16 H=ITTT (1= e,p) ; __fl i!.-j"-| pr? E--: Before the selection
5 5 = 0.06fFi u ™ o S
H 4 S . .:"Ji'uI!. L. i_.1 After the selection
! 5 0.04f¢ | aiq | . E
L 3 5 PpoL O £ E
L_ o | H ';_"i J5 o R pr ;
......... — HE I " o A -
&1/ /AT S ORI é
o oL / H—e'eet" -—-H____h_H__h_____ o 0 ...i"'EF u-‘!-"':-":;'_ i 2 ey ]
100 125 200 300 400 500600 0 20 40 60 80 100
pr[GeV]

mu [GeV]



H— 7Z — 4]

Improvements in 2012:

New lepton selection

Recovery of photons from
final state radiation

Exploit angular information
to discriminate signal from
irreducible ZZ background
~207% gain in sensitivity with
respect to the 2011 analysis
Optimization done without

looking at the data in the
signal region.

Events / 3 GeV

CMS Preliminary {s=7TeV,L=505fh";{s=8TeV,L=5261"
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Matrix Element Likelihood Analysis

2D analysis using m, and MELA

Ns=7TeV,L=5051 b 'Ns=8TeV,L=5261"

i
g

Pbkg(mla ma, 61,04, @, 0%, q)llm4f) b

MELA = 1 —I_ P 9 6 (D 9* (b 140 150 60 170 130
sig(mla ma, Uy, U2, %, U7, 1|m4£) m,, [GeV]
Ns=7TeV,L=50511b";Ns=8TeV,L=5261b""
CMS Preliminary 2012 Vs=7 TeV, L=5.05 fb ™ Vs=8 TeV, L=5.26 o™’ 5
= I I B B B B A NN BN B RN "c%
= o.14f —
S - SM H(125 GeV) . c 0.8
Lo0.12F - 3
g - . o
B o4 — @azz ERS
o - N 4
€ o.o8[ — - 0.4
b= - . o)
= o0.08|- =
H 0.2
0.04 N
0.02 — %0 110 120 130 140 150 160 170 180
m,, [GeV]
A .
OB 01 050304050607 0800 1 PRD81,075022(2010),arXiv:1001.5300
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H — ZZ — 4l results

 Localized excess of events observed around 126 GeV

CMS Preliminary Vs=7TeV,L=5.05fb!Ns=8TeV, L=5.26 fb?

D 12 L e @ 7TeVde, 4m 2e2m
@) - Data © O 8TeV 4e, 4m 2e2m
o L

(7p] B
— —
= o

= 8r
L =

- 6 —

2

(0]
ZZ candidates with per- F_*; ***** 1 T _ ]
event mass uncertainties - f‘eﬂg* T o e e
80 100 120 140 160 180
m,, [GeV]
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H— ZZ — 4l results

 Localized excess of events observed around 126 GeV
and at signal-like values of the angular discriminator

CMS Preliminary fs=7TeV,L=505f";{s=8TeV,L=526fb"
TTTT TTTT T TT T T

1 CMS Preliminary 2012 =7 TeV, L=5.05 fi% \/s=8 TeV, L=5.26 fb" > 8_ I T [TT T T T T T TTTT bl T T
< 1 [0} N ¢ Data ]
] 0] - MELA>0.5 .
L 09 o IF B z+x ]

08 8 £ e Ozrzz -
07 L%’ 5_ [ ]m,=126 GeV:
08 0.6 - '
0.5 4- it
0.4 0.4 3
0.3 C u

2 — . -

0.2 n Jj §
1__ LB L I | L] s 88

] T

Lo | il |
900 10 120 130 140 150 160 170 180 110 120 130 140 150 160 170 18
m,, [GeV] my, [GeV]
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H— ZZ — 4l results

 Localized excess of events observed around 126 GeV
and at signal-like values of the angular discriminator

* Local significance 3.20 (expected from SM H: 3.80)

CMS Preliminary 2012 \s=7 TeV, L=5.05 fb™ \5=8 TeV, L=5.26 b
< 1 1 g IIIIIIII I L I L I L I L I LI IE
_| - -
I.IEJ 0.9 g /? '/. 3 : X ;Z é
7 Is
0.8 o N
0.8 3 3
07 O . 2
o) \ 1
06 06 E
05 .
— 2DFit7TeV '." ‘l_ 3s
04 04 i
03 - - -+ Expecte E
‘ CMS Preliminary
0.2 0.2 10" L Hozza ! E
- (s=7TeV,L=505" | 3
0.1 {s=8TeV,L=526f" T %
‘ I ‘ \'_!'!_r | | '5 L1 I L1 I L1 ‘f I L1 I L1 I L1 i L1 I L1l
%0 10 120 130 140 150 160 170 180 107110 120 130 140 150 160 170 180
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- H — WW (2] 2v, Iv jj)

T ‘LILILILI LI I B I e o T
= F . Expacted imita 3
S | Eorrevicsim [—oombee [ 5 fbj1 at 7 TeV (2011) + 5 fb/1 at 8 TeV (2012)
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E 10F “wiz
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2 //
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: 6o H -WW-—=vevu /
| |Expected p-valuss
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H—>WW

CMS \s=8TeV,L=511fb"

% L

O 40 + Y e

* Dileptonic channel: P e
— 2011 analysis unchanged. s | w = v

20( (L~ -

— 2012 analysis with 3i % % :

improvements in objects and o b ]

methods to deal with the bt s

. . . 0 50 100 150 200
increase in pile-up. m,, (GeV)

Cut-based analysis for ICHEP.
— Shape analysis in en
* Semi-leptonic channel, new

after Moriond’12, for Higgs
boson masses above 170 GeV.

cwls pre_lin:linlaryl,fll_ dt = 5.I1ﬂ‘a'1,§”s.= 8 TeV
WW/WzZ ]|
W +jets
B top
QCD

Z+ijets
* data |
— H(300)x10

Events / GeV

250 300 350 400
my; (GeV)
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H—>WW — 2| 2v

* Excess of events with two leptons of opposite sign, and
missing transverse energy.

— Irreducible background:
* qq—WW + gg>WW
— Data driven estimates

* Wh+jets: Fake rate measured in QCD enriched data sample
* Z[y*: Normalized in Z mass

* Top: b-tagging efficiency from top control region in data

* Splitin categories with different S/B and B composition:
— 0o/1jet and VBF

— Final state lepton flavors (ee, uy, ey)

H W*
© 9 Spin correlation, scalar boson decay to

Vector bosons, and V-A structure of the
«~  Winteraction
"™ Expect small di-lepton A¢ and mass if SM
momentum direction ——

igular momentum directio H lggs

(—('&—‘ "(_&
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H—> WW — 2] 2v: kinematics at final selection

/Triggem or 2 leptons >97 %

p; > 20,10 GeV, iso, ID, from PV
Projected mET > 20 GeV

0 jet bin eu category

ps F— Hwwizs = data CMS Preliminary
S [ O ww | Zy* : Vs=8TeV

o [ CJtop mvz : L=5101b"

h.uy 100 __- Wijets H -
4‘9 E ; ‘
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2 8o I - .
o [ |

s
o
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o [4)]

0 ww
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: Il 7 :
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° i : ] \ :
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i Z VetO and mET CUtS 00 50 100 150 . 0 50 100 150
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\\ Mass dependant: p;, m, Ap,, m; /
/ CMS \s=8TeV,L=5.1"fb"
. . . > L L B B
Final selection (8 TeV dataset): observed 3, { o
w0 i [[] my =125 GeV
number of events in data, estimates of the background = o
. . ® 30F o -
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Ll L I W+iets
Category: [ Ojetew | Ogetiéf | ljetep | ljetff | 2jetem | et fd 201 ]
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H—>WW — 2| 2v:ICHEP results

* Broad excess of about 1.6 o observed (2.4 ¢ expected) in the low
mass range. Compatible with the expectations from a SM Higgs
signal at 125 GeV, given the low mass resolution.

3| Zoom

= 102 =
__t?_w S median expected CMS Preliminary
© - H— WW - 212y
S expected L 16 _ 5 4 11 (8 Tev) + 4.9 fb' (7 TeV)
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21—
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(o)} C
10" & E
:l | I 1 1 1 I 1 1 1 |||||||||||||||||||||\||\||||||||||||||
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Higgs mass [GeV]

Exclusion Range

Observed: 129 - 520 GeV
Expected: 123 - 450 GeV
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FT T T T T T T T T T T T T T T T T T T T4

.I'\-LL.L.I.hlll TTT

95% CL limit on 6/cy,,

—=— Observed

Expected (68%)

Expected (95%)

==eer Expected for m, =125 GeV

9
8
7
6 B
56\
4- :
3
2
1
0

| | T

110 120 130

[
my, =125 GeV

CMS Preliminary
W (s=7TeV | (§=7TeV,L=5.11b"
- (s=8Tev | '§=8TeV,L=5.31b"
H— WW (0/1 jet) -
H—> WW (VBF tag) -y
H-—> WW (VH tag) | ———@—~ ,
6 4 2 0 2 4 6 8
7 Best fit o/og,,,,

140 150 160
my (GeV)
Results in WW
topologies are
compatible within
uncertainties
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entries

150 [ T T T | T T T | T T T T | |
|-+ data [l DY+ets CMS preliminary |
| — m =125 top L=51f! -
L WW B wzizz 1
5 W+jets

100 j}. .

50l i
Tl Lyt
0 it roleieieiele
1 0.5 0 0.5
BDT Output

@ mH =125 GeV

40

20

Exp. significance 2.5 0
Obs. significance 2.2 ¢

Signal strength: 0.82 £ 0.38

PPC 2012 - KIAS - Nov 5th

H—>WW — 2|l 2v: post-ICHEP results

Javier Cuevas, University

of Oviedo

I [T I
s My cvsremnay | MyltiVariate shape
L=5.1fb
Ww B wz/izz ° ° °
i Weies 1 analysis in the ep final
Jl_ state in the 0 and 1jet
I + | categories: Cut-based
i + ﬁ% variables + AR, m,(2),
=] Ag(l, MET), Ag(l, jet)
1 0.5 0 C-)é o -1
= F _
© 10%F — observed CMS preliminary —
_E 10 E o ;nxetzztr;jtpizted H — WwW — 212w E
S B Exzected + o5 L=4.910* (7 Tev) + 5.1 fb (8 TeV) ]|
— —signal injection m_ =125 GeV + 1o
E °op ’ 3
I 1
= 1E =
L = =
> F E
107 E
; | N I N I | I|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIII1_'
110 200 300 400 500 00

Higgs mass [GeV]



< H—WW—1lvqq, Analysis

CMS preliminary. lf Ldt= f5.1|fb"1,\‘-’sl= 8 TeV
WW/WZ ]

I W+jets

I top
QCD
Z+jets

s data
— H(200)x10 -

* Most sensitive for Higgs boson mass
around 350 GeV

* Selection differences to Ivlv channel

— One electron (muon) with pT > 35 (25)
GeV and MET > 25 (30) GeV (leptonic W

Events / GeV

decay)
 Twoiets with 65 < Mj <95 (hadronic

* Main background: W+jets
— Suppressed using angular likelihood
discriminant for each mass hypothesis
* Signal extraction

— Kinematic fit allows full reconstruction
of Higgs boson mass

— Search for mass peak against continuum
background from W+jets events

CMS preliminary, JLdt= 5.I1ﬂ:|)'1,}s‘= 8 TeV
WW/WZ ]
m W+jets
I top
Qcb

Z+jets
* data |
—H(300)x10 |

Events / GeV

250 300 350 400
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< H—>WW—Ilvqq, Results
8 TeV Analysis Combined 7 + 8 TeV

CMS preliminary [ Ldi=5.1 b’ is =8 TeV
IIIIIIIIIIII_gsofBC-L-obSENEdLimiflIIIIIII
------- 95% C.L. Expected Limit
[ +1o Expected Limit

CMS preliminary [Ldi=10.1fb" Vs=7TeV/8TeV
Illlllllllll_gsofBC-L-ObsemedLimifIIII|III
------- 95% C.L. Expected Limit
[ +16 Expected Limit

[ ] +20 Expected Limit [ +2c Expected Limit

Coxcluded ! Osm
o

Cexcluded ! Osm
n

IIIIIIIIIIIIIIIIIIIIIIIIII
(s ]

3
2_— 2
1k 1
0:...I....I....I....I....I....I....I....I....I. D...I....I....I....I....I....I....I....I....I.
200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
M, (GeV) M, (GeV)

-

* The 8 TeV data analysis excludes [260, 390] GeV at 95% CL A

* In combination with the 7 TeV data [240, 450] GeV is excluded at
_95%CL y
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2 W/Z + H, H — bb

The largest BR for m,<130 GeV, Myp = 128 GeV, pr(bb)= 181 GeV

but ,,,(QCD) ~ 107 x 6, x BR(H
— bb)

Search in assiciated production
with W or Z, leading to final
states with leptons, MET and b-

jets.

* General strategy: ZH— pubb
— High boosted vector boson and candidate

dijet

— 2 b-tagged jets 5 channels: Z(lI)H(bb), Z(vv)H(bb), W(lv)H(bb)
— BacktobackVandH Reducible Backgrounds: QCD, top, W/Z+
— Reconstruct mbb light jets

* Main backgrounds, V+jets and Less reducible: V+bb, ZZ(bb), WZ(bb)

top a.ntl top, eStlm.ated from Key piece of the observation puzzle
data in control regions. Tests specific production & decay couplings

PPC 2012 - KIAS - Nov 5th Javier Cuevas, University of Oviedo 52




CMS/}
—

W/Z + H,H — bb

Many improvements:

* Jet energy reconstruction
using BDT regression
(15-20% improvement)

QO_S_IlIIIlIIIlIIIlIIIIII|I.II|III_
~ [ CMS Simulation —orination 1
o - Vs=7TeV,L=5.01fb"

£0.251 Z(I'T")H(bb) (m, =125 GeV)

0.05F

5080106 120 140 160 180 200
M, [GeV]

Extensively validated in data

using Z(Il) + bb, ttbar and

single top events



W/Z + H,H — bb

. > 02— 1
. () "CMS Si |ati = VH(125) 7
Many improvements: | go,lggzml_vmua'on - g
* Jet energyreconstruction  —o.1efzmreD) uees ]
2 L == Single Top —
using BDT regression 5 —e
(15-20% improvement) C ol 1
* (Categorize eventsin 0.08] | ]
medium and high boost 0.08 E
0.04- -
O'OZJ;H_H@H ‘ N
0 50 100 150 200 25(
pt, [GeV]

Channel | Medium boost | High boost

ZIIH 50<Zpt<100 Zpt>100

WinH 120< Wpt<170 Wpt>170

ZnnH 120<Zpt<160 Zpt>160
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—

W/Z + H,H — bb

Many improvements:

* Jet energy reconstruction
using BDT regression
(15-20% improvement)

* (Categorize eventsin
medium and high boost

* Use full shape of final
MVA discriminator

Gain in sensitivity ~50%

already on 2011 dataset!

Events/0.04

Data/MC

.

10

10°

10°

10

T | L | T T | T T T
MS Preliminary
Vs=8TeV,L =51 fb'
W(uv)H(bb)

& Data
W/ H(125)

e ———
¥} =0.458 K, =0985 MC uncert. (stat) [T MC un

04 06
BDT output



W/Z + H, H — bb: results

CMS Preliminary:

VS=7TeV,L=5.0fb"
is=8TeV,L=5.1fb"

VH(bb) Compatibility

* Some excess compared to s
background predictions -
(significance ~10)

* Compatible both with a 1Xo¢,, 1.
signal and with just background. R I

best fit 6/oqy

% 6 [T T T T T T T T T ] (0] 1E| T T L 3
=] - CMS n % E Al /
IS C Vs=7+8TeV,L=5.0+ 5.1fb" ] g i
S 5[ VH(bb), combined . LoE — T
ot [ —e— CL  Observed ] T F e Po

E B --e-- CL_ Expected 7] 8 02 = -
j 4 — [ CL; Expectedt+ 1o 2 ;‘ """"""" E
Q B CL  Expected+t2g 5 r T
> 3 107 E
< - § CMS Preliminary ]
[ 104 [5=7+8TeV,L=50+51f"  —
21 3 VH(b), combined ]
L 10‘5 E == Observed E
1 | ] ; ==@== Expected from SM Higgs 1
| - 10—6 PN NN T N T T AN T T T T AN TR SN T AN SO S N
[ L L L L | L L L L | L L L L | L L L L | L L L L ] 110 115 120 . 125 130 135
110 115 120 125 130 135 Higgs boson mass [GeV]

Higgs boson mass [GeV]
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ttH, H — bb

Important to probe the coupling:

same couplings as the dominant part of o(gg — H)
production cross section but at tree level

(no loopholes for BSM particles to contribute...)

at
:%::f"";‘l
080000000 .~ =

g E‘kwt H 0

Y.z'
.s___‘ﬁ:{".‘.

fusi i

9.8.1usiOl . t t fusion

PPC 2012 - KIAS - Nov 5th Javier Cuevas, University of Oviedo
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CMS/4

ttH, H — bb

Strategy:

* Separate events by top decay
mode (di-lep., lep+jets), and by
number of jets and b-tags

* MVA shape analysis in each
event category

* Categories with low S/B used to
constrain the background in
higher S/B ones.

PPC 2012 - KIAS - Nov 5th Javier Cuevas, University of Oviedo

Events

Data/MC

Events

Data/MC

Iep+|ets W|th 6 |ets, 3 b tags

ok . A \ A \ . A \
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
ANN output

d| Ieptonlc with 3 b tags

3tags CMS Preliminary, V5 =
-t? (54.1) T E( ) N T + bb (8.4 )
single t (1.8)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
ANN output
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ttH, H — bb: results

Only 2011 data analyzed at the moment.
No evidence of excess, but not yet sensitive to a

1X0cuy Signal anyway.
ttH cross section grows

Lepton+Jets and Dilepton  CMS Preliminary, (s =7 TeV, L =5.0 fb’

alog,
-
)

E—- —— Observed

. . f_g e I e
very quickly with Vs. TR ST S
(X1.5 from '7 tO 8 Tev, @ 1| RS ———— I ——————8Y

x5 from 8 to 14 TeV!)

If scaling as V(o>XL) could
have Ac/o.\y ~1 already
with L ~20 fb" at 8 TeV.




= H— 1t
* Combination of three production mechanisms
* Searchis performed in et ut,, ey, upu decay modes

g q(.) q(')
+
T I.+
- < <
sEREnEn
T- '['
g ) q q
Gluon Fusion Process VBF Process
/ Characteristics: \
- High O X BR at IOW mass ( Analysis Strategy Jets py > 30 GeV
— Sensitive to all production -[7 NT; >
=1| oJetL i 1Jet,L

mOdeS Analysis divided into 5 ° Highebac:g‘:'\';f:d E Enha:cem:::::m
— Probes COUpIi ng to categories mass resolution,S/B = . JHA jet requirement VBE

leptons : P PR | e

All categories are fit 0Jet,HighpT || 1JetHighp, | [MVAbasedselection
- Enhanced O—X BR in MSSM Simu"aneousw Lepton prspectrum| , Enhancement
harder fromH 1| fromp;and jet

—_ Cha”enging large \ y Ek requirement )

backgrounds: X y

K * DY—tT, W+Jets, QCD /
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|

H—TT

Real Tau Charged Isolation

Analysis re-optimized:
* Improvedleptonandt,,, . SeEEEs |
identification criteria NN .

MVA-based tau isolation algorithm

PPC 2012 - KIAS - Nov 5th Javier Cuevas, University of Oviedo
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CMS/4
|

H—TT

Real Tau Charged Isolation

Analysis re-optimized:
* Improved leptonand t,y - *
identification criteria N a—
« New mass reconstruction o
(20% better resolution) o=

m,, [GeV]
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CMS/4

Real Tau Charged Isolation

Analysis re-optimized: i
N
* Improvedleptonand t,,4
identification criteria EEEEERE

CMS 2011+2012\)s = 7-8 TeV, L = 10 fb* Lelyy
80 T T

e New mass reconstruction

s WP
(20% better resolution) = -
» New event categorization:®
lower jet p; thresholds, "
rely alsoonp;ofthetau. =% ==
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CMS/}
Z =
—

Analysis re-optimized:

* Improved lepton and T4
identification criteria
* New mass reconstruction

(20% better resolution)

* New event categorization:

lower jet p; thresholds,
rely also on p- of the tau.

* MVA selection for VBF tag

PPC 2012 - KIAS - Nov 5th

dN/dm,, [1/GeV]

080 01 02 03 04 05
AR

rmalized/5 GeV %

0.14
0.12
0.1

CMS 2011+2012\)s = 7-8 TeV, L = 10 fb* Lelyy

CMS Simulation 2012

——— Higgs m,(120) (integration)

Iﬂmm Z (integration)

80 — T
...... (5) Hott m =125
70 —e— observed
3 z-tt
60 @ clectroweak [ L
T 5 b=
50 50 100 150 200 250
0 CMS 2011+2012Ns = 7-8 TeV, L = 10 b tnfhp
% 40 :_ T T T -__:___l (5,') ﬁ‘;“ lm:=1l25l—:
30 O] E —e— observed ]
S 35F 1 z-tt E
20 — F B clectroweak
Z 30F I -
1S 3 CqQcp E
10 S E E
= 25 -]
0 © F 3
0 100 200 20F 3
n 15F -
10 =
0.5 — —
0.0 E Ly
0 100 200 300
m;; [GeV]
64
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CMS/1

H — tt:results

Sensitivity of new analysis very close to 1}Xo¢y,

No excess seen. Just bad luck or non-SM Higgs?

M

95% CL limit on 0/08

5.0 CMS Preliminary\Ns=7-8 TeV,H— 11, L=10 fb!
- - L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L]
- —e— observed
4_5 :_ expected E USSR SOOI
4.0 F [ + 1o expected
" E [+ 20 expected
3_5 :_ ....
3_0 E_ ............................................................................ _:
25 o E
20F =
15 b
1.0F -
N _;
-0 : I 1 1 L I 1 I :
110 120 ~ 130 140

95% CL limit on GIGSM

CMS Preliminary,\'s = 7+8 TeV, H—>tt, L =10 fb™

8 -
. Expedcted Limit
7k L
Boost 3
6F --#-- \/BE .
---8-— Combined E
aF ‘ , _
: . . »
: e S R
3 -
: s :
[ N\ ;
e
2 A Y N [ S L ' m
I HE _
1 =
110 120~ 130 140
m, [GeV]



Vector boson fusion

VBF Slg nature forward tagging jets
.
it N

@ - \
HO / . . '1}
/A
WW, 22 fusion @ s~ 0
Higgs decay products

* YY, TT, WW channels deploy VBF signature
« Z2Z(41) has very low signal yield

* bb is challenging and work in progress

* increases sensitivity and allows coupling measurement

three analysis deploy quite different strategies

. : . . e gluon fusion
Channel | Technigque Variable Jet kinematic Pile-up cont. at 125 GeV
cuts, 2 . . . cut jet
! . ":: . I::IIZI OIJ'
Ho W | egaries | MU An(i), A(Hi), Zep. | pT > 20 (30) GeV, nj<4.7 | = o 53%, 23%
m(jj), &n(ii), &n(H.j), Ad (i), S MVA jet o
H=T1T MVA oT(11), pT(ij) pT > 30 GeV, In| <5.0 D 20%
H = WW cuts m(ii), Andi) pT > 30 GeV, |n| < 4.7 M""IEJ‘“ 15%

» diversity result of independent development and optimization, but needs
investigation!
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Combined results

s I(IJMISI ér'e'n.-'n'.n'a'&'  Eeeedimie 11 Decay Prod. Topology Luminosity

e | 5= 8ToV, L5315 e : H—bb WH, ZH 5+5 fb™ at 7+8 TeV

_g ol EEEW | H—bb ttH 5 at fb at 7 TeV
=0 ] H— 1T Inclusive + VBF  5+5 fb”' at 7+8 TeV

§ x"ﬁﬁ_/ H— Tt WH, ZH 5 at fb at 7 TeV
S 1 T N e H—vyy Inclusive + VBF  5+5fb™"at 7+8 TeV
\\ H—WW  o/1jet+VBF 5+5 fb' at 7+8 TeV

T Tt T M ek AL Ko >artbrat7Tey
Inclusive 5+5 fb™' at 7+8 TeV

Higgs boson mass (Gev) ~_H —ZZ

* Most analyses using 5+5 b, many improved w.r.t. 2011

* Biggest combination done so far at CMS: 95 individual
final states contributing at 125 GeV mass hypothesis!



Local p-value

o

Combined results

. Decay Prod. Topology Luminosity
1011 H—bb WH, ZH 5+5 fb at 7+8 TeV
e S Hobb ttH 5 at fb at 7 TeV
SR N NG N H— tt Inclusive + VBF  5+5 fb™ at 7+8 TeV
’ e H— Tt WH, ZH 5 at fb at 7 TeV
" EEE@%W H—vyy Inclusive + VBF  5+5 fb" at 7+8 TeV
e N T H>WW  of1jet + VBF 5+5 b at 7+8 TeV
O S wWw WH, ZH 5 at fb at 7 TeV
H—Z7Z Inclusive 5+5 fb™' at 7+8 TeV

* Most analyses using 5+5 b, many improved w.r.t. 2011

* Biggest combination done so far at CMS: 95 individual
final states contributing at 125 GeV mass hypothesis!



Combined results: ZZ+ yY

In high mass resolution channels, observe an excess with
local significance of 5.00 (expected from SM H: 4.70)

ZZ vs yy decay mode 7 TeV data vs 8 TeV data
5 1%"""'"'I"'I"'I"'I,%'ks 5 1?*:?_4‘"""'"'I"'I"'I"'I"'aks
g 10 N\ [ do T1O
L 10 10
S0 N\ LA &1
C_'U 107 7T ~— C_'U 10
§ 10 AN 45 § 10
10° “\... 10°
10° Cf e, 5c  10°
107 107
10°® 10°®
10°° , CMS Preliminary —4°° 10°° , CMS Preliminary —4°°
O] S H= ZZ 1y O] S H= ZZ 1y
bl — Aoy Vs=7TeV.L=5.11fb' » e 7Tov Vs=7TeV.L=5.11fb'
100 ___ \s=8TeV,L=5315" 3 10 - \s=8TeV,L=5315" 3
10‘12:—||||'—||_|)|ZZ||1|||r|||l|||l|||'r|||—:70 10‘12:—||||"|S|E|3—|re‘:f1|||r|||I|||I|||'r|||—:7G
116 118 120 122 124 126 128 130 116 118 120 122 124 126 128 130
. _Higgs boson mass (GeV) Higgs boson mass (GeV)
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N2
N\%

Conﬂmnedresuhs

\s= ?TeVL 51fb \s STeVL 53fb
T T T

—

T T

10
20

30

4c

56

60

76

g e,
E — 3
- 2V ~ ]
& 107 ¢F \ -
o = -]
8 107 Foeen =
| T ~ |
10° \/ —
10‘8 ; —— Combined obs. ‘.. —:
=== Exp.forSMH | Trea
| =——H->vyy ]
) — H->2Z
107 = WD ww =
—|— H— 1t 3 —
'10'12 = —— |H|_) Ibbl A ) S S S S S A B l“?. S S o
110 115 120 125 130 135 140 145
m,, (GeV)
Decay mode/combination | Expected (¢) | Observed (o)
Yy 2.8 4.1
77 3.6 3.1
7T + bb 24 0.4
vy + ZZ 47 5.0
¥y + ZZ + WW 5.2 5.1
¥y +ZZ + WW + 1T + bb 5.8 5.0

PPC 2012 - KIAS - Nov 5th

all channels

Local significance of
excess: 4.9 ¢

Expected for SM Higgs
signal: 5.8 o

Global significance > 40

We interpret this excess
as the observation of a
new boson with mass
around 125 GeV.
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CMS/}
—

Best fit o/cy,,

Combined results: all channels

2_5_||\|\|||\||

fs=7TeV,L=51f5" {s=8TeV,L=5315"
T T T T T T T T T T T T T T T T

2.0

1.5

™ I \ I
68% CL band

10

1 | 1 1 1 1 | 1 ]
115 120

| 1 1 | 1 1 | 1 1 | 1 | 1 | 1 | | 1 1 | ]
125 130 135 140 145
my, (GeV)

Best fit signal strength
at mass 125 GeV:

(0.87 £ 0.23) X oy

Compatible with the
expectations from a
SM Higgs boson signal!



Mass of the observed particle

z o T T o e Likelihood scan for
bm i H—)ZZ+W 4+ H— vy (untagged) d . I
B 5 ys=7TeV.L=51f' | ¥ Hovr(VBFiag) Mass an Slgna
leeTeVLesaf! LT A2E strength in three high
e ] mass resolution
af . channels:
A - : — ZZ 4
: . | — YY untagged
I @ : — yy with di-jet tag
e e T i ° 1
0322 125 26 127 28 120 Results are compatible
Mass (GeV) within the uncertainties

PPC 2012 - KIAS - Nov

=th Javier Cuevas, University of Oviedo
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Mass measurement

e Perform a fit of the

bth

1 10— e
th | S of  CMSPreliminary — ﬁG"“;‘;‘Tdt _
F Vs=7TeV.L=5.11fp" |7 " T Tad9e
mass. wit | reeily :\:jl of \s-8TeVL-5315" | — :—:»;";!Z(VBFlag}
floating signal strength 7} —
: 7t 3
for the three final | E
states, to minimize of E
model dependence. al
M =125.3 T 0.6 3 :
21 :
* Ultimate precision: B /— |
S I..EM ....l...IH..E
Cm <100 MeV 22 124 126 128
Mass (GeV)
SR N G Javier Cuevas, University of Oviedo 74



CMS/}
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Mass measurement

* Systematical

uncertainty
mass driven

on the
by energy

scale uncertainty in yy:
now conservative

estimate ~0

.5%, will

improve in the future.

M =125.3 2

- 0.4 (stat.)
- 0.5 (syst.)

=125.3 =

PPC 2012 - KIAS - Nov
bth

- 0.6 GeV

-2AInL

—_
o

Javier Cuevas, University of Oviedo

[T T 7T | BLELELLE B LRI UL SN LSS N
- CMS Preliminary — with syst.
95 Ho ZZ +vyy B
gf Vs=7TeV.L=511b" ---nosyst. /o
[ {s=8TeV,L=5.31b"
Vs .' -
6_ —]
5F =
4_ ]
3_ ]
2_ ]
1F
: IIIIIIIII II|IIIIIIIII|I 1 1 1
1022 124 126 128
Mass (GeV)
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Is it a SM Higgs boson?

* Observed signal stength |

. m, = 125 GeV CMS Preliminary
in the analzyed decay \s=7TeV,L=5.11fb'
. \s=8TeV,L=5.31fb'
modes and production
. . H - bb (VH tag) .
topologies compatible g —
. . H— 7t (0/1 jet) i
Wlth d SM nggs H— 1t (VBF tag) ——
 However, with the ngfﬁ,ﬂ:giﬂ; 1.
present data sample o e |
only few modes have  H-ww(sFtag) —a—
cre o . H— WW (VH tag) -
sensitivity to a signal Hozz| W

|
6 -4 -2 0 8

2 4 8
Best fit GIGSMH

of SM strength.
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CMS/}
—

Is it a SM Higgs boson?

by decay mode or production topology.

Slightly better sensitivity when combining channels

* Compatible with SM Higgs within uncertainties

H- vy

H—Z7

H— WW

H— 1t

H— bb

PPC 2012 - KIAS - Nov 5th

CMS Vs=7TeV,L=511f" ys=8TeV,L=5.31"

m, = 125.5 GeV

2 3

Best fit o/

Ogm

|n'||H:125(3aeV|

Untagged

VBF tagged

VH tagged

ttH tagged

Javier Cuevas, University of Oviedo

b

CMS Preliminary
Vs =7 TeV, L=5.1 b’
V\s=8TeV,L=53fb'

-—'—
—l——
-
BT T T IIIIIIIIIIIIIIIIIIIIIIIIIIIII
2 -1 12 3 4 5
Best fit GIGSMH
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Is it a SM Higgs boson?

* Test of custodial symmetry: compare the signal
strength observed in WW and ZZ modes.

* Fit the the ZZ and WW (0/1 jet) data assuming;:

0 XBRy_.,; = Mgz < [ 0XBRy_ 7 ]SM Higgs
0 XBRy_Lyww = Rw/z X Mgz X [ 0 XBRyww ]SN\

Higgs
* Result compatible with SM

within the large uncertainties

-
(=}

-2AInL

4 N W A OO N 0 ©

Ry/z = O.Qiéjé

e
o
N
w
N



- Is it a SM Higgs boson?

* Test compatibility w.r.t SM predictions by introducing
two parameters (c,, ¢;) modifying the expected signal
yields in each mode through simple LO expressions

Production Decay LO SM
y
()1’2 ('/‘Q P
VH  H b |~ xCE ~C2
(}12 er('/vQ 9
ttH H — bb ~ F(wz E ~ CF
'F
C? xC* .
VBF H— 717 ~ SV E ~ C%
C2XC2 2
geH H — 17 ~ FC/,% E ~ Ct
()12 XC‘Q 2
goH H— 77 ~ —Q—FCF 1% ~ Cv
— Ca<xC?
goH H—WW ~ —EZV = 1% ~ C‘%
. c2 J><Fc:*Q 4 /12
C% % (8.6Cy —1.8Cg)*
C2 x(8.6Cy —1.8CF)? .
VBF H — vy ~ Ev X cr S~ O3
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s it a SM Higgs boson?

* Test compatibility w.r.t SM predictions by introducing two
parameters (¢, ¢;) modifying the expected signal yields in each
mode through simple LO expressions, modifying only coupling
strength, not the tensor structure.

Production Decay LO SM
Cy xCr o
VH H — bb ~ 2 ~ Cl/
'F
(‘}12 ('/\Q ,
ttH H — bb ~ ZEE ~ C?
'F
Cy xC3% ‘ C
VBF H — 77 ~ —‘%—F— ~ C?2 F
C% ch;'% 3
gegH H— 717 ~ 3 ~ C%
()12 XC‘Q
2 1 &
egH  H—WW | ~ X0y ~C3 <
_.IF v
- ()‘2 X(:"Q
CsX(8.6Cy —1.8CF)?
goH H — ~~ - CrXx( C‘.%.. F) -~ C%
C3 x(8.6Cy —1.8CF)? .
VBF H — ~~ ~ Gvx( (‘é F) ~ Cf, /CA
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s it a SM Higgs boson?

* Test compatibility w.r.t SM predictions by introducing
two parameters (c,, ¢;) modifying the expected signal
yields in each mode through simple LO expressions

[Production Decay LO SM ]
VH  H—bh |~ S ~C2
wH  H o bh |~ CEXCE ~ C2 A
VBF  H—rr |~ GG ~C? r
gegH H — 77 ~ CF é%c:'% ~ C%
ggH H-—77 | ~ CLC?_V o
ggH H—WW | ~ S50 ~C2 —
VBE  H = WW | ~ S ~ CLJCR !
ooH H — ~~ N c.-ix(s_csc;z—mcp)” . CE’
VBF H — N c,?,x(s‘oc;i;—wcp)? N Cf,/C}g
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Is it a SM Higgs boson?

* Test compatibility w.r.t SM predictions by
introducing two parameters (c,, ¢;) modifying the
expected signal yields in each mode through

| Production Decay LO SM
Cy xC3 2
VH H — bb ~ ~ C%
C2 X2 A
ttH H — bb ~ —EE ~ C}
C3 >(FC'2 2
VBF H—r1 ~ ~ Cf§,
C2XC2
ggH H— 77 ~ = E ~ C%
'F
12 2
ggH H— 77 | ~%5% ~C2
T F T
agH H— WW | ~%ExEv ~C2 —>
o F o v
VBF  H—WW | ~ S5 ~ Cy /Ci
C% % (8.6Cy —1.8Cfp)~
gel  H-—yy |~ jx( oz F)Q ~Cy
C2 x(8.6Cy —1.8C
VBF H—~y | ~ G o L8Cr)” (~C4/CE D
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Is it a SM Higgs boson?

* CMS data compatible L 2.0

with SM prediction © gl  CMS Preliminary
. \s=7TeV,L=51fb"

at 95% C.L. 1l vs=8Tev L=531"
* Best fit ¢ driven to low 4
values by VBF yy excess 1'2
and tt deficit. '
* More data needed 10
to draw any definite 0-8
conclusion. 0.6 6
e LHC Cross Section WG 0.4 4
also converging on an 0.2 2
improved models for 0.9 o A M0
these kinds of fits. solid contour:  68%CL ¢,

dashed contour: 95% CL
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Anything elsewhere?

Z10] " ousrrlminany = | Stringent exclusion
o [ Vs=7TeV,L=51f"  |&F Expected (68%)] S
© i :E-s.=8TeV,L=5.3ﬂ::'1 """ Expected (95%)|| I|m|tS for any heavy
S Higgs-like boson
E decaying into WW and
1F
o | ZZ bosons:
> :
0 * e.g. 0~0.3XOgyy IS
. excluded in most of
o ; the 140-500 GeV range.
100 200 300 400 500

Higgs boson mass (GeV)
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What next?

Reassert the observation with the full 2011+2012
dataset, using 12 fb™ already collected, and then
the final Run 1 dataset, 5 fb-1 at 7 TeV and O(20
fb-1) at 8 TeV.

Measurement of spin and parity using angular
distributions in ZZ, WW, yy.

Search for deviations from the SM in the
couplings by progressively introducing new
degrees of freedom in the fit to the data,

in collaboration with LHC Higgs XS WG.

Improve the mass measurement.
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Projections for JP* measurements

H— ZZ — 4l

CMS Simulation L=30fb™", Vs =8 TeV
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spin 0, 2 with 10 fb™ but assuming
no systematics and WW as only
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ontribld=473&sessionld=53&confld=181298
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= Conclusion

* LHC, ATLAS, CMS performing extremely well in their
3rdyear of first run, with a major battle with pile-up.

* Inthe searches for a SM Higgs boson at CMS, a new
state with mass 125.310.6 GeV has been observed,
dominantly in the yy and 4l modes.

* Within the limited precision of the current data, the
observation is compatible with the predictions for a
SM Higgs boson signal, despite the larger excess in
YY and the deficit in Ttt, bb modes.

* More data is needed to draw any firm conclusions on
this second point.
 Moriond will have almost 3x the statistics of July 4t
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For further information:

CMS Higgs results twikipage

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
4th July seminar at CERN:

https://cms-docdb.cern.ch/cgi-bin/PublicDocDB/ShowDocument?docid=6125

CMS talks on Higgs searches at ICHEP 2012:

https://indico.cern.ch/conferenceProgram.py?confld=181298
(too many to list them all individually)

CMS long paper in preparation, and new
results using 12 fb™ at 8 TeV.
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