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The Nobel Prize in Physics 2013
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LHC Operation

4 Incredible 3 years of LHC operation, continuously beating
luminosity records, L. ~30/fb delivered

d Providing increasing fraction of data used for physics

Delivered integrated luminosity (fb™')

. Mr r

LHC 2011 RUN (3.5 TeV/beam)

—o— ATLAS 5.626 fb™'
|-a— CMS6.136 fb!
|—o— LHCb 1217 fb~’

-0~ ALICE 4.877 pb™'
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LHC 2012 RUN (4 TeV/beam)

—o— ATLAS 23.269 fb™'
f— CMS 23269 b

|l —o— LHCb 2.192 fi~'
O— ALICE 9.678 pb™’
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CMS detector operation

4 Excellent performance of subdetectors during the 3 years
[ Despite the hostile conditions of nominal pile up rate reached

CMS Status in Feb 2013 (%)
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CMS data collected in 2012

CMS Integrated Luminosity, pp, 2012, .5 — 8 TeV

Data included from 2012-04- Eld- 22:37 to 2012-12-16 20:49 UTC
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Particle Flow
reconstruction tecniques

Reconstruct all particles in
detector volume

Combine info from sub-
detectors
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Production Cross Section, o,

Precise SM measurements

Boson production

= W i § 7 TeV CMS measurement (stat®syst) 3
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CMS-PAS-SMP-12-005,
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Single top quark production

t-channel single top quark production
L
CMS preliminary, 5.0 fo

CMS, 1171 56 th

Do, 5.4 fb '
CDF. 751

> 4 & N

-------- NLO QCD (5 flavour scheme)
e theory uncertainty (scale @ PDF)

Campbell, Fraderixz, Malloni, Tramontano, JHEP 10 {2009) 042

NLO+NMLL QCD
theory uncertainty (scale @ PDF)

Kidonakis, Phys Fev.D 83 (2011} 081503
l e . ! L e l

4 6 8
Vs [TeV]
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N
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Good understanding of the detector + accurate theory predictions
d Precise measurements of the SM processes over many orders of magnitude
d Good knowledge of the background to Higgs analyses
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Top mass

Important to measure top mass accurately, reducing
uncertainties (also theoretical)

CMS Preliminary, {s =7 and 8 TeV

CMS TOP-13-002

2010 dilepton T75.50 T 4.00 T 4.53
JHEP 07 (2011) 040 (L=36/pb) (val + stat, + syst)
2010 lthon%jets 173,10 £2,10 £ 2,66
CMS PAS TOP-10:009 (L=36/pb) (vak. + stat, + syst)
2011 dilepton 172,50 £ 0.43 + 1,46
EPUC 72 (2012) 2202 (L=5 0Ab) (vak + stat, + syst)
2011 lepton+ Jse 17349 £0.27 +1.03
JHEP 12 (2012) 105 (L=5.0b) (val + ofal, % syst)
2011 all-ets 173,49 40,69 £1.30
anv:1307.4617 (L= 54) (val £ otat, + syst)
2011 end;goints 173.90 £ 0.90 £ 2.26
Eur, Phys, J. €73 (2013) 2454 (L=4,88M) (val + stal. + syst)
2012 B-hadron lifetime 173,48 +1.47 +2.87
TOP-12:030 (up to L= 19,64b) (val. + stat, + syst)
CMS combination 173.49 0,36 £ 0.91
upto L= 196 (val + st + syst)
CMS Combinatior
| | | | | |
160 165 170 175 180 185
m [GeV]

Good understanding of the detector + accurate theory predictions
O Precise measurements of the SM processes over many orders of magnitude
 Good knowledge of the background to Higgs analyses
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Weighted Events / ( 0.04 GeV)

S/(S+B)
T T a | L

B,—Hp

] Quest for many years to find a deviation of the SM prediction is

coming to an end

PRL 111 (2013) 101804

[ Evidence (and measurement) of decay, consistent with SM

d No sign of new physics on this front

CMS-L=5fb "{fs=7TeV,L=20% " Ys=8TeV

—4— data
— full PDF
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I Bosprw
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Higgs story



Standard Model Higgs Production

Gluon fusion Associated Production Vectar boson fusion

\s= 8 TeV

LHC HIGGS XS WG 2012

300 400 1000
M, [GeV]

80 100 200
Important input provided by LHC Higgs Working Group :
» Theory predictions and their uncertainties °12



Standard Model Higgs Decay

7.1 1-27% H—o 2Z

Y 74

Exp. Sig. /M X T El

- 12

125.7 GeV /-g// :§

2.20 10%2 H—>bb f_; - 13

"51 -1 1T —

2.76 15% H—11 ——"_:‘Q’ = Z ;

o ]

m_ L—> .

5.10 20% H-—->WW _g I |
L0

2 1-2%4 H-=>7vy \
4 G 10-3 1 | 1 1 1 1 1 \ | 1 I

100 12%0—340 160 180 200
M, [GeV]
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Signatures explored at CMS

Production Modes

incl. (ggH) VBF tag VH tags ttH tag
bb v v v
TT v v v v
wWw & o v (3¢, Vjj) o
Decay Zz v v v
Modes YY v v v v
Zy v v
uu v v
invis. v v

v/=full 8 TeV dataset analyzed, often full 7 TeV too.
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Higgs Couplings to Vector Bosons

Indications of role in EWK Symmetry breaking

®15



CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14 621450 GMT
Run/Event: 194108 / 564224000

M, =125.9 GeV
o,/ M=0.9%
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S“ijperimem at LHC, CERN
Data regorded: Mon Sep 26 20:18:07 2011 CEST
Run/Event: 177201 / 625786854

;‘\lILumi section: 450
il |

d Search for a narrow mass peak with 2
isolated, very energetic photons on a
smoothly falling background

4 Excellent resolution measuring photon
energy =» 1% precisionin m_ (in barrel)

CMS HIG-13-001

VBF process

Hypothetical X — +y signal
on top of background

poor detector resolution

/

good detector resclution

pp — vy background
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H—>vy

> r T T | T | T T T
[b) T CMS Preliminary - S1(3+8) Weighted Data Residusis |
>5000 LI .| .| [T T T T[T T r 11 T 1] (D 200 — s=7 TeV,L=5.1 fiy! (MVA) Fitted Signal ]
[0} CMS Preliminary —4— Data . o) - 4 ]
G (s=7TeV,L=511" (Mva) = S+OF - - [ (s=8TeV,L=19.6fb" (MVA) [ Jeosuwas ]
= . L=5. ‘ - - - e N
L0_4000 Ys=8TeV,L = 19.6 b (MVA) -:|"' Es:( i rit compenent ] — 150 20 Statdkg _
— - 7 ) B -
U, . ] c o ]
c : i g 100 b _—
$3000 4 o | ]
L i i i, B EamaE sl :
- i ] @ 90
) B . =
22000} ] 5
2 I ] o O0°F
= | 1=
~1000 B ] o -50 B
a 5 . + e ;:::30
+ i - w i 5
wn _ i = R s
K 0 Ll I I I | | I N | I | I | I [ N N | | L w‘100 IIII 10 140
o 110 120 130 140 150

m,, (GeV) m,, (GeV)

my = 125.4 £ 0.5(stat.) £ 0.6(sys.)GeV

4 Categories by S/B, resolution and pT
U Dijet (VBF) categories with ~70% purity
 Mass fit with polynomial background chosen to minimize the bias on signal

° e18



Signal Strength

Local p-value
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Significance: 3.26 (4.20 expected)

CMS HIG-13-001

MET —++—Jl—— CMS preliminary
— NE =T TeV, L =511b" (MVA)
Electron ——— VS =8 TeV, L = 19.6 f! (MVA)
Muon B > —l- Event Class
— 0 T 7] Combined
Di-jet loose my = 125.0 GeV
— I— ml:ssf 0.78+0.28-0.26,
Di-jet tight w e +0.78 ——
Untagged 3 B — 0.78_025
Untagged 2 b1
Untagged 1 il
Untagged 0 ——
Di-jet > ——
Untagged 3 0 .
Untagged 2 h —
Untagged 1 '\' —H
Unt d 0
n agge | | | | | | | | | | | | | | | | | | | | | | |
-10 -5 0 5 10

Best Fit G!'O'SM

19






U

Efficiency

H—oZZ* —4l

CMS Simulation, |s = 8 TeV

Clean experimental signal o HoZ b

AP m.= 126 GeV E

4 energetic and isolated leptons (e [ ) | o . z“‘*‘:“”i
Coming from same primary interaction vertex o .
Consistent from originating from Z boson e E

0D a0 40 w60 T B 00
i ion g = p' _ [GEV]
CMS SITII'IL“EItIﬂr'I. 5=8 TEI‘I{ CMS Simulation, {5 =8 TeV/ L

oo
E:' = = 0 Very tiny cross section, but low background
08 __f level
"o - O Require high selection and lepton id efficiencies
04— 3
03 = UNarrow peak (resolution 1-2 GeV) in m,; mass
U?-_ i
E - 2ol | . . .
o . ~te - distribution.
T R = R TR
m,, 1GeV/c’]

o e2]



ZZ decays into 4l (I=e,u)

CMS HIG-13-002

Cluster of
C':ﬂ?' |:I)rel|m|nary : : : — events rising
:.; - 5 above the
O 30 * Data s=7Tev:L= 51®"'| packground
o + | L) m=126GeV Vs =8 TeV: L=19.6 ftr" ©
— ™ Zy*.zZ sistent at
E2) B Z+X 4.7c !)euel with
§ iggs signal
- j
ZZ production
Clearly observe . /' ‘
production of Z | l“'l for My > 2M,
decayto 4 , i |3 | —
leptons i | i .
LT

Wil 1

200 400 800
m,, [GeV]

BR(Z — 4£) = 44" 3(stat) £0.2(syst) x 107 [ m, =125.810.5 £ 0.2 GeV]

02?2



H—o7 7% _)4| CMS HIG-13-002

Compatibility with background only hypothesis

o g
2107 E
S 1025 ) ;
é. 1 0-3 E “"ﬁ z
© 107 ol :
S 10’% L\ é Gain in sensitivity
— 10 . . .
107 A% v3% using Matrix Element
10-8§ B s é Likelihood Analysis
1 0'9 Observed m . K_ =
1 0_1 0 : Observed m, K , p /m, orV,
1 0_11 Y| = Expected ~
10712 CMS Preliminary | °
10713 HoZzzd4l |
10‘14 ' Ns=T7TeV,L=5611"
.15 ', Vs=8Tev,L=196" _’ :
18‘16 ﬁ | | | | | L1 11 ‘}.“'I | Ill'I | L1 11 | 1 I.III I.:El L1 11 | L 11 Ij
110 120 130 140 150 160 170 180
m, [GeV]

p-value Expecteci: 7.1 0
Observed: 6.7 0

of/ogy @ 125.7 GeV = 0.92 + 0.28
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Kinematic Discriminant

% 0

e
mnmw# WiE T LS e T L ey

# Data
Bz
[z 22

[[[my=i28 Gm.-'_

02 0304 0506 0704808 1

Kp

spin-2)

Signal

CMS preliminary (s=7TeV,L=51f" s=8TeV,L=1961"

1
09
0.8 0.8
07
0.6 0.6
05

0.4

0.2

?00 110 120 130 140 150 160 170 180
my, (GeV)

 Decay angles carry information on particle
spin (ZZ production vs scalar, pseudo-scalar or

O Build variable (Kinematic Discriminant) based
on Matrix Element Likelihood Analysis:
uses kinematic inputs for

signal to background discrimination
{m1,m2,91,92,e*,®,®1}

Background

CMS preliminary Vs=7TeV,L=51f" Vs=8TeV,L= 196"

s T
00 110 120 130 140 150 160 170 180

m,, (Ge¥



Events / 3.0 GeV

18F

14}
12F
10F

o N OB O @

16}

Kinematic Discriminant

CMS preliminary Vs =7 TeV, L= 5.1 m'Vs=8 TeV,L=19.6f
T T T T

-1

(=2

Kp >0.5

120

L]

130

* Data

[zz. zv
[ z+x

[ Jm.=126 Gev

140

\l\llll\l‘\\\llllll\l‘llll\l\‘\\ll—

150 160
my (GeV)

spin-2)

Signal

CMS preliminary (s=7TeV,L=51f" s=8TeV,L=1961"

0.8

0.6

0.4

0.2

?00 110 120 130 140 150 160 170 180
my, (GeV)

 Decay angles carry information on particle
spin (ZZ production vs scalar, pseudo-scalar or

O Build variable (Kinematic Discriminant) based
on Matrix Element Likelihood Analysis:
uses kinematic inputs for

signal to background discrimination
{m1,m2,91,92,e*,®,®1}

Background

CMS preliminary Vs=7TeV,L=51f" Vs=8TeV,L= 196"

1| s T
00 110 120 130 140 150 160 170 180

m,, (Ge¥)



HoWW" =>lviv

RSy S

Signature

2 High p, isolated leptons

Large momentum
imbalance in evt
(neutrinos)

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 1909:14:14 2012 CEST
Run/Event: 191721 { 76089774

Lumi secton: 111

OrbiVCrossing: 28960009 / 815

026



events/ 10 °

events / 10 GeV/c?

data / MC

= | LU | L | LU | L | LU | L | LU | T 13
160 — =
- -e data — my=125 GeV CMS Preliminary -
140— Il H125 [ W+jets {S=8TeV,L=195 '
C .| w Top S=7TeV L=497"
- Il 2y WW ' ' ' =
120~ W statosyst. Odjeten |
100 -
80 -
60 f2 -
40 -
20 —
‘j’\ | L] 1 | B

0 50 100 150
A9, []
- T L T LI L B
| - data — m,=125 GeV CMS Preliminary |
250— M H125 [ W+jets {S=8TeV,L= 195"
C .| w Top S=7TeV L=49M" |
- Il 2 Ww ' ' ' -
200 r WR stat@syst Ojeten _|

[~ L]
- Higgs
150 - X / ]
100 - i -
50 & + -
C -+ . ]
- ﬁ ** - 7
La g g B
0 B

25 g : : : : 5
2 F ]
15 E e :
05 B\ E
0 E_ I I I I E
0 50 100 150 200 25

mi¥ [GeV/c?]

‘mass

0

CMS HIG-13-003

Ho>WW *

d High sensitivity channel
d
d

Py My, My, Ad

No mass peak reconstructed
Analysis optimized depending on m, hypothesis

Categories according to jet multiplicities 0,1,2

(VBF) and SF/DF lepton flavours

Vectors from the decay of
a scalar and V-A structure
of W decay lead to small
leptons opening angle
(especially true for on-
shell Ws)

angular

momentum dﬂKUOﬂ ﬁ

momentum dwec
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significance

H A)WW* CMS HIG-13-003

Broad enhancement seen compared to backgd only
hypothesis, consistent with SM Higss @46 ( 5.1 o expected)

30
_ CMS Preliminary . Expected ]
L \s=7TeV,L=491fb" —e— Observed -
- \s=8TeV,L=1951b" Injection m =125 GeV  _|
251 H-ww—212v 0/1-jet ' W B
- - Injectlon = 1o |
: |:| Injectlon = 2o :
15 .
10 .
SC R .
0 B
100 200 300 400 500 600

my [GeV]

Significance: 4.06 (5.10 expected)

signal strength, CMS preliminary, L = 24.41b*

SF 1-jet 7 TeV

SF O-jet 7 TeV

DF 1-jet 7 TeV

DF 8jet 7 TeV

5F 1-jet 8 TeV

SF 0-jet 8 TeV

DF 1-jet 8 TeV

DF 0-jet & TeV

| | | 1 | | | 1
2 3

Best Fit 6/5,,

Signal Strength:

G [ Gy = 0.76 £ 0.21 r



H—>WW (VBF)

* VBF production enhanced requiring 2 jets in forward direction, high pT,

well separated in pseudorapidity

* Additional value — test of vector bosons scattering

-
— -e data [ WHjets | = 10 5 !
[ [J100xggH  WVHYVHY" 5 _grey
| §}100x qgH top m,, = 125 GeV
Bwzizzrvwy DY +jets

—
(@)
o
o

Events / bin

By
T =

500

%

L

N
\

-------------------

o

I T T T I
CMS preliminary _|

1000__ L lww ]

O AN W
I

data/exp

qgH => 2 jets well separated

/ in pseudorapidity

CMS HIG-13-022

L W, Z
- Hl]
g ——
-
W, Z

Significance: 1.30 (2.10 expected)

for SM m = 125 GeV
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VH, H —)WW* & \V _)l' l' CMS HIG-13-017

Interesting test of production of ggH vs VH
* M, compatible with coming from W or Z (65 < m; < 105 GeV)
* Reaching sensitivity to expected SM level =» expectations for Run2

o

>
o " - dat [ W+jets  CMS preliminary |
2600 _1oangH V4V E:p'lg_Sfb“W_
~N top Is=8TeV .
; B DY+jets VvV ]
-E -
$400 |-
L i

200 -

- —]
0 — __ ——

215
% Ué | | | E
© 100 200 300 400

® 30



Higgs Couplings to Fermions

Indications of mass generation in fermion sector

03]



H—o1T

Jet, E, =46 GeV

i bl
- +

T

Jet, E,.=177GeV ==y pe
= o ‘ﬁ.:’ e - . ll'l.|lll
. / fﬂ‘ - “' e ‘t" .

T

Gluon Fusion Process VBF Process

0
— TV gg & VBF production: ut, ety, T, T, el, Hit
T F’T"is =70 GeV

Missing E, = 97 GeV
Visible Mass{rr) = 75 GeV

~Mass (jj) = 580 GeV

= © An(j)=35

00.'.'1< ‘t'
. -
VH Process
Number of jets categories

0 jets: only to constrain the background

1jet: low [ high pT
2 jets : VBF process T reconstruction is very challenging

VH production: It T, llIT, T}, llT)

®32




[1/GeV]

T

S/B Weighted dN/dm

CMS HIG-13-004

H—o1T

CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb"’ 1 CMS Preliminary, Vs=7-8 TeV,L=243fb " H—- 11
B L] L] L] L] L] L] L] T T ] L ] L L L ] L ] L ] L] | | L] L | L]
B I H(125 GeV)— % ' ! !
L eLl, eTh, -LlTh’ Th‘th 40P =@= Data - Background E
1 UOO - Bkg. Uncertainty ?
- Q.
i = ©
B Q
800 = O
5 |
[ T00 S
0or m,, [GeV] 10 :
L [ i
[ T2 H(125GeV)» 1t : ! : 46
- =——— observed - 1 0'5 _
400 - 3 2o 1 —e— p-value observed
[ [ ]
- B l-ctroweak - 106 ----- p-value expected
200 = /] ocp - 56
OO I1 OIOl 200 300 1 0'8 1 | 1 1 1 | 1 1 1 | 1 1 | 1 | 1 1 i | 1 1
110 120 130 140

m.. [GEV] my [GEV]

A 2.9c signal at my =125 GeV is emerging (expected 2.60)

° @33



95% CL limit on G/GSM

H—o1T

CMS Preliminary, Vs=7-8 TeV,L=243fb " H—> 11

40T T T T
== Ohserved : i ]

3.5 H(125 GeV) injected b ook o]
[ = 1o H(125 GeV) injected |

- [ ] £ 26 H(125 GeV) injected =

[F4]
o
TIITTr[TITT[IITT[ITTT

1.5 3
1.0F .
0.5F o
o.o:----'s----'----'--:
110 120 130 140
m, [GeV]

Compatible with the signal + background
hypothesis for a m,, = 125 GeV

CMS HIG-13-004

CMS Preliminary, V/s=7-8 TeV, L=24.3 fb", H—1t
] I 1 = | | I L] ] ] I

m,, =125 GeV

. uu

o VH— T+l

Combined

L | 1 T. ] 1 L L 1

0 2 4
best fit for /o),

G/Ogy = 1.1 0.4
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H—bb (VH)

* If SM Higgs =» bb has the highest BR

* Butvery high levels of backgrounds _,,;

looking for b-pairs alone.
* Look for Associated Production with
a Vector Boson (W,2)

20 (l=¢,u,v) 5 different
W= lv (I=e, 1) final states

¢ (nb)

proton - (anti)proton cross sections

l

]_D T T 170 I T T T T T 1171 'I T T 17T I
l
]
10 5 —
m?. : . Tevatron LHC
differenceinc g

° <
10°

3

10
]-02 GjE1I:E_|_j W;'S.IIIEU) ?
10" <
10" &
jet

5,(E;™ > 100 GeV)
10"
10”
10” 5,
10* o (E " > Is/4)
10° b Ougs(M, = 150 GeV)
10° Fg. (M, =500 GeV)
]_D--Ir 111 II
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CMS HIG-13-012

H—bb (VH)

d Gluon-gluon fusion signal overwhelmed

S/(S+B) weighted entries

Local p-value

by QCD : |
. . . 10°F CMS 4"
O Associated production with W(lv), Z(ll, vv) : 57 TeV. L= 5.0 5" :
1 4] (s=8TeV,L=189fb" _
is probed 10%F it 5
(d Observe a broad excess compatible with 05k —e— Observed ]
Signal E -------- Expected from SM Higgs boson E
10—6_.|..I....I....I....I....I_
110 115 120 125 130 135
ems | L T T Significance: 2.16 (2.10 expected)  my[GeV]
80__ \s= 7TeV,L=5.0 fb" B vH | for SM mH = 125 Gev (s=7TeV,L=5.0f" (s=8TeV,L=189fb"
- ys= 8TeV,L=18.9 fb” Clw . CMS i my, = 125 GeV
= . T - — VH;:H— bl
601 pp — VH; H— bb —  Sub. MC uncert. | gzmbinedu:1.0i0.5
i §# vH + vV MC uncert. - . G/GSM =1.0 + 0.5
a0l b MVA analysis + S
- | cutbased one, ko008
i 1 asacross-check
20— — Z([T)H(bb)
o - p=08+1.0
0 . . W(Iv,zv)H(bb)
n | | I | H p=11+09
0 50 100 150 200 250 - L
-2 0 2

m(jj) [GeV]
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Events / 2.5 GeV

H—bb (VBF)

CMS HIG-13-011

d Vector Boson fusion production with 2 tagged forward jets ~N e
d 2 b-jets in central rapidity region
d Special trigger developped

Data-Fit

200§

100

CMS Preliminary Vs=8TeV L=19.0fb!
: T I T T T | T T T | T T T | T T T | T T T | T T

150f

50

T | T T T
CAT4

« Data
Background-only Fit
D Fit+1g
CFit+2c
[ Signal (125 GeV) x 10 -

t

1 11 | 1 11 | 111 | | - | | - | | - | 111 1 | 1
80 100 120 140 160 180 200 220 240
Myp (GEV)

M, for the most sensitive category

95% Asymptotic CL Limitonc/ o,

— —
) =
T T | T TT | 1T ‘ T TT | T TT | T TT | T TT

=y
o

(o]

W, i ;,

__E__é\
L é
CMS Preliminary  —m— CL; Observed W, &,

Vs =8 TeV — - CL, Expected ,i_\
L=19.0fp'  ---—-- CL_ H125 Injected g i
VEF H— bb B CL_ Expected= 1o - T—

CL, Expected+ 2o

[

3.40 evidence of Higgs to fermion coupling,]

combining H—>bb & H—tt channels

N SR S RS E S N
115 120 125 130 135

Higgs Mass (GeV
. MogsMass(GeV) v 4 vF
3 Ecus preiminary . §
4 o
T 40! E
a 10 /\ E
E e
8 10—25_
10°F E
Is=7TeV,L=501fb"
104k is=8TeV,L=19.016" _
3 VHibb) + VBFH(bb) comhined -
—— Dosarea
1u5 E_ sammeas Eapmci om B Higg =

-In'ﬁ 1 M 1 11 1 | N . R 11 |
110 115 120 125 13/ 135

m,, [GeV]



Higgs Properties

CMS HIG-13-005

Decay mode Expected (o) T Observed (o)
77 7.1 6.7
YY 3.9 3.2
WW 5.3 3.9
bb 2.2 2.0
TT 2.6 2.8

d Mass

. o - BR
4 Signal strength () =
, (0-BR)gy
d Couplings |
[ Spin-parity

Last combination performed with Moriond’13 dataset, around spring 2013,
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Higgs mass

Higgs mas determination driven by the channels with better momentum precision
H—yy and H—>ZZ— 4l

G/(SSM

1.5

1.0

0.5

0.0~

CMS HIG-13-005

cms F‘rellmmfiry fs= 7Tev L<51 ' 5=8TeV. L1960 M
i H % vy + |-| _> ZZ -I' Combmed
- + H—-wy
- = H-ZZ
i | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 |
124 125 126 127
my (GeV)

H — ZZ — 4l: small systematics due to good
control of lepton scale and resolution.

H — vy : systematic on extrapolation from Z

CMS 125.4+0.5+0.6 GeV
Y
CMS ZZ—4l 125.840.5+0.2 GeV
CMS comb. 125.7£0.3%0.3 GeV =125.7 £0.4 GeV
| 10 (Tl\:lS|P\relllm|ln?ry iIS| \T|Te|V|L|qr' ? ﬂwj-1| \IFT E?T?\{:\LS.1|9F f.b_1.
- tH vy +H->ZZ — Combined i
z 9; MM (ggH ttH), — H-w
~ 8 UW(VBF,VH) —H-o 2z
1 7;_
o
5¢
45
-
2
i

o

—eetoH —>yy (0.25% frometoy, 0.4%

from Z — H).
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H—> WW

o/ s

CMS Preliminary
2.5 fs=7TeV, L=49 fb"

ys=8TeV, L=19.5b"
ey 0+1 jet

Higgs mass

110 120 130 140 150 160 170 180 190 200

m, (GeV)

H- 171

Mass: all Tt channels combined:
my = 120%9__ (stat+syst) GeV

40 CMS Preliminary, YVs=7-8 TeV, L=24.3 fb", H—1

—e— phserved
— H([125 GeV) expected

[ * 1o expected
£ 20 expected

A(-InL)

m, [GeV]
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SM Higgs Signal Strength: Consistency

Using the 5 decay channels (with great variety of subchannels)

CMS HIG-13-005

Combined
n=080x0.14

H— bb
w=115+0.62

H— 1t
w=1.10+ 0.41

H— vy
u=077+027

H — WW
u=0.68+0.20

H— ZZ
u=092+028

\s=7TeV,L<51f" \s=8TeV,L<19.6fb"

CMS Preliminary m,=125.7 GeV
pSM

=0.65

N S

+

+

OIII

0.5

-
|
1

15 2

25

Best fit O'/O'SM

[p = 0.80 + 0.14 for m, = 125.7 GeV

) o -BR
(0 - BR) SM
Vs = TTeV L<51f" Vs= 8Tev L<19.6fb"
Combined
n=080=014 CMS Preliminary m,=125.7 GeV
H— bb (VHtag)| pg,=0.94 -I-I—
H — bb (ttH tag)
H — vy (untagged)
H— vy (VBF tag)
H— vy (VH tag)
H— WW (0/1 jet)
H— WW (VBF tag) m
H— WW (VH tag) o my
H— 1t (0/1 jet) .
H — 1 (VBF tag) e
H — 1 (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)
4 4
Best flt O'/O'SM
Compatible
with SM Higgs

® Theory uncertainty (QCD scale +8%@NNLO and PDF+a. +8%) is comparable to experimental.



SM Higgs Signal Strength: Consistency

Using the 5 decay channels (with great variety of subchannels)

o - BR
=
CMS HIG-13-005 (0 -BR)gy,
Vys=7TeV,L<5.1 ol Vs = 8TeV,L< 19.6 ! Vs = TTeV L<51fb’! Vs= 8Te\/ L<19.6fb"
Combined
Combined CMS Preliminary m, = 125.7 GeV 1n=0.80+0.14 CMS Preliminary m,=125.7 GeV
u=080£0.14| p =065 H— bb (VH tag) | p,, =0.94 -I-—
H — bb (ttH tag)
i _>p2t}1.15i 0.62 - H — vy (untagged)
i HIG-13-012 H — vy (VBF tag)
H_)pT=T1.1UiO.41 d . N(?t updated H— vy (VH t?g}
with last result H-—WW (0/1]et)
H s v H — WW (VBF tag) —
- -
w=0.77+0.27 H— WW (VH tag) I
H — 11 (0/1 jet) ——
H ?ma 020 —a H — 1 (VBF tag) L
H — 1t (VH tag)
H— ZZ H — ZZ (0/1 jet)
. ——
u=092+0.28 | | | | H - 7Z 2 jets)
0 05 1 15 2 25 -4 4
Best fit O'/O'SM Best flt O'/O'SM
Compatible
= 0.80 £ 0.14 for m, = 125. V : )
[l’l 0.80%0.14 for m,, 5.7 Ge with SM Higgs

® Theory uncertainty (QCD scale +8%@NNLO and PDF+a, +8%) is comparable to experimental. ~ ®42



SM Higgs Signal Strength: Consistency

Production modes

CMS HIG-13-005

(not completely pure modes)

Test of quark/gluon production modes

Vs=7TeV,L<51f' \s=8TeV,L<19.6fb" 6 CMS Preliminary {s=7TeV,L<51fb ' ys=8TeV,L< 196"
T T T T ] r T 1 | T T
. CMS Preliminary m, = 125.7 GeV E_ o . + Hotr
Comtined | b =052 @ | 68% CL regions + HoWww
= B + H-ZZ
Untagged % 4 H = bb
nu=0.78+0.16 - H— vy
VBF tagged B 7
w=1.02+0.34 ™ oL _
VH tagged B .
n=1.021+049 - _ ]
0 _
ttH tagged - B .
n=-0.15+2.86 L ]
T TR Ny | | T | P !
-4 -2 0 5 ?’t ) 4 -1 0 1 2 3
est fi :
OTOsm M gght
Mvarvi | Mggpattn = 1-4% 0.4-0.3(stat)+0.6-0.4(sys)
Independent of BRs
L @43



(Deviations of) Couplings
O Event yield in any final state, related to (at LO in EWK & NLO QCD)

o(H)xBR(ii2H2>xx)=0,xI'_/ I'y

d Measure deviations from SM couplings by measuring ratios w.r.t. SM cross
sections and partial widths predictions

O Introduce set of parameters

d Example: gg— H —yy process

o]

(0xBR) (gg > H = yy) =ogy(gg > H) BR(H > yy) * I{; 1{},2 / Ky

LHC XS WG benchmark models (arXiv:1209.0040):
4 Fermionic vs Bosonic couplings: ky, k¢
U Search for asymmetries: Az, Agys Mg
 Search for new physics inloops: kg, k,, BRggy

Simultaneous fit of all couplings (also fixing some of them)
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CMS Preliminary Vs=7TeV,L<51f" Vs=8TeV,L< 196 b’

Fermionic vs Bosonic Coupling

Assume all fermion couplings scale with k, while all vector boson couplings scale as k,,

- L o 20
. ¢ SMHiggs @ Fermiophobic [ Bkg. only
2T T . 1.5
i 1.0
1
i 0.5
- 0.0
0]
- -0.5
e — 1.0
I | 1.5
oL '
-2.0
0 1.5 0
Pasm = Fermiophobic

F(H—yy) ~[oky + B ke |2
W & top main loop contributors

Higgs excluded
m,~126 GeV)

a, B ¢from SM predictions

CMS Preliminary {s=7TeV,L<51f " {s=8TeV,L< 196 fb"

T T T T T T T°T | T 1T T 7T T T 17T | T T T 7T T T 1T _l
~ KV! Kf ]
3 g E
g ¥ @\ E
F /i :
g e ]
:I I I [ I I | | N Y [ I | | N Y I [ A | —_T
0 0.5 1.0 1.5

Ky
95% CL intervals
ky :[0.74,1.06] for k=1
k.:[0.61,1.33] for k, =1
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(k,) couplings, through A, =k, / k,

Custodial Symmetry

O SM predict very similar higgs couplings to W and Z bosons = Test HWW (k,,) & HZZ

O If new physics exist, violations of custodial symmetry are possible

-2AInL

5.0

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

CMS Preliminary {s=7TeV,L<51f"' Ys=8TeV,L<19.6 "
T TT T T T TT

4.5¢

Mwzs Kz, Ks

T T T T [T TT 1717

— QObserved

--- Exp. for SM H

Voo
W

0 0.5

1

N

15
hWZ

All channels combined,

k, &k, profiled
Lgsm =0

Awz :[0.62, 1.19] 95%CL
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Fermion Universality

O Test Up- vs Down-type fermion couplings & lepton vs quarks couplings

d Motivated by 2HDM models, where these couplings can be modified (decoupled
from boson couplings)

. - - .89,1.6 68% CL
lepton vs quarks couplings qu = I(lfl{q, couphng tot [[{:, 53112 025]]% 05% CL
- g==

Driven by u_, larger than average

[1.00,1.60] @ 68% CL

Up-vs Down-type fermion Ay, := Ky/K, Couplingtoband T [0.74,1.95] @ 95% CL

Driven by low VV, yy yields, compared to bb, 1t
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Searches for new physics (BRgey)

Extra particles in loops or decays can generate deviations in couplings

CMS Preliminary {s=7TeV,L<51f" {s=8TeV,L<196fb"

—_—

CMS Preliminary ]'E:?TeV:Lg5_1ﬂ)'1 \'E:BTQV:L£19_6fb_1 1 5_0_|||||||||||||||||||||||||||||f|r||||||||||||||||||_
MCD2.0:|||||||]|<~|Y’|1|<|g|||||||||||||||||||||||||||: 545-_ KT’KQ,BRBSM — Observed é
1.8 . — TF L =
16; New physics § 40E | Exp. for SM H E
St i ? B : - ]
1ab in loops: E 3.5F BRggy < 0.52 E
E . 3.0 @95%CL 3
tep e T E - ]
R 25
o8- N 20F E
06;- .................. \""‘-..____h_‘ '—’/ ..: _: 15;_ _;
0.4:_ ................. _: 1.0§ ;
0.2F = 0o E
- - - b b b b e A
0.0_|||||||||||||||||||||||||||||||||||||||_ 000 02 04 06 08
0.0 0.5 1.0 15 2.0 BRyg,
K,

4

Loop-induced couplings free (ky, kg
profiled)

Fecy =0 Allowed for extra particles in loops

Not using direct search for H— invisi%e
[ ] [

Effective couplings to gluons & photons



Summary of coupling results

Is=7TeV.L<51fb" ys=8TeV.L<19.6fb"

CMS Preliminary W 68% CL
: == 95% CL
et
-*I-
: p,, =037
\ Peyy = 0-41
-I*-
S bt Pe =999,
I*
: b, =0.49
-
+I
: p., = 0.23

BR = 0.41
BSMT—— p :
1 1 1 1 | | 1 | 1 I | | | | | 1 1 1 1 IEIII.IlII | | |

0 0.5 1 1.5 2 2.5

parameter value
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Coupling vs mass

Expressing Higgs couplings as a function of mass

f LV
™
Ac=m; /v ~ 2
H--- £ = My H—“*{_@_% gy=2my/v
f Ly
[e.g. Giardino et al, arXiv:1303.3570] . o diilluy MCLRACL TS AN BT AT S L I
o | ‘-—aa% cL ,
Ai=kemg /v D 1 |—95%CL o}
2 o i W1 ]
g, =2 Kymy/V < A
107F E
- ] . :
102t LT .
note: using running my(m,)

i 1 1 1 1 II| 1 1 1 1 1 1 |||| INERI TTTANNT]
1 2 345 10 20 100 2
mass (GeV)



Spin
= Spin 0 is required if SM Higgs

= Spin 1is excluded by H—>yy decay (Landau-Yang theorem)
= Spin 2 induced by KK-graviton couplings

I:'~'|:-|:'relrrinan.' WE=TTed L=61 i " yE= 8TV L= 106/

LB o R R LN LA LA RARRI ELAR) REARIRRASS

: S * data .
Parity: E L — 0", m, =126 Gev .
. E e 20, m =126 GoV :

= SM CP-even Higgs 5_ D zzey E
[ z+x ]

= BSM CP-odd Higgs

Exploit kinematical variables distributed differently

for one or other hypothesis of JP

Using mainly ZZ—4l, but also H >WW and H—-yy N -
0 010203041}5050?0309 1
data samples D,

Several alternative models tested: 0-, 0%}, 17, 1, 2+m(gg), e (qq)

State JP = 0" preferred.

M) e5]




Events

Spin

Exploit kinematical variables distributed differently for one or other

hypothesis of JP

(M prefiminary w5 =TTed L= 5.1 107" yE=5Ta¥ L= 196"

TE T I I I I T
* data i
Bl —— 0, m =126 GeV .
E e F=0, m =126 GaV .
g Cdzzzy N
- [ z+x ]
4 =
3 R s -
2:_ ‘““ N -E]ul .
1= .Mj.r -
- T =
ﬂ_“..r.-.‘ i
0 010203040506 070809 1
0.
0

Pseudoexperiments

CMS preliminary ys=7TeV,L=51f" ys=8TeV,L=196 15"

0.1

0.08

0.06

0.04

0.02

20 -10 0 10 20 30

2xIn(L, /Ly)

0/ |_ 2/ \_ P
CLs( 0+) 0.15%,(:&( 0*) 15% |

Using ZZ—4l and H ->WW data samples

Several alternative models tested: o-, 0%, 1%, 1, 2*_(gg),2*.(qq) 27

State JP = o* preferred.

Pseudoexperiments

CMS preliminary Vs=7TeV,L=5.11" {s=8TeV,L=19.6 5"

0.16

0.14f

0.12}

0.08}
0.06}
0.04}

0.02}

0.1F

(L. Ly

2,(99)

CL;

0.16%
8.1%
1.5%

<0.1%

<0.1%
{ﬂ.ﬁﬂ




Spln frOm H—)yy CMS HIG-13-016

* Spin o*or2*_(graviton-like) (from gg or qq interactions) tested

» Decay angle cos0”in diphoton rest frame
sinh(An2™)| 203 p3”

CMS Preliminary \s=8TeV,L=19.6 fbo" |CDS 9* | pm— ]
2
] S—— V1H@T /may)? Moy
% 3 X—y7 2, (100%gg)
= —s— X—yy 27(100%qq) ap=g . - .
2 5E— xory 2 (50%00 50%ac) Compatibility results from Spin-Parity analysis
F & Observed - -y n
oF Source p-value
1_5:_ Data vs. (0™ (.68
he Data vs. 2 (100% gg) 0.91
05E Data vs. 27 (100% qq) 0.51
oF- Data vs. 27 (50% gg, 50% qq) 0.81
E CMS preliminary Ys=8TeV,L=19.6 iy 7
0sE L - N =
:I 1 1 | 1111 | 1111 | 111 1 | 1111 | 1111 I 1111 I 111 1 I 111 1 I 1 11 1 2;(1009’6qq) % 03__ 2;(00{6(1(” __
501702 03 04 05 06 07 08 08 1 —owwm | T oy +(qq) —cwsame
5 _ lcos(8")] (CL =174%) E 0.251 m :'E-L'i (€L =60.1%) E
_g' B g L b
o + N B i
ne_ 0'3: 2m (g AF DQ_ 021 .
0ok __ R 0.15F :
Data compatible with o* | -
L 0.1 A
state, but ol -
i 0.05 -
2*  cannot be ruled out. : : - T : N
o %% 2 o 2 4 o % 86 4 2 0 2 4 6058 10
2L, Ly 2xin(L, L)



Other channels



Search for high mass Higgs (G

S HIG-12-024,

|

d Models predict Higgs doublets (2HDM) or other Higgs-like resonances at

higher mass (EWK singlets).

O Use SM Higgs as a benchmark (similar gg/qq contributions to total

production)

[ Scan different relative widths and BR
U ZZ and WW decay modes dominant at high mass

CMS preliminary, [ L=5.0fb™ at Vs=7 TeV, [L=19.6fb™" at {s=8 TeV
J J

10

95% CL limits on SM Higgs =
= WW channel: 5
128<m <600 GeV (115- "
575 expected)

n

49'—"' """_

= 77 channel - f
200<m;< 1000GeV (200-950 | _
exp.) ! / — o |
a7 =
ZZ excludes m,upto1TeV 1 Y — = E
® 200 4c|>o | | | 6C|)0 — | 8C|)0 | 551000

A

Higgs boson mass [GeV]



CMS HIG-13-019,

|

Couplings to top quark, ttH (G

Important to measure ttH coupling, any special role in EWKSB due to top mass?

Combination of several decay channels analysed
d tt->WbWb —Ilv b qq’b (I+jets), Ivlv bb (dilepton)
O H—bb, 1,1y, vy, ZZ°,WW" (into leptons)

CMS Preliminary, Ys=8TeV.L=195%" ¥Ys=7 TeV L=5.0fb"

Already at SM sensitivity on p(ttH)!! (was 2.6xSM at Moriond’13)

-l o —
f= B:— ttH, H— bb, 1, vy, WW, ZZ | — opserved
< 1 - 2
o -,-_ m, = 125.7 GeV/c |-~ Expected
B _ +1.09 4
60\ M~ 202 s
5
4=
3
‘expected
2 observed
12, l ’ l,
EI \I‘klh I'/ | L1 1l |
% 1 2 3 4 5

ttH

Ak

bb

Hadronic =t
4

a3l

Same-Sign 2|

Combination

CMS Preliminary

(5=7TeV,L=501"(s=8TeV L=185 &’

_-__
N

i—il
boundary from
N(u-s +b) =0

|+

—

el

II.LI.IJ I.I.IJJ I IJJJIIIJ

-2 0 2 o G 8

0

Best fit o/og,, at m, = 125.7 GeV

Run2 data needed to asses accurately the nature of the coupling ttH
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CMS HIG-13-006 ]

H_)Z’Y (Z _) e, !Vl) [arXiv:1307.5515

W & z
';\P”ﬁ'ﬂ_.f.' J_‘HJ “-pJWJ
H s Tz : BT MR
% RZ"L*; ------- Ly . ;II'
|'-\.""‘|_ -fL" - Lrtf]
A “ W LB,
) W ~ y

CMS (s=7TeV,L=5fb"is=8TeV,L=19.61fb" 40,CMS_(5=7TeV, L =50 ib' ys=8TeV,L=19.61b"

C = L RN BN BLELEELE BLELRLELA BLELEURLE BERLELELE BN
1600 — H—2Zy | s 7 3
- - ::::akgmund Model B B¢ nee E
1400 |- - - a 3
o —— Signal m =125 GeV x 75 S ak- — Observed E
> 1200F = - F==! Expected + 10 3
5 IIHH]-— E 25; F---Expected =2 o _z
iy B = " .
‘% BOD | r;:‘: 2:}:— 3
@ C g i i
= 600 [~ wn 15F= =
w i o : ;
400 - [ 1{}: 2
200 ]J LL 5 . _i

0 Ti0 1130 140 150 160 170 10 190 ?E‘D .125 1éﬂ 135 1:15 1;;5 '1_*;.-1;} 15' 160

Not yet sensitive at SM level

 Search motivated by potential new physics contribution (loops of heavy
charged particles)

&l Includes VBF process (increases 15% in sensitivity) °57



H to invisible (VH & VBF) {CMSHlG'B- }

018, 013, 028

d InSM,H — inv proceeds through H — ZZ — 4v (BR ~0.1%)
 Possible sign of new physics, like

e H decays to LSP (= relation with DM), or

e decay particles into extra-dimensions (undetected decay mode).

O Studied

e Higgs— inv recoiling against a visible system (Z — I, bb )

e Higgs — inv from VBF, accompanied by 2 jets with large rapidity gap and
invariant mass and high MET.

- CMS Preliminary — Observed
]'4:_ Combination of VBF and B Expected (68%)
Combining ZH(Z — Il) and VBF, . £t H - invisible - Expected (95%)

- \s=3TeV L = 19.6/fb VBF + ZH|

95% upper limit on BR(H — inv) [ g7 TeV L =5.1/b (ZH)

Observed: 54%
Expected: 46%

95% CL limit on BF,_,

=
L=~
I||I|

=
(=]
T

To be included in couplings fit, assuming
BRgcy = BR(H — inv)
Next combination with H — inv, Z —>bb

=
N
T T T

=
=]

-ILII
- 18

[
120

| | | | L1 11 | - | | | I
125 130 138 140 345
m, (&8V)




H - H H CMS HIG-13-007

4 Search for H—>pp in the context of SM Higgs and MSSM

O Interesting measurement 2"d generation fermion-Higgs
coupling, g,
 Extremely small BR (~2.2 X 10-4)

3 Inclusive (ggF) and VBF
 Results: ~4xSM sensitivity on p=c/o.,,

d In the future, test Hcc couplings measuring H—J/yy (BR
~10°) once probed excellent CMS reconstruction of
quarkonia.
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So, where are we today?

L The boson found at 125 GeV looks rather “standard” scalar from all
checks done up to now =» SM Higgs boson

O That brings implications on which kind Ellis et al. Phys Lett B679 (2009) 369.
of vacuum we live in g :i: 'ﬁéy;pénéﬁ;u.{u' _l_- R B I
e Check vacuum stability up to Planck & ,,,C = zeror mewstapilty bound-

Shown are 47 error bands, including theoretical errors

scale M;~10" GeV 125

130
125

d Values of m; and m; seem to indicate we
are in a highly fine-tuned situation of 115
stability/metastability =» important to 1o
measure this masses with high precision!

I
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L Look for BSM Physics
e Dark Matter
e Search for SUSY
e Other Exotica

e Neutrino mass
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SUSY Higgs sector

O Simple extention: Two Higgs-doublet model (2HDM) (7 free parameters)
d Types distinguished based on how they couple to fermions.
e Type | 2HDM, only one doublet couples to fermions.

e Type Il 2HDM, a symmetry is imposed so that one doublet couples to up-
type fermions and the other couples to down-type fermions.

e Type Il and IV couplings to leptons and quark-types differ.
O Two neutral CP-even (h, H), one neutral CP-odd (A) and charged CP-even (H+,
H-).
@ 5 physical scalars

In MSSM (Minimal Supersymmetric Model) > 3 neutral
] ® = h H(CP — even)/A(CP — odd)
2 scalars Higgs doublets, Hu, Hd + 2 charged (H*)

@ Determined by two parameters at tree
level

» tanff =< H, >/ < Hg >
= My

@ hboson
L > behavior as the SM Higgs bosgn



SUSY Higgs sector

Searches performed for

d ® —17, bb, LU £ CMS Preliminary. /5 = 7+8 TeV. L = 17 fb"
% | | I L| | | L| I | | L| | | I L| !___-' L|
ol 85% CL Excluded Regions
EI Hi + 45 [ observed
----------- Expected
40 +1o expected
=2g cxpected

LEP

Eg: & — 77 exclusion limits

MSSM m; ** scenario
M =1TeV

SUSY

¥ ] y ¥ 1
600 800
m, [GeV]

1 | 1 1 ] 1
200 400

No evidence of a BSM Higgs boson
=>» Limits have been set on the MSSM parameters
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SUSY Summary

Up to now, no sign of SUSY!
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Summary of CMS SUSY Results* in SMS framework

LHCP 2013

CMS Preliminary

For decays with intermediate mass,

L L L 1 L 1 | L
800 1000 1200

"Observed limits, theory uncertainties not induded Mass scales [GeV]
Cnly a selection of available mass limits
Probe "up fo" the quoted mass limit
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Dark Matter?

 Dark Matter existence is well established based on gravitational effects
e Neutral and stable massive particle

e No SM candidate, but can interact with SM particles

O LHC can provide alternative, complementary way to search for DM
e Direct detection (DM-nucleon scattering)
e Indirect detection (DM annihilation)

ms, E,¥=384 GeV
oy

g
A /
|

1 Undetectable (as neutrinos)
4 Signature: monophoton/monojet + MET

¢ I 7 :
f‘/ > &
e
MET=407 GeV
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Dark Matter?

In effective theory, mediator M can be

e Vector mediator = spin dependent

e Axial-vector mediator = spin independent

CMS EXO-12-048

No excess of data over SM prediction =» limits on DM production cross section
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Assumption: DM are Dirac fermions
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F fs=8TeV -a= CMS 2011 Axial Vector —J
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B . lceCube W™W~ _
B i iy s _._._._-,-.-'-"-i
- s P P T :
- (rv, ¥ )@y a) =
E A2 —_
- Spin Dependent B
_l | 1 L 1 1111 | | | I 1111 I| | | | | Il_
1 10 10° 10°
M, [GeV/c?]

® 45



Seaches for Exotica

CMS EXOTICA 95% CL ExcLusion LiMiTs (TEV) E:::j; |
L2, el S
L2, pel 0
LGB ), Qs 173, Ba) 0
LA fbr), Gt/ or 2473, Pel 0
siop bt}
B =+ AL G, 20+ brjod
', b degenarste, Vibe1
b = 14V, l+jots
B' = bZ (1009)
T = {7 (1005)
1 = bW (100%), |+joks

£ = bW (P00%), b+l

QL A, X anabysis, A LLRR

CL A, X analysis, A- LLFR

., py, destructss LLIK

.1, p, oonsbrucive LLIM —
.., singhe & HRCM) ‘uﬂrli'ﬂ.c:f

S Ve N [nteractions

€1, incl. jet, destnsctive

G, incl. jet, consinsctive

0

B, vy HLZ, nED'= 3
B, yy. HLZ, nED = &
Mia, IL HLZ, nED = 3
s, IL HLE, nED = &
MOy, monojet, nED =3

MOy, monojet, nED = &
MDD, mono-y, nED = 3

1 MDD, mono-y, nED = &
pluing, Slopped Gluino MEH, mbating. MD=3Ta\ nED = 2
HE&CP MBH, mon-rot, MD=3Te\, nED = 2

Exira Dimensions

Long MEH, boll, resn. MD=3Tel, nED = 2
Lived IAEH, stabie remn, MD=3Ta nED = 2 & Black Holes
MIBH, Guanbum BH, MD=3Te\, nED = 2
i 1 2 a 4 s




Summary/Outlook

d CMS is carrying a whole program of precision measurements
and searches, yielding a major discovery.

d Properties of the Higgs bosons discovered already being
established =» SM Higgs boson

e rare decays channels, couplings: need Run2 data (~100 fb",
~2016)

e Higgs self-coupling will require longer, O(1ab™) at HL-LHC

d LHC s currently taking a short break, till 2015, to come back at
~13 TeV

J Already looking forward for what the 13-TeV-LHC will bring us!
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Spin from H>WW

Kinematical variables sensitive to J¥: Aoy, My, mr ...
Make use of spin correlation in H=WW —=lvlv decay.

I T T T I T T T I T I_I
Bolognesi et al., 2012
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