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Let’s go back in time...

95% CL limit on /oy,

= Full 2011 dataset (7 TeV)

T T TT T T P 7 F R T o T =TT T N O N N P W 0 R N O PO PR B
10 CMS,\s =7 TeV ony] —=— Observed
N | e Expected (68%)

sl o] LEP excluded
B Tevatron excluded
N\ CMS excluded

Expected (95%)

LAY

D ZZ'ZZ..{Z.Z"ZZ.;Z' ZZ"ZZ.ZrZ ZZ'ZZ..ZIZ.ZéZZ..IZ' R
300 400 500 600
Higgs boson mass (GeV)

114.4 - 127 GeV

Allowed mH range for
the SM Higgs boson

CMS HIG-11-032 (December 2011) ... PLB710 (2012) 26-48.
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Let’s go back in time...

1

= Full 2011 dataset (7 TeV)

1o

20

)
E
@
10L& CMS,\Ns =7 TeV I
N 1 o 102
L =4.6-4.8 b 2

30

.....

107

= Combined obs.
===+ Exp. for SM Higgs |{4¢
, |=——H—bb (47 o)
"t|— H—-1tt (4617

|| T ||||||I| T ||\|IH| T |||HH| I II:II\I‘ T
4< ]
| ||\||H| | |||HH| (| H‘

95% CL limit on /oy,

107 & i
1 ~ CMS,Ns=7TeV R A
- L=46-48fb" —_— H_> 7z (4'7 fb’1)
10_5—_I L |_|-| |-| [ R N SN S S N N S S R R N |'|_>\ ] |(.| ] )
40 115 120 125 130 135 140 =~ ?45

Higgs bgsorr nass (GeV)

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

10_1 N NERSRAREEE O, t R LSRR R 3.1 O' max Significance in non_
100 <> . excluded region around 125 GeV.
114.4 - 127 GeV Higg3——————— S

Allowed mH range for
the SM Higgs boson

CMS HIG-11-032 (December 2011) ... PLB710 (2012) 26-48.
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From December’11 to July’12

» LHC conditions:
s 7 - 8TeV,
=<nPU>: 9 - 19.

» Re-optimize all analyses.
= improvements from object reconstruction & selection performances, PU treatment, etc...

> Signal region fully blind (re-inforcement of existing procedure).

CMS Inputs to Chamonix Workshop (Winter 2011)

25 e
% i CMS Preliminary |/ ™" S#reene
é E e 1510
= L I - 100b
i;!; 20[__ ‘Iﬂ TeV significance
. g 20 Jth . . . .
£ o am Possible discovery with an additional ~ 5 fb-1 of data !
| Expect> 30 ineachthe H — 2yandH — 4!
[ 2
10 E 'i::;,::: 1
| [
E = 130 GeV

F y - < £ § ’
?Dﬂ 110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV/c?)
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Improvements: a few selected examples

Global Event Description, aka Particle Flow (PF).

‘H

M HCAL
: N Clusters

e
o _,-" HH detector )

s (2011)

<_ particle-flow m

“l2012)

Optimal use of information from
high resolution, high granularity sub-detectors

= 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

Returns a list of reconstructed particles:
"¢, U, Y, charged & neutral hadrons (specialized algorithsm for e/y)
= |Inputs to build T, jets, MET & lepton/photon isolation.

/

0711112
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Improvements: a few selected examples

/ Global Event Description, aka Particle Flow (PF). \

tH HCAL

: . J Clusters
w0, [ldetecor >

s (2011)

<_ particle-flow H[
(2012)

Lepton/Photon Particle-based Isolation

CMS Preliminary Ys=8TeV, L=5.1{b"
1=

= Around AR cone of the considered particle: scalar X transverse 3 os- ==
momenta from other particles VI
= 7t eleinendcaps
Zj: pr<10GeV .
= No double counting for the charges particles e
= Automatic removal of overlapping leptons. ke

signal efficienc,

07/11/12 GDR Terascale 8



Improvements: a few selected examples

Electrons \

~

5 o ——— 5 = Cut-based elD — MVAelD®)

L ° E * . . I

S osf E ()BDT using shower shape, track-cluster matching, brem-sensitive observables.

w 0.7; 3 A Proiminay 212 : : (E=7TeV L5’
ERY E . . S

500/ . 7 ®30%gaininH-ZZ - 4l efficiency & .| -~ E

pr>10GeV: — BDT e 2011

e

AL pr<10GeV: — BDT @ 2011

o
)
I
l
BDT elD Efficiency

*; ' _ Z-ee T&P = 2611 DATA‘
3 t e-inendcaps [Himc

o
>

o
o

0.4
0.3
0.2
0.1
O+ T [ ] i j | :
0 005 01 015 02 025 03 L
\ Background Efficiency P; [GeV/cy

A R e ek ey
§ Fe 5 [T e
= Combinations of inner tracker tracks S 08 W Zop ] . ol
and muon system tracks... & osf- ‘ . . .
= .. with new Particle-Flow (PF) algorithm. .. ] .
L i< 1.2 ] -
o2 8 cion | : =-PFlown | |
u 99% efﬁCient. i CMS Preliminary, \s=8 TeV | s +20j1 ID i
e 10% effici in wrt 2011 O 67810 20 3040 _ 100 B e S e
& o elficiency gain w . muon p_ (GeV/c) muory

(€)1 yg
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H - yy: Overview

» Search for a narrow mass peak from 2 isolated high E; photons
on a smoothly falling background.

» Analysis optimized categorizing events = 2s00f - T
h . . 0] CMS preliminary 1 ¢ Data 7
according to purity and mass resolution. 7 e — .
. . . ~ 2000 I:::,i prompt v 1 fake y ]
= 5 (7 TeV)/6 (8 TeV) categories, including £ “ 7, — ]
di-jet tag targeting VBF production mode. 3 1500 , [ Jwmemseanss 7
i '/, MC just for illustration, .
100088 "% Not used in the analysis -
: : . 00— by, .
» Main Analysis makes use of MVA technics to - TR
identify photons, classify events ST v T e

. . 900 110 120 130 140 150 160 170 180
and improve mass resolution. my, (GeV)

= Cross-check with independent cut-based analysis.

Background model derived from data.

=

07/11/12 GDR Terascale 10



H - yy: Mass resolution as a key ingredient

-
iy

Mass resolution: Depends on precision from ECAL energy and Photon direction

E - Efficiency to identify correct vertex = Vertex ID: MVA based
e N
d T Based on Zpy? (racks) conversion information, pT balance vs
ool . di-photon system,
.é " r i True vertex eff. ;
. ] ~80% vertex efficiency for mH=120 GeV
L CMS Preliminary Simulation
016: <PU> =19 i
- BN T R -
p. (v 7) (GeV)
3 :gz s 2072 preiinery | coal Bl romotReco § |t ool ® Starting from raw SuperCluster Energy
o 101 1 [wen 0ol e Corrections computed from Multivariate
L C 1 5 - 1 . .
‘g 1§-; -*5’“ q‘b—‘ u ...... Mlmn#‘ﬁ Regresslon TeChnIC
3 NN . % N - Inputs: shower shapes, local
oorE % — Ve cluster coordinates, ...
0.96F
O T o eser monitorng comectin
0'945 —— 1 /laser mmmtmrlng carrection 3 ]
0.93™17/04 19/04 26/04 03/05 10/05 17/05 24/05 31/05 07/06 0 50 100
date (day/month)
= 071112 GDR Terascale 11



H - yy: Mass resolution as a key ingredient

Events / ( 0.35 GeV/c?)

-

E [ 4
E | Efficiency to identify correct vertex
‘\_/ L i
= I
Ng :
i@o.g -
é B ®m  True vertex eff.
2 [
© 0.8
[y L.
7 .w

Mass resolution: Depends on precision from ECAL energy and Photon direction

-
iy

= Vertex ID: MVA based
Based on Zp;?
vs di-photon system,

(racks) ' conversion information, pT balance

July 2011 (EPS):

0.8

0.2

O_ ;EEL “""5"-'.{-": L . | : L ;H"‘“"=--="_::‘::‘::‘::::‘.::
00 110 120 130
& m,, (GeV/c?)

FWHM = 4.23 GeV/c?
1_2i— —E*B— Simulation i3

1.0(

06

0.4F

CMS preliminary
Simulation

All Categories
Combined

—— Paramelric Model

Oy = 2.40 GeVic®

FWHM = 4.23 GeV/c®

—>

Events / ( 0.35 GeV/c?)

March 2011 (Moriond):

FWHM = 3.29 GeV/c?
P

r _ . CMS preliminary
I —%— Simulation b Simulation
6
E —— Parametric Model All Categories Combpini
5
F a = 1.82 GeVre®
4
F FWHM = 3.20 GeV/ic® L
3
2r
1+
O:...‘I.\‘.I...I\\
100 110 120 130

m,, (GeV/c?)

Events / ( 0.35 GeV/c?)

F _ CMS preliminary
7 "F Simulation FY,  Simulation
6| —— Parametric Model

B All Categories Gombined
5F oy = 1.76 GeVIc®
e FWHM = 3.18 GeV/c®

b
3 -
2 |
1 -
OF : :
1 | Ly

100 110

July 2012 (ICHEP): \

FWHM = 3.18 GeV/c?

0.96
0.95
0.94
0.93

with.laser.monitori ng correction

—a— without Iaser monitoring correction

[ laser mmmtmrlng carrection

I | I O RS N
12/04 19/04 26/04 03/05 10/05 17/05 24/05 31/05 07/06 O 50 100
date (day/month)

0711112
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Mass spectrum in categories

et Tagged

-]

7 TeV

—_ ; 35 CMS Preliminary —— Data —_
20| CMS Preliminary —4— Data > {20~ CMS Preliminary —¢— Data 8 {s=8TeV,L=5.31b" —— S+BFit > 160 CMS Preliminary —&— Data
_ _ ; — S4BFit © _ _ : semt |\ ff & pEEEEREESD L Bikg Fit Component [ _ _ ’ S4B Fi
18F's= 7TeV,L=51f" T E:g Fn; Component (0] (s=7TeV,L=611" 77 Bkg F:Cumpunsnl — e " (O] (s=8TeV, L=531" wnese Bkg FrltCmnpunanl
Itic ~— B dtic ~ B 20 ~ 1404 CIt1e
15 B <20 — 100 o Z o w0 — B 2o
Es =
14 BOT>=089 0 0.74 <=BOT<0.89 'g w 120 0.71<=BDT <0.88
T 8ORN] b=
g ke o 20 9 100
[V} | [V}
60/ *Mls | 150 80f
e A
40 N 10 2
Ll 5 40
20 Y
il : 1 e . 20
TR P LS 1t & o s |
! | FETIVES I R 900 120 140 160 180 g §og g ou oo [ g
fo0 20 140 = 160 180 foo  d20 140 160 180 GeV foo 420 140 60 180
GeV GeV My (GeV) GeV
my, (GeV) my, (GeV) my, (GeV)
120 CMSTF;e:i,mli-nar;' b : gflgasu > 600 [-CMS Preliminary —¥=ilata : ; CMS Preliminary —&— Data —_ C
s=7TeV.L=511b" T BoRiComponent | (5 [is=7TeVL=Sit'  TTEBM @ 4001 eV Log3fy  — SR > | CMS Preliminary - Data
Csie r ~==-= By R (6] * T e Bkg Fit Component D 800 s 8TeV, L=531b" —— S4BFit
100 N B 20 — 500 Eltie — 350 Itie O] £ I T e Bikg Fit Component
5= B 120 — B +20 — 700k tis
80 0.74 <= BDT < 0.89 @ - R 0,05 <= BDT < 0.55 E 300 050 < BOT <071 : B 20
S r = v 600 -0.05 <= BDT < 0.50
Lﬁ r g 250 g £
60 - i} 500
300 200 oo
F 400F
40 2001 150 E
L 300
r 100 E
20 100F 200(
..... E 50 :
?“""""" R I NI (RPN | y {r 100+
00 120 140 160 (Ge\})ﬁf’ %0 20 140 160 180 g — g — e P SR e
My m,, (GeV) m,, (GeV) 00 120 140 160 180
m,, (GeV)
e = g
> 10[~CMS Prelimina —¢— Data . —
[0} Fis=7TeV.L =Z'1 ' S4B Fit % 8 ?y_s:_;::;ml'_”fg i : 2::,:“ > 20[ CMS Preliminary —e— Data
A e S T e O SECEAESEEE e 8Kkg Fit Component ] (s=8TeV,L=53 " S5
- r [ Itte — [ ¢ 1giE=RiERE=Eas R Bkg Fit Companent
—  8F B 20 s e — [It1e
by [ B - — 16 B 20
7] e BDT >=0.05 Dijet Tag n 6 BOT >= -0.05 Tight Di-jet Tag == :
c r = §a) 14 BOT >= -0.05 Loose Di-jet Tag
2 8 @ = ‘
g z g 12|
Yoo
4
8
f 6
2
4
2

ol

1/
40

3
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Weighted Mass distribution

S and B are the number of signal
and background events
calculated from the

simultaneous fit to all categories

Summed plot for illustration,
results obtained with simultaneous
maximum-likelihood fit of all the
categories

As suggested in:

>
(D)
0]
0
1500
(%)
C
O
>
1000
O
9
-
[<)
S 500
)
+
<
s O

CMS (s=7TeV,L=51f"y{s=8TeV,L=5.3fb"

Unweighted

5
—_
o
)
S

Events / 1.

1000

~
.
L3
»
&
%
&

¢ Data
S+B Fit

------ B Fit Component
L |
[ 1+2¢ |
| | | | | | 1 | 1 | | | | | | | | | | | 1 1 | 1 |
110 120 130 140 150
m,, (GeV)

R.J. Barlow, “Event Classification Using Weighting Methods”,J. Comput. Phys. 72 (1987) 202
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H - ZZ - 4 leptons: Overview

CMS Simulation, ys = 8 TeV

> Golden Channel: clean experimental signature, ::? ol e
= Narrow resonance 2 ok /ﬁ SR -
= 4 primary & isolated leptons (e, mu) R . —
" Low background: oscl] Homas

* ZZ(*): from MC, 3/ o :
« Reducible (Z+If/hf jets, tt, WZ+jets): from DATA. o2/ T
0.1F =
qgo‘ 200 300 400 500 '6002_
> Extremly demanding channel for selection: CMIS Simulation. \(§=81‘\; (Gevic]
= Electrons (muons) down to 7 (5) GeV. F el wozeozem 4
= Open phase space 40: (12) <mZ1 (mZ2) <120 GeV oo £ Pr M= 126 Gev E
ook 5 e e e 3
o 500N Simuiation, Jo=8 Tev_ o _Lp{ E
00 e " ST T T BiGev)
200 =
150 1 » Final State Radiation (FSR) Recovery:
100E E = PF photons near the leptons from z's (down to 2 GeV, AR(l,y) up to 0.5)
50 E = 6% of event affected, 50% efficiency, 80% purity
%650 100 110 120 130 140 150 160
m,,.. [GeV] GDR Terascale 15
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H - ZZ - 4l: Kinematics

» Matrix Element Likelihood Approach (MELA):
A kinematic discriminant (KD) is built based on the probability
ratio of the signal and background hypothesis

pt;kg(mlr ma, 91? 921 (I)v 9*? (I)llmalf)] -
Paig (M1, ma, 01,02, P, 0%, O1[my)

PRD81,075022(2010)

1+

> [
-~ 5§77 —— SMH(125 GeV)

_ _ —— qqZZ

_ |

0 7
0 0.10.2030405060.70809 1

MELA

A 0711112 GDR Terascale 16



H - ZZ - 4]: Mass Spectrum

Events / 3 GeV

12

10

CMS Preliminary

Events / 10 GeV

251

Yields for m,= [110 - 160] GeV

20

151

'Channel de 4y 2e2u 4
ZZ background | 2.65 j:[}.31 5.65 £0.59 | 7.17 £0.76 15.48 +1.01
Z+X 120 | pentd gg 20t gt
e All backgrounds | 3.857; % | 65878 | 9. 45“% 19.887 753
Jowe mp = 126GeV | 1.51 £0.48 | 2.99 £0.60 | 3.81 =0.89 8.31: 18
EZX -7 | Observed 6 6 9 21

[[Jm,=126 Gev ]
[[]m, =350 GeV 7

L o

L M
300 400 500 600
my, [GeV]

CMS Preliminary

Yields for my,= [100 - 800] GeV:

expected: 164 £ 11 events
observed: 172

Vs=7TeV,L=501"
Ns=8TeV,L=53M"
T T T

[ |m=126 Gev

o

A m, [GeV]

-]

=
“I“I‘I"“T‘I‘I‘]“I‘E‘T‘[‘I‘l 1“E‘I‘I‘T‘|‘I‘T‘f‘|‘1 T'I‘]‘TT‘I"

4e (7 TeV)
4u (7 TeV)
2e2u (7 TeV)
4e (8 TeV)
4 (8 TeV)
2e2u (8 TeV)

2 8 =
6 —
0 2 é
!@: B e I —e o ok 8 —f
- . ..eﬂ'ﬁ* hﬁ: »Fe_‘ ’_@‘ »—e&f 71‘-('3r B|0 96 100 260 30;0 4(;0 560 6(;0 7(;0 8_00
80 100 140 160 180 m, [GeV]
m,, [GeV]
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H- ZZ - 4l: 2D Analysis

MELA

CMS Preliminary 2012 \s=7 TeV, L=5.05 fb', V=8 TeV, L=5.26 i’ 7 TeV, L=5.05 fb™; V5=8 TeV, L=5.26 fis"
T3 < L e [l
09 I T -
5 = wde 5
08 il | 2 ]t B ) R - 4mu E 08
0.7 ¥7ﬁ7ﬂ# it - .
-« " Jos
0.5 ’ ‘ , =
0.4 —-— =
. =104
0.3 E
—— é
0.2 —a- 0.2
0.1¢ _E
f00 110 120 130 140 150 160 170 180 Q0 110 120 130 140 150 160 170 180 °
m,, [GeV] m, [GeV]

Final results extracted through 2D (m4l, KD) analysis
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Other Channels

H-WW

- 2I2v

H-ZZ - 2i2v

UMS preniminary, Vs=//& IBV.J L= 10U

H - WW - Ivjj

= 5 e e o L e e I
[ . L n nn ,
0102k = observed CMS preliminary - g o e
= E  --- median expected E & S Mocian sxpec - . L
© B H— WwW — 212v ] expected = 15 CMS preliminary [Ldi=1011b" {s=7TeV/8TeV
I expected + 1g : © = B e
g i expected + 2 L= 49107 (7TeV) + 5.1 107 (8 Tev) ] expected « 20 B & F ——dncL gﬁgsg t‘r'rT.{'l ]
= — signal injection m =125 GeV * 1a e phearied ] ~ 50 . I 1o Expeced Limit —
E 10 = H - 1 :g r [ ] 20 Expected Limit B
— E E ] 3 u ]
3 ] 1 o 4] ]
© | : ]
S a1k Ela .
Tp] E ] E E
© r ] 2r —
10'1 = - 1 i 4
R ] I | :...l...‘l.‘.‘l....l...‘u‘.‘|....|....|H.‘|.'
1 A \|\||\||||||||||||||||\|||||||||||||||||r Y o 0 IR R R R R R
110 200 300 400 500 600 200 300 400 500 520 My (GeV)
Higgs mass [GeV] M lBEeViE]
Hott
VH - bb ttH( - bhb)
.0 CMS Preliminary,\s =7-8 TeV,H— 11, L=10 b
= b7 7 Lepton+Jets and Dilepton CMS Preliminary, Vs =7 TeV, L = 5.0 fb’ o L I T e
o L MS 1 = F : : F —+— observed E
© [ (s=7+8TeV,L =50+ 51" ] 3 "°F — Observed HSE — expected 3
§ 5[ VHEb) combined i § F 1.0 - [ + o expected =
&2 [ —e— CL Observed . i “E * 26 expected ]
E T --e-- CL, Expected : = C ' Expected = 10 5 E * 3
= 4C  mm CL Expected: 15 O 12— “E
O - CL, Expected + 20 § - ---- Expected + 20 10 :
= 3f 10 s
& F L5 F
i o
2r
g e I T = |.5 3
1f oF ]
o . . ..ol e .5 E E
110 115 120 125 130 135 F 0 E o o ]
Higgs boson mass [GeV] T R T T T R T - T T T ('G'\};.o 110 120 130 140
m, e
H m, [GeV]
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CMS Combination

I N ' ' I IIIII‘Illlllllllllllllllll:I'II I: I L L I | L LI
= CMS Preliminary Epected fimts 14 Q] o
© [ s=7TeV.L=511fb N
© " \s=8TeV,L=531b’  He i}
- i N - H 7
o) 7Y
it B — H- WW |
E 10§ — H-2Z -
¢ |\ ‘
(o)) TP\ 10-10 Expected p-values
E 10_11 Combined
- g H— bb o 270
i 10 — H 1t CMS Preliminary
i 10— E*L}‘W Vs=7TeV,.L=5.115"
| 1014 —H:ZZ \s=8TeV,L=531"
'10_ E— o oo e A5 T T e v v b b By
100 200 300 400 500 107496 118 120 122 124 126 128 130
Higgs boson mass (GeV) Higgs boson mass (GeV)
Expected exclusion over the full 5 0 expected significance above 122 GeV
mass range a 95% CL (6 0 @ 125 GeV)

H - ZZ - 4] channel most
sensitive channel !
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CMS Combination

= 10} P
g - CMS Preliminary —=— Observed 5
© [ Vs=7TevL=51f' | Expected (68%)[
© | {s=8TeV,L=53f" |- Expected (95%)| |
C -]
@]
oy et
E
a 1f
O
X i
Tg]
G} -
107 =
L1 |||I||||||||||||||||||||||||I|||:

100| 200 300 400 500
Higgs boson mass (GeV)

Observed Exclusion @ 95% CL.:
110-122.5, 127-600 GeV

1 CMS fs=7TeV,L=51f" {s=8TeV,L=53f"
CD T 5 Y 2 e e 7 O O 552
2 10 X 2z v
g 5 20
1 10
Q _3E 30
S0t N\N\_// i
0104 4o
"10‘% ---------- - é
10° L 5o
10°¢
1078 £-[— Combined obs e
===:Expectedfor SMH| TT=eea
107 5| —Hoyy =560
1075
10—11;_—:—>T _;
10‘12 i 1 |H|_)| b|b A ) ) ) B |—§ TG
116 118 120 122 124 126 128 130
my (GeV)

Hyy: 4.1 o (3.1 expected) [evidence]
HZZ: 3.2 ¢ (3.8 expected) [evidence]
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CMS Combination

= 10} P
g - CMS Preliminary —=— Observed 5
© [ Vs=7TevL=51f' | Expected (68%)[
© | {s=8TeV,L=53f" |- Expected (95%)| |
C -]
@]
oy et
E
a 1f
O
X i
Tg]
G} -
107 =
L1 |||I||||||||||||||||||||||||I|||:

100| 200 300 400 500
Higgs boson mass (GeV)

Observed Exclusion @ 95% CL.:
110-122.5, 127-600 GeV

1 CMS fs=7TeV,L=51f" {s=8TeV,L=53f"
m T II|III
2 4o 2z v
g 5 20
1 10
Q _3E 30
S0t N\N\_// i
0104 4o
"10‘% ---------- - é
10° L 5o
10°¢
1078 £-[— Combined obs e
===:Expectedfor SMH| TT=eea
107 5| —Hoyy =560
1075
10—11;_—:—>T _;
10‘12 i 1 |H|_)| b|b A ) ) ) B |—§ TG
116 118 120 122 124 126 128 130
my (GeV)

Observed Local Significance @125 GeV:
500
Observation of a new state !
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Mass Measurement

Events/0.2Gev

X
-
o

Use of all possible (standard) candles to control the lepton/photon scale

B CMS Preliminary 2011 Data s = 7 TeV

Yy pairs / 0.005 GeV/c?
® 2 N B o ®
8 888 8 8

[=13
[=3
[=]

400
200

c=85%
=1.03

S/B

126

i
0.06 0.08 0.1

0.12 0.14 0.16 0.18 0.2 0.22
Invariant mass of yy pairs (GeV/c?)

220 T T T T T T T T T =
200f- CMS Preliminary * DaTA B
C Signal Model (Gaussian) |
180 yg=7TeV Background Model E
160 mean = 3.115 £ 0.007 GeV |
140 =
120 =
100 =
80F =
60— -
40 =
20 f." K
o= o %P eye 0%
0 6
m,, [GeV]

JIP - ee

(important for E-p combination)

0711112

N Events/2 Gev

12

10

CMS Preliminary

Events / 1 GeV

CMS Preliminary Ys=8TeV, L=5.11b"

6000 :_ MC DATA

F | Am@g = 0.13 +/-0.02 A mgg = 0.104 +/- 0.04]
5000 | O = 1.26 +/-0.02 O = 1.22 +/-0.04
4000

-

N
l
o
o

3000}-golden electrons
in ECAL barrel

2000

4500

4000

3500

3000

Events / 1 GeV

Qm o e

fe=7TeV,L=47f0"

2000

1500

1000

o
S
[=]

D ZIZy - 4l

B zx

60

Sk S
80 100 120 140

Z -4

(could be used as cross-check with

more statistics)

[
160
M, (GeV)

GDR Terascale

2500

a2

2 45000
8
= 40000
= 35000
£
§ 30000
Y 25000
20000
15000
10000
5000

mﬂ

CMS Preliminary Vs=8TeV, L=5.11fb"
g

Ams = 0.87 +/-0.03
o¥C = 4.62 +- 0.03

Amgg = 0.82 +i-0.05
e = 3.91+-0.05

+ -
Z—e'e

F all electrons

in ECAL endcap

[=1n| H‘I\H‘HH'HI\

70 80 20 100 110

M., [GeV/c?]

120

CMS Preliminary, Vs =7 TeV
L, = 40 pb!
'l < 2.4
6 =100 MeV/c?

8.5

9.5 10 10.5 1" 1.5 12

1*p- mass (GeVic?)
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Mass Measurement

» With the highest mass resolution channels:

"4l > Fit of mass with freely floating
" yy untagged signal strength for the three final
= vy with dijet tag states, to minimize model dependence
2 T Ol iy [ G —
= 9 \s7Tev,Lobifst |~ Moy (ntageed
N gf Vs=8 TeV,L=5.3f" | o7 (VBFtag)
> Likelihood scan m / signal strength “ g —HoZ
overall signal strength free but t
relative yields from SM 6
Z O e T F Combned i
& | C“ﬁsj T |+ A ntasg d)l 4t
= Vs 7 Te _5 4+ H— yy (VBF tag) -
° 5 :'s=;$e¥:ll:=:.;;::"' * Ho2Z d 35
at - 2f
5 : 1
3 B g
s + E P22 124 126 128
B 1 Mass (GeV)
i + i
1
i > My =125.3 % 0.4 (stat) = 0.5 (syst.
23 124 125 126 127 128 129
Mass (GeV) =125.3 + 0.6 GeV
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Properties of Wi2s” .2 - ifﬁﬁi

: Skopping list:

= - signo\l shrength
» — spin : 0 or2 (H—vy, Landau-Yang theorem)
g - pavity :
b — CP (even, 0dd, or admisdhure TIT)
3 - oouplings:
. to vechor bosons - Ok, H>yy, ZZ (and WW)
- 4o fermions
— pfopofl’ioﬂﬂl% MASS
— - N otade or more states
. - dwm-l—wg oY oomposi-kz
-~ S e i
C y’)‘\n'f/‘\’-\’ M‘*-.Ma—-"’"f" —rn
'f“ ‘

(*) stolen from R. Salerno

CMS,
Z 07/11/12 GDR Terascale 25




Compatibility with Standard Model

Best fit 6/og,,

CMS (Vs=7TeV,L=5.1fb" ys=8TeV,L=5.31b"

2.5 2MS =TT LSS VasaTey LoSSh m, = 125.5 GeV
- 68% CL band .
20— =
- . H— vy ——
155 =
- E H— ZZ ——
1.0F -
o5k E H— Ww —-
0.0Z /: H— 1t =
05 ;— _; H— bb —
B | 1 1 1 1 | | | | 1 | | 1 1 | 1 | | 1 1 | | 1 | | 1 | | 1 1 I— L1 I L I B I BE— I S I —
110 115 120 125 130 135 140 145 - 0 1 Bezst fit 6/36
m,, (GeV) M

Best fit signal strength combining all channels,

observed value for an excess around 125 GeV

0711112

Signal strength a/og,, combining
/G = 0.8740.23 channels by decay mode
SN (HZZ: 0.7 +/- 0.4, Hyy: 1.56 +/- 0.43)

Compatible with SM Higgs within uncertainties

GDR Terascale 26



Compatibility with Standard Model

1 1 |
o) n 68% CL band . fs=rel, L=>11
B 2-0:_ _: \s=8TeV,L=531b
= - - H - bb (VH tag) -
S 1.5 - H — bb (ttH tag) -
m - E H— tt (011 jet) B
1.0 - H — tt (VBF tag) =
C ] H— 1t (VH tag) N
0.5 — H— vy (untagged) -
- . H— yy (VBF tag) —a—
0.0 — H— WW (0/1 jet) E I
- 1 H-> WW (VBF tag) —al
05— T H— WW (VH tag) =
E | | | | | | E H-2ZZ] %
1 | 1 1 1 1 | | | | 1 | 1 1 | 1 | 1 1 | 1 | | 1 | 1 1 | _6 _4 _2 0 2 4 6 8
110 115 120 125 130 135 140 145 Best fit o/c
m, (GeV) swk

Best fit signal strength combining all channels,

observed value for an excess around 125 GeV Signal strength a/05, combining
0/0g, = 0.87£0.23 channels by decay mode & categories

Compatible with SM Higgs within uncertainties

07/11/12 GDR Terascale 27



[Couplings] to fermions?

o L L L L L L L L L L L L L
(TR — - - .
L A — :xpected ......................................... CMS Prellmlnary .................... _ FP)
- — Observed ls=8TeV,L=53fb" Otot = OVBF + OWH/ZH
1 10 = + 10 Expected ' " T SiIPrT T T T T3
T - = 20 Expected ls=7TeV, L=51%" = s'=7TeV Fermiophobic 1 £
5 I Expected 2012 o - : _— 18
<, ] emee Expected 2011 D ok : e WW (SM) g
(@) - Leriom X E : 3 g
g ‘¢"’d V i s 1 :
10" A\
vy (fermiophobic) 1026 [
110 115 120 125 130 135 140 145 150 <Jid M, ]
m, (GeV) 10 250
= Test model purely “fermiophobic”
= ggH or ttH production mode are forbidden
Excluded at 99% CL in the mass domain 110 — 134 GeV.
The new boson couples (at least) to quarks (*) ?
(*) strong indirect evidence of coupling to top via loop in ggH CMS HIG-12-022 (July 2012)

CMS,

07/11/12 GDR Terascale 28



[Couplings] to leptons?

CMS Prellmnary,\/§ 7+8 TeV H—mr, L= 10fb1

S|mulat|on S|gnal inj. (m —125 GeV)

WW, ZZ fusion 9 observed

=
wn
L
o)
p— CMS Prellmnary,\E 7-8 TeV L 10fb1‘l7 ’th 8 Jerx]zegide o
% 4.0 L (5><) H—)‘E‘E m, —125 — -'é’ + 2c expected
T —e— observed - = ;
= 35 i Cdzou E 3
- ¥ @ clectroweak . @)
F 3.0 D« E ©
£ + CJQcD . h
Q, o
2 .
u .

"I T T
0 100 200 300
m, [GeV]

= Excluded @ 93% CL (~2 sigmas effect...)
= Need to see with more data (HCP ?)

07/11/12 GDR Terascale 29



[Couplings] Summary

= Test compatibility by introducing 2 parameters: CV, CF

cvand CF=Cp=Ct=Cq

CMS Preliminary

, By ys=7TeV.L=5.11b" =18 —

= LHC Cross Section WG also Vs=8TeV,L=5315" _ PN
' e : v solid contour: 68% CL

converging on an improved
1% dashed contour: 95% CL

models for these kinds of fits.

10
5
A
2
080 05 1.0 15 O
C

V
Best CF fit driven by excess in VBF yyand deficit in tT.

= COmpatible (for the moment...) With SM at 95% CL
= More data needed to draw any definite
conclusion

g 071112 GDR Terascale 30



[Quantum Number] Spin: 0 vs 2

» Spin 0 vs. Spin 2: gg—H —VV
Assumption: resonnnace coupling the same way as massive KK gravitons

L B
II'." ? . Misticiaed o Lo G o
* gg—H —yyand gg—H —2Zy “d ’ﬂ'-.. \ Crociom T Greviton /
- Spin 0 flatcos®® oo '
- Spin 2: 2" order polynomial in en cos?6" ! '“’TWT;:”'“'“'” f
6" : scattering production angle in the center-of- mas\j,Jrr ._ -
system of the photon pair at LHC. - o ]
g e |
= gg—H—->WW Teeasrx pate |

- Spin 0: small Ag(l,1), et small my (spin correlation, H->VV, V-A structure)

- Spin 2: high Agq,)
arXiv:1202.6660 1
arxiv:1208.4018 ‘ 9 e 9“ ' 0 |
arxiv:1209.1037 e ——3 ’ wept;‘ifa} [d;g"’,“;“]
arxiv:1209.5268

07/11/12 GDR Terascale 3



[Quantum Number] Spin: 0 vs 2

» Projections at 8 TeV with 35 /fb.

a
(fOI' gg-H- VV) A5 Generator study
. 7z >
“ + WW ’
e
— 3.5 -y . #
Expected hypotheses separation vs signal = 3 o
observation significance E 2.5 f',s_” .
(spin 0 vs spin 2 hypothesis). o 2 M
1.5 f{ ’
1 ,ﬁ’f N “
e 0.
> Projections a 8 TeV avec 35 /fb (generator study): z -
D 1 2 3 4 5 6 7
scenario X =+ WW X = vy 07, vs bkg [o]
0% vs background 4.5 5.2
07 vs 277 2.5 2.5

m =1

Would need to combine with ATLAS to separate spin 0
and spin 2 hypothesis

'Z 07111112 GDR Terascale 32



[Quantum Number] Parity

=

» H-2ZZ - 4leptons:
= CMS Strategy (at the time of ICHEP...)
1) Separate signal from background: cut on KD

CMS Preliminary {s=7TeV,L=505f";fs=8TeV,L=5261"

> 8:\m‘uu‘..u‘...’\‘..'..‘.i.\‘.m"..'u‘: BCMSP \mny 'F?ITVL 505fb FBTVL 5zsrb
R B * Data ] > C ‘ « bata '
° [z E o T Wzx -
i o Onemer 4 KD>05 & of s
4 i e

L

£

of

110 120 130 140 150 160 170 180
my [GeV]

110 120 130 140 150 160 170 180
my, [GeV]

2) Build a new Discriminant to separate

different spin/parity hypothesis =
(0+ vs 0-) =t

Based on 5 angles+2 masses 5 1 %

(PRI RRRREN ERRIIN I R Lo lan
0—1 -06 -0.2 0.2 0.6 1 —9.14 -1.88

07/11/12 GDR Terascale

T AR AR I
-0.63 0.63

P
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[Quantum Number] Parity

Results extracted through 2D (m4l, hypothesis-KD) fit

= Expected Separation (full CMS sim)
- ~ 2 sigmas for HCP
- ~ 3 sigmas for Moriond

» Projections at 8 TeV with 35 /fb (generator study):

CMS Simulation [§=7TeV.L=505 b Vs=8Te 0
_| T T | LI T | T | UL | T T T 1T | 1T T T

&9 900F

S ool ]

£ 800¢ j SM, 0+ |

:1%)_700;—

L 600F [H PS, 0-

L 000k

9 500F

@ |

O 400F

(]C.) - J

(5 3001
200
100f

=

L

2020 60 80
s =-2xIn(L /L)

] >
1 T e T

0

%0 60 -40 -20

5
45
.q.
g .77 scenario X = 2ZZ X - WW
=)
s 3 +WWwW & 0 vs background 7.1 4.5
o 25
E oz P Oil vs 0 4.1 1.1
[]
15 )
-
! e
05 '
arxiv:1208.2692 . .
AR oivstkalel | |arxiv-1208.4018 To also consider: 0+/0- mixing...

07/11/12 GDR Terascale
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Some Projections...

CMS Projection

CMS Projection

T T [ T T T [ T T T T T T T T T T T T T T T T T T T T T
Expected significance for 10fb'at s=7and8TeV |—| Expected uncertainties on 10f'at s=7and8TeV |—]
standard model Higgs boson 30 fb"at s =8TeV — Higgs boson signal strength p 30fb"at ys=8TeV H
Combination Combination
Hoyy B : Hoyy i —
H - ZZ H - ZZ
H— Ww H— WW
Ho11 —+— Ho11 [ : . .
H — bb Hobb |
E | ‘ | | | | | | | | | | | |
0 5 10 0.0 0.5 1.0 1.5 2.0
Significance [o] Signal strength p
By Moriond:

= Observation in yy & 4l alone.

* Exclusion: 0.85xSM

= H _, bb more sensitive than TeVatron
* H- 1T ~ 3 0. May need to wait 2014 to have definite answer...

0711112

GDR Terascale
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Some Projections...

CMS Projection

CMS Pr
T — | | | | | | | | | | | | | | —_—
X Expected uncertainties on 10fb7at f5=7 and 8 TeV — -
Higgs boson couplings 300 b at f5 = 14 TeV —
Con 300 fb at §5 = 14 TeV wio theory unc. ———]
H—
H—=
H= CY | i H I
H—
H— Cv | H——H I _
Cg | H H | —%0
‘ength p
Cq | | ! |
Cl | —— |
] ] | ] ] ] ] | ] ] ] | ]
0.5 1.0 1.5

Here: more degrees of freedom than (CV, CF) shown earlier

CMS,

07/11/12 GDR Terascale 36



Conclusion

> Discovery of new particle, very likely a scalar “Higgs-like” boson with ~10 fb-1.
» Mass (from HZZ & Hyy): 125.3 £ 0.4 (stat.) £ 0.5 (syst.) GeV

> Signal strength (0.87 +/- 23) and couplings compatible with SM, within uncertainties.
= Slight tension of the fermion side...

» H - bb and H - Tt not yet sensitive enough to discriminate SM expectation and null
hypothesis

= By the end of 2012 run, 3-4 o expected in each channel...

= New update by HCP (next week...) ?

» Considerable amount of information on the nature of the new boson can be extracted
with increasing statistics in 2012 (~30-35 fb-1 expected at the end of the run)
= Mass,
= compatibility with SM (H — yy "high” rate going back closer to SM or...?)
= couplings
= spin/parity (~2-3 o 0+ vs 0- expected separation)

'Z 07111112 GDR Terascale 37



CMS;

0711112

BACK UP
SLIDES

GDR Terascale
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Electrons (H->ZZ, H>WW)

Electrons in analysis [n| = 2.5 p; 27 GeV

— Superclusters in ECAL (E; > 4 GeV) + dedicated track finding and GSF
fit (before candidate id.) e

* collect energy spread in phi
« change of curvature and hit collection up to ECAL

— ECAL-seed complemented by tracker-seed y
— Electron classes brem sensitive and momentum from E-p combination

Scale and resolution
— Run-dependent energy scale, and MC smearing Golden barrel electrons
— Z peak for different electron categories ol e S E'F:,m E
— Control low p; with J/y :

ID: Multivariate in 2012 (BDT)

— Observables sensitive to brem, shower shape, ' geomeftical and
momentum matching ECAL - tracker — HCAL :

Electron Cluster

* GSF track

ECAL
surface

T 5000— Ggg = 1.26 +/- 0.02 Ocg = 1.22 +/- 0.04

L1 k -
100 110 120

m [GeV/c?]

39 07/11/2012 S,



Photons (H->vyy, H>Z2)

20000
18000F y5=8TeVL=5.3fb"
15000;
14000;7 . Drell-Yan MC
12000 =

10000~
aouo;
aouo;
4000;

20001

r CMS preliminary
[ —— Data (electron veto invet

I} 4

? t

rted) :s ':
3 o

e
%] Drell-Yan MC £0.01

O b

04 02 0 0.2 04
photon ID MVA output (endcaps)

regression (n, ¢, shower-shape, local

—> better resolution and flat response of energy

 Photon reconstruction:
~ Inl<24pr>2GCeV " e
— Same clustering as electrons S
* Photon ID:
— Prompt photons / T1° from jets
— MultiVariate: shower shape, ,‘
pre-shower, isolation, energy density, = & o oo
 Scale and resolution:
— Energy corrected using a MC trained multivariate
cluster)
scale versus Pile-Up (PU)
— Run-dependent energy scale, and MC smearing >
— Scale, resolution and efficiencies §
events
= 07/11/2012 40

CMS Preliminary
\/s=8 TeV

r L=53fb"

1200

Lowradiating barrel electrons

1400

#aE MC ]
—— MC smeared
—s— data




Muons (H>ZZ, HS>WW)

* Muons in analysis |n| 2.4 p; 25 GeV

Combination of inner tracker tracks and muon system tracks

CMS Preli m nary \1_ 7TeV,L=5.05f"

— Particle Flow (PF) ID: = e
. PF) . . S e eI .
* inner and muon tracks quality and matching 9 [ . .
. : L] . | : Rad
» can be 99 % efficient for same fake rate as in 2011 0,85 g ]
— Efficiency measured via Z and J/y Tag&Probe M
SIS HE R
+PFIIow ID |
. | . |-=-20111D l
0857\\}|\\\|\\\\|| """"""""" f||||1|\7
2 10 1 2
muon
c 1 - = e T 1
::Q:’ " §100fl——0—=ﬁ-.q+l . émo%a, .o tﬁ
5 0.87 J/LP_’HU- Z—»H.H. ] 50.98* — 50.98* - ]
& ool © o Hoss 1w, Stablewith E
; - respect to ple.yp
0.4/ - 0.94 7 0.94 J
i ml<1.2 ] r p, >20 GeV ]
0.2 i - Data, 2012 | 0.92- -e-Data, 2012 | 0.92 ; e Data 2012 {
s I simulation 1 r [ simulation ] [ simulation
i CcMS Prel|m|nary \s=8TeV | 0.90 CMS Preliminary, /s =8TeV ] 090 cMs Prellmmary = 8TeV ]
3| w bbb Lo Lol L s
678 10 E%Uéig SO (GEV/(;,)OO -2.0-1.5-1.0-0.50.0 0.5 1.0 1ri$u%rq1‘| 5 10 I\]ﬁmb:?of Visrtlcego
= 071112012 # S,



Isolation

« Particle-based isolation

— In DR cone(s) around the considered particle (lepton, photon)
from charged and neutral hadrons, photons

— No double counting for the charged particles, automatic removal of the

. . CMS Preliminary Vs=8TeV, L=5.1fb"
considered particle -
2 o09f
) i E 0_8; ® det.iso (2011 def)
. ! I-I : gﬁ:}:rs 3 g’, 0-72* u PFis-o (2012 def.)
| | detector > 3 o6 ele in endcaps.p

s (011)" o5 <10GeV

0.4

G E S——

4 PU contribution e
#® Charged: negligible (required from the vertex) z ' ]

#® Neutrals: corrected using the average energy density from : vuons

the PU and underlying event ot S

#® - quite stable with respect to np, om_owrmmm iy

5 20 25 30 35 40
Number of vertices

T I
5 10 1

07/11/2012 42 S.
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Jets - mE; (H>WW, H->vyy)

» Jets with Particle Flow:
— |n| 4.7 p;> 30 GeV
— Anti-k; AR = 0.5, jet energy correction

— PU jets structure differs w.r.t. regular jets:
PU jets from several overlapping jets
merged together R L

£ ! PR S S IZ
— Discriminant exploits shape, composition and goof T ]
tracking variables S oef by 3
207l T Z> 1M Trmem
§ 0.6;9= events +§$H$:1zg} 5
i E - # vix [20,+] ]
0.5 b— : - :
%1.02; .
T e
0.98 — .
: B o Jeftg0 thres?fl?oid IG;\?’(])
. .
gafhimasud) #® Sum of all PF particlesP
piltrie) “\a8 #® Projected mE(transverse projection to the closer
Instrumental lepton) to avoid mEdue to mismeasurement of leptons
MET
p2(measured)
lepton;

07/11/2012 43 S.



H - yy strategy

Fer phaton
> - : »| Di-photon Mass Mass
Estimate ; Fits
EM Cluster Regression :
(RAW Energy,
Shower Shape, .
Local/Global Photon : Per-Event
Coords) Energy [ & --» Mass Resolution Results
> Regression Estimate
(Cluster
Corrections) A
Primary
Vertex : .
Reconstruction | | | vertex » Mass-Factorized Di-photon MVA
|  Probability '
Reconstructed MVA :
Tracks H
Conversion A :
Reconstruction
Primary Per-Event
o rertex | Primary Results
ECal and HCal Selection | *--- g Vertex
Deposits MVA Probability
v Categorize
and Count
Selected MVA
Isolation Sums Primary
Vertex
Photon ID
o MVA
(Photon/Jet
discriminator)
CMS
071112 GDR Terascale 44




ECAL response over time (Endcap)

% B CMS Prellmlnary 201Ji © —e— with LM correction i :I Mean 1 I:
% 1 _05 L 5 ? TeV.. L=4.98. fb ................................. —a— ...w:thnut LM.correction..._| || RMS 0.0045 ||
a : — 1 ILM correction I |
i
@
=
©

095 — ................... _ .................... .......................................................

0.9
085 ........... | .................... s o | .................... o , ..................... , , ............. — T I_-
02/05 02/07 01!09 0 10 20 30 40
date (day/month)

The electrons are selected from W->enu decays. Each point in the plot is computed from 12000 selected W->enu events with the
reconstructed electron located in the ECAL Barrel (top) and in the ECAL Endcaps (bottom). The E/p distribution for each point is fitted to a
template E/p distribution measured from data (using the entire 2011 dataset) in order to provide a relative scale for the E/p measurement
versus time.

The history plots are shown before (red points) and after (green points) corrections to ECAL crystal response are applied. The magnitude
of the average transparency correction for each point (averaged over all crystals in the reconstructed electromagnetic clusters) is indicated
by the continuous blue line.

CMS,
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H - yy analysis: Classification

 Analysis selection

x10°

- D photons pry>m,, /3 pr,>m,, /4 ;8;_ fg;?ﬁfﬂz\iﬂi’%’.a EEEEZE"‘”
o

+  MVA Diphoton discriminant - categories ° 3 ESEEE

— High score Lo

+ signal-like events of N

* good m,, resolution N bl |
~ Designed to be m,, independent S 05 00 05 o

di-photon MVA output

— Trained on signal and background MC

=

o

&
—

- |nput Variables: E)r —— MC Background o
- : : : gotzp  BIES e
* Kinematics variables: pr,/ m,, n,, cos(¢4- 9,) Lol =R
 Photon ID s
. ©0.08
* Per-event mass resolutions for the correct S

and incorrect choice of vertex

O'O-QI. -0. 0.5 1.0
di-photon MVA output

07/11/2012 46 S.



H - yy results

Cms, |
%1

=Y
I

- Observed (Asymptotic) -CMS Pre.liminary.
-------- Median Expected (Asymptotic) Ys=7TeV.L = 5.1 fb"
- + 10 Expected ’ B

=8TeV,L=5.31b

] 20 Expected femtTewL=saw

ot
u1

b)

N
UL RN R

—y
[

O(H= Y V) g0 /O (H= T 7,
tn
|

-

Txogy

g
o
T

T - I I - ! 111 | ‘ | ) E | I L1 1 | l Ll 1 1 | | |
Q% 115 120 125 130 135 140 145 _ 150
m, (GeV)

Largest excess @ 125 GeV
Exp. 95% CL exclusion 0. &M

Local p-value

Combined best fit signal strength @125 GeV.

6/6gy = 1.56 +0.43
consistent between different categories

07/11/2012
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10 - ¥ y —
§ Interpretation Requires LEE CMS Preliminary a
- Vs=7TeV,L=5.11b
3 ; ; {s=8TeV,L=53fb" :
E : N
_KF: Ti\ ///\\\ /ﬂ e
f N et 2c
10—2_E k -.. ..‘n.!.f .....................................
e AR (RS
10_3 ; Observed (Asymptotic) B 3c
; ----- 1x SM Higgs Expected (Asimov)
10 S 7 TeV Observed (Asymptotic)
: ; T 8 TeV Observed (Asymptotic) {40
10 v b v b b by b by by
110 115 120 125 130 135 140 145 150

@ 125 GeV: Expected signiﬁcance: 2@
Observed p-value4.1c

CMS preliminary
\s=7TeV,L=5.11fb"
Vs=8TeV,L=53fb"

Di-jet loose

Di-jet tight

Untagged 3

/0y, = 1.5620.43

8TeV

Untagged 2

Untagged 1
Untagged 0

oijet| g T
Untagged 3
Untagged 2

Untagged 1

Untagged 0

6 10
Best Fit cs/cSr

S.




Angles

0*: angle between the parton collision axis z and X->ZZ decay axis Z’ (in X rest frame)

®,: angle between zz’ plane and plane of Z,->ff (in X rest frame)

0.: angle between direction of fermions fi from Zi->ff, and direction oposite the Xin the
Z, rest frame (i=1,2 for the first and second Z)

@®: angle between the decay planes of the two Z systems (in X rest frame)

'Z 07/11/12 GDR Terascale 48



H—>ZZ results

zoomed mass range

% T T T T T ‘ 1T T T ‘ T T T | T T T | T T 7T | T T 7T T T T
L 10 CMS Preliminary | — Observed
o HoZZ 4L of e Expected
c {s=7TeV,L=505f""| & Expected + 1o
B (s=8TeV,L=526f"f . Expected + 26
I=
-
o ""\\
X1 N
Lo - , VSN SO — Y
(®)] \
........ \
1 0'1 1 | | I | L1 1 1 | I | | | I | | I | I | I |

110 120 130 140 150 160 170 180

121

my, [GeV]

exp. exclusion of the SM Higgs [121 - 570]
obs. exclusion of the SMiggs[131 - 162] [172 - 525] exp. local significance: 3.8
obs.excess of eventis the region m ~ 125 GeV obs. local significance3.2¢

zoomed mass range

q} 1 E@ T | 1T T ‘ T 1T | 1T T ‘ T T ‘ T T ‘ T T | T T E
=) - =
ER e W/ ZAL AL 2N
? e — !_//\ 3
A 10" N\ /{}/ |
© E -
0 — '..' |
O = ki —
B 3 —— 20 Fit7TeV ]
1 0‘3 = V — 2DFit8TeV =
- % —— 2D Fit 7+8TeV =
= L Expected A
i CMS Preliminary |
107 H—oZZ 4L i 3
= {s=7TeV,L=5.05f" | -
B fs=8TeV,L=5.26fb" : ]

10‘5 1 1 | I I | ‘ 111 “’F | I I | ‘ I I | ‘ I | f I | | 111 1

To

2c

“+— 30

4o

110 120 130 140 150 160 170 180

my, [GeV]
m, @ 125.5 GeV

07/11/2012
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Quelques définitions utiles...

L.
>

-Zlm A

Test de compatibilité
avec I'hypothése
signal+bruit de fond

Quantifie la probabilité
d’un excés par rapport
au bruit de fond seul

s+b

50 ~1/3 millions
> 30 ~1/700

Te

Evalue l'intensité
du signal

0711112

95% CL limit on o/osm
|_\

Best fit o/osm

GDR Terascale

E:'IL’!
|:|: 2o

— Dhserved

-~ Bkg. Expected

mn (GeV)

50



Un peu de Higgsologie...

Production...

t

g g fusion

W.Z

t T fusion

0711112

~5%

<1%

... et désintégration.

= 1E : —] =
|II_'l'I _ﬁ
= 15
[ 12
e
i x]
%m . ;
£ ’
=
I -
10 =
10" 00 120 140 160 180 200
M, [GeV]
h125

» De nombreux modes de désintégrations accessibles
au LHC @ 125 GeV'!

» Une chance pour les mesures de couplage !

GDR Terascale 5



Spéculations a I’échelle de Planck : Stabilité du vide

350 I I I I I I I [ I I I I I
S B | | | i
(7] B _
o - — Perturbativity bound |
EI — [ ] Stability bound -
300 — 2\ = o [[] Finite-T metastability bound ]
- o B Zero-T metastability bound —
— =T Shown are 1o error bands, w/o theoretical errors I
250 — —
200 — —
Tevatron exclusion at >95% CL

150 — —
—[=LEPgxclusion _ _ _ _ _ e e =
| "at >95% CL ==t =

4 6 8 10 14 16 18
Iogw(A / GeV)

Pour mH ~ 125 GeV, nous sommes probablement dans une région ou
le potentiel de Higgs n'est pas stable...

07/11/12 GDR Terascale
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Spéculations a I'échelle de Planck : une région particuliere...

200 ¢

b
& 150
=
=
2 100
8 E
= I
Q_' 2
o I
= 50/
0 :| L L L L L L | I L L | L L L | L]
0 50 100 150 200
Higgs mass M;, in GeV

G. Degrassi et al., JHEP 1208 (2012) 098
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Spéculations a I'échelle de Planck : une région particuliere...

200 ¢

i
n
o

Pole top mass M, in GeV

f—
o
o

135
Higgs mass M), in GeV

Top mass M, in GeV

L
S

0: L L L L L L | I L L | Lo
0 50 100 150 200

Higgs mass M;, in GeV

= Nous vivons dans une région tres particuliere de I'espace des parametres...
= Mesurer m,,, & m,avec grande précision est nécessaire !

G. Degrassi et al., JHEP 1208 (2012) 098
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Test des Couplages Fermioniques et Bosoniques

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

Production Decay LO SM
VH  H-obb | ~XCr Z CE
CF V A
Ci xCh 2 C
Cy X2 9 F
VBF H — 11 ~ JF%—E ~ CV
oH H C?’-"XC% CZ
612 CrQ «
ggH H— ZZ ~ _%FQ'_K ~ Ci?,v -
gegH  H—oWW | ~ 2% ~ C2 c
F
VBF  H—WW | ~ SuXCy ~ch/icz) "
Ch V/—EA/
geH H — ~y ~ Gk X(S'G%‘%fl'gcmz o~ C2
R C2 % (8.6Cy —1.8Cp)? & F7 R
VBF H—yy |~25g——t O3/G) >
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C P arXiv:0708.0458

Difficult to separate a pure CP state from an admixture of CP-
even and CP-odd components

Profiting of the fully reconstructed kinematics of the H —-ZZ decay modes

. ay i, 1
TN a . i X . . - ——
Wik, — SRl [rI_qJ_.L, R T ! The SM is given by a=1, b=c=0
ety it My _ a can always be chosen to be real,
. |' but b and ¢ can be complex
coupling
(CP even) CPeven CPodd
L DL L BLELEL AL ILLLEL BLELELELE BLELELELE R EL O ——— LIRS B N I LI L
Uk - by = 1506Gey o=, b= CEML My = 200 GeV — .:|_|-|=-‘-=-'|-::=_.:-.r:-lI

=== Hebelli= —_——- gmbn=il o=}

* mz-hard to distinguish
a CP mixed state

* Asymmetry for the CP
mixed state in angular
distributions

68/11/12 GDR Terascale



[Nombre Quantique] Spin : une approche naive

Spin of
Elgalald]

CMS?

Nouveau boson : se desintegre en di-photons et ZZ.

spin0 © © ©
_ Interdit par le théoreme
P © © © de Landau-Yang.
Spin 2 @ @ ® @

Seen? Yes Yes Notyet Notyet

Il peut étre de spin 0 ou 2
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Couplings

Accurate prediction of the couplings
in SM and in any renormalized theory

2 _
!~ CV(—EEij— + Tzz};)h + ¢ Bk + ey ™ Frh +

927?1; ,uuh + ¢ 12,”.” Eyh + L(h — inv)

In the SM:

cy =¢qg=cr=cl=cf=1

L(h—inv) =0

Assumptions

* The signals observed in the different channels
originate from a single narrow resonance

* Zero-width approximation for the state

* CP-even state

(o x BR)(44 > H — ff) = ogp(ii — H) Xx BRgop(H — ff) ><

'Z 068/11/12 GDR Terascale



Couplings

Probing the custodial symmetry
Check that cv = cw = cz using the WW and ZZ observed signal strength

1

[=]

-2AInL

Result compatible with SM
within the large uncertainties

B OO N O

= N W

(RW/Z = 0.9”1'1-0)3

Scaling of fermions and bosons couplings
Introduced only two parameters y -
cvand cF=ch=Ct=Cr 8| Gorrev Lot

Vs=8TeV,L=5.31"

Best fit cr driven to low values by
VBF yy excess and 17 deficit

Data compatible with
SM prediction at 95% C.L.

’Z 09/11/12 GDR Terascale



C

Going from 2to 5

ouplings

Probing the fermion sector
In extension of the SM the Higgs bosons couple differently to different types of

fermions
* up-type fermions vs down-type fermions > 2.0
* quarks vs leptons "

CME=7TeV.L=51fh" \s=8TeV L=5.31"

1.5

Probing the loop structure and invisible or

undetectable decays ] =
Allow new physics in loop-induced couplings to gluon |
and photons and assume no BSM decay modes i

Parametrization without assumptions on new physics contributions

00/11/12 GDR Terascale



arXiv:0905.4314

S p I n arXiv:1208.6002

Spin 0 vs. Spin 2: VBF signature
VBF is expected to be the 7% of the SM production rate, jet tagging ID will
reduce the experimentally observed rate even further

325

qq—H —VV -
Azimuthal angle difference of the two tagging jets - . ‘ D
Independent of NLO corrections and Spin-2 couplings el

qg—H —vy “
Angle between the momentum of an initial-state

electroweak boson and an outgoing photon in the rest [
frame of the resonance & 1
Analogous distribution: cosine of the angle between a B '
final-state photon and the first or second tagging jet in the
rest frame of the resonance | T

Rer-d LI
] B3 M

L i & 1.5

™= n

Spin 0 vs. Spin 2: VH signature
‘Higgs’ + gauge boson invariant-mass distribution

aws, | 8111112 GDR Terascale



[Quantum Number] Parité

Tentant : hypothése pseudo-scalaire (0-) est exclue...

Corrélations entre les BR’s pseudo-scalaires induitsy.uon:
par des boucles: vy, 2y, ZZ et WW je-ns b
1e-06 T L p
En utilisant les taux de yyet ZZ observés, . "=y
on peut prédire ceux de WW et Zy. G te-oo s
Taux-) — ww = (Tauxu - ww) / 440 1e-09 | g
Taux-) - zy= (Tauxx - zy) x 170 je-in | S
1e-59 F
i le-i2 - i .
45 -0 -5 0 5 10
4 T 3 . b
s .z > Pro;gctlons a 8 TeV avec 35 /fb: S T308 2655
% 2_;" +WW . cenario N — 77 X uw arXiv:1208.4018
':E 2 B 0; vs background 7.1 4.5
15
1 e 0} vs 0™ 4.1 1.1
o
0.5 _
'30"'123455?3

07, vs bkg [o] A considérer aussi: 0+/0- mixing...

07/11/12 GDR Terascale 62
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BR

Production cross section at 8 TeV

>20K Higgs/fb
Decay branching ratio

fermions

gauge bosons

Process | Branching ratio
H— bb 5.77 x 10!
H— cc 2.91x 102
H— 1T 6.32 x 1072
H— up 2.20 x 10
H — gg 8.57 x 10?2
H— vy 2.28x 103
H— zy 1.54 x 103
H—-WW 2.15x 10
H—-ZZ 2.64 x 1072
M [GeV] 4.07 x 103

0711112

—

GDR Terascale

Process

Cross Section (pb)

ag 19.5 (x14%)
VBF 1.6 (£3%)
VH 0.70 (x4%)
ZH 0.39 (5%)
ttH 0.13 (x17%)
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More states? Composite?

No evidence for any excess above backgrounds
Strong constraints imposed
Fermiophobic / SM4 / Technicolor

MSSM charged Higgs

MSSM neutral Higgs

Higgs doubly charged

Higgs decaylng to Ilght pseudo-scalar particles

cus, \l’ 7TeV L= 46fb1

BP1: normal hierarc l
BP2: inverse hierac .
BP3: degenerate masse .

BP4: equal branching .

o e ‘ %50_ — / ; : - :
i~ [ Expected s CMS Prellmmary S 45F %% C'E):::r':":jd F 9%, CL it onmass 1= G
> .| —— Observed b \F 8TeV,L=531f" _| E Expected / 2 Vs=7TeV L=23f" CMS is = 7TeV L=23f" CMS
i 10 + 1o Expected [z 4 a0F s Eeoctid . e R P e, 60
it + 20 Expected | (s=7TeV,L=511b - E =0 =AY " 20.14[ toHb, Hw g e [ v
L - - 220 Expected E I 1 +ets, er,,ut , and ey final states ] S
T - Expected 2012 35F 1 Ler - T b Ber—m=1" a7 sof
=~ e Expected 2011 = E - =012 == Obamved - F
O ey E 3] 3] 55 Expected median 10 7
f{\: .,-s‘-"”"""“' ____ & 30 3 = § 0.4 o Expocted modians2¢ 40F
= . =i ae *"'l E 3 P s
= ! PP e 25 Eoo0sf ] aol
- b 20: o0 V7777777 el -
:IT: E Oo.06F - [
B X L 3
\O’ 15 3 g 0.0 | Observed :
10 ] 002 :bsler;::ﬂc((h.) b
L, =1TeV L —— -22223223‘ 2]
—— % 90 100 110 120 130 140 150 160 100 0 120 130 140 150 60
110 115 120 125 130 135 140 145 150 200 500 290 m, (GeV) m,- (GeV)
; " -
my (GeV) m, [GeV] ?
= = ~ 180
% 14 :_ ; Observed '3 CMS % — Observed CMS
Tl Expected = = 5 Expected+ 1o
1 F - Expected = 20 N5=7TeV T . Expected = 20 NE=7Tev 140
® 40 : ki L=13f"
1 7 _
z*E 2 100
5 o g
% af g 60
T o2 e
o
g, k : : . . \ # 20 ' 1
= 58 & 65 7 75 8 85 = 1 I I I I I -
— m,,, [GeV] - myyGev] 100 1502000250300 350
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More states? Composite?

arXiVv:1003.3251

Decoupling limit
Many models has an extended Higgs sector allowing one Higgs boson S
The large uncertainties in the properties measurements leave room for these
models

* The Two Higgs Doublet Models
different loop-induced couplings (top), enhanced vv rate

* The Minimal Supersymmetric Standard Model

enhanced vv rate and/or suppression of bb (and also 11)
* The Next to Minimal Supersymmetric Standard Model | '—,———_
3 CP-even Higgses (h1,2,3) and two of them can be close in mass
(almost degenerated) and one below the LEP limit

* A strongly interacting light Higgs

light and narrow Higgs-like scalar but it is a bound state
from some strong dynamics, deviations from the SM Higgs
couplings controlled by the parameter ¢

0%/11/12 GDR Terascale



arXiv:0310056

Self-interaction o

arXiv:1206.5001

The measurement of the Higgs potential
Essential to fully reveal the nature of the mechanism responsible for EWSB

Two main components: the trilinear coupling (AnnH) and the quartic coupling (AxHHR)

AxnH can be measured at LHC

I e L. L) @14Tevo(pp - HH) =34 1b
:3‘3?:'.' sppie—e—a 7% ""rf..h I
- ol
.a [N | I . . .
: S S S
T T
- r -
The HH — bbvvy channel has a BR of 0.27% SENTCIR _
Predicted yield of ~10 events/100 fb™* @ 14 TeV = F o
pp S e
After analysis cuts: S/B ratio ~0.7 (B is mainly ttH) """} e 1R T
0 LN iy I il:{l. - sl

pre ey
Using shape analysis to discriminate scenarii

08/11/12 GDR Terascale



VH —Vbb (V—1v,1l,vv)

estimated from data in control regions

( The largest BR for m;<130 GeV )
but 7, (QCD) ~ 107 x o1 x BR(H—bb)
.;-“
=Search in associated " “‘x 5 topologies
production with W or Z i Z(I)H(bb)
final states with leptons, MET, _ Z(vV)H(bb)
and b-jets Sy W(IV)H(bb)
\_ 2 J
b-jet |
General strategy: pr = 153.8 GeV
» High boosted vector boson and dijet M
» 2 b-tagged jets
back-to-backV &H :
: Reconstruct mpp som ?ae;gséfczogéga% ety pr = ‘t‘)sjit GeV
u Combined secondary vertex
or=161.8 GeV tagger = 0.996
Main backgrounds — V+jets, ttbar u
pr=27.5GeV

qq<—H

P1C2012, 15" September 2012 17

Roberto Salerno

07/11/12 GDR Terascale
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" VH —Vbb (V—1lv,1, V) - Results e

In 2012 many improvements w.r.t. 2011:
» Jet energy reconstruction using BDT

» Categorize events in medium and high boost
» Use full shape of final MVA discriminator

Gain in sensitivity ~50% already on 2011 dataset 10.[

{s=8TeV L=50f"

S R B B B B
3 e Data .

10*t Z(vv)H(bb) —wo

[ V+biets

Events/ 0.1

3 - [l v+non-bjets
107 ¢ W top 3

A%

£ o (| .
-1 -08 -06 -04 -02 O 0.2

; , BDT score =
8 CMS H-—+>bb Vs= 7‘Te‘V,lL = Ef.O‘fb" E = 8‘ TleV: L‘= 51 fkli ; J,
% F BRI B N i s : / / FMS Pre%liminar;é:
‘g 7= Emmmms Expected (68%) = 4 198 (5=7TeV,L=50 ibj (o)
e - | === Expected (95%) s WHH ﬁ;b‘l’;:‘é::;:;& (op
(@] 6= @ | e Exp. for SM m, = 125 GeV [ : :
] : 3 ZIH[ B
O i s : : : X [
I L Bk
S 3 ZwH| e
of ] :
7 i i L i . i i
b 4 2 0 2 4 6
1F E best fit o/og,,
O — TR R N TR RS A AN TR T R M I R . . . .
flo 115 120 125 130 135 Compatible with both with a signal
m eV
n (V) or a background-only
P1C2012, 15™ September 2012 18 Roberto Salerno

Cms, |
%1

0711112
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. H—T1T —UT , eT , el, HU

High oxBR at low mass Challenging large backgrounds
» Sensitive to all production modes  DY—TT, W+Jets,QCD
» Probes coupling to leptons
» Enhanced 0 x BRin MSSM

e ™
Analysis Strate
y gy Jets p; > 30 GeV
' > I
=1 A4 ) \l/
(o} '
< || OJetlowpr |+ 1JetLow p; :I
Analy5|s divided into 5 g High background | ! | Enhancement from
categories mass resolution,S/B o X JH Jetrequirement ) VBF
f Ay e - 2 jets, no jets in
All cat . fit vl 2 N\ L 7 N rapidity gap '
. categories are o) 0 Jet,High pT | i| 1Jet,High p; MVA based selection
simulta I'IEOUS|y = | |Lepton p; spectrum| | Enhancement
~ harder from H 1| fromp;and jet
L ) . L requirement )
. M J
PIC2012, 15" September 2012 20 Roberto Salerno

07/11/12 GDR Terascale 69



. H—TT —uT, eT , ey, pu - Results

In 2012 many improvements w.r.t. 2011: o 5O EeTmYL-ap esemyLosie
» new tau ID,improved mass S =] ?b;iif v
reconstructions with 20% better B 4F = o .
resolution o B cicroneak
» event categorization (0-jet and 1-jet): LI

lower jet pr thresholds, rely also on pr
of the tau
» MVA selection for VBF category

80MSHan Vs=7TeV,L=49fc"' ys=8TeV,L=5.1fb" I
R R e : l
= - | s Expected (68%) u 0 e L
S O Expectod (95%) £ 0 100 200 300 .
o 6 e Exp. for SMm_ = 125 GeV = rnrt (GeV)
E E
o F : Observed limit of 1.06 x SM
2 - at m,, = 125 GeV
Lo s
(o7) 3 e .
2; .......................................................... é
[ =SSR i 2 | No significant departure from SM
b background-only expectation
110 115 120 125 130 135 140 145
my, (GeV)
PIC2012, 15 September 2012 21 Roberto Salerno
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