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Main

Scientific Objectives at the LHC

Origin of Masses
Electroweak symmetry breaking — particle masses, Higgs boson(s)
supersymmetry — dark matter, ...

Hierarchy and Unification of Forces
Supersymmetry, new gauge symmetries, extra-dimensions, ...

Structure of elementary matter

Three fermion families (« replica »), flavour changing weak
interactions (CKM et PMNS), CP violation and matter-antimatter
asymmetry

Propriétés de la soupe primitive de matiere
Plasma de Quarks Gluons, confinement de la couleur,
masse hadronique, ...
The essential physics motivations remain as they were at the birth of the project in 1989
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Electroweak Symmetry Breaking

There exist a scalar field present in
the whole universe, which appeared
~10-12 s after the Big Bang

This field is responsible for the
spontaneous breaking of
electroweak symmetry

The Z° et W* acquire a mass

Elementary fermions interact e '
with the field and acquire mass

Re(4) 2

There exist at least one scalar
. boson associated to the field:
€L €r the Higgs boson

I
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EWSB in the SM

The Higgs Boson

Recall: 1 doublet of Higgs fields = 1 physical boson (CP-even)

M, is a free parameter

Theory Constraints:

Unitarity: a(w;w; —2,2,)- ; FEﬂ

M, <700-800 GeV /c’

“Triviality” (Higgs self-coupling remains finite :)
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CMS Physicists

A/
~ 3K scientists, 39 countries, 172 institutions

2200 Phy5|C|sts including 720 PhD Students
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The LHC : HEP in acceleration

PbPb Physics Runs Vs = 2.8 TeV : ~ 150 ub!/exp.

pp Physics Runs Vs = 7 TeV : ~ 5 fb1/exp.
------------------------------------------------------------------ EPS/LP 2011

2011 _
L ~ 1-2 fb1l/ exp.
pp Physics Runs Vs = 7 TeV / exp

............................................................ Quark Matter 2011 -
November — December 2010
PbPb — First Heavy Ion Runs
.................................................................... Moriond 2011
! July - December 2010 L ~ 35pb1/exp.
pp Physics Runs Vs = 7 TeV

---------------------------------------------------------------------- ICHEP 2010 -
April - July 2010 L ~ 3 pbl/exp.
Start-up Runs Vs = 7 TeV
December 2009

Pilot runs Vs = 0.9 & 2.36 TeV




Peak Luminosity per Fill [10% cm2 s71]

Recorded Luminosity [pb™]

Collisions pp a Vs = 7 TeV en 2011

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
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L instantanée A 3.6 x 1033 cm2s!
L intégrée > 5 fb! / expérience
Un nombre d’empilement tres éleve !
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W.J. Stirling

Evolution of the Cross-Sections
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with increasing mass !
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Evolution of the Cross-Sections
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Production and Decay at the LHC
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bb - 5 exclusive final states
. B 9 exclusive final states
v | _ 4 exclusive final states
WW-->|vlv i 5 exclusive final states
2Z-->4| i 3 exclusive final states
2Z-->212t 8 exclusive final states
Z7-->212q _ 6 exclusive final states
77-->212v 2 exclusive final states
100 200 300 400 500 600
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Higgs Boson Searches
in CMS
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95% CL Limit on o/og,,

Prospective (... from the past)

CMS Preliminary: Oct 2010

-1 —— Combined — WW(2|éV)+Oi
1fb @ 7 TeV oy - - WW(2I2v)+]

V(bb)-boosted - VBF(WW)— 2I12v

VBF(tr) — 77— 4]
—— W(WW)— Ivlvjj (SS) - - - 2Z— 2I2v
- = = Z(WW)— (ID(Iv)(jj) - ZZ— 212b

200 300 400 500 600
Higgs mass, m [GeV/c?]
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Summary

SM Higgs Boson Searches in CMS

Number
. Sub- mH . Expected of signal
Channel mn Range Lumi Channels | Resolution Main Background sensitivity events
after cuts
H-yy 110-150 | 47 | 4 1-3% VY Vj jj .5-2 ~70
H—TtT 110-145 | 4.6 9 20% Z—-1t WHjet QCD 2-3 40-90
H—bb 110-135 | 4.7 5 10% V+jet Vbb tt 3-6 0.5-2
H-oWW=Iviv| 110-600 | 4.6 5 20% WW DY tt 0.7-7 25-180
H—ZZ— Il 110-600 | 4.7 3 1-2% LZ Z+jets tt Zbb 0.5-10 l.-16
H—ZZ—lkt 190-600 | 4.7 8 10-15% L7 7+jets tt 3-12 0.5-2
H—ZZ—Illvv | 250-600 | 4.6 2 7% LZWLZ Z+jets 0.6-2 3-20
130-164 : 5-15 ~15
Oo +
H—ZZ—-llqq 200-600 4.6 6 3% Z+jets tt 1.5 17.70

Background derived from Data

Signal MC: POWHEG, reweighted at NNLO Background: PYTHIA, MadGraph, etc reweighted at NLO
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HIG-11-024

H— WW-— 2(2v
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H— WW— 2¢2v

5{9/7@2( Ure:

Excess of events with two leptons
of opposite signs, and missing E-

Five categories with different S/B

and B composition:

0 or 1 jet, with SF or OF leptons

2 jets optimized for VBF
9 exclusive final states

" A
W’ /
/ﬁ ﬁ spin 1/2
spin 1 O +

@spmo /ﬁ W
W_ spin 1/2
‘/fspirﬂ _7
/Jspm 12

O
7.
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Scalar boson decay to vector bosons
+ V-A structure of EWK interaction

[exploited especially for M,; >> 2 x M,, ]

H — WW offers best sensitivity
for exclusion at low £ over a
wide mass range 18



H—WW

%)
€ CMS,Ns=7TeV,L._ =46 fb"
210° « data
COH(130) > WW
‘WHjets
M di-boson
M Z+jets
. CIWW
10* |
- |
L |
10° ~—
= WW selection : |
i Iy selectm'—'
10%F !
= 1
5 [ N I NN N O N N O

I
plinz E iss zvet je’l'et ang; g b Cuz P Y cug b2

f Cutg

m mn 4
Cut " L‘ut rCuts ‘b” cll(

“Higgs” selection
« f(My) cuts for cut-based extraction

« Same observables used in BDT with

also AR, M Etmiss |V Etmiss

« VBF Selection: |An;;,| > 3.5, M;;5,> 450 GeV/c?

Event Selection

» Single or double lepton triggers
 Exactly 2 identified isolated ¢+ ¢~
from primary vertex

P; > 20 GeV/c for leading lepton
P- > 10 (15) GeV/c for trailing lepton
in OF (SF) events

“"WW"” selection (= pre-selection)

« Z veto: |M,-M,|>15 GeV

« SF: Min EMss > 37+0.5 N4, ;
OF: Min E miss > 20 GeV/c?

* Anti top-tagging

« Jet counting: p>30, |n|<5

* Adp(jet,di-lepton) < 165
(jet p>15, SF only)

* Lepton kinematics:
di-lepton pT>45, M;>20 GeV/c?
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H— WW
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WW Selection Level
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O < data M Z+ets cms preliminary |
L — m=130 top L=46f" |
ww [l wz/zz
W-+ijets

+ 0 Jet |

+

o/ [ R 4.
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A, [7]
© 100 » dat; | ‘I‘Z;je‘ts‘ C‘)M‘S [‘)re‘lin'lﬂn;r; -
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% o mom e
o | — m=130  top L=46M" |
g ww [l wz/zz g
§ W-ets 2 Jet ]
S 100 # + .
i
Or 0 4E i
I * ._h +
Oﬁﬁgﬁi_:_.—h._a L ﬁi *e
g i
3 15 + .
8 1'# |+ e T WUTT
0.5F t
050 100 150 200 250
mt [GeV]
data | allbkg. |[qq—= WTW~ |  tt+HW
O-jet | 1359 | 13648 £9.3 || 980652 | 147.3 =25
Ljet | 909 | 9514=98 || 416836 | 3348 3.0
2get | 703 | 7148 =135 || 1547 x22 | 413527
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H— WW

Higgs Selection Level
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my | allbkg | H-W'W™ | data| allbkg. |H-W'W™ |data| allbkg [H-WW | data
0 jet category 1 jet category 2 jets category
120 | 1367+£127 | 157208 | 136 | 95£59 | 65203 | 72 | 113+36 | 11401 §
130 | 19154140 | H2+£21 | 199 | 799477 | 176408 | 105 | 133440 | 274202 | 10
160 | 101768 | 12906 | 11| 708z60 | 602£26 | 8 | 159z46 | 12207 | 12
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H— WW

Exclusion Limits

E 1 O | I I I I | I I I I | I I I I | I I I I | I I I ‘
\Dw e - median expected CMS preliminary
@ _T H — WW (cut based)
S expected = 1o L =46
4 B expected = 20
é i —e— observed
—l 5
O
o\o B
LO B
(@))
O ‘|_ | WI | | | | | | | | | | | | | | | | | _|'
100 200 300 400 500 600
Excluded range: 132 - 238 GeV/c? Higgs mass [GeV]

Expected sensitivity: 129 - 236 GeV/c?
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H— WW

Exclusion Limits

E 10 | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ ‘
\Dw _T ----- median expected CMS preliminary
o) B e H — WW (BDT based)
expected = 1o g
S ] L=4.61b
4 expected = 20
é _. —e— observed
1 5 —'+
O
0 i
O i
»
O ‘|_ | | ) | | | | | | | | | | | | | | | | | | | | | | _|'
100 200 300 400 500 600
Excluded range: 129 - 270 GeV/c? Higgs mass [GeV]

Expected sensitivity: 127 - 270 GeV/c?
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HIG-11-027

H — ZZ — 2¢ 2jets

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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H — ZZ—> 2t 2jets

jet ‘
5/5/7@2‘&(/‘8 g
Excess of events around m,,,,
jet + (¢ lepton SF pair and 2 jets
H o,' 'Z
3 categories depending on Ny, ,gqeq j€LS:
Z 2 b tags, 1 b tag or no b-tag
14
/ A 6 exclusive final states
| i preselection
pr(0F) lowest pr > 20(10) GeV, highest pr > 40(20) GeV
pr(jets) > 30 GeV
17| (6*) et <25, ut <24
7] (ets) <24
K 0 b-tag 1 b-tag 2 b-tag
b-tag none one loose medium & loose
angular LD > 0.55 +0.00025mzz | > 0.302 + 0.000656 mzz > 0.5
quark-gluon LD > 0.10 none none
2In A(ET) none none < 10 (E1 < 50 GeV)
m; € [75,105] GeV
Myy € [70, 110] (<80) GeV
Mmzz c [183, 800] (€ [125,170]) GeV
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H— ZZ — 2 2jets

Event Selection

A Pataldlal Low Mass Results
o 120 CCAL AN AL
()
¢ [ 1 b-tag Category
CMS Preliminary 2011, 4.6 fb™ \s=7TeV & 10 | Daa
i N I | | l ] S 0
8 i e Data j 2 801" Expected background
> . o I ]
W 08k [ 1Z+jets _/ i eol- H (150 GeV) x 5 -
g [ zzwzww ] i
= - — 407
- B tiw i [
i —— H(400 GeV) x 100 | o0l
10°F . E i
E E - I T AP S oy v B PR N
. - $25 130 135 140 145 150 155 160 165 170
C . 1 m; [GeV]
CMS Preliminary 2011, 4.6 fb™ \s=7TeV
104__ — g 16:““\““\“"\‘“‘\‘“‘\““\““\““\““:
i ; & 14 2 b-tag Category ;
- n B 7
-k» a 12i e Data B
1 03 = % 10? —— Expected background E
- | o gh H (150 GeV) x 5 -
Gluon-tag Ob-tag 1b-tag 2b-tag 6l -
|
2 ;
: T Tl

028 %30 135 140 145 150 155 160 165 170
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H— ZZ — 2 2jets

g A e E § P

Event Selection

SN W N N PRl PN B B

CMS Preliminary 2011, 4.6 fb™ \s=7TeV
Q0 : I | I I ]
§ i * Data j
| 1051 [ ]Z+jets |
g [ zzwzww ]
- B tiw i
i —— H(400 GeV) x 100 |
10°F . E
10° ¢ 3
10° =
- |

Gluon-tag 0 b-tag

Most sensitivity from the

2 b-tag category !
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1 b-tag

2 b-tag

Events / (20 GeV)

Events / (20 GeV)

High Mass Results

CMS Preliminary 2011, 4.6 fb™ Ns=7TeV
800 T TT I T TT I T TT I T TT I T TT I T 17T
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700 e Data E
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600 7
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] zzwzww ]
400 I daw E

300
200
100
0200 300 400 50000 700 800
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60__|IIIIIIIIIIIIIIIIIIIIIIIIIIIII_|
C 2 b-tag Category ]
50__ o Data ]
B Expected background
401_ [ ] H (400 GeV) x 2 B
B [ ] Z+jets §
C [ zzwziww ]
30 ]
20} -
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2

CMS Experiment at LHC, CERN
Data recorded: Sun Jun 12 04:43:37 2011 CEST
¢ Run/Event: 166864 / 145883149
= \ Lumi section: 139
- Orbit/Crossing: 36364347 / 1978

M., = 580 GeV/c?

2e + 2 jets



H— ZZ — 2 2jets

Ogse, / Ogm
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Ogse, / Ogm

Exclusion Limits
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HIG-11-028

H—ZZ— 22t

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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H—> 77 — 2( 27 H—-//— 21271

Signalure: AREO P liaafen me. < T ——
Exzess in the visible mass ‘“&-
distribution for events with one > #T (D=0 ORL02 502
¢t lepton pair forming a on-shell ¢ &u 075£008 071£022 146023 1
Z boson and a t*t- pair in the 'c{ eeet LI2E011 0804029 1924031 3
eu, e, ut, 7,7 final states % wer  120£012 031£013  151£018 3
¢ LO8£011 0202010 1282015 2

8 exclusive final states T o 0009 020:009 LME0B 0
Selection: el 0512005 014£007  065£009 0
+ a leading Z — # £~ with wey 058006 0165006 074£008 |

P, > 20 GeV/c & Py, > 10 GeV/c Total ~ 697£027  326£048 | 10232055 10
- two T, With P; > 20 GeV/c e e

Particle flow used for lepton isolatior Expected Higgs yields: )

and t,; (“hadron + strip” algorithm) 1.49 events for My = 200 GeV/c?
1.39 events for M, = 400 GeV/c?
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\[\/\S CMS Experiment at LHC, CERN

C Run/Event : 172252 /47105541
Lumi section : 40
S
1 Electron, p_ = 51.52 GeV/c
T — '
=~ o
(7]

Electron, p_ = 35.27 GeV/c

Electron, p_ = 20.95 GeV/c

Meerr, = 179 GeV/c?



H—-Z2Z—- 22t

Exclusion Limits

N\ 1 NI\ el BN

CMS Preliminary,\'s=7 TeV, 4.7 fb™

= 20 | | |
n
Ew H—>ZZ — lht
c_g' . —— Observed
X 15
Q9 == Expected + 10
l®

-------- Expected = 20
10

1

| | | |
200 300 400 500 SOO
m,, (GeV/c?)
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HIG-11-026

H— ZZ— 22v

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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H— ZZ— 2 2v

5:9/762? Ure:

Broad excess in the transverse
mass distribution my for events
with one ¢¢ lepton pair (forming
a on-shell Z boson) and a large
missing E;

2 exclusive final states

Selection:

* a leading Z — ¢ ¢~ with two
isolated leptons with small
parameter

- large P,

- large E;M'ss
(not aligned with jets or leptons)

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3

uon, pt: 205.6 GeV

Z, pt: 282.2 GeV
mass: 88.7 GeV

Muon, pt: 89.6 GeV

pfMet, pt: 290.9 GeV

Higgs Candidate:
pt: 20.7 GeV
transverse mass: 599.6 GeV

nent at LHC, CERN

d: Thu'Apr.28 23:14:53 2011 CEST
63659 /21497971

128

Backgrounds:
Z+jets = from data (y + jets)
tt, WW, W+jets = from data (off Z peak)
WZ, ZZ = from MC
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H—Z2Z— 2l2v

Events / 10 GeV

Data-driven prediction for Z+jets
using y + jets events

Data-driven prediction for
tt/WW using using sidebands

5 CMS Preliminary,ys = 7TeV, 4.6 b
1 0 T

Measured Spectra

Mass spectra after
E.miss > 95 GeV/c?

CMS Preliminary,\s = 7TeV, 4.6 fb' |

- Higgs (300 GeV)
y+Jets (Data)
Top/WW (Data)

B wz
N zz

—e— Dilepton events (Data)

T T Higgs (300 Gev) | 25— ]
N y+Jets (Data) -
104 - Top/WW (Data) :
: - e ~, 20 1
3 N 2 > i
10 E_ —e— Dilepton events (Data) [()) i I
10°F e
: 1 @ 10k
105 4 €1
= 3 o
3 >
1 LW
1 E 5
107
0O 50 100 150 200 250 300 350 260

MET [GeV]

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3

280

|

T TN T T A T N T T T A T

300 320 340
M. [GeV/c?]
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H—Z2Z— 2(2v

M,, dependent

Event Selection

M and Et™ss cuts

My Total Signal | Data
GeV/c?

250 | 140+£3.8+16 22421 | 142
300 | 60£11£73 2142 64

350 | 29+£025+44 | 21+23 26
400 | 19+£019+£29 | 17+£16 18
500 | 11+£0.14+15 | 74+£076 | 14
600 | 5.3+0.095+£0.7 | 29+0.31 5

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3

Mass spectra after
E.miss > 115 GeV/c?

CMS Preliminary,\s = 7TeV, 4.6 fb™' |

C I [ i N
45F —— Higgs (400 GeV) —

E y+Jets (Data) .

404 B

~ = Top/WW (Data) -
§ 35F i vz E
8 30F o E

(D - —e— Dilepton events (Data) | ]
Q 250 U E
~ _F -
n 205 B

§2) ]
qc) ]

g 15 E
10 E

5 —

250 300 350 400 450
M. [GeV/c?]

37



H—Z2Z— 2l2v

Exclusion Limits

— N NN

CMS Preliminary

. . 2 1 02 — l T 171 1T 11 l T 1771 I 1T 11 l T 171 I 1T 11 I T 171 I —
Similar results & E ]
using cut-based B - SMHzz = 212v, 4.5 i

------ 95% CL exclusion: mean
and MT shape- S - S gg";o 8:: exc:usion: ggzo tt;ang .
% xclusion: 95% ban
Based analyses *E 10 — 98% CL exclusion: observed _
— - .
—J n -
O - —
2 _
Excluded: L 4L |
310 — 465 GeV/c? - -
(cut-based) _ _
- 2 - =
(Zszgpe-ﬁjsce):d();e\// C i M; shape-based |
-1 | | I I | I | I I | | | I I | I | I | | | I I | I | I I | I | I I | |
07250 300 350 400 450 500 550 600
Higgs mass, m, [GeV/c”

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3 38



HIG-11-025

H — 7Z — 4

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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H — ZZ— 4

51’3naiare-‘
The “golden” channel

Narrow peak over a locally flat
background continuum

Allows to measure M, S, ...
3 exclusive final states

= ‘ ‘ L B A B
8 E i H—ZZ*—>4e
550 'IPLHLI my, = 150 GeV/c® 3
ey =

- : A s lowest p_ electron |
© F:oogr T E
e | :: l —— highest pTeIectron -
-D ‘75 :'. *:
2 ¢ -
<< B =
S E

F: E

P -

I J —

‘: :‘IJ . L ---\"4---\-?‘_\' i i P S G e RE=Ry =R P ISR gt +

0 20 40 60 80 100 120

p?r [GeV/c]

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3

Opp — H— 77+ — 4 L10]

N W s~ 010 N

LT T T T T 7
E_ H = FIIT (1=e ) _f
E_ H— efe'e*e _E
- | . | .
100 200 300 400

My [GeV]

A\ Need to preserve highest
efficiencies ¢, 4.,, Kinematics
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H—Z2Z—-4

Event Selection

Selection:
* 4 jsolated leptons with
small impact parameter
to primary vertex
*Pri1,3> 20,10, 7 GeV/c
*Pr, >5(u) or7(e) GeV/c

« 50 < M,; < 120 GeV/c2 ™™
« 12 < My, < 120 GeV/c?

« at least three ¢¢ combinations
with M, > 12 GeV/c? (4e, 4u)

***x Improved acceptance
at low MH

Backgrounds:

wml

m,, [GeV/c?

/7 = from MC ZZ/Z and measured Z
Z+jets, Zbb, tt = from fake rates and shapes

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3

L e e R E AR R AR AR AN RAR RN R AR

1002‘ : 3

w E

80; —

702‘ —
60 =

R 0. . T

40%‘ % HZZskimE

. My = 120 GeV/c? ]

3 M =160 GeV/c? 5

0 20 30 40 50 60 70 80 90

m,, [GeV/c?]
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H—Z2Z—-4

Events

Selection Steps

CMS Preliminary 2011 Ns=7TeV L=4.711b"
10Ee "« pata = Ziatleast one quality Z candidate
E @ ' $ QcD 3 mz>50 GeVlc? + pr) > 20 GeV/c + pra > 10 GeVic + (Relio) + Reliso2) < 0.35 + [SIPsp|12< 4
10° 7 i . tZt-l-Ii . —
= ght jets 3 +
: © gt g Z; + llepton
5 o Weets _ o
107 o Singletop 5 Z;+ 2leptons of matching flavor and opposite sign
— ] ‘n"n' -
B — j . .
104 : . 97 = Best 4l candidate | Z;, Z; assignments
- . m,=350 GeV/c? 3 mz>12 GeVic + mziz>100 GeVic? + 3/4 - combinations have my >12 GeV/c? (4el4p only)
1084 | @ = m,=200 GeV/c) _]
S o my=140GeVic® 3 Relative isolation for selected leptons
102 B : E | forany leptons combination (Relio, + Reliso;) < 0.35
= ' k 4 H =
E " . om o —% : E
E & ! 4 =
@ . o 5 —*+—  Impact parameter for selected leptons
10 = o o o E i om o m 5 [SIPp|<4
1L . 1 Z and Z" kinematics
- W & . o 3 pri>20GeVic pra> 10 GeVie pras> 7(e),5(1) GeVic +
a0 f | | | 2 | “ 0 & | 4 | T mzimn <mzi < 120 GeV/e2 + mzmn < mz < 120 GeV/
107" —= - = Y = © e 3 =
U T e S S
‘?’v‘a“ %

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3 42



H—Z2Z—-4

elD Efficiency

{ Reconstruction and Identification

Muons: fit to inner + outer track (> 10 hits)
Electrons: “"GSF” electrons (seeding ECAL-driven + tracker-driven)
P; |n| dependent Id. using cut-in-categories function of fg e

Efficiencies from data from tag-and-probe on the Z (for e,u)
and J/ ¢ (for low P; u)

Fake rates from Z+1 / Z+2 SS

—

1_] L T 17T LI L 1T T 1T T LI L L 1T T L I_ > | T | T T T T T T T |: l T T T T l T T T T ]

- l l l —5_‘=i=6—ql l J' 1 8 - : - E ]

- s —a— ] ! s s s R - |-»- DATA ; é 1

O e e oo Ns=7TeviL=22m] © 095 7" | s E T TeViL =22

- S | i i | i 1 O - ' § ]

0 9__ ____________ _________________________________________________________________________ ] E 0.9 - MC, Z— ee L: ________________ ]

[~ R A S SR R B M = : i ]

R T e R = e =

- i i i i i i i 1 @ - . : : | .

- : : : : : : : . [ : : ' CMS Prelimi 2011 ]

O . fooeeeeeeed N R P — 0.8 —-ooeeeend o oot oo et L —

= § ; : : i CMS Preliminary 2011 — ; 3 : 7<pT(probe)<10 GeV ]

] e R S— ;,___________15____MKP_f9?§I|_<_9;7_‘?___§ --------- — ] S + ---------- TS % NSRS SUNS— .

- | | é é | |-~ DATA . - | | o .

O R e E - e T oo N =

E |+ MC,Zsee| 7 - é | = f 5

I e R S ] 0.65|—--+-----seoeeees Fereeoeeeroceroces St 1 SEMRIRE { SER —

o | | | | ; e -barrel : endcap -
0-65 10 20 30 40 50 60 70 80 0.6 05 1 15 > 55

©
@
®
<
S~
O,

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3



H—Z2Z—-4

Mass Spectrum

CMS Preliminary 2011 Ns=7TeV L=4.711"

(V] 181 T T T T | T T T T | T T T T | T T T T | T T T T J_ . .
S 1 . DATA ] Baseline Selection
%J 16 ] 2
G Wzx ] 50 < M,; <120 GeV/c
© 141 = 2
= Wz : 12 < M, < 120 GeV/c
"GC: 12 m,=350 GeV/c>]
> - — 2 - .
w10 —me200GeVie ] Fyent Yields:
N o )
8 4 m,=140 GeV/c" 1 gaseline e 4u 2e2p
- 1 77 1227 £1.16 | 19.11 £ 1.75 | 30.25 £ 2.78
6 -4 Z+X 1.67 £0.55 | 1.134+ 055 | 2.71 +0.96
- : All background 1394 +1.28 | 20.24+1.83 | 32.96 +2.94
4 = mp = 120GeV/c? 0.25 0.62 0.68
N 1 my = 140GeV/c? 1.32 2.48 3.37
27 T my = 350 GeV/c? 1.95 2.61 4.64
N | ]  Observed 12 23 37

200

300

400

506 - 600
M, [GeV/c?]

M, >100 GeV/c? Observed: 72 Expected: 67.1 + 6.0 events

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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H—ZZ - 4

Events/6 GeV/c2

Events/8 GeV/c

N
(6}

N
(@)

I T
—
—

—
(&)

10

Ns=7TeV L=4.71fb"

~—DATA

Bz
Hzz

20

— m,=140 GeV/c?

CMS Preliminary 2011
T T T I T T T

80

g dopepopp b g g oy o

1=

100 120
Mz2 [GeV/c?]

Ns=7TeV L=4.711fb"

CMS Preliminary 2011

80

© —m,=140 GeV/c? |

LELEE L R RN BN

120

160

200
P [GeV/c]

—

Mz [GeV/c?]

Kinematics

inigliarnic?2

CMS Preliminary 2011

\s=7TeV L=4.71 o

200 =TT T T T T T

® 4efinal state
4 4y final state
+ 2e2u final state

CMS Preliminary 2011

400

7500
Ma [G

Ns=7TeV L=

7600
eV/c?]

4.71 b

N
o

o
o
I

o)
=
!
.
*
|

(o)}
o
I

N
o
!
|

* 4efinal state
.| a 4y final state
+ 2e2u final state

00 ]

i i

80 90 100

]
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H — 4

Exclusion Limits

O PN N B

CMS Preliminary 2011 Ns=7TeV L=4.711fb"
3 ! ! ! !
< ——— Observed
+ 10
N Expected + 10
N
1 Expected + 20
L
0
S~

110 200 300 400 500 600
M, [GeV/c?]

Excluded:
134 — 158; 180 — 305 ; 340 — 465 GeV/c?

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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Events/2 GeV/c2

Low Masses
CMS Preliminary 2011 Ns=7TeV L=4.711"
5:| T T T T | T 17T | T T 1T T T 1771 | T T 1771 | T T T T I: ] ]
450 e E Baseline Selection
£ 5 mzz E 50 < M,, < 120 GeV/c?
= - — m,=140 GeV/c? -
2.5 120 Govice_ 12 < M,, < 120 GeV/c?
C 83 ]
30 =2 =
S o .
25- B =
E = - e(My~120) ~ 20% (4€), 40% (4u), 25% (2€2u)
25 3 : e(M~160) ~ 42% (4e), 75% (4w), 55% (2e2u)
1.5:— & E
C —l ] .
L3 i SRR EERE Event Yields:
050 o =
e Fralsue G 4120
Oj I ep—— Obs.events: 3 5 5
S . SR M I Exp.events: 1.7 3.3 4.5

T T T T T
100 110 120 130 140 150 160
M, [GeV/c?]

100 < M,, < 160 GeV/c? Observed: 13  Expected: 9.5 + 1.3 events

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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H — 4

Exclusion Limits: Low Mass

N N NN AN (W o L L |

CMS Preliminary 2011 - Ns=7TeV L=4711b"

p= I
T 10 Observed __
N N R e —————— - Expected + 1o |
T e g, = ' Expected + 20 —
T b e i\ e _
T L NmS—

—

O

X
8 1
q e
t ;
e
N SRR ORUTOOUORUR et _,
i I N S |
:5 :
@)

1 | | | | | | | | | |
10490 120 140 160

M,, [GeV/c?]

Excluded: M, > 134 GeV/c?
Expected sensitivity: 130 GeV/c?

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3 50
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— /7 — 4l

Other pp — 4 Measurements

L B E L R
S [ fuo MCFM (LO)
—10°E pp—Z*Z*—eeuun o CMS Prelminary 2011 Ns=7TeV L=4.71 1"
X F M,>12 GeV 1 L F T
- { 2' —
= . %12—
z | With single-resonant diagram § 'O
=
D10 S % 10—
3 ™ =
ZZ ] g 8F
vt Zy* i
"~ Double-tesonant diagram only 6/
L 1 1 1 1 1 1 | 1 1 1 1 | 1 I 1 L | L L L L ™
100 200 300 400 500 af
M, [GeV] -
2._

Measurement of the ZZ cross section % 80 90 100 110 120 130 140 150 160 170
with both Z on shell (60<MZ<120): M [GeV/c?]

o(pp = ZZ+X) x B(ZZ — 4¢) = 28.17 7 (stat.) = 1.2(syst.) = 1.3(lumi.) fb
To be compared with the SM XS = 279 +-1.9fb

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3 51



Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3

HIG-11-030

H — vy
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H— vy

5\9/762{ USre:

Narrow peak in di-photon
mass distribution

Four categories with different S/B:
vy in central (ECAL barrel) or g
forward (ECAL endcaps) f o
v leading to compact or broad
showers as expected from
non-converted and converted
photons respectively

Total: 4 “exclusive” final states

Selection:
photons with P;11 > myy/3 and P2 > myy/4
Backgrounds: from sidebands

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3



H— vy

Events / ( 0.35 GeV/c?)

3.0 :_ . CMS preliminary
i ﬂ‘# Simulation Simulation
2.50 Parametric Model Max(ml)<1.5
i ; Min(R )>0.94
2.0F  o4=138Gev/ic? :
: m
1.9 FwHM=28Gevic? [
B it
1.0F
0.5
:1::::::1:1::‘:::1::1'.1::1:::l.'l:l:::1:::‘.:'::'?::::'.‘:3:;: ‘ 1 | 1 :;'51‘!!’:::]:]!f:::l:::1!1:1:::‘::1:1::1'.::
0956 170 120 T30

Energy Resolution

m,, (GeV/c?)

Events / ( 0.35 GeV/c?)

N
o

(©))
o

o)
o

N
o

W
o

x10°

)= CMS preliminary
N Simulation + Simulation

O — Parametric Model : Max(nl)>1.5
- Min(R )<0.94

0 - 0,4 =3.20 GeV/c®

Or |
[ FWHM =7.19 GeV/c®

Or

O

| | |
120

m,, (GeV/c?)

+ use BDT regression technique trained on y+jet MC to correct raw super-cluster energies
10% gain in resolution
+ correct residual MC-Data differences on DY peak

(use cluster position and shower shape)

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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H— vy

Vertex Reconstruction

Fraction of Higgs boson vertices found
within 10 mm of their true location

Y cluster .'CL) i T T T | T T 1 | T T T | T T 1 | T T T
ECAL - S| SRR S— % ......... , -

) 2 % - ﬂ» ?TTTTTHmImfF

mistake = - e A : ]

“inn, 1 3m CC)O 8__0 .............................. .............................. f .............................. 3 .......................... _

o . f.—zreCO true< 10 mm

_____ e BUVix v § 0.6 ,,__

beam spot ~ 6cm LL i :

Vertex: 0.4 __ .............................. .............................. .............................. .......................... _—

BDT Trained using input variables - o

-~ CMS preliminary .

computed from track momenta 0.2F simulation — — — -]

(tracks recoiling against the [ (n,)=9.5

YY and/or Converted Y,S) and O_ | | | | | | | | | | | | | | | | | | | | | | 1 | ]
photon kinematics 0 50 100 150 200 250

p_(H) (GeV/c)

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3 55
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Efficiencies

CMS Simulation Preliminary

1= : : P
g 09E .......... ff”“’“”‘“ ......... 4’* ’:f‘??
Sk + H 4Ll 2 F
b 0.8F ‘.‘l.‘.. SPLBVH O I S B o ¥ |
o fT S we
§ 0_7 n i ¥ B CONUN B\ 2T R S 8 : CMS Slmulatlon
_g 0.6 AL e e LT e c |
ST ‘ 5 42F
0.5 ”‘-‘ ............... ¥ ._Y._YY ................................................................................ o] C
R gg—>Hm_120GeV o} -
0_4 ...... * **_*_ ..................................................................................................... . q, |
i* P —e— category1 (EB R_>0.94) (8] 41 —
0'33 _a category 2 (EB, R <0 B 2 :
0.2 ;‘_ _, category 3 (EE, R9>0.94) .................................. . N 40 -
0.1 f_ _v_ category 4 (EE, R <0.94) ......... A— s =
IV I S DU S DU DU | R R =
30 40 50 60 70 taophotonsgT (GeV} g)o o 39—
9 -
= —
= _
= 38F
37 - —— Higgs Signal ¢ x Acc
36—
- . + 10 syst. error
35—
34_ |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

110 115 120 125 130 135 140 145 150
m,(GeV/c’)

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3 56
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Mass Spectra

C\E [ CMS preliminary —e— Data C:'J 400 CMS preliminary —4— Data
S opol\Vs=7TeVL=4761b" — Bkg Model S \s=7TeVL=4.76fo' — Bkg Model
o i 1o ) 350 +1o
O C Max(l)<1.5, Min(Rg)>O.94 - +2 0 (5 Max(ml)<1.5, Min(R9)<0.94 - +20
Z 200}

§2)

@ 150f
Lﬁ B
1001 {'
50 ¢
- ¢ .
L 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
900 120 140 160 180
T 240F o — -
N - CMS preliminary —— Data C .

m § 220 \/s=7TeVL=4.76fb" — Bkg Model o 350 p CMS preliminary *+Dam m
® 500k o S r\Ns=7TeVL=4761" — Bkg Model
(5 ; ax > in . e - +1 N
=1 80 ?M (nf)>1.5, Min(R_)>0.94 - +20 (D 300 :_ Max(il)>1.5, Min(R )<0.94 - 25
1 ZnF
P 128 <250
T \ %)

l%’ 120 S 200

100 T

80 150
60 100F
40 3 C

20 sl 50

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 : N
900 1 20 1 40 1 60 1 80 9 C L L Il | Il Il Il | Il Il Il | Il Il Il
m, (GeV/cZ) 00 120 140 160 180

m,, (GeV/c?)



H— vy

Exclusion L

A\ Vial el llal n

imits

Obsefved CLs 'Limit | CMS pré|iminary§

-------- Median Expected CLs Limit Js=7TeVL=476fb"

[ ] =10 Expected CLs
[ ]l =x2 Expected CLs

o(H=> v )y o /O(H=> 1Y),

1XOSM

S ] B O R

| I I | | 11 1 1 | 1 1 1 1 | | I | | | I | | 11 1 1 | 11 1 | | 11 1 1
%10 115 120 125 130 135 140 145 150
m,, (GeV/c?)

Largest upward fluctuation at 123.5 GeV/c?

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3

58



HIG-11-029

H— tt

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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H— 1t

S/Eﬁdf&(l‘e-'
Broad excess in m__ distribution in the ey, e, and ug, final states

Three categories with different S/B and B composition:
0 high E; jet, 1 high E;jet or 2 jets optimized for VBF

Total: 9 exclusive final states _
Vector Boson Fusion

_)_-

Inclusive

CMS Preliminary 4.6 fb™' \/s=7 TeV all channels

i . 20 . 0.5 CUSProlmnary 461" \e=7 TeV g
E“'I 400 === (5x) H—>tt m,=120 EP - ==== (5x) H—>1t m,=120]
g —e— Observed 18 —e— Observed g —e— Observed

1200 ClZ-w CJzZ-n - CJzZ-w 1
o D« 16 0 T 20f =y ]
I Electroweak BB Electroweak L P I Electroweak
1000 C3aQcb '

14 CJaco - b Caco

800
10
600 8
400 6
4
200
2
0 . L ) T
0 100 200 300 0 200 300 0 100 200 300

m,. [GeV] m,, [GeV] m,, [GeV]



H— 1t

Exclusion Limits

F=\Z7"1NNSI/\ ] ™10,

CMS Preliminary \/s=7 TeV 4.6 fb™
1 1 1 1 ' 1 1 1 1 I 1 1 1 1 I 1
95% CL Limits | |

T qb. 2/ LLLUMiS

T 9 —e— Observed

E 8 ..... _ EXpeC’[ed ........................................... 4

O 75 + 10 Expected

c_g' 6 [ = 20 Expected -

Em 5 .................................................................

£ 4

© 3
2 ............... _;
U ;
?10 120 130 140

m, [GeV]

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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MSSM: H — 2 t Search Modes

g 7500060000 Y g P b
A 4 b ______________ H | L H
g SEEETEEEN g “Bo500000000000 > b
Inclusive Associated production
. CM? Pr?limilnargc 4'.6 fb-1 \F=7 TeV all channels . 20 CMS Prellmlnary 4. 6 fb! \F_7 TeV all channels
P < I . " — ¢_>-n (m, _120 tanp=20)_ i ¢—>1:1:(m _120 tan[s_20)
-g 10°E —e— Observed 3 % 18 —e— Observed
> | p 13 Dz
° [ B« ] © 16 N -
5 B Electroweak TR B Electroweak
10°F [ Fakes E 14 [ Fakes
F ] 12
ok ; 10
8
7 6
1 4
2
1 0-1 1 1 L 4 1 d O
0 200 400 0 200 400
m,, [GeV] m.. [GeV]

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3



MSSM Constraints from H — 2 t Decay

-

-=
T

0 CMS Preliminary 36 pb' 7 TeV

—= CMS excluded

1o theory

- CMS expected

LEP excluded

mmmm Tevatron excluded
MSSM m* scenario, My, =1 TeV 1

’ Tsusy

95% C.L. excluded reglons

150 200 300
m, (GeV/c?)

250

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3

CMS Preliminary 2011 4.6 fb™

CMS PAS HIG-11-029

/" .~95% CL excluded regions

[_] CMS observed
+1o theory

CMS expected
LEP

MSSM m, - scenario, M

e
‘‘‘‘‘‘
V.

--------

G
.......
PRt

susy = 1 TeV

150 200 250 300 350 400 450 500

m, [GeV]
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HIG-11-031

H — bb

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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Sgndz(é(re-'
W+jets or Z+jets with

VH; H — bb

W-—-ev,uvandZ —-¥«;t=e,u,v

Two b tagged jets boosted

in the transverse plane

Total: 5 exclusive final states

95% C.L. Limit on o/cg,,

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3

16

14

12

10

— CMS Prellmtnary—,-vB—D-'I-'--analysrs------------é ------------------------- ------------

s = 7TeV,L= 47fb1 : : :
- :.VH.(bb).;_.éa..r_ﬁ.b.iﬁé_d ........ e =
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SM Higgs Search: CMS Combination

mpy range Lumi sub- mpy reso-
Channel (GeV/c?) (fb~1) channels lution
H — vy 110 — 150 4.7 4 1-3%
H— 1t 110 — 145 4.6 9 20%
H — bb 110 — 135 4.7 5 10%
H— WW — vl 110 — 600 4.6 5 20%
H—ZZ — 4 110 — 600 4.7 3 1-2%
H— Z7Z — 2027 190 — 600 4.7 8 10-15%
H— Z7Z — 202v 250 — 600 4.6 2 7%
H — Z7Z — 2(2q { 130 =164 4.6 6 3%

200 — 600

42 exclusive final states
About 200 nuisance parameters

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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CMS Combination: Uncertainties

group | nuisance | comments
cross section gg g9 — H,ttH, VQQ, tt, tW, tb (s-channel), gg — V'V
(pdf) qqbar VBFH,VH,V,VV, vy
ggH total inclusive ¢g¢ — H
ggHlin | inclusive g¢/q¢ — H+ > 1jets
ggH2in | inclusive ¢¢/q¢ — H+ > 2 jets
qqH VBF H
cross section VH associate VH
(QCD scales) ttH ttH
\'AY WW, WZ, and ZZ up to NLO
ggVV g9 —+WWand g¢g — ZZ
Higgs BR 77 Branching ratio BR(H — ZZ)
phenomenology | UE & PS | modeling of underlying event (UE) and parton showering (PS)
luminosity lumi uncertainties in integrated luminosity
muon prompt muon efficiency (includes reconstruction, isolation)
efficiencies electron | prompt electron efficiency (includes reconstruction, isolation)
tau reconstruction efficiency of prompt hadronicly decaying tau
b-tag b-tag efficiency for b-jets (anti-correlated with b-jet veto)
muon prompt muon pr-scale
pt scales electron | prompt electron pr-scale
tau pr scale for prompt hadronicly decaying tau
jets jet energy scale
pr resolutions | electron | prompt electron pr-resolution
fake rates lepton determination of fake lepton rates in data
trigger muon prompt muon efficiency (includes trigger, reconstruction, isolation)
efficiencies electron | prompt electron efficiency (includes trigger, reconstruction, isolation)

Y. Sirois, LLR Ecole Polytechnique, CNRS/IN2P3
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Exclusion Limits: Interplay of Channels
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Low Mass Excess
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Local Significance

P.i, = 0.005
Z .= 2.60

max_—_

Global Significance
Full range
110-600 GeV/c?

Z = 0.60

Restricted range
110-145 GeV/c?

/.= 190
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Low Mass Excess
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m,, = 119.5 GeV/c® CMS Preliminary, \/s = 7 TeV
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Modele Standard ou Fermiophobique ?
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Conclusions

« The 2010-2012 has brought major analysis developments
and results in the Higgs sector at the LHC

* Only a very narrow mass range [114.4 — 127 GeV/c?] remains
compatible in CMS with the existence of the SM Higgs boson

« An excess of events is observed, most significant in the
4 and yy channels, in the range 119 — 125 GeV

« 2012 data is very likely S T e —
. - R - CMS Preliminary: Oct 2010 '
to be decisive S 141 Projected Significance of Observation ™~~~ ]
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Démarrage a Vs, = 900 GeV

L =1032 cm3st

- Vs, =7—-8TeV

L =5x1033 cm=2st

—

Prospective
LHC

— ~ 15 fb1/ exp.

Montée a I'énergie et la luminosité nominale

- Vs, = 13-14TeV

L ~ 103 cm2st

£ =5x103 cm2s! |

- ~ 50 fb1/ exp.
| |

Upgrades « PHASE I » — Injecteur, LHC + Détecteurs

~ Vs, = 14 TeV

L ~ 2x103% cm2st

— Luminosity Levellin
Vs,, = 14 TeV ty 9
L ~5x103 cm2st

nique, CNRS/IN2P3

—_

- ~ 300 fb1/ exp.
]

—

Upgrades « PHASE II » — sLHC + Crab cavities + Détecteurs

~ 3000 fb1/ exp.
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local significance [Z
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