CMS Experiment at LHC, CERN
Data recorded: Sat May 26 13:25:29 2012 CEST
Run/Event: 195016 / 425646417

/ Lum section: 384
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Outline

Highlights of CMS results on search for SM Higgs boson:

* CERN, July 4, 2012
ICHEP, Melbourne

* Recent updates of CMS results
on search for SM Higgs boson:

- EPS Conference, Stockholm, July 2013

- LPCC, CERN, December, 2013
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CMS

2 2012 challenges at 8 TeV: high pile-up!

Z

Reconstructed 78-vertices dimuon event at CMS

Lots and lots
of low energy |—> -
deposits
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Search for SM Higgs boson: cross sections

proton - (anti)proton cross sections
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"% Search for SM Higgs boson: decay modes

* SM Higgs decay modes
- high mass: WW-, ZZ-
- low mass: yy-, T7-, bb-,
ZZ*-, WIN*-

* Low mass challenges:
TT-, bb- huge background

\

* High resolution mass (~1%
ZZ->41 and yy- modes

* ZZ->41 low background

HEPD Council Session, PNPI, Dec. 24, 2013

Branching ratios
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H -> yy @CMS @

Ratio of the production cross section times the relevant branching
fractions over the SM expectation: a/0,,=0.78 £ 0.27 (m, = 125 GeV)

profile Significances (a) for m,, = 125 GeV:
likelihood
e c MVA: observed 3.2, expected 4.2
l  Cut-based:
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H -> 4] @CMS

@

Significance (o) for my =125.8 GeV:  m, = 125.8 + 0.5 (stat.) £ 0.2 (sys.) GeV
observed 6.7, expected 7.2

0/0g =091 "o3

Data compatible with a narrow-width
resonance: [, < 3.4 GeV (at 95% CL),
expected 2.8 GeV.
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Mass of the state H -> yy and pZZ @CMS

m,=125.7 + 0.3 (stat.) + 0.3 (sys.) GeV
=125.7 £ 0.4 GeV
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Spin-parity study: test for O-

@

Toy experiments
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* Good compatibility with SM
*  Only 0.16% compatibility O~ =» 3 sigma exclusion
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Search for SM Higgs: signal strength

@

fe=7TeV.L<51H' e=8TeV.L<196 "

Combined CMS Preliminary my,=125.7 GeV

p=0802014 ps“ =065

H— bb
p:‘.‘Si 0.62

* Average:
0/0g, = 0.80 +- 0.14

H—-o 1t
u=110+ 0.41

H- vy
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* Good consistency
with the SM Higgs

H—- WW
n =068+ 020

H-s ZZ
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PO T T U T T L1
0 05 1 15 2 2.5
Best fit o/0,,

new H->7t result not yet included
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Localized excess at ~126 GeV (July 4, 2012)
Local significance: 3.20
SM expectation: 3.8 o
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H->T11: CMS update Dec. 2013

CMS Preliminary, H—tt, 4.9 fb' at 7 TeV, 19.7 fb™ at 8 TeV

Local p-Value

108 —e— p-value observed
10-6 -------- expected for SM Higgs
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1077 %
1 0'8 1 l 1 ] ] l ] ] 1 I
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* Observed significance at 125 GeV =3.38 o
* Observed significance at 115 GeV =3.59 o
* Excess >3 o for 110 < M <130 GeV.
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H->(TTt+bb): CMS update Dec. 2013

CMS Preliminary  (s=7 Tev, L<5 o {s=8 TeV, L<20 o
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H->(TTt+bb): CMS update Dec. 2013

@

CMS Preliminary, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV CMS Preliminary, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV
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* Best fit u=0/0g,,=0.87 + 0.29

* Compatible with the SM Higgs boson (125 GeV)
prediction.
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H->up: CMS update Dec. 2013

BR(H —pp) =2.2 x 10 at m,; = 125 GeV
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H->ee: CMS update Dec. 2013

BR(H —ee) ~2x10° *BR(H —up)

@
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95% CL observed upper limit 6*BR at m,= 125 GeV: g:;ﬁ 060(?384ppbb
BR(H—ee) <0.0017 Evidence for flavour non-universality
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H->up: CMS projection @14 TaB

5 o discovery with ~ 1200 fb! @ 14 TeV
Measure muon coupling with 8% precision with ~3 ab-! @14 TeV

(&)

CMS Preliminary

Combination

LI I 1 I 1 I I I

CMS Preliminary

@

Standard Model H —»uu

_ [
Vs = 14TeV

’5_ ~ - @ -
= C Vs = 14 TeV 1 € -
T 45__ — 8 — -
L - ] & — 7
= 4F 3 o [ :
L - 1 o _ i
@) 3.5 — o) = -
S .F 1 & 4r -
'-E 3:— E § - _
= 25F 4 4 3F - —
_1 - ] - _
O 2F = : .
o~ - - B ]
S 15F = 2 ;
1 - i i
- . 1 —
0.5 — -
O:I 1 | | I | | | | I 1 | | | I | l: O-I 1 i I§I | | | I I i IE I I I l_

0 100 200 300 0 500 1000 1500

Integrated Luminosity [fb] Integrated Luminosity [fb™]

HEPD Council Session, PNPI, Dec. 24, 2013 “CMS Higgs boson search at LHC”  Victor T. Kim



2_0‘1_3 Nobel Prize
in Physics

- CMS: 70 Higgs boson 125.7 * 0.4 GeV

* 0° excluded at 3.00

December 2013, CERN:
- Clear evidence for flavour non-universality

from H ->ee, H->pu, H -=> 171

- Direct evidence for Higgs boson decays to

3rigen bottom-type fermions:
H->T1T 3.20 (3.60 expected) p=0.8710.29

bb 2.10 (2.10 expected) p=1.0x0.5
TT+bb 4.00 (4.20 expected) u=0.89*0.26
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SM Higgs boson:
Discussion
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SM problems:
Naturalness, fine tuning, ierarchy

* Non-naturalness of scalar fields

@

Fermions: Chiral symmetry m?=m,? +C Log[A?]
K. Wilson (1970)
Susskind (1979), ‘¢t Hooft (1979)

Scalar: mass divergence: m? ~ my? + A2
Higgs mass ~ A2
in SM strong EW interaction at 2-4 TeV

* Naturalness in SM extends up to 6-10 TeV
G. Pivovarov & V. Kim (2009)

If no quadratic divergences -> SM with Higgs boson 125 GeV
validity extends up to to Planck mass scale
(stable vacuum ...)

M. Shaposhnikov et al
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Search for SUSY @CMS

Summary of CMS SUSY Results* in SMS framework SUSY 2013
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Only a selection of available mass limits
Probe *up to* the quoted mass limit
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C M S EXOT' CA 95% CL EXCLUSION LIMITS (TEV)

g* (qg), dijet
g* (qW)

q* (@)

q”, dijet pair
q*, boosted Z
e*",AN=2TeV
ue, A=2TeV

Z'SSM (ee, py)

Z'SSM (171)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z’'SSM (ll) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) /M = 0.1

G (Z(IhZ(gq)) k/M = 0.1
W’ (Iv)

W’ (dijet)

W’ (td)

W’ — WZ(Ieptonlc)

R’ (tb)

WR, MNR= MWR/2
WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qQ)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

Search for BSM: CMS

LQ1, B=0.5
LQ1, B=1.0
LQ2, B=0.5
LQ2, B=1.0

LQ3 (bv), Q=+1/3, p=0.0
LQS3 (b1), Q=+2/3 or £4/3, B=1.0
stop (bT)

Compositeness
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b’ — tWw, (3, 2I) + b-jet

q’, b’/t’ degenerate, Vtb=1
b’ — tW, l+jets

B’ — bZ (100%)

T — tZ (100%)

t’ = bW (100%), l+jets

t" = bW (100%), I+

C.l. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., yy, destructve LLIM
C.l., pyy, constructive LLIM
C.l., single e (HNCM)

C.L, single p (HNCM)

C.l., incl. jet, destructive
C.l., incl. jet, constructive

Ms, yy, HLZ, nED = 3
Ms, yy, HLZ, nED = 6
. Ms, Il, HLZ, nED = 3

|

T
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T Ms, Il, HLZ, nED = 6
MD, monojet, nED = 3

MD, monojet, nED = 6

MD, mono-y, nED =3

5 MD, mono-y, nED =6
MBH, rotating, MD=3TeV, nED = 2

MBH, non-rot, MD=3TeV, nED =2

MBH, boil. remn., MD=3TeV, nED =2
MBH, stable remn., MD=3TeV, nED =2
MBH, Quantum BH, MD=3TeV, nED = 2
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