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Historical introduction of the boson and of the LHC
reminder( seeFrancois and Yves)

Future facilities ( for future searcheg

Newphysicsin the scalarsector
( seePierre andAbdelhak)
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Historical introduction of the boson and of the LHC
reminder( seeFrancois and Yves)
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Spontaneous Symmetry breaking
The BroutEnglert-Higgs mechanism

The LHC
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1950 GinzburgLandau ( MeissnetOchsenfeld effect - London penetrationlength ~W mass
1959 Nambu - Pippard coherencelength ~ H mass)

1960 Goldstone
1961 Schwinger
1962 Anderson
1964 Brout, Englert, Higgs,Guralnik,Hagen,Kibble
1967 Weinberg, Salam Faddeev,Popov
1970 Glashow, lliopoulos,
Mai ani, o6t Hooft, V
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1983 yRubbia van der Me: particles of mass Mo discovery of W and Z at CERN

19814 Repellin, :

1989 constructiol
beginning of

1992¢— L Ol o

1994«— TP of ATLA
1995 discovery o

1996+« approval of

1998 «— approval of ' @ \LICE)
1999 +— ATLAS Phy

2006 <— CMS Physif

2008 +— ATLAS EXx|

2010« Startupat: + Ao ?9

2012 «— 4" July discovery of boson 2 24 6
<“— boson like properties Nobel prize to Englert and Higgs

2014



2011 2010 2009 2008

2013 2012

10th september 2008 : first beams around
19th september 2008 : incident

Yves Sirois |

14 months of major repairs and consolidation
New Quench Protection system

20th november 2009 : first beams around (again)
december 2009 : collisions at 2.36 TeV cms

January 2010 : decided scenario 201Q 7 TeV cms

30th march 2010 : first collisions at 7 Tev cms ~ INStéad of 14 TeV
august 2010 : luminosity of T cnr? st

may 2011 : luminosity > 18 cm?s?
november 2011 : integrated luminosity ~ 5%b
13'december 2011 : fir Syl

march 2012 : start again at 8 TeV
( 50 ns between bunches)
4™ July 2012 : evidence for a new boson
( integrated luminosity ~ 6 )

(StandardModel) bosonlike properties
peak luminosity 7 Bdcm? st
integrated luminosity ~ 5+ 20 tb
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Two important results at the LHC

The discovery of the BEH boson ¥ 4
with properties close i,
to what was predicted by
the Standard Model

No new physics !
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We hope to find new physics in the scalar sector
either by looking at deviations of the properties
(w.r.t SM properties ) of the (already discovered )
BEH boson ,or by looking

at new bosons ( using or not the already discovered
boson )

The SM (with a BEH boson )is NOT theultimate theory
( neutrino massesdark matter, baryonantibaryon
asymetry, unification betweerelectroweakheoryand
stronginteration, € not explained)
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masses of elementary ~ DOSONS fermions
particles
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A lot of things are not known ! SM not ultimate theory

~ 65 % of dark energy (vacuum energy)
Y expansion of Universe
accelerating

~ 30 % of dark matter ( not yet
observed )Y rotation
of galaxies

Hierarchy problem
mH << mPIanck

Connection
with gravity

~5%ofAknowno matter
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Supersymmetry (SUSY)

* Multiplies by ~2 the number of particles

* Allows the stabilisation of the Higgs mass

* Local SUSY incorporates gravity

* Gives a natural candidate to
dark matter : theLSP

S a popu

In addition better unification

8 10 12 14 16 18
Log,.(Q/GeV)



‘ MSSM ‘ 5 Higgs bosons couplings to down
( 3 neutralsA,H,h and 2 chargedd °) | part of doublets

(b,f, m) enhanced
at high tan)
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LHC results of run 1 (see Yves) [ — O'/O'SM

ATLAS Prelim. |— c(stat.) Total uncertainty Se n S Itlve tO
m, = 12536 GeV | (@) | tloonp 197 ™ (8 TeV) + 5.1 ' (7 TeV)
arXiv:1408.7084
H— YY B : l Combined . c MS m, = 125 GeV/
P 1y several decay modes +=ier2| Preliminary
' R [
arXiv:1408.5191
Hozzesa |0 e « 0| ™
_ +0.40 |-0.21 "
H= 1.4470_33 0.1 1 VBF tagged |
ATLAS-CONF-2014-060 u=114=027
H— WW* - viv | 218 " '
several production |
= 1 08+O.22 70.16 : 1 VH tagged
020701 ‘ d eS p-0go:0ze|
arXiv:1409.6212
— Mo -
W,ZH— bb 05| —— ttH tagged - i
w=05%4%]  —1— HoaTEaE e
ATLAS CONF-2014-061 : J 1] 1 2 3 4
H—1t -o8 — Best fit a/ay,,
h=140d s ——

o 05 1 15 2 100 4 0.09 (stat.) 55 (theo.) #+0.07 (syst.)

ts=7TeV [Ldt = 4.5-4.7 fb” .
Signal strength (u)

ts=8TeV [Ldt =20.3 b

https://atlas.web.cern.ch/Atlas/GROUPS/PHY SICS/CombinedSummaryPlots/HIGGS/ATLAS_HIGGS_mu_Summary/ATLAS_HIGGS_mu_Summar9.[2@141
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A.Djouadi Phys.Rept.457:216

o(pp — H + X) [pb]
V5 =14 TeV
MRST/NLO
my = 178 GeV

-
.
-
-

~-§ Typical uncertainties on crossection
ag 10 % NNNLO
VBF 5% NLO
— WH,ZH 5% NNLO
ttH 15% NLO

1

These production cross sections have to be ‘AS(

with the decaysb ,# tWW,ZZ,9 g
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channels with good mass resolution




A.Djouadi Phys.Rept.457:216
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57.7% 21.5% 2.6%

d e
v
tt, WW and ‘
ZZ pairs
0.23% 6.3%

relative modifications of direct antbop-inducedcouplings
dependof BSM models:

-1 n 0 c ompoelgscoupliagsto

g aqre protectedoy globalsymetriesand deviationsare

thereforesmaller,
- In MSSM loop-induceddeviationsare larger
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C.Duhr

1.00 £ 0.09 (stat.) T35 (theo.) # 0.07 (syst.)

Importance of theoretical errors at the LHC
but they should decrease (soon) !

® At NNLO, there are three contributions (2002):

[Harlander, Kilgore; Anastasiou, Melnikov; Ravindran, Smith, van Neerven

<

Double virtual Real-virtual

Double real
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