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Acronyms

SM: Standard Model of Particle Physics
BSM: Beyond the SM

EWK: Electroweak (electromagnetic and weak forces)

QFT: Quantum Field Theory

FCNC: Flavor Changing Neutral Current

GIM: Glashow-lliopoulos-Maiani mechanism to suppress FCNCs by
degeneracy

LHC: Large Hadron Collider

CKM: Cabibbo-Kobayashi-Maskawa quark mixing matrix

BEH: Brout-Englert-Higgs mechanism of spontaneous breaking of
EWK symmetry
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The Standard Model of Particle Physics

renormalizable QFT in 3+1 Minkowski space w. local symmetry
SU(S)C X SU(Z)L X U(l)y
N—— ~ ~ v

strong interaction EW K interaction

fundamental degrees of freedom:
. fermions (quarks and leptons)
F,,: gauge bosons ¢%,a =1, ..8 plus 4 EWK ones

Lsm = —1F%+ iy 3 coupling constants

Known fundamental matter comes in generations ¢ — ;, i = 1, 2, 3,
subject to identical gauge transformations, e.g. fore=, u=, 7.

The fundamental degrees of freedom are massless in this model.
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The Standard Model of Particle Physics

renormalizable QFT in 3+1 Minkowski space w. local symmetry
which spontaneously gets broken to QCD x QED

SUB)e x SU2), xU(1)y — SU3)c X U(1)em

_ 1 _
Lom=—2F?+ipp+ =(DP)* — YOy +u°®T® — \(PT1D)?
2 NS

Flavor physics

\ . 7
N

Higgs physics
1y fermions (quarks and leptons)
F,..: gauge bosons g%, v, Z°, W=
¢: Higgs doublet (observation of ~ 2012 at LHC consistent with SM)

CID(a:)l/\/i( ! )
v+ h(x)
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The Standard Model of Particle Physics

renormalizable QFT in 3+1 Minkowski space w. local symmetry
which spontaneously gets broken to QCD x QED

SUB)e x SU2), xU(l)y — SUB)e X U(1)em
Lom = —1F2+0iPy + 2(DP)? — Y P + p?PTd — \(PTP)?
A fundamental description of microscopic processes based on 3
coupling constants, o, a., sin? Yy, my = 80.4 GeV, m;, = 125 GeV

and O(10) masses and mixings from the flavor sector (generational
structure v — ¢;, 1 =1, 2, 3).

1. Experimental support of SM
2. Given the short-comings of the SM, whats next?
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Exploring Fundamental Physics
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The Moriond Conference: counting experiment - P1 ﬁ

* Let’s have an overview on the Conference contents.

Rencontres de Moriond EW 2014

15-22 mars 2014

Overview

Programme scientifique

Scientific Programme

Prelimi P . eps .
I Electroweak Interactions and Unified Theories.
Timetable with slides The Standard Model: precision tests. Search for the Higgs Boson.

Gl e el Beyond the Standard Model: searches, supersymmetry, rare processes, extradimensions, ...

leti . . . . . .
completion) Flavour physics and CP violation (in the hadronic and leptonic sectors).
Timetable (compact Neutrino physics.
version) Axions. Dark matter searches and Dark energy candidates.

) o Astroparticles and cosmological observations and their implications.
Preparing contributions to

the proceedings (NEW)
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Motivations

The detailed outline

1. Gauge bosons, Standard Model (SM) tests and beyond:
Shaking the first pillar of the SM.

* Introduction to the LHC Physics Case from previous machines.
The top quark properties.

The 126 GeV boson particle and its properties.

The searches for New Physics.
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Recent results in High Energy Physics and beyond

Motivation for Part |

* Any HEP physics summary talk contains the following figures:

6 March 2012 myp, =152 G?V
] (5)
5 - Aahaci =
. % —0.02750+0.00033
y %L 0.02749+0.00010
4 - : -=+ incl. low Q° data
(\J?.< 3 1
R 31
2 -
1 -
{LEP LHC
0 excluded .. A excluded
40 100 200
m,, [GeV]

* We'll try to undress these plots.
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Introductory words on machines and experiments

°* The former main machines in question here are the TeVatron (Fermilab, US,
2011), SLC (SLAC, US, 1998) and LEP (CERN, EU, 2001), the B-factories KEKB
(KEK, JP, 2011) and PEPII (SLAC, US, 2008), and the experimentis are ALEPH,
DELPHI, L3 and OPAL (LEP), SLD (SLC), CDF, DO (TeVatron) and BaBar and Belle
(B-factories). The results of this continuum of experiments drive the LHC (CERN,
EU) Physics Case, explored by the experiments LHCb, ATLAS and CMS. This
machine is currently unique (Very)HEP machine to be operated world-wide.

* KEKB: e/e* asymmetric circular collider at ~10 GeV. 2 rings yet.
* PEPII: e/et asymmetric circular collider at ~10 GeV. 2 rings yet.
* SLC: e/e* linear collider at ~ 90 GeV.
* LEP: e/e* circular collider at 90-210 GeV.
* TeVatron: p*/p-circular collider at a center-of-mass energy of 2 TeV.
* LHC: - p/p circular collider at ~7-8 TeV.
- To be upgraded to 13 TeV in 2015.
- Two rings.
- A high luminosity program is considered at the horizon of 2022.
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Introductory words on machines and experiments

* If you want to introduce color to your friends, pick up this plot:
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ol //hs Jiad
The free parameters of the Standard Model (SM): -
nm .“ H,; ; X ™ ,

« SU(2) ®U(1)y unification: the coupling constants Gg/g,, and a.g.

- Spontaneous breaking of the symmetry: fermions masses my, electroweak
gauge bosons m,and my, (also 8w), and the scalar sector parameters, vV

(the v.e.v) and m,,. V() = M2¢T</5 4 A(¢T¢)2

*  CKM matrix elements: 3x3 complex and unitary matrix, 4 independent
parameters. As fermion masses, decoupled from the rest of the theory.

« If you like QCD in (and you do), just add a.g (and 0scP ).

* Neutrino oscillations are implying neutrinos to be massive and to mix — 7 more
parameters [This is SM as far as they are Dirac neutrinos].

* The number of parameters amounts to 20 (28 w/ neutrinos and strong CP). Not
all of them are independent though... How do we know what we know then? At
the Z energy the non-decoupled free parameters can be seen through loop

processes.
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The EWK SM Consistency Check

Universal corrections to propagators (self energy)

Top dominates. W Non abelian
Mostly sensitive to f /" structure of the
m2, \ EW theory. TGC.
v,ZIW - v,ZIW v.ZIW v,ZIW
f/f’ W/“{,Z
H
H '

Sl > Scalar sector.
; \ \ ————_, Contains Higgs

mass info.
Z/W Z/W Z/W Z/W

The form of the self-energy correction, when m, (>)>m,, :

__ 3Grm3, 1 m2 sin? Oy my 5
Apse = gz Lmd; — coszonm (M mat — g) + -0,
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The EWK SM Consistency Check

2.1 universal corrections to propagators (self energy) :

Hiller, Monteil

They do not depend on the final state. But sensitivity
depends upon observables.

Basically all Z pole observables are sensitive to these self-
energy corrections. Parity-violating observables at first.

Yet, they are suppressed in ratio of widths such as:
p_ DZ ) o 127Lete-I'had
b

" I'(Z — had) m5'%

Ohad —

The mass of the W boson is a good laboratory too.

Homework 1: Draw the one loop self-energy of the W boson.
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The EWK SM Consistency Check

2.2 Corrections at the Z vertex (flavour dependent).

e' e' b
Again top quark hid
dominates.Mostly t
sensitive to m2, YZ

e c b

* In the SM, these corrections are proportional to the CKM matrix
elements V.

* The current experimental determination of these elements presents
the following hierarchy (within the SM):

Vio| = 1> |Vis| = 0.04 > |Vi4| = 0.008

» Vertex corrections are only relevant for b quarks: Akp = 4v/2m? + ...

A unique observable of interest there: R, .
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The EWK SM Consistency Check

2.5 Summary for the radiative corrections at Z energy :

et q
Y, Z

* In addition to the tree-level process:

*  And beyond the standard QED and QCD
radiative corrections, one must consider the >WVO\MA<
electroweak radiative correction to the Z vz

propagator:

. And last but not least the electroweak
radiative corrections at the Zbb vertex:

Hiller, Monteil BCD 2014 10



The EWK SM Consistency Check

2.5 Summary for the radiative corrections with LEP/SLC at Z energy :

* The different games we can play:

« R, — testing the vertex corrections.
« R, — testing lepton universality.

* All Z pole observables treated globally. If the agreement is
good, perform the metrology of the free parameters:
« The p parameter to measure genuine weak corrections

- Predicting m,,,
- Predicting m,

 Add up the direct measurements: m,,, (TeVatron) and m,,
(LEP/TeVatron) — Predict the Higgs mass.

Hiller, Monteil BCD 2014 11



Global interpretation of the LEP/TeVatron results

Measurement Fit lQ™Meas_Qff/gmeas

0

2

3

m,[GeV] 91.1875x0.0021 91.1874
I,[GeV]  2.4952=0.0023  2.4959
ob.4[nb]  41.540=0.037  41.478

R, 20.767 + 0.025  20.742
AY 0.01714 = 0.00095 0.01645
A(P.) 0.1465 + 0.0032  0.1481
R, 0.21629 + 0.00066 0.21579
R, 0.1721 £ 0.0030  0.1723
AP 0.0992 + 0.0016  0.1038
Ad° 0.0707 + 0.0035  0.0742
A, 0.923 + 0.020 0.935
A 0.670 = 0.027 0.668

A(SLD) 0.1513=0.0021  0.1481
sin®05r'(Q,,) 0.2324 +0.0012  0.2314
m, [GeV] 80.385+0.015  80.377

I, [GeV] 2.085 + 0.042 2.092
m,[GeV]  173.20 = 0.90 173.26
March 2012 6

Hiller, Monteil

* The SM EW global fit has a remarkable
2min/d.0.f = 1.40 (p-value=15%).

* The SM hypothesis passes the test. It
does not mean that SM IS the Nature. In
Science, one can usually only say NO...

* 2 observables depart « with some
significance » from their prediction. It
happens they are the two most important
for the constraint on the Higgs boson.

* One can go one step further and make
the metrology of the parameters.

BCD 2014 12



|
By

Global interpretation of the LEP/TeVatron results: top =

« The information on the top quark is basically brought by sin20
(A, 5 and Az — propagator corrections), m,, (again propagator
corrections) and R, (vertex corrections).

A, ——] 0.23099 + 0.00053
A(P) —— 0.23159 = 0.00041
R R
Ay 0.23221 + 0.00029 | Woasurement
Ar +——— 0.23220 = 0.00081 e
hes — i . Ao, = 0.02758 = 0.00035
@ * 0.2324 + 0.0012 %
0] a,~=0.118 + 0.003
~ 1754
Average iy 0.23153 + 0.00016 -
103 . x%d.0f:11.8/5 E“
> ] el
[ i/
9 i / ///// 1 00 T T T T T T
ac /j 0.213 0.217 0.221
= 10 2 £ Ao = 0.02758 = 0.00035 Rg
] Y: i Zm=178.0 = 4.3 GeV
023 0.232 0.234

sinzeffft
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Global interpretation of the LEP/TeVatron results: top

« The information on the top quark is basically brought by sin26 4 (A, 5
and A5 — propagator corrections), m,, (again propagator corrections)
and R, (vertex corrections).

* Putting all these observables together (and some others) yields a top
quark mass prediction of :

Mo — 1726 +{8 ; GeV /c? [(indirect — LEP1)].

R — E—

* basically obtained (w/ three times the current uncertainty) from 19983.

* Bottomline: if the SM is correct, there should exist an isospin partner to
the b quark, sitting in the Nature at a mass ~ 175 times the one of the
proton. The observation of a candidate at TeVatron was a tremendous
success of the SM.
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The top properties as of Moriond 2014.

CERN/FNAL Press Release:

A total of more than six thousand scientists from more than 50 countries participate
in the four experimental collaborations. The CDF and DZero experiments discovered
the top quark in 19935, and the Tevatron produced about 300,000 top quark events
during its 25-year lifetime, completed in 2011. Since it started collider physics
operations in 2009, the LHC has produced close to 18 million events with top quarks,
making it the world s leading top quark factory.

* What do we want to know about the top beyond its existence?
* Production cross-sections.
* Its mass: invaluable input to constrain the free parameters of the SM.
* Single top productions.

* And much more as a New Physics laboratory...
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The top properties as of Moriond 2014.

* top pairs production cross-sections:

* Results for ttbar: precision cross-sections, differential

L] L -
d b b b I / Uncertainty Acgilog Aoy
istributions, ttbar+HF, ttbar+y/W/Z. e po
Data statistics 0.72 1.7
_ . 1t modelling 2 36
Oy = 237.7 £ |.7 (stat) = 7.4 (syst) = 7.4 (lumi) Initial/final state radiation 123 29
+ 40 (beam energ),) Pb Parton density functions 1.09 2.6
- QCD scale choices 0.30 0.7
Single-top modelling 0.38 09
% w000l - T Py T aTL AII s Prellimina:'y‘ B S}ngle‘lop/n mlerferenc?: 0.15 0.4
Y E \s=8 TeV L=20.3 f5 . Single-top W cross-section 0.70 1.7
u F . Diboson modelling 0.42 L0
12000— ® Data 2012 —
C - ﬁapiwheg_‘_p\( ] Wo rl d !s m ost rec i se Diboson cross-sections 0.03 0.1
10000/ — Wit - p Z+jets extrapolation 0.05 0.1
r B Zijets ] H Electron energy scale/resolution 0.48 1.1
C Dib N - "
8000(— . E F ;kzsr;?,mn — tt b ar Cross-se Ctl on: Electron identification/isolation l 1.42 34 '
N o b — (1) Muon momentum scale/resolution 4 :
6000 — _ E%Vgemng’wa — tOta I unce I"t - 4 . 8 /0 Muon identification/isolation 0.52 1.2
C — Alpgen+HW ] Lepton trigger 0.16 0.4
4000 ° = Jet energy scale 0.49 1.2
2000 r ] Jet energy resolution 0.59 1.4
; ? Jet reconstruction/vertex fraction 0.04 0.1
ok SRR b-tagging 042 10
o 130 ] Pileup modelling 0.28 0.7
= ¥ ] Misidentified leptons 038 09
E od - Total systematic 312 74
03 - Integrated luminosity 311 74
5 6 LHC beam energy 1.70 4.0
Nie Total uncertainty 477 113

* Notes: systematics limited. SM prediction (embodied w/ the generators) is
nice.
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The top properties as of Moriond 2014.

* Top level results of the LHC/Tevatron combination:
* top mass 173.34 +/- 0.76 GeV (Tevatron +/- 0.87, LHC +/- 0.95)

Tevatron+LHC m,, combination - March 2014, L =35f"-8.7 %" ATLAS + CDF + CMS + DO Preliminary
ATLAS + CDF + CMS + DO Preliminary COF Rl et :
CPEEFf,ﬂT”“”etE —-—— 172.85+1.12 052+ 0.49£0.56) e 34.6
C0F Runil, depton o 170.28 £3.69(195  +313) R | 4.2
C;fﬁif:ﬂ”‘ all jets PP 172,47 £2.01(142£095+1.04) L7 Pl Al ets | 5.5
CHF Runll, M5+t CBF Runll, EMS+jet
wwﬂ B st [ —— 173.93+1.85(1.26+ 1.05+0.86) LN:BT:T B ets I 8.3
DE Rﬁ“g:‘ I*jets ittt 174,94 + 1500234047+ 116) DO Runll. +jets I 10.3
DE Rﬁ“ﬂ‘ dHepton ® 174.00+2.79(2.36 + 0.55+ 1.38) DLO i“;m'_'; diHapton | 0.3
sl e R — 17231+ 1.55(023 £0.72 £ 1.35) R | 15.8
AIL:i\iE'OH‘ diHepton - 173.09+ 1.63 (0,64 +150) A:iﬁ\?mz‘mm di-lepton I 71
e — i — 173.49 = 1.06(0.27 + 0.2 0.97) CMS 2011, I+jets . 27.7
CMS 2011, di-lepton —_—— 17250 £ 1521043 =148 e 3.1
CMS 2011, 4ll jets CMS 2011, al jet
e Py 173.49+ 141089 +1.23) e al Jets I 7.5
World comb. 2014 ¥/ rir-aso = - 173.34+£0.76 (027 £+ 0.24 £ 0.67) i
7;—2”1:1;\/75&55 March 2013 (Run 11 [ L 173.20 £ 0.87 (0512036 £0.61) ;
] T LHC b.i
i S he September 2013 e N —a 173.29+0.95(023+026+0.88) N B 14 M 280 |
o | | ‘ lotgl (stat. syst.) ‘ ‘ ‘
165 170 175 180 - \1/85 -100 0 100
m,, [GeV] BLUE Combination Coefficient [%]

* Notes: dominated by the systematics. Very consistent among machines.
A concern comes from the top mass definition. Realm of future electron

machines. . |
Miop = 173.26 £0.95 GeV/c?, [direct — Moriond2014

Mion, = 172.6713:2 GeV/c?, [indirect — LEPI]

— e ——
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The top properties as of Moriond 2014.

* Single top production:

« Combined discriminant for CDF+D0, and combined
result for cross-section, result 6.3c !
c=1.29 + 0.26 — 0.24 pb-1

& - s-channel single top quark, Tevatron Run Il L <9.7fb™ | s-channel single top quark, Tevatron Run I, Lint <9.7fb"!
2 10 ¢ Data — Expected background M réfian Cross section [ob
§ § I SM signal { 1Background uncertainty Rastrement ; [pb]
S - S Jy—— [IW/Z+X CDF [+jets —a— 1, e
tt : '
3l = [ ‘ ; +0.
O =i 7 7 - [t-channel | CDF f,+jets —— g8l
E ‘ Multijets i e
B = Higgs CDF combined —e— 1.36 753
0% DO I+i 5 +0.33
e +]ets . o 1.10 75
- Tevatron combined - 1:2902%
101 :
E Theory (NLO+NNLL)
1.05 +0.06 pb [PRD 81, 054028, 2010] }
3 -2 :

-1 0 i : .
Discriminant output [Iogw(s/b)] 0 1 2

Mg, =172.5GeV  Cross section [pb]

* Notes: signal established in most channels. Useful for polarization, SM
tests, NP searches ...
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Global interp. of the LEP/TeVatron results: the scalar -

{ ' - - 8
0y § 7422 1D
| J T 4

* the BEH particle is the only piece of the SM which escaped to experiments prior to
LHC (Limits on direct searches are the yellow bands (Left band: LEP; Right band:
TeVatron, LHC 2010) )

* If one adds the top and W mass measurements to the EW precision measurements
at the Zpole, one is able to get information on H mass. Here, the main actors at the Z
pole are sin20_4 (A, 5 and Az — propagator corrections).

200 March 2012 80 5 March 2012
— High Q° except m, " | —High Q® except m,,/T,

68% CL 1 | 68%CL

EXC|l'Jde'd' . -Excllude'd' .

160

80.3

10 10° 10 10 10° 10
m, [GeV] m, [GeV]
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Global interp. of the LEP/TeVatron results: the scalar *"mxer?

* We can bound the mass of the SM Brout-Englert-Higgs boson.

* A central part of the physics at the LHC is about the gauge scalar search.
Was mostly driven by EW precision measurements.

Mg

=152 GeV

6 March 2012

Ay?
@

{LEP

(5)
Aoy =

Y —0.02750£0.00033
% % 0.02749+0.00010

-+« incl. low Q° data

" excluded

LHC

excluded

40

Hiller, Monteil

200

* Bottomline: if the SM is correct, there should
exist an isospin partner to the b quark, sitting
in the Nature at a mass ~ 175 times the one of
the proton and a fundamental scalar boson
with:

mpeg < 152 GeV/02 95% CL.

e e
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The fundamental (scalar?) boson observation

* There is very much something around: H = yy

> 10000 = r — >5000 ~rrrrrryrrrrrr o]
8 - ATLAS . (0] - CMS Preliminary ——— Data . 4
o o  Data2011+2012 . G [ Vs=7TeV,L=511fb" (MVA) S+B Fit i
> 0001~ SM Higgs boson m, =126.8 GeV (fit) ] To) - {s=8TeV,L=19.6fb" (MVA) Bkg Fit Component |
e [~ Ny seeeeeees Bkg (4th order polynomial) ] +4000 L _J+to —
g’ 6000 b— — ~ : [J+20 i
G ey Hoory . 2 :
4000— — o) o ]
- _ : 23000 i
. \s=7TeV |Ldt=481fb _ L i ]
2000 f— =
: \s=8TcVJ'Ldt=20.7fb' . 3 C i
- - h— | ]
o s e £2000} :
5 400E- - D i i
° 300E- x .= (V] L i
2 200 E- = =< - .
= = e 3
i 100 E- . + .H‘ oo 81000_ —
' 0 = r. 1 v = ~
£ 0 2 + t . ? v TRAK = + - ’
200 - = wn i ]
> T T z ; " ; T = | | | | .
w 100 110 120 130 140 150 160 S~ O Ll I T | T T T T T .| Ll
m,, [GeV] 2 110 120 130 140 150

m,, (GeV)

* Note: it’'s a boson and it’s not a spin 1 (Landau theorem).
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The fundamental (scalar?) boson observation

* There is very much something around: H = ZZ.

= CMS Preliminary

@ 40 e Data2011+2012 > T T T T T T T -
@ [ [ SMHiggs Boson ATLA? o 30 + Data Dec 05, 2012 -]
s T m,=124.3 GeV (fit) H—-ZZ"—4l ) - _ Vs=7TeV:L=51fb" 1
§ 35‘_I:IBHkr .ndZ 2z \s=7TeV JLdt=46b” (a9 - LIm126 GeV \é;STZV:L:ﬂ)Gfb‘1 .
& F acearonne &« \s=8TeV |Ldt=2071b" 25K 2y .2z rL=19. ]
[ Background Z+jets, tf ~ L ]
30— 2 Syst.Unc. -9 - -Z+X ]
r (- - -
o 20 =
> L 4
Ll . N
151 il =
10F [ } } / 3
= IR i L | 5
SE } J 14| 0| 1 B
o e u ‘ .’ ﬂ l -
L le —

0 S

100 150 o0 280 80 100 200 300 400 600 800
m, [GeV]

m,, [GeV]

* Evidence also observed in H = WIV (gauge couplings most likely there)
but also in heavy fermions H — bb, TT.
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The (scalar?) boson properties as of Moriond 2014

| Za1. Z

TR

* The mass:

. | -1 -1
E 7- ATLAS Combined (stat+sys) | 10 (:‘.IV:ISIP‘reI:m:n'ar)‘: :5.=|? ITe‘V,‘L‘g \51\ f? - ‘:5 T E? TE‘{' F g. 1.9(? fP -
N [ Vs=7TeV|Ldt=4648" - Combined (stat anly) i N
- \s=8TeV [Ldt=207 fo" —— H vy £ of Hoyy+H-ZZ e
Gj —— H->ZZ* > 4/ 4 - MZZ’ H_N(QQH:HHL - Y
L [ —H ZZ
- o 8f  u (VBEVH) i
5_— 1 [ E
- Ik E
4; =) ] |26 6 , !
< |- 0
- Y% = o
B g 51 i
3 = 2 -
) 4f E
= - =
L @ - a
o & 3f E
C 3 i ]
re 2f =
W 7o SVRNSURRRORRRRRE! (SPPRPPPPRES o i e % RTIRY [XSTTTTTen] -
1 - e 1o 1k
o - =
_l T o 4y ‘l‘ ": | | 1 1 ‘ I el | | [ [ 1 0 . (- | | 1:
P21 122 123 124 125 126 127 128 @ \1,]29 128
mH e
my (GeV)
ATLAS CMS (new ZZ(4l) not used)

125.5 +-0.2 (stat) **°  (syst) GeV 125.7 +- 0.3(stat) +- 0.3(syst) GeV

* Notes: the two main modes for Atlas slightly discrepant. Very much OK for
CMS. Likely that nothing is to be dug further there.
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The (scalar?) boson properties as of Moriond 2014

* The spin-parity: out of angular distributions studies of the final state
products in H = VV

CMS 4917 (7 TeV) + 19.4 fb™ (8 TeV)

— 40_IIH‘IIHlIIHlI\IIlI\II‘\\II‘\III‘\II\'III\'IH\_ e g [T T T | T T T T T T | T T ]
_;O B WW — 212v + 0/1-jet m, = 125.6 GeV ] 14__ATLAS ]
- ;35? =0 4 12: H— vy eData Spin 0]
o F +1 ted C . , i
\—_I, 30:_ -i 222);?;2;(1 - \s=8TeV _[Ldt= 20.7 fo'!  Signal hypothesis .16 ]
c C - — DZG_
£ er 2 i 10F o P _ " .
o . -+ Observed = C J=0 1
20 JHEP 01 (2014) 096 E 8;‘ o f -2 E
15" - i

- PLB 726 (2013),120-144 1

10~ -

- I\\‘II\\lII\\lI\IIlI\II‘\\II‘\III‘\II\'III\'I\\\ | | |
0 10 20 30 40 50 60 70 80 90 100 0

25 50 75 10l
fiq (%)

f %)

* Note: the JP= 0* hypothesis is so far preferred by the data.
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The Hboson properties as of Moriond 2014

* The couplings: each of the SM couplings of H to fermions or bosons can be
quit accurately calculated. Measuring all (most) of them is the next global
consistency check in the field.

* top quarks dominate ...
[When a guy weighing 100 kg is saying some
things, the 60 kg guys do listen ... M. Audiard,]

... if you can afford twice its
mass...Higgstrahlung.

* If not, beauty quarks dominate.

* The lepton tau is very appealing ...
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The H boson properties as of Moriond 2014

* The couplings: each of the SM couplings of H to fermions or bosons can be
quit accurately calculated. Measuring all (most) of them is the next global
consistency check in the field.

1

o — o —
T ——— ——

| B
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llllll

|

1000
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The H boson properties as of Moriond 2014

19.03.14
33
MYY s 1'57f:23 G
e +0.40
Moz = n=1.447% —
Migwy — 1w =1.007% ATL ——
Mn — n= 1.4::;5 [mH=12 .5 GeV] e ]
Combined fit [~ u=1.30%" L
fias> = 27 [ ——
MYY i 0'77:':27 ;
' e oo 3 +0.28
I'LZZ ErS 0'92-0.23 ] i
+0.2 ——i
lJLWW Filts 0'63-0.2 CMS
ety +0.41 [ W —
MT'C Sl [m =124.7 GeV]
WL =1.15%082 i b o
bb | H=1-19,6 2
Sombined ﬁt _11u1=1q.810::1-11:1 Bropeg 2 ie 88 g0d Popce @ Logrd oy Ao g pdlly & f g
- -1.5 -1 -0.5 0 0.5 | 1.5 2
e l.O,CTﬂ z li% - . > Signal strength
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The H boson properties as of Moriond 2014 SN

* The couplings: though LHC is at the level of evidence for most of the
channels (when accessible), significant constraints can be brought. Signal
strength is defeind as Oops/Osm

19.03.14 _
e T 157’:::  —
Moz - u=1.440 ——
M [— n=1.00"% ATL —_—
M =147 [m, =124.5 GeV] ———
Mpp [~ w=0227 e E—
Combined fit — n=1.30%" =
u'w — u= 0'77‘-.:.:77 Pt
My - u=092"% ——
Movw [~ u=068"" CMS -
Moy = w=11000 m=12d7Gevy © |
Moy - u=1.150S ; .
combined fit —p=0e0,, . 1. ML
=1ile, 183 28 & 5 0 08 | S ;I.gtrengt 2

fi ~

* Note: it’'s amazing that LHC brought so much with Run I.
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The H boson properties as of Moriond 2014

19.03.14
obs(exp)
Mbb _!,l = 02::]; 0.360'*(1 .64) ATLAS-CONF-2013-079
M'U‘C _l,l = 1.4:;]'45 4. 10(3 2) larmscow-zm:«w.a
' ATLAS
[m =125. jGeV]
Comb'ned flt =1 09+[:);26 3. 70(3 4) ATLAS-CONF-HIGG-2013-14
I.,l‘bb _u, = 1.00:‘-00:: 2.10(2.3) arXiv:1310.3687v2 [hep-ex]
M‘LT _u, = 0.78:‘-:2277 3.20(3.7) CM? arXiv:1401.5041v1 [hep-ex]
h ) [mH=1|-2;5LGeV]
Combined fit [ = 0.83'"%"  3.80(4.4) R
L 1 ! 3 1 1 1 I 1 1 1 | 1 1 l 1 1 1 | 1
-4 -2 0 4
jﬁ 2 20% *p0=0.36(0.05) Signal strength
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The H boson properties as of Moriond 2014

* The couplings: a closer look to fermions

19.03.14
obs(exp)
“bb = 02::]; 0360'*(1 .64) == ATLAS-CONF-2013-079
Mﬂ? _l_l = 1.4:;]': 4.10(3.2) 'mms&om'za1s--:b‘a
) ATLAS
[m _=125.5 GeV]
Combined fit |7 = 1.09°%  3.75(3.9) PP
I.,l‘bb = 1.00?00:: 2.10(2.3) I | arXiv:1310.3687v2 [hep-ex]
M'LT _l,l = 0.78:'-:2277 3.20(3.7) CM? arXiv:1401.5041v1 [hep-ex]
h ) [mH=1|-2.5LGeV]
Combined fit [ = 0.83'"%"  3.80(4.4) oA P
L 1 1 3 1 1 1 I 1 1 1 | 1 1 I 1 1 1 | 1
= -4 -2 0 4
j,a ~ 20% *p0=0.36(0.05) Signal strength

* Note: TeVatron results on bbbar still dominating.
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The H boson properties as of Moriond 2014

ATLAS Preliminary 5=8 Tev, jL dt=20.3 "’

T | T T T | T T T | T T T | T T T | T T T | T
| —tot —

stat.

(tot) [ stat)
Lepton+jets — jmmmmi=—————] 13216 (08)
Comhbination — i —] 17 +14 |: 07 ]I —

1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1

0 2 4 6 g 10

best fit p=g/g_, for my=125 GeV
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The H boson properties as of Moriond 2014 SN

* Qutlook: we know so far that an overall 20% agreement w.r.t. the SM
expectations is achieved. The LHC Run Il will bring these studies at a mature
stage. A breakthrough will come from the ttbar coupling, which can be
accessed from top pair production with a Higgsstrahlung (remember LHC is a
top factory. . Already a hint for this:

ATLAS Preliminary 5=8 Tev, jL dt=20.3 "’

T | T T T | T T | T T T | T T T | T T T | T

| —tot —
stat.

(tot) [ stat)
Lepton+jets — jmmmmi=—————] 13216 (08)
Combination — b — 17 +14 |: 07 ]I —

1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1

0 2 4 5] g 10

best fit p=g/g_, for my=125 GeV

* Note: To be compared with the H — yy proceeding with a top loop.
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A provocative transition
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A provocative transition

* To my knowledge, the existence of the fundamental scalar particle sitting in
the Nature at a mass below 130 GeV/c? is/was the uniquely testable
prediction of the SuperSymmetry (well, there should as well be a Lightest
Supersymmetric Particle if R parity is conserved...)

* This is met.

* The consistency with the SM couplings though might be an indication that
the higher fields are strongly decoupled (hence at much higher masses).

* Still, the experimentalist’s honor and duty is to complete the landscape
understanding. And set a/the (direct searches/ precision measurements)
scale for New Physics.

* Let’s examine in a glance the LHC searches.
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Searches tous azimuts at LHC (SuSy for illustration

ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

Status: SUSY 2013 JLdt=(46-229)fbt +s5=7,8TeV
Model e pu. 7.y Jets ET™ fratm) Mass limit Reference
~ MSUGRA/CMSSM o 2-6 jets Yes 20.3 9.8 1.7 Tev m@=m(g) ATLAS-CONF-2013-047
. MSUGRA/CMSSM 1ewn 3-6 jets Yes 20.3 3 1.2 TeV any m{#) ATLAS-CONF-2013-062
ahA MSUGRA/CMSSM 0 7-10 jets Yes 20.3 g 1.1 TeV any m(§) 1308.1841
0 2-6 jets Yes 20.3 a 740 GeV m@t)=0 Gev ATLAS-CONF-2013-047
o 2-6 jets Yes 20.3 £ 1.3 TeV mFl)=0 Gev ATLAS-GONF-2013-047
g E—rqq¥; quw*x] 1enu 3-6jets  Yes 20.3 £ 1.18 TeV mFT) <200 GeV, mF " )=0.5(m (¥ )+m(z)) ATLAS-GONF-2013-062
@  B—qq(Er/ivim)E} 2ep 0-3 jets = 20.3 £ 112 TeV m(¥?)=0GeV ATLAS-CONF-2013-089
GMSB (£ NLSP) 2eu 2-4 jels Yes 4.7 o I v tang=15 1208.4688
. GMSE (Z NLSP) 127 0-2 jets Yes 20.7 F3 tang =18 ATLAS-CONF-2013-026
o GGM (bino NLSP) 2y z Yes 4.8 m(¥i)=50 GeV 1209.0753
= GGM (wino NLSP) Teu+y = Yes 4.8 Mk} )=50 Gev ATLAS-CONF-2012-144
" GGM (higgsino-bino NLSP) b 1b Yes 4.8 m[I’E)>22[] GeV 12111167
GGM (higgsine NLSP) 2e,u(2) 0-3 jets Yes 58 m{F)=200 GeV ATLAS-GONF-2012-152
— Gravitino LSP 0 mono-jet  Yes 10.5 m{g)=10 * eV ATLAS-GONF-2012-147
8] 3b Yes 201 =4 1.2 TeV m()(“)<600 GeV ATLAS-CONF-2013-081
[u] 7-10jets  Yes 20.3 ES 1.1 TeV m(,k‘.) <350 GeV 1308.1841
0-1e.u 3b Yes 20.1 & 1.34 TeV m(F) <400 GeV ATLAS-CONF-2013-061
0-1eu 3b Yes 20.1 £ 1.3 TeV miF}) =300 GeV ATLAS-CONF-2013-061
0 2b Yes 20.1 b1 100-620 GeV m¥})<90 GeV 1308.2631
2 e, u (SS) 0-3 b Yes 20.7 B 275-430 GeV mFy)=2 miFy) ATLAS-CONF-2013-007
1-2 e u 1-2 b Yes 4.7 1 m(¥})=55 Gev 1208.4305, 1209.2102
2en 0-2 jets Yes 20.3 @ 130-220 GeV mE) =m(2)-m(W)-50 GeV. m(f)<<m{¥i) | ATLAS-CONF-2013-048
2e.u 2 jets Yes 20.3 i, 225-525 GeV m(¥})=0 Gev ATLAS-GONF-2013-065
z Ti(medium), t—bVT [¢] 2b Yes 20.1 ) 150-580 GeV miET =200 GeV, m(¥i)-m(t])=5GeV 1308.2631
F 5 (heavy), i —ti Ten 1b Yes 20.7 1 200-610 GeV m(¥})=0 Gev ATLAS-CONF-2013-037
Hhihi(heavy), 1 — V] 0 2 b Yes 20.5 # 320-660 GeV m(¥})=0 GeV ATLAS-CONF-2013-024
FiFi, Bt okl 0  mono-jetc-tag Yes 20.3 ) 90-200 GeV m(E)-m () <85 Gev ATLAS-CONF-2013-068
j i t.(natura) GMSB) 2e,u( 1b Yes 20.7 % 500 GeV mFY)=150 GeV' ATLAS-CONF-2013-025
B, oot + Z Be.u(Z) 16 Yes 20.7 T 271-520 GeV m()=m(])+180 GeV ATLAS-CONF-2013-025
b kbrr, Pty 2e.pn o ves 203 |7z 85-315 GeV ATLAS-CONF-2013-049
5 i 1Afu(1v) 2eu 0 Yes 203 |y 125-450 GeV 5(mTTyem(i)) ATLAS-CONF-2013-049
ﬁ ) )(1,\’ )(1 *)TV(fV) 2 = Yes 20.7 X 180-330 GeV - n ] 7, 5(m(x, )+m(k1)) ATLAS-CONF-2013-028
=5 )(1)(64;(&(&((.;.;) EVELL(TY) 3eu 0 Yes 20.7 A_‘,’.{'“ 500 GeV m(FT)=m(Pl), m(¥9)=0, m(7, 7)=0 5(m(i; }sm(¥})) ATLAS-CONF-2013-085
XX, — W20y Sen 0 Yes 20.7 Fepy 315 GeV mE¥T)=m(¥2), m(¥1)=0. sleptons decoupled | ATLAS-GONF-2013-035
¥i¥5— WX1 hi¥3 1ep 2b Yes 20.3 A",L. X 285 GeV mFT)=m(¥3), m(¥1)=0, sleptons decoupled | ATLAS-CONF-2013-093
Direct .t 1 prod., long-lived ¥1 Disapp. trk 1 jet Yes 20.3 e 270 GeV ml,n) m(¥])=160 MeV, r(¥{)=02ns ATLAS-CONF-2013-069
Stable, stopped & R hadron 1-5 jets Yes 22.9 £ 832 GeV m(¥?)=100 GeV, 10 ys<t(&)<1000 s ATLAS-CONF-2013-057
GMSB, stable 7, Ho#(e, f)tr(e,p) 1 2;4 = = 15.9 10<tanf<50 ATLAS-GONF-2013-058
GMSB, ¥ —>y&, long-lived ¥§ 5 Yes 4.7 D.4<r(¥1)<2 ns 1304.6310
44, 71— qqu (RPV) 1 4t dlSp vix 3 3 20.3 a 1.0 TeV 1.5 <er<156 mm. BR(u)=1. m(¥{)=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥, + X, ¥r—e + u 2e,pu 2 = a8 12121272
LFV pp—¥, + X, Vvr—e(u) + 1 le g+t = & 4.6 12121272
= Bilinear RPV CMSSM 1en 7 jets Yes 4.7 m(q')-m(g). crise=1 mm ATLAS-CONF-2012-140
&= Fy by | WE] B eet,, epve 4 en - Yes 207 m(F7)=300 GOV Liz2i=0 ATLAS-CONF-2013-036
X R, B - WEY Bi—rrve, eri, 3@ u+T z Yes 20.7 m(¥])>80 GeV, ty355>0 ATLAS-GONF-2013-036
E—qqq 0 6-7 jets - 20.3 BR(£)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
BE—Tit, i—bs 2 e, u (SS) 0-3 b Yes 20.7 ATLAS-GONF-2013-007
= Scalar gluon pair, sgluon—gg o] 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
Scalar gluon pair, sgluon—tt 2 e, (SS) 16 Yes 14.3 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac x) 0 mono-jet Yes 10.5 m{y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147

V5 =8TeV
full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quaited are observed minus 1o theoreilcal signal cross seclion uncertainty.
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Searches tous azimuts at LHC (SuSy for illustration

ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

- < e - o =
Status: SUSY 2013 JLdt=(46-229)fbt +s5=7,8TeV
miss % = e
Model e pu. 7.y Jets ET™ fratm) Mass limit Reference
~ MSUGRA/CMSSM o 2-6 jets Yes 20.3 q.& 1.7 Tev m@=m(g) ATLAS-CONF-2013-047
. MSUGRA/CMSSM 1en 3-6 jets Yes 203 g 1.2 TeV any m{g) ATLAS-CONF-2013-062
o MSUGRA/CMSSM 0 7-10 jets Yes 20.3 g 1.1 TeV any m(§) 1308.1841
G, §—q¥y 0 2-6jets  Yes 20.3 4 740 GeV M )-0 Gev ATLAS-CONF-2013-047
B g a 2-6 jets Yes 20.3 £ 1.3 TeV mif)=0 Gev ATLAS-GONF-2013-047
& g E—+gq¥i Hqq.vve,y] ; e, u g—g j:EtS Yes 20.3 Z 1418*1'5\{ m(,i‘é’)<2nc GeV, m(¥")=0.5(m (¥ )+m(z)) ATLAS-GONF-2013-062
Rl  B—qq(Er/ivim)E} e -3 jets = 20.3 . 12 Te m(¥?)=0GeV ATLAS-CONF-2013-089
GMSB (£ NLSP) 2eu 2-4 jels Yes 4.7 2 1.2/ 2 tang=15 1208.4688
. GMSB (I NLSP) 1271 0-2 jets Yes 20.7 F3 1 4'rev tang =18 ATLAS-CONF-2013-026
% GGM (bino NLSP) 2y z Yes 4.8 S m(¥i)=50 GeV 1209.0753
= GGM (wino NLSP) Teu+y = Yes 4.8 Mk} )=50 Gev ATLAS-CONF-2012-144
" GGM (higgsino-bino NLSP) b 1b Yes 4.8 m[I’E)>22[} GeV 12111167
GGM (higgsine NLSP) 2e,u(Z) 0-3 jets Yes 58 m{F)=200 GeV ATLAS-GONF-2012-152
— Gravitino LSP 0 mono-jet  Yes 10.5 m{g)=10 * eV ATLAS-GONF-2012-147
8} 3b Yes 201 £ 1.2 TeV m(h)<600 GeV ATLAS-GONF-2013-061
[u] 7-10jets  Yes 20.3 ES 1.1 TeV m(,k‘.) <350 GeV 1308.1841
0-1eu 356 Yes 201 £ 1.34 TeV m(F})<400 GeV ATLAS-CONF-2013-061
0-1eu 3b Yes 20.1 £ 1.3 TeV miF}) =300 GeV ATLAS-CONF-2013-061
0 2b Yes 20.1 b1 100-620 GeV m(,n)<.90 GEV 1308.2631
2 e, 1 (SS) 0-3 b Yes 20.7 B 275-430 GeV ATLAS-CONF-2013-007
: 1-2 e u 1-2 b Yes 4.7 i 1208.4305, 1209.2102
¥ 2epn 0-2 jets Yes 20.3 @ 130-220 GeV mE) =m(2)-m(W)-50 GeV. m(f)<<m{¥i) | ATLAS-CONF-2013-048
4 i ?1 2e.u 2 jets Yes 20.3 i 225-525 GeV m(¥})=0 GeVv ATLAS-CONF-2013-065
: = hih(medium), i —bVT 1] 2b Yes 20.1 ) 150-580 GeV m(E])=200 GeV, m(¥T)-m(t7)=5 GeV 1308.2631
é . hG(heavy), ’l']*)'b?g Ten 1b Yes 20.7 T 200-610 GeV m(¥})=0 Gev ATLAS-CONF-2013-037
' ® | h(heavy), i —tF] 0 2 b Yes 20.5 i3 320-660 GeV m(¥L)=0 GeV ATLAS-GONF-2013-024
455% it F—rehy 0  mono-jet/c-tag Yes 20,3 ) 90-200 GeV m(E)-m (%) <85 GeV ATLAS-CONF-2013-068
- hii(natural GMSE) 2e,u(Z) 156 Yes 20.7 % 500 GeV m(tY) =150 GeV ATLAS-CONF-2013-025
S Bh, bt + Z Be.u(Z) 1b Yes 20.7 T 271-520 GeV m()=m(])+180 GeV ATLAS-CONF-2013-025
I PR, F—eF) 2ep 0 Yes 203 |7 85-315 GeV ATLAS-CONF-2013-049
5 KXk (D) Zely o Yes 203 |, 125-450 GeV 5(mTTyem(i)) ATLAS-CONF-2013-049
= § iR )(I’ﬂrv(rv) 2 > Yes 207 ,\7,i 180-330 GeV 5(m(x, )+m(k1)) ATLAS-GONF-2013-028
w = ;(1)(64(&(&((.;.;) EvE £(Fv) 3e.u o] Yes 20.7 Aj,*,f“ 600 GeV m(FT)=m(@l), m(¥5)=0, m(¥, #)=0 5(m(i7 )+m(i)) ATLAS-GONF-2013-035
XA — W 7 &5 Seu o} Yes 20.7 x’,xj 315 GeV m(¥] )=m(¥2), m(¥3)=0. sleptons decoupled | ATLAS-GONF-2013-035
XiXs— WX1 hiY 1en 2b Yes 20.3 j",L. s 285 GeV mMEFT)=m(¥32), m(¥1)=0, sleptons decoupled ATLAS-CONF-2013-093
Direct ¥y ¥1 prod., long-lived ¥1 Disapp. trk 1 jet Yes 20.3 e 270 GeV miFL)-m(F)=160 MeV, +(¥{)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped & R hadron 1-5 jets Yes 22.9 £ 832 GeV m(¥?)=100 GeV, 10 ys<t(&)<1000 s ATLAS-CONF-2013-057
GMSB, stable 7, Ho#(e, f)tr(e,p) 1 2;4 = = 15.9 10<tanf<50 ATLAS-GONF-2013-058
GMSB, ¥ —>y&, long-lived ¥§ 5 Yes 4.7 D.4<r(¥1)<2 ns 1304.6310
44, 71— qqu (RPV) 1 4t dlSp vix a3 & 20.3 a 1.0 TeV 1.5 <er<156 mm. BR(u)=1. m(¥{)=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥, + X, ¥r—e + u 2e,pu 2 = a8 12121272
LFV pp—¥, + X, Vvr—e(u) + 1 le g+t = & 4.6 12121272
= Bilinear RPV CMSSM 1epn 7 jets Yes 4.7 m(q')-m(g). crise=1 mm ATLAS-CONF-2012-140
,gl: "]le,/\" = WY B eev,, epv.  4en - Yes 20.7 m(F7)=300 GOV Liz2i=0 ATLAS-CONF-2013-036
B i B e 2 S = Yes 20.7 m(¥])>80 GeV, ty355>0 ATLAS-CONF-2013-036
E—qqq 0 6-7 jets - 20.3 BR(£)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
BE—Tit, i—bs 2 e, u (SS) 0-3 b Yes 20.7 ATLAS-GONF-2013-007
= Scalar gluon pair, sgluon—gg 1] 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
Scalar gluon pair, sgluon—tt 2 e, u (S8) 16 Yes 14.3 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac x) 0 mono-jet Yes 185 m{y)<80 GeV, limit of<687 GeV for DS ATLAS-CONF-2012-147
V5 =8TeV
full data Mass scale [TeV]

*Only a selec

Note: no note.
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tion of the available mass limits on rew siates or phe

romena is shown. All limits quaited
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are observed minus 1o theoretical signal cross section uncertainty.
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My conclusion for Part |

* A continuum of ambitious and beautiful experiments in the past thirty years
brought the Standard Model to the level of a theory.

* The observation of a possibly scalar particle at the LHC consecrates a
daunting (collective) intellectual approach.

* You are entering the field at a time where we lost the No-Loose theorem:
Either the BEH or another source of EWK symmetry breaking below the TeV.

* And these can be fascinating times.
« Starting by LHC Run Il, approaching fast.

* Let’s examine now precision physics, in the quark flavours at first.
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