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MAIN GOAL OF THE LHC:

N

Find the
Higgs |

Probe new physics
mainly in the form
of susy |
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It is the signature of the mechanism of spontaneous breaking
of symmetries in particle physics:
the so-called Higgs mechanism
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Its discovery is the experimental proof that the
spontaneous breaking of symmetries is the way particles
gain masses.




The standard model

Leptons
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The standard model

Symmetry group:

SU(3),. ®SU(2), ®U(1),

Matter content.




Unitary gauge;
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Higos couplings
fpes couplings, |

gusr = myfv = (V2G,)"/*my

gavy = 2M2 /v = 2(v/2G,)Y? M

gunvy = 2ME/v? = 2/2G, M}

guun = 3M3 /v = 3(vV2G,)Y? M},

gunnn = 3M}/v? = 3v2G, M},




Hiﬁgs production at LHC 5

(a) gg double-Higgs fusion: gg -+ HH
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(b) WW/ZZ double-Higgs fusion: q¢' - HHqq'

(c¢) Double Higgs-strahlung: ¢¢' -+ ZHH/WHH
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(d) Associated production with top-quarks: qq/gg — ttHH
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LHC results about Higgs:
L g8

First result;: CMS and ATLAS detected a»
ressonance with mass around 124-1 26-§

GeV
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{ Higgs features: |,
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Best fit o/ay,, Signal strength (w)

It is a scalar (spin zero)

Its decay in two photons R It would be a signal of new
is not standard! physics?
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Higgs diphoton decay channels:
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Perhaps this excess is
pointing two new
particles with double

electric chargepires at i Poro0i 1,
EPJC2013

he one-loop diagrams that contribute to the H — 7y decay amplitude in a generic model.
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Is the diphoton excess results surprises for a higgs mass of
126GeV?
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Vacuum stability of the standard model at three
loops until Planck scale:erosieorzoes

My, [GeV] > 129.4 + 1.4 (

M, [GeV] — 173.1) Yy (as(MZ) —0.1184

0.7 0.0007 ) = 1.0

On substituting the respective values of Mt and (s:

My, > 1294+ 1.8 GeV.

From this result we conclude that vacuum stability of the SM up to the Planck scale is
excluded at 20 (98% C.L. one sided) for M}, < 126 GeV.
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€ Supersymmetric
‘shadow " particl
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LHC constraint on supersymmetry(SUSY) y
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susy is a symmetry that relates fermions
with bosons:

@ |boson) = |fermion), @ |fermion) = |boson).

It is a spacial symmetry.An extension
of the poincare group:

{Qu: Qu} - Qaﬁdpﬂ-




An example of susy lagrangian:
Wess-Zunino model

1 1 i 1
Liin = 5(a‘,,A)2 + 5(a,LB)2 + 5‘”3‘” + E(F2 + G?).

1 -
Lmass — —m[illfl” — GA — FB]

Susy transformations:
6A = 1aysy,
§B = —ay,
Y = —Fa+1Gysa + dysAa + 10 B,
SF =iady,
8G = aysdy,




Main susy motivations:
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Natural dark matter candidate: neutralino

Unification of the Coupling Constants
in the SM and the minimal MSSM

g

N B PP AP ' P
00 5 10 15 0 15

10log Q 10log Q

Solution of the hierarchy problem: quadratic divergence Q |
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Minimal supersymmetric standard moddel(MSSM).

Particle content:
N

Superfield = Bosons Fermions SU(3)SU(2 Uy(1)
Gauge

gluon g“ gluino g¢
Weak W* (W=,Z)  wino, zino w* (0¥, 2)
Hypercharge B (7) bino b(%)

i )L L; = (v,e)L
sleptons { | leptons E; = e,

' Qi = (ua d)L
squarks ; quarks Ui = uf

D; = d¢,

Higgses { higgsinos { Ijl
Ho




Anomaly cancellation requires two Higgs
doublet:

U = —cos BP; + sin BP,, Goldstone boson — Z,,
= sin 8P + cos P, Neutral CP — odd Higgs,

=—cos 8(H; )*+sin SH, , Goldstone boson— W,
T =sinB(H, )* +cos BH, , Charged Higgs,

= —sinaS; + cosaSy, SM CP — even Higgs,
= cos aS; + sinaSy, Eztra heavy Higgs,

MSSM Higgs mass prediction at Loop corrections:

tree level: l

my = Mz cos® 283 + 6;
| |
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SUSY particle constraints
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LHC is sensitive to coloured particles: gluinos and  squarks

Squark-gluino-neutralino model, m(i?) =0 GeV
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Conclusions:
‘N A
LHC detected Higgs; mass has its origin in

spontaneous breaking of symmetry. Such job already
justify the LHC.

Tiny and inconclusive signal of new physics through
higgs di-photon decay.

No direct signal of new physics yet(no direct
detection of any kind of new particle)

The comunity is looking forward to 2015.










