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The Higgs Boson: what 1s 1t and
what does 1ts discovery mean?
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Designed to accelerate protons
until their kinetic energy 1s 7 7eV

0.94 TeV is 1000 times the rest

energy of a proton.
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A recorded event with 2 electrons and 2 muons
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What if there are also problems with the other
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magnets that did not (yet) fail?
* Time-consuming to warm up and fix

Can measure resistance to infer which are bad

e Recent * Ran at half design energy (7 TeV) since 2009,

Shghtly higher energy before shutdown (8 TeV)

Fixing magnets until fall this year (2014)

Restart at design energy (14 TeV)
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® l h\,_‘ \ [\I\[H[]k LHC sets new world record
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Ran for several years at lower energies
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 The Standai

® Successes

® l HHH;IHUI]\ Why was the LHC built?

Our presently successful understanding of elementary
particles and the four forces through which they
interact must break down at distances just out of reach
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 The Standai

® SuUuccesses

e [.1mitations ['he Standard Model is the theory which describes the
known elementary particles and their interactions
[t describes well all experiments which have been

performed to date, with a few recent exceptions
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['he Standard Model incorporates an experimental
fact: only /eft-handed particles participate in the weak

interactions
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'he Higgs boson 1s inferred theoretically, because 1t 1s

associated with the Higgs mechanism: the reason why
all of the SM particles have any mass at all
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e | 1mitations

Although the SM has a symmetry that requires all
known particles to be massless, the vacuum has

physical properties, which can break this symmetry
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Particle masses are due to the energy of interaction

with the Higgs vacuum ( m = E/c?)

Einstein Plus 2014

Pirsa: 14070022 Page 39/65




(%) Stop sharing

e The Standard

® Successes

e | 1mitations

The Higgs particle 1s a wave moving through the
Higgs vacuum itself
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[he SM 1s tested 1n detail. such as through e*e collisions
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* Successes e

\i, L« 0.02761 1 0.00036
t.= 0178 2 0 002

1 ma 1743 £ 5.1 GeV

Unknown quantities, like the Higgs mass, are strongly

constramed by the accuracy of these tests
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So what’s wrong with the Standard Model?
e The Standar

Observational Problems

_ Neutrinos appear to have masses
®* SUCCESSES Dark Matter and Dark Energy unexplained
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» Search strategies

e What’s been seen

e Potential implications
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Needle in the haystack problem: other reactions also

produce the same things even more abundantly
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(say) from a Higgs decay

always have energies equal
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e Search strate; What do we know
A new particle decaying into 2 photons

A boson
Spin zero or two

e What’s been Electrically neutral
Mass ~ 125 GeV

Is this ‘a Higgs ' or ‘the Higgs’?

e Potential imyp Is it something else?
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A pictorial representation of the interaction with

the vacuum that gives a particle a mass: m &« A
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Standard Model Total Production Cross Section Measurements
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e What’s been
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* Potential imj Is this the SM Higgs?

-

Einstein Plus 2014

Pirsa: 14070022 Page 57/65



3 Skype™ - damian.pope

Skype Contacts Conversation Call View Tools Help

Y. LHCHiggs-Eplus2014,pdf - Adobe Reac

Experiment

k

e Search strate;

e What’s been

* Potential 1my

7 25

Pirsa: 14070022

(%) Stop sharing

So far, 1t 1s consistent with SM Higgs
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eg: Supersymmetric models: all known
particles come with new partners having

different spin and statistics

[hese predict several Higgs-like particles,
_ ' of which the SM-like one likes to be lighter
* Potential img than 125 GeV
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e The LHC 1s alreadyv changing |
energy physics!
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e New boson discovered at 125 GeV

. NN 1 nsistent witi ‘*\"
* The LHC indicates that the Higgs mechanism 1s right.
» More evidence for consistency/inconsistency with the SM
within the year.
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