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Thanks to G. Brooijmans, T. Rizzo, L. 
Covi, M. Maggiore
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Lab exercise

Remember 

March 2: working in groups

March 6: presenting

March 8: computer exercise

Wednesday March 8 we will meet in H321. 

I will soon (?) get a list of people with accounts there from this 
course, will let you know 

If you already have account on those machines but forgot 
username/pw, send an email to kurslab_admin@fysik.lu.se
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Today & Monday

• Why go Beyond the SM? 

– What are the problems with the SM?

– What direct measurements  points to physics BSM

• Some attempts at solutions

– Supersymmetry

– Extended Higgs sector

– Extra dimensions

– A few others

• Searches for DM, gravitational waves
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T. Rizzo, hep-ph/0610104
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Dijets

• SM background 
obviously much 
larger

– But single source

– And opens the 
door to strongly 
interacting objects
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W’ → / e

Another very simple selection: lepton + MET
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Extra Dimensions
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ADD extra dimensions
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ADD signatures
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Warped extra dimensions
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Graviton excitations
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Example
The infamous  bump is an example of a search 
for RS gravitons: 
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Gauge boson excitations
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(super)Strings

Avoid infinities from point-like particles 

Different vibration modes = different 
particles

One fundamental parameter: string size
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Great idea but we have not yet 
understood how to test it at 
current ”low” energies

Extra dimensions a must
Supersymmetry a plus
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A hidden (“dark”) sector?
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The Neutrino Portal
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Dark Matter Searches

Lots of models, this is not a unique search!

Typically divided in two ”classes”: 

WIMP:  weakly interacting massive particle          
( elementary particle)

MACHO: Massive Compact Halo Objects  
(planets, dwarf stars, something large)
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22or even black holes ~10000 x MSun

(MACHOs)(WIMPS)
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Underground searches
(experiments: DAMA, Xenon etc

WIMP scatters off nuclei
Looking for annual 
modulation / DM ”wind”

Cross section depends 
on exchange particle: 
Z exchange ruled out 
Now looking for H 
exchange
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Look for annihilation 
signals! 
Measure decay 
products

Experiments: FERMI, PAMELA, AMS etc
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At the LHC
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No Dark Matter interaction with the 
detector  signature is missing energy

Use initial state radiation (ISR)  to detect 
it! (e.g jets, , W, Z, H)
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Gravitation
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Gravitational waves
Black holes merging
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In fact we already  observed gravitational waves before
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Detecting gravitational waves
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LIGO Livingston inferometer
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What does a BH merger look like?
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First observation
Sept. 2016
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How is this estimated?
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Why is this important?

Tests of General Relativity
Mass limits on (massive) gravitons: 

35



Summary/outlook

• Many problems with current Standard model

• Many new models to take over

Some important models not mentioned, for instance:
– GUT models

– Technicolor

– Hidden valleys

• The LHC energy scale is tuned to be sensitive to many 
of these, complementary to other current searches

• Several potential signatures requires new ”objects”, ie 
lepton-jets, long-lived heavy particles, ”quirks” etc

• Several good ideas but Nature decides which (if any) 
are true!
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