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Open Questions Beyond the Standard Model

¥ The origin of mass?

Due to a Higgs boson? Other physics?
Solution at energy <1TeV

¥ Unification of fundamental forces?

At a very high scale?

e Quantum theory of gravity?

(Super)string theory, extra dimensions

¥ Origin of dark matter?
WIMP SUSY KK E



LHC answers:

Electroweak spontaneous symmetry breaking M, ,, m., m, Ve, Vins

Higgs physics:

® Higgsless (or very heavy Higgs)

¥ Light Higgs



Higgsless (or very heavy Higgs)

A light Higgs scalar is needed for perturbative unification
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Higgsless (or very heavy Higgs)

A light Higgs scalar is needed for perturbative unification

¥ wz! wz

W W Wy, W W oW Wi, o W, - i " ”%V? e 2
ey HEE@{SJ T h s Vi ELZJ
S o P e, 7 %, T
@ P o 27 @ 4 © SRy B
. . . . 92! 2 3114 M2
Unitarity violation: WZl # | 11.8TeV | ~ 2T = (5#10)TeV
w g M
Higgsless

Chivukula, Discus, He



Higgsless (or very heavy Higgs)

A light Higgs scalar is needed for perturbative unification
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LHC:| W/ Z bremsstrahlung off quarks = 2 forward jets + gauge boson pair = 2j+31+ E/ -
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V* Resonance structure
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Unitarity saturation signals strong interaction,-
observation of no excess means weakly coupled quanta below 1TeV



Strongly coupled vector boson sector

Unitarity saturation signals strong interaction,-
observation of no excess means weakly coupled quanta below 1TeV
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Strongly coupled vector boson sector \.< '7

Unitarity saturation signals strong interaction,-
observation of no excess means weakly coupled quanta below 1TeV
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Light Higgs




Light Higgs

/ Hierarchy problem\

Elementary Composite e.g.technicolour

N

SUSY Extra dimensions Little Higgs




Light Higgs

/ Hierarchy problem\

Elementary Composite e.g.technicolour
SUSY Extra dimensions Little Higgs

How will we distinguish these possibilities?



Light Higgs

/ Hierarchy problem\

Elementary Composite e.g.technicolour
SUSY Extra dimensions Little Higgs

How will we distinguish them?

e.g. SUSY and UED have similar level structure
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Also the couplings of both the SUSY and KK states are the same as their SM partners



Spin discriminant




UED:

Spin discriminant </

Cascade Decay Chains

There are 6 possible spin assignments:
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Spin discriminant

UED:

Cascade Decay Chains

There are 6 possible spin assignments:

q
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For Example, [7]~
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Caveats: jet identification, mass measurements uncertain, charge asymmetry
only comes from quark productionE
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Caveats: jet identification, mass measurements uncertain, charge asymmetry
only comes from quark productionE

e.g. sz - Difference between SUSY and UED o B(m,), small in favoured paameter space
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Alternative methods being developed may offer complementary information
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Spectrum

What do we learn from measuring the spectrum?
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Spectrum

T T T 650 8560
a N y
101 —C 7
g "No-scale" | -
mo= 0 800 - Q - 800
= 6} = ~ - <] L
£ Q, —a bt
— =
4+ N ~ — 550 - 550
g 3 g 9 Bo
2 D ] L
b L x b Loy = i i
ol_®° E B° . b E o IE 500 7 800
Gravity Gauge Anomaly

What do we learn from measuring the spectrum?

SUSY: SUSY breaking mechanism, hidden sector, unification

XD: Compactification (need higher levels)

Dark matter abundance



SUSY: Soft mass unification
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SUSY: Soft mass unification
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SUSY: Soft mass unification
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Neutralino LSP
Dark matter abundance =10, >0
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Dark matter abundance

Dark matter abundance in SUSY LSP very sensitive

to slepton mass(es)

Slepton mass measurement at the LHC

¥ Direct production channel has large WW, tt backgrounds
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e Cascade decays promising - dilepton invariant mass distribution
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Event rate for m\SUGRA study points:

Pomt M, M L M; T N(10fb—1)
A 40GeV [ 189GeV [92GeV [ 170pb [ 1.7 +10°
B 150GeV | 187 GeV | 96GeV | 150 pb | 1.5 10°
C 3280GeV | 300 GeV [ 3277 GeV [ 4.4 pb | 44.000

[ ¢ (SM background) | NA NA NA 425 pb | 4.25 + 10°

Birkedal, Group, Matchev



Heavy SUSY - Little Higgs ",

Little hierarchy problem:

Fine tuned
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Heavy SUSY - Little Higgs K

Little hierarchy problem:

Fine tuned

Standard Model Sm;, o< yfAZA/
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Heavy SUSY - Little Higgs s

Q
Little hierarchy problem:
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Heavy SUSY - Little Higgs

Little hierarchy problem:

Standard Model

SUSY

Little Higgs

(Pseudo Goldstone boson)

Fine tuned
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Heavy SUSY - Little Higgs s

Little hierarchy problem:
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SUMMARY

LHC will probe new energy regime relevant to EW breaking.

Many possibilities identified - it will require extensive correlated information
to distinguish between them. This will need:

® Control over SM backgrounds in a wide variety of (multiparticle) processes

¥ Higher order radiative corrections (! (88" H)! [ ,(1+0.7+0.3+.))

® Develop techniques to measure spin and mass of new states



SUMMARY

LHC will probe new energy regime relevant to EW breaking.

Many possibilities identified - it will require extensive correlated information
to distinguish between them. This will need:

¥ Control over SM backgrounds in a wide variety of (multiparticle) processes

¥ Higher order radiative corrections (! (99" H)! 7 o(1+0.7+0.3+..))

¥ Develop techniques to measure spin and mass of new states

Much has been done but much still to do!



