The short answer 1is:
Physicists (always) want more energy
but
Politicians will not give us more money
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The Physics Case for ngher Energy
T
 Whyane'e colhder Wlth Eoy=3to5 TeV?

* A significant step beyond the LHC/ILC for
precision measurements at high energies

— Complete study of the Higgs boson(s)?

— Supersymmetric spectra?
— Deeper probes of extra dimensions?
— New gauge bosons, excited quarks, leptons?

 More to add, whatever the LHC offers



If there 1s a 11ght nggs boson ...
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» Large cross section @ high energy

* Measure rare Higgs decays unobservable at
LHC or a lower-energy e" e collider .
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If there 1s a 11ght nggs boson ...
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» Large cross section @ h1gh energy

* Measure rare Higgs decays unobservable at
LHC or a lower-energy e" e collider

)

* Could measure the effective potential with
10% precision .
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If there 1s a 11ght nggs boson ..
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Large cross section @ hlgh energy

- Measure rare Higgs decays unobservable at '
LHC or a lower-energy e" e collider

* Could measure the effective potential with
10% precision

* Could search indirectly for accompanying
new physics up to 100 TeV

Could identify any heavier partners
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Do not assume that the Higgs 1s light
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Either

tell the Same StOI’Y? Anomaly Two 30 Anomalies | suistical
Genuine CL(Fi1t A) = (.02 | Fluctuation

_ . What most §
vlN Systgmaltic error

~ of us think
CL(Flt B) =0.17 Statistical

—  CL(Fit B") =0.067 Fluctuation
CL(A, ®A,) = 0.004

Ay Systematic error

Ay Anomaly
Genuine

B(m?lnrarlzlrlﬁll) .|& }T[AL]I & le[AH]

New

Physics

o -l e N
Y S N to Ingrease myy
af —]
CL(my; > 114) = 0.05 [Platstcal
1 — Fluctuation
| 1 1 | L1 ||| | 1 1 | | : SM

D 1 11
10 20 &0 100 200 500 1000 2000

my(GeV)

my, < 205 95%

L.\ __EuR B N



Leg = ﬁ%l\[ + Z

T W =, - "X 98 Corridor to
Precision EW data suggest they are small: ‘5 8 heavy Higgs?
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If the nggs boson 1s heavier ..
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Can establish its existence j Find resonance in strong
beyond any doubt if <1 TeV: =< - WW scattering if > 1 TeV: |
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When will the LHC discover the Higgs boson?
\

|
&

; 14
ot Coal
A -

—— 50 discovery

-
=

- = -« O5% C.L exclusion

Luminosity needed per experiment (fb ')

c
"y
&
3
L9
-
o
o
b
l

e 500 600 700 500900000
m“{ﬁn"v'fl::]




What is Supersymmetry (Susy)‘7

P NI
* The last undiscovered symmetry?

* Could unify matter and force particles |
Q|Boson > = |Fermion > |
Q| Fermion > = |Boson > H

» Relates particles of different spins
0O - » - 1 - 372 - 2

Higgs - Electron - Photon - Gravitino - Graviton

 [.inks fermions and bosons

Helps fix masses, unify fundamental forces

‘
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Other Reasons to like Susy
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Sparticles may not be very light
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Could complete the spectrum

Could make many novel, detailed
measurements

Cast light on mechanism of supersymmetry
breaking?

Open a window on string physics?
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and Other
Accelerators
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Nb. of Observable Particles
)

LHC almost
“guaranteed’

to discover
supersymmetry

if 1t 1s relevant

to the mass problem

LHC Scapabilities
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gluino === squarks

mm= sleptons

Post-WMAP Benchmarks
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CMSSM 3 TeV
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Implications of LHC Search for ILC ©

In CMSSM
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; Easily distinguishable
Mini-black hole at 3 TeV T 9 rom Standard Model
| background

sphericity
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Could measure Kaluza-Klein
excitations
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Direct-channel resonances =#.c = Angular distribution in graviton decay
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Squarks

Sleptons
Physics

N,ew gauge boson
Reaches |~

O f Excited quark q*
Various

Excited lepton 1*

Colliders

Two extra space
dimensions

Strong WLWL
scattering

Triple-gauge 0.00013  0.00008
Coupling(TGC)
(95%)
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Unique physics (@ energy frontier

» Beamstrahlung and backgrounds not .
insurmountable problems

* Can exploit fully high c.0.m. energy

* Added value for light Higgs, heavy Higgs,
supersymmetry, extra dimensions, ...
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Meta- Conclusmns “‘
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The LHC will deﬁne the future course of
high-energy physics

 All scenarios best explored by a high-
energy ¢ e collider

* Should have widest possible technology
choice when LHC results appear

* Determine feasibility of high gradient by

the end of this decade
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