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pen Questions éyd the
Standard Model

. —

K What 1s the orlgm of partlcle masses‘7
due to a Higgs boson? + other physics?

2 *| « Unification of the fundamental forces?

at very high energy ~ 101 GeV?

* * Quantum theory of gravity?
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The Physws Case for the LC
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iff‘fw; £l e The LHC W111 make the first exploratlon of

B the TeV energy range
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" » The LC will add value

ot
& 3 4

"« How sure can we be?
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Higgs probability distribution: . . é“ez,
combining direct,
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- direct information How soon will the Higgs be found? ...
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« Higgs field: ~+ Fermion-antifermion
<O[H|0> =/= 0 -5'_;-'_3 condensate

» Problems with loops Just like QCD, BCS

o superconductivity

Top-antitop condensate?
needed m, > 200 GeV

(200 GeV) > % N cW fOI‘C C ?

cauge  higes

e Cut-off A ~1 TeV with

inconsistent with £
precision electroweak data? |




Theonsts gettmg Cold Feet
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. Interpretatlon of EW data?
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- - Little Higgs models
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|« Higgsless models
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What attltude towards LEP NuTeV‘?

Do all the data
tell the same story?

Either )
e Two 30 Anomalies | suistical

Genuine CL(Fi1t A) = (.02 | Fluctuation
Ay Anomaly What 10010 St

vN Systgmatic error

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

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

Ay Systematic error

Genuine
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_ — > _ are possible: m;; EE&
Orr = (Ir0°L) 8.2 8.8 ldbe | o
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Embed SM 1n larger éauge group -

Higgs as pseudo-Goldstone boson
Cancel top loog

A

OMy 1op(SM) ~ (115GeV)? |_LHH( v/

New gauge osons, 1ggse< M <2 TeV (m, /200 GeV)?
My < 6 TeV (m, / 200 GeV)?

MH . <10TeV
thSICS heavy Not as complete as susy: more physics > 10 TeV

Higgs light, other new




Supersymmetry

UV completion ?

sigma model cut-off

colored fermion related to top quark
new gauge bosons related to SU(2)

new scalars related to Higes

1 or 2 Higgs doublets,
possibly more scalars
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Higgsless Models

; m

# A

Four-dimensional versions:

e —— -‘-“‘

"~ . Break EW symmetry by boundary conditions in extra
*  dimension:

 Warped extra dimension + brane kinetic terms?
Lightest KK mode @ 300 GeV, strong WW @ 6-7 TeV
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Vs=3000 CeV | &

Larger cross section @ 3 TeV
Vs= 500 GeV ]
can measure rare decay modes |

Vs= 350 GeV]
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Light Higgs @ low-energy LC |
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Large cross section . .
S Accuracy in measurement of HHH coupling

for HH pair production
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TeV

LC-0.8 CLIC-3 CLIC-5
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TeV
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@ 800 GeV Lc g
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Form factor measurements
@ 500 GeV LC
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Resonance parameters @ 500 GeV LC |
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Can establish its existence » A Find resonance in strong |
beyond any doubt if <1 TeV: SE_e=Sy WW scattering if > 1 TeV: 8
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__ Epg m, = 176 &V
e -
k. a (M) = 0.118

[ ab™, P=0.8,
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Why Supersymmetry (Susy)?
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(mp ~ 101 GeV is scale of gravity)
||+ Alternatively, why is

Gp =1/ my? >> Gy = 1/mp? ?
| * Or, why 1s
V coutomb >~ Viewton ¢ €* >> G m* =m?*/ mp?
L ~ * Set by hand? What about loop corrections?
L Sy, w2 = O(o/m) A2

g
L™

- |* Need |mg?-—mg? <1 TeV?
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It enables the gauge couplings to unify

: b—

[t stabilizes the Higgs potential for low masses ¢
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Lines in
Susy space
allowed by

Specific
benchmark

m, (GeV)
m, (GeV)

accelerators, P . j il Points al(?ng |
WMAP data AL | WMAP lines @
e \

-

T T T b T T T T
1000 1000 2000 2500 [

my, (GeV) my, (GeV) ‘ % i --:\
AN L g S - L s .

LHC tan EI =10 f'af =, 02 F
I cluino B squarks I sleptons I X H g
3
l;? ol

\L LHC enables 2
Detectability s calculation gl

@ LHC of relic "
along one ' density at a
WMAP line benchmark

il | POINt AN W E——
«d Can be refined with LC measurements

175

Sparticle

Nb. of Observable Ptes.

075




LHC almost
"guaranteed’

to discover
supersymmetry

if 1t 1s relevant

to the mass problem

. of Observable Particles

LC oberves
complementary
sparticles
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Complementary to LHC: weakly-interacting sparticles é
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700

Spectrum of
Benchmark SPS1a
~ Point B of
Battaglia et al

Several sparticles
at 500 GeV LC,
more at 1000 GeV,

some need higher E
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LHC &
LC/GigaZ

For gauge couplings

For sparticle masses
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Lines in
Susy space
allowed by
accelerators,
WMAP data

Sparticle
detectability
Along one
WMAP line

of Observable Ptes.
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Fine-tuning of EW scale
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Scatter plot of two
lightest observable
sparticles: NSP, NNSP
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Density below
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Decays do not affect
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See "all’ sparticles: measure heavier ones better than LHC
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Can measure smuon Can measure

decay spectrum « sparticle masses 'v"& ‘bﬁ Dh
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Accuracy in measuring
sparticle masses squared

700

800
Can test unification 500

of sparticle masses — P
probe of string models? Fa
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If not supersymmetry, what ?

- Suggested by Kaluza and Klein
to unify gravity and electromagnetism

- Required for consistency of string theory
) MPLE = Mp" 2 R

| |
Sope . ) atlarge distance n, B = number and size

- Could help unify strong, weak and T of exra-dimensions
electromagnetic forces with gravity if >>lp  EEEEIINIIERIE

n=1 R=10"m — excluded by macroscopic gravity
n=2 R=07mm — limit ol small- scale gravity experiments

- Could be origin of supersymmetry breaking [N [

A gravity scale as low as ~ | TeV is possible,

provided that there exist n additional dimensions
- Enable Of the t-.'iﬂu n =2 compactified over R < mm
hierarchy problem




In Radall—Sundrum model
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More degenerate

Spectrum like supersymmetry: £
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Process LHC LC SLHC CLIC 3, 5 TeV

Squarks 2.5 3 1.5 2.5
Sleptons

New gauge boson
Zl

Excited quark q*

Provides
Many

Precision 3
Two extra space :
dimensions measurements \

Excited lepton 1*

Strong WLWL
scattering

Triple-gauge 0.0006  0.00013 0.00008

Coupling(TGC)

(95%) e Y !
Integrated luminosities used are 100 fb-1 for the LHC, 500 fb-1 for the 800 GeV LC, and 1000 fb-
1 for the SLHC and CLIC. Most numbers given are TeV, but for strong WLWL scattering the
numbers of standard deviations, and pure numbers for the triple gauge coupling (TGCO).
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* Break supersymmetry by boundary conditions
in extra dimension
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