PSR TeV RGeS

(b7 K 224 FE AT 5 PIT)




Outline

—. BAATLER g sk AR

—. HHrBT T g

=. MR — 22 A8
0. /NgE

N




—. BN P sE R R
1. E#HALLTHFARRBILTFALH], jl:jt%ﬁi?i“‘
%fEH%&Eﬁ%%ﬁ%&}ﬁ&ﬁﬁ A B8 R S AE B N T R OK
R XTI RN R RS — A D S
X AR % ﬁﬁmﬁn éﬁMﬂﬁﬁiﬁn@ﬁ
VFTJ‘_A%% Tﬁ%ﬁ” R AR . RITKBIR .
BRIk, R IR,
2. HEifETeVaE x? F it 53 T AE o BAMTLIR I G T

FEAE A
RSP AE H R
5K RGBT HIE €S
A 7 A

e



—. BRI

BAEGR N NI RE T EEBIRA RGN, AR
WG 1005, EATILEKER 73 A R AE [E i 25 44
AT L, B N5 HERL10007X.

» Top SHYH

» Higgs 73

o SUSY MEZRZ RILTFEASSRerr B B [ & ¥
DY,

e Extra Dimensions F Little Higgs # &I MES 2

= &b A

1 H

\V,

- AH}'

TR 4

N OC DA

)V E

[ ) '\

’ =<



- In 2 years from now, particle physics will enter a new epoch,
hopefully the most glorious and fruitful of its history.

- Indeed, the hierarchy problem motivates strongly
New Physics at the TeV scale

» The LHC will explore this scale in detail with direct discovery
potential up to m = 5-6 TeV hep-ph/070701
— if New Physics is there,
the LHC will find it
— it will say final word about
many TeV-scale predictions
— it will tell us which are
the right questions to ask,
and how to go on

F. Gianotti, Lepton-Photon 2005
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new TeV scale physics




We need the ILC n addition to the LHC n any case:

Higgs? . > SUSY? .
® @

Measure as many parameters as possible

ILC fills LHC loopholes Extrapolation to GUT scale shows way
_ , to breaking mechanism
ILC can see signals of SEWSB .
» Measure properties of dark matter
ILC sensitive to new gauge sector with high precision
To . vy
P Higgs properties guide way
. to model of EWSB
Several models have additional
\ cauge bosons (ED, little Higgs)

Precision mass &
ew couplings

Lepton Photon Svmposium 2005 31 Klaus Ménig




Higgs Physics and Electroweak Symmetry Breaking

e [f a roughly SM like Higgs exists LHC will find 1t
e However [LC has still a lot to do to figure out the exact model and to

measure its parameters

1 doublet 2 doublets 2doublets+x

SM 2HDM NMSSM
little Higgs MSSM XMSSM

mixed with
Radion

Composite Higgs (Technicolour)
Special role of top quark
(little Higgs, top—colour)
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Outlining the Top Quark Profile

W helicity

*  Precision measurements of top quark
properties crucial in order to unveil its

true nature.
Top Width
1 Ancmalous
- Experimental information from: Production Top Spin { Couplings

» Indirect constraints from precision | Sress-section I. _ |
measurements (b—Sy, Top Charge CP violation
electroweak observables); Resonant

« Direct ssarches for non-SM production
production mechanisms (LEF,
HERA);

_ Froduction
«  Direct measurements at present kinematics

( Tevatron) and future (LHC, LC)
accelerators.

Top Spin
Polarizaticn

«  Tevatron: curmently world's only source q
of top quarks. !
_ Rare/non SM Decays f’ W (
. Lange top samples in Bun |l allow the
Tevatron experiments to make the _ _ \—.
transition from the discovery phase to a Branching Ratios q

phase of precision measureaments of
top quark properties. | Vil
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Many New Models...Hot Area of Research

Supersymmetry

— Trusty standard
— NMSSM, MSSM with CP violation. ...

Little Higgs
— Higgs 15 pseudo Goldstone boson

Fat Higgs, Composite Higgs. . ...

Extra dimensions

— Higgs 1s component of gauge field in extra dimension

— Higgsless: Symmetry breaking from boundary conditions
Strong electroweak symmetry breaking

— Technicolor, top-color
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Explicit CP Violation in the MSSM

o The neutral component of two Higgs doublet
1 () Y i -
Hl =7 (01 +iay); HY = f/? (o + iaz).
o [he Higgs effective potential:

1 1 -
VHiggs = Em% ((,f)% -+ 3%) -+ Em% ((f)% + 3%)

— |My» ((:7)1(5)2 — 3132) COS(.E:' + 912)
g%
— |mi> ((,-‘)182 + dpar)sin(& + 312) + gﬁ




Explicit CP Violation in the MSSM ... continued

@ [hrough the Yukawa couplings, the masses of the top and
bottom quarks:

=2l (R aR):  mE= I (3 + ).

2+ m? =4 (62— 5) D —hy (A7 (H)" + M)
—h, [Ang + p* (H? *] m%r + m? _ ‘%ED }
\

[ miAmid (82 +5) D —hy [Ay (HD) + )
—hy [ApH} + 1 (H3)"] m2 + m} + £5D



Explicit CP Violation in the MSSM ... continued

@ [he mass matrices can be diagonalized by the unitary
matrices RY for specific flavor:

2
i amas [ mE 0
R,q.:\/ta(R.q)T_( ; mﬁz) (3)

Then we can solve the mass eigenvalues.

o [hrough the first and the second derivatives of the potential,
we can express ms, ms and m3,sin(¢ + 65) as the function of
the vacuum expectation values.

o We find that the state G° = ay cos 3 — apsin /3 is massless.
The squared mass matrix Vl;{, is left for the three states
a=aysin/d+ aycos 3, o1 and 0.



Explicit CP Violation in the MSSM ... continued

The a-a element of the squared mass matrix is

<
™
——
by
||
3
o
_+_
()]
e N
1=
)
3
~ N
biY
)
TR
>
~IPND

where A? _ Sm(Acpe’) A — "3‘111(Ab;¢e‘~).

m- —m: T b T m? —m?

t t1
Other elements will not be shown here. Diagonalizing the squared

mass matrix, we get the mass eigenstates of the Higgs bosons hy,
ha and h3, satistying mp, < mp, < mp,.

7 2 2 2 2
(.)."'\/IH(.)T = (mhl. mh2. mh3).

They are generally different from the CP eigenstates (ho, HY, AO).



Explicit CP Violation in the MSSM .. continued

Through a rotation we can relate them

hl oF
hy | =01 o (4)
h3 a

Finally because the loop corrections do not change the mixing
relation between ¢y and ¢», we can get

hy —sina cosa 0 ho
hy | =0\ cosa sina O HO (5)
hs 0 0 1 A



Modifying the MSSM: NMSSM
Simplest modification of MSSM: add Higgs singlet S

Superpotential W = iH,H,5+ =5
— A<S>=H;H> naturally generates nH;H term
At tree level, lightest Higgs mass bound becomes:

Assume couplings perturbative to Mgyt
— Mg < 150 GeV with singlet Higgs
Phenomenology very different from MSSM



NMSSM Higgs Mass Spectrum

Typical Scenario:

2000
1800
~ 1600

1400 F
21200 f

PO sfighlly broken
— CP even
- - - - CPodd
~a=s-e Charged

- =

0 500

1500 2000
M, (GeV)

10

2500 3000
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Very different from MSSM!
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Ellwanger, Gunion, Hugonie, hep-ph/0503203
miller, Nevzorov, ferwas, hep-phf0304049
Choil, Miller, Zerwas, hep-ph/0407208
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Higgslessti A o B yE 3% £ 1 KK B 7= A2
A. Birkedal, et al., Phys. Rev.Lett 94 (2005) 191803
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