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« Standard Model — works too well !

Some of the key open questions:

* The origin of Electroweak Symmetry breaking: The Higgs Mechanism?
How to stabilize the Higgs quantum corrections: Why v<<M,, ?

*= The nature of Dark Matter

*» The explanation for the observed matter-antimatter asymmetry

*x The connection of electroweak and strong interactions with gravity

Are there New Symmetries in Nature, as SUPERSYMMETRY, which can
provide the right answers?

Collider Experiments = Tevatron, LHC, ILC
+

==> our most robust handle to reveal the new physics
that should answer these questions




The Higgs Mechanism

omplex scalar doublet with no trivial quantum numbers under SU(2), x U(1)y

The Higgs field acquires a non-zero value to

Higgs vacuum condensate v = scale of EWSD

e Spontaneous breakdown of the symmetry generates 3 massless Goldstone bosons

which are absorbed to give mass to V =W, Z
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* interaction with gauge fields W= AAanae i W Avaoaone |

m%/ =gs vv /2 — v= 174 GeV 10
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Higgs neutral under strong and electromagnetic interactions = m- =0 mg =0
exact symmetry SU(3)c x SU(2);, xU(l)y = SUB)e xU(1l)em

* mass to fermions via Yukawa interactions

mf=9¢ frv

e One state left in the spectrum: HIGGS Boson with mass m? = 2\v?



The Flavor Structure in the SM

L=, pDy T p+ Y (' © he Hdl, + % b (oo H Jul, + h.c.)

In the mass eigenstate basis, the interactions of the Higgs field are also
flavor diagonal - ) )

dﬂ(ﬁli + hf;H)di'_ with ’ﬁli = h.iﬂ
Flavor Changing effects arise from charged currents, mixing left-handed
up and down quarks:

where

8L, Vi udL, W, + hc. Vexkm =U} Dy

 The CKM matrix is close to the identity ==> transitions between different




FC effects in B observables in the SM

Flavor eigenstates mix via weak interactions Wé w
Mass eigenstates: \ s — Voo )
B, = pr + qESO B, =p Bf B qESO b T Vs .
B, and B, differ from CP eigenstates: ucty tuct
q/p=e " with B =0(107) S ——5

M-iT/2 M, -il,/2
M., -il,/2 M-il/2

The B meson mass matrix M = I,<<M,
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BR(B, = u‘u-),, = (3.8=1.0) 10™ 1 1

* Present CDF limit: BR(B, = u'u-)<1. 107

C) Rare decay rate B — X,y

BR(B— Xy),, = (3.38 . 222y 107"

using Belle results ==> Neubert 05
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Flavor Beyond the Standard Model

dri (hif Hy + ki Hp ) dig

Both Higgs doublets acquire different v.e.v.’s and the mass matrix reads

== m = h':fl” + h’d o V2

Diagonalization of the mass matrix will not give diagonal Yukawa couplings
==> will induce large, usually unacceptable FCNC in the Higgs sector

Easiest solution: One Higgs doublet couples to down quarks and the other
couples to up quarks only

Supersymmetry, at tree level
L=V 1, (hgijHidg + hy i Hyug) + h.c.

S]nce 'r~ Upra ,J rlowm 5egror re rJJ igonalized Inaependently, the Higgs



The flavour problem in SUSY Theories

* Novel sfermion-gaugino-fermion interactions, e.g. for the down sector
— =~ _ Lo~ s~
dL,R A dL,R — dL,RDL,RDL,R)\’ dL,R

where DL,R come from the block diagonalization of the squark mass matrix

(~.*~.*) Q+V1h h, + D Vl(Ad—u*tan/B)hd d:
1(Ad —utan[a’)h; M}, +vihih, + D; | \d;

« The diagonal entries are 3x3 matrices with Mé, M; the soft SUSY
breaking mass matrices and the rest proportional to the Yukawa or 1
» The off diagonal matrices are proportional to the Yukawa and to the soft

@5 ho(AuHy — pHy )i + d; ha(AgH, — p*Hy)dg + h.c.




Minimal Flavor Violation (MFV)

DL,R = DL,R; UL,R = UL,R WH'

Hence, in the quark mass eigenbasis the
squark masses are block diagonal and the —> )
Only FC effects arise from charged currents Uy, Gy, b
via Vky a@s in the SM .

« Atloop level , FCNC generated by two main effects:
1) Both Higgs doublets couple to the up and down sectors
==> important effects in the B system at large tan beta

2) Soft SUSY breaking parameters obey Renormalization Group equations:

In both cases the effective coupling governing FCNC processes



enhanced loop corrections

to neutral Higgs-fermion couplings

The g factors correspond to the diagrams:




In terms of the mass eigenstates:

Ly = g(tan B - cbg*) d.M_,V'R'Vd, + gcbg*HRMddL +®%0h u, +he.
2 2

where M, M, are the physical quark mass matrices, h, =M «/E/v2
V is the physical CKM matrix and the matrix R:

R=1+ eotan/3+asytanﬁhu2

« Considering the squark masses flavour diagonal = R diagonal
Dependence on the SUSY parameters
20 uM

gy ~—= X ] — gluino contribution

2 2 2
31 max[m~,.,m~,.,M~
ai’ttaic e

g, = — higesino contribution




Flavor Conserving Non-Standard Higgs-fermion couplings

2 * * 2 K
Ly =V£2(tanﬁ o) — 0! ) A M, —d, +V£2c1>3 dM.d, +he.
R” =1+g,=1+A, VeI

2 Higgs SU(2) doublets ¢ and ¢, : after Higgs Mechanism
==> 5 physical states: 2 CP-even h,H with mixing angle O
1CP-odd A and a charged pair H~

such that : qblo =—sina h +cosa H +1sinff A and at large tanf, m, > m;™ :

qjg =cosah+sinaH - icosf A cosa =sinf; sina =-cosf

/ avp = Enpp = (1+Ab)V




« Enhanced couplings to b quarks and tau-leptons
« Considering value of running bottom mass and 3 quark colors

2
9+(1+A,)

BR(A —bb) =

9+(1+A,)

There may be a strong dependence on the parameters in the bb search
channel, which is strongly reduced in the tau-tau channel



Searches for Non-Standard Higgs bosons at the Tevatron
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B) In'the tau tauinclusive mode
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- Important reach in the large tanb-mA plane

- Softer dependence on SUSY parameters via radiative corrections




s Mediated FCNC in the down-quark sector

Lyene =dy (X5, ) dl ¢y + he. with [ = J

m,, h! T (xg - x; tan/a’)tan[a’
V(1+8(J) tan[g’)(1+ A, tanf)

*
3] 31
CKMVCKM

and (X;L)H =

" = ¢, in the case of universal soft SUSY squark mass parameters

X, ,X, are the components of the h, Hand A in ¢,,¢,
==> tanﬁ2 enhanced coupling for H/A or h/A, depending on value of m,

* Non- Minimal Flavor Violation, using the CKM matrix
Equivalent to allow for effects of RG evolution proportional toh h' in M

sH =S sgualks are not diagenalized by thersamemotation as: === qUarks
==>nduces FC inrtherleft-handed guark-squark-gluinervertex prop Ve




32 v 32
(am, ) o« ©2mlie BR(By — ') o

Negative sign with respect to SM

» SUSY contributions strongly correlated, and for universal squark masses

to maximize AM;_ for a given value of BR(Bg — u'u-) < minimize tanf (for fixed m , )

=> choose large, negative values of ¢, and ¢, (large implies u ~ M




« What can we learn from Bs-mixing?

How strong is the bound on ?

M, /Tan(P)= 10 GeV —
M, /Tan(B)= 20 GeV

{ M, /Tan(P)=30 GeV ----
] M, /Tan(B)=40 GeV - -

| My /Tan(B)=50 GeV - --
1 M, > 500 GeV [

| M,>1000GeV [
o < M,>2000GeV M
Q.001 Qa1 al

large € factors implies heavy squarks and trilinear terms

* For natural values of m,< 1000 GeV ==> largest contributions at most a few ps-1

SUSY

\AMBS

o 3ps~' = resolve the discrepancy between the SM and experiment

= imply that BR(By — u"u) should be at the Tevatron reach




Stop-Chargino Contributions to AMgs in MFV

e Light stops and charginos can give substantial contributions to AM, even for low
values of tan .

b, x* Sy
-~ Light stop scenario==> compatible
ti ! ti: L] ]
s, | | b, with Electroweak Baryogenesis
~ %
Y

e However these kinds of SUSY particle spectra
ex if SM CP phase is order «/3.

can also induce large contributions to

P =(2.282+0.014) 107
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Within this'scenario;, small values of mu (<250 GeV) are
strongly disfavour by bounds from Bs-mixing




Gluino Contributions to A M, for the Non
Miminal Flavor Violation

e In Non Minimal Flavor Violation the
gluino-quark-squark vertex is not diagonal

and so box diagrams with light gluinos and 2 T T T
sbottoms can give substantial contributions i
to AM; )
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e Generating these large contributions
needs extremely constrained SUSY

parameter region.
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—Lyy =Uy Py d, H + 0, Ppdy H + he.

l \ P =

\2 m, tan 8

J3
VCKM

v (1 + 88* tan/a’)

This type of corrections are most important in constraining new

physics from and










process pp — H/A — t't" => only small SUSY model dependence
M. Carena et al. hep-ph/0511023

- Higgs mediated FCNC can enhance the rare decay rate B, — u"u~ up to
levels accessible at the Tevatron => explores efficiently large tanf3 and M, region

Tevatron Higgs reach with 1fb-"

Miysy=1TeV |
X, = 2.4 TeV

M. Caren_a_ et al. hep-ph/0603106

----




The ILC will determine its properties with extreme detail, allowing to
compute which fraction of the total DM density of the universe it makes

D T ILC sensitivity to DM density
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« Direct Higgs search at LEP

with Hy, —bb,t'T; Z — qq, 11" vv inal LEP result, 200

« Constraints on My from precision tests of the SM
(accuracy at the per mille level) from CERN, Fermilab, SLAC

Although the Higgs boson has not been seen and its mass is unknown, it enters via
loop corrections in electroweak observables: particle masses, decay rates, etc

---Q--\ o--¢- -
wE iy Wt 70 ww&% Apn 70

All electroweak parameters have at most logarithmic dependence on m




SM express review on B, Mixing

Flavor eigenstates ==> mix via weak interactions
B(1)\ T Vewer
BX(1))

= Hy(t) () =

Mass eigenstates: B, , = pB’ + gB’

1+ &4 1-¢,

Pr 2(1+ 18, P) ! 201+ g, P)

With G2
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AMY™M oA V'V, (tan/a’4 /m3, H)

AMP" =17.34%05,

Upper bound on new physics contribution based on CDF measurement:
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