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e Flavor Issue in Supersymmetry ==

-- tanfenhanced loop corrections to neutral Higgs-fermion couplings
==> Flavor conserving processes :
Non-Standard MSSM Higgs production at the Tevatron and LHC
==> Flavor Changing Neutral Currents (FCNC)

B, Mixing and the rare decay rate B, — u'u

-- Loop FC effects in the Charged Higgs-fermion couplings
==>BR(b — s7) and BR(B, — tv)
==> Probing SUSY parameters through B and Higgs
Physics at the Tevatron and LHC

e Other Examples ==> MFV from GUT’s and General Flavor SUSY Models




« Standard Model — works 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,,?

*x The nature of Dark Matter

*» The explanation for the observed matter-antimatter asymmetry

*» The connection of electroweak and strong interactions with gravity

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

Collider Experiments == Tevatron, LHC, ILC
+

==> our most promising avenues to discover the new physics
that will answer these questions




The Higgs Mechanism

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

The Higgs field acquires a non-zero value to
minimize its energy:

V(qﬁ) — _m2¢2 i %¢4

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, 7

. . . 17+ 17+ X7+ 17+
* interaction with gauge fields W= A"Ane i W+ Ao |l

-~ g-——-——

m%/ =gs vy v/2 — v= 174 GeV

ho

Higgs neutral under strong and electromagnetic interactions = m- =0 mg =0
exact symmetry SU(3)c x SU(2);, xU(l)y = SUB)c xU(1)em

* mass to fermions via Yukawa interactions

mf =9 ff v

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



The Flavor Structure in the SM

£=Z@ER'D Yo R-I—Z( 2+ Ut h (ng"‘)u +hc)

In the mass eigenstate basis, the interactions of the Higgs field are also
flavor diagonal Ji(ﬁli + ﬁiﬂ)dﬁ with  7h; = ﬁ'iﬂ

Flavor Changing effects arise from charged currents, which mix left-nanded up and
down quarks:

h
LV udr W +he. "0 Vexkm =UlDyL

« The CKM matrix is almost the identity ==> transitions between different flavors




FC effects in B observables in the SM

: L : : w* w-
Flavor eigenstates mix via weak interactions
. \ s - —— - b
Mass eigenstates: Vi

B, =pB+qB’ B, =pB’-qB,

B,, and B, differ from CP eigenstates:
q/p=e "’ with B = 0(10'2)

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

The B meson mass matrix A =| | ;
M, —il, /2 M-iT/2




Using ratio

v

Ms — mﬂs fﬂiBﬂs ‘I;IS
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Am,  my, fzBy, |V;d‘2

Minimize QCD lattice
uncertainty providing a

measurement of |V, |/|V.,|

* SM fit;
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s
MW

BR(B, = u'u-),, ~ (3.8+1.0) x 10~ . ,
e Present CDF limitt BR(B, = u*u-)<1.10"

C) Rare decay rate B — Xy

BR(B — XS)’)E o18Gev = (3.38 +(;)le +03302) 10™



BR(B, — 1v)™" =

107}

2
G.m,m

m
Tt
1_2

ALEPH

) FAV,[ T, =(1.59£0.40) x107*

In agreement with SM
within errors



Flavor Beyond the Standard Model

ER,,-(th ¢, + hg,z 0,) dL,j

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

==> i i
m,; = hd,1V1 + hd,2V2

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 only to down quarks and the other
couples to up quarks only

Supersymmetry, at tree level

~-L = q_)lf(hgqbldé + hgqbzu,ﬁ) + h.c.




The flavor problem in SUSY Theories

* Novel sfermion-ggjgino-fermion interactions, e.g. for the down sector

707 7 J + "7 =U"
dL,R )"dL,R — dL,RDL,RDL,R}\‘ dL,R Irecall VCKM ULDLI

where l~)L » come from the block diagonalization of the squark mass matrix

apay) [ it Do e (i
CTET v (A - wtanB)hy MR+ ViR, +D; ) \d

- The diagonal entries are 3x3 matrices with M é, Mlz) 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 SUSY




Minimal Flavor Violation (MFV)

N — N A WH"
DL,R - DL,R’ UL,R - UL,R i s
Hence, in the quark mass eigenbasis the only q Xi d
FC effects arise from charged currents via V-«
as in the SM . Y f st
X .
d " s

« 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:
given their values at the SUSY scale, they change significantly at low energies

In both cases the effective coupling governing FCNC processes



enhanced loop corrections
to neutral Higgs-fermion couplings

L, - ggﬁd[(pf* + 90 (8 + §Yﬁ;ﬁu)]dz + ¢°Th u® + he.

The € factors correspond to the diagrams:

l00p Tactors are intimately connected to the ass Structure of
Sguark mass; matrices




In terms of the quark mass eigenstates:

L, - Vlz(tan B — ! ) dM,[VR'V]d, + Vlzcbg dMd, +DE,h u, +he.

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

2

R=1+ ¢gtanf + ¢, tanfh
« Considering the squark masses flavour diagonal = R diagonal

Dependence on the SUSY parameters

. 2a uM; . o
€y = = . . : ——7 —> gluino contribution
7T
maX[mgl,.,mjé,Mg]
uA,

£, = — higgsino contribution




Flavor Conserving Higgs-fermion couplings

cpg*)aRM Rl d + Lol dM,d, + he.

\ R” =1+¢,tanfB = 1+‘

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

_ _1 0" _
Le 7V, (tan p P,

0 . . .
such that : |¢; =-sinah+cosaH +isinff A and at large tanf, m, > m™ :
¢y =cosah+sina H - icosf A cosa ~sinf; sina ~-cosfs
0 HexiAssing ¢ -cosB¢;
m, tan 3

_ mytanf

gAbb = gbe = (1 A )

Vdod, + hec.




Non-Standard Higgs Production at the Tevatron and LHC

Enhanceal couplings to b quarks and tau-leptons

considering value of running bottom mass and 3 quark colors

BR(A — bb) =
( ) 9+(1+Ab)2




Searches for Non-Standard Higgs bosons at the Tevatron

Stop mixing param.: X, = A, — u/tan 3
pp —>bbp, ¢ — bb |= based on DO —200pb’
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M. C. et al. hep-ph/0511023

* Important reach for large tanb, small m,

» Weaker dependence on SUSY parameters via radiative corrections

200




Lyene = di(X5) i ¢+ he. withi=j ¢, =hH,A

s i Mg, hi(E) s i sy
and (X3,)" = v(1+e)tanB)(1+A,)

k
3j 3
ckm Y kM

Example: case of universal soft SUSY squark mass parameters

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

Ji

IS=Hsguaiiksiare not diagenalized by thersameotaten as L= quUaliks
==>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(B)= 10 GeV —
M, /Tan(P)= 20 GeV

7w
g" 7 ] My/Tan(P)=30 GeV -~
2 o 27 T | MafTan(B)=40 GeV -~
e C T | | My/Tan(B)=50 GeV -~
A ; " - i ; M, > 500 GeV ]
<] - ] M, > 1000 GeV ]
— = < M, > 2000 GeV ]
al . U U U S ' ) . / \
0001 001 ' a1 o
BR(B, = ) x 10 6 CDF limit

large € factors implies heavy squark mass 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 .

G
b X S,
tii tl:
SL : : by
;:l:

e However these kinds of SUSY particle spectra can also induce large contributions to

ex if SM CP phase is order «/3.
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Within this'scenario;, small values of mu (<250 GeV) are

strongly distavor'by bounds from Bs-mixing




~Ly, =u) Py, d, H +u/ Py dy H + hc.

l \ Pl =

\2 m, tan 8

3
Vexm

v (1 + 88* tan/a’)

This type of corrections are most important in constraining new

physics from and




Important SUSY contributions to [20:kxdP:. %9,

UA, tanfSm,
(1+A,)

w Ab—sy) . h; flm; ,m; ,ul V,

;‘S) » Charged Higgs amplitude
Iy y in the large tanb limit
P IPL? (h, —Oh tanf3) m
— — = A(b — r Y'Y b
s, H b, (b—sy),. « (1+4,) glm,,m .1V,

with &h, = h, (e, - &,h7) < h, 2
R4

uM

NO constraint on tanb-ma plane from




BR(B; — " ") = |uA,| = Experimental bound ==> small u and X, <500 GeV

Small <0 ==> =constant H" and enhanced negative y* -t contributions to BR(b — sy)

— +r~ — Tevatron Higgs reach with 1fb-?
pp>H/IA—=T7T = M. C. et al. hep-ph/0603106
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Tevatron Non-Standard Higgs searches at small X,

« Mild constraints from BR( —sy) if large u M >0
BUT, important constraint from recent measurement of [BREBISSEV)

e m, | tanpB’
m . |(1+A,)

pp — H/A — 7't = Tevatron Higgs reach with 1fb-"

BR(B, — )"
BR(B, — )"

BR(B, — tv)™"
BR(B, — tv)*"

=0.67"5

M. C. et al. hep-ph/0603106
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LHC Non-Standard Higgs searches
in the large to moderate X, region

 For small stop mixing parameter X, and sizeable mu, H/A Higgs searches
can make discoveries in a very large region of parameter space

pp — H/A — "t with 30 fb™' at the LHC

&y &
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MFV Models with Grand Unification

-- Non-universal squark and trilinear mass parameters

Includes contraints from b —sy,(g -2) ,, Qpy,
and direct searches from colliders
Lunghi, Vives, Porod, hep-ph/0605177

1 >0, MFV

BR(Bs—pup) ,

-8t

Large contributions to Bs-mixing strongly constrained by



General Flavor Violation Models in SUSY (GFVM)

R SR
.. h b pid Sy h . il x b
d \Y 2 ij 2 iio 2 ji oot as 7 Qg
=(m m m = X
(6RR ) (1 ) (M gg )" (M g ) ¢
b sg b SR
1 : J.l Folstelr, I$ C?kulmulra, .L' I?loslzktl)wslki g20I06) 1 J. Foster, K. Okumura, L. Roszkowski (2006) ~mb Ey ~ mb5 RRERR

Tevatron measurement
of BR(B,— u'u)

==> RR insertions are
forbidden or, A,and/or
tanb must be very small
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Dark Matter: one of the fundamental open questions

==> it demands new physics and it may be intimately related to EWSB

» Most suitable candidates beyond the Standard Model:

==> Weakly interacting particles (WIMPS) with masses and interaction cross
sections of order of the electroweak scale

SUSY with R-parity discrete symmetry conserved R, =(-1)"""**

~0
==> naturally provides a neutral stable DM candidate: LSP ==> X

 Collider experiments will find evidence of DM through E, signature

and knowledge of new physics particle masses and couplings will allow to compute

[ YN

But only Direct Detection Experiments will confirm

the existence of Dark Matter particles



Direct Detection of WIMPs

q
Main Ingredients to calculate signal: //\\

Local density & velocity distribution of WIMPs and O,,,, q q
==> rate per unit time, per unit detector material mass

R = ENi 77X<Uix> — ™ Scattering Cross section off nuclei
i + averaged over relative wimp velocity

Number of target nuclei in local WIMP density
the detector prop.to
Detector mass/Atomic mass

S S
() Nucleus -’

Direct detection has two big uncertainties:

[ R R -



Neutralino Elastic Scattering Cross Section -- CDMS Reach

|_> o, <107 pb

==> dominated by t-channel exchange of
H and h, coupling to strange quarks
and to gluons via bottom loops

v

tan 8 enhanced couplings

Bino-like Neutralino example:

are within FE/E rrom reacn,
reach ofi CbVIS

at the re




CDMS DM searches Vs the Tevatron H/A searches

i the lightest neutralino makes up the DIVifof the universe

Tevatron, unless the neutralino has a large higgsino component = i >> M,

==> a positive signal at CDMS will be very encouraging for Higgs searches

==>Evidence for H/A at the Tevatron without a CDMS signal would suggest
a large value of U

Tevatron reach in pp — A/H = 71 2007 Projection
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Direct Detection and Collider Searches

Constrained H/A discovery potential at the Tevatron (4 fb!)
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The ILC will determine its properties extremely accurately, 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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However, it imposes strict constraints on General Flavor Violation SUSY Models.

» The AM; and BR(B, — tv) =20 “discrepancy” between theory and experiment
can be accomodated in MFV via large tanb effects, and can be probed by
improving the reach on BR(B, — u'u-)
« Non-Standard MSSM Higgs searches at the Tevatron are highly constrained ---
-- for large stop mixing ==> from B physics measurements
-- for small higgsino mass parameter ==> from Direct DM detection searches

« Small stop mixing (Xt=0) and large Higgsino mass parameter 4 are promising
for the Tevatron ==> has sensitivity to discover all 3 MSSM neutral Higgs bosons

* Discovery of H/A at the Tevatron together with discovery at CDMS will shed light
to the composition of SUSY DM.




