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Maximal mixing corresponds to choosing the MSSM Higgs parameters

in such a way that my is maximized (for a fixed tan ). This occurs

for X;/Mg ~ 2. As tan 8 varies, my reaches is maximal value,

(mp) max =~ 130 GeV, for tan B > 1 and m 4 > my.
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recent calculation including new 2-loop contributions (Brignole et al.)



LEP 88-209 GeV Preliminary
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Present status of the LEP Higgs Search [95% CL limits]

e Standard Model Higgs boson: mj; > 114.6 GeV
e Charged Higgs boson: mg+ > 78.6 GeV

e MSSM Higgs: my > 91.0 GeV; m4 > 91.9 GeV

At large tan 8, supersymmetric radiative corrections can also
have a significant impact on the Higgs branching ratios.
Example: the dominant decay mode h — bb is suppressed in

some regions of MSSM Higgs parameter space.
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‘ The supersymmetric see-saw I

In the R-Parity-Conserving (RPC) MSSM:

o [ — (_1)3(B—L)+QS
e The LSP is stable

e Neutrinos are massless

To obtain neutrino masses consistent with RPC, one must
violate L by two units. The simplest model is the

supersymmetric extension of the seesaw.

One-generation model

AAAAA

Veott 2 m3 7 +m%iN*N+ {AAVH{}&N* + MBNyNN + h.c.}

After EWSB, (HY) = vi/V/2, with tan 3 = v, /vg, one

obtains the usual seesaw result:
0 mp
mp M

where mp = Av,. Thus, taking mp < M, m, ~ m% /M.



The sneutrino masses are obtained by diagonalizing a 4 x 4
squared-mass matrix. Here, it is convenient to define:

U= (n + i) /v2 and N = (N} + iN2) /2.

Then, the squared-sneutrino mass matrix (M?) separates
into CP-even and CP-odd blocks:

M2 0 b
M =3(n @)( 0 M%)<¢:)’

where ¢; = (7 NZ) and M?Z. consist of the following
2 x 2 blocks:

(m%—i—%m%cosZﬁ—l—m% mplA, — pcot 5+ M] )
mpl|A, — pcot B+ M] M2_|_m%—|—m?§,:|:ZBNM '

To first order in 1/M, the two light sneutrino eigenstates

are 1 and 15, with corresponding squared masses:

2

< 2 1
V1,2

_ 2 1 2
mg, , = ms + 5my cos 20 F Am;,

2 _ 2 2 " 2 — 90 Agm-
where Amg =mz; —mg . Writing Am3 = 2mzAmg,

Amg  2(A, — pcot 8 — By)
r, = ~
my, myg




Three-generation model

In the three-generation model, one can choose various
alternatives depending on the number of singlet superfields

N. Suppose that there are n, SM generations.

e |f there is only one N superfield, then

M = (<m(;>z- (mﬂj)j> ’

where (mp); = \;v, [¢ labels generation], which yields
(at tree-level) n, — 1 massless neutrinos and one light

neutrino with mass m, = >_ [(mp):]*.

o |f there are n, singlets ]\Afz-, then

M = ((m(l)))ij (ﬂzz)%> ’

where (mp);; = Ai;vy, Which yields (at tree-level) n,
light neutrinos with nonzero mass. In this case, all light

neutrinos have mass, since det My = (det mp)? # 0.

In all cases, if the unperturbed (M — oc) sneutrino masses

are non-degenerate, then (Amg), # 0 for allk =1,...,n,.



‘ R Parity Violating Models I

e In a general R-Parity-Violating (RPV) model, both L and

B are violated. The corresponding superpotential is

AN .

W = e [—Maiéﬁi + $Aapm Lol B + Nopm LoQ3 D
_hnmﬁ]&@%[ym] + ()\B)pnmﬁpﬁnﬁma

where o, 3 =0,...,3; m, n, p=1,2,3 and Lo = Hp.

The RPC model is equivalent to introducing a Z, matter
parity. To avoid fast proton decay in the RPV model, one
may introduce a Zg triality, which conserves B. This is
the unique choice for a (generation independent) discrete
symmetry with no discrete gauge anomalies in a model

consisting only of the MSSM superfields. [Ibanez, Ross]

Matter discrete symmetries
symmetry Q. U, D, L, E, Hy Hp
Z- -1 -1 -1 -1 -1 +1 +1

Zs w ow w41 41 41 41
im/3

Note: w=e¢e¢



‘ The B-conserving RPV model |

Hp and L; are indistinguishable Y = —1 weak doublets
e Neutrinos mix with neutralinos =— m, #0

e Sneutrinos mix with Higgs bosons =— Amg; #0

Amg: sneutrino—antisneutrino mass-splitting

A

Denote Hp by Lg (ﬁz — f)a a=0,1,2,3)

(MSSM)r (MSSM)g
MI:]D]:IU MaﬁaﬁU

W Hip L, B Nkl o
hﬁﬁDQg‘f?k A;jkiac?jﬁk
bHpHy; boLoHy
angDijEk aagkiaigﬁk
aﬁ;HDijjk agjkiaéjﬁk
M3HLHp + (M2);;L1L, (M2)apLl,Lg
Vd Vo

We define: 03 =>"v2, p*=>p2, b*=> 02
and v =02 4+ v5 = (246 GeV)?,  tanf = v, /vq
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‘ Neutrino masses: Tree level I

In the {B, W3, hyy, 4} basis the 7 x 7 mass matrix, M ™ is

M, 0 M7 S Uy [V —mzswvg/v\
0 M, —MzCw U, /U  MzCwvg/v
MZSWUL/V  —MzCwUy /v 0 o
—MzSWVa/V  MzCwv /v Loy 0ag )

Two zero eigenvalues: two massless neutrinos

Five non-zero eigenvalues: four ¥” and one v
Iar(n) _ 2 2 2 218 o 712
det’ M™ = m?2 M5 cos® B |0 x i

sin®é = |0 x fi]> =1 — (0 - 1)% measures the alignment of
Vo and piq
 det’ M ™) _ mGpMscos® B sin® &

my = — :
det M(gn) m2ZM§ sin208 — My Mspu

~ mysin® ¢

where M5 = M, cos? Oy + Mo sin? Oy .

At tree level, m, # 0 <= sin& # 0



‘ Neutrino masses: Loop effects |

Contributions at one loop:

e Lepton—slepton loops and down type quark—squark loops.
Proportional to trilinear lepton number violating

Interactions

¢ ordy,
Um ) Um
¢, ord,

e Sneutrino and neutralinos loops. Proportional to
sneutrino—antisneutrino mass splitting. Exist in any
model with lepton number violation

Un

—



Fermion—sfermion loops

The lepton-slepton loop contribution is:

1 , M?

e,p p2
1 m2
—— AgtpAmpt—
167’(’ qglp \mpkl i

since sin 2¢ In(M3, /M72,) o< my.

The down-type quark-squark loops are similar

2

3 m
(@) 1oy g
(ml/)qm 167T2 qgdr”‘mrd M

The dominant loops are with 7 leptons and b quarks.

General structure of the one-loop mass:

(m,,)Y) ~ (loop factor) x (RPV Yukawas) x A2



Sneutrino—neutralinos loops

92Amﬁ

(1) — NZ:12 ~ 1073 A~
my, 3272 cos? Oy zj: (i)l Z;z| mp

where f(y;) = \/y;[y; — 1 —In(y;)] /(1 — y;)*, Z;

projects out the Z eigenstate from X7, and y; = Mg/M?(O
J
This contribution exists in any model. [Y. Grossman and

H.E. Haber] The general structure of the one-loop mass:
(my,) ™) ~ (loop factor) x (RPV parameters)

If the sizes of the RPV parameters that enter here are
roughly the same as the RPV Yukawas that contribute to
(my,)F), then we would expect (m,)”) to be the dominant

one-loop contribution to the neutrino mass

(m,,)(ﬁ)
5
(m,, ) () )\f

where \¢ is a down-type Higgs-fermion Yukawa coupling.



Sneutrino—antisneutrino
mass splittings

In L-violating RPV models, AL = 1 interactions (acting
twice) yield both AL = 2 neutrino masses and
sneutrino—antisneutrino mass splitting. The latter arises as

a consequence of a squared-mass term: m3;_,0U +h.c.

One expects

e Large (~ myz) AL = 0 SUSY breaking mass

e Small (~m,) AL =2 "Majorana” mass

The sneutrino squared-mass matrix is schematically

This results in sneutrino—antisneutrino mixing and small

mass splitting of order Am; ~ m,,.
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Unconstrained Low-Energy
SUSY is not Viable

e No conservation of lepton numbers L., L, and L,
e Unsuppressed flavor-changing neutral-currents

e New sources of CP-violation in conflict with experimental

g

constraints |
The MSSM is a phenomenologically viable theory only in
tiny “exceptional” regions of the full parameter space. That
Is, there needs to be many a priori unexplained small (soft-
SUSY-breaking) parameters in the model.

In the bottom-up approach, one attempts to assess the
viable parameter regimes and deduce implications for the
fundamental theory of SUSY-breaking.

In the top-down approach, one looks for simple theories
of SUSY-breaking that yield acceptable low-energy SUSY
parameters.
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Constraining SUSY—Top-down |

Models of SUSY—Breaking

Gravity-mediated SUSY-breaking

e SUSY-breaking effects mediated by Planck-scale physics

e The minimal model (MSUGRA) assumes a universal scalar
mass, my, a universal gaugino mass, m; /o, and a universal
A-parameter, Ag at the Planck scale. In addition, the
parameters . and B can be traded in for the Higgs vevs,
vg and v, with a two-fold ambiguity in sign(u). The W
mass fixes v3 + v = (246 GeV)?2, while tan 5 = v, /vy

remains a free parameter.
e Use RGEs to predict the MSSM spectrum. In particular,

Ms = (g3/95)M2, My = (5gih/3g3) M3 ~ 0.5M,

e m3/ ~ 1 TeV; g3/, is irrelevant for phenomenology.



Anomaly-mediated SUSY-breaking (AMSB)

Randoall and Sundrom
Givdice , Lutg, Murayama and Rattazec

e A model-independent contribution to super-partner
masses (and A-terms) arises from the super-conformal

anomaly of supergravity.

o If tree-level gaugino masses are absent, then

where b; are the coefficients of the MSSM gauge beta-
functions: (bl, bz, b3) - (33/5, 1, —3)

Gauge-mediated SUSY-breaking (GMSB)
Duie, Nelsen and Shirman

e SUSY-breaking effects mediated by gauge forces
generated at intermediate-scales (between mz and Mpy,)

# —m3 /2 ~ 1 eV-1 keV with phenomenological consequences





