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Motivation

e weak-scale SUSY:
© stabilize weak scale

dark matter candidate

©
©
4 flavor- and CP violation
4 up-problem
4 gravitino (W3,2) problem (if baryogenesis via leptogenesis)
4
¢ how severe above problems are depends on SUSY model
e e.g. anomaly mediation:

» W3/, so heavy that it decays before BBN ©

» flavor blind ©

> unfortunately: mZ,, < 0 in pure AMSB ;
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anomaly mediation: [Randall, Sundrum; '98] [Giudice et al.; 98]

o AMSB is SUSY due to quantum anomaly in scaling symmetry

e soft masses (also gaugino masses, A-terms ...):

2 1 > d M3 2/ 4 2\2 4
M*|amsb = §|m3/2| N?MV ~ (1672)2 (F9"—9°Y +Y%)
———

~10=4my 5|2

...compare to gravity mediation (PMSB):

E. M2 M..: scale of new physics
m? |Fs ~ |m |2 pl >>m2\ o )
‘pmsb ~ e - 3/2 W2 amsb S: hidden sector superfield

*

*

(Fs == mg/2Mp)

=-AMSB soft terms only relevant if PMSB is suppressed
(i.e. if SYUSY sector is ‘sequestered’ randai, sundrum; s8) )



preview: main ideas of this talk

e don’'t suppress PMSB completely,
but only so much that m2 | omsb ~ M| amsb
o then, m2 ,|pmsb Can cure tachyonic slepton problem
e this spoils flavor-blindness of AMSB, but keep in mind:
» need a flavor model anyways to explain SM masses and mixings

» the same flavor model can at the same time explain absence of
eXCGSSive FV and CPV [Nir, Seiberg; '93]

e characteristic phenomenology!
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Sequestering in 5d brane worlds s s s

bulk:

5d SUGRA

+ heavy modes
with mass M*

M*
(>1/L)
Q S
MSSM
SUSY
breaking

A

>
>

minimal 5d SUGRA: no SYUSY at tree level

effects of other (heavy) bulk modes:
X: matrix in flavor-space

Xi czn =
La D e Mg 880,04

~> scalar masses:

2 e Mt 2 |Fo|?
M| pmsb ~ W\Fﬂ Xij ~ foi‘
*

with PMSB to AMSB ratio
r=(167° My /M. )?e Mt

usually: r < 1; here: r ~ 1
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Sparticle masses in hybrid AMSB-PMSB

o focus on sleptons here

o (/y,7%)-mass matrix is

Im3j2® [ —g1 + rxt 0
(1672)2 0 —gr1 + rXA

198
e

M? ~
where g, := 2gf + 394 and gg :=

« note: elements of X-/# specified by FN model (see next slides...)
— O(1) uncertainty
— can neglect:

» F-and D-terms
» L — R mixing

» RG effects, in particular those from RH neutrinos



Alignment

e need to explain both SM and MSSM flavor puzzles
e here: employ a Froggatt-Nielsen model

. ) . eM mZM
e FCNCs constrain mass insertion parameters 6{/‘/’ e K/"’

» m?: average slepton mass
K} coupling of B°/W° to M-chiral leptons ¢; and sleptons /;

> in FN models, (m?, — %M)/m% is O(1)
J
= offdiag. entries of K’V’ must be supressed! (‘alignment’)
» useful relation: K} ~ max {|X}|, |V}'|}

(VR YT vt is diagonal)
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How much alignment is needed?

e strongest constraint on |6|'s comes from ¢; — /;:

BR(u—ey) < 12x107"
BR(r —+ey) < 33x10°%
BR(t — uy) < 44x1078

° theory: [Masina, Savoy; '03]

BR((; — (y) 487«
BR(¢; — Kjl/,‘ﬁj) B G,z_—

2
My
2

(IAL2 + |ALI?) ~ 1074 (tang —%)? |5k}

i-j mixing 1-2 1-3 | 2-3
5,& < 6x10-%10.08 | 0.10

=>-roughly need:

(bounds on |6f|’s weaker due to possible cancellation in A’Z,)



flavor charge assignment:

A U(1)p, x U(1)g example e o

L1 L2 L3 E1 EZ E3
Ui |3 1 0 |3 2 2 [RH neutrinos + Higgs: neutral]
Utg|o 2 3 |1 -1 -3
X0 o [assume A\p ~ Ag with A\p = A ~ 0.2]
Ye~r X2 X5 X2 0
PP
1A% X8 128 X8
Xbal M1 22 ) XA~ A3 1 a2
PUBSCI LS
HO\2
(my)j ~ < A”> X Vi,j < through seesaw
Mg
comments:

e m, anarchical — sin 643 accidentally small

® RH neutrino mass scale Mg should be ~ 101° GeV for m,, ~ 0.1 eV
— OK with leptogenesis
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. and one with stronger alignment

e above example has minimal amount of alignment (in 1-2 mixing):
1 — €y could be around the corner

e is stronger alignment possible?

« there is in fact a lower bound on the §’s, nevertheless it is

possible to have precise enough alignment that no signals would
be seen even in planned future rare decay measurements:

Ly L Ly | E Eg Es
Ulp |5 2 0 |1 1 1
Ut)g|0 3 5 |1 —2 —4

X0 o0
Yo~ X2 0 X2 0
X0 1

1 A0 )8 1 A XS
XL~ 210 1 A4 , XA ~ Al 1 A6
XAt UL

(H)?

my )i ~ A7>\10 Vi, j
(my)j 7 J



Sample spectrum ...
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SN

features:
1) gaugino spectrum as in pure
AMSB
(at least assuming that
SYSY field S is not gauge
singlet)

2) O(1) slepton mass splitting

3) O(10 %) squark mass splitting
(assuming squark flavor is
also due to FN)



. and its signatures:

1)
2)

soft piOﬂ in é;t — N1 7Ti decays of. [Gherghetta, Giudice, Wells; ‘9]
same-flavor dilepton edge measurements with missing energy in
No — 0il7, il; — €Ny cascades:
2 2\ (2
m2 — (mNz mgi)(mgf mN1)
Z,-é,-,max - m2
7

= expect multi edge structure from Zf’ and Z,-L exchanges, both
for dielectron and dimuon final states
(é-fi mass splitting from comparing m2, and ml%u edges «. the msuara

study [Allanach, Conlon, Lester; '08] )

D-D mixing close to exp. limit o (reng ot 0g)
reason: SU(2) symmetry implies

d .
0112 — Of12] Z Sinbs (m?,é - m§¢)/m§,

<1073 from K-K

11/12



Conclusions

% a simple way to avoid the tachyonic slepton problem of AMSB is
to suppress gravity mediation not completely, but only so much
that it still gives a comparable contribution

* the heavy gravitino is beneficial for cosmology

* the SM and SUSY flavor puzzles are solved by a FN symmetry

% characteristic signatures, due to
» AMSB pattern of gaugino masses
> O(1) slepton mass splitting
» O(10%) squark mass squared splittings

outlook:
e model-building: u-term? Stabilization of brane distance ...

e phenomenology: prospects of measuring large slepton mass
splittings at the LHC?
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