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INntroduction

e SUSY: solution to gauge hierarchy problem
e SUSY must be broken: sparticles at the LHC
e soft SUSY Lagrangian:
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¢ generic models: total number of parameter = 124 e

e SUSY flavor and SUSY CP problem: soft parameters give additional sources
of flavor violation and CP violation

e SUSY breaking mechanisms
e gravity mediation: mSUGRA B.C.s to avoid large flavor violation
e gauge mediation: controlling flavor violation, UV sensitive
¢ l[ow gravitino mass: severe cosmological constraints
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Anomaly Mediated SUSY Breaking

e soft masses generated by conformal anomaly
¢ RG invariance = UV insensitive
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e highly predictive: reduction of number of parameters
e all soft SUSY breaking masses determined by ms,;
e natural solution to SUSY flavor and SUSY CP problems
e RG evolution: contributions to flavor violation magically cancelled

e no additional CPV phases other than those in the Yukawa matrices and
those associated with B term and mu term

e heavier gravitino mass msj, ~ (47)?m; ~ 100 Tev = saving thermal leptogenesis




Slepton Mass Problem

e anomalous dimensions for 3rd generation
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e for 1st & 2nd generations:

¢ gauge contributions dominate

® negative slepton masses: breaking EM
e AMSB in the minimal form is ruled out




Slepton Mass Problem

¢ Existing solutions:

e adding common mass? term (MAMSB):
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(m?)! = §m§ /Qp,@v; + madi; not RG invariant, loss UV sensitivity
e adding D-term contribution: |. Jack and D.R.T. Jones (1999)
L 1o, d C: D-term
(”l)j=:§”%wzﬂgﬁﬁy4—C%5w Qi : charge of chiral superfield

e if no mixed anomalies with respect to the SM:

(m%); - RG invariance = UV insensitive solution

e U(1)" forbids proton decay arising from

® dim-4 R-parity operators
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® Planck induced higher dimensional operators




Slepton Mass Problem

e D-term contribution:
e generation independent U(1)":
¢ in the presence of 3 RH neutrinos: U(1)v, U(1)s-L
e no SUSY flavor problem
e generation-dependent U(1)":
e can explain fermion mass hierarchy and mixing a la Froggatt-Nielsen
e flavor violation can be induced:
e high U(1) scale:
e flavor violation under control
e interesting predictions
e existing solution: anomalous U(1)

e with mixed anomaly cancelled by Green-Schwarz mechanism




Anomalous vs Non-anomalous U(1)

e anomaly cancellations: relating charges of different fermions
e [U(1)7? condition generally difficult to solve
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e most models utilized anomalous U(1)

e mixed anomaly: cancelled by Green-Schwarz mechanism | “"oans not

as stringent

e [U(1)" ]° anomaly: cancelled by exotic fields besides RH neutrinos
e U(1)" broken at fundamental string scale

e earlier claim that U(1)" has to be anomalous to be compatible with SU(5)
while giving rise to realistic fermion mass and mixing patterns ibanez Ross, 1994

e non-anomalous U(1)" can be compatible with SUSY SU(5) while giving rise to
realistic fermion mass and mixing patterns m.c.c, DR T Jones, A.Rajaraman, H.B.Yu, 2008

® no exotics other than 3 RH neutrinos
e U(1)" also forbids Higgs-mediated proton decay




Solution with Non-universal U(1)

e Superpotential

W =Y, H,Qu¢ + YyH;Qd® + Y HyLe® + Y, H,Lv°+ Y, =v v + nH,Hy

¢ Yukawa sector: determined by U(1)’ charges, flavor structure from FN

e suppressed mu term
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Solution with Non-universal U(1)

e sparticle masses: pure AMSB contributions + D-term contributions
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e search for solutions that satisfy:
¢ all 6 anomaly cancellation conditions

e realistic quark masses (6), charged lepton masses (3), neutrino masses
and mixing angles (6)

e clectroweak symmetry breaking
¢ all squark and slepton masses positive




Anomaly Cancellation Conditions

e 6 anomaly cancellation conditions:

[SU(B)]QU(DIF : Z 290, — (—qu;) — (—q4,)] =0,
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Finding the Solutions

e convenient parametrization
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Finding the Solutions

e in total: 12 charges for chiral superfields
¢ further conditions:
¢ heavy 3rd generation Yukawa couplings not suppressed + hierarchy
9Qs + Qus +qu, =0 9Qs +4ds + qH, = 1 qLs + Ges + qH, = 1
d =—d b =-1/2—4d

e mild suppression for 3rd generation neutrino Dirac mass + charged lepton
mass hierarchy + maximal atm mixing

qr; +qn, +qu, =2 9Ly = qLs Jes = Qe; + 2 Je;, = Qe, +3

e anomaly cancellation conditions further reduce the number of parameters

e in total, two parameters parametrizing class of solutions




Solution (l)

e charges that satisfy all requirements are NOT pretty

¢ nevertheless, it is remarkable that solutions exist at all

Field U(1) charge Field U(1)" charge

I a1, = 3/2 O g0, = 1003/450

Lo qr, = 1/2 Q- g0, = 1447/225

L, gy = 1)2 Qs | aq, = 983/2%5

¢ | go, = 31228381/1586700 | uS |qu, = —21278009/1586700
€5 Qe, = 29641681/1586700 || u$ |qu, = —28164287/1586700
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N3 |qn, = —31757281/1586700| d§ 94 = 1390561/105780
H, | qm, = 35724031/1586700 | & g = —1/3

Hy |qu, = —27261631/1586700| = q= = 28583881/793350




Resulting Yukawa Sector
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Predicted Sparticle Spectrum (I)

e SOFTSUSY 3.0 Field | Mass (GeV) ||Field |Mass (GeV)
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Solution (Il)

e U(1)y breaking at EW scale : no D term contribution associated with U(1) y at
GUT scale

e RG induced U(1)" - U(1)y mixing
e non-zero D-term contribution associated with U(1)" due to RG running
¢ allowing small negative lepton charges

Field U(1)" charge Field U(1)" charge
L1 qrL, = 1/2 Q1 qQ, = 1003/450
LQ qL2 = —1/2 Q2 qQ2 = —1447/225
L3 qL3 = —1/2 Qg qQ3 = 983/225

e | q., = 34401781/1586700 || uS | qu, = —23393609/1586700
€5 | qo, — 32815081/1586700 || u§ | qu, — —30270887/1586700
e | e, = 20641681/1586700 || u$ | qu, — —42656147/1586700
N: | qn, = —31757281/1586700 || d: g4, = 3517617/176300

Ny | qn, = —31757281/1586700 || d5 4, = 1876717052
Ni | qn, = —31757281/1586700 || d5 4, — 487027 /35260
H, | qu, = 35724031/1586700 || @ go = —1/3

H; | qu, = —27261631/1586700 = g= = 28583881 /793350




Predicted Sparticle Spectrum (ll)

e SOFTSUSY 3.0
¢ = 1.5 x (100GeV )2
tan 3 = 10

sign(p) = —1

Field | mass (GeV) || Field | mass (GeV)
hO 115 CR 748
HO 251 ST, 748
A0 251 SR 1016
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Conclusions

e AMSB: UV insensitive = high predictivity

e MAMSB: negative slepton masses
¢ solving the slepton mass problem with addition of D terms: preserve UV
insensitivity
e non-anomalous U(1)": highly constrained model
e generation dependent U(1)’: can explain fermion mass hierarchy and mixing

¢ solutions exist, though charges are not simple




