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Supersymmetry Hierarchy problem, GUT

Extra dimensions Hierarchy problem, GUT
Additional gauge bosons L-R symmetry, Family group, ..?

Additional (vectorlike) fermions Froggatt-Nielsen mass generation, string compact...
Additional scalars  L-R symmetry, Familons, little Higgs...
Exotic flavour-changing interactions  Family symmetries, technicolour...

Nonperturbative effects Composite structure...

Muon substructure )(? 1.7TeV <A, <2.3TeV c.f. A24-5TeV

Anomalous gauge boson couplings X (7
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Application to SUSY

m, M
2 2 G LITH
Aa, o< gi,m,——tanfs

mg , H

Am, o<gi,m, Ciithanﬂ
m2
a =C—L
[T ~2
M

Aa, large = Am large

(a)




Test of large Am ,?

Yukawa Unification
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Effect of AmSUSY AmS usy

Parameters Input SUSY Parameters |
tan 3 1.3 10 38 50 38 38
o 0 0 0 0 —0.22 +0.22
d 0 0 0 0 —0.21 +0.21
e o_ 0. . o 0. . 0, —0.44
Parameters Comparison with GUT Mass Ratios
(ma/me ) (M x) 1005 0.73(3) 0.73(3) | 0.73(4) 1.00(4) 1.00{4)
(3rms /) (M) 0, ?‘D"‘D . 0.60(8) 0.69(8) | 0.69(8) 0.9(1) 0.6(1)
(mg/3m.)(Mx) 0.82(7) 0.83(7) 0.83(7) | 0.83(7) 1.05(8) | 0.68(6)
(dX2)( M) 0571008 0.42(7) 0.42(7) 0.42(7) 0.92(14) | 0.39(7)
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a, and Grand Unification
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e.g. Anomaly mediation

RG invariant relations — fixed point
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A,

and Grand Unification

—_

M -1 >3 not universal.

Aa, large = sneutrino and charginos relatively light

A(b — sy) small = heavy charged Higgs and heavy stop
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Effect of Q{:’

82 \ﬁ my Sin 3

‘ 'ﬁ 19

New SUSY sources of Q'f:’: Mq =
0,

V2my cos 3 |

€

To suppress neutron, electron EDM, &,6, =0(107) unless there are cancellations

For large phases significant corrections to a,

Table 1: Cases where the EDM and the g-2 experiments are satisfied

(case) &, 0, &3 (radian) | d., d, (ecm) af“sy

(a) —.63..3..37 —4.2 x107%7, =53 x 1072¢ | 47.0 x 1071°

(b)—.85 ,.4 .37 42 %1072 4.8 x 10728 10.8 % 10710

(c)—8,2,13 4.0 x 10727 5.4 x 10726 12.2 % 10—10

(d)—.32 ,.3 ,—.28 —1.2107%7,3.3x 1072 | 20.1 x 10710

(e)—.5 .49 ,—.5 1.8 x 10727, —6.6 x 10=27 12.7 x 10710 Ibrahim, Chattopadhyay, Nath
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But spontaneously broken family symmetries can naturally explain why ¢&.6, =0(107)

Vives, GGR



Origin of flavour
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Additional gauge bosons L-R symmetry, Family group, ..?

a,=C—% C <0(1)

C <1 family diagonal couplings (m, small)

C ~ 1 coupling to heavy fermions...M=1-2TeV

Strong correlation with FCNC

e.g.Z' with large 7 — y mixing : Aa, =221x10"" = BR(t — uy)=1x10"

Huang, Lin, Shan, Zhang



® Additional scalars
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Extended Higgs structure, familons...
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For m, =150GeV two loop term can dominate.

Significant contribution if large (-7 mixing

T — Uy close to present bound
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Summary

m
® Many ways to generate  Aa a, = CM_”Z C <0()



Summary

® Many ways to generate  Aa a,=C—= C <0()

u

® Provides strong constraint on details of new physics

SUSY: M. not universal, spectrum constrained

Family symmetry: Associated FCNC e.g. 7 — uy.

Constrained Yukawa structure






