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Stability of Higgs Mass

i A2
2 —  NMA2
Amy = 87T2/\
H H
t With SUSY, Quadratic Divergence Cancels
y \\ AmH — —|— 5N\
l
|
\
N\ //

H H m2 —m? < (TeV)?



With SUSY, gauge boson contribution is
cancelled by gaugino contribution.



SUSY Spectrum
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Evolution of Gaug

uplings In Standard Model
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Evolution of Gauge Couplings in si isos-doublet SM
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Figure 1: Leading-order evolution of the gauge couplings from their low-energy values to the
unification scale in the six-Higgs-doublet standard model. The couplings meet around 104
eV, within the accuracy of a leading-order calculation.

S. Willenbrock, hep-ph/0302168



Gauge Coupling Unification in MSSM
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Structure of Matter Multiplets
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MSSM Lagrangian

W = QuCHu —l— QdCHd —|— LBCHd
+Lv°Hy + Mprv® + nHyHy )

o~ 10= Ge\

R-parity Violation: Potentially Dangerous Proton i)ecay
Wgp_v = LLe® + QLd® + v°d°d® + ¢/ LH,
Soft SUSY Breaking:
Lsusy = Imgo'e+ AuQueH, + AyQdeH,
4+ ALECH, 4+ A LocH,
+ BuHy Hj+ 2 MyAA

Generic soft breaking leads to large flavor violation

(K9 — KO Mixing, u — ey etc.)



Natural R-parity and p-term

Discrete gauge symmetries can protect u-term and act as R-parity.
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K.S. Babu, |. Gogoladze, K. Wang, Nucl. Phys. B660, 322 (2003
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Anomalies
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SUSY Breaking Scenarios

e Gravity Mediated

- mSUGRA
- Anomaly Mediation

- Flavor Symmetry

 Gauge Mediated

mSUGRA ﬁeutralino LSP Stable
(Dark Matter)
GMSB tmy, my,,u,A,, B, }
{A, M, u,nj
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LSP : Gravitino
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Figure 1: Plot of 55 reach in jets 4 Fr channel for mSUGRA model .
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Fig. 6. Expected 5o discovery limits of various MSSM Higgs signals at LHC

for luminosities of 30 fb~! and 100 fb~1.
D. Denegri et al, CMS NOTE 2001/032 [hep-phf0112043].



B—u" w Decay in Supersymmetry

K.S. Babu, C. Kolda, Phys. Rev. Lett. 84, 228 (2000)
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MSSM is a general two-Higgs-doublet model.

= U~y [1 + (eg + euy?) tan 5]

1,0 14+e4tan g
Vub — Vub [1—|—(eg—|—€uytz) tanﬁ]




Hall, Rattazzi, Sarid (1993)
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SUSY CP Violation in B g — 0K Decay

Observable BaBar Belle Average SM prediction
Br (in 1076) 8.175% £0.8 8. 735+ 1.5 8.4123 ~ 5 (see text)
Sekcs 01973324009  -0.734+0644£0.18  —0.39+0.41 0.734 + 0.054
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ay(SM) = 11 659 182.1(7.2) x 10719

ay(EXP) = 11 659 203(8) x 10710

day, = 21(11) x 10719
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S. Baek, P. Ko, W. Song, hep-ph/0210373
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FIG. 2: (a) The contour plots for the HEUSY, mpo, and B(B, — ,u+,u_) with N = 1 and M = 10°
GeV. (b) The branching ratio for B, — u*pu~ as a function of the messenger scale M in the
GMSB with N = 1 for various A’s with a fixed tan 5 = 50. The dashed parts are excluded by
the direct search limits on the Higgs and SUSY particle masses.
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Violates CP

Electron:  de(Fap) < 2.1 X 10727 e-cm

Neuron:  dy (Ezp) < 6.3 x 1072° e-cm

Phases in SUSY breaking sector contribute to EDM.



SUSY Contributions:
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A, B are complex in MSSM
dn ~ (sin¢) 10723 e-cm
de ~ (sin @) 10724 e-cm

1T

Effective SUSY Phase



If parity is realized asymptotically,

Y, Yp, Y& HERMITIAN
Ay, Ap, Agp  HERMITIAN

EDM will arise only through non-hermiticity induced by RGE.

de ~ 10728 — 1027 e-cm;
»~ 10729 _ 10727 e-cm

Subject to experimental tests

dy, = 10722 — 10723 e-cm

Dutta, Mohapatra, KB (2001)



Seesaw mechanism naturally explains small v—mass.

L = ;LMDVR —|— %VRTMRUR —|— h.c.
—1
M, = —MpMp~ M}
Current neutrino-oscillation data suggests

Mp ~ (1012 — 1015) GeVv

e d-o8

h n neutrino-sector
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>  Flavor change in charged leptons

In standard model with Seesaw, leptonic flavor changing is very tiny.

~ 10—50



In Supersymmetric Standard model
-~ 10—10

For Mp < pu < Mp; v,active

IZ> flavor violation in neutrino sector Transmitted to Sleptons
Borzumati, Masiero (1986)
Hall, Kostelecky, Raby (1986)
Hisano, et al (1995)

SUSY Seesaw Mechanism

W = frv’A + Y, v°LHy
Mp = Yyvy ; Mg = fup_p,

If B-L is gauged, M must arise through Yukawa couplings.

Flavor violation may reside entirely in f or entirely in ¥,



If flavor violation occurs only in Dirac Yukawa Y, (with
MSUGRA)

If flavor violation occurs only in f(Majorana LEFV)

2
. Mpy
. i~ I
AEE_‘}{I' ) =~ 647 fY YL")]EJ (fnﬂfB L)
_3(m3 + A2 Mp; \2
AmG(i # ) ~ (23;2 yivsts + £ viv; (fn ’ IB”L)

LFV in the two scenarios are comparable.

More detailed study is needed.



Neutrino Fit

For Majorana LFV scenario, take Dutta, Mohapatra, KB 2002
my o diag[ce3, e, 1] e~ 1/10
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vp_7 = 2 X 1012 GeV, Mp Ml"‘

—0.015 0.50 —0.57
0.29 —0.57 0.104

. B

(m1, mo, m3z) = (2.7 x 1073, 6.4 x 1073, 8.6 x 1072) eV

~1.1x10~% —-0.015 0.29
f —

U = 0.33 0.62 —0.72

(0.85 —0.52 0.053)
—-0.40 -0.59 -0.70



For Dirac LFV scenario

Mp = (9 x 1013 GeV)x (Identity Matrix)

0.04 + 0.074+ —0.073 + 0.029: 0.025 — 0.034:
Yy = —0.073+0.029: —-0.22+0.011z —-0.35—-0.013:
0.025 — 0.034+ —0.35-0.013: —-0.24 4+ 0.0162

»  Same neutrino oscillation parameters as in Majorona LFV

The two scenarios differ in predictions for

po— ey
T = Y

T — ey



Dirac LFV
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Figure 3: Branching ratio of g — ev for hierarchical neutrinos and uncertainties of future
neutrino experiments in the mSUGRA scenarios leading to the largest (L, upper) and the

smallest (H, lower) LFV rates.

F. Deppisch, et al, hep-ph/0206122



L — €7y Majorana LFV
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Flavor Symmetry and Fermion Mass Hierarchy

¢ Complex Yukawa couplings. SUSY in mSUGRA with real universal soft parameters.
¢ Fermion mass matrices:

My~ (Hy) | 8 & & My~ (Hp)P | & 2 ¢
S e 1 1
3 {f{ f EQ f £
Mo ~ (Hg)e? | et € 1 My ~ (Hy)es | ¢ 11
e e 11
rj 3 & rg & £
Mye~Mp| e 1 1] seesaw = Affht o ey
L1 M |1

Here small parameter € >~ .2 and p = (0, 1, 2} for tan 7 = (50, 20, 5)

¢ This experimental fact motivates a generation dependent [/( 1) symmetry.



[ U(1) flavor charge assignment

Field [7(1) 4 Charge Charge notation
(1, (2, Q3 4,2,0 0
Ly, La, L3 1+ 5, 5, s %L
uf. u, ug 1,20 g
ff"‘{, d€, ff_’.‘;. 1+ p. p.op fjf
e{.e5.e5 d4+p—524+p—s.p—s q5
Vi Vs Vg 1, 0,0 q"
Hy, Ha, 5 0,0, —1 (h, D qe)




The value of Yukawa couplings at M - from low energy data through two-loop RGE

tan 7 =)
(
(1454 1.607) ® (—0.563 — 1.241) ¢8 |l}|)—|]3]r11E'1

VU= | (-0.769 - 0.5844)¢®  (0.765 - 0. u:lmﬁ ~0.255 - 0.2611)
(—0.282 - 0.2041)e* (0.274 - 044 % 1071 ,|'2 35— ;z.mmn-%
(187 = 1.607) " (1.9340.8101) ¢! (129 40.9571)

ye =’ (040402181 Y0552+ 130 x 1070 2 (0702 - 0.54614) €2
~0.152 = 0.4351) ¢ 0.312 - 0.3141 0543 = 171 % 1074
;le 240, 1Hm (-1.85 - L741)e®  (=0.530 - 0.5704) ¢
Ve - (<0170 -0.6126) ¢t (L15 44665 % 10724) 2 0319 - 0,321
38— 0.4214) ¢! (0410 - 0.5361) ¢ 07844074 % 10
(0.232-0.1004) €2 (0217 = 6.00 x 10724} e  (~0.206 - 0.6371) ¢
(0,638 - 0.652) ¢ ~T82x 1072405371 0.804 40,2061
05 - 0.392i) e —4A1 % 1072 £0.2778 0404 - 3.80 % 1072
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Anomalous U(1) Symmetry and Lepton Flavor Violation

Enkhbat, Gogoladze, KSB {(20073)
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1w — ey in Anomalous U(1) Models
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Enkhbat, Gogoladze, KSB (2003)



7 — vy in Anomalous U(1) Models

Enkhbat, Gogoladze, KSB (2003)



EDM from Flavor Symmetry ]

The EDM induced by the [7(1) 4 flavar gauging is estimatad to ba

awaMz; 1 [ ME\ (q.qr) log (M. /M)
d. fe~ i l ]
/e R cos? mf ( mf ) B ;Zz:
cm = (g, gr)°1 gg”,c,.;'ﬂf,u.-] mi (An fJ;{.! Lan 3']”':.. H_,'r".
B i

{

The flavor dependent factors:

H,-L =4 (M I.eg..f':rnujll‘E ([,f;}" ) [fjil'J":') Iif,r_fl' f,n ) Tr(g) and gt = H'I‘(q'l‘ q ).

Mys .0 .
C.‘;ﬁ=gﬁi"{fl Zi)-

!

(" _soft mass corrections, O-'= A—term corrections
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Fiqure 4: The Electron Electric Dipole Moment. The red line: experimental bound

| 5. Enkhbat, KB, hep-ph/AduEuuns
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Conclusions

e Supersymmetry: attractive candidate to stabilize Higgs mass
* Suggested by gauge coupling unification
* Before direct discovery, SUSY can show up in:

» Lepton flavor violation (UW—ey, T—LY)
» B—u" u Decay

» Muon g-2

» d,d,

» Proton decay

» Dark matter



