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SUSY & the role of flavour
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dark matter, strings, ... [Amaldi et al 1991]

® many ‘soft parameters in absence of a theory of SUSY
breaking
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e flavour probes the SUSY breaking



SUSY flavour -
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K-K, Bg-Bg, Bs-Bs mixing

AF=1 decays

observables
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lepton flavour violation

u=>ey, T=2ey T2y

T=>HUW, ...
U=>€e conversion



SUSY flavour puzzle
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[Gabbiani et al 96; Misiak et al 97 ]
these numbers from [S], 0808.2044]

- elusiveness of deviations from SM in flavour physics

seems to make MSSM look unnatural

- pragmatic point of view: flavour physics highly sensitive to MSSM
parameters - probes the SUSY breaking mechanism in particular



CMSSM / mSUGRA

standard approach: “CMSSM” ("mSUGRA")
- universal scalar mass, gaugino mass, A-terms (Ai=a Yj)

at the GUT scale, sign(p)

- 3 parameters & 1 sign, RG evolution down to TeV scale

flavour puzzle absent [CMSSM still needs to be justified]

Straightforward interpretation of experimental constraints

MSUGRA/CMSSM tanB 3 A=0, u>o

=35pb™’, \Vs=7 TeV
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Grand unification

Uy, UR CJ, CR tr, tR Q:+2/3
dL) dR (SL) SR (bL> bR Q:—1/3
V6L> - (V,LLL> — (V’TL) - Q:

er €R pL IR L TR = —1

SM in highly reducible representations of the gauge group

SM gen = (3,2)16+ (3,1)-23 + (3,1)13 + (1,2)-12 + (1,1)1

however,
SM gen

SM gen + vrC

If either group is gauged, no gauge invariant distinction of

= [10 + 5]su(s)

= 16s0(10)

baryons and leptons - baryon & lepton number violation

what about flavour?




Flavour of SUSY GUTs

small, hierarchical mixing in the quark sector

— ) )) AX3(p — in)
K= )\ 1 — A2 AN
AN3(

1—p—in) —AN 1

large mixings in the lepton sector
Ceioa/? Seiag/Q 13 €—i5
[J = _Seiou/? Ceia2/2/\/§ 1/\/5
Seial/Q _Ceia2/2/\/§ 1/\/5

s=0(1)

SUSY radiative corrections can “transfer” leptonic
mixing angles to the hadronic sector
Barbieri&Hall 1994, Barbieri,Hall,Strumia 1995




CMM Model

[Chang, Masiero, Murayama 03]
e 50(10) gauge theory with superpotential

1 y 45 107, o 16g16g
Wy = 51T6Z- Y7 16,105 + 16;Y5 16, 2 M + 16, Y%@ 16, > M
SO(10) spinor 16; = (Q,u"\d, L,e, v°),, i=1,2,3
Mu, M,Pirac Mp, ML Mvr
® assumptions:
- Y4 and Yn simultaneously diagonalisable
- breaking via SU(5)
(165),(165 ),(450) (455) _
SO(10) » SUB) —— Ggm =SU3) x SU(2); x U(1)y
(105), (10%,)

» SU3) . x U(1),
- MSSM Higgs doublets in different copies of 10 of SO(10)

10y = (5m,%) = ((3m, Hy), *)
Nonrenormalizable Y2 term gives naturally small tan(3)

m



Flavour structure

1 2 45 10/ 164165
= -16; Y{ 16, 1 16, YY 16; H | 16,Y% 16
Wy = Y0 0 0 e T YN T,
Yi=L;D L],
Yo = Lo Do R;, L];RN _ 1 (Y1and Yn simultaneously
Y RrvDny Py R diagonalisable)
N = LiNnDnN N Ity
V,=L{ L} i -
q — /1 L9 CKM quark mixing matrix
Up = P]ﬂ\}R;LT PMNS lepton mixing matrix

e Now fix a U-basis where Y1 and Yn. Then
Yo =V, D2 Up > Mp M.

contains all flavour violation
In the SM, Up Is unphysical in hadronic physics.




Flavour structure (2)

e work in the (U) basis
Yo = Vq* Do Up
Mp = vq Y2
rotating to mass eigenstates eliminates Up

ML =vq Y2o!
rotating to mass eigenstates eliminates V,

so no physical effect in the SM, or unbroken SUSY theory

- =10y However, the large top Yukawa coupling
In Y4 fixes the U-basis as the universal
~ v Ui g mass eigenbasis for the sfermions



“msugra GUTs"

Assume that SUSY breaking is flavour blind and universal (like
msugra) at or near the Planck scale

Lot = —16, m%j 16; —m3y, 105105 — miy, 10510

—mig 16316 —miq, 16316 — mis, 453,45y

1~ i~ ~ o~ 45510  ~ i~ 16yl6py
— | =16; AY 16, 1 16; A 16 16; A% 16, ——— + h.c.
(2 6 1 63 OH + 2 7 ZMPI —|_ N ] 2MP1 ‘|’ C)

2 9 2 92 92 92 9 9
mféi—mo 1, mlOH—mmg{—mmH—mEH—m%H—mo

Al =ag Yy, As =agYa, AN =agYn,
radiative corrections lead to a nonuniversal sfermion mass matrix

at the GUT scale, diagonal in the U-basis
[Hall, Kostelecky, Raby 86; Barbieri, Hall, Strumia 95]

” ~

% M0H m%. =m?— A

, ‘ 163 0
~ ) _
165 ‘o Y,/ 2 a2 — 2
63 s dt, 163 Mg A My mg + 0



Observables

There is now a mismatch of the sfermion and fermion mass

bases for the right-handed down-type particles and the left-
handed leptons

m% 0 0
m, = Upm2uh = [ 0 i complex
— 2

phase

Diagonalizing the matrix introduces flavour violation into
neutral current vertices



Soft flavour violation

I~ \\{ o —i (Smgw 2V Pr + y)- 2% PR) Us;
\w” lZJ '<|:\/_C§SQW Zlk—i_\/_anew Z2k]P +yl ZSk PR>UZJ

may be
complex

\\{/ R

large effects in b =s transitions, CP violation
correlations of hadronic & leptonic observables

2 21 and 3 =21 transitions less clearly correlated
but see Trine et al 2009, Girrbach et al 2010



Earlier work

Ours is not the first flavour analysis of SUSY GUTs, earlier
related work includes:

Barbieri et al 1995
SO(10) model with small leptonic mixing

Moroi JHEP 0003 (2000) 019, PLB 493 (2000) 366
SUSY SU(5) model with right-handed neutrinos,
radiative effects due to atmospheric mixing angle

Harnik et al 2003
analysis of effective model with large sbottom-sstrange
mixing, inspired by the CMM model

Ciuchini et al 2004,2007
SUSY breaking parameterised in mass insertion
approximation, SU(5) GUT relations imposed at McuT

Analysis strategy here resembles Barbieri et al 1995



PHENOMENOLOGICAL PART



RG evolution

2-loop RGE for gauge couplings and yt, analytic formulas
for soft terms, matched at SUSY, SU(5) and SO(10)
thresholds

relate Planck-scale inputs to set of low-energy inputs:

at Mz mz (Mz), mle (Mz), ai(Myz) = [ad(MZ)} 11

evolve to Mcurt l

m%l (taur) = mg, (tqur), mff)l (taut) = m?‘gl (taut)
evolve to M1o l

mZ (tsoqo) = i 32 (ts0a0)) +m3 (tsoqn)|

evolve to Mp| l

mé = m%, (tp) similarly for a1

161

evolve all soft terms down to Mz, calculate spectrum &
observables



Example

Mz = 1500 GeV, mg, = 500 GeV, a{(Mz)/M; = 1.5, arg(u) = 0 and tan 3 = 6 upward
evolution
ag = 1273 GeV, mo — 1430 GeV, meg — 184 GeV
SO(10) & SU(5)

) 00 0 ) 0 0 0 RGE
AuMgur)= |0 0 0| GeV, Ag(Mgur)=|[0 0 0 | GeV

0 0 46 0 0.3 —35
) 0 0 0 non-universal at Mgur!
A, (Mgur) = 0 0 0 | Gev,

—0.0013 0.0023 43.4
m{j@(MGUT) = diag (1426, 1426, 1074) GeV,
mg (Mgur) = diag (1444, 1444,1077) GeV, MSSM RGE
mN(MGUT) = diag (1459, 1459, 1078) GeV,

mpm, (MGUT) = 1126 GeV, de(MGUT) = 1446 GGV,
mg(MGUT) = 211 GeV.

mg, — 83 GeV, Mgy, — 165 GeV,

mgo = (640, 632, 159, 81) GeV

m+ = (640, 159) GeV N LSP

le_ = (1427, 1427, 1074, 1462, 1462, 1095) GeV
My, = (1519, 1519, 934, 1501, 1501, 485) GeV
MJ@ (1519, 1519, 908, 1498, 1498, 1164) GeV.



Perturbativity of y:

1.2
L e tan(3) = 2.2 /
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tay, taur Tso(io) tri
t = In(u)

yt has quasi-fixed point y?/g?=55/56 ~1 in SO(10)
above this ratio, fast running and typically blowup below Mp

below, perturbative treatment of SO(10) radiative
corrections possible



Mass splittings

mg, = 500 GeV, sgn(p) = +1, tan 8 = 3 mg, = 500 GeV, sgn(p) = +1, tan 5 =6
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Figure 3: Relative mass splitting Agel =1- m?i / m?i among the bilinear soft terms for the right-
3 2
handed squarks of the second and third generations with tan 5 = 3 (left) and 6 (right) in the

Mz(Myz) — a$(My)/Mz(Mz) plane for mgz, = 500 GeV and sgn(u) = +1.



mg, = 500 GeV, sgn(p) = +1, tan 8 =3 mg, = 500 GeV, sgn
3 R L A A SO L O ] e L
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=41, tan3 =6
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Figure 4: Correlation of FCNC processes as a function of Mz(Myz) and a$(Myz)/Mz(Mz) for
mg,(Mz) = 500 GeV and sgn u = +1 with tan 3 = 3 (left) and tan 8 = 6 (right). B(b — s7v)[1074]

solid lines with white labels; B(t — u~y)[107®] dashed lines with gray labels. Black region: m?; <0

or unstable |0); dark blue region: excluded due to B, — By; medium blue region: consistent with
B, — B, but excluded due to b — sv; light blue region: consistent with B, — B and b — sv but
inconsistent with 7 — py; green region: compatible with all three FCNC constraints.



Higgs mass constraint

ke in MSUGRA, the weak scale gives one relation between
U and the soft SUSY breaking parameters

100

Ike always in the MSSM, the Higgs
likes’ to be light tree level

80 |

60 |

MH
(very) small values of tan[3 40
disfavoured ol
one & two loops 0 -~ : ;
3 Grv2 m} mp\ 1P

GrV2asmt | o (7 2 Xy X, 0 yt  tanf
-3 3 {111 (@) + lg —2 Mg 1— 12M§ In (ﬁg) Mg _ /—m§3m%3
larger tanf3 reduces y: and size of flavour effects

could be relaxed by allowing the Higgs multiplets to have
different Planck-scale masses from the sfermions (similarly
to the ‘non-universal Higgs model’ (NUHM))



Higgs mass & CPV in Bs mixing

500 GeV, sgn(p) = +1, tan 3 =6
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excludes whole green region phase (degrees) higgs mass bound can be satisfied
attan3 = 3 for tan3 = 6 (or greater)



Interplay

77\
SuperB
v

More information on the golden matrix can be found in
arXiv:1008.1541, arXiv:0909.1333, and arXiv:0810.1312.

» Combine measurements to elucidate structure of new physics.

N SSSSSSS AN

\

NS

Observable/mode HT MFV| non-MFV NP  |Right-handed |LTH SUSY SUSY GUT
high tan 8 Z penguins| currents AC |RVV2|AKM |SLL |[FBMSSM CMM
T — Qy Khkk| kxk | Kk [kxk| Kxk *kk
T — LU * % % ?
B — Ty, pv * % x(CKM) -
B — KW*typ * * * * * * * * * ?
S in B — K%7% * % %
S in other penguin modes * % x(CKM) * % * * kK| Hx * |kkx|[  Kkx ?
Acp(B — Xv) * % * - - . *x  |kxk|  xKkx ?
BR(B — Xs7) * * * . - *%
BR(B — Xt¢) * * - ?
B — K™ (FB Asym) * * *x |xkx|  xkk ?
Bs — pp *Kkk| kx| *kk [*kx| HKk* *
Bs from By — J /v Kkk| kxKk | kxk | * * %%k
Qs * * * **k*
Charm mixing *xx k| * * - -
CPV in Charm Aok * % *
v'= SuperB can measure these modes
17 Adrian Bevan 29 May 201 |
[Adrian Bevan, this conference] this model



Conclusions

o SUSY GUTs are theoretical well motivated, viable, and
predictive BSM scenarios

® A generic feature are correlations between hadronic and
leptonic flavour violation, although details depend on the
GUT model
There is also strong interplay between the mass spectrum
(including Higgs mass) and the flavour violation, similar to
the CMSSM

® The model analysed here makes predictions for hadronic
and leptonic observables relevant to SuperB in terms of a
few BSM parameters, and can hopefully serve as a
benchmark scenario for SuperB






