Flavour Physics in SUSY at large tan 8

P. Paradisi

Valencia University, SPAIN

CKM 2006
-Nagoya- 14 December 2006

CKM 2006, Nagoya P. Paradisi Flavour Physics in SUSY at large tan 8



Where to look for New Physics?

CKM 2006, Nagoya P. Paradisi Flavour Physics in SUSY at large tan 3



Plan
Plan

Where to look for New Physics?

@ Processes forbidden or much suppressed in the SM

o FCNC processes (1 — ey, 7 — uy, B2, — ptp=....) or
o CPV effects (electron/neutron EDMs, d. ,....)

CKM 2006, Nagoya P. Paradisi Flavour Physics in SUSY at large tan 3



Plan
Plan

Where to look for New Physics?

@ Processes forbidden or much suppressed in the SM

o FCNC processes (1 — ey, 7 — uy, B2, — ptp=....) or
o CPV effects (electron/neutron EDMs, d. ,....)
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Where to look for New Physics?

@ Processes forbidden or much suppressed in the SM
o FCNC processes (1 — ey, 7 — uy, B2, — ptp=....) or
o CPV effects (electron/neutron EDMs, d. ,....)

o Processes predicted with high precision in the SM
e EWPO as Ap, (g —2),....

o LU in RY/'=T(M — ev)/T(M — puv) (M =, K)

Marriage of LFV and 1) LU in R,f/,/“ 2) CPV in d.
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Frameworks LFV frameworks

LFV frameworks

e Neutrino Oscillation = m,, # m,, = LFV

Dy2
@ see-saw: m, = (r,'\';,’R) ~eV, Mg ~ 101716 = mD ~ m,,,

@ LFV transitions like 1 — ey @ 1 loop with exchange of

o W and v in the SM framework (GIM)

B My g v
r(‘LL - efY) ~ M4 — m[/ ~ e
w
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e Neutrino Oscillation = m,, # m,, = LFV

Dy2
@ see-saw: m, = (r,'\';,’R) ~eV, Mg ~ 101716 = mD ~ m,,,

@ LFV transitions like 1 — ey @ 1 loop with exchange of

o W and v in the SM framework (GIM)

B My g v
r(‘LL - efY) ~ M4 — m[/ ~ e
w

o W and 7 in the MSSM framework (SUPER-GIM)

mb4
Br(n—ey) ~ Z5 <10 my ~ Migp

4
e LFV signals are undetectable (detectable) in the SM (MSSM)
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Frameworks LFV in SUSY

LFV in SUSY

RG induced LFV interactions in SUSY see-saw
@ SUSY see-saw superpotential (MSSM + RN)

W = h¢Le“Hi+h" Lv  Hy+ MRI/CI/C—i-/LHl Ho,

Ml/ — _hVM,;th TV22,

SN

m3(1+07) T (A—ptg)mg + mpmgd?
(A—ptg)m; + mLde;{R mf2?(1 + 57?/?)

o If he = hZ-(S,-j and Mg = Mgjjdj; = h” # hZ-(S,-j in general.

3

T2

vty Mx

[Borzumati & Masiero, '86]

/P
O ~
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LFV in SUSY LFV in SUSY

LFV in SUSY

RG induced LFV interactions in SUSY GUTs

e SUSY SU(5) [Barbieri & Hall, '95]

(57005 ~ h*h*Ts ~ WV Vi — Orr)i = (071)5
item SUSY SU(5)+RN [Yanagida et al., '95]
(L) ~ (W"h" g & (Oke)y ~ (h"h"T);

e SUSY SU(5)+RN [Moroi, '00] & SO(10) [Chang et al., 02]

V2

sinf,,, ~ - = (6%)3~1= (52,?)23 ~1
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LFV in SUSY

LFV interactions — leptons/sleptons/gauginos

L=7 (c PR+CAPL> KAl + 1 ( UAPR+N,§APL) B (1)

NS e

7 (1)

4 2
el myy 21 2 v v
= 207 <m4 ) (5“> th o~ HR
Gauge SUSsYy

BR(ti — ¢jv)
BR(E,' — Eju,-ﬂj)

CKM 2006, Nagoya P. Paradisi Flavour Physics in SUSY at large tan 3



LFV in SUSY LFV in SUSY pu — ey and 7 — pury iggs Mediated LFV

Br(u — e7) Br(t — 1v)
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Higgs Mediated LFV

e LFV Yukawa Int. (if 5,-J-:r"n,2j/fn2 # 0) [Babu & Kolda, '02]:

L o~ (2G2) (A3J7-RIJ + AYF B ) (co-ah® — s5_oH® — iA°)

m
2
3
1ms
+ (SGF) =2
s

(a¥7r] + AYVITR) HE + hec.

a2
A3j ~ E (531

e Higgs (gaugino) mediated LFV effects decouple as my — oo
(msusy — 00),

o Key ingredients in the Higgs mediated LFV:

o large tan 8 ~ 50
o large slepton mixings, d3; ~ O(1), ( msysy >1TeV)
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LFV in SUSY LFV in SUSY u — ey and 7 — pu~y Higgs Mediated LFV

Phenomenology: 7 — ;X (X = ~,n, lili(I))
X () <

BR(r—3u) <Oé2 )2<m7'm,u>252 +6 BR(T — pry) _ el My, o »
ORI 55 A P

BR(t—uv) ~ \487/ \ M2, BR(r — uwb)  20m 32

If t3 ~ 50 and My <« m, i.e. My ~ m,, and m ~ TeV
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LFV in SUSY LFV in SUSY u — ey and 7 — pu~y Higgs Mediated LFV

Phenomenology: 7 — ;X (X = ~,n, lili(I))

ok \u—>ey

|/

200 300 400 500 600 700 @800 900 1900 200 300 400 500 600 700 800 900 1000
my m, (GeV)
mo = My j5,tan 3 = 50, A =10"3and A2l =5x10°°
P. P, '05,06
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LFV channels in B — ¢v The large tan 8 scenario 7 — un

Correlations

e Higgs mediated 7 — pi(e) transitions

Br(t — )

Br(r — liup) _ 3459,
Br(t — Iin)

>1
. Br(r —ly) — 36

)

Br(uN — eN)

~ 1071
Br(p — ev)
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Correlations

e Higgs mediated 7 — pi(e) transitions

Br(t — )

Br(r — liup) _ 3459,
Br(t — Iin)

" Br(t—ly) T 36

>1

Br(uN — eN)

~ 1071
Br(p — ev)

e Gaugino mediated transitions
BR(7 — lilclx) Br(uN — eN)
Bpr. oy Qe oy = Qe
BR(T — Ij7) Br(p — ev)
Br(r — ppp)

2
~ ta >1
Br(m — pun) n"p
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LFV channels in B — ¢v The large tan 8 scenario 7 — un

i — e universality in M — [v

YiK—evi  Tsu(K —eve) +T(K — evr)

RK = (1+Ar;7“) =

Yo K — i B Fsm(K — pvy)
CR,
SR R:HR
H+
u
L Vr
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i — e universality in M — [v

YiK—evi  Tsu(K —eve) +T(K — evr)
S K — v Fsm(K — pvy)

RK = (1+Ar;7“) =

CRsHMR +
S eH v, —

a2
A% ~ 22

Vi A ~5107" t3=40 M+ =500GeV
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i — e universality in M — [v

YiK—evi  Tsu(K —eve) +T(K — evr)
S K — v Fsm(K — pvy)

RK = (1+Ar;7“) =

°R:HR +
SR eH v, — \fMWAR tan®3
H+

a2
A% ~ 22

UL Vi AP ~5107* t5=40 My =500GeV
e—p mj‘< m? 3112,..6 M 2

YAN AR ~ | —2 — ] |A t ~ 10~
'k sUSY M. (m§> |A% |“tan®3 ~ 10
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i — e universality in M — [v

YiK—evi  Tsu(K —eve) +T(K — evr)
S K — v Fsm(K — pvy)

RK = (1+Ar;7“) =

CRsHMR +
S eH v, —

an
o ~ 243
up Vi A 51074 t5=40 My =500GeV

mig m? 3112, 6 y 2
e— T —~ 10—
ArKSZSY ~ M;}Ii (Ing> |AR | tan 5 ~ 10

~1077 =  Bre®)(r - ex) < 107197
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LFV channels in B — ¢v The large tan 3 scenario 7 — 1~

LFV channels in B — (v

@ Including LFV channels in B — /v, with { = e, i

4 2
l/T 0T _ m mz p
RI%, ~ R [1 + ! (Mfi) <m2> I3k tan6ﬂ}
H l

o Imposing the 7 — ;X (X = v,7,{;{j({ilk)) constraints

L/ /T /T 4 /T
RL/FV < 1-5R§M ) RLeFV <2-10%- RseM

@ Imposing the ;1 — e universality constraints in Rk

Re/T m4
LFV —-1'"B e—[ . 2
el ~ | 1+ry oy ArKSusy <4.10
SMm K

[A.Masiero, P.P, R.Petronzio '05]
[G.Isidori, P.P., '06]
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LFV channels in B — /1 The large tan 3 scenario 7 — 117

The large tan 3 scenario

How natural is the large tan J scenario?

e Top-Bottom Yukawa unification in GUT (minimal SO(10)) =
tan 5 = (m¢/mp)
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How natural is the large tan J scenario?
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tan 5 = (m¢/mp)

@ WMAP constraints are naturally satified for tan 5 = (m¢/my)
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LFV channels in B — /1 The large tan 3 scenario 7 — 117

The large tan 3 scenario

How natural is the large tan J scenario?

e Top-Bottom Yukawa unification in GUT (minimal SO(10)) =
tan 5 = (m¢/mp)

@ WMAP constraints are naturally satified for tan 5 = (m¢/my)

e Correlations between (B — 7v) and (B — Xs7v), AMg,,
(Bs,d - €+£7), (g — 2)# and mpo

[G.Isidori, P.P., 06]
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LFV channels in B — fv The large tan 3 scenario 7 — uy

Br(7 — py) under Dark Matter constraints
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The large tan 3 scenario

e B—1D
BR(B — t0) = (L.7970351932) x 107*BELLE 06
= (0.887388 £ 0.11) x 107* BABAR '06
= (1.36+0.48) x10°*
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The large tan 3 scenario

e B—1D
BR(B — t0) = (L.7970351932) x 107*BELLE 06
= (0.887388 £ 0.11) x 107* BABAR '06
= (1.36+0.48) x10°*

o BY - BY
(AMp )P = (17.77 £ 0.12) ps—! CDF 06
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The large tan 3 scenario

e B—1D
BR(B — t0) = (L.7970351932) x 107*BELLE 06
= (0.887388 £ 0.11) x 107* BABAR '06
= (1.36+0.48) x10°*
o BY - BY
(AMp )P = (17.77 £ 0.12) ps—! CDF 06
e B— X5y

(B N XS,Y)SUSY
(B — Xsv)SM

0.76 < <115  [90% C.L.] (...beforeNNLO).
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The large tan 3 scenario

e B—1D
BR(B — t0) = (L.7970351932) x 107*BELLE 06
= (0.887388 £ 0.11) x 107* BABAR '06
= (1.36+0.48) x10°*
o BY - BY
(AMp )P = (17.77 £ 0.12) ps—! CDF 06
e B— X5y

(B N XS,Y)SUSY
(B — Xsv)SM

0.76 < <115  [90% C.L.] (...beforeNNLO).

o (g_2)u

Aa, = a;P — aEM ~(2+1)x107°.
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Phenomenology of MFV at large tan (3

@ MFV at large tan (3 predicts a suppression of B — 7 and
AMs with respect to the SM

2
(BMg) 3% 107 (A (t5)* (400GeV®
(AMg, )M — (%+%t%)4 mc% 50 My '
5
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Phenomenology of MFV at large tan (3

@ MFV at large tan (3 predicts a suppression of B — 7 and
AMs with respect to the SM

2
(BMg) 3% 107 (A (t5)* (400GeV®
(AMg, )M — (%+%t%)4 mc% 50 My '
5

2
~ 6x 1078 [400GeV\* [ LA t5\°
Br(BS - :U’+M ) = 4 2U ﬁ
2, 1t My m2 50
(3+1%) :

373
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Phenomenology of MFV at large tan (3

@ MFV at large tan (3 predicts a suppression of B — 7 and
AMs with respect to the SM

2
(BMg) 3% 107 (A (t5)* (400GeV®
(AMg, )M — (%+%t%)4 mc% 50 My '
5

2
~ 6x 1078 [400GeV\* [ LA t5\°
Br(BS - :U’+M ) = 4 2U ﬁ
2, 1t My m2 50
(3+1%) :

3173
G2 m2
Br(B—tv) = =E|V,,|?f2 21— —
r( — 1/) 87T| b‘ gMpmy m% 2><rB
o3 (t5/50)> (4OOGeV)2
(3+15) \ ™

irA(l,E\Z:Z;) ~ (Vup/Vig)?/ By much better then |Vip|?£3 !

rp =~
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LFV channels in B — ¢v The large tan 3 scenario

Phenomenology of MFV at large tan (3

4 _exclbyBopu [/ 0.6 <Rpq, <0.9
L e = >
] B(B, — up)
607 <1078
03 samy)
1 <10% T
@ 40] 5
-] i <
8 N
1 2
307 \Y
3 v
20 7
10: excluded by
E B - X,y
0 ] rrrrrrrrrrr1rrrr 1T II rrrrr 111111
200 400 600 800 1000 1200
My

o Ay/Mg =2, Mg = pu=1TeV, M; = My = 0.5TeV,
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Phenomenology of MFV at large tan (3
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Conclusions

Where to look for New Physics?

@ LFV can probe Ayp > TeV, even beyond the LHC reach

@ LU breaking @ % in Rx = (K — ev)/I(K — pv) is
generated by the LFV

@ A combined analysis of B physics observables (Bg’d — ot
B — (v...) offers a unique chance to probe SUSY even in the
elegant (but quite pessimistic) MFV framework

@ All the above effects are strongly reduced (or completely
disappear!) at moderate to low t3

@ Dark Matter constraints are fulfilled and favor in a natural
way SUSY @ large tg

Flavor Physics strongly loves SUSY ©@-LARGE tan /3!
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