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General Considerations General Considerations

General Considerations

Flavor Physics in the LHC era

o High energy experiments are the key tool to determine the
energy scale A\ by direct production of NP particles.

o Low energy experiments are a fundamental ingredient to
determine the symmetry properties of the new d.o.f. via
their virtual effects in precision observables.
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G, Isidori — Flavour Physics now and in the LHC era LR 200/

» Flavour physics in the LHC era
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NP search strategies SM success Minimal Flavor Violation (MFV) Flavor Physics :

NP search strategies

Where to look for New Physics?

@ Processes very suppressed or even forbidden in the SM

o FCNC processes (1 — ey, 7 — p, Bgﬁd — utu, K — mwi)
o CPV effects (electron/neutron EDMs, d. ,....)

o Processes predicted with high precision in the SM

e EWPO as Ap, (8 —2),.-..
o LUin RY/'=T(M — ev)/T(M — puv) (M =, K)
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SM success Minimal Flavor Violation (MFV) Flavor Physics
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NP search strategies SM success Minimal Flavor Violation (MFV) Flavor Physics :

Minimal Flavor Violation (MFV)

L. (814071 = FIATOUr PRYSICS HOW and m the LHL erg L 2uus

Model-independent fits

These general results are quite instructive if interpreted as bounds on the scale of
new physics:
contrbution of the new
. . £ heavy degrees of freedom
Ve o § o bevyden
M@B;By ~ ———= r: :dz ' O™
16 ° My, SO

tree/strong + generic flavour

£5e] » A22x10%TeV [K]

loop + generic flavour

~1/(16 1) » A22x10°TeV [K]

tree/strong + MFV
i e e

~ O Vi'Vy)? A=5TeV [K&B]

5. loop + MFV
~ O, Vi V2161 —2X T A20.5TeV [K&B]
recent analysis:
If you don't think this is an accident of AF=2... = MFV Bowecaal. W
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NP search strategies SM success Minimal Flavor Violation (MFV) Flavor Physics

Flavor Physics and LHC discoveries

e my, in the CMSSM from a fit inclusing EWPO (crucial impact
of (g —2),), Flavour Physics Observables (crucial impact of
b — sv) and the Cold Dark Matter.

mOMSSM - — 11078 (exp.) £ 3 (theo.) GeV/c?

mM = 76133 Gev/c?

e Exended Higgs sector: SUSY or a simple 2HDM?
my+ > 295GeV @95%C.L. within a 2HDM (from b — sv
constraints), my+ £ 130GeV in SUSY.

o t — H1b still allowed in SUSY

@ Bs — pp~ unobservable (observable) in 2HDM (SUSY)
after the b — sy constraints.
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NP search strategies SM success Minimal Flavor Violation (MFV) Flavor Physics :

Lightest Higgs boson

0. Buchmueller et al. '07
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NP search strategies SM success Minimal Flavor Violation (MFV) Flavor Physics :

Hevy Higgs bosons

tanp tanp
msysy — —QA; = 1TeV
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B-physics Phenomenology in MFV

tan 3 ~ (30 — 50), My ~ (300 — 500)GeV, Mg ~ (1 — 2)TeV

} SE h> HO. A0 ;
u Vv d.s /

Bi—> n’iV Bs,cl_:' rr

~ (10 — 30)% suppression up to 10x enhancement
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NP search strategies SM success Minimal Flavor Violation (MFV) Flavor Physics :

B-physics Phenomenology in MFV

ts ~ (30 — 50), My ~ (300 — 500)GeV, Mg ~ (1 — 2)TeV

AMg_ B—X.y

~ (0 —10)% suppression up ~ (0 — 20)% enhancement
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NP search strategies SM success Minimal Flavor Violation (MFV) Flavor Physics :

B-physics Phenomenology in MFV

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

2
(AMs) |, oo (rAu) (s * /400GeV 2
(AMg,)SM — m? 50 My '
2
Br(B tuT)~6x1078 400GeV'\ * (nAy t5)°
— ~ ——
s My m2 50

2
Br(B—tv) (. ,s(ts % (400GeV \ >
Br(B—(v)SM — T\ 50 my+

B(A(?Zﬂ) ~ (Vip/Ved)?/ By much better then |V, |2f2 |
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Constraints

B — Xs7: [1.01 < Rps, < 1.24]

°a,: [2<107%a;” —a)M) <4]
e B—putu~:  [B¥P <8.0x1078
o AMp, : [AMp, = 17.35 4 0.25 ps~}]

e B—r1v: [0.8 < Rg,, < 0.9]
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NP search strategies SM success

Minimal Flavor Violation (MFV) Flavor Physics

B-physics & (g — 2),, under WMAP constraints
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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)

4
Br(n— ey) ~ |§'1? ~ - <1077 m, ~ eV
w
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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)

4
Br(n— ey) ~ |§'1? ~ - <1077 m, ~ eV
w

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

. 4
Br(p — e7) ~ |02 ~ T <1071 Ml ~ Megp
m

4
e LFV signals are undetectable (detectable) in the SM (MSSM)
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LF  LFVin SUSY ;1 — ey

LFV in SUSY

RG induced LFV interactions in SUSY GUTs
e SUSY SU(5) [Barbieri & Hall, '95]
(5700 ~ h*h*Ts ~ W3V Vi — Orr)i = (0715
e SUSY SU(5)+RN [Yanagida et al., '95]

Gl ~ (h Dy & (Gkg)i ~ (0701

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

V2

sin@,,, ~ - = (67)3 ~1= (52,?)23 ~1
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LFV in SUSY p — eyand 7 — puy p v and T — A

@ — eyand 7 — un

Br(u — e7) Br(t — 1v)
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Calibbi, Faccia, Masiero and Vempati, ‘06
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LF LFVinSUSY p — eyand 7T — puy p — eyand 7 — py

@ — eyand 7 — uy
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LF LFVinSUSY pu — eyand 7 — py p — eyand 7 — py

Phenomenology: 7 — X (X = v,n, [ili(I))
X () <

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

BR(t—uv) ~ \487/ \ M2, BR(r — uwb)  20m k2%

If t3 ~ 50 and My <« m, i.e. My ~ my,, and m ~ TeV
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LF LFVinSUSY p — eyand T — puy p — eyand 7 — puy

Correlations among LFV processes

ratio LHT MSSM (dipole) | MSSM (Higgs)
Br(p~—e ete”) ~A.10-3 ~6.10-3
Br(isey) 0.4...25 6-10 6-10
Br(r——e ete™) ~1.10-2 ~1. -2
Bl e se) | 0423 1-10 1-10
Brir —w w i) | g4 23 ~2.1073 0.06...0.1
Br(r—p~)
Br(r——e ptu~) ~9.10-3
e 0.3...16 2-10 0.02...0.04
Br(t——p"ete™) ~1.10-2 ~1. -2
Bl e ) | 03...16 1-10 1-10
Br(t——e"ete™) N
e | 1317 5 03...05
Br(r——p—ptu~) -~
i) | 1216 0.2 5...10
R(puTi—eTi) -2 2 ~FE.10-3
Ber—e) 1 1072...10 5-10 0.08...0.15
Buras et al., '07 Paradisi, '05,’06
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LFV in SUSY u — eyand 7 — py p — ey and 7 — puy

(g _ 2)# VS é),' = Ej’y’
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Masiero’s view Back-up Lepton Universality @ the B-factorie

Conclusions

Where to look for New Physics?

e LFV signals in /; — ;v would be a clear evidence of NP
@ (j — {jry can probe Ayp > TeV, even beyond the LHC reach

o If we explain the (g — 2), anomaly within SUSY, ¢; — £;v is
expected to be visible in a vast class of LFV models

° Bgd — up~ and B — fv are still discovery channel and
they represent a unique probe for SUSY even in the elegant
(but pessimistic) MFV framework

@ Visible Lepton Universality breaking effects in B — fv and
K — fv can be generated tlhrough LFV effects

Flavor Physics, Dark Matter and EWPO tests represents a
very powerfull and complementary tool to the LHC to
discover or constraint NP.
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Masiero’s view Back-up Lepton Universality @ the B-factorie

Masiero's view
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* Possible interplay with dynamical DE
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BACK-UP
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Masiero’s view Back-up Lepton Universality @ the B-factorie

Lepton Universality @ the B-factories

o 7 Physics

o H¥ effects to R, = (7 — uvir)/T (1 — evi)

R 4 m,%t2 ( ) 200GeV
Relsm M2, 50/ \ Mpyz

o No visible effects in ['(r — Mv)/T(M — pwv), M=K, =«

@ B Physics

e Semileptonic B decays, i.e. B — X{lv

B(B — X71v) m2t3 200GeV
BB = Xro)lsw MR, 1‘“(50) My

o Leptonic B decays, i.e. B — (v
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Masiero’s view Back-up Lepton Universality @ the B-factorie

LU in K — (v

RLFY _ S K — ey N Fsm(K — eve) + T(K — ev;) Ci—epr
> K — i Csm(K — pvy)

CR,HR + my
HE v,
>R H+ o \[MW

(67
aF ~ 233
™

/3

u
L Vi AR 51074 t;=40 My =500GeV
m m? N/
ArSte, ~ [ —K (T> A2 tan®8 ~ 1072
K SUSY (Mﬁ[i > mg | R |

Arfdsy #1077 = Bre®)(r - ex) < 107107

Masiero, P.P, Petronzio 06

V workshop italiano sulla fisica p-p ad LHC P. Paradi  Flavor Physics in the LHC era



Masiero’s view Back-up Lepton Universality @ the B-factorie

LU in B — (v

@ Including LFV channels in B — lv, with { = e, u
‘ 4 2
Rk = R |1+t (7 ) () 18K P e
M my

o Imposing the 7 — (;X (X = ~,n,£j{j(£ilk)) constraints

/ / e/ 4 pe/
R/ ty < 1L5R&), Rfy <2-10%- Rgy,

@ Imposing the ;1 — e universality constraints in Ry

e/t
YLFV B 2
ol Lt ot it sy | <410
SM

Isidori, P.P. '06
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Masiero’s view Back-up Lepton Universality @ the B-factorie

The large tan 3 scenario

Key ingredients for the LU breaking:
e My (M =m, K, B) physics:
o Large tanf3, My < 1TeV
o Large LFV slepton minxings, d3; ~ O(1), ( msysy>1TeV)
@ 7 physics:
o Large tanf3, My < 1TeV
o No LFV effects

@ How natural is the large tan 3 scenario?

o Top-Bottom Yukawa unification in GUT (50(10)) =
tan 8 = (m;/mp)

o Correlations between (B — 7v) and (B — Xs7v), AMg,,
(Bs,g — €T07), (g —2), and myo

Isidori, P.P., '06
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