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NP search strategies
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, B;{d — putp, K — wwi)
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 LU in RS/"
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p — e universality in Ry = (K — eve)

p — e universality in Rx = '(K — ev.)/T(K — uv,)

o NA48/2
REZP = (2.416+£0.043510r. £0.0244,5 )- 1072 '03 DATA
REP = (2.455+0.0455,; £0.041,)s )-107° '04 DATA

A dedicated run (of 4 month) for Rk by P326/NA62 (former
NA48) is started at the CERN. Goal: the error @ 0.3%!

Fantechi @ EPS '07
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e KLOE
REP = (2.55 £ 0.055¢ar. & 0.054ys:.) - 107°

The complete analysis of data will push the error @ 1%

Spadaro @ EPS '07
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° RYP = (1.230 £0.004) - 10~* PDG
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LFV channels in B — v LU in 7 and B decays The large t

SM prediction for Rk ,

o RM =(2.47240.001) - 1075 SM

o RSM — (1.2354 +0.0002) - 10~ SM

Marciano Sirlin '93, Finkemeyer '96
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SM prediction for Rk ,
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SM prediction for Rk ,

RM = (2.4724£0.001) - 1075 SM

R>M = (1.2354 +0.0002) - 10~* SM

Marciano Sirlin '93, Finkemeyer '96

RM = (2.477 £0.001) - 1075 SM

R>M = (1.2352 4 0.0001) - 10~% SM

Cirigliano Rossell '07

The total errors in R . are dominated by the EXP. ERRORS!!!
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LFV channels in B — v LU in 7 and B decays The large t

i — e universality in M — [v

@ Any deviation from the SM expectation for Rk . due to NP
can be written as

Ricr = REM (14 Bri )
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LFV channels in B — v LU in 7 and B decays The large t

i — e universality in M — [v

@ Any deviation from the SM expectation for Rk . due to NP
can be written as

Rk = Rf("fr (1 + Ar;_nMNP> )
@ Violations of LU in CCI can be classified as

e i) Corrections to (V' —A)x(V —A) interaction through W ¢y,
vertex correction induced by a loop of NP particles

~2 ~ 2 2
_ (%)) m, —m m _
e—p T e w 4
Brsusy ~ gn \ F2 12 ) M2ygy =

m e SUSY

o ii) New Lorentz Structures, i.e. scalar CCl with

Hly ~ mytan 8
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LFV channels in B — v LU in 7 and B decays The large t

i — e universality in M — [v

e Four-Fermi interaction for M — (v induced by W=, H*

4G

V2

e PCAC's
o < 0[Ty,vsd|M >= ifupy), < 0[tysd|M >= —ify

mqimy

Vid (U”y,uPLd)(ﬁfy/‘PLVg) — tﬁ( 2 >(UPRC/)(£PLV5):|

HE

md+m

o H* (W%) amplitude is proportional to m, because of the
Yukawa coupling (helicity suppression)

£yt 2
FHEWE (M o) S P ( my ) ms, '
TWE(M— (v) O \mytmg) m2.
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i — e universality in M — [v

e Four-Fermi interaction for M — (v induced by W=, H*

4G

V2

e PCAC's
o < 0[Ty,vsd|M >= ifupy), < 0[tysd|M >= —ify

mqimy

Vid (U”y,uPLd)(ﬁfy/‘PLVg) — tﬁ( 2 >(UPRC/)(£PLV5):|

HE

md+m

o H* (W%) amplitude is proportional to m, because of the
Yukawa coupling (helicity suppression)

+ + 2
FHEWE (M o) B P ( my ) ms,
TWE(M— (v) O \mytmg) m2.

Tree level H* effects (r)) are lepton flavour blind
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LFV channels in B — v LU in 7 and B decays The large t

1 — e universality in M — [v

WHAT ARE WE MISSING?...........
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LFV channels in B — v LU in 7 and B decays The large t

1 — e universality in M — [v

WHAT ARE WE MISSING?...........

........... EXPERIMENTALLY THE NEUTRINO FLAVOUR IS
UNDETERMINED !!
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LFV channels in B — v LU in 7 and B decays The large t

1 — e universality in M — [v

WHAT ARE WE MISSING?...........

REXP. _ NK—eve) + F(K—ev,)+NK—ev,)
K MK — pv,) +F(K—pve) + T(K— ;)

........... EXPERIMENTALLY THE NEUTRINO FLAVOUR IS
UNDETERMINED !!

Masiero, Paradisi, Petronzio, '06
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LFV channels in B — v LU in 7 and B decays The large t

i — e universality in M — [v

Yo K — pvj Fsm(K — pvy) ’

eR;HR
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LFV channels in B — v LU in 7 and B decays The large t

i — e universality in M — [v

Yo K — pvj Fsm(K — pvy) ’

€R,HR +
SR eH v, — \f MW

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

Areh ~ 1072 — Brth.(exp.)(,]_ - eX) < 10710(—7)
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LFV channels in B — ¢v LU in 7 and B decays The large t

LFV channels in B — (v

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

4 2
L/ 0/t — m mz )
R, ~ R [1 + oyt (Mfi) <rr12> IAK? tan6ﬂ}
H L

e Imposing the 7 — ;X (X = v,7,{;¢j({ilk)) constraints
RiL <1BRUT . RiL,<2-10%-Rgl,

[G.Isidori, P.P., '06]

@ Imposing the 1t — e universality constraints in Ry

REI/;\-/ 1 m?s 2
~ - e[

efr = 1+ry m4ArK5usy <4-10
RSM K
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LFV channels in B — /v LU in 7 and B decays The large t

LU in 7 and B decays

LU breaking induced by the tree level H* exchange

o RME = Mt — pvo)/T (1 — evp)
Ri/e 1 1073 200GeV
50 MH:t

o RY/' =T(B — X7v)/I(B — Xtv)

e 200GeV
Ry ~1- 04<50> ( -
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LFV channels in B — ¢v LU in 7 and B decays The large tz

The large tan 3 scenario

Key ingredients for the LU breaking:
e My (M=, K, B) physics:
e lLarge tanf3, My < 1TeV
o Large LFV slepton minxings, d3; € (0.1,1), (msysy>1TeV)
@ 7 physics:
o Large tanf3, My < 1TeV
e No LFV effects

@ How natural is the large tan 3 scenario?

e Top-Bottom Yukawa unification in GUT (SO(10)) =
tan 8 = (my/mp)

o Correlations between (B — 7v) and (B — Xsv), AMpg
(Bs,g = £707), (g —2), and mypo

[G.Isidori, P.P., '06]

7%
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LFV channels in B — v LU in 7 and B decays The large t

Phenomenology of MFV at large tan (3

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

b H* < b HO. A0 <
u Vv d.s /

B

I+
J
it
<
ow,

~ (10 — 30)% suppression up to 10x enhancement
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LFV channels in B — v LU in 7 and B decays The large t

Phenomenology of MFV at large tan (3

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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LFV channels in B — v LU in 7 and B decays The large t

Lightest Higgs boson mass
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G.lIsidori, P.P., '06
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LFV channels in B — v LU in 7 and B decays The large t

WMAP constraints @ large tan 3
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LFV channels in B — v LU in 7 and B decays The large t

Constraints/Reference-Ranges

Constraints/Reference-Ranges under WMAP constraints

B — X¢v: [1.01 < Rpsy < 1.24]

°a,: [2<107%a;” —a)M) <4]
e B— putpu: [BP < 8.0 x 1079]
o AMg, : [AMg, =17.35+0.25 ps~}]

e B—r1r: [0.8 < Rg,, < 0.9]
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LFV channels in B — v LU in 7 and B decays The large t

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

- Aa = (30£10)x10-10 | 2
Booyphs & S wemed = S(B—1v) < 10%, 20%, 30%
60 1000
55
900
50
45 800
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Conclusion
Conclusion

Where to look for New Physics?

o LU breaking @ % in RY/" = (K — ev)/T(K — ) can be
generated by the LFV

o LU breaking @ 0.1% in R/" = I'(w — ev)/I (1 — uv) can be
generated by the LFV

@ LFV SUSY effects can greatly enhance also Rg/T, {=e,pu.

@ The relevant SUSY parameter space for large LU breaking
effects is allowed by the constraints of rare LFV decays,
B-physics observables and Dark Matter

4

Charged meson decays offer a great chance to probe LFV in
New Physics .
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