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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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NP search strategies

NP search strategies

Where to look for New Physics?
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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 — utu, K — wwi)
o CPV effects (electron/neutron EDMs, d. ,....)
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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 — utu, 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)
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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 — utu, 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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K — mwvi and
K — mv and NP

@ FCNC processes as K — mvv offers a unique possibility in
probing the underlying flavour mixing mechanism of NP
o No SM tree-level contributions (FCNC decays)
o One-loop SM contributions CKM-suppressed (Vi Vig ~ A°)

o Dominance of short distance (e.w.) effects — SM
uncertainties at %

o Great sensitivity to NP effects of many theories as SUSY,
LHT, Z' models.....
2\ /% N

¥i VisVid 021

A(s — d)reNe ~ GSM TS5 T NP5
( JFCNC ~ CsMm 167202, Ty

o Large departures from the SM only if d2; = Vi Viy (beyond
MFV)

see talks of Haisch, Smith and Tarantino
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New Generation of Experiments Higgs Mediated LFV Phenol

i — e universality in M — [v

@ /i — e universality in Rx = (K — eve)/T(K — pvy)

REP = (2.416 £ 0.043415¢. 3 0.0244,5 ) - 107> NA48/2 /05

RZP = (2.444+0.11)-107° PDG

RM = (2.472 4£0.001) - 107%  SM
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New Generation of Experiments Higgs Mediated LFV Phenol

i — e universality in M — [v

@ /i — e universality in Rx = (K — eve)/T(K — pvy)

REP = (2.416 £ 0.043415¢. 3 0.0244,5 ) - 107> NA48/2 /05

RZP = (2.444+0.11)-107° PDG
RM = (2.472 4£0.001) - 107%  SM
o i — e universality in Ry =T'(7m — eve)/l(m — pvy,)
R&P- = (1.230 +0.004) - 10~* PDG

R3M — (1.2354 4+ 0.0002) - 107* SM
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New Generation of Experiments Higgs Mediated LFV Phenol

i — e universality in M — [v

@ Denoting by Arﬁ;“ the deviation from ;. — e universality in
Rk » due to new physics, i.e.:

Rk x = Rﬂ:’r (1 + AerNP)

@ we get at the 20 level:

—0.063 < Arg fip <0.017 NA48/2

—0.0107 < Ar®4 < 0.0022 PDG
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New Generation of Experiments Higgs Mediated LFV Phenol

i — e universality in M — [v

@ Denoting by Arﬁ;“ the deviation from ;. — e universality in
Rk » due to new physics, i.e.:

RK,ﬂ' = Ri%{\:,r (1 + AI’;;T'LLNP) s
@ we get at the 20 level:

—0.063 < Arg < 0.017 NA48/2

—0.0107 < Ar®4 < 0.0022 PDG

The total errors are dominated by the EXP._.ERRORS!!!
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New Generation of Experiments Higgs Mediated LFV Pheno

Experiments
T—>ev K—ev/K— uv
R7PT (£0.4%) ijl;f{ (32%) ot
1.2265(34)(40)x10 v o) 2.4511)d07° | =
1.2346(35)(36) x10 2511993 2 416(43)(24)x10°F cenenns
RY R =4337)x0°  RI,-RI} =56(46)x07

KLOE: Stay funed — (1-2%7?);
_ New K — ev experiment at CERN.
Goal: £(10)x10® (0.3%)

Bryman at this conference
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New Generation of Experiments Higgs Mediated LFV Pheno

e universality in M — v

@ In the SM M — /v is induced by a tree level W™ exchange

e In a 2HDM (including SUSY) also H* provides tree level
effects to M — v

@ Four-Fermi interaction for M — fv induced by W=, H*E

4Ge |,
V2

mgimy

Vid | (@, PLd) (O Pruy) — tan2ﬁ( )(uPRd)(EPLW)}

Hi

o PCAC's
o < 0Ty, vsd|M~ >= ifyp),

2

o < O|U’Y5d|M_ >= —ify

md+m
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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

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

M CF \\y oF tan?g( — iy (1—7s)
= — my — my S —Y5)V.
M—tv \ﬁ ud,s'M ¢ 4 d . %_,i 5

e Including H* and W™ effects, the decay rates for M — (v is

6?

r(M—tv) = P
7r

2.2 2 m%
|Vud‘ meMmE <1 - > X v
My

, 12
m m
= 1—tan2B< d ) 2M
my+mqg /) my.
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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

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

M CF \\y oF tan?g( — iy (1—7s)
= — my — my S —Y5)V.
M—tv \ﬁ ud,s'M ¢ 4 d . %_,i 5

e Including H* and W™ effects, the decay rates for M — (v is

GE 2.2 2 m%
r(M—>€V):87|Vud‘ meMm[ 1_m7%/, X v
5 72
2 mqy My
= ll—tan 16} (mu+md> m[2-/ﬂ:]

I

Tree level H* effects (r)) are lepton flavour blind
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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

@ e — 1 non universal effects in Ry, arise from the one loop
(T W™, vertex corrections through the exchange of

o HO(A%)—H* /7 (with £=e, i) leading to (for my > 300GeV

and tp < 50)
2 2
- Qo [My, — Mg _
e—[ M 2 6
Arsysy ~ w\ T |9 <10
H

2

~2 ~2
e—p Q2 (M= Me ) My —4
Brsusy ~ r \ Fe a2 ) MZ,g, =
© e SUSsYy

Theoretical Review on Lepton Universality and LFV
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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

@ e — 1 non universal effects in Ry, arise from the one loop
(T W™, vertex corrections through the exchange of

o HO(A%)—H* /7 (with £=e, i) leading to (for my > 300GeV
and tp < 50)

2 2
B ap (M —mz\ 6
ArSE ~ =[St <10
SUSY A m%{ B =

o {F—{°—77, leading to (with 4/ < 0.1)

=2~ 2
_ oy (M, —m m .
Argugv ~ ( 5 e) 2W <107*

4 ﬁ’lﬁ + 2 Mgysy
J
well below the Arf, /5 < 0.0022 and Ar \j» < 0.017 exp.
bounds
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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

WHAT ARE WE MISSING?...........
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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

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

........... EXPERIMENTALLY THE NEUTRINO FLAVOUR IS
UNDETERMINED !!
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New Generation of Experiments Higgs Mediated LFV Pheno

i — 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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New Generation of Experiments Higgs Mediated LFV Pheno

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
s
1m;
+ (SGF) =2
s

(a¥7r] + AYVITR) HE + hec.

a2
A3j ~ E (531

e Higgs (gaugino) mediated LFV effects decouple as my — oo
(msusy — ©0),

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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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

Yo K — pvj Fsm(K — pvy) ’

eRs;HR
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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

RLFV — 2K —evi  Tsm(K — eve) +T(K — evr) ’
Yo K — pvj Fsm(K — pvy)

I=epuT

°R:HR +
SR eH v, — \fMWAR tan®3

ap
o8 ~ 243
UL Vi A 51074 t5=40 My =500GeV

mic m? 3112, .6 ! 2
e— r _
Arg sy ™ i (m2> |A% | tan®s & 10

H e

KAON 2007 P. Paradisi Theoretical Review on Lepton Universality and LFV



New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

pLrv _ LiK —evi  Tsm(K — eve) + T(K — evr)

K _ZiK_’W/i_ Fsm(K — pvy) [T SBT
CR:HR +
eH v, — —T A3 tan?s
- A3L o %531
R ™ 31 ORR
uL y AT 5107 t5=40 My: =500GeV
T R~ 8= HE= e

e

mic m? 3112, .6 ! 2
e— r _
Arg sy ™ i (m2> |A% | tan®s & 10
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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

Which is the sign of Ar," ?

o LFV effects to LFC channels in Ry

(H*y, — TA%L tanﬁ) (¢ =e,p)

\fMWta ﬁ(

AY ~ 5 07 floop < 107
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New Generation of Experiments Higgs Mediated LFV Pheno

i — e universality in M — [v

Which is the sign of Ar," ?

o LFV effects to LFC channels in Ry

(H*y, — ;A%L tanﬁ) (¢ =e,p)

tan
\f /V’W ﬁ(
AY ~ 5” 07} fioop < 107*

@ Deviations from p — e universality in Kj» and 7o
RLFV
K,m K A 11
— o~ [1—- — Ap tan
Rf("jr [( Mme M RE ﬁ)

REFY ~ RRM(1-0.032),  REFV ~ R3M(1-0.0021)

m2 m
2M

tan’3
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New Generation of Experiments

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

Higgs Mediated LFV Pheno

) /4

=18 ; -13
10 10

200 300 400 500 600 700 800 900 1900 200 300 400

my

P. P, hep-ph/0508054
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New Generation of Experiments Higgs Mediated LFV Pheno

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

200 300 400 500 600 700 800 900 1§00 200 300 400 500 600 700 800 900 1000
my, my

P. P, hep-ph/0508054




New Generation of Experiments Higgs Mediated LFV Phenol

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.lIsidori, 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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New Generation of Experiments Higgs Mediated LFV Phenol

Lepton Universality in 7 decays

o Tree level H* effects to R, = (T — pv)/T (1 — evi)

m3t2 ¢ 2 2
R/Rrlsm ~1—2 “2521—103< ﬂ) (2OOGE’V>
MHi 50 MHi

o Tree level HT effects to R, = (1 — K(7)v)/T(K(x) — pv)
cancel

o Tree level H* effects to B(B — X7v)

B(B—Xrv) . .Mt o (tﬂ>2 <2OOGeV)2

B(B — X1v)|sm M2, 50 M=

KAON 2007 P. Paradisi
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New Generation of Experiments Higgs Mediated LFV Phenol

The large tan 3 scenario

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

@ How natural is the large tan 3 scenario?

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

o Correlations between (B — 7v) and (B — Xs7y), AMg,,
(Bs,g — €707), (g —2), and myo

[G.Isidori, P.P., '06]
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New Generation of Experiments Higgs Mediated LFV Phenol

Phenomenology of MFV at large tan (3

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

b HE I h> HO. A0 ;
u Vv d.s /

~ (10 — 30)% suppression up to 10x enhancement
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New Generation of Experiments Higgs Mediated LFV Phenol

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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New Generation of Experiments Higgs Mediated LFV Phenol

Phenomenology of MFV at large tan (3

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
400GeV \* [ 1Ay ts\°
Br(B tpT)~6x1078 -
H(Bs — pp~) =6 x 10 < " ) (mg <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 |

KAON 2007 P. Paradisi Theoretical Review on Lepton Universality and LFV



New Generation of Experiments Higgs Mediated LFV Phenol

Lightest Higgs boson mass

140 1o
e tgp=40 135
130 — 130 tgR=A0
/ Pl 125 = / g
- g tgp=10
m,, "
115 —
y —
% 110 LT
bl e tgp=3
105
100
A, My=2
95
20¢
¥ 30
2 45 41 05 0 05 1 15 2 200 300 400 500 600 700 800 900 1000
Ay My v

G.lIsidori, P.P., '06
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New Generation of Experiments Higgs Mediated LFV Phenol

WMAP constraints @ large tan 3

=500 GeV
500
=
450 -
: / e Dark Matter constraint
400 [ T I . g
I ‘ coannihilation ‘ SatISfled fOI’
350
300
: @ Coannihilation Processes:
250
: 1< Muse <1
200 | LSP
150
: | @ Resonant Processes:
: —
100 f-
s [XTXL=—+11] ~ \
F R D S R Ma 2Mysp
50

‘200‘ ‘ ‘400‘ ‘ 600‘ ‘ ‘800‘ ‘ ‘1000‘ ‘ ‘1200‘
|VIH
tz = 20 (green), 30 (red), 50 (black) Isidori, Mescia, P.P., Temes, '07
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New Generation of Experiments Higgs Mediated LFV Phenol

Constraints/Reference-Ranges

Constraints/Reference-Ranges under WMAP constraints

B — X¢v: [1.01 < Rps, < 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]

KAON 2007 P. Paradisi Theoretical Review on Lepton Universality and LFV



New Generation of Experiments Higgs Mediated LFV Phenol

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

- Aa = (30£10)x10-10 | 2
Boophs & S wemed = S(B—tv) < 10%, 20%, 30%
60 1000
55
900
50
45 800
excluded: 1 Mslemons
40 neutral LSI] 0
19Bss -\
] 600
30 /
d(B—1v) < 10%
25 1 500
20 ; |
/ /nks‘ 400
15 7 —
46 / \ T J 300
200 400 600 800 1000 1200 3 B e 2 L a5 4
MH Aau x 10"

My ~ 2Mq Isidori, Mescia, P.P., Temes, 07
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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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