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General Considerations General Considerations

General Considerations

Flavor Physics in the LHC era

e 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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General Considerations General Considerations

General Considerations

G, Isidori — Flavour Physics now and in the LHC era LR 200/

» Flavour physics in the LHC era

LHC Thigh pr]
Flavour physics
A unique effort toward the
high-energy frontier Improved

CKM fits Rare B decays

CPV in the Bs LFVinp &1
53’5“"“1 decays
Universality tests

nB&K LDMS

Rare K

decays Wy,

[to determine the energy scale of NP]
A collective effort toward the

high-intensity frontier
[to determine the flavour structure of NP]

KAON '09 P. Paradisi SUSY effects in Kaon physics: Lepton Universality tests and rz



NP search strategies
NP search strategies
Where to look for New Physics?

@ Processes very suppressed or even forbidden in the SM

o FCNC processes (i — ey, 7 — py, Bg7d —utp, K — mwo)
o CPV effects (electron/neutron EDMs, de ,....)
o CPV in By g decay/mixing amplitudes

@ Processes predicted with high precision in the SM

e EWPO as Ap, (g —2),....
o LU tests in RS/"= [ (K(x) — ev)/T(K(r) — )
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NP search strategies

LU tests with K¢3 and k¢2 modes

Conclusion and outlook

» The charged current analyses using K, and K, data have entered an era
of very high precision
~ Improvements on the theoretical side: EM, isospin breaking corrections,
dedicated dispersive parametrizations to analyse the FFs with the best
precision.
- On the experimental side, very precise data on K, and K,, decays
= Flavianet Kaon WG

« This allows for very precise tests of the SM (test of unitarity of the 1! line
of CKM matrix, universality, quark mass ratios...) and New Physics
scenarios (Charged right-handed currents, scalar couplings, Lepton
flavour violation...)

«  But still on the experimental side, need K+ measurements (FFs..).
Experimental puzzle on f,(t) (NA48 doesn't agree with the other
experiments).

+ On theoretical side, f,(0) determination should be improved

= disagreement between analytical and lattice determinations. Lattice

improvements are promising.
E. Passamar Kaon'D8, Tsukuba 44
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o — e universali

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

(R")exp. [10~7]
PDG 2006 2.45+0.11
NA48/2 '03 prel. 2.416 +0.043 +0.024
NA48/2 '04 prel. 2.455+ 0.045 + 0.041
KLOE prel. 2.55 +0.05 + 0.05
SM prediction 2.477 £ 0.001

(R")exp. = (2.457 4 0.032) x 1075
@ A dedicated run (of 4 month) for Rk by P326/NA62
(former NA48) has been performed @ the CERN.
Goal: the error @ 0.3%!

° RYP = (1.230 £0.004) - 10~* PDG
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REFV in susy REFY insusy REFV inSUSY LU at a (Suf

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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REFV in susy REFY insusy REFV insusY LU ata (Su

Rk © NA62

Preliminary result (40% data set)

Ry = (2.500  0.012,,,, + 0.011,,,) x 105
= (2.500 # 0.016) x 10°5

(New, June 09)

-:22.55 Independent measurements Uncertainties
4 in track momentum bins Source BRy =105
i ron 3 o0 | Statistical 0.012
H K, 0.004
g Beam halo 0.001
§ L) % K., (SD*) 0.004
2 B - Electron ID 0.001
= B oanst Gl B ! 1B simulation 0.007
A5 : Acceptance 0.002
[ |Unesalnkae ndictod: Trigger timing 0.007
240 ] sitistenh R 2hale Total 0.016
(e (0.64% precision)

1 il 1 1 1 il 1 1
5 20 25 30 35 40 45 50 55 60 65
Track momentum, GeVie The whole sample will allow
a statistical uncertainty ~0.3%,
and total uncertainty of 0.4-0.5%. 19

2.35]

E. Gaudeawahi / Kaan(D, 10 June 2009
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SLFV
Rk

Rk @ KLOE

in SUSY RKFV in susy REFV inSUSY LU ata (Su

R, : KLOE result

Ry = (2.493 £ 0.025 + 0.019)x10°%
Total error:
1.3% = 1.0%,,,
0.9% from 14k Ke2
+ bkg subtraction

+ 0.8%

dumiﬁalrd
by statistics
Clark, 1972
PDG 2008:
Ry = (2.4520.11)x 10-%
4.5% accuracy

Heard, 1975

Heintze, 1976
New world average:
Ry = (2.468+0.025)x107F
1% acecuracy
R, SM =2.477(1) x10~%

NA482 (2003)

NA4B/Z (2004)

KLOE

* The result does not depend
upon the kaon charge:

K*: 2.496(37) vs K=t 2.490(38)
(uncorrelated errors only)

» Agrees with SM prediction

(_'A_‘\

PDG2008

M

227 240 26 28(x105

Test Lepton Flavor Violation with Kel at KLOE

KAON '09 P. Paradisi

B. Sciascia - Kaon®9, Tsukuba 24
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REFV in susy REFY in susy

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{v,
vertex correction induced by a loop of NP particles

~ 2 ~ 2 2
_ (%)) m, —m m _
e—p T e w 4
Brsusy ~ 4 \ T2 1 a2 ) M2ygy =

m e SUSY

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

Hlv ~ mytan 8
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REFV in susy REFY insusy REFV inSUSY LU at a (Suf

i — e universality in M — [v

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

4G

V2

e PCAC's
o < 0Ty, 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 ) m3,
TWE(M— (v) O \mutmg) m2.

Tree level H* effects (r)) are lepton flavour blind
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REFV in susy REFY insusy REFV insusY LU ata (Su

i — e universality in M — [v

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

KAON '09 P. Paradisi SUSY effects in Kaon physics: Lepton Universality tests and rz



REFV in susy REFY insusy REFV insusY LU ata (Su

i — e universality in M — [v

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

........... EXPERIMENTALLY THE NEUTRINO FLAVOUR IS
UNDETERMINED !!
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REFV in susy REFY insusy REFV insusY LU ata (Su

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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REFV in susy REFY insusy REFV inSUSY LU at a (Suf

RLFV in SUSY

R;L<FV _ Y. K— ey - Fsm(K — eve) + T(K — ev,) P e 4T
> K = p Fsm(K — pry) ’

€Rs;HMR +
SR eH v, — \f MW

a2
A% ~ 2%

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

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

Areh ~ 1072 — Brth.(exp.)(,]_ - eX) < 10710(—7)
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REFV in susy REFY insusy REFV inSUSY LU ata (Suf

RLFV in SUSY

Which is the sign of Ar," ?

o LFV effects to LFC channels in Ry

(H*y) — ;A%L tanﬁ) (L =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
=~ 11— — 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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REFY in susy REFY insusy REFV inSusY LU ata (Su

RLFV in SUSY

Ark
NG

T

- - E -8 7
10 10 10 10 10 200 400 600 800 1000 1200 1400

BR(t — eX) M, (GeV)
Black points explain the (g — 2),, anomaly
Masiero, P.P., Petronzio, '08
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REFV in susy REFY in susy REFY in SUSY LU at a (Su

RLFV in SUSY

0.01 0.01
0.008 0.008
0.006 0.006
0.004 0.004
ovo/oz 0.(;02
Arh AR
-0.002 -0.002
-0.004 -0.004
-0.006 -0.006
-0.008 -0.008
0.01 -0.01
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BR(t — eY) M,, (GeV)

Black points explain the (g — 2),, anomaly
Masiero, P.P., Petronzio, '08
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R}L\f\' in SUSY R,&m' in SUSY R}L\r\' in SUSY LU at a (Suy

LU at a (Super)B factories

° Rf/e =T(r — pvo)/T(T — evD)

200GeV
RMe~1-10"3
v (B) ()

Mursula et al. '83

o R/', =T(B— Drv)/T(B — Div)
Hou '92, Tanaka '95, Kiers & Soni '97

RE" N 200GeV
o 1-03 -
F ‘SM 50 HE

Nierste et al.’08, Kamenik & Mescia '08
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REFV in susy REFY insusy REFV inSUSY LU at a (Suf

SUSY MFV scenario @ large tan 3

How natural is the MFV SUSY scenario @ large tan 57

Top-Bottom Yukawa unification in GUT = tan 3 = (m;/mj)

myp, > 114GeV constraint better satisfied

Na, = (g —2)u/2 =(3+1) x 1079 naturally explained

o WMAP constraints " naturally” satisfied Ellis et al.

Correlations between BR(B — 7v) and BR(B — Xg7),
AMpg, BR(Bsq — ¢7¢7), (g — 2), and myo

Isidori, P.P., '06
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REFV in susy REFY insusy REFV insusY LU ata (Su

Lightest Higgs boson mass WMAP & (g — 2),

_ 400GeV ta .
Aa, ~3x10 o /== — | signu
m 50
=500 GeV
2“500 440)
450 145
400 [ / | 130 tgB=40
‘ coanniniation ‘ //:ff—.r———tj'
125 -
350 =
: . P tgp=10
300 | m,
F 115 R—
250 | o L
F gB=8
200 | Teig - 9B
150 | 100
g Ay /My=2
100 F \)(1)c1irf7} 82
E B PR s R %
50 ‘200‘ ' ‘400‘ ' ‘600‘ ' ‘800‘ ‘ ‘1000‘ ' ‘1200‘ 200 300 400 500 600 700 800 900 1000
M My

ts = 20 (green), 30 (red), 50 (black) Isidori et al., 06’,"07
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REFV in susy REFY insusy REFV inSUSY LU at a (Suf

Constraints

B — Xs7: [1.01 < Rps, < 1.24]

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

e B—r1r: [0.8 < Rg,, < 0.9]
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REFV in susy REFY insusy REFV insusY LU ata (Su

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

= Aa = (30£10)x10-10 % ;
Boowr o S W 5 3(B—1v) < 10%, 20%, 30%
60 1000 o 1
55 1o
900 -
50
lo
45 800
excluded: 1 M.\|Ep!ﬂ|ls
40 neutral LSI] 700
19B3s
600
30
d(B—1v) < 10%
25 5 500
20
400
15
10 . 300
200 400 600\, 800 1000 1200 2 10 13 2 L 35 1;
H Aa x 10

My ~ 2M; Isidori, Mescia, P.P., Temes, 07
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K — wvv in the SM

@ K — 7w processes offer a unique possibility in probing the
underlying flavour mixing mechanism:
o No SM tree-level contributions (FCNC decays );
o One-loop SM contributions CKM-suppressed (Vi Vg ~ \°);

e High precision of the SM prediction thanks to short distance
(e.w.) dynamics dominance:

HE = N7 ViVig [Xu(3d)v—a + Xr(3d) v al (Bi1)v—a
I=e,u,

5) d;
_ 2 h\i\W
Br(K—mvw)~(X = X +Xg) . v,
2\ /% i
¥t VisVid ol T3
X~ - = .
“Mi6m2MZ, ‘

XM =1.464+0.041 , X3M =0
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K — mwvi and NP

@ K — 7w has a high sensitivity to NP effects of many
theories as SUSY, LHT, Z' models.....

V2ViVia 921

(s = d)rene ~ csm 16m2M2, +one 16m2Anp?

Br(K — i) ~(X = X + Xg)?

X=X+ X0 Xr = Xg"
o Large NP effects only if 621 » V}.V;y (beyond MFV)

see the talk by Buras
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- I\ /I
G. Isidori — Exploring BSM with K physics Flavour in the era of the LHC

P Rare Kaon decays bevond the SM [general properties]

Minimal Flavour Violation Recent (almost) model-indep. analysis :

flavour symmetry broken only by 16

the (SM) Yukawa couplings

\

2Small deviations (10-20%) from SM

. Bobeth er al. '05

=
B

-

e
3

e
-]

Br(K'—r*w)10"

aStringent correlations with other rare
decays in B physics [B;— X vV.

e
'S

0.2
By X, 'F, B, 4> ] B

PIFIN IPRTRPITE WM B |

|..:I,.. ry P 5 611
Br(K, —»n°vv)10

Consistent with results of specific models:

@ Constrained MSSM [Buras er af. (11]
@ One universal extra dim. [Buras ¢1 af. 03]
@ Littlest-Higgs [Buras e al. 03]
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Gaugino mediated K — 7w

@ The dominant effects to K — 7w arise from X/i diagrams
with double-MIA [Colangelo, Isidori '98].

@ Gluino-type amplitudes (LL, RR and LR-down squarks type
mixings) essentially negligible contrary to ek, b — sv,
B _ RO

@ Minor effects within pure MFV. =

Sy Az '{"L
@ The maximal sensitivity to the W
up-t ili i i AY ' = (A"
p-type trilinear terms is obtained W g u gl s
for g i Sy
(6°) g L e
e Light stop and charginos
e small tan g3 + box
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K — v in SUSY beyond MFV

G. Isidori — E3 ng BSM witl K ph

5

Flavour in the era of the LHC

P Rare Kaon decays bevond the SM [general properties]

E.g.: 1. Generic MSSM New sources of Flavour Symmetry
i = e breaking around the TeV scale
3
% o Buras et al. '04
1
Z 8F 1
0\3 7 . .
/ aPotentially large effects, especially
8 in the three CPV K| decays (no &’
5F ’ suppression)
e .1 aCorrelations with observables in B
3F 1 physics not obvious
2 -]
1 Grossman-Nir bound:

(K,

, Oyvy < T(K"— w'vv)
SUSY effects in K

rsality tests and ra

aon phys



Chargino mediated K — wvv

. B(KT— m'vv)
B(By— pp)
AMp,

B(B— X, I'l7)

Tsusy / I'sm

{ﬁ:lx)min =250%10 GeV
(ﬁ"la)miu = 500£10 GeV
A {mq}hcar,\- = 1000 GeV

| tan(Py=2

Ag=1TeV
[Aal =i Ag
| 3\2_-\| ShAp

100

|A|;| or |623| {Gev)

G.lsidori, F.Mescia, P.P., C.Smith, S.Trine, '06
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Chargino mediated K — wvv

=]

Ap(By— WK)
EK B(K, =%V}

[
23
T

l..S USY / l“SM

0.5

L | L
1] 100 200
| A3l (Gev)

G.lsidori, F.Mescia, P.P., C.Smith, S.Trine, '06
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Chargino mediated K — wvv

B(K; — n'wv)

Fsusy/Tgm

|
400 600 800

{I‘i‘l, Jin (GeV)

G.lsidori, F.Mescia, P.P., C.Smith, S.Trine, '06
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Higgs mediated K — v

K — mtvvand large tan [3

|-loop: Hy couples to down quarks *

g

K'=x*vy

K —rlvv

B —uiu

200 400 600 800 1000 1200 1400

— tan [3 Enhanced effects m-

[BS — u 'y in MRFV: (tan B]ﬁ] B — p'u :improved bound

[Babu, Kolda "00]

K — mvv Beyond MFV:| K — mvv:decouples slower

(tan B)*(5g, Ofg,, ) Complementary Information

[Isidori, Paradisi "06]
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Conclusion
Conclusion

Where to look for New Physics?

o LU breaking @ % in RY/" from SUSY LFV effects

e LU breaking @ % in R;/“ implies My+ < 1TeV and it can be
compatible with the (g — 2),, anomaly

@ LU breaking @ % in R;/“ = BR(7 — ey) > 107°

@ The relevant SUSY parameter space for R;/“ @ % is allowed
by the constraints of rare LFV decays, B-physics observables
and Dark Matter

D
Rf/” offers a great chance to probe SUSY LFV .
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Conclusion
Conclusion

Where to look for New Physics?

e K — w7 is a golden channel where to look for NP because:

e K — muw is predicted with high resolution in the SM

e K — muvw has a high sensitivity to NP effects of many
theories as SUSY, LHT, Z' models.....

4

Kaon Physics will play a major role in the LHC ERA to unveil
and to understand NP
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