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Minimal Flavour violation

Short distance dominated K — wiv

K; — meTe™, the related channels K — 7y~ and Kg — n'e
CP violation in K — vy, K — wmee

Conclusions
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G. D'Ambrosio Theory of Rare Kaon Decays

Flavour Problem

e the SM Yukawa structure

LYy, = QYpDH + QYyUH.+ LYgEH + h.c.
FCNC

G My, | ( tdm?th)
1672

(dpy"br)” + (dry"sr)” | +charm

Hap—s ~
e Supersymmetry must be broken

—Loope = Q'mLQ + L'm2L + Ua,Q Hy + ...

O mé, m%, Gy, -.. matrices in flavour space additional (to Y, 4.;) non-trivial structures
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Theory

e There is a symmetry that New Physics must obey to satisfy FCNC -constraints

global symmetry spurions
Vs -\ N\ N\
Gr= UB)QeUBreoUB)peUB)LeUB)e+ Yuprs
e Tlechnicolour Chivukula, Georgi
® Susy Hall,Randall
e Gauge mediation Dine,Nelson, Shirman: Giudice, Rattazzi
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G. D'Ambrosio Theory of Rare Kaon Decays
K — v

A(S — dl/f)SM ~ ELfyudL EL’}/MVL X Z V;;qu mz

g=c,t
s W d
u,C,t u,c,t
{ ~ [A2)\5 (1 —p—in)m; + )\mi}
) 2
(
SM: V-AQV — A Littenberg
M

CP violating
(K, — 7 uvD) = J = A*\
Only top
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Theory of Rare Kaon Decays

KT > atup

A° A

I ’ ;
B(K1) ~ m[( mAtXt) + (RGA (P, +

o 1, from K3

e P.: SD charm quark contribution
LD 0P, , ~4+2%

o B(K) = (8.22+£0.27 £ 0.29) x 10~ 11
second non-pert. QCD

o £949 B(K ) = (1.7371:13) x 10-10

Brod,CKM2010, Straub, Gorbhan

2
5P...) + ReAs Xt) ]

)\5

(30%+2.5% to BR)

first error parametric (V.),
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Kr,

B(Kp) = (2.4340.25 4 0.06) x 107! vs

E391a B(K.) < 2.6 x 1078 at 90% C.L.

K Model-independent bound, based on SU(2) properties dim-6
operators for sdvv Grossman-Nir

B(KL) <L x B(K Jrouo < 1.4 x 1070 at 90%C.L.
T+
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P326 , KOTO, ORKA

4 | N SM4

E9%49 10

3|

g/

S/

=/

A1 ¢
2 &

10 x BR(Ky — #nvp)

/ 1 —
101 x BR(KT — nTvir)

Straub, CKM 2010 workshop (arXiv:1012.3893v2)
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K — m’eTe™ : summary

Br(K; — w’ete™) < 2.8-107 at 90% CL KTeV

CP conserving NA48

Br(K; — w’ete™)< 3-107 1

K;,

V-A® V-A = (n'eTe™|(5d)y_a(€e)y_a|KL) violates CP
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70 e s W d
. u,ct u,c,t
2) €X ~ + 3 — Im N
(3 2 M = ViaVig
Ks e e : e

TB(KS — 7roe+e_) = 4.6a% x 1077

Possible large interference: ag<< —0.5 or ag> 1; short distance probe even for ag large

0—4

ImA ImAs\°
|2)—i—3)|2: [15.3 a§—6.8 1m i as+2.8( m t) ] 10712

[17.7+ 9.5 + 471 1077
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Theory of Rare Kaon Decays

G. D'Ambrosio
KT — 7T+’7’7
(Gev’l) 7\ 1T T 1T T T T T T T T T T 1T 1T
15; _
* ¢
b I 0
——— 23

dr(x*—>n"yy)/dm,,/T
o
\

o
\

/, —
B = et b
0 05 1 15 2 25 3 35 4
m,, (GeV)

BNL 787 (96) got 31 events  Br~ (6 +1.6)-1077 ¢=1.8£0.6

NA48/2 - NA62 preliminary B = (1.0140.07)-107% and ¢ = 2.00£0.3
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K(px) — m(p1)m(p2)v(q)

e Lorentz 4+ gauge invariance = Electric (F) and Magnetic(M ) amplitude

AK — my) = F'[E0, KO, + Me 00" KO ]

e Unpolarizated photons

d°T
~ |E]?2 4+ | M|?
Tordos |E|" + [ M]
|E?| = |Ers|° + 2Re(EigEp) + | Ep|?
1
Low Theorem = E;p ~ % + c Ep, M chiral
Y

tests
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We need FIGHT DE/IB~ 1077

IB DE,,,
Kg— ntn 1077 <9-107° E1l
10~* (0.44 + 0.07)107°
+ +, 0
K™ = nmnmy (AI:%) PDC M1,E1
[ 107° (2.92 £+ 0.07)10°° M1,
L T (cPV) KTeVnew VMD

CPV is only from IB K, (also measured in K;, — w7n ete™)

BUT IB suppressed in K and K.
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Kt — ol

A(K — nry) = F" [E8,KO,m + Me,,,,0" KO 7]

E'1 and M1 are measured with Dalitz plot

2
82F _ 82F[B m. 4+ ﬂ 2
orow? — arow? | T K 2lte (eA) w
m4+ E1]? M1|? 4
= ( Z{Rary )W

W?* = (q-pk)(q-p+)/(mim3)

A=AKT - ataY)
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KT — ntn% W — T, Dalitz plot

Integrating over T, deviations from IB measured

I nner Brensstrahl ung Magneti ¢ DE

0 20 40 60 80 100 0 20 40 60 80 100
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CP asymmetry K™ — 770y

Interference

Dalitz plot analysis crucial
SM < 0(10_5) Paver et al.

NP < 0(10_4) Colangelo et al.

0 20 40 60 80 100
Tc

NA48 /2 <15-107% at 90% CL

BUT NOT in the interesting interf. kin. region (statistics)
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K4 and 7 strong phases 6! (s) Cabibbo Maksymowicz

GF . 5
= useul_ v H ol
7 Y*(1 —~°)v H,(p1,p2,9)

.0
H" = Fiph + Fopl + 5 """ p1,pangs. Fi(s) = fi(s)e™0®) ¢

e crucial to measure sind = interf I3

e Look angular plane asymmetry
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KL — 7T+7T_’7* — 7T+7T_€+€_ Sehgal et al; Savage,Wise et al
™ (p1)
o Mip=% e (1—+") ¢ H,
KHE) (p2)
o H'= Fipl + Foplhy + F3 e *Fp1,paaqs
‘) e’ (k)
o () QFl,QNE F3NM

e Interference ' M novel compared to K;, — w7

e £ M known from K — 77~ (IB and DE)
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K —»7atn y* = atn ete

d°T
dExdTdq?d cos 0ydg
+ Ay sin 20, cos ¢ + As sin 6y cos ¢ + Ag cos 0
+A7 sin 0, sin ¢ + Asg sin 260, sin ¢ + Ag sin® 0y sin 2¢

= A+ Ay sin? 0, + As sin? 0, cos? 1)

o -A8,91 odd in Qg

R(Eg M™)
¢ D) )
|[EB|” + | M|

IS maximal,

o As¢67 interf. with axial leptonic
current
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K—I_ — 7T+7TO’)/* — 7T+7T0€+€_ Cappiello, Cata,G.D. and Gao,

R(Ep M*)

e the asymm. |, :
Y Egl” + | M

not as lucky Eg >> M:

e B(K*)p~33%x1076 ~ 50 B(K)uy

e Short distance info without having simultaneously K+ and K, asymm.
in phase space, ( P-violation) interesting! No e-contamination

e interesting Dalitz plots (at fixed ¢?) to disentangle M from Ep

e at ¢° = 50MeV IB only 10 times larger than DE
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Theory of Rare Kaon Decays

g. (MeV) B[10°] B/M B/E B/BE B/BM
2my 41827 71 4405 128 208
55 5.62 12 118 38 44
100 0.67 8 30 71 36
180 0.003 12 5 19 44
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How to extract SD from KT — T nlte™

“0.00

Figure 1: Dalitz plot for the contributions to Ag;g) (in arbitrary units) at ¢° = (50 MeV)?.
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Novel CP violation contributions (compared to Acp(K™ — 7 m0)

- I(K'T — rtrlete™) —I'(K~ — 7 nlete)
- T(K+ — ntnlete) + I'(K— — n—nlete)

CcP
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Conclusions

e Match the promised experimental accuracy/statistics
e Look alternative channels

e NP models!

e Improve QCD determinations matrix elements
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