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G. D'Ambrosio Status of CP violation in Kaon systems

Standard Model FCNC- CPviolation

e SM with 3 families = weak int. with an unit. mat. V;;: 3 angles and 1 phase (CPV)

Wolfensteln
Vuds Vcb, Vid => A, AN, AXP(1 — p — im)

e FCNC only at 1-loop

@My [(Vimiva)? (VimVie)? -
HAF 2 1%W2W - vi (d L’)/MbL)2 + 2t vi (dey“sL)Q +charm

e The area of all possible CKM-unitarity triangles is an invariant:

Wolfenstezn

| Jep| AN\

e As we shall see B(K} — 7°v¥) will measure this area
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K — mvv

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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K — mvv: theory versus expts.

o Kt:it>charm =P Kt O%), K, O(1%)

e BR(K — wvD)TH K™ (0.8+0.1)-107" K;:(3.04+0.6) 107"
e B(K") = (1.73"1¢2) - 107" BNL-E787/E949 P326 at CERN
B(K1) <0.26 x 1077 at 90%C. L. E391 at KEK

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

Grossman-Nir

+
B(K:1) <5 % B(K ot < 1.4 x 107°  at 90%C. L.
T+
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Supersymmetric Flavour Problem

e the SM Yukawa structure

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

G%’MI%V ( tdmt %b)
1672

(dey“bL) (CZL’y”sL)2 +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

Hefei, 22nd May 2011 4



G. D'Ambrosio Status of CP violation in Kaon systems

2
Qg LIN2 /= 2
’ ! Hipoy ~ ons2 [(675)" (Bryudr)” + - - -]
g Q
. . 6LL departure from identity matrix m?
g
d b Gabrielli,Masiero,Silvestrini

K—K (63)° 1
* = M% < (100TeV)

5 = Naturalness?

o m2Q obey some Flavour symmetry so that GIM is realized (~ I) :

C “m2Vip)? - % QVS
Lar=2 = [( t t ). (d LW”bL)Q-I—( i Vie) (dey"'sL)”]
A V
MFV
C~1— AMFV > 5TeV Ali, Buras
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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
e Gauge mediation Dine,Nelson, Shirman: Giudice, Rattazzi
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Mescia

P326 aims to have 100 K™ — 7w v
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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 5 14 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 -107 "
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C' P violation in in KT — 37

e Dalitz distribution in XY  |A(KT = 3m)?~1+g+ Y +j1 X

e we can define the slope asymmetry Ag/2g = (91 —g-)/(9+ + 9-)

o lsospintrescattering:  A(KT — ntata™) = ae’®0 + be'oy

s Zeldovich,Grinstein et al
Final State Isidori,Maiani,Pugliese
Interaction

Compared to e two Al = 1/2 transitions (a, b)

K — :
T e final state small ( «g, Bg ~ 0.1)
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e O(p*) necessary for the slopes (M ~ Ab | 30%) and for Ag/2g # 0

a ~
Y
o splitting a = a® + a® and b = b2 + p*) G.D. Isidori, Paver
Ag _ 3A° wRW bW | e RaW
%= o (e - S+ 32w e
AT ~ 22¢ ~ 1074 (a0 — By~ 0.1

e to maximize Ag, we take O(p?) ~ O(p?) = Ag/2g < 107°
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New Physics to have large Ag/2g

e an operator which affects K — 37 but not K — 2, limited by expt.
size of €

e Actually Masiero- Murayama:new flavour structures to only the AS =1
and not AS =2

(51?}%)2']' — (Ml%)iLjR/mg
e Through the gluino box diagram

_ mas(myg)

Oy (my) = (08R) 51 & (0F) 1] Golga)

mg

Hmag = C; QF +C,Q, +h.c.
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g — viava = Viava
Qi 167T2 (SLO"“ t GMVdR:l:SRO'M t Guudlz)

e QF is affects only K — 3m; Q_ only K — 27

G.D,lIsidori,Martinelli

e As a result by tuning properly C'gi we can generate large Ag/2g (< 107%)

e NA48/2 has measured

JAN NA48
— 104

SM . PDG 4 NP,
5 < < 10 < 7-10 < 10
9
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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.y,
Kg — nhnr 103 <9-107° E1
104 (0.44 £0.07)107°
+ +.-0
K™ — vy (AI:%) PDG M1, E1
P 1075 (2.92 £0.07)107° M1,
L= 7 (CPV) KTeVnew VMD

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

BUT IB suppressed in Kt and K.
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Kt — ol

AK — mrry) = F' [E0,KO,m 4+ Me,,00° KO 7]

E1 and M1 are measured with Dalitz plot

O°T _ 0T'ip m2, (@ 2
orow? — orrow? || T mi e S W

1 2 2
m_+ E1l M1 4
) (‘eA‘ +|ar )W]

W? = (q-pr)(q-py)/(m2m3)

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

Integrating over T, deviations from |IB measured

| = 35 [
= i
=TT S L
4 S |
0.8} P 4 N 5 |
’ . - |
, \ %\ 2.5 »
{ \ SO
0.6 =
( \ |
\ ‘ N |
0.4} \\ | |
> \ -
\\ ‘ |
Y
0.2+ §~~ “ N
T
TS
‘ ‘ ‘ ~~-§-‘L 007" 62 63 04 05 06 07 o8 oo
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Hefei, 22nd May 2011 17



G. D'Ambrosio Status of CP violation in Kaon systems

CP asymmetry

PA plum
e In the asymmetry in the slope, 61%51/[/2 select a favourable kin. region
(large W?2)
e This asymm., €, in extensions of SM ~ O(10™%) Colangelo et al.
e SM S 0(10_5) Paver et al.

e Assuming the expts. are almost seeing the CP conserving E'1 Statistics
seems tough but previous limit (Smith eta I. 76) weak

e Similar analysis for CPV in K : but time interf. required
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Kt = a9 = nmnlete: Cappiello, Cata,G.D. and Gao, EPJC

o K; — mhrm eTe : extra kin. variables compared to K; — n7n~ v =
interesting interference among E'g and M

R(Ep M*)
[Ep|” + |M[?

e CP violating effect and since Eg ~ M the observable

maximal, suppressed only by phase space (~ 14%)

e Look angular plane asymmetry mm eTe™

e CP asymmetry generated, purely LD Not
SD
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Kt — gtrlete—

R(Eg M™)
- |EB|* + [M]*
B(Kt —w ntnlete™)p ~3.3x107% ~ 50 B(K+t — ntnlete )y,

e the asymm. as in Ky, not as lucky Ep >> M:

e Still CP asymmetry generated, without having simultaneously K+ and
K, asymm. in phase space, Also P-violation in interesting:

e I[nteresting for weak CT"s:

e Chosen variables as in K™ — 777y, W — T. plus dilepton invariant
mass, q*

e interesting Dalitz plots (at fixed ¢?) to disentangle M from Ep
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Kt — ntnV%Te™: Dalitz plot

010 - 010
0.08 - 0.08 -
*UG.GC) i *Q().Gﬁ i
~ ~ L
0.04 0.04
0.02 0.02
0.00 000"

In different portions of Dalitz plots also other inteferences (magnetic
-electric)
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How to extract SD from KT — 7t 7% e~

e LD: ete -pair coupled through "~* = P-violation in the lepton pair
signature of short distance , important for NA62

e Novel CP violation contributions (compared to Acp(K+ — 7t 7%))

(KT — ntralete”) —T'(K~ — nnlete)
'K+ — ntnlete) + I'(K— — n—nlete)

Acp =
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u-Polarization in K™ — 7%ty
o (P)~ (s, (p,xpz)) is T-odd, = CP violation
e FSI (P) ~107° Zhitniskii,Hiller-Isidori
Mk s = GrsinOef1(q%) [pat;y* (1 = v5)tw, + fo(q*)mutu(1 — v5)u,,]
(PL) ~ 0.2 Im(fs)

e Bounds on models (P;) <1072 Peccei

but interesting models (multi-Higgs, leptoquarks) (P, ) ~ 10™% Garisto-Kane

o KEK E246 (P) <5-1073
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Bell Steinberger relations

| (af)

Ps+Tr = z'%(A)] =T, zf: AL(f)As(f)

I's —1'g

R(e)
1+ |ef?

+ 7 tan ¢SW] [

—i (M) — 35 (T12) F 5 [M11 — Moy — £ (T'11 — T'a)]

€ — :
5L mr —mg+i(l's —T'p)/2
= e¢eF A
€ = |e|etPsw tan pgw = 2(my — ms)
I's—17

Hefei, 22nd May 2011 24



G. D'Ambrosio Status of CP violation in Kaon systems

Bell Steinberger relations: CPLEAR,KTeV,NA48,KLOE

N(e) = (161.1+£0.5) x 10°  F(A) =(-0.7+£1.4) x 107

—4.0x 107" GeV < mgo —m_o < 4.0x 107" GeV  at 95 % C.L.

- A (10'° Gev) m 95% CL x10 [ | M(S)10™% M 95% CL
i B 68% CL 05 | B 68% CL
10 + |
(0]
(0]
— 05 |
10 | AM (108 GeV) i Re(g) (103
-10 (0] 10 0.155 | 0.16 | 0.165
x 10 ~
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Important K-physics still to be done: impact of expts. on CKM

e 2004: |Vys|: 2.2 o 's discrepancy from unitarity reconciliated after
semileptonic measurement from BNL, KTeV, KLOE, NA48

e 2006 KLOE measures 75+ confirming in-flight measurements vs at rest
mesurements

e 2006 All KL's branching fractions changed due KTeV measurements
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Conclusions

e Connection CP violation D- and K-physics departure from MFV

e Looking forward to have data from NA62

e check also less ambitious channels

e Many interesting chiral tests ( K™ — 7770y , KT — 77nl%Te™ |.)

e Bell Steinberger tests
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Chiral Perturbation Theory

x PT' effective field theory based on the two assumptions

e 7's are the Goldstone boson of SU(3);, ® SU(3)gr — SU(3)y

o (chiml) pOwer counting i.e. the theory has a small expansion parameter:

F T—lv, T, K—m.. K—m..
Las=0 = Las—otLAs—ot =~ (D UD"UT + Ut + Uy +ZL O+ -

Fantastic chiral prediction A, ~ (s — m?2)/F,? Weinberg, Colangelo e

al
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Las—1 = LAs +LAs 1+ = GsF* (AsD,, UTD“U>+ GSF2ZNW +.

K—2n/3n N y
K+—)7T+’Y’)/,K—>7Tl+l_
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Kt — ol

I nner Brensstrahl ung I nterference

0. 6 0. 6
= =
0.4 0.4
0.2 0.2
Ot ] Ot
(0] 20 40 60 80 100 (0] 20 40 60 80 100
Tc Te

e E787 has measured M1 and Re(ﬂ) ~ (—0.4+1.6)%
i

e E1 dominated by CT =  E787 constrains models (k; < 1) NA48/2—>
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kp=—0.4
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