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Why we need to-the experimenty KOTO and NA62
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Generic Flavor structures strongly constrained

Operator Bounds on A in TeV (cxyp = 1) | Bounds on exp (A = 1 TeV) | Observables
Re Im Re Im
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Problem already known since '86 technicolour
(Chivukula Georgi) susy (Hall Randall)
extra dimensions (Rattazzi Zafferoni)

Maybe there is an energy gap between the theory of flavor and
the EW scale , ameliorating also a clash from the scale of the bounds
in the table above and the requirement of solving the hierarchy problem
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Flavour scale
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Bounds ameliorated

Minimally flavour violating main A [TeV]
dimension six operator observables -+
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10'° x BR(K, — n°up)

NA62 , KOTO

E949 lo

0 ” 1 2 3
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Straub, CKM 2010 workshop (arXiv:1012.3893v2)

Also Z’ Buras et al, see Fulvia’s talk,
and M.Blanke rev



Vus from semileptonic decays
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High Statistics Measurement of the K* — 7'e* v (K;) Branching Ratio
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Role of KTeV, KLOE, Istra



Chiral Perturbation theory

XPT effective field theory approach based on fwo assumptions
® s Golstone bosons of SU(3). XSU(3): = SU(3)v SUG). XSUGJ symm. L oo mg=0

® (chiral) power counting There is a small expansion parameter p2/A%yss

NAxsg=4 1 Fy ~1.2 GeV

rT—lyv, mm—orr, K—m.. K.,
F,_Z p A ~ — —
LAs=0 =‘C2AS=0+L4AS=O+"' = T(D“UD“UT—{—XUTJ—U'XT) - E L:O; +---

Li Gasser Leutwyler coeff
expts. O; p*

Fantastic chiral prediction
Aan™ (s -mq* )/Fq®



Cusp effect in K->3pi

® in 2002 Mannelli at CERN discusses
that their incredible energy resolution ; /
may lead to pionium discovery in

K+ ->pi+ pi0 pi0

® But the plot ( on the
right was not yet understood
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ap, az from K — 37 rescattering; Cabibbo,Cabibbo-lsidori

e rescattering generates an absorptive contribution proportional to the
scattering lenghts ag, as

ST Zeldovich,Grinstein et al

Isidori,Maiani,Pugliese

Final State
Interaction

llllilllllllll‘lllll

The amplitude T(s) has a critical behaviour near 77 threshold: NA48
good energy resolution— ay, as



ag, a9 Cabibbo,Cabibbo-Isidori

e No cusp with cusp

e cusp: opening of the 7™ 7 -thresho

e Rescattering Tt —
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Ke4,K->3pi, Dirac, CHPT
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FIG. 8 NA48/2 Kq4 and cusp results from two-parameter fits

in the (ap, az2) plane. The smallest contour corresponds to the —
combination of NA48/2 results. The cross-hatched ellipse 1s

the CHPT prediction (4.92) of Colangelo ef al. (2001a,b). The
dash-dotted lines correspond to the recent result from DIRAC

(Adeva et al., 2011). We thank Brigitte Bloch-Devaux for

updating the onginal figure from Batley et al. (2010c).



Kt — ntyy NA48/2 + NA62 ('14)

Auxiliary channel useful to assess the CP JQ\ b

conserving contribution to K; — 7lee
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Kt — vy NAB2 sensitivity

l | Full description of unitarity cut
AK - 3n)=a+bY +cY?+d X?

This decay K+ — w~~ : The error obtained in
the form factor (¢) iIs dominated by the expt
K-> 3pi error in the quadratic slope !



| KTeV and NA48 not only €’

Actually the study of unit. cut was crucial to i) to bring agreement

expt vs Theory in K; — 7y~  and ii) show that K — 7’ece

CP conserving was negligible

3 CT’s -
Fl, F1o9, K 0" :
F2 (9KL(97TO ; o~

F? m3 K’ ‘

Full description of unitarity cut
AK 53m)=a+bY +cY2+d X?



G. D'Ambrosio Theory of Kaon Physics

0

K; — 7’ete™ : summary

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

CP conserving NA48

1)

Br(K; — n’ete™)< 3 - 10712

K ¢

V-A® V-A = (r%te™|(5d)v_a(e)v—_a|KL) violates CP



2) EX + 3 ‘ — Im ),

1\' s ¢ - (I

TB(Ks — nlet e )= 4.6a.% x 109

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

-

ImA ImA\ *
12) + 3)|* = |15.3 a.QS — 6.8 17(7;_ - as + 2’8( 1T(r)z—4t) . 10712

117.7+ 9.5 + 4.7] . 10712




PRIN studies: K, — 7’¢*¢~

K, — 7%t vs K— nvv:

« Measurements are complementary and can help to discriminate
among NP models

Different operators contribute to K, — 7%*{~ and K — mw

« Nominally easier experimental signatures for z°¢/*{~, but some
irreducible backgrounds (esp. for 7'%¢*e")

 Larger theoretical uncertainties, need progress on ancillary
measurements such as BR(K; — 7%*(")

Modifications to NA62 needed for K, — #¢*{~ are straightforward
« Removal of CEDAR, Gigatracker
« Realignment of straws, RICH; new IRC
 Possibly new SAC to handle higher rates

Potential for K, — n’('{~ experiment was studied by NA48

Rare kaon decays at FCC injectors — M. Moulson (Frascati/CERN)

21



K, — 2°¢'¢~ with NA62 setup?

Extrapolated from studies for NA48
Assuming 1 sly at 2.4 x 10’3 — 3 x 10'2 K, decays in FV

SM BR 3.5 x10-1 1.4 x 1011
Acceptance 3% 18%
SM signal events ~3 ~8
S/B ~1/10 ~1/6

K, — n’e*e” channel is plagued by K, — e*e yy background
* Like K, — yy with internal conversion + bremsstrahlung
« 3% acceptance for K, — n’e*e reflects tight cuts on Dalitz plot to reject
* Need to explore other strategies: statistical separation, kinematic fitting
* NAG2 has better 2-3x better mass resolution on £ vertex than NA48

Continuing to study in context of PRIN project

Rare kaon decays at FCC injectors — M. Moulson (Frascati/CERN

22



Highlights K¢ — uz LHCB

After 40 years improvement by 3 KS — up) < 11 % 1()_9
orders of magnitudes from LHCB
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Isidori Underdorfer




Other interesting channels

Kg — pupupupy — SMLD ~2x 10
Kg —eeuy — ~ 10711
Kq¢ — eecee — ~ 10719

GD,Greynat, Vulvert



Time Interference effects

ALS(Kp ¢ — pjiee) x 107

ARS(Kp s — pjipji) x 10

8 10

t/Ts t/Ts

Interferences between K1, and Kg — ¢1¢102¢5. The red line corresponds to the case
ag = 0, the green line is g = —3 while the blue line is g = 3. As explained in the
text we assume the sign K — ~~. For 4u's 10'* Kg needed , eepupr 102



Conclusion |
Theorists had a good idea: Bs — uu

SM Bs = i
s = pp o

Experimentalists did better

St s 10° bt LOW -
1 Fb™ of pp collision o bt M(u "l ,\JL\ hlgh M(ll l-l )
s@ Vs=TTeV W "ﬂ“t

arXiv:1304.6365,
Phys. Lett. B 724 (2013) 203212 ] FCNC

NP ? P/N )

FCNC, NP ?
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Conclusion |l

Theorists had a good idea: €

Experimentalists did better KTeV and NA48!

see Rare Kaon decays



Conclusion Il

NP maybe HIDDEN but still present (see GIM)



Weak interaction

The symme’rry OF the Shorll._@VudVJSC_(gL»YMuL)(ﬂL,YudL)
distance hamiltonian V2

described in CHPT

Las—1=Lag=1 + LAg=1+ - = GeF* XD, UTDFU) + GgF? z: NW; 4

S\, 4

-

K »2m /3w

v
KT—arn—yy, K—=xwl—I1—

VMD not as successful, in particular for K->3pi,
where in principle large VMD important



CP-Violation in KL Decays Wolfenstein, Lin
Trippe

48

48 \ ‘
i
h
46 46 |[—
g B
CU ()
2 4 S, 44
()] [}
v o
o) ~
\/I -L
L <
< 42 42
40 40
38 T A S L1 [ R [ 38 ! | ! ! I
5150 5200 5250 5300 5350 5400 0.888 0.892 0.896 0.9 0.904
- -10
mKL' mKS (106h5 1) TKS (10 S)

do not assume CPT invariance assume CPT invariance

G+ — doo ~ 0.006° £ 0.008° 75, = 0.8954 + 0.0004 - 10~ s



CPT Invariance Tests in Neutral Kaon Decay auoneii oo

R(e) S(6)
Review Bell-Steinberger relations: unitarity determines CP and CPT violating in terms of Ay (f)A%(f)
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CPLEAR, NA48, KLOE, PDGfit, KTEV
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Issues

- Still to improve: maybe some form
factors can be removed

Do we need a mini review for
CHPT?
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Lsoft, = @Tm%éj T ETmiji = Uaqu H,



global symmetry spurions
- 7 ~ —
Gp = UB)e@UB)@UB)p@UB)r®UB)e+  Yuperk




Hard Wall weak interactions: K->3pi

Luigi Cappiello, Oscar Cata and G.D.

In this channel there is a large VMD in
the phenomenological slope

However this is
proportional to Lz +3/4 Lo

4D L3 + 3/4 Lo=0

5D L3 + 3/4 Lo#0 and in agreement with
phenomenology



Evolution of Experimental Input...

BR(K ;) [%] BR(K ;) [%0] 7 [NS]

€3 u
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“V, Revolution” with experimental input changing ~ 5% 1n some cases.....
Input from many experiments: BNL865, KTeV, ISTRA+, KLOE, NA48, NA48/2




Vector Meson Dominance

in the strong sector

Ecker, Gasser, de Rafael, Pich

Total Total . . .
L L \ A (Scalar incl) QCD rel.incl. QCD inspired relations relations
L 0.4 + 0.3 0,6 0 0,6 0,9 Fy =2Gy = ‘/ﬁf 0
L 14403 | 12 0 1.2 18 Fa=fx
L 35410 | -36 0 3,0 49 Ma = V2My
L -0.3+£0.5 0 0 0 0
L |.4 £ 0.5 0 0 1,4 | ,4 KSFR: Gy = ~/2 F
L 02 +03 0 0 0 0 determined by dominance
of pion, VA fo recover
- -0.4+£0.2 0 0 -0,3 -0,3 QCD short distance
L 0.9 +0.3 0 0 0,9 0,9 constraints
L 6.9 +£0.7 6,9 0 6,9 7,3
L -5.5+0.7 -10 4 -6,0 -5,5
Vv Vv
LV=L_2=_£3_= G{ LY — FyGy LV+A_ Flzf_ ! Fﬁ_
1= 7 6 — 8M2: 0 = 2MZ aMZ T A3

QCD inspired relations relations

(LY =LY/2=-LY/6=LY/8=—

LY;™/6 = f2/(16M2) )




