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e Based mainly on CKM workshop for CKM unitarity tests
e on work with G. Buchalla and G. Isidori hep-ph/0308008 and
e G.D., G. Ecker, G. Isidori, and J. Portoles, JHEP 08 (98) 004, hep-ph/9808289
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Outline

e Chiral Perturbation theory

e Weinberg scattering lenghts and K4

e CKM unitarity and V5, V4

e Direct CP violating contribution to K — 7ete™

e CP conserving K; — nlete™

o K; = Ky +cK; — mlte™: New results from NA48KS

e Conclusions
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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)r ® SU(3)r — SU(3)vy

e (chiral) power counting i.e. the theory has a small expansion parameter: p*/ AXSB'
Aysp ~ AnE, ~ 1.2 GeV

T—lv, tm—nr, K—.. K—>7r
F.2r %
LAg—p = EQAS=0+‘C4AS=O+° o= (D UD“UT _|_XUT + Uy >—|—ZL O + -
Fantastic chiral prediction A, ~ (s — fm,ﬂ)/FW2 Weinberg, Colangelo et al
Las—1 = LAg 1+ Lpg 1+ = GsF* (\eD,U'D"U) + GsF 2Z:NW + -
K—>27T/37T N _/

K+—>7T+’7’7,K—>7Tl+l_
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K4 and 7 strong phases 6! (s)

K+ — 7~ lv = form factors  Fi(s) = fi(s)e?®0(®) + ..

Amr(s) ~ (S — m%)/Fﬁ +  h.o. <~ 55(8)

e Look angular plane asymmetry 7 (v

e Si(s~4m?2), mmr phase shifts near
threshold = a},

e a) strongly sensitive to (0|gq|0)
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ag: BNL-E865 and THEORY

016 O<p2> Weinberg 79
CL8 0.20 £ 0.01 O(p4> parameter free pre. Gasser Leutwyler
0.220 £ 0.005 O(p6) +analy.+disper. Bijnens et. al

BNL-ES6s  ag = 0.216 + 0.013
+ChPT+Th [hep-ph/0301040]

/ e ES65

© } v Geneva—Saclay |
T o R E
0.28 0.3 0.32 0.34 0.36 0.38

M, . [GeV]
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K (k) — m(p)lv and CKM unitarity

Vaial? + [Vus|? + [Vas|* = 1 Vup negligible
_ Gr p _ 2
M(Ki3) = ECVus +@) @+ E)u+ f-(t)(k —p)u] L t = (k—p)
® CVC — f_|_(0> =1 + .., f_ (O) =0 .. Ademollo-Gatto
o f-(t) = fo(t), f+(D), f+o0(t) = f+(0)(1 + Ay ot/m3)
e )\, ( measured, TH fL(0) =14 fo+ f4
CH PT f2 = —0.023 £ “ON Gasser Leutwyler
Guess f4 = —0.016 £ 0.008 Leutwyler Roos
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K(k) — m(p)lv and CKM unitarity

['(Kjs) = NilVus [ f+(0)P1 (A Ao)

] IE -
. _ KLOE
0.210 Ko I i } e I TKLKCL)E
K
0.205
K*es K°e3 K+HB Kou3
CKM, Isidori

I(Ay, \g) stable

e.m./lsospin corrections+TH. f(0)

Vs| = 0.2196 + 0.0019xp
+0.0018,

E865 0.2272+0.0023¢4p,£0.0018;y
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Vs and Vg

Vius| = 0.2196 £ 0.0019¢xp &= 0.00184, CKM, Isidori et al.

Vius|eges = 0.2272 = 0.0023oxp &= 0.0018¢y,

Vius|Hyperons = 0.2250 &= 0.0027¢xp &= 0.00184y, Cabibbo, Swallow, Winston
Vud

o Superallowed => [V,,4| = 0.9740 £ 0.0005 22 |V,..| = 0.2269 = 0.0021

e Beta decay, g4, gv, |Vua| = 0.9731 + 0.0015
Grenoble |V,,4| = 0.9718 4+ 0.00137

e News expected soon from KLOE,NA48
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Motivations

SM at short distance predicts the current®current structure for K — mete™

H N% sryudr  eryter Zq s qdm}—kh.c
174

S - d (AN (1= p —in)mi + Am?]

u, u, ¢yl

ZU

S —

Gilman,Wise; Buchalla,Buras, Lautenbacher

CP violating
K; — wlete™ sensitivity to new physics

ImAhs = S(ViEVig)
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Impact on New Physics from K; — nlete™

o CKM-fit: B- and K- =
ImX = S(VEVyy) = (1.3 £
0.11) - 1074

e But Ilimits from K-physics
Only Very Weak Colangelo-Isidori,Buras-

Silvestrini

A

K; > nlete

Tl ¥
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0

K; — mlete” vs. K; — 70w
SM KTeV
o K; — 10w Z2.8§_: 1.0)-1071 < 59107 no e.m. bck.
.
SJl\lI

K, — m9yy — mlete~

0+.—.7,1.10—1T
Kp—m'e"e :~1-10 But{ Ky = Ko+ cK; — m0%te-

e — Greenlee bck.

_ 58 +0.3)-107 No kin. cut
BT(KL — €+6 ’Y,‘Y) { g . 10—10 )

kin. cut

signal
bck.

~ 0.1 But bck. can be known accurately (QED)= statistics
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Br(K; — mlete™) KTeV

0.145

e '97('99) 2.6 - 101! K,

0.14 —

|- /,// \\7

[ - . ;

0.135 - / O
! ;

L S —

0.13

e expected bck. 1 evt. '97 ('99)
2 evt. (1)

. 2
m,,in GeVlc

e Br < 51 -107'" (3.5) |
combined < 2.8 -10~10 T

L | L L L L
0.48 0.49 0.5 0.51 0.52
. _ . 2
Mgeyy ASSUMING M =m_,, in GeV/c

KTeV

Foreseen statistics to measure the Direct- CP-violating part in the SM &)\,
at 30% : 1.000 more K,
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Control over three contributions

e Direct CP violation in K; — nlTe

e CP conserving K; — nlete™

o K; = Ko+ eK; — mlete™
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Short distance contribution to K; — nete™

Ky — w’(eTe™) ;=1 dominated by the s.d.

Qrv = V' (1 — y5)d vt , Qra = 3Y"(1 — ~v5)d by, st

T(KL) B(Kj)

* 2
T(K+) |V |2 (y$A+y$V) [%(‘/ts‘/td)] ’

B(KL — m'e"e )cpy_dir

%/\tr

= (2.454+0.22) x 10"
10—4

where

SN = (Vi Vi) 225 (1.33 £ 0.11) X 107 Buchalla et al,CKM
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Kr(p) — 7 (ps)v(q1)v(g2)

Lorentz + gauge invariance = M~ Ay, z) B(y, z)
Y Y
y:p-(qrqz)/m%@ z:(Q1+qz)2/m%< J =20 D — wave too
rr=mm/m F’uyFw/ F“”FM&,KLE?AWO
d°T 2 2 2 (1+ 7“72r — 2)2 2 ’ 2

e Different gauge structure = B0 at z — 0 (collinear photons).

Crucial role in K; — wleTe™
A suppressed by m./mg 0 .
B is not

Morozumi et al, Flynn Randall

Sehgal Heiliger, Ecker et al., Donoghue et al. K
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0
O Kp =7y | |
() (p ) Ecker, Pich, de Rafael; Cappiello,G.D
CT
0
0 D(KL—=m 77)py 1
Onl A ~N —
y But F(KL—WTO'Y')/)QXP 2.5

GGg from Kg — 27

e O(p°®) A, B from:

/ -
faCT S . s Cappiello, G.D., Miragliulo
F WF2 (9aKL50 T : Cohen, Ecker, Pich
F?2 m% Kpn® ;
-7 Full description of unitarity cut

AK =»3m)=a+bY +cY2+d X?
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5 VMD =1 coupling ay (N—O6 G.D., Portoles)
ACT — Oél(Z o TW) + Q2 (Ecker, Pich, de Rafael;Sehgal et al.)
Ber =

oy = g = —% — —day ~2 nd.a.~02

e KTeV and NA48: 1 parameter fit (ay ) with all the unitarity corrections

§ —+DATA
4.10°5! ay — E 300 - [ Background ‘i’
L - 0.4620.05 (NA48) i
xpectation

1 -0.72+0.08 (KTeV,

3 10'6 i nl X?/n.d.f = 31.1/30

2. 10"’;—5(KL - 770’7’7) NA48: No evts.
(1.68+0.1)-107° oy 3t low 1y

L 10:601-36 £ 0.05) - 1079

B(K; — nlete™) « i
—13 e
< 5-10 0. 100. 200. 300, 400.

m,, [MeV/cz]

0.1 0.2 0.3 0.4 0.5
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K1, — 799*(q1)7*(q2) — 7% Te™: need for a form factor

B(z) ~ B(0) over all the interesting physical range (Dalitz plot analysis, explicit model

dependence)

B(KL — 79%) Myy<110 Mev = 2.0 X 107" x |B(0)|’

Generally one computes the model independent imaginary part for K; —

0 = glete. Also the dispersive part has to be computed

N

J

~ In A = form factor f(q}, q3). K e

Short distance forbidden at leading order in a5 by Furry theorem
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Matching with short distance is believed to be achieved with Vectors.

B(z,y;47,43) = B(2) x f(4t,45)

@ 5 s
ﬂﬁﬂ@=1+@( + )+B
@ —mi  qi—mi (g7 — m3) (g5 — mi)

my = m,. Since we require f(qi,q3) — 0 for large ¢
1 + 20y -+ 6 =0 Buchalla,G.D.,Isidori

Donoghue,Gabbiani use a stronger fall-off form factor (f ~ 1/q*; extra
condition § = —a = 1)
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Kp — 77" (q1)7*(g2) — me™ (k1)e™ (k2)

Gga’B(2)G(2)

1672 2 p(kl o k2)(p + pﬂ')uﬂ(k2)’yu’l)(k1)
MG

M (K, — n’et e )ope =

G(z) encodes the form factor f(q?, q5)-dependence:

2 m? 1 4
G(z):§ln<—p>—§+§(1—l—o¢) s:(kl—l—k2)2

Brope = 7.0 x 107 x | B(0)]? x {1 4 [1.4 L 1.4(1 4 ) + 0.4(1 + a)Q]}

N

. 4 0 A48 12
B X 10" X B(KL — 7 9Y) My <110 Mev < 3+ 10 {< 10}
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2 (m2\ 1 4
G(Z) = g In (_—2) — § + § (1 + Oé) Buchalla,G.D.,Isidori

e Two-photon real = Model-independent; Agreement with Flynn-
Randall, Ecker, Pich,de Rafael

e No singularity for m, — 0

e We disagree with Donoghue-Gabbiani

2 (m2\ 1. [—s 7
—ZInl—L)—-—ZIn[— _
Gz) =3 (—s> 4 <m2) T
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Ki(KS) T (7TO)€+€_

e short distance << long distance LD described by form factor W/
i ¥ i W' =Grm?3(a; + biz) + W' _(2)
u,c,t u,c,t
t=+,S5
@ ) E
?7 () a;, bz ~ O(l), < = —5
e e —-— mK
e Observables I'( KT — wtete™), (K" — w1 um), slopes
e a;, O(p") Ecker, Pich, de Rafael
e b, O G.D., Ecker, Isidori, Portoles

® a,, by in general not related to ag, bg
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e Expt. E865
Kt - ntete”: ap = —0.586 £ 0.010 b, = —0.655 £ 0.044

confirmed in K™ — num

a; b; same phenomenological size
Problems: 4 6 . .
p° P different theoretical order

Probably explained by large VMD. Then we can just parameterize

Br(Kg — mlete”) = 4.6 X 10_9aé

not predicted but dynamically interesting: ag ~ O(1) (7): NA48
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Kg — m’eTe™ at NA48/1 Collaboration at CERN

e 7 events observed (with 0.15 expected background events)

B(Ks — m’ete )mo>165 Mev = (3.0715 £0.2) x 1077

0.26
las| = 1-08:).21
Using Vector matrix element and form factor equal to 1

B(Kg — n’ete™) = (5.8757) x 107°
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0

K — m’ete” : summary

Br(K; — nlete”) <5-107% KTeV

CP conserving NA438

Br(K; — n'ete™)< 3101

V-A® V-A = (n'eTe™|(3d)yv_a(€e)y_a|KL) violates CP
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Ks € e e

TB(KS — 7roe+e_) = 4.6@% x 1077

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

0—4

ImA\ Im\ 2
|2)—i—3)|2: [15.3 aé—6.8 1m ! CLS+2.8( m t) ] 10712

(17.2+ 9.4 + 4.7 -107"
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e The large slope for Kt — ntete™ calls for large VMD

o KT — wtete™ receives substantial mm-loop, contrary to K¢ — mlete™

(~0),

o if we split

a; ™Mb VMD VMD VMD VMD MK
7 n ~ n
(1 2 /m2 + a; ) ~~ [(ai + a; ) + a; 2 Z
K/ Ty %
Then we can determine both terms from expt.
ms
aMP = b7 =-16+0.1, oM =a7P—aMP =1.040.1

mK
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e Also we can hope a}/MD obey a short distance relation since i) VMD is a larger scale

and ii) NOT affected by 7r-loop
e The only operator at short distances is Q7 = 5v*(1 — ~v3)d £, ,

6,7V
U3 = SV Do) + 7 (1) Qi) + Tra(Mw)Qra (M)

T = —V;Via/V, Vui. The Wilson coefficients z7(p) and 7y7(p) determine the
CPC CPV amplitudes and their relative sign. The isospin structure of Q7 leads

(@s)(@ny = —(a4) (@)

e If this relation is obeyed by the full VMD amplitude

VMD VMD
ag )<Q7V> — —ay = 1.6 £0.1
in good agreement with NA48 (Jas| = 1.087557)
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e Having i) separated the contribution better suited to comparison with s.d. (VMD) and
ii) realized that this dominates Theoret. and Phenom.(NA48) ag

e we believe the positive interference of s.d.

B(K; — 7TO€+€_)SM =
(3.17,5) x 107" ag

KTeV B(K; — m'e’e)

< 2.8x10° "% at 90 %C.L. 1o 04 08 12 16 20 24

10% x
Present error on ag = 1.08,10% 5%, no error !

K -physics bound: —1.2 x 107° < S\, < 1.0 x 1072 at 90 %C.L.

Lake Geneva, 8th October 03 28



G. D’Ambrosio Rare Kaon decays and CKM unitarity tests

Conclusions

e CHPT Test and SM tests, K;3: |Vis| = 0.2196 £ 0.0019¢yp £ 0.00184y,
Vil Es65 = 0.2272 2 0.0023 6 £ 0.0018¢4, |Vivs |unie. = 0.2269 2 0.0021

e NA48, important info on K; — 7w’y (now all 3 unknown ~ fixed,
chiral-VMD test also Kg — 7 involved )

e Direct CP violation in K, — 7%eTe™ (SM) well known, NP bounds from
K-physics important

e CP conserving K;, — mleTe™ New form factor with explicit model
dependence: Still this contribution small

e Dynamical model for ag = Positive interference expected
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