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Plan of the talk
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Calculation of Wilson coefficient in OPE
expansion (QCD corrections)

Progress of Theoretical Physics, Vol. 65, No. 1, January 1981

Effects of Superheavy Quarks and Leptons
in Low-Energy Weak Processes K, pfi, K"~ 7 vy and K" K"

TAKEO INAMI and C. S. LM

Institute of Phvsics, University of Tokvo, Komaba, Tokvo 153

(Received October 13, 1980)

We investigate potentially important effects due to the existence of superheavy quarks and
leptons of the sequential tvpe in higher-order weak processes at low energies. The second-order
A4S 0 neutral-current processes K.—uu, K —r'vy and K;-Ks mass difference are analysed
allowing for fermions of masses comparable to or larger than the weak-boson mass in the
Kobayashi-Maskawa scheme and in the general sequential scheme with an arbitrary number of
generations. Possible connection between heavy-quark masses and light-heavy gquark mixing
are also examined. The requirement that the rare decay processes such as K; *pg and K™~
7" v7 be absent up to order aGy yields a rather stringent bound on the magnitude of light-heavy
gquark mixing: Such mixing has to be less than mu/ mquars times a factor much smaller than unity.

Buchalla Buras, Buras et al , Fleisher




A(S — dV?)SM ~ ELV,quL

Why we need to-the experimenty KOTO and NA62
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KT > nvp
Brod,CKM2010, Straub, Gorbhan

Buras et al
1503.02693

" /Tm\ > /Rel, Re) 2
B(K™) ~ k. (I;tXt) +( (j\ (P.+ 6P, ,) ;tXt)

ko from K3

P.: SD charm quark contribution (30%=£2.5% to BR)
LD 0P, , ~4+ 2%

B(K™) = (8.22+0.274+0.29) x 10711 first error parametric (V.3),

second non-pert. QCD

949 B(K™) = (1.73+1:18) x 1010



Kr

B(Kp) = (2.4340.25 £ 0.06) x 10~ vs

E391a B(K.) < 2.6 x 107° at 90% C.L.

| K1 Model-independent bound, based on SU(2) properties dim-6 ',
§ operators for Sdvv Grossman-Nir

B(KL) < 'T—L' X B(Ki)Eg4g <14 x 10_9 at 90%C'. L.
T+

Loophole Fuyuto et al



Generic Flavor structures strongly constrained

Operator Bounds on A in TeV (cxyp = 1) | Bounds on exp (A = 1 TeV) | Observables
Re Im Re Im

(BL"d.)? 0.8 x 107 16 x 10° 90 x 107 34x 107 Ama- e
(Bpd, )2 dg) | 1.8 x 10 32 x 10 69x107? 26x10~ K, CK

(7 uL)® 1.2 x 10° 29 x 10° 56 x 1077 1.0 x 1077 A -
(Crur)(trur) | 6.2 x 10° 1.5 x 10* 5.7 x 1078 1.1 x 10~® Amp;  |9/Plo, $v

(bu7"d)” | 6.6x 107 9.3 x 10” 23x107°  11x10° Amn - sin(28) from B — K
(brdy)(brdr) | 2.5 x 103 3.6 x 10° 39x10~7  19x 10" Ma,; Sin(25) from By = ¢

(B,7"8,.)° 1.4 x 107 25 x 107 50x10 ° 17x10°° . .

_ " | & J - - . fr B‘ T
(br 81)(brsr) | 4.8 x 10 83 x 10° 88 x 10~ i sl kel

29 x 10"

Isidori Nir Perez 10

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



SM MEV

Flavour scale

Yo, Yo, Y
MnpP
§ Ly = L&, +dim-6
Mew
global symmetry spurions

Gr= UBpoUBroUB)roUB)LoUB)s+ Yups



Bounds ameliorated

Minimally flavour violating main A [TeV]
dimension six operator observables -+

e . 2 - »
Op = 3(QrArcy,.QL) €k, Amp, 6.4 5.0

Q
k>
|

Hi DR)‘(I/\FC‘UW/QL) F‘W
Oc1 = HI DR)\d/\FC‘.(T;wTaQL) T
(Q LAFC T Qr)( LL BT Ly, )
(QrArcY, TQr) (L, mLy)
O = (QLAFC":';:QL)(HT'"DMH)
(

Q LAFC Vi Qr)( D RV Dpr)

S
I

B — "erﬁf
B S "X’S,\)“
B — ()()/(_ K — . (7;-)((_

B — (xY)([ K — mui. (T)((—
B — Krm, ¢€Je,...

8.3 13.4
2.3 3.8
3.1 2.7
3.4 3.0
1.6 1.6

GD,Giudice,lsidori,Strumia
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Orel
e Orel
A(TeV)
1 - 6 8 o1
1
0.1
0.1
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B->WWwi| K->mtvv
B->XIT

10% Overall CKM error 1% Overall CKM error



10'° x BR(K, — n°up)

NA62 , KOTO

E949 lo

0 ll 1 2 3 - 4
1019 x BR(K+ = a1 vb)

Straub, CKM 2010 workshop (arXiv:1012.3893v2)

Also Z’ Buras et al,
Kneeglens Moriond 2015
Yamamoto et al 2015
and M.Blanke rev



K*(Kg) — nf(m0)ete

e short distance << long distance LD described by form factor W
KN 4% :Gpm%{(az‘ + biz) + W;W('«)
Joor
1= 1,5
2
a;, b; ~ 0(1)7 . q_Q
f € & mK

e Observables (K™ — weTe™), I'(KT — 7w um), slopes

® a; O(p4) ay ~ N14 — N15, as ~v 2N14 - N15 Ecker, Pich, de Rafael
@ bz O(p6) G.D., Ecker, Isidori, Portoles

e a., by in general not related to ag, bg



e Expt. E865
KT - ntete™ : ay = —0.586 +0.010 by = —0.655 £ 0.044

confirmed by NA48/2 (1.4 o's away) also in K+ — 7 ufm

e HyperCP has confirmed E865 (02) (KT — =" ufm) and put a bound on the CP
asymmetry (< 0.1)

b; same phenomenological size

Problems: @i
' p4 p6 different theoretical order

Probably explained by large VMD. Then we can just parameterize

Br(Kg — m'ete”) = 4.6 x IO_QQ%



Kg — w171~ at NA48/1 Collaboration at CERN
e Kg— mlete™ 7 evts observed (with 0.15 expected bkg evts)

B(Ks — mete ) mpe>165 Mev = (3.0775 £0.2) x 1077

ag| = 1.087737

o Kg— mutu~ 6 events observed

B(Kg — 7TO,LL+,LL_) = (291_}3 T 0.2) x 1077

ag|,, = 1.5475 35 + 0.06



Kr(p) — 7°(p3)y(q1)v(g2)

Lorentz + gauge invariance = M~ A(y,z) B(y, z)
YY YY
y=p-(q1—q2)/m%<, z:(q1+qg)2/m%( J =20 D — wave too
re=mm/mg FFF,, FWFuAauKLa)‘WO
d°T 2 2 2 (147 — 2)° 2 i 2

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

Crucial role in K; — nwete™
A suppressed by m./mgk 0 r,
B is not

Morozumi et al, Flynn Randall

Sehgal Heiliger, Ecker et al., Donoghue et al. K ¢



| 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




Kt — ntyy NA48/2 + NA62 ('14)

Auxiliary channel useful to assess the CP JQ\ b

conserving contribution to K; — 7lee

N R

Final 381 evts NA48/2 + NA62
during a 3-day special NA48/2 run in
2004 and a 3-month NA62 run in 2007 o [T

)/dm,, /T

0 . .
0.3
" |-@ NA48/2

- [ NAG2

025  Combined
" |- ChPT O(p%)

B = (1.003 £ 0.051gpa¢ + 0.024gy5) - 1076 =
¢ =1.86 +0.26 o

0.1F

0.05k

o b b e b b b by
8.2 025 03 035 04 045 05

z




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 !



Kg— up LHCB

After 40 years improvement by 3 B(KS — Iuﬂ) < 11 x 10_9
orders of magnitudes from LHCB 95% CL
o

SM
~ 5 x 10712

Isidori Underdorfer RS

SD 1510712

NP 1.5 10”711
Allowed

NP Limits from
CPviol in K1 — pp



Other interesting channels

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

GD,Greynat, Vulvert



Kl4 and Wi Strong phases (5}(5) Cabibbo Maksymowicz

Gp _
E Vus &Y*(1 —7°)v H,(p1,p2,4)

0
H* = Fipt + Foph + F3 ¢ *Pp1paaqs.  Fi(s) = fi(s)e™0l)

e crucial to measure sin 6 = interf Fj3

e L ook angular plane asymmetry




[(L — 7T+7T_’}"'* — '/T+’/T_€’.+€ Sehgal et al; Savage,Wise et al

7 (p1)
e Mip=5ev"(1 -~ e H,
K*(P) ™ (p2)
o HH = Fipi+ Foph + F5 e**Pp1,ponqs
‘(q) et (ky)
I —(k ) @ F1,2 ~ E F3 ~J A_[

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

e £ M known from K — w7~ (IB and DE)



I{+ — 7T+7TO’}"* —> TT+7TO€f+€ Cappiello, Cata,G.D. and Gao,

R(Ep M*)
|EB[* + [M]¥

the asymm. not as lucky Eg >> M:

B(K+)[B ~3.3x107°% ~ 50 B(K+)M

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

interesting Dalitz plots (at fixed ¢*) to disentangle M from Eg

at ¢ = 50MeV IB only 10 times larger than DE



ge (MeV) B[107®] B/M B/E B/BE B/BM

2my 418.27 71 4405 128 208
55 5.62 12 118 38 4
100 0.67 8 30 71 36
180 0.003 12 5 -19 44

0.10 0.10

0.08 | 0.08

*QJ 0.06 0.06

o X

002 0.02

0.0
(1% 008 10 0r2 014 016 (01X a0 (10 or2 014 0.16

E‘y‘ Ey‘

0.0

1B DE



K* >m*n’%c’e”  Data samples and backgr*om\od estimaies

Fion
NABZ Mishéeva
2 - (IB) T 0 e
> —n*n%e’e” S K'5r*ne’e (IB
o ST s Ry
% _- K —)x’ng % — K’—m‘xg D
E 250__ F,}.S g 107
- L r >
w L Obs w
I~ ef",

200— Qf,b

150:— 0

100:—

50—

1. .

0.42 0.44 0.46 0.48 0.5 0.52 0.54
M. (GeVic?)

Q 1916 -total number of K —»n'ne’e” candidates 0 Background suppression

Q Total background (~3%) Q K —>mn’eey  (MZ,>0.120 (GeV/c? ) )
Q K —>meey(y) (IMey - MyPDG|>7 MeV)

Q 1860 genuine K* —m'n’e’e’ events

|

0 0.02 0.04 0.06 0.08 0.1 0.12 l0.14
M.... (GeV/c?)

K —»ntnonoe_e‘v (30 + 5.5)events

K* -, ew(¥) (26 £ 5.1)events



Preliminary result of BR(K* —»m"n%e’e” ) Moriond 2015 I

NA48/2
* Preliminary H

B NA48/2 BR measurement

NA48/2 BR total error
[T NA48/2BR experimental error

w we=  (B+M+BE) Isospin Breaking
----- (B+M+BE) NO Isospin Breaking

llllllll

| - - LA 1.l l
44 45 46 47

NA62 Misheva

L. Cappiello, O. Cata, 6. D’Ambrosio, Dao Neng-Gao,

Eur. Phys. J. C 72:1872 (2012) :

Isospin breaking (private communication)

7 BR(K* >mimee” Yheory = 4.19 - 106

No isospin breaking (published)

7 BR(K* —m'oe e") Theory = 4.29 - 10-6

No radiative corrections in the theoretical
predictions!

Rad. corr. is taken into account in the
experimental result via Photos

BR(mr%"e )x1 0° implementation in the MC simulaton.
NA48/2 ) o
2003 data BR (K* —m'ne e’ ) org = (4.06 + 0.12exp + 0.13ext) x10-6

Rencontres de Moriond QCD & High Energy Interactions, March 2015

14



Conclusion

NP maybe HIDDEN but still present (see GIM)

Next FPCP round table on Kaon anomalies?



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)

-80)| = > AUNA)

CPLEAR, NA48, KLOE, PDGfit, KTEV

I's+TIg
I's -1,

R(e)
1+ [e]?

+ 2 tan qﬁsw] [

W 95% CL
68% CL

o
in

Im(d) (10

o
(9,

! ‘ ! ‘ !
0.155 0.16 0.165

Re(g) (107

Mo —mzo| < 4.0 x 107" GeV at 95 % C.L.

M 95% CL
68% CL

—
o
T

AT (10" GeV)

—
(e}
T

AM (10"® GeV)



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



Vus from semileptonic decays

2 2.5
CK(J[,-"lK

oo Sew Vi [£57 (0)°

x Ie(hr) (14287 +248))

]—‘(LK,;,,:W)

with K € {K". KV} { € {e. u}. and:
C4 1/2for K', 1 for KV
Saw  Universal SD EW correction (1.0232)

K+
PDG 02 ——O0— X
K'e3 (2013)  J° —O0—
K*m3 (2013) —O0—
_____________________________________________ e
PDG 02 O
K, €3 (2013) O
K, m3 (2013) O
K.e3 (2013) —O— Ks
S
2 2\1/2
Unitarity b f+(0—|—|:|—l—)(1 ot Vel NP >10 TeV
- O.|21 - | IO.2|15I - O.|22 - IO.225

+heu
ctroweak radiative corrections,
, isospin violating nuclear effects IV I f (O)
us +




High Statistics Measurement of the K* — 7'e* v (K;) Branching Ratio

A. Sher,”™ R. Appel.®” G.S. Atoyan,* B. Bassalleck,” D.R. Bergman.®" N. Cheung,” S. Dhawan.® H. Do.° J. Egger,’
S. Eilerts,>* H. Fischer,”® W. Herold,? V.V. Issakov,* H. Kaspar,” D. E. Kraus,” D. M. Lazarus,' P. Lichard,’ J. Lowe,’
J. Lozano.>' H. Ma,' W. Majid.®T S. Pislak.”® A. A. Poblaguev,* P. Rehak,' Aleksey Sher,” J. A. Thompson,’

P. Truol,”® and M. E. Zeller®

'Brookhaven National Laboratory, Upton, New York 11973, USA
Depamnent of Physics and Astronomy, University of New Mexico, Albuquerque, New Mexico 87131, USA
3Dep(ntment of Physics and Astronomy, University of Pittsburgh, Pittsburgh, Pennsylvania 15260, USA
nstitute for Nuclear Research of Russian Academy of Sciences, Moscow 117 312, Russia
>Paul Scherrer Institut, CH-5232 Villigen, Switzerland
®Physics Department, Yale University, New Haven, Connecticut 06511, USA

7Ph\ sik-Institut, Universitdt Ziirich, CH-8057 Ziirich, Switzerland
(Received 15 May 2003; published 29 December 2003)

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

1111111111111111111111



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 —

proportional to ag — ay —

-
—
-
—
—
—
-
—
—
—
-
—
—
—
-
—
—
—
—
—
—
-
—

dl'(K™ — 7 tn'7Y)

dM o0 NA48

= cusp forM o0 = M+, -

cusp
= ap — as.




Ke4,K->3pi, Dirac, CHPT

0.01

o, | NA48/2 combined Ked + Cusp /6|RAC
o (stat +syst)emors
] 68% CL contour

001  ymm CHPT

-0.04
-0.06 -
006 Ked L
1
02 021 022 023 024 025 026
s an

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).



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
R = pp =

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 ?

AAAAAAAAAAAAAAAAAA

1 — al
€600 800 1000 1200 140 60

vvvvvvvvvvvv 20 00 D 1600 1
‘m “’U’i sowme D' ST O (LR) M(up) MeV/c
1 | a RETRE e e YN oA AR




Conclusion |l

Theorists had a good idea: €

Experimentalists did better KTeV and NA48!

see Rare Kaon decays



Weak interaction

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

described in CHPT

Las—1=LAg-y + LAs—y + -+ =GsF* \eD UD'U)+ GsF?Y NW; +:--

K—2m/3n ~ .

-

Kt ontyy, K—onltl—

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



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
llllllllllllll llllllllll llllllll

PDG’04 —— . .

PDG 08 > -o- ——
FlaviaNet 10 = u ——

llllllllllllll llllllllll llllllll

39 40 27 27.5 51 52

K+ BR(K,;) [%] BR(K ;) [%] 7 [NS]
Illllllll lllllllllllllll I | I

PDG’04 —o— .

PDG 08 —— .
FlaviaNet ’10 - L

lllllllll lllllllllllllll

4.8 5 5.2 32 33 34 12.35 12.4

“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) )




