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The ratio ® — K"K~ /K'K"

BR(¢ — K*K™) = (402 £ 1.2)% .
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© ) 1474006 .
BR(¢ — KYKY) ‘

Rep =

measured in a variety of independent experiments

PDG edition [5]

BR(6— K*K) = (49.1 +0.8)%
B — Rexp j— 144 i 0.04 .
BR(6— K°K°) = (34.1 +0.6)%



Naive result R = 1
0 — KK 1sospin symmetry in strong interaction dynamics
good 1sospin limit: my = My

1ignore phase space diferences: m . =m ,

k

Electromagnetic radiative corrections:

* 1sospin breaking effects My — My
* Vector-meson dominated electromagnetic form-factors

* Rescattering effects through fi(980) and a(980)



« Isospin symmetry valid only for the S.I.D. :
vicinity of the ¢ mass to the KA thresholds: Phase-space correction .
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« Electromagnetic Radiative corrections:
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Charged decay mode but not the neutral
Gemmer and Gourdin: positive correction = 4% enlarging discrepancy.

Pilkuhn: R = 1.52 - 1.61
* Isosspin breaking in vertices

¢K*K~ and ¢K°K"SU(2)- breaking in Leff'via quark mass differences. Bijnens et al
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e P — ¢ mixing: ete- —d—atx

ZM,T,
F(s) (1 - ——t?
(") ( J[é — 8 — I.;‘[,:‘,FQ)

Average Z
 Further attempts

y - kk Couplings: vector-meson dominated: R changes in per mille
® — KK~ soft photons. Loop Model

KTK- system jre — g++ or 2++

JPC = 0" gcalar resonances f0(980) and ao(980)



LOOP MODEL

,flf\/\/ I,‘r\f\J ,IF--( :
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effects from 2% states are suppressed f,(1270) az(1310), are well above the ¢ mass

Exchange of the f;, and ag : mixing!



* Summary
Rexp = 1.44 £ 0.04

We have failed to reproduce the value ey

- Isospin breaking in vertices
* u —d mass difference
* RCincluding vector meson dominated vertices

* p—¢ mixing
poor knowledge on the SU (2)-breaking

fo(980) @o(980)  mixing



Y, <
M1 So N Fo

* non diagonal mass matrix can be considered an interaction term

2

4 S—7T3

AF = =T Fe—mD)
2

AC — Moy

af — (s—m2F){a—m?)



* Basis of mass eigenstate: physical quantities involve mixing angle

e Mixing: ' =0

cosf sinf
—sinf  cosd

2ma
tan 260 = ——2% _
my — mZ

 MixingI'T 0

mi—imgTy mgy ( cos(¢ +1i6)  sin(¢+ iﬁ))
mi,  ml-imgl, —sin(¢ + i)  cos(¢ + if)
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tan (2¢) = 1+7r 'm‘; m2
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Model dependent and effected by large uncertainties propagators Dy, ,, (m)

9SKK the nature of the scalar mesons.



M.I',G', of the f,(980)

T Data, phase shift, inelasticity, invariant mass spectrum of the
J/ — o7 and 6K K decays. Single pole describes the fo(980)

Mass and width defined 1n terms of the phase shuft:

N 1 [dé(s)] ]
s = M=) = 90° . Fo — :
(S ° ) "“[0 |: (IS :| s—M
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e — 1 M;Ts(s)

G=—5"—= "7 M? +iM;ls(s)



POLE APPROACH

Process and
background
Independent
Gauge nv.!

R P
a = + B, Sp = My,

—ampl’p .

Resonance coupled to several channels. Unitary constraint:

| 2%.(s) _ 1 Gata) T,
Tas = %iVB P T T JBih  F(s) +iG(s)
Pap = \/ L —dmg /s ab  masses two-body decays,
F(s) and G(s) arbitrary real functions
Gi(s) >0 G(s) = Xi—ap Gi(s)
F(s) = s —m} mpl'p



F(s) and G(s) real and imaginary parts one-loop propagator

Effective field theory to calculate the fo(980) propagator

fo(980) I'gy/mp ~ 0.04-0.1

One-loop propagator : consistent description of the analytical Properties

KK threshold and fp mass
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on-shell definition of the resonance width 1s inadequate

1
p*—m%+Rell(p®)—Rell(m3,)+ilmIl(p?) °

e‘.’.iba(s)_lé oil8a(s)+8p(s)) 0a0b
% /Bafly ¥ 16r  s—m%+Rell(s)-Rell(m2 ) +imII(s)

Mk and 9ab parameters to be fitted pole mass my, pole width T,
obtained from

D(s,) = s, + Rell, (s,) - Rell. (mb) + il (s,) = 0,

For arbitrary complex s sp = m2—imply

[1.(s) = ReR(s) — ImI(s) + i [ImR(s) + Rel(s)] .



D(s) = D|s, pa(s), ps(s)

Resonance coupled to channels (a,b) = poles in the four different Riemann sheets

sheet [ (++4): (Imp, > 0,Impy > 0)
sheet I (—+): (Imp, < 0,Imp; > 0),
sheet [II (=—): (Imp, < 0,Imp, < 0),
sheet IV (+-): (Imp, > 0,Imp, < 0) .

Jp— ot Jhb— oKTK-

7w phase shift inelasticity



Fit set B set D set DF

my, (GeV?) 0.966 + 0.003 | 0.982+0.001 | 0.978 £ 0.003

07 /167 (GeV?) | 0.071+0.007 | 0.065+£0.005| 0.1140.01

07 /167 (GeV) | 025+003| 0164001 0314004

mP =999 +2MeV, TP =39+8MeV,

Pole mass 1s always larger than the renormalized mass

I

i.€. 772-p

> Mp.

poles in sheet 111 only for mp > 1020 MeV My < mp



RESONANCE PROPAGATION AND THRESHOLD SINGULARITIES

On shell renormalization scheme

M? = mi + Re A(M?), .

1 — Re A'(M2)

78" =

I'm A(M?)

MTos = — ,
1 — Re A'(M?)

H(p2) — ik2L+1f(p2) +g(p2)

1/2

k=57 (07 = (m1 +m2)?) " (5 = (m1 — ma)?)

k — +i0 Rell — k1!



On-shell renormalization scheme = Threshold singularities
Re A'(m?) -

e Scalar or vector resonance.

* Mass of the decaying particle approaches from below the mass
threshold of the poduced particles

Kniehl, Palisoc and Sirhin KPS (Valid at one loop) :

(1)/ 2 A(1) \
Im .--‘1']"..771 ) — Im AYW(sp)

;9
Re A'(m*) =
ml’

Superscript reter to the number of quantum loops. KPS propose

1 Im A(m?2) — Im A( Sp)

Zé\' Ps

ml’



Stable particles: Gauge invariant definition of the mass particle.

When resonance width can not be neglected, pole of the
propagator.

20 Al ) — m2
sp = my+A(sp) = m™—iml’

consider Re A(s) = R(s), Im A(s) = I(s).

I(s)
s—mi — R(s) —il(s)

T(s) =



T'(s) fulfills the unitarity relation:

Im T(s) =T(s)T%(s) P(s) = T(s)/I(s)
T(s) = —il’ o2i5(s) —y(s)
s —m? —iml 1 + iy(s)
2i5(s) _ 1 — iy(s)
“ 1 + iy(s)

y(s) = I(s)(s — m?) + F(s)ml
Y I(symI’ — F(s)(s —m?) "’

F(s) = s—m — R(s) = s—m?+ Re R(sp) — R(s) — Im I(s,).

—mI' — (s —m?)y(s)
(s —sp)(1 + ay(s))

T(s) =



Za(s)

P S- — .
) (s —sp)(1 + y(s))
Za(s) = —ml — I([s)— m?)y(s)

Renormalization: free of threshold sigularities

e Valid to arbitrary order of perturbation theory
e Any poimnt can be chosen to expand the Green function

N 9, mI’ L Za(m?) 1
Sp = m-~: Za(m ) = — I(m?} P(s) = s—s, T + i_lj(llljl + ...
75 found by KPS term 1 + iy(m?) is not considered by KPS

2 2 29
yin m* —mg — R(m")

I(m?)

v(m?) Vanishes only to leading order.



Width and Partial Widths of Unstable Particles
1 — /4 — |,

(211/
Du/ - _. ! .
: s—5—A(s) + A(5)

Qv VH () V¥ (5)

Asri(s) = —2 = ' (s
ri(s) “Ts — Sy T #15'(5)]

—+ ;\r_f,; .

6
A gauge-independent defimtion of partial width
(2;11/ ‘},‘l : ( S ) ‘}/ ( S )

,. 1
mal'y = —5 2 [ 4, 1—A(5)]

spins *

Integration 1s over the phase sace of the final-state particles

>;Tr #Ty



SUMMARY

THRESHOLD PROBLEMS

e [SOSPIN VIOLATION IN F DECAYS IN PAIR OF KAONS NOT UNDERSTOOD
f(980) - a(980) mixing

« THRESHOLD SINGULARITIES IN W.F. RENORMALIZATION
Scalar and vector mesons
Gauge mvariance and unitarity

Gauge mvariant defimtion of partial widths?
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