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BR(t — v,hadrons) ~ 65%

Why Kn(") modes?
@ No previous detailed study

@ Sensitive to the vector resonance K*(1410)

@ New data for the Kn channel from both Belle and BaBar =- to
determine the My (1410) and Ik« (1410) pParameters from fitting data

Purpose: To evaluate the hadronic matrix element and to give reasonable
estimates of the invariant mass spectra and branching ratios.
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Hadronic Matrix Element

Decay amplitude

n,n
M = g Vasi(py, )y(1 = 1°)u(p, (K[ (1 = X )ul0)
0 A0+ 1-
BR(7— — K~ (n,7")v+) o |Vus|?> = CKM suppression



Hadronic Matrix Element
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Hadronic matrix element

The hadronic matrix element is generally parametrized as

_ ) o)
(K~ syul0) = CY ) [(pnw — ) FE(8) = (B + pr)FE (s)} (1)
v —
where CK_n(,) = —y/3/2.
Taking the divergence of Eq.(1) we obtain on one hand
_ . _ ’ . )
(010, (3" u) K *n")) = i(ms — mu)(0[8ulK 0} = ibkCE_ () Fe™ (5) (@)
Y 2 S _ s  _ 2
where Agr = Mg — M2, G2 = —1/+/6 and Co- =15
and on the other hand we get (where q,, = (pn(,) + py—)p and g% = s)
i (K~ [8v ul0) = icY . | (mP,, — m2_)FK1" (s) — spKn” 3
iqu (K™ n\"[sy*ul0) = i Kn() ( ) m YFL" 7 (s) —sF2T (s) ()

= Vector current not conserved



Hadronic Matrix Element
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Hadronic matrix element

Equating Eq.(2) and Eq.(3) allows us to relate Fi("(/)(s) with Ff"(/)(s) as

’ JA CS A
FEi (g) = -t | i St g) 4 FIC ) )
0
s CV A

The vectorial hadronic matrix element finally reads
(K~ 0" [5v"u|0) =

AKﬂ'

cl o FE (s)+ SEmgrcs R (s) (5)

u oy Bk,
By =P+ ——q

K (1430),

=, I
Fé< " (s) corresponds to the S-wave projection

i -0
of the final state, whereas Fé< " (s) is the component.



Hadronic Matrix Element
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Differential decay width: —— — K~ (0,7 )v;

ar (r— = K nv,)  GEMS 0 2
L N R T = A G
d\/g 3273s ~~ + M72_
suppression
A2
25\ 4 k=), |12 3 Kn() k=), o
{(1+Mg) @ OFS " (SP + 2 g (&F (9 b ®)
where
1/32 — 2SZPO + A:%’O
apo(s) = NG , Tpg=mb+my, Apg=mb—mg (7)
and
() S
~pe— (1 FK T (s — C_ ’ A —
Ff,on()(s):;i)i(,)()v Ff n()(o):_CKV n()#l_—K n()(o) ®)
Fio™ (0) K=n() K=
FK™1(0) = FK ™ ™(0)costp, FX " (0) = FK ™(0) sindp )

suppression

with 6 = (—13.3 £ 1.0)° being the n — 7’ mixing angle and Vs - Ffi”(o) = 0.21664 4+ 0.00048 from K,%’i



Hadronic Matrix Element
ocooe

Differential decay width: —— — K~ (0,7 )v;

dr (T’ — K*n(’)u-r) G,%ME

2
_ Vs |FE 2( s )
NG 3035w | Vsl | )] M2

suppression

2
2s ~k= () 3AL 0 ~K= ()
{(”Mz) & 0O P + 2 g ()IFS )2 b (10

Our next task:

= to compute the vector and scalar Form Factors ﬁff”(/)(s) and
=K n\)
Fo " (s).



Form Factors
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Vector Form Factor: Breit-Wigner parametrization

The vector Form Factor is obtained by computing the following set of diagrams

0y n.n

XPT (LO) K RyT (vector exchange) K

Fve\/ S
F2 M2, —s

FFon(s) =1+ =F7(s) (11)



Form Factors
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Vector Form Factor: Breit-Wigner parametrization

The vector Form Factor is obtained by computing the following set of diagrams

' n.n

\PT (LO) P RT (vector exchange) .
R P L R L L B
* 7. -s' R M, s

I:'ff”(/)(s) vanish for s — oo = Fy Gy + F|,G|, = F2

MI2<*—S—I'MK* rK*(S) M}%*,—S—I‘MK*IFK*/(S)

P M2,
From(s) = ke 7S 2 (13)

! /
FyGy _ FyGy

FZ - /2 — 1= -0.021 £ 0.031.

where v = —
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Vector Form Factor: Breit-Wigner parametrization

The vector Form Factor is obtained by computing the following set of diagrams

' n.n

\PT (LO) P RT (vector exchange) .
Fron (gt YOy s UGy s g
¢ 7M. s R M, s

’I:'ff”(/)(s) vanish for s — co = FyGy + F|,G,, = F2

=K, M, rs +s
Fi " (s)= M —s—Merree(s) Mg, —s— Myl s (5 (13)
\

— 1= -0.021 £ 0.031.
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violates analyticity
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~K—() ~ -
Fi T (9)=F ()

F~7(s) well under control from 7 — Kgsrv,

@ Jamin-Pich-Portolés: Phys.Lett. B640 (2006)
@ Boito-Escribano-Jamin: JHEP 1009 (2010) 031
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Vector Form Factor: Exponential parametrization (Guerrero-Pich: Phys.Lett. B412 (1997))

1 [ /
Fhm(s) = © / ds' — ) I,mf(s )
(Mg +My )2 S (S — S8 — I€)
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Vector Form Factor: Exponential parametrization (Guerrero-Pich: Phys.Lett. B412 (1997))

sy = /oo g M)
+ T J(My+My )2 S/(S' — S8 — I€)

\ 4

Imf(s') = |f(s')| sin5,/2(s') = tan 5]/2(s')Ref(s')



sergi gonzàlez-solís
analyticity through dispersion relation
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sergi gonzàlez-solís
unitarity + watson's theorem
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Vector Form Factor: Exponential parametrization (Guerrero-Pich: Phys.Lett. B412 (1997))

sy = /oo g M)
+ T J(My+My )2 S/(S' — S8 — I€)

\ 4

Imf(s') = |f(s')| sin5,/2(s') = tan 5]/2(s')Ref(s')

|

172 o
. s [ 6,/%(s")
FK™(s) = P(s)exp | = / ds' 1 ———=| (14)
T JMg+me)2  §'(s' —s—i0)
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Vector Form Factor: Exponential parametrization (Guerrero-Pich: Phys.Lett. B412 (1997))

//S:h = (mk +mx)

FChPT+VMD
Km,+

oo /
Fim(s)= 1 / o mAS)
(Mg +My )2 S (S — S8 — I€)

Imf(s') = |f(s')| sin5,/2(s') = tan 5]/2(s')Ref(s')

\ 4

o 172
FK™ (s) = P(s)exp {;/( gy ) } (14)

Mc+M,)2  S'(8' —s—1i0)

() (Guerrero — Pich : Phys.Lett. B412 (1997) and P.Roig’s talk) (15)

= Mathching Eq.(14) and Eq.(15) one finds (Jamin-Pich-Portolés: Phys.Lett. B640 (2006))

FK(s) =

M,2<* +~s

M2, —s—iMycx T (5)

s :| exp{ Re [HKW(S) + HKn( )] }

M2 1 =S~ Mjexr Tyxr (S)
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Vector Form Factor: Dispersive representation

(Boito-Escribano-Jamin: JHEP 1009 (2010) 031)
3-times subtracted dispersion relations — helps the convergence of the form factor

~ s 1 s &8 [Sout 5(s")
F. = — + —ag— + — as’ — 16
+(8) = exp | = + 2%2 i +— /SK7r ) (s — s 10) (16)
The input phase, §(s), is obtained as T
Imf.
5(s) = tan—1 | M) | (17)
Refi(s)
where ﬁ(s) resums the real part of the two-point loop function in the denominator:
~ M2, — ks Hir (O s
Fus) = T ek ¥ys 98 (18)
D(I’TIK*7 'YK*) D(I’I'IK,(/7 ’yK*/)
The denominators in eq. (18) are D(mp, vn) = M2 — s — knRe [Hk ()] — imayn(s),
where
192nFxFrx vn s 2 (s) 4m?
= T a3, o\ S) = — f'n'2 S) = 1 _—
Kn aS(mf,) M 'Yn( ) % (mg) ( ) UPP( ) s

(19)
* No available data of K~ 70 mode =- refit Kgm~ using the K~ and #° masses


sergi gonzàlez-solís

sergi gonzàlez-solís
analyticity and unitarity
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Scalar Form Factor: Breit-Wigner

\PT (LO and NLO) x- R (scalar exchange) X- RT (vacuum insertions)N -
~K—n() CdaCm S
B (o) =1+ "5 e (@)
T KO* —$

k=) .
Fo& 7 (s) vanish for s — co = 4cqcm = F2, and ¢q — Cm =0

™

~ M2,
Fé( 77()(S) K3

(21)

- MI2<6 —S—iMKac rK6< (S)

~a
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violates analyticity
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Scalar Form Factor: Coupled channels dispersion relations

, 0 F’ TH’ *
Z / o ) Ess)fIO)(S) 23

Analytic and Unitary v

(Jamin-Oller-Pich: Nucl.Phys. B622 (2002))



T — Knv, analysis

Decay spectrum of 7 — Knu,

@ Decay dominated by the vectorial sector (~ 96% of the BR)
@ Destructive Interference between K*(892) and K*(1410)

10
Vector FF Breit—Wigner
8r — Scalar FF Breit—Wigner )
Vector FF JPP
T (K(892)+K"(1410))

\; 6L Vector FF JPP (K*(892)) i
% — Vector FF BEJ
° Scalar FF coupled channels
S 4 ]

2L 4

q I

0 12 14 1.6 1.8 20

Vs (GeV)
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Predictions of 7 — Knu;

— Knv, analysis

150 T
- Breit—Wigner
1o Breit—Wigner
— JpP
100+ lo JPP T
= -- BEJ
:
o 1o BEJ
=
5 % % % = BaBar Data
or Belle Data 7
Foo T
of o/ et ]
. . . . .
1.0 12 14 1.6 1.8
Mg, (GeV)
Source Branchig ratio Xz/dof
Dipole Model (BW) 0787017 ) -107* 83
+0.14 —4
JPP 1.477508) - 10 1.9
BEJ (1.49+£0.05)-10~% 1.5

Experimental value

(1.52 +0.08) - 104




T — Knv, analysis

Fitting the Belle and BaBar data of 7 — Knv-

150 T
Breit—Wigner

1o Breit—Wigner

— JPP

— lo JPP B

-- BEJ
1o BEJ

= BaBar Data

Events/bin

Belle Data N

¢
(U i ° B
10 12 14 16 18 20
My, (GeV)
Source Branchig ratio Xz / dof
Dipole Model (BW) (Fit ~) (o.gst%ﬁ‘s) .10~% 5.0
Dipole Model (BW) (Fit v, Mycxr, T yexr) Unphysical result -
JPP (Fit ~) (Lsot%l‘ﬁ) 1074 16
JPP (Fit v, My, Tyexr) (1.424+0.04) - 1074 1.4
BEJ (Fit +) (14591%_2126) L1074 12
BEJ (Fit v, Mys/, T/ ) (1.55+0.08) - 10~4 0.8

Experimental value (1.5240.08) - 104 -




Events/bin

150, T T

- Breit-Wigner - Breit-Wigner
1o Breit-Wigner — 1o Breit-Wigner
— JPP — JPP
r 1o IPP B 1001 — lo JPP +H
-- BEJ = =-- BEJ
} 1o BEJ % — 10 BEJ
%% = BaBar Data g = BaBar Data
[ Belle Data 7 S0r Belle Data 7
34 t
-y / de. ] o 4 i
10 12 T4 16 T8 20 10 12 T4 6 T8
My, (GeV) My, (GeV)
Source BR-10% x° / dof Source BR-10% x°/ dof
BW 0787417 8.3 BW (Fit ) 0.96707] 5.0
BW (Fit v, Myxr, Tyexr) Unphysical result -
JPP 147704 1.9 JPP (Fit ~) 1501019 1.6
JPP (Fit v, Myxs, Tsr) 1.42 4 0.04 1.4
BEJ 1.49 + 0.05 1.5 BEJ (Fit ~) 1591022 1.2
BEJ (Fit v, Mur, Texr) 1.55 + 0.08 0.8
Experimental value 1.52 4+ 0.08 Experimental value 1.52 + 0.08 -
Source My« (MeV) | Ty« (MeV) ~
Km mode 127775 21875 | —0.0497007
; +27 +68 +0.025
this work (Kn mode) 133075, 217755, —0.065" 5 ozo

= th. vs exp. v Mk~ (1410) parameters from Kn and Kn are in accordance v’

20



Predictions for 7= — K~ n’v.

Predictions for -— — K—1/v;
Decay dominated by the scalar sector (~ 85 — 90% of the BR)

30 T
Both FF; Breit — Wigner
Vector FF BW
25+ B
--- JPP + JOP FF,
= 10 JPP+JOPFF,
. 20r -.-- BEI + JOPFF, ]
\> = 10 BEJ + JOPFF,
2
% 1.5 JPP (Vector FF) B
~ ---- BEJ (Vector FF)
2
1.0+
0.5+
093 = 16 18
Vs (GeV)
Source Branchig ratio
Dipole Model (BW) (Fit) (1.457580) . 10=°F
) +0.37 —6
JPP (Fit) (1.007(?_3279) 10 ’
) To. _
BEJ (Fit (1.03%57) . 10

Experimental bound <2.4-10"%at90%C.L.




Summary

Summary

@ The Kn mode provides an alternative way of determining the parameters of the
M+ (1410) which are in accordance with other authors results from the widely
investigated K channel

@ To remark the importance of the final-state interactions
@ Agreement between theory and the data from Belle and BaBar at o level

@ Our BR predictions for the Kn’ mode respects the current experimental upper
bound from BaBar



Thank you for your attention!



Width of the resonance propagators

/ 4m2
Defining opg(s) = 2‘7’37\%(5)9[3 — (mp + mo)z] and op(s) = — TPG(S - 4m,2,) togehter with gpg defined

in Eq.(7) we have:

s 0% (s) + cos? Gpof(n(s) +sin” 0pad ,(s)
Fix (8) = Miex (Mg ) —5— 5> — (25)
M« O-Kﬂ'r( *)+cos- OpaKn(MK*)Jrsm QPO'K”/(MK*)
3/2
2 S
Tr(s) =Tw(My) <m> X
30K +A A 2 A\ AR +Dy s
Sorn(shdann(s) [cop(1 + 22K 4 2 /Bon(1 + %H] oy (6) [oopl1 + K2 - g%m + 2t B )

30K +A4 30K, +A 2
B (VR ey (M) [c0p (2502000 )4 2Bt + 5500 o, ) oo 20 — S 1220
2

(26)
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