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Why Ksm~ and K~ n decay channels?
@ Sensitive to vector resonances such as K*7(892) and K*~(1410)
@ Available experimental data from the Belle Collaboration

Why a joint fit if...

@ 7 — Ks7m v, has already been studied in detail
(Jamin-Pich-Portolés Phys.Lett. B640 (2006), Boito-Escribano-Jamin JHEP 1009 (2010) 031)

@ 7~ —> K nu- has been analyzed in detail (Escribano-Gonzalez-Solis-Roig JHEP 10 (2013) 039)

Purpose
To constraint the mass and the width of the K*~(1410) resonance
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Hadronic Matrix Element

@ quark level @ meson level

vr

T,

Kg, K~

non-perturbative object

q2<<M§V g? _ 5 — P0| 3
= g, VustU(pv )y (1 =) u(p-) (P P7Isv*(1 %) ul0)
0-,1*+»0+,1-

M

P=P° = Kgn~,K™n
The hadronic matrix element is generally parametrized as
(P~P°[s7"u|0) = C¥. po [ (Ppo — PP )*FE 7 (5) = (ppo + P )*FP 7' (5)]

with C = -1and CKVW(,) = -/3/2.
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Hadronic Matrix Element

Taking the divergence we obtain on one hand

{010y (37" u)|[P* P°) = i(ms — my){O[8UlP* P°) = i5n CS_po P P (5) (1)
s s 2
where Ay, = M2 — M2, Clon- = -1/v/6 and Ci-n=3%5
and on the other hand we get (where g, = (Ppo + pp-), and g°=5)
. N . - p0 - p0
9 (P~ P87 110) = 1CK_po [ (mBy - m&-)FE 7" () = s 7 (5)] @

= Vector current not conserved

Equating Eq.(1) and Eq.(2) allows us to relate F7 7’ (s) with FATPO(S) as

_ A cS _ _
PP (s) = - DEp | 2P Bken e gy | FPP () @)
s | CYplpp ’

The vectorial hadronic matrix element finally reads

A

— - — p0 — p0
(P~PO[3y"1i0) = [ (po ~ pp- ) + 252 1 | CY_ o FE P’ () + 282 CS. oy FE ' (5) J

P-PO

Advantages of this decomposition:

FéTPO (s) corresponds to the S-wave projection of the final state, whereas FP~ 7’ (s) is the
P-wave component.

S.Gonzalez-Solis (IFAE-UAB) X1 Quark Confinement 12 September 2014 5/17



Form Factors Vector Form Factor

Chiral Perturbation Theory J

non-perturbative object

Ks, 7 n,1

O

3
Je=i% (DL UTU+ DMUUT)7—1¢>DAL¢+O( ;‘Zﬁ)m., Ezf ¢, L s
%WOJr%USJf%m 7t K*
U= exp(l\/§¢/F7r) ¢ = T \}éﬂ'o + 7778 + \[771 KO
K~ K° ~Zng + 5

KS” (s)=1 + £ o(p) +35 (HKW(s) +cos€HK,,(s) +sm0HK,7 (s))
Ff (s) =cos0F+KS’r (s)
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Form Factors Vector Form Factor

Resonance Chiral Theory

po po K (392) po
o + K*~(1410)
AAAYA - AVAVAVA
P P~

N

. v : G v v
Ly =2 (Vi [t 1)) = i< (Vi [(976) (27 9) - (976) (9" )])
10, 1 1 + ot
—=p + —=wg + —=wi p K
u* = jut D* Uut v v2 ve V3 10, 1 1 K*0
wv = P ~RP Tt Evst /W
U2 =U K*— R*O

2 1
-Zwg+ —=w
V68T 3

Ksm™ (o) _ FvGy _ s FyGy s K™n /oy FvGy _ s FyGy s
F5" (s)=1+ Y i Y F. "(s)=cosf|1+ +

2 2 2 2
™ K*/! F1r MK* -S F'rr MK*lfs
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Form Factors Vector Form Factor

Resonance Chiral Theory )

K= (892) P
K+~ (1410)
AAAYA AVAVAVA
[~

Ly =i Vi [0, 0 ]) = T2 (Vi [(946)(676) - (9 9)(9")))

a1 a1 a1 + +
u* = jut DrUut vah T \/éivg o 10 f 1 i*o
, Viw = p P T RWs T AW \ 1
?-U K+ K0 ~Zwg + Loy

Kgm™ FyG s F{, G| s
F.S™ (s)=1+2Y + LY
v (9 F2 M2, -s  F2 M, s

™

FK™1(s) = cos 0FFS™ (s)

Requirement: FX7 (s) vanish for s - co = Fy Gy + F,G, = F2

*+’YS S F, G| FvG
FK7r S) = Mg — = _viv _ fvby 4
(s) = M2 s~ M2,-s | F2 F2
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Treatment of unstable particles (resonances) and final state interactions J

2

FK”(S)=M ~tYs s

i M2, -s M2, -s
K* K*/

@ Limitation: Breaks down when s = M,zm,) (resonance on-shell)
@ Remedy: To resumme self-energy insertions in the propagator

The resonance propagator to all-orders can be expressed as

Unitarity implies the generalized optical theorem

M(i = 1) = MH(F i) = =iEx [ Mips(2m)*6*(ps - px) M(i > X)MT (X~ 1)
loop—level tree—level

ImM(A = A) = iMa2xT (A= X); (M ~X(8) = Hkr (S)|cheT)

Breit-Wigner-like parameterization:

M}2<* +9S s

FKT(g) = - ; * ReHx,(s) neglected
) M s M TRT(s) | M., s Mg TR (5) ke () ned
3
2 0 - 1 .- 0 0 p- s o p-(5)
(SN Wl L L N C) R P £
K (%) 3 K () K ()M,ZO(/) U?I;:(pr(Mf(*(r))



Dispersive representation of the FF (Boito-Escribano-Jamin JHEP 1009 (2010) 031) J

Mf(* +v8 ~s

M2, —s-3M2., ReﬁKﬁ(s)—iMKxFZf(s) M2,, - s-3 M2, ReHy (s) — iMg/ TKT, (s)

FEm(s) =

Analyticity through dispersion relation
- ) ImF (s’
FET(8) = 3 Joy O 551

(s’'—s—ie)

U Elastic unitarity+Watson’s theorem

ImF(s') = |F(s)|sin6]/(s") = tan8,/% (s )ReF (s')

U Omneés solution
1/2

_ ()
Fi™(s) = P(S)exp[ I, @’ m]

1 s2

. s S [ s 5(s") -1 [ ImF(s)
KT (o) = 8 LI, 5 . 2 | 5(s) =t —
S e [a1 2 3% m’_ T Jskn % (s")3(s’ - s-i0) (€) = tan ReF(s)
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Comments:
@ Three-times subtracted dispersion relations — helps the convergence of the form factor
@ The higher-energy region of the FF (which is less know) is suppressed

Dispersive representation

Scu a(s")
f ' 05’ ryatss 70y

o= A, a2+a$:)\+
)\; and )\Z are important parameters for describing the the K= form factor at low energies

K7 (s) = exp [a

e.g. Kz decay is typically described by (in the regime m, <t < (my —mx) << M2, , the FF is real)

!

Mz* Taylor expansion A 1 )\
fK?T t — fKTl' t _ + t + t2
0= 4 =Tt
Both X, and X, will be fitted as well |
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Scalar form factor through dispersion relation

- po 1 e, ImF(s
F‘fP(S):;fsm g/ ImF(s)

s'(s'—s—ie)
P K~/K° P
Im =
P ISt P

po 1 & e oi(SHFNS) TS
FO(S)‘;,;L & g —s-i0)

Analytic and Unitary v/

(Jamin-Oller-Pich: Nucl.Phys. B622 (2002))
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Experimental data analysis T = Kgm vr

7~ — Ksm~ 1, Belle’s data phys. Lett. B 654 (2007) 65 [arXiv:0706.2231]

® Unfolded/physical T~ »Kgr v, Belle'sdata
1000} . B Folded/detected T~ >Kgr v, Belle's data E
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Experimental data analysis T = Kgm vr

7~ — Ksm~ 1, Belle’s data phys. Lett. B 654 (2007) 65 [arXiv:0706.2231]

)
L l' ® Unfolded/physical 7~ »Kgr v, Belle'sdata
® L
1000+ N '.' B Folded/detected T >Kgrv; Bellesdata |
L .,
%
iiii. "i'iﬁ
L]
£ 100- # Shiatigy 1
% + Precise experimental data : éi i g
|.|>J 7~ - Kgn™ v, seemsto beagood source for ? i #ﬁ#
10+

determining the K*~(892) resonance parameters %}%H% % E

1L Less precise experimental data. /

Our proposal : toadd v~ - K™ nv_tothe fitinorder
to constraint the K*~(1410) resonance parameters
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Vs (Gev)
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Experimental data analysis T > K nur

7~ - K nv, Belle’s data phys. Lett. B 672 (2009) 109 [arXiv:0811.0088]

Hl Folded 7" —>K™nv_ Bellesdata

100F Folded 7K 7v, BaBar's data

o : |

10/ H U} ]

Events/bin

10 12 14 16 18 2.0
Vs (GeV)

No unfolded/physical 7~ — K™ nv, data available = To 'unfold’ 7~ - K nv. data
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Experimental data analysis T > K nur

Unfolding 7~ — K™ nu, Belle’s data through an "unfolding" function from 7~ - Ksn v,

e 'Unfolded 7~ —»K™7v_Belle'sdata

100.0+ B Folded 7 >K v, Belle's data

50.0/ éiiiii%i”iiigéig
? :
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5

]
1.0+ E
0.5F B
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o Experimentalist: To provide unfolded data would be really useful
o Theorists: To provide theoretical models to be fitted by experimentalists
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We relate the experimental data with the differential decay
distribution from theory through

AdNevents _N AL 1 ar (v - P7P0V7—)
—d \/5 eventsEbin I-T d \/5
ar (== - P_POI/T) 62 M3

2
S
NG = 3pa SewlVusFL " (0)|2( Mg)

{(1 +§)qP-Po(s>|FP PSR+

— ~ p— p0
PP Go-po (S)IFE P (s)z}

where
§2 - 2SY p_po + A2
P- PO
Qp-po(S) = \/ PN » Xp-po = mIZ} + m/230 v Dppo= m12=’* - m/2=o
and .
P’P
i P°( 5) = (s)
FP P°(0)

-0
with 6 = (=13.3 £ 1.0)° being the n — " mixing angle and Vs - Ff T (0) = 0.2163 + 0.0005 from KI%'*
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We relate the experimental data with the differential decay
distribution from theory through

Neverts _ 1 dr (v~ » PP,
d \/5 eventsEbin I-T d \/5
ar (== - P_POI/T) 62 M3

2
S
NG = 3pa SewlVusFL " (0)|2( Mg)

{(1 +§)qP-Po(s>|FP PSR+

— ~ p— p0
PP Go-po (S)IFE P (s)z}

@ P PO-Kgnr — Nevents = 53113 Apjp =0.0115  GeV/bin
@ PPI-K - Nevents = 1271 Apjp = 0.025 GeV/bin
@ I, =2265.10""2

@ Function minimised in our fit

Nth - NP )2 (Bth _ Bexp )2
= —_— + —
2 2

O N exp Kgm=,K™n T Bexp
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Fit results

Jointfitto 7~ - Ksm vy and 7~ - K — Fitto 7 K v,
10— ———— Fitto T K v, 3
e Unfolded 7~ —>Kgn v, Belle data
10001 o 1 —=Kgn v, excluded fit points |
®  'Unfolded' 7"—»K™nv_Belle data
7 —>K"nv_ excluded fit points
g 100+ E
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Fit results

How to determine the physical parameters of the resonances? J

To look for the zero’s of the denominator of the propagator in the com-
plex plane through Speie = (Mpnys — 5 phys)?

MZ. — Spote — gM,z(*ReHKW(S) — iMy-T g+ (8) = 0,

where My« and Ik~ are model parameters
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Fit results

Obtained parameters from a joint fitto 7= - Kgm v and 7~ - K nv;

MK*’(892) =892.03 +0.19 MeV . Boito et al. '09
no gain (T =K v;)
rK*f(ggg) =46.18 £ 0.44 MeV
—_— Boito et al. '10

My 1410y = 1304 = 17 MeV (K v, 4K
[ ke (1a10) = 171 £ 62 MeV
Ykx = Ykn = —3.4512.1072
By, = (0.0404 = 0.012)%
BKU — (1 58 + 01 0) . 10—4 1200 1250 13:2' (Mw][.?wsg\/] 1400 1450
ke =(23.9+0.9)-1073
kn=(20.9+£27)-107°

}improvement

———e——  Escribano et al. '13
(T =K pv)

- This work

isospin violation? L — ] Boito et al. '09
(T -Ksnvy)

A =(11.8+0.2)-107* — e Boitoetal 10
p 4 isospin violation? (" =>Ksz v, +K)3)
Ky =(11.1+£0.5)-10"

ﬂ —_—————— Escribano et al.
T ->K"npv)
T = K_TFOI/T&KK; — This work
x2/d.o.f =108.1/105 = 1.03 100 200 300 400 500

L+ (1410 [MeV]
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Conclusions

Conclusions

@ A good description of the vector form factor (by
analyticity+unitarity arguments) is crucial to unveil the parameters
of the intermediate resonances which drive the decays

@ Fitting both decay spectra together we have considerable
improved the determination of the K*~(1410) mass while we
slightly reduced the uncertainty of the width

@ Call for (an unfolded) analysis of 7~ - K~x%v, for unveiling
possible isospin violations on the low-energy parameters \'(")

@ Agreement between theory and Belle’s data
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Extra slides

@ The ChPT loop functions Hpg from page 6 can be found in
Gasser-Leutwyler Annals Phys. 158 (1984) 142
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