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Introduction

Decay Spectrum of the 7 lepton

- - - 1
T_ > vr+sirange e 7~ — K nu,' measured by BaBar and Belle
Branching fraction HFAG Winter 2012 fit
Tyo=K v, (0.6955 =+ 0.0096) - 102 Mode BaBar — Belle
I'e = K~ 7%, (0.4322 £ 0.0149) - 102 Normalized Difference (#0)
T3 = K~ 27%;, (ex. K©) (0.0630 £ 0.0222) - 1072 oty (ex. K9) 114
Tos = K~ 37%, (ex. K%,n) (0.0419 =+ 0.0218) - 102 K-ntn v, (ex. K9) 2.9
Ly =1 Ky, (0.8206 =+ 0.0182) - 10~2 K-Ktn v, 929
Ty = K'n;, (0.3649 £ 0.0108) - 102 K K*'K v, 5.4
Ty = K %70, (0.0269 = 0.0230) - 10~2 nK"v -10
Tss = K°h~h™h*u, (0.0222 & 0.0202) - 102 ¢ K v -13
KK, —02

Tis = K mor (0.0153 =+ 0.0008) - 102 ety

= T KgKgm v, -1.0
Tyz0 = K n'nur (0.0048 £ 0.0012) - 102

=0
Mg =7"K 0.0094 + 0.0015) - 102 . _ _

w2 = B ¢ D107 e To predict 7 — K /v, !
Tisi = K wvr (0.0410 = 0.0092) - 10
Tsor = K~ ow, (¢ — KK) (0.0037  0.0014) - 102 . .5 _ _
Tagn = K-71vs (ex. K°,u) (0.2923 4 0.0068) - 102 e Combined analysis® of 7~ - K nv, and
Taoz = K-m 1%, (ex. K%w,m) (0.0411 +0.0143) - 10-2 7~ - Ksm v, to constraint the K* (1410)
— X~ 10-2 .

Lo = X;or (28746 £ 0.0496) - 10 resonance parameters (mass and width)

e To study the second-class current

1Escribano, Gonzalez-Solis, Roig JHEP 1310 (2013) 039 7T — 71'77}(,) Vr decays4

2Escribano, Gonzalez-Solis, Jamin, Roig JHEP 1409 (2014) 042

3(Jamin, Pich, Portolés PLB 640 (2006), Boito, Escribano, Jamin JHEP 1009 (2010) 031, Moussallam EPJ C53 (2008))

4Escribano, Gonzalez-Solis, Roig hep-ph/1601.03989
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7~ - K ")y, : Amplitude and decay width

2 <M’ — — (D=
= VTP, ) (1 =) ulp, ) (K sy (1 =ul0)

——
0-,1+50+ 1~

77(/)

- Ay ¢ p
(K n[sy"ul0) = [(P,,(o -p)t + =20 ]CV WFE (s) + Bz g G JoFo " (s)

dar (7'_ - K_U(I)VT) Gz /\/I3 K-n® 2 2
) sen Vi FOT R (1- 47 )

suppression

25\ 3 =K, N2 3Af<n(r> =Kk 2
1+W Qi (S)IFL (s)IF+ s Tk (S)Fy (s)]

K™n K w K™ n' K w . 0p = (-13.3+0.5)°
F> "(0) = F; ™(0)coshp, F. " (0) = F; ™(0)sindp, Vs - FK 7(0) = 0.2163(5) , Keg
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K7, Kn and Kn’ Form Factors Vector Form Factor

Vector Form Factor: Resonance Chiral Theory

"G e - e
B K*(1410)
W\ﬁ.< - Wv< Y,
K- K- K-
FvGy s . F,G, s
Fz2 M2, -s F2 M2, -s

K*!

FK(s) = c030(1 + ) - cos0F ™ (s)

@ Requirement: FX™(s) vanish for s - oo = FyGy + F|,G|, = F2

M2, +~s S FyGy, FvGy
FKW(S) _ _ : y=- v-v — -1
* Mi.-s M2, -s Fz Fz

@ Breit-Wigner parameterization:

FK”(S) _ M2, + vS vS

Mlz(* -S- iMK* rK*(S) Mlz(*, -S- I'MK*/rK*/(S)
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Vector Form Factor: Dispersive representation

@ Three subtractions: helps the convergence of the form factor and

Ko s 1 &
F+ (S) = P(S)CXP Oé1m—2+§O[2m—4

3 Krm (ol
s® , 07(s)
T /SKW 95 Y3 (s -5 10)

@ ay=)\,and a? +ap = X, low energies parameters

’ ”

- A, 1o
F () =1+ Mfr_t+§Mi_ £
) : cut-off to check stability
P mFE(s) |. Bk mf, ki Hin (0)+ys vs
® 077(s) = tan [ FK’“(S)] Fir(s) = D(mycx, k) D(mycxr,yyear)

D(Mn,vn) = M3 - 8 — knRe [Hix(S)] — imal n(8)
TAU'16 19 september 2016 6/26



K7, Kn and Kn' Form Factors [T C@EO ==t to]d

Scalar Form Factor

@ Central unitarity relation
ImFi(s) = 0;(8)F/(s) T (s)"

@ Coupled channels dispersion relations (samin, Oller, Pich Nucl.Phys.B622
(2002))

k(8P (ST, e (8)

(8™ s o
f d,UK( Vo T (8) Tk ( )+lf ds’
SKn

FE™ (s
0" (8)= s’ —s—ie 7 s’ —s—ie
K
1 oo okn(SFET(S)TE ko (S) 1 poo okn(8)Fy"(S)TE, ki (S)
R =~ [T as ks [T s —
T Iskn s’ -s—ie T Jsky s'-s-
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Fits to the 7~ — K™, BaBar and Belle data

@ Decay domilgoated by the vector Form Factor (~ 96% of the BR)

——1 Escribano, Gonzalez-Solis,
- Breit-Wigner Roig, JHEP 1310 (2013) 039
— 1o Breit-Wigner
— PP
100- — 1P j
c -- BEJ
£
o — 10 BE)
L% = BaBar Data
50+ Belle Data 7
T ¢ ‘ ‘ ‘ ‘ 1
1.0 12 14 16 18 20
Mk, (GeV)
Source Branchig ratio-10* | x?/dof | K*(1410) Mass | K*(1410) Width ~
Breit-Wigner (0.9673%1) 5.0 -0.174 £ 0.007
Exponential representation (1.42+0.04) 1.4 1332ji§ MeV 220j7§§ MeV —0.078f§:§]§
Dispersion relation (1.55+0.08) 0.8 1327530 MeV 213*72 MeV -0.051+0-512
Experimental value (1.52+0.08) -
Channel K*(1410) Mass | K*(1410) Width vy
K7 mode 1277123 MeV 218tgg MeV —0.049i§-§i§
i + +68 +0.
Kn mode (this work) 1330771 MeV 217735, MeV -0.065" 053
S.Gonzalez-Solis TAU'16 19 september 2016 8/26



Experimental data analysis T > K'n(’) vr

Predictions for the 7~ - K™ n'v, decay

@ Decay dominated by the scalar Form Factor (~ 90% of the BR)

3.0 T
Both FFs Breit — Wigner
Vector FF BW
25
--- PP+ JOPFF,
= 10 JPP+JOPFF,
” 20¢ ---- BEJ+ JOPFF
% = 10 BEJ+JOPFF
S15[ PP (Vector FF)
N ---- BEJ(Vector FF)
]
1.0
0.5
P E— 16 18
Vs (Gev)
Source Branchig ratio
Breit-Wigner (1.457389).10°°
Exponential representation (1.00733%)-10°®
Dispersion relation (1.08733%)-10°°
Experimental bound <2.4-10°%at90% C.L.

S.Gonzalez-Solis TAU'16
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Combined analysis of 7~ - Ksn v, and 7~ - K v,
@ Reason for a simultaneous fitto 7~ - Ksn~ v and 7~ - K™ nu, Belle data

(Epifanov et. al. Phys. Lett. B 654 (2007) 65)

T )
LA
L ] ® Unfolded/physical 7" —>Kgr™ v, Belle'sdata
L] "
1000+ N '.. B Folded/detected T Kot~ v, Bellesdata | -
|. %
i.. i'i'i
c 100 ! ﬁﬁik U
g0 - g |
2 | f X
S Precise experimental data : i 3 g%i
Lﬁ 7~ - Ksn™ v, seemsto beagood source for i? ﬂ% i
10+ } determining the K*~(892) resonance parameters %BE El

i il

Our proposal : toaddr~ - K™ v, tothe fitinorder
to constraint the K*~(1410) resonance parameters

06 08 10 12 14 16 18
Vs (GeV)

S.Gonzalez-Solis TAU'16 19 september 2016
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Experimental data analysis Combined analysis of 7~ — Kgm~ v, and 7~ — K™ nu

Combined analysis of 7~ - Ksn v, and 7~ - K v,
@ Unfolding 7~ — K™ nu. Belle’s data through an "unfolding" function from

7 - Ksmm v
S T e 'Unfolded K v, Bellesdata

100.0+ B Folded 7™ >K v, Bellesdata

]
¥

%

10.0¢ H “{ E

£

g 500 ]
&
(ni}

100 ]

0.5 ]

0'17 L L L L L L L L L L L L L L L L L L L L L |

1.0 12 14 1.6 18 2.0

Vs (Gev)

o Experimentalist: To provide unfolded data would be really useful
o Theorists: To provide theoretical models to be fitted by experimentalists

S.Gonzalez-Solis TAU'16 19 september 2016
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Combined analysis of 7~ — Kgm~ v, and 7~ — K™ nu
@ We relate the experimental data with the differential decay
distribution from theory through
ONevents Ne A 1 dr (r— - P P%;,)
d \/E events&bin r, d \/5

dar(r~ - P Pv.) GEM? 2
( dv/'s ). = g ool VisF "o (1_7)

M2
2s =P 347 P
{(1 + W)qifpo(s)mf T = e ()R (S)|2}

@ PP -Ksr — Nevents = 53113 Apin =0.0115  GeV/bin
@ PP =K Nevents = 1271 Apin = 0.025  GeV /bin
@, =2265-10""

@ Function minimised in our fit

Nth_Nexp 2 B!h_Bexp 2
R )

bin oNew Kgm—,K=n O Bexp
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Results of the combined 7~ - Ksn~ v and 7~ — K v, analysis

Escribano, Gonzalez-Solis, Jamin, Roig JHEP 1409 (2014) 042

— Fitto 7 >K¢n v,

10— — —1}— Fittor >Knv, i
e Unfolded 7~ —>Kgn v, Belle data
1000 o T —-Kgn v, excluded fit points
®  'Unfolded' 7" —»K nv_ Belle data
7 =K nv_ excluded fit points
g 100+ E
S e
Z S=-s
2 -
o
R A
e (0 T T E
1L d
0.1 ! |
0.6 0.8 1.0 12 14 1.6 1.8
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Experimental data analysis Combined analysis of 7~ — Kgm~ v, and 7~ — K™ nu

Results of the combined 7~ - Kgn~ v, and 7~ - K™ nu, analysis

@ Different choices regarding linear slopes and resonance mixing parameters
(Scut = 4 GeV?)

Fitted value Reference Fit Fit A Fit B Fit C
By (%) 0.404 +0.012 0.400 +0.012 0.404 +0.012 0.397 £+ 0.012
(B ) (%) (0.402) (0.394) (0.400) (0.394)
My 892.03 £ 0.19 892.04 + 0.19 892.03 +0.19 892.07 +£0.19
[y 46.18 + 0.42 46.11 £+ 0.42 46.15+0.42 46.13 +0.42
Mycsr 1305f]g 1308‘_']3 1305f}g 1310’:];
+52 +66 +58 +56
Mo 168+52 212+ 174+58 184+50
VK= X 1OZ =YKn _36t}% —33ﬂg =YKn
/\;(7r x 10° 23.9+0.7 23.6+0.7 23.8+0.7 23.6+0.7
/_\%Wx104 11.8+0.2 11.7+0.2 11.7+02 11.6+0.2
BK,7><1O4 1.58 +0.10 1.62+0.10 1.57+0.10 1.66 + 0.09
(BY) x 10* (1.45) (1.51) (1.44) (1.58)
YKn % 102 73.4ﬂ:g —5.44:;:2 —391’;:‘1‘ —3.7ﬂ:2
N, X 10° 20915 =N 212:1.7 =N,
)\%nxw“ 11.1+04 11.7+£0.2 11.1+04 11.8+0.2
Xz/n.d.f. 108.1/105 ~ 1.03 || 109.9/105~1.05 | 107.8/104~1.04 | 111.9/106 ~ 1.06

S.Gonzalez-Solis
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Experimental data analysis Combined analysis of 7~ — Kgm~ v, and 7~ — K™ nu

Results of the combined 7~ - Kgn~ v, and 7~ - K™ nu, analysis

@ Reference fit results obtained for different values of sy

S.Gonzalez-Solis

2
Seu(GeV7) 3.24 4 9 oo
Parameter
By (%) 0.402+0.013 | 0.404+0.012 || 0.405+0.012 | 0.405:+0.012
(Bf ) (%) (0.399) (0.402) (0.403) (0.403)
My 892.01+0.19 | 892.03+0.19 | 892.05+0.19 | 892.05=0.19
M 46.04:0.43 | 46.18+0.42 | 46.27+0.42 | 46.27=0.41
Mycsr 1301 %; 1305*13 1306*14 1306+14
T s 207+13 168+32 155448 155447
VK= =YKn =TKn =TKn =VKn
N x 10° 23.3+0.8 23.9+0.7 24307 24307
An x 104 11.8+0.2 11.8+0.2 11.7+0.2 11.7£0.2
By, x 10* 1.57 +0.10 1.58+0.10 1.58+0.10 1.58+0.10
(Bj¢,) x10* (1.43) (1.45) (1.46) (1.46)
iy x 102 ~4.0173 -3.4773 3299 3299
Ny x 10° 18.6+1.7 209=+15 221+1.4 221+1.4
X, x 10% 10.8+0.3 11104 11.2+04 11.2+04
x2/n.df. 105.8/105 108.1/105 111.0/105 111.1/105
TAU'16 19 september 2016 15/26



Experimental data analysis Combined analysis of 7~ — Kgm~ v, and 7~ — K™ nu

Results of the combined 7~ - Kgn~ v, and 7~ - K™ nu, analysis

@ Central results including the largest variation of scy

Mic- g9y = 892.03 + 0.19 MeV
[k (go2) = 46.18 + 0.44 MeV
Mice- 1410y = 1305218 MeV

[ ke (1a10) = 168755 MeV

Vkr = Yy = ~3.475-107
Bk = (0.0404 +0.012)%
Bk, =(1.58+0.10)-107*
x?/d.o.f =108.1/105 = 1.03

S.Gonzalez-Solis

}no gain

}improvement

TAU'16
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1200 1300 1400 1500 1600
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Experimental data analysis Combined analysis of 7~ — Kgm~ v, and 7~ — K™ nu

Results of the combined 7~ - Kgn~ v, and 7~ - K™ nu, analysis
@ Central results including the largest variation of scy

Ki
-3 2 ——— ISTRA+ '04
)‘;(77 = (239 + 09) -10 . L . —_— NA48 '04
5 (isospin violation? —— KLoe o7
= . - —k— KTeV '1
- (209 + 27) 10 ——— FLAVIANET '10
4 T+K|
= (118i02) -10 . . . . ¢ - Boito et al. '10
isospin violation? == Bernard 13
(1 1 1 4 0 5) 10— —— Antonelli et al. '13
Kn T .
—e Moussallam et al. '08
ﬂ =C= Jamin et al. '08
. Boito et al. '09
— -0 — This work [K 5]
T — K T 1/7-& Kg3 ) ) —— } This work [Ks7]
20 22 24 26 28 30 32
2,-10°
0 4 8 12 16 20 24 28
Ia ISTRA+ '04
—_— NA48 '04
—_—— KLOE ‘07
ket KTeV '10
—_— FLAVIANET '10
T+K|,
. Boito et al. '10
B Bernard '13
. Antonelli et al. '13
T . Moussallam et al. '08
- Jamin et al. '08
. Boito et al. '09
- This work [K™5]
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\Thiswork[Ksnil

0 4 8 12 16 20 24 28
2,10
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Experimental data analysis Combined analysis of 7~ — Kgm~ v, and 7~ — K™ nu

Prospects of improvement

@ Call 1: to release 7~ — K nu, acceptance corrected
@ Call 2: to provide 7~ - K™%, data (acceptance corrected)

5 .
x 10 . 3
v f . E
= o Lo, B
3 o, ]
G L o "=, B
a T e, E
=} F & e, B
S F . T, q
E i ; ., 1
-1 L e —]
> E h L% E|
@ o .
102 =
10°E !
E KEN 1 il |

04 06 08 1 12 14 16 18 2
M, .. (GeV/c?)

Phys.Rev. D76 (2007) 051104

S.Gonzalez-Solis
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Experimental data analysis Combined analysis of 7~ — Kgm~ v, and 7~ — K™ nu

Determination of resonance parameters

@ To look for a zero of the propagator in the complex plane

i

3 ~ .
M}Z(* — Spole ~ 7M}2(*RCHK7T(Spole) - IMK* rK* (spole) =0; Spole = (Mphys - 7rphys)2

2

2

My, =1378(24)MeV , Tk ~=197(70) MeV = Model
Mg, =1305%1gMeV, T, =168 MeV = Pole

K*(1410)

14P) = 307)

K*(1410) MASS

TECN  CHG COMMENT

LASS 0 11K p— K nt)
LASS 0 11K p— Kotz

e e o We do not use the following data for averages, fits, limits, etc. ® o »

RVUE o K&nu
LASS — 11K p— Kox~p

828 HBC 0 825K p— KV2r

VALUE (MeV) DOCUMENT ID

141415 OUR AVERAGE Error includes scale factor of 1.3.
138021419 ASTON 88

1420 7x10 ASTON 87

1276172 12BoITO 09

1367 54 BIRD 89

147425 BAUBILLIER

150030 ETKIN 80

MPS 0 6K p— Klntgo-

1 From the pole position of the K vector form factor in the complex s-plane an
EPIFANQV 07 data.
2 Systematic uncertainties not estimated.

K*(1410) WIDTH

VALUE (MeV) DOCUMENT ID TECN CHG  COMMENT
232+ 21 OUR AVERAGE Error includes scale factor of 1.1.

176+ 52422 ASTON 88 LASS 0 11K p— |
240+ 18+12 ASTON 87 LASS 0 11K~ p-— |
« » o We do not use the following data for averages, fits, limits, etc. » » »
108 52 34 BoITO 09 RVUE = Kyn
114+101 BIRD 89 LASS - 11K p-— |
275+ 65 BAUBILLIER 828 HBC 0 825K p—
500100 ETKIN 80 MPS 0 6K p— K

3 From the pole position of the K vector form factor in the complex s
EPIFANOQV 07 data.
4Systematic uncertainties not estimated.

S.Gonzalez-Solis TAU'16
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Experimental data analysis Combined analysis of 7~ — Kgm~ v, and 7~ — K™ nu

Applications of the K7 Form Factors

@ Dispersive representation of the K7 form factor suited to describe
both 7 — Knv- and K3 decays

f+(Vs)

. X, N
Fro)=1+"50¢ 4 %L;“ﬂ < Dispersion Relation
2 mi <

Fro®=>eiBW(s)

\me 05 10 15 oy 20

@ K3 decays are the main route towards the determination of | V,s|?

2 2 1 = 2 = 2
i o< Ve 1 OO o = g [ ot [P (02 ntt o Fo(ty?]

ChPT, lattice RChT+ dispersion relations
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Conclusions

Conclusions

@ K Vector Form Factor from dispersion relations with subtractions
e First detailed analysis of 7~ - K (v, decays

o Combined analysis of the decays 7~ - Ksn v and 7~ - K nu,

—a—

Boito et al. '09
T -Ksmvy)

Boito et al. '10
(T ->Ksm v +K3)

—e— Gonzalez-Solis et al."13

@ =Ky,

This work

1200 1300

1400 1500

Mg+ (1410 MEV]
@ Prospects of improvement:

1600

Boito et al. '09
(T ->Ksmv,)

—e—— Boito et al. '10

(7Kg v, +K|3)

—_— Gonzalez-Solis et al

T =K nv,)

This work

'13

100

200

e To provide 7~ - K nu, acceptance corrected

300 400 500
Tk~ (1410) [MeV]

e Torelease 7~ —» K %, (acceptance corrected) to access isospin

violations

S.Gonzalez-Solis
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Back-up



Hadronic Matrix Element

@ Taking the divergence we obtain on the L.H.S
(010, (3v" u) K7 ) = i(ms = my)(03ulK 1) = iBkn CS- (y FE " (5) (1)

where Apg = Mz - Mg, CZ . =1/V6, CZ , =2/V/3

@ on the R.H.S (vector current not conserved)

i9.(K 18700} = iCY,r [ (i - M) (9) - 5P (9)| (@)

@ Equating egs. (1,2) allows us to relate F< 7 (s) with Fg(”(')(s) as

S
FK_”(/) AK*U(’) CK’q(’) AKﬂ' K r/ K 71
- (e)=- % "(s)+ '(s) @)
S CKn(’) AK*n(’)

@ The hadronic matrix element finally reads (g = (p, ) + px-)"+ and G =5)
(K n"|57"ulo) =
m AK"/](’) o CV FK777(') AKTA’ p,CS FKfn(') 4
Py =P)" + ——q" | Cp P () + =0 CpnFo 7 () (4)
TAU'16 19 september 2016 23/26




Predictions for the 7~ — K~ 1(v, decays

@ 7 — Ksm v, Fit results (Boito-Escribano-Jamin Eur.Phys.J. C59 (2009))

Sout = 3.24 GeV? Sour = 4 GeV? Seur =9 GeV? Seut — 00
mg+ [MeV] 943.32 £0.59 94341 £0.58 943,48 £0.57 943.49 £0.57
yr+ [MeV] 66.61 £0.88 66.72 £0.86 66.82 +0.85 66.82 = 0.85
mr [MeV] 1407 £ 44 1374+ 30 1362 £26 1362 £26
yr» [MeV] 325+ 149 240 + 100 216+ 86 215486
y x 10% —5242.0 —39+15 -3.5+13 —3.5+13
A x 10° 24.31 £0.74 24.66 + 0.69 24.94 + 0.68 24.96 + 0.67
A x 104 12.04 +0.20 1199 £0.19 11.96 £0.19 11.96 £0.19
x2/nd.f. 74.2/79 75.7/79 77.2/79 77.3/79

@ Our K7 system is K =° instead of Ksr™
@ Mass difference (~ 10 MeV) strongly correlated with X, and \}
@ No 7~ —» K n%, data available. We fit 7~ — Ks7 v, data using K~ 7° masses

Parameter Best fit with K~ =0 masses Best fit

AL x10° 22.2+0.9 24.7+0.8

A x 10 10.3+0.2 12.0+0.2

Myex (MeV) 892.1 £0.6 892.0 £ 0.9

Tx (MeV) 46.2+0.5 46.2+0.4

Mycxr (GeV) 1.28 +0.07 1.28 £0.07

0.10 0.06

T s (GeV) 0.16%3 07 0.20%909
o —0.03 £ 0.02 —0.04 +0.02

S.Gonzalez-Solis TAU'16
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K scattering phase

LASS —e—

200 T T
150 +
gn L
_4100 -
«© L
50

L

06 0.7

1 1.1
my,. [GeV]
TAU'16

15
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Predictions for the 7~ - K™y decay

@ Decay dominated by the vector Form Factor (~ 96% of the BR)

150

100

Events/bin

- Breit-Wigner

1o Breit—Wigner
JPP

1o PP B
BEJ

1o BEJ
BaBar Data

Belle Data )
o T . ]
10 12 14 16 18 20
Mg, (GeV)

Source Branchig ratio X< /dof

Breit-Wigner (0.78%0-10) 10 83

Exponential representation (1 A47f8:(1)g) -1074 1.9

Dispersion relation (1.49+0.05) - 104 1.5

Experimental value (1.52+0.08) - 1077

S.Gonzalez-Solis TAU'16
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