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'K 7 vector form factor

Form factors: introdu-

® CKM matrix: test of the Standard Model

Vud ‘ Vub
Ve g — v v - K j5Decays

cd CS C 0
Vie Vie Vi | K —

We need the /< 77 form factors

® Parametrization in terms of frand fo ;
K

(Rl ul K (9) =

I
f+(t):+( k) AKW(fo( )
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Form factc-
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'K 7 vector for factor

Form factors%
KV— 7 v
o f+0(0) < ChPT, Lattice
® f+.0(¢°) < ChPT, DR, RChPT, Lattice

Normalization > Vsl f 4[_{07# (0)

N )\/ 1 )\//
E dependence: ) =14 "t + =>4 Ot
' Energy dependence:  f4 (%) m2 2 mi + O(t”)
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'K 7 vector form factor

Form factors-
KV'— 7 (v
o f+0(0 ) <— ChPT, Lattice
® f10(¢°) < ChPT, DR, RChPT, Lattice

This work
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Normalization -> 'V | Kom ({0))
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_ /t 22 o)

Energy dependence: [+ (t) m2 9 m4
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'K 7 vector form factor

Form factors -
KV'— 7 (v

o f+0(0 ) <— ChPT, Lattice

® f10(¢°) < ChPT, DR, RChPT, Lattice

This work

_|_

|

W K
// Normalization \ VuslS |

0)
®t | é@# + O(t?)

_2m3

Energy dependence:

® Crossed channel.

UAB - IFAE |~ ~



'K 7 vector form factor

' Form factor from analyticity ai

¢ Dispersion relation (DR) for f+,0(5)
®  Unaitarity (L))

[DR + |/ =Muskhelishvili-Omnes Eq.]

o Eqg. can be solved.

| )\/ )\// )\///
* Fit to data, I 50 0%
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Dispersion Relation for f-

Unitarity
Watson’s theorem
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Omnes Eq.: so-

® Solution:
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'K 7 vector form factor
Omnes Eq.: solutl.

® Solution:

f(s) = f(0) exp

® Strategy: subtracted dispersion relations.

® Generalized solution: » subtractions atsg = 0

0(s")

s' — s — 1€

B Sn o0 dS/
f(s) =exp a1+a23---+an_1s”_1—l-—/ ,
& T Sth (8 )n
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'K 7 vector form factor
Omnes Eq.: solutl.

® Solution:

f(s) = f(0) exp

® Strategy: subtracted dispersion relations.

Helps the convergency!

e Generalized solution: 7 subtractions atisg = 0

B S :. 5 / i
f(s) =exp |1 + a5+ ap_18 . o)

Al

UAB - IFAE | -7 =




'K 7 vector form factor
Omnes Eq.: solutl.

® Solution:

f(s) = f(0) exp

® Strategy: subtracted dispersion relations.

Rela‘ted to )\SZL | Helps the convergency!

e Generalized solution: n subtractions atis, = 0

] "" y g (s’ 1
f(s) =exp |a1 Hags -+ an_1$ ¥ ()
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'K 7 vector form factor

' Extracting the form factor from

Jamin, Oller, Pich NP B587 (2002);

® We have fo(s) PRD 74 (2006).

® Omneés solution for f4(s)
NN
+ A Ay
® We can fit the data and extract w7 (892) pole

¢ First results without DR:

Jamin, Pich and Portolés, PL B664 (2008)
¢ Belle data:

: >
D. Epifanov et. al., PL B654 (2007) [a¥as

BELLE
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'K 7 vector form factor

Finkemeier and Mirkes, ZP C72 (1996)

dl’ T 0 N ~
d\l/{g _¢(57m7)G%"Vu8‘2|fK ™ ( )’ SEW [(h S mT)ﬂf-F —’2"'_6]2(8 mT)‘fO(S”ﬂ
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K vector form factor

Finkemeier and Mirkes, ZP C72 (1996)

—

ar’ s On— z
a5 =em oG EOPe o me A ()1

| . . Jamin, Oller, Pich NP B587 (2002);
Antonelli et. al. [FlaviaNet Kaon Working Group] PRD 74 (2006).

arX1v:0801.1817
Vs | £ (0) = 0.21664 =+ 0.00048
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‘K vector form factor

Finkemeier and Mirkes, ZP C72 (1996)

~2%: Gamiz, Jamin, Pich, Prades and Schwab, PRL 94 (2005)

y

dl’ K 0 N ~
T = 9. m ) GHV T OSE [a1(s mf)if+ )Z 4 aa(s, me)|fos) |
V'S l - W
. . . Jamin, Oller, Pich NP B387 (2002);
Antonelli et. al. [FlaviaNet Kaon Working Group] PRD 74 (2006).

arX1v:0801.1817
Vs | £ (0) = 0.21664 =+ 0.00048

UAB - IFAE



'K 7 vector form factor

Finkemeier and Mirkes, ZP C72 (1996)

~2%: Gamiz, Jamin, Pich, Prades and Schwab, PRL 94 (2005)

y

dl' g . R ~
v T _ ¢(S mT)G ‘Vus‘ |fK ( )IQ’SEW |:q1 S mT)ﬂf—F ’2 H‘QQ(S,mT)‘fO(S)|2i|
Vs ) .
' ' l : Jamin, Oller, Pich NP B587 (2002);
Antonelli et. al. [FlaviaNet Kaon Working Group] PRD 74 (2006).

arX1v:0801.1817
Vs | £ (0) = 0.21664 =+ 0.00048

19 | dlg,
= . 20.0115 [GeV /b -
23 GeV/bin] Nr 55—~

UAB - IFAE



'K 7 vector form factor

7 — v, Kn: one eSGREED

® Closed form for f. (s) -

K*(892)_.i . f *__ (8_92<
K

UAB - IFAE



'K 7 vector form factor

T o U K on- Gasser and Leutwyler,

NP B250 (1985)

® Closed form for f. (s) -

K*(89zl.i . f *__ (8_92<
K
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'K 7 vector form factor

T — v KT one Gasser and Leutwyler,
NP B250 (1985)
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T — v KT one Gasser and Leutwyler,
NP B250 (1985)

UAB - IFAE



'K 7 vector form factor

T — v-Km: one res Gasser and Leutwyler,
| NP B250 (198)5)

m3. — 5 — kReH(s)

~ (s) =tan™* { :

Ny = (14 Ng>H'(0)] f+(0)m:




'K 7 vector form factor

T — v K one resor- Gasser and Leutwyler,
NP B250 (1985)

mp=1'(s)

6(s) = tan™* { >

m3. — 5 — kReH(s)

Ny = (14 Ng>H'(0)] f+(0)m:

® Model with two parameters: mg-«, 'k
¢ >\(+'"’ ) determined by mgs, g+
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'K 7 vector form factor

Pole posi-

® Complex zeros of the denominator:

D(m,,T,) =m2 — s — Kk, ReH(s) — im,'p(s)

n_
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'K 7 vector form factor

Pole posi-

® Complex zeros of the denominator:

D(m,,T',) = s — kn ReH (s) — imypI'y(s)

S
Vop =Mpr—olr

—— -
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'K 7 vector form factor

Pole positi-

® Complex zeros of the denominator:

D(m,,T',) = ReH(s) — imnI'y(s)

Important:

O\mn ‘~ 940 MeV
~~ Model parameter

-

s e dIpa 892 MoV
Vo =Mp—5lr Physical Value

B — T ——
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K7 vector form factor
10% | —

: Closed Form + scalar FF ——— )
: Closed Form without scalar FF
: Belle Data

H\"" f

1 1.2 1.4
Vs [GeV]

K*(892) pole VB = (892.3 £ 1.2) — £(46.011035) MeV

Brr(Bgr) 0.3611 £ 0.0042% (0.3563%) X
943.35 £ 0.52 MeV v
66.29 & 0.79 MeV
39.4/27

(22.975 £ 0.030) x 103
AL (11.062 +0.032) x 10~
AV (8.163 £0.037) x 107° 4
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K7 vector form factor
T — v, K 2 resonances 3 subtractions

- = = A () ,<
N
S Jamin, Pich and Portolés, PL B664 (2008)

Fols) = m%. — Ng’ReH g (0) + s VS
i B D(mK*,FK*) D(mK/,FK/)

D(m,,T,) =m? —s — k, ReH(s) — im,'p(s)

’n,_
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K7 vector form factor
T — v, K 2 resonances 3 subtractions

Jamin, Pich and Portolés, PL B664 (2008)

_ - ~ Vs
f-l—(S) — D(mK/,FK/)

D(m,,Tp) =ms — s — /imReH( ) + impl'y, (s)

- gm -
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K7 vector form factor
T — v, K 2 resonances 3 subtractions

Jamin, Pich and Portolés, PL. B664 (2008)

_ - : Vs
f-l—(s) — D(mK/ FK’)

D(m,,Tp) =ms — s — limRe_f‘{(—) + impl'y, (s) _
Imfi(s)
Refi(s)

6(s) = tan™*
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K7 vector form factor
T — v Km 2 resonances 3 subtractions

Jamin, Pich and Portolés, PL. B664 (2008)

_ - : Vs
f-l—(s) — D(mK/ FK’)

D(mn,,Ty) =ms — s — /ﬁsze_I{(_) + impl'y, (s) _
Imfi(s)
Refi(s)

6(s) = tan™*

f+(s) /A il
s) = ex
" P m* 7w ), s s —s—ic

th

. Same strategy used in Pich and Portolés PRD 63 (2001)
for the pion vector form factor.
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K7 vector form factor
T — v Km 2 resonances 3 subtractions

Jamin, Pich and Portolés, PL. B664 (2008)

_ - : Vs
f-l—(s) — D(mK/ FK’)

D(mn,,Ty) =ms — s — /ﬁsze_I{(_) + impl'y, (s) _
Imfi(s)
Refi(s)

6(s) = tan™*

f+(s) /A il
s) = ex
" P m* 7w ), s s —s—ic

th

. Same strategy used in Pich and Portolés PRD 63 (2001)
for the pion vector form factor. < . <o Pacsemar s k) Y
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K7 vector form factor
T — v, K 2 resonances 3 subtractions

~

f+(s) = exp
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K7 vector form factor
T — v, K 2 resonances 3 subtractions

|
4 ]
m._ 7L

f+(s) = exp 2&2

vV /3 o o
Sin v S S S 1€

N
. 2 g0 /'Q‘/\‘-Q’ds’ 6(s")
\

\ -
\

Cut-off to check the stability

Pich and Portolés PRD 63 (2001)
for the pion vector form factor
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'K 7 vector form factor

T — v K7 2 resonances 3 subtractions

-

)
s° /QA\-'ds’ 6(s")
\
vV /3 o o
5, W80 8 — s — i€

\ -

\

Cut-off to check the stability

Pich and Portolés PRD 63 (2001)
for the pion vector form factor

UAB - IFAE



K vector form factor

T — v K7 2 resonances 3 subtractions
4
10" |

| Form factcl)r with 2 Rles and 3 sulI:)
Belle Data .

x*/d.o.f. = 700D

Fit
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R Final Results
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'K vector form factor
" =(24.6£0.9) x 107

PDG 2008

FlaviaNet Kaon Working Group 2008 :

Moussallam 2008 [EPJ C53 (2008)]

Jamin, Pich and Portolés 2008 (JPP 2008)

This Work

22 225 23 235 24 245 25 255 26 26.5 27"
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K vector form factor

" = (11.96 £ 0:25)F NN

FlaviaNet Kaon Working Group 2008

Moussallam 2008

Jamin, Pich and Portoles 2008

This Work

18 19 20

o )

If_l_:
r—Il_—-
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'K 7 vector form factor

The pol-

* K*(892) pole |
/Sor = (892.01 £ 0.91) — %(46.20 -

o K* or K*(1410)
Vp, = (1280772 — 2(194+60) MeV

Al
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K7 vector form factor
| | | | | |
7L PDG 2008

Belle 2007 CTINT TERCTIN. Model

7 decays Parameters
JPP 2008 ==l

891 892 893 894 895 896 897
Mk~(892) [MeV]: Model parameter
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'K 7 vector form factor

I I I
L (i

Belle 2007
T decays
JPP 2008

MK* (8

PDG 2008

Model
Parameters

PDG 2008

891 892 3893

My-ggz) [MeV]:

Pole
Position

, Kp — pKm

T decays

—— This Work

890 890.5 891 891.5 892 892.5 893 893.5 894

IVIK*(892) [MeV]: Pole ——

Il I o '
oG




'K 7 vector form factor

PDG 2008

Belle 2007

wom—1  JPP 2008

5 46 47 48 49 50 51
I'+(go2) [MeV]: Model parameter

52

L+ (s92))

Model
Parameters

UAB - IFAE




'K 7 vector form factor

| | | | FK*(S.

PDG 2008

Belle 2007 Model

Parameters
w1 JPP 2008

45 46 47 48 4 Kp — pKm PDG2008 *
T'k(z92) [MeV]: Mod

Pole JPP 2008

Position T decays
This Work

47 48 49 50 51
I'k+(gg2) [MeV]: Poleuas - IFAE
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Conclusion

1. Tau decays help to determine f (¢*).
2. X, agrees with kaon decays and /| has a
much smaller uncertainty.
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2. XN, agrees with kaon decays and X\’ has a
much smaller uncertainty.

3. Apparently, the width of the K*(892) measured from

tau decays difters from other hadronic processes.
4. However, the pole positions should be quoted.

Less model dependent.
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Conclusions

1. Tau decays help to determine f (¢*).
2. XN, agrees with kaon decays and X\’ has a
much smaller uncertainty.

3. Apparently, the width of the K*(892) measured from

tau decays difters from other hadronic processes.
4. However, the pole positions should be quoted.

Less model dependent.

DRB, R. Escribano and
M. Jamin, arXiv:0807.4883
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