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Outline

1. Introduction and Motivation : Callan-Treiman theorem in K 53 decays.
2. Dispersive representation of the scalar and vector form factors.

3. Measurement of InC and A, with KTeV data: fit results.

4. Applications :




1. Introduction and Motivation




1.1 Definition
KO li
« Kgdecays K" —» n %1%y,

T v,
e The hadronic element :

(77 (p)| 7,0 |[K° @)=y + ), + f-(O(Px - P,),

> f.(t), f.(t) : form factors

> t=¢"=(p,+p,) =Py p,)

 We consider : - the vector form factor f,(t).

- th lar f fact
e scalar form factor Fi(t) = f+(t)+mz’—mzf_(t)

K

[ @) — o — f@) —
9 +0 —1 = St ’ =
7.00) f.(0) and £, 0 f,(0=1

> Normalization : f,(#)=

e f,(t) accessible in Kez and K 5 decays,?o(t) only accessible in K 5
(suppressed by mz2/M,2) + correlations ——> difficult to measure.
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1.2 Interests

« Decay rate formula: l=(e,p1)
B r C G m /0
_ K+/013 _ K+/0 K+
K*'%3 T - 1927[ EW (1+ ZAK+/0I)‘./‘+ (O)Vus K*'0
K+/0 \
Kaon life time Radiative Corrections L (’ /. (’)’fﬂ(t))

Form factor shapes from Dalitz plot =) phase space integrals.

» Prediction of R /e=I'k,3/T'kes

 Test of the Standard Model :
» Callan Treiman relation
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1.3 Theotretical knowledge for the scalar FF: CT relation

« Callan-Treiman Theorem: SU(2) x SU(2) theorem

— F
C=f,(A;)= L — 1+ A
R
AKﬁzmIZ(_mlzr

» Corrections of order m, m;
—> No chiral logarithms : A ., ~ O (m val 47 F, )

- lIsospin limit mg=m,. A% ~ -3.5.10"° [Gasser & Leutwyler]
- KO decay : no small denominators due to 70 - n mixing (O((md —mu)/ms)) :

- K*decay case : enhancement by 70 - n mixing in the final state

> AL ~ few 1077 (K0 ideal decay)

- Estimations of the higher order terms: corrections in (’)(mu’d) and O(m,)

) A, =(-3.5£8).10"°
E.Passemar KTeV coll. meeting, 9 February, 2008



1.4 Test of the Standard Model.

. F ‘vus 1
CSM = fﬂ(AKﬂ')z - “a +ACT
Fﬂ +(0) vus
N roprf
N
B

exp

Cis predicted in the Standard Model using the measured Br: Br(K/Ttj5), T'(K.3)
and . ( V. not needed in this prediction.)

— C,, =1.2439+0.0042+ A,

Relation which tests the Standard Model very accurately.
If physics beyond the SM: ~1% difference between C and B_, . Uncertainties

exp
from Ay and B, on the permile level => opportunity to see a possible effect.

Possible test of the lattice results for F,/F_, f,(0) .

How to measure C ? 7
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1.5 What do we know experimentally ?

Data available from KTeV, NA48 and KLOE.

Necessity to parametrize the 2 form factors f. and f, to fit the measured
distributions.

Different parametrizations available : usually use of a quadratic parametrization
for £ (¢) and alinear one for f,(t) (A, not accessible) to fit the measured

distributions.

—quad 1 w

0 —lin t
Frto=1+ 4 et and  FV @0 =1+24,—5
2 m m

2
/4 V4 w

NB: A pole parametrization is also often used for the vector form factor

2
m

fpol(t) = Z—V
m

y — ¢



Problem: higher order terms (curvature...) neglected :
—> 4> 4= m; f(0)

L,2® may depend on the fitted distribution: different weight given to different
areas of the Dalitz plot. 1,2 is likely method dependent. It could explain
different results between experiments.

How to extrapolate up to the CT point to test the SM ?

1.3 ' | ' | T | ' |

- [1,=(m—m,)] S%A -
1.25+ —

= How to improve the
I parametrization
to measure C=fy(A,,) ?

A7 02598 9




2. Dispersive Representation of the K1t form factors

[Bernard, Oertel, E.P. and Stern’06]




2.1 Why a dispersive parametrization ?

« Use of the physical knowledge :

» KTTU scattering phase.
> Presence of resonances....

« 2 subtractions ) insensitive to the unknown high energy phase. This
allows for a good precision in the region of interest (at low energy).




2.2 Dispersive parametrization for the scalar FF.

Problem : How to construct a very precise representation of?o(t) between 0 and

Ag, ?
Knowledge :
> f(0) =1

- fy(Ag,) = C, Callan-Treiman point
- K= scattering phase

- Asymptotic behaviour of the form factor : fo( ) =

§ —>-00

O(1/s)

A dispersion relation with two substractions at 0 and A, for In(?o(t)) :

Sfo(t) = eXP[A

E.Passemar

: i Bie(Bye = 1) $(5)
-G (1 with G(t)= —Kz Kz
" (In C — G( ))} t ;[ A
> ¢(t) phase of form factor fo(®) = ‘70(1‘) e
|:AK72' :m]z( _m,zz:l
0.1282 0.2282 04060 t[GeVz]

HHHIHHHA | FHHHH
0 Klu3 L 2 AK” ty. 7Z'K )

[to=(m—m.'] [t =(mg+m,) |




2.3 Description.

t

T 3 (S_AKﬂ)(S_t)

t

(InC - G(t))} with

Krn

- ¢(t) phase of form factor :7(t) = ‘7(1) e’

« Two unknowns: ¢(s) and InC=In(f,(t=Ax..))

*  ¢(s) a priori unknown but
> fy(s) = O(1/s) —=> For large s, ¢(s) — n. Rapid convergence of G(t).

§ —> -00

- At « low energy » ¢(s) = 5. (s), S wave 1=1/2 Kr scattering phase,
[Watson theorem] well known : [Buettiker, Descotes, Moussallam ’02]
> Experimental input for 1 GeV < E < 2.5 GeV [Aston et al].

» Extrapolation of the phase down to threshold solving the Roy Steiner
equations.

E.Passemar KTeV coll. meeting, 9 February, 2008 =



Phase used




G(t)

0.05

0.04 &

0.03

0.02

0.01

0.05

G(t) with the uncertainties
added in quadrature

G(0)= 0.0398=+0.0040

InC~0.20




2.4 Dispersive parametrization of the K vector form factor

* In the same way as for the scalar form factor, a dispersion relation with
two subtractions for In(f,(t)) :
2 subtraction points at low energy :

> f£.0)=1
>F.(0)=A, Im?

— 5 t : _mlt T ds ¢(s)
f.@®= exp[? (A, +H(t))} with H (1) = I " (s—1)

S

V2 T K

ei¢(t)

- ¢(t) phase of form factor : f,(t)=|f,(¢)

* (s)a priori unknown but
> f.(s)= O(1/s) —> For large s, ¢(s) — n. Rapid convergence of H(t).

§ —> -0
- At « low energy » ¢ (s) = 55 (s), P wave 1=1/2 Kn scattering phase
[Watson theorem].
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« K scattering phase

> Experimental input for 0.825 GeV < E <2.5 GeV [Aston et al].

> Extrapolation of the phase down to threshold complicated =) lack of relevant
experimental inputs.

» Construction of the partial wave amplitude : Breit-Wigner (K*(892)) a la Gounaris-
Sakourai (Analyticity, Unitarity and Correct threshold behavior) ==) inputs: mass
and width of K*(892).

0.005 : \ - : . |

SHP% ; I:to =(m, _m”)z:l

0.004

0.003

H(t)




3. Dispersive analysis with KTeV data




3.1 Description

Analysis of the KTeV data using the dispersive representation for the form
factors: K3, K ;3 @and combined fits.

2 classes of representations for the vector form factor:
— 1rst class: parametrizations based on minimal theoretical inputs (more parameters) :
—> Taylor expansion :

—quad [] t 1 " t
n=1+4 L1yt
foo @ *m: 2 +m,2r

T

- R.Hill parametrization [Hill'04]

— (t(),t())Q ) 2 k
Foo@) = f,(8) At tO,Q )Z ( ty,0 )z(tato)

Conformal mapping: t —> z variable with |z|<1

For special ¢, z a,f bounded : use of some high-energy inputs.
k=0
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3.1 Description

» Analysis of the KTeV data using the dispersive representation for the form
factors: K;, K 3 and combined fits.

» 2 classes of representations for the vector form factor:
— 2nd class: parametrizations relying on established physical inputs, less parameters :
—> Pole parametrization, one parameter: the pole mass M,,
— m

fo() = —+—

m t

- Dispersive parametrization, one parameter A,

f.(t)=exp {% (A, + H(t))}

m

T

» Dispersive parametrization for the scalar form factor which uses C= ?O(AKN) as
the only free parameter to be fitted.

T (1) = expL’ (In C — G(t))}

Knrn
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3.1 Description

« Results independent of the MC used : fits with old MC [KTeV’'04] and with a

MC based on the dispersive representations for the form factors.

E.Passemar
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3.1 Description

« Results independent of the MC used : fits with old MC [KTeV’'04] and with a
MC based on the dispersive representations for the form factors.
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3.1 Description

* Results independent of the MC used : fits with old MC [KTeV’'04] and with a
MC based on the dispersive representations for the form factors.

« Theoretical uncertainties on G(t) and H(t) negligible.

* Only statistical uncertainties.




3.2 Results for Ke3

Results

PARAMETRIZATION VECTOR FORM FACTOR

quadratic Hall pole dispersive
Fit parameters )u"+ = 21.67(1.59) | a1=1.023(28) | M;=881.03(5.91) | A, = 25.20(38)
}ui,'_ — 2.87(66) a2=0.75(1.58)
N x 108 21.67(1.59) 22.69(1.20) 25.10(41) 25.20(38)
}.ﬂ_ % 108 2.87(66) 1.93(30) 1.26(3) 1.27(4)
Correlation -0.96 -0.064 - -
;ﬁ-‘r dof 62.2/64 62.3/64 66.3/65 66.6/65




3.3 Results for Ku3

Results

PARAMETRIZATION VECTOR FF/SCALAR FF

quad/dispers

Hill/dispersive

pole/dispersive

dispersive/dispersive

Fit parameters v

X, = 17.5(3.4)
A =4.3(1.4)

al=1.057(63)
a2=3.906(3.178)

My = 890.00(13.00)

A, = 2457(83)

X, x 10° 17.5(3.4) 20.00(2.60) 24.59(72) 24.57(83)
N x 10° 43(1.4) 2.5(6) 1.21(7) 1.19(4)
InC 0.169(16) 0.170(16) 0.1044(93) 0.1947(91)
Ag % 10° 11.03(1.37) 11.11(1.37) 13.20(79) 13.22(78)
AL x 108 0.54(3) 0.54(3) 0.59(2) 0.59(2)
o0 In C) 0.707 0.477 0.588 -0.557
-0.819 -0.766 - -
Z/dof 189.2/235 189.3/235 193.1/236 193/236




3.4 Combined Results between Ku3 and Ke3 for dispersive
result

A, =0.0250+0.0034 and InC = 0.191+ 0.012

To be compared with C,,, = Bexp+ A,
= 1.2439+£0.0042 + A .,

InCg, =0.2183(34)+ A, /B,

InC smaller than the SM prediction whatever the parametrization used for .0
With A, =(-3.5+8).107 InC,,, at ~1.50.

Difference can be explained as a signature of exchange of new
particules (Wg, H") at high energy.
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4. Applications




4.1 Prediction of R . : test of consistency

* From the measurements of InC and A, ==) phase space integrals:

1

K+/0

A F (8,0, £,(®)
m

* Thenwe candeduceR . : R,

e

EM
r (1 + 2AK+,0ﬂ) I,

(1+282,) I

K+/0e3
K .5 only K,z only KoztHR 3
I 0.15450(21) | 0.15416(47) | 0.15442(19)
I - 0.10207(24) | 0.10215(14)
I}é"ff{ 0.6621(12) | 0.6615(10)
R, /e - 0.6650(30) | 0.6645(30)

(universality p/e )

* To be compared with the measured R ,: R} =0.6640+0.0016+ 0.0022

E.Passemar
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* R,e=f(InC, A,), but dependence on A, almost cancels by taking the ratio.
* One can represents the results of the fit and R . in the plane (InC, A,) :

0.5 . I . :
. . KTeVEK, R =0.6640(26)
KTeV/DR Kmu3 |
04— —
03 —

InC




4.2 Test of the SM + Lattice results on F/F , £, (0)

SM case: F,/F_, ,(0) are known from experiments :

2

v [+ |+

us

+

> Unitarity of Vg Vil =1

> V4 from 0*>0* superallowed B decays: V , =0.97418(26) [Towner&Hardy’07]

2
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» Vs from unitarity : |V, f=1- V.,
LK > uv(y) |F, Fx
~ — X —1.191+0.006
U(z —> uv(y)) |F.V, F,
LK >7'en)~|f,O Y| — £.(0)=0.9574+0.0052

If Physics Beyond the Standard Model, then F_, F,/F_, f,(0) unknown : for
instance, modification of EW couplings.

Lattice simulation try to determine these fundamental quantities independently
of the knowledge of EW couplings ——> we consider the N=2+1 results.

30



£,(0)

Black rectangle:
SM constraint on
F«/F_andf,(0)

= Fou

The green band :




|

— ttice constraint (N=2+1)




5. Conclusion




« Callan-Treiman theorem offers the possibility to test the SM: 2 different
measurements of F,/F /f,(0) (by B,,, measurements and by C=fy(Ay,)
measurement).

« To that aim, introduction of a new parametrization for the form factors: a
dispersive one relying on physical inputs E==)> constraints on the curvature
and higher order terms. Allows to determine the shape of form factors.

* One free parameter InC to be measured.

« Dispersive fit with KTeV data: preliminary result at least, 1-2c deviation with
the SM prediction depending on the value of A (NA48 reports 4-5c in the
same direction).

« Test of consistency with the lattice results.
« Some checks done but further suggestions and other checks are welcome.
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6. Additional slides




» With the other experiments+ the SM prediction

b . . KTeVK R =06640(26) | |
| . KIOEK R =06734(59) _
— NA48DR
04 — KLoEDREL R .
—— KTe{(PR Kam3
0.3 —

InC

™

m = = = m @4 ® B e ——
0.2‘_-_!?----—-"#-— ﬁ——_
S




4.2 Extraction of 1~

I C G m +/0
K*'%3 _ K*’“ K*
T N 1927° S ew (1+2AK+’°1)‘f (O)V’” KT
K/+/0 \ \
Kaon life time EM Radiative Corrections I, = jdtn:—sﬂ%F (t, f.(0), f(t))

- From the calculation of I , the measurements of T, I'(K_;) or ['(K.3)

— £SO,

K5 only K5 only Kot K3
| | F(0)V.]° I 0.21630(58) | 0.21654(66) | 0.21636(58)
| Fo(0) Vsl - 0.21682(65) | 0.21674(62)

E.Passemar KTeV coll. meeting, 9 February, 2008 il



K scattering phase [Buettiker, Descotes, Moussallam *02]

« Experimental input for 1 GeV < E < 2.5 GeV

- nK > K 12 T T
[Eastbrook et al] &

[Aston et al]

200

Aston —+—i

-zt —> KK
[Cohen et al] & & o

[Etkin et al]




K scattering phase [Buettiker, Descotes, Moussallam *02]

350 + S matrix [Moussallam et al] —
Amplitude [Moussallam et al] —

300 ¢

250 r

A
200 \

Sy pldegrees]

150 ¢
50 r

0

0 1




Kr scattering phase

- Experimental input for 0.825 GeV < E < 2.5 GéV

7K —>7K [Aston et al].

« Extrapolation of the phase
down to the threshold com-
plicated =) lack of relevant
experimental inputs.

« Construction of the partial
wave amplitude :
Breit-Wigner (K*(892))

d [degrees]

200

190 f
180 |
170 -
160 |
150
140 +
130 ¢
120 +
110 -
100 ¢
90 1
80 r
70 r
60
501
40 F
07
20 r
10 1

0

0.6 065 07 075 08 085 09 095 1 105 L1 LI5S 12 125 13 135 14
sqrt(s) [GeV]




4.2 Test of the SM

« 2 different measurements of F,/F_/f,(0)

— measurement of C=f,(A,.) in K/fs +Callan-Treiman relation

- with A, =(-3.5%8).107

— Direct measurement from B, ..
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