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The importance of the (s, 7) interaction has
been recently emphasized by many authors and
various methods have been conceived for obtain-
ing information on the (7, 7} interaction cross
sections.! It is our purpose to discuss In this
note, for this kind of problem, a general method

If we fix our attention on the 7+ meson coming
from the decay (b) and we vary its kinetic energy
E, starting from its maximum value, we see
that at first there can be no corresponding ot
from (a) with the same energy, the decay (a)
being there energetically forbidden due to the



~ 40 years later.. NA48 experiment

1997 -2001: study of direct CP violation in K --> 2x
measure of Re(e'/e)
2003-2004 : Study of CP violationin K — 3n and
Ke4 to measure ntt phase shift
( see Brigitte Bloch-Devaux talk in this conference)
2007 . study of lepton universality Ke2/Ku2 Branching ratio

Final state photons ( n° --> yy) are detected by an excellent
Liquid Krypton Calorimeter with very good performances

o(E) _ 0.09 - 0.032 + 0.0042

E E[GeV] V (E[GeV])




Tools for Calorimeter Calibration

We use mesons of known mass, small lifetime, produced in a known position
to calibrate our calorimeter
n°--> vy , n--> vy cross checked with 1--> 3n°
as a by product of the method we measured

m = 547.843 + 0.051MeV (imy PHD thesis work 10 years ago)

Only two calibration points: 0.135 GeV and 0.548 GeV
.. it would have been nice to have something in the middle ...

In 2003 while the experiment was collecting K* --> 7" n'n’




experimental m__distribution

(mm)2 distribution from a sample of

x 103 ) .

R ~60 M K* —--> 1 7’1’ events
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2aa [ //’—\\\ Puzzling ! a small pionium peak was
sof[ expected and a cusp is found !!!
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so [/ l N What is this ?

0

First answer came from Nicola Cabibbo
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experimental m_ resolution

0,08
0025 Tn” invariant

0.0 mass resolution

¢ = 0.00031 GeV?
at cusp point (2m )’ = 0.078 GeV*
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N. Cabibbo - G. Isidori approach

N. Cabibbo, PRL 93, 121801, (2004) 1-loop calculation
N.Cabibbo and G. Isidori, JHEP 03, 021, (2005) 2-loops calculation

tree level direct emission

-

=
&N

/ subleading effect
- due to Ofa?) terms

1A

leading effect
starting at Ofa)

"My, (GeV/c?)



Tt scattering length for pedestrians
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At low energy kr << 1 S-wave dominates total cross section
Isospin | = 0,2 constrained by Bose statistics

Scattering matrix S|mn> = exp(2id)|nm>




a, and a, theoretical predictions
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a,m, = —=0.16
003} 32 1T FwTr
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0.04 a2 m._— Tl'2 =—0.045
2 l6mF
0 S. Weinberg, PRL 17 (1966) 216
o lree, one loop., two loops a0 = 0.220 +-0.005
== low energy theorem for scalar radius
0.06 - - Colangelo, Gasser & Leutwyler 2001 3,2 = -00444 +- 0001 0
o o.18 0.2 a® E —om 0.3 a0-a2 = 0.265 +-0.004
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Colangelo, Gasser, Leutwyler,
PRL 86, 5008, (2001)




Bern - Bonn approach

G. Colangelo, J. Gasser, B. Kubis, A. Rusetsky, PHL B638, 187, (2006)

Model based on a non-relativistic field theory framework
using two expansion parameter

a = generic ©w scattering length at threshold
¢ = a formal parameter such that

pion momentum is of order  O(g)

pion kinetic energy is of order O(¢?)

The present formulation includes terms up to O(e*,ae’,a’¢?)
corresponding to 1-loop and 2-loops calculation.
Valid over the full physical region

Bern-Bonn calculation is used to fit simultaneously
m,, distribution from K* --> 7" 7’n’ and




Fitting experimental data

60 M events 471 M events

" Spectra dlsf[orted
d \ by geometrical
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Cabibbo-Isidori fitting

(data-fit)/data vs m
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Bern Bonn residuals

s 2(Edata - f|t)/.data
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Fitting results

RAD. CORR. OFF

(a) pionium fixed
(c) CHPT constraint ON
(a,c) both ...

(..) stat. error
no (..) = fixed par.

Cl 205.6/195 0.2483(45)  -0.0092(91)  0.0625(92) RAD. CORR. ON
Cl (a) 202.9/189 0.2461(49)  -0.0061(98)  0.0625
Cl (c) 222.1/196 0.2646(21)  -0.0443 0.0420(77)

219.7/190 0.2645(22)

474.4/446 0.2544(51)  -0.0194(132) 0.0631

479.8/453 0.2633(24)  -0.0447 0.0538(77)
478.1/447 0.2627(25)  -0.0449 0.0538



Fitting results

Reconstructed K mass resolution

i 023.2 x10%
i 1800
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Solid ellipse = rad. corr ON %,
dashed ellipse = rad corr. OFF ™ \
%8 I dashed line = CHPT constraint B
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systematics and final result

source a0-a2 a2
Kaon momentum

Acceptance (2) 4 20 . -
Acceptance (V) 1 2 1 _x;éw -
Trigger efficiency 10 39 - - _
LKR resolution 9 29 - s
LKR non linearity 12 67 o 00
e L —— ™+ LKR non linearity

+« ~1.5% atlow energ

L
8 ] 10 11 12 13 0.3



Final result with CHPT constraint

(a,-a,) = 0.263+0.0024__+0.0014__ +0.0019_

experimental precision comparable with the theoretical prediction

a0-a2= 0.265 +0.004




Results comparison

Na48/2 combined result
Cusp and Ke4

MNA48/2 combined Ke4 + Cusp
(stat. + syst.) errors

68% CL contour Cusp ellipse accounting for

025 026 027 028



a0-a2 comparison

Y - S KTEV coll. from Cusp analysis based on C.I. approach
' of K -->3n’ '

L]




CUSP in K --> 3’

KL as well shows a cusp due to weak and strong amplitude interference

M, =A,(1+hu? treelevel amplitude (PDG parametrization)
M, o< (a,-a,)M,, 1loop charge exchange

h=(-25+03_)x 107

1.02

a0-a2 = 0.246 + 0.003 (stat.) = 0.004 (ext) s a0-a2 = 0.205 + 0.007(stat.)+ 0.004(ext)
stat. correlat_ion ~90%
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CUSP in K --> 3’

a0-a2 = 0.215 £0.014(stat)+=0.025(syst.)+=0.006(ext)
h =[-2.09 + 0.62(stat.) + 0.72(syst.) + 0.28(ext) ]1073

KTEV measurement :

NA48 PRELIMINARY: 20-a2 = 0.205 +0.007(stat)+ ??? (syst.)=0.004 (ext)
h=[-2.5 + 0.3(stat.) = ??? (syst.) = ??? (ext) ] x 1073

Both measure a stat. correlation ~90% (Cl approach)
NA48 obtair

milar result with BB approach (Rad B Not yet Implementec




Conclusions

Budini — Fonda prophecy comes to reality ~45 years later

Physics is something one can re-discover...

The existing theoretical picture for pion — pion interaction have been quantitatively
and experimentally validated through the Threshold Cusp effect in K*— 3n decays

Chiral Theory has been successfully tested at 2% precision level

We may thank




CUSP VISIBILITY

I two possible TUTU pairs
2M M 2M
R(K")~ (;1_ );00 = M“‘ M., : K> v T matrix element }
00 o M., : K* > 1 m° 1° matrix element
R(K,)~ M&—WOM)ZOO Mo {M,,_O : K = 1 1T 1°° matrix element }
000 000 M, ,: K = ™ m° ° matrix element




