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n scattering lengths : why interesting ?

I, oulil. = Yeme
— h

At low energy KR << 1 S-wave dominates total cross section
Isospin I =0,2 only allowed by Bose statistics




Cusp effect in K* - n*non”

Initial curiosity was to observe n'n- bound
states ( "pionium” ) annihilation in nx°
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Cusp effect in K* — m*nn®
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Theory: nm rescattering.

Decay Amplitude : M(K* >on0) = Mg+ M+ M, + ..

Dalitz plot variable
u = 2mg (m/3 - E,gq)/m;?
v = ZmK (El - Ez) /mnz
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Theory describes the data ... Fitting procedure
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Scattering length from CUSP

GO- 02 = 0261 =+ 0.00651-01- + O'OO3SYST + 0'00136XT + 0'013'”1
a; = -0.037 %0013, £ 0.009,,,+ 0.002,,,

gy =0.224 £ 0.008,, *0.006,, +0.003,,, *0.013,,




Uncertainties - CUSP method

Systematic effect (ap-a,) x 102 a, x 10,
Analysis technique +0.10 +0.20
Trigger inefficiency + negl. +0.50
Description of +0.06 +0.11
resolution

LKR non linearity +0.06 +0.26




Comparison: NA48 vs DIRAC
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Kf > n'netv . Theory

5 kinematic variables (Cabibbo - Maksymowicz) N.B. Kaon and electron with
same sign AS=AQ rule

S,=M?,, cosO,, cosO,and &

************* %
il 0. ev direction
/ “

S, = M2
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in the K* rest frame

nie direction
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K* > n*rmetv . Selection and background

Topology: 3 charged track , Signal: 2rn with opposite charge
1 e identified with E/p ~1, additional Missing v energy and pt cuts

Background main sources:
n+n+n— decays and ©1 — ev  (dominant) or © misidentified as e
n+1’n’ decays and n° dalitz decay , y undetected or e misidentified as ©

Background estimated by Montecarlo Simulation ... Buft....
Wrong sign events Event n+n+e— (violating AS = AQ rule
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Fitting procedure and Statistics

Define 10x5x5x5x12 iso-populated bins in (M__,M,, ,cos 0, ,cos 6, ,0)

The form factors are extracted from the data using simulated events by
minimizing a log-likehood estimator in each of the M= bins:

- Ineach Mnr bin the form factors are assumed to be constant

- 10 independent fits (one fit per M_, bin) of 4 parameters (Fp, Gp , Hp
and d) plus free normalization (related to Fs) in 4D space.

- The correlation between the 4+1 parameters is taken into account.




® distributions
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Phase shift VS M,

Direct measured points (NO MODEL ASSUMED SO FAR)
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Phase shift . Comparison
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Under the assumption of Isospin
symmetry and using Roy Equation

6y = 0.233 £ 0.016 41y + 0.007 .,




Conclusions

The pion pion scattering lengths have been measured by NA48/2.

Two methods based on two different charge Kaon decay processes
Give results in good agreement.

The experimental measured scattering lengths agree with
CHPT predicted values at the per cent level.




CUSP effect in K| —3n°

Ratio data / prediction
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CUSP VISIBILITY

| two possible ™ pairs

R(K") = 2M,. Mo = M, {./l/l++_ : K -t T matrix element}
(M, 00 )’ M. o0 M, . : Kt — 1 ° ° matrix element

R(K ) = M _oMooo _ M. M, _y: K — m* n~ n° matrix element
SE

M, o0 : K — 1° n° ° matrix element

(MOOO )2 - MOOO




