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The key detector for this task is Liquid Krypton calorimeter (LKr).
It measures the position and energy of showers, initiated by
v-quanta from 7° decays.

13248 projective cells 2 x 2 em?.
Multi 7° detection capability.
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1 NA48/2 kaon statistics

Why does NA48/2 collect so many K*? The main task - charged
kaons decay asymmetry (see Wednesday Cristina Biino

presentation).
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Data taking: 2003-2004, preliminary result for 37, based on 2003
year data: dg = (0.5 4 3.8) x 10™%. Statistics collected:

o K* — 77970 .2 x 108

o K* s ggta— 14 x10°




For the present analysis we use a part of data, collected in 2003:

~ 0.28 x 108 KT — 71*7%19 events after final cuts.




2 Events selection

Essential cuts: (common for data and MC):

e Events selected to be compatible with K+ — 7+7979.

e Distance between electromagnetic calorimeter cluster and dead
cell > 2 cm.

Distance between spectrometer track and cluster > 15 cm.
Distance between clusters > 10 cm.
Track momentum > 5 GeV.

Cluster energy > 3 GeV.




| No physical background

.charged pion decays
create tails here,
but dont affect

neutral pions pair mass
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The discussed effect is measured in the distribution of 27° mass in
decays K* — 77070, It is calculated from the LKr data only as
follows:
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So if we calculate Z from PDG m o, the combination mass my o
does not depend on the LKr energy scale:
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near 28000000 events
50 days — summer 2005
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3 Theoretical background

ag and ag means agm, .+ and asm +. The invariant mass

Sp0z0 = 83, 380 = 2i;=1,35;;

First approximation formula: N.Cabibbo, Phys.Rev.Lett. 93(2004)
121801.

M(K+—>7T+7TO7TO>:M0—|—M1, (7)




“rtr™ — 71970 re-scattering from K+ — 777~ causes a cusp

singularity in the 7%7% spectrum at the 777~ threshold. The cusp

is proportional to (ag — az)”

The ChPT results for the scattering length parameters are:

as = —0.0444 + 0.0010, a0 — a2 = 0.265 £ 0.004. Illustration from
the w7 scattering paper (G.Colangelo, J. Gasser and H.Leutwyler,
Phys. Lett. B 488 261 (2000)) :




The effect of the simplest approximation for a0-a2=0.265 :
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For two-loop approximation (N.Cabibbo, G.Isidori
CERN-PH-TH-2005-012) the unperturbed matrix elements for
K — 37 include the quadratic term:

gO hO
R%(s3) = A°(1 + S U+ ?UQ)

gt Bt
RT(s3) = 2A4°(1 + U+ 7U2)

Note that it is written for amplitudes itself, not the modules
squared, so approximately g ~ gppg, but h =~ hppg — (g/2)2.

Two-loop approximation produces much longer formulae, that
depends not only on (ag — as) and sro 0 = s3, but also on other
combinations of ag and a, as well as on other two invariant masses

sro-+. S50 we will write only the general expression:
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Assuming the unperturbed amplitude parameters and the
scattering length values (calculated in ChPT):

g’ = 0.638

h' = —0.051
gt = —0.2154
ht = 0.0004

agp — as = 0.265




ay = —0.0444,

and replacing the s o,.+ masses with the average values

380 — 83

< 81 >=< 89 >= 5

one can plot the amplitude components:
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Two—loop approximation, AO = 1, A+ = 2.




One more theoretical ingredient is pionium, a bound state w7~
with the dominant decay mode 7°7°. We use the Silagadze paper
(arXiv:hep-ph/9411382), where the ratio is calculated:

(KT — mpionium)

~107°. 23
'K+ — 3r%) (23)

Now it is recalculated with the current PDG input: ~ 0.8 x 107°.
We need the width with respect to 7727Y decay, so using the PDG
branching ratios we have

['(K*T — 7 pionium)
'K+ — nta070)
We add it to the s3 bin (of width 0.00015), with the center at

(2m,+)?%. The predicted contribution in the bin is 2.57 %. The
sensitivity of the result to this value is small, so currently we fix it

~ 2.584 x 107°. (24)

in our formulae.




Currently there are still some theoretical uncertainties that are
under investigation by theorists: radiative corrections near the cusp
and at the minimum M50, isospin breaking effects. It leads to

uncertainty even in the choise of the best fitting region of this mass

distribution.




4 Experimental status for pion

scattering length

e 1977: Geneve/Saclay experiment - 20% accuracy.

e 2003: BNL E865 - 5% based on K — nwmev form factors:
agm, = 0.216 + 0.013(stat) + 0.002(syst) £+ 0.002(theor.)

e DIRAC aims to measure pionium lifetime with 10% accuracy

and to extract ag — as with a 5% precision.




5 Fitting

e Fit of data M, o,0 distribution with the sum of rescattering and

pionium contributions (integral is replaced with the sum over
the bins):

|Mfz-t(pa'r, < Sl >, < SQ >,53)|2
‘Msim(53)|2
F2(S5) = NaH(4M2., S5) (26)

£1(S%) = N1 H(Ss, ST) (25)

350 —Ss3

Here par = g0,h',a0 — a2,a2 , < §1 >=< Sy >= ==,

So = (Mg +2M2 + M2.)/3.

S5 is a reconstructed Ss.

e A matrix H 420 x 420 bins of reconstructed M o0 versus

simulated one is used to calculate the convolution.




Monte Carlo simulation

Measured versus true

(2—pion effective mass)

M(2 pion) squared




a0 — a2 = 0.281 +/— 0.007
No surprise from other parameters

if exclude 10 bins around the cusp
a0 — a2 =0274+/-0.01"1

% Fit region (151 bins)

\
0.085

M(2 pion) squared




6 Systematics checks summary

Sensitivity of the measured ag — as to pionium production
branching ratio = 0.16(BR)/BR.

3 independent analysis, two are based on the good toy Monte
Carlo, one is GEANT - based simulation. Results are compatible
withing 0.006.

Excluding of pionium region from the fit | 0.008
Cuts variation 0.004
Z - dependence 0.009
MC-related difference 0.006
TOTAL (adding in quadrature) 0.014




7 Preliminary result

ag — ag = 0.281 £ 0.007(stat) £ 0.014(syst) (27)

Doesn’t include theoretical uncertainties (ChiPT next order,

radiative corrections, isospin breaking effects).

8 Conclusions

Full statistics 2003-2004 of the same quality is 4 times more.
The systematics study is well under way.

The data quality calls for new theoretical efforts for extracting

pion-pion scattering parameters.

A PDG page describing K dalitz plot will be deeply modified.




