Cusp effects in K-> pai piO pi0

A case of constructive interaction
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Why does NA48/2 collect so many K* ?

Direct CP -violation program

1997-2001 NA48/1 Re(e'/e) = (14.7 + 2.2)x10* Neutral Kaon

2003-2004 NA48/2 Ag = (0.5 £ 3.8)x10-+ Charged Kaon
Future NA48/3 intent to measure BR(K™ -->m1'vv)

Ki > 3m Statistics Collected 2003-2004
dli/du =1 + ou K->t ~24. 11%-39

+ - - : - K->ttt ~4-
Ag=(g"-g)/(g" +g)

- . . 1 l '[' t
looking for difference in the (Ioose selection cuts)

Dalitz plot distribution




NA48 Detector

Muon veto sytem
hadren calorimeter
Liguid krypton caloremeler
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/f’ Drift chambes &
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Main detector components:

* Magnetic spectrometer (4 DCHs):
redundancy = high efficiency;
&plp = 1.0% + 0.044%"p [GeVic]

Helmm tank
Dritt chamber 3

4 MagRMl . pT KICK = 120 MeV

* Hodoscope T;T:S:'.IE
fast trigger;
- - N - Beam pipe
precise ime measurement (150ps). . N \
* Liquid Krypton EM calorimeter (LKr) ‘~ \ Drift chamber 1
High granulanty, quasi-homogeneous; \"‘--\ Keviar window
fo(E)E = 3.2%NE + 9%/E + 0.42% [GeV]. : N W)

* Hadron calorimeter, muon veto counters, photon

vetoes. {]
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NA48 set up: LKR Calorimeter

13248 projective cells, 2 x 2 cm?
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Multi 7t° detection capability
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Dirac experiment at Cern

The Dirac experiment is dedicated to measure the lifetime of Pionium

1.e. EM bound 7' 7 state expected to decay almost exclusively

into 7'’ with t= 3 10 “sec

Collinear ©' 7t of near equal momentum are inclusively produced in

collisions onto nuclear targets of various atomic number and geometries
proton

The rate of decay is directly connected to the difference (aO -a_)
of the S-wave 77 scattering lengths )

The pionium lifetime is deduced from the difference
between the single and the multi-layer target distribution.

Only pionic atoms candidates which are “ionized” are counted:

No t't” are detected
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n ' —>7’n’ charge exchange scattering

A diagram contributing to K™ --> 1" '’

!

Strong rescattering + charge exchange
with effective coupling constant oc (ao -az)

Cusp effect induced




Theoretical Approach (Cl)

Explanation: (Cabibbo, PRL 93 (2004) 121801) n

o — 00 rescattering amplitude K
depends on ap - Az

Full computation: (cabibbo, Isidori, JHEPO3 (2005) 21)
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Theoretical predictions

: Tm?,
Weinberg (1966) Qmy: =~ — =0.159
Effective field theory for Hff
strong interaction at low E o My = _mﬂz' — 0.045

8m f;
Most recently

Colangelo et al. (2001) dgMy+ =0.220£0.005
CH-pt -theory two loops ay My = —0.0444 10.0010
Ref: hep- ph/0103088 (A9 — @) M+ = 0.265 +0.004

* 2% level of accuracy is quite unusual for hadronic physics
- experiments have not yet reached the same level of accuracy



NA48/2 data K* --> * '’
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~ 28.000.000 events
50 days — Summer 2003

Cuspat m__= 2m_,

No pionium visible
at first sight!
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Fit above 0.08 Gev’: PDG prescription
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| | One - loop charge — exchange Tt — n°n°

A = (data-fit)/data

M x> =327/ 147 d.f.
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Free atoms

WM W l“H“HWH gih 'H | H| i **H m'ﬂ ik M

A = (data-fit)/data

¥ =153/ 145 d.f.

M,? (GeV?)

K — 1 +atom
K >ntnrnn
¥ =154/ 146 d.1.

~0.8%10"°
Silagadze 1994

N.Cabibbo,G.Isidori JHEPO3 (2005) 21

Fit including 7w atoms

Fit result
K*— 1" +atom

K'>rrn

=14-107

Forcing 0-atoms

x> =160/ 146 d.f.
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Data — Fit (excluding atoms)
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Systematics Check: fitting region

Fit excluding 10 bins around the cusp
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Conclusions

By mcluding the full 2003-2004 data sample we expect an increase
mn statistics from the 30M events used in the present analysis by

a factor of at least 4

The study of the systematic uncertainties 15 well under way,
(detailed MonteCarlo, additional systematics effects)

The data quality calls for additional theoretical effort in order to extract
precise values of the pron-pion scattening parameters

A study of the corresponding effects in KL = 31" from the 2002
NA48 has been started

_..the PDG pages related to the K Dalitz plot description will be deeply
modified ...

Data have also been collected by NA48/2 on Ked decays, which wall
provide mdependent information on pion-pion scattering



Combination with other Measurements

All experiments:

NA48/2 BB

Cusp Data

° incl.
th error

Ked Data incl.
th error

o atoms
L

a% 025

Experimental data
has reached
theoretical precision

Perfect agreement
with ChPT prediction

Theory prediction

(not combination of measurements)
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