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Afixed target experiment at CERN-SPS
A60+3 GeV/c kaon momentum (~7x10% ppp)

A 6.3 x 107 particles per pulse in decay region
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A Simultaneous, unseparated, focused beams

A Similar acceptance for K+ and K- decays

AK+/K-~1.8



Detector
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Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Hodoscope
Drift chamber 4
Anti counter 7

Helium tank
Drift chamber 3
Magnet

Drift chamber 2
Anti counter 6

Drift chamber 1

Kevlar window

AN

A~100 m long decay region in vacuum
ATriggers based on LKr peaks, CHOD
hits and DCH multiplicity

ASimilar acceptance between K+ and K-
beams checked reversing magnetics
fields

APion decay products, from the hadronic
beam, remain into the beam pipe

Spectrometer:
(,/p=1.0%+0.044% p [pin
GeVi/c]
LKR calorimeter:
GE/ E = 3. 2%/ &aE
[E in GeV]
CHOD, : , vetos
Kabes
Beam Monitor
Resolution:
d| 0.9 MeV/c?
10 °H
10% PA M
contribution
10"’;—
1031: p*p°p° invariant mass, Ge
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Data Taking

-

Detector and trigger
optimized to collect 3 pions
events

= Before NA4S/2 KN ptpop?: ~1-108
KNY pp*p: ~3-10°

m NA48/2

AUnprecedented statistics in many channels

ATwo years of data taking (2003+2004)

AMain purpose was to measure direct CP violation in charged
Kaon decays, through asymmetry in Dalitz plot distribution.
ANew limits on CP violation in charged kaon decays

AQ=(-1 .5"'1 .Ssm‘"o.gm‘l'l .1 SYSI). 10-4
AL=(1.8+1.7,4,+0.5,,,) 10

Phys.Lett.B 634:474 482,2006
Phys.Lett.B 638:22-29,2006
Eur.Phys.J C52:875-891,2007
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{ Ke4: Formalism
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AThe Ke4 (K*Y p*p e*n) dynamics
is fully described by 5 (Cabibbo-
Maksymovicz) variables: M, 7,
Me,?, €OSQ), €OS(, and f

In the partial waves expansion the
amplitude can be written using 2

axial and 1 vector form factors (the
axial form factor R is suppressed in K,

but accessible in K,)):

— id id
F=F.e'®+F e'®cosq,
G=G,e'®
H=H e'®

F (F,,Fs), G, Hand d=d-d, will be
used as fit parameters

+ ¢ f '

/ /o

inion / .
d p 0 ; 1911 I\

AThe 0?=(M, 2/4m ?)-1 dependence
can be studied expanding the fitted
form factors assuming isospin
symmetry:

F=fs+0 2f0 &+0 (fMm2)+...
F,=f,+f,0 % ...

G,=0,+9,0 % ..

H,=h,+h 0 % ...
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)

_Ke4: Selection

Signal selection:

A3 tracks on spectrometer, total charge *1

AMissing energy and missing Pt, compatible
with n

ALKr/DCH used for electron PID

A2 opposite sign pions
~1150000 decays

Main backqground sources:

ppHpY en
p p with p misidentified

p Po® or p° + YDalitz) +e misidentified
and gs outside the LKr
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1.? —%ﬁ‘i} ; ,.}. - -_Wi'ggﬁrﬂ##
0.8 —f++ i " (RS -2. WS) / MC(Ke4) **

50 52 54 56 58 60 62 64 ee e8 70GeV/c

The background is studied

using the electron i wr ongo
sign (WS) events (we assume
DQ=DS and total charge £1)

and cross check with MC. The
total bkg is at level of 0.5%.
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Ke4: Fitting procedure

10(Mp px5(Men)x5(cosge)x5(cosq px12(f)=15000

Iso-populated boxes

Aln each Mp pbin the F,G,H and d form factors are
extracted minimizing a log-likelihood estimator over

the 1500 boxes

AAIl the form factors are measured relatively to fs

(no overall BR measured)

AK+ and K- fitted separately, and then the fitted

parameters are combined in each Mp pbin

AThe form factors structure is studied in 10 bins of

q* (or M? )

AAgreement with published results (based on 2003

data) [Batley et al. EPJC 54-3 (2008) 411]

50000

40000 - Mev (2003+2004) Data |MC

30000 (6eV/c2) | K+ evis  726400/17.7x10%

20000 thS/b'n48 _...1160

10000 ; K- evts  404400/9.8x10"6
0 F e evts/bin 27, 650

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
ADefine

f  .=0.152+0.007 +0.005

f af §=-0.073+0.007 +0.006
f /f .= 0.068+0.006 +0.007
f Jf ¢ =-0.048+0.003+0.004
g,/f s =0.868+0.010+0.010

g'p/f .=0.089+0.017+0.013
hJf ¢ =-0.398 +0.015+0.008

(stat+syst error quoted)

8



Ke4: Phase shift and prpscattering length
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AEach point in the plot has been
corrected for isospin effect: 10-15 mrad

AThe total error in each point is different
for each experiment:

Geneva-Saclay: 40-50 mrad

E « NA48/2 preliminary
—_ + ‘ = E865 PRD67(2003)
] Y Geneva—SacIay PRD15(1977)
T T ] S ' '
0.28 0.3 0.32 0 34 0 36 0 38
M..(GeV/c? )

AThe extraction of pion scattering lengths from the
fitted d=d.-d  phase shift needs external theoretical and
experimental inputs:

The Roy equations provide the relation
between d and a0 and a2 near threshold (1) (2)

3)

Extrapolating the data from the M, 70.8 GeV
it's possible to fit the result in the threshold
region (the uncertainty from the experimental
data defines the Universal Band)

E865: 15-20 mrad
NA48/2: 7-8 mrad

ACoulomb correction (Gamow factor) and real
photons are included in simulation

Alsospin correction prescription given by
Gasser (4) results in 11 to 15 mrad in the fitted
Mp pange

AThe isospin correction is slightly greater than
the error on each point: can't be ignored!

1)[Ananthanarayan,Colangelo,Gasser,Leutwyler
Phys.Rept.353:207-279 (2001)]

2)[Descotes-Genon, Fuchs, Girlanda,Stern
Eur.Phys.J.C24:469-483,2002]

3)[Kaminski, Pelaez, Yndurain Phys.Rev.D77 (2008)]
4)[Gasser et al. Eur.Phys.J. C59:777,2009]



