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The NA48/2 experiment at the CERN-SPS : primarily designhed for
CP violating charge asymmetries studies in K3w decays

2003 run: ~ 50 days +

2004 run: ~ 60 days
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Simultaneous K* and K- beams: | | / Beams coincide within ~1mm
large charge symmetrization of ) P all along the 114m decay volume
. es e = spectra \ .
experimental conditions - 60+3 GeV/c\ flux ratio K*/K- ~1.8
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The NA48/2 experiment: detector and performances

Magnetic spectrometer :
4 high-resolution DCH's + dipole magnet
Ap/p = (1.0 @ 0.044 p)% (p in GeV/c)

Very good resolution for charged invariant
masses: o (M3n*) = 1.7 MeV/c?

Hodoscope for charged fast trigger
ot = 150 ps

LKr electromagnetic calorimeter :
quasi-homogenous and high granularity

AE/E = (3.2/VE & 9.0/E @ 0.42)% (E in GeV)

ox = oy ~ 1.5 mm for E=10 GeV
Very good resolution for neutrals (z© > vy)
o (Mnn'z% = 1.4 MeV/c?

E/p ratio used for e /n discrimination
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Mucn veto sytem
Hadron calorimeter
Liguid 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
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Kaon decays : what can be learned on QCD @ Low Energy ?

Hadronic decay modes into 3 pions:
- large Br's : K* 2> 7% n* (1.7 %) and K* > nrn—n* (5.6 %),
Q@ 60 Millions events now analyzed (PRL B633 (2006) partial sample)

@;\\@Q * three pions = 1’1’ system + nearby hadron
N - accessible Mnn range from threshold to (M-M,)
Semileptonic decay mode Ke4:
- small Br's : Kt 2 ntn-e* v (4.110 ),
< 1.1 Million events now analyzed (EPJC 54 (2008) partial sample)
KQ)\\@Q - only two " 7t~ pions, very clean environment
Q

* accessible Mnn range from threshold to (M-M,) = M,

Two different but complementary approaches to nn scattering
near threshold = extract s-wave scattering lengths (a0, a2) for
Isospin I=0andI=2
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Ke4 decays : formalism

Five kinematic variables (Ca.Ma. variables)
(Cabibbo-Maksymowicz 1965)
S. (M*), S, (M2,,),

cos6_, cosb, and ¢.

Partial Wave expansion of the amplitude
(Pais-Treiman 1968) into s and p waves

F, 6 = 2 Axial Form Factors
F =F e% +F, e coso,

Map the five-dimensional space of the
Ca.Ma. variables with 4 Form factors and
one phase shift , assuming identical phases

for the p-wave Form Factors F,, G, H;

G =G, e
H = 1 Vector Form Factor The fit parameters are :
H=H,ewdh _
P Fe F, G, H, and &=5.-5,
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Ke4 decays: event selection and background rejection

Signal (r*n~ e *v) topology :

- 3 charged tracks and a good vertex

- two opposite sign pions,

- 1 electron (LKr info E/p ~ 1),

- some missing energy and p (v)

- reconstruct PK (missing v hypothesis)

Control sample from data (AS=AQ valid)
K*+—> nt n*e* v "Wrong Sign” events
- total charge (+1) as Right Sign events

- electron charge opposite to total charge

Rate (RS/WS) events:
2 if coming from K3n
1 if coming from K2r(n°)

K* > n*r-n* (dominant)

Kf2>nl0(n0)n*

Background main sources :
e v or misidentified as e

L. (e+e-y) + le misidentified as m
and v (s) undetected

P Kaon L

GeV/c

Total background level can be kept at ~ 0.5 % relative level
estimated from WS events rate and checked from MC simulation
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Ke4 decays: fitting procedure and Form Factors

Total statistics 1.1 Millions Ke4 decays distributed  Taylor expansion of Form Factors
over a grid of 15000 iso populated boxes = used fo characterize bin fo bin
10(Mrr)x 5(Mev)x 5(cosor)x 5(cosde)x 12(®)  variation with ¢* g% and Se (valid in

the isospi try limit
Fits are repeated in each Mnn bin for K* and K- e isospin.symmetry limit)

separately without any assumption of Form Factor

.\(\of\l

dependence with g2 (S./4m 2 -1) and Se/4m 2 using ?(.e,\'\‘“ stat syst
a large (~30 Millions) simulated sample to account value error error(2003)
for acceptance and experimental conditions.
£ /1, 0.158 £0.007 =+ 0.006
oo Mnr (GeV/c2) £/f [-0.078 £0.007 =0.007
45000 - o = Data £/t 0.067 +£0.006 =+ 0.009
30000 - hist = Simulati
ntear it f /f, -0.049 +£0.003 =0.004
0250275 03 0:325 035 0375 04 0.425 0.45 0475 0’5 constant
50000 - Mev (GeV/c2) g,/1, 0.869 +£0.010 =+£0.012
g /f  |0.087 +£0.017 +0.015
30000
= WS 20000 - -
Background (<10 o | h /f, 0.402 +0.014 £0.008
to be visible) I e constant
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Ke4 decays: from phase shifts to scattering lengths (a0,a2)

nnt phases at threshold can be predicted from
data above 0.8 GeV using Roy equations
(unitarity, analyticity and crossing symmetries)

and 2 subtraction constants a0 and a2

-*

écorr (mrad)

Numerical solutions have been
developed (ACGL Phys.Rep.353(2001),
DFGS EPJ €24(2002)) valid in the
Isospin symmetry limit, broken in the
experimental world. (Universal Band)

/

Radiative effects: included in the simulation,

Mass effects: recently computed as a

correction to the measurements, even larger

than current experimental precision !

(CGR hep-ph/0811.0775 , DK in progress )

Induces a large 2 G change on
(a0,a2) values from a 2p fit:

c(a0): £ 0.013 (stat) £ 0.007 (sys)
c(a2): £ 0.0084 (stat) £ 0.0041 (sys)

25
= \ PG (E Gy O S0 0.4 - NO Isospin effects PRELIMINARY
iz \‘; —— : 4 la,=0244 ;
: Data Fit range [0.285,0.390] T, || 2= -0.0385 WITH
° 07.‘28‘ 03 032 034 036 038 , 04 \;/ a,=0.218
,m<cev/c,2> o1 o = 0.0457
° 0.28‘ | 0[3 | 0.."32‘ 0.%34‘ | 0 36 | 0 38 -
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Ke4 decays: comparison with theoretical predictions

Using more inputs from ChPT and low
energy constants, the prediction is
better constrained (CGL NPB603(2001)):

Qg = 0.220 + 0.005 “
a, = -0.0444 + 0.0008

NA48/2 (2003-2004) PRELIMINARY

~0.01
N ]

' Ked
ooed 2004

© Universal Band
-0.03 -

-0.04 -
-0.05 -
-0.06 2003
\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\
018 019 0.2 021 022 023 024 025 0.26
a0

ag 0.220 + 0.005 stat
ChPT + 0.002 syst*
1p fit + 0.006 theo **
ag 0.218 + 0.013 stat
free + 0.007 syst™

+ 0.017 theo**
a, -0.0457 + 0.0084 stat
free + 0.0041 syst*
2p fit + 0.0030 theo**

*systematics from 2003 data

**Theory error evaluated from
control of the isospin corrections,
inputs to Roy equation numerical

solutions (CGR arXiv:0811.0775 )
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Cusp effect : first observation and interpretation (Cabibbo PRL93(2004) )

In K*> n° 7’ n* decay, the matrix element is
usually described as a polynomial expansion
using the Dalitz Plot variables u and v

First observation of a cusp structure was
made with 16 M events collected in 2003
thanks to the very good mass resolution.

The structure at n* n~ threshold was
interpreted as due to the nr rescattering in the
K*=> n* n~ n* final state

70
increased statistics with 44 M more
data from 2004

80000 2003: ~16x108 events
C e

70000F g
r v \\

60000} A N

50000F 7

40000E /:N

30000f

20000F

10000

fo7 008 009 01 011 012

45000 M2(n%70), (GeV/c?)? —
40000 B Z00l N _.-_._-o--*-.-
35000 e
30000 L

S ae ntn~ threshold
25000[ = l

200@}760.07650.0770.07750.0780.07850.0790.0795 0.08
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CUSP effect: Kt = nn'n’ event selection

* Each photon pair (i k) defines a decay vertex under the assumption of n°-> yy decay
Z.=EE.D./my
* Neutral vertex defined as the mean Z from 2 chosen pairings

* Reconstruct K mass adding the charged =
* Chose the best 2 y pairs from the smallest 2

2

K-decay vertex ...~
2 AZ Amg Yy g
7 \
GZ GmK Ik__': _____________________________
x103 .
— 31® mass spectrum selected nhoton nair
: rk (2004 data) ~14f —
5000F IJ [ {112 Mz rezelit on (r.m.s.) T
4000f = 1F ;ﬂ - MznOnO
C == ’
3000 |J _ : 0.8 -
: .J Background is v 0.6 L
20001 o £ 0.4 b
- negligible s : _
1000 rIJIJ L 0.2 | | | |
: — %075 Do& 00as 008 n0B5 01 0106 019

L T NI N N PRI BT T T
(9.48 0.485 0.49 0.495 0.5 0.505 0.51
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CUSP effect: fitting procedure : two approaches

Cabibbo-Isodori JHEP 0503(2005)

Without re-scattering, M, parameterization (as
PDG)

M, = A (1+g,u/2+h’ ju?/2+k’ ;v?/2)
*First order term M1 describes loop diagrams

2 2
Ml__n+M+ \/1 — Moo 2m“+

above threshold |M|? = [M,|? + |[M,|?
below threshold |M|? = |M,|? + |[M4]? +2 M, M,

«Second order effects included

*Radiative corrections not (yet) included

Bern-Bonn Effective field theory
CGKR PLB638 (2006), BFGKR
arXiv:0807.0515

~electromagnetic effects included in the
amplitudes

*two-loop formulation different from CI
introduces different correlations

between parameters
Q

“@2oour
S r
>i|.800:
G1s00k Cusp point /|
= F , x
':itl“ooi\)o rescaftering y 7\
PO amplitude Subleading
1000 N\ 4
B \ A effect
800
B
600f -
: " Leading effect
Y4 |

NEEY NN AN EE RS AR RN AR AR AR AR SR
(9072 0.073 0.074 0.075 0.076 0.077 0.078 0.079 0.08 0.081 0.082

M?2(n%=°), (GeV/c?)?
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Cusp : experimental fitting procedure

Fit the M2y, projection using the
detector response matrix Rij obtained
from a Monte-Carlo simulation and 4
physics parameters (g,h,a,-a,,a,) for
both approaches

the constant k', (v-dependent term) is
fixed to the va?ue r'ecen‘rlg measured by a
2d fit of the K* > n*n’z° Dalitz plot

K= 0.0095 + 0.0002 stat + 0.0005 syst

The M, amplitude for K* 2 n*min-
M, =A,(1+g,u/2+h,u?/2+K,v2/2)

- fixed from NA48/2 measurement
PLB649(2007) for CI

- fitted in a simultaneous fit of both
Dalitz plots for CGKR
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7 bins excluded around event excess
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Event excess around the M(x*n~) threshold
can be explained as Pionium decay to nr®
(Silagadze, JETP Lett.60 (1994))

R=I'(Kx > nt A, )/ T'(K* > n* n+n-)

= (1.8 £ 0.3)x10°

while the prediction is R= 0.8x10°

o T 7V NLAEOCVUVU =T




Cusp: scattering lengths results \-\(«\“‘,’;gom

e ax
@
Using ChPT | Note : ext is mainly due to R=A,/A,=1.975+0.015
constraint th(CI) ~5% probably pessimistic (under evaluation)
CT model a,-a, = 0.268 + 0.003stat + 0.002syst + 0.001ext + 0.013th
CGKR model | ay,-a,=0.266 + 0.003stat + 0.002syst + 0.001ext
a, free Note : correlations between a, and other parameters are
larger in CGKR model

CT model a,-a, = 0.266 + 0.005stat + 0.002syst + 0.00lext + 0.013th

a, =-0.039 + 0.009stat + 0.006syst + 0.002ext
CGKR model |ay-a,= 0.273 + 0.005stat + 0.002syst + 0.001ext

a, =-0.065 + 0.015stat + 0.010syst + 0.002ext
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Cusp and Ke4 :

scattering lengths results

. o(“'
x -
00 003" o o1, NA4BI2 Ked (2008-2004) PRELIMINARY
A O
a, CI(+5% th) | - CI (+5% th)
002" B 002 | Ked| L—c———
0.03 | ™ 0.03
0044 v\ A \—= / ]
N = 1 = .
-0.05 -0.05 | o
-0.06 CGKR ay-a, 16 CGKR Ao
023 024 025 026 027 028 029 O0BI9 02 021 022 023 024 025 0.2
a0-a2 a0
Two statistically independent measurements by NA48/2
Large overlap in the (a2,a0) plane
Impressive agreement with ChPT predictions (green ellipse)
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Summary and Comparison with other experimental measurements

Ke4 : apply isospin corrections to pre
published phase points of dll

experiments and perform a, ChPT fif Ked Data_| incl th error Events
Note : E865 number dominated by i 3 1.1106

highes‘r. energy data point, otherwise Eggg e gpts 4 105

compatible L pts

Cusp : (ay-a,) ChPT fit with 2 models Geneva . ” 3 104
Saclay

nr atoms DIRAC: |ag-a, | errors from
PLB619 (2005), use ChPT constraint (still

cusp Data 60 106

being revisited + more Data analyzed) pase SO 1=
Yellow band is ChPT pr'edic‘rion ° 5% th error
ap = 0.220 + 0.005 77T atoms
DIRAC 2005, o Preliminary 6.5 103

NA48/2 experimental precision now at
the same level ! 0.15 0.2 025 Qg

Final publications coming soon, fruitful collaboration with theory groups
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Ke4 decays : Data/MC comparison after fit
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= Data
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= WS Background (x 10 to be visible)

CP symmetry : (K*) ¢ distribution is opposite of
(K") ¢ distribution




Ke4 decays : getting F,G,H form factors and phase shift

Ten independent fits, one in each M__ bin, assuming ~constant form factors
over each box. This allows a model independent analysis.

Without the overall normalization (Branching fraction), one can quote relative
form factors and their variations with g2,g* (g%= (S,/4m_? -1) and Se/4m ?

‘Fs? is obtained from the relative bin to bin normalization Data/MC after fit

-if projected along Mev, a residual variation is observed.

*a 2-dimension fit of the normalization is performed to get the 3 slopes
115 _NA48/2 Ke4 (2003+2004) preLiminary 1 he 3 slopes are correlated
11 Fs2 «c(1 + f's g2 + f's q* + f'e Se/4mn? )2
1.05 - _ ’
. /// f's  fe
0.95 -
09 | f's -095 0.08
“®02s 03 o032 o034 036 o038 o4 f"s 0.02

M,-(GeV/c?)
Other parameterizations could be easily tried

if the Taylor expansion does not apply..
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Getting Fp, Gp, Hp

0.05 NA48/2 Ke4 (2003+2004) PRELIMINARYO_3 NA48/2 Ke4 (2003+2004) PRELIMINARY
F/F0) o/FA0)
0 - 0 -
N + + + + N
-0.05 - + + + : : ; ’ -0.3 + . } ! : t .
7 1 ' ' }
0.1 - -0.6 -
-0.15 A T - - 1 1 -09 T T - T R T
0.28 0.3 0.32 0.34 0.36 0.38 0.4 0.28 0.3 0.32 0.34 0.36 038 04
M,.(GeV /c?) M.(GeV/c%)
11 NA48/2 Ke4 (2003+2004) PRELIMINARY
| G,/F.(0) -
1 P s Linear wi-l-h q2 COF‘PCIGTIOH
| ! o . ,
0.9 .
] v 9p
0.8 - -
* g,(0) -0.914
0.7 —1— ] ‘ - - S LA I
0.28 0.3 0.32 0.34 0.36  0.38 0.4
M,(GeV /c?)
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Comparison of Ke4 phase experimental measurements

0.4
03— )
© ]
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© ] l
202 ‘
01 - .
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Phase points
without isospin
corrections

Line from a 2p fit to
NA48 data alone

All Phase points
corrected for isospin
mass effects
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K3r : measurement of the k' term

Going to a 2D fit would imply to use(M?,,,M?,,)
variables. An alternate choice is (M<,, ,cos0)
where 0 is the angle between the charged = and

the direction of the n%s in their rest frame.
Use a modified matrix element :

M, = A{H%gou +%h'u2 +%k'v2j

re-fit in M2, range [0.082, 0.097] (GeV/c?)?)

no incidence on previous (ag-a,) result.

Preliminary result (2003+2004 data, K*and K-)

k' = 0.0095 + 0.0002,,,+ 0.0005, ,

Note: the different meaning (gy,h',k") wrt PDG
(go,h,k)

3700
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Cusp: Dalitz plot slopes result

Reminder: M(K*> n*n70) = M, + M,
M, ~ (1+g,u/2+h’u?/2+K’v2/2) but ...
IM; |2 (PDG) ~ (1+gu+hu?+kv?) so g,=g, h’;=h—g¥/4, K',=k

- Ky is extracted from a 2-dimensional fit

- Other parameters are fitted including a fixed k'y value o
W\
k' = 0.0095 + 0.0002stat. + 0.0005syst ?cz\"g«: oo™
90 hy @°

CI 0.652 + 0.001stat + 0.003syst | -0.039 + 0.001stat + 0.003syst
model
CGKR | 0.621 +0.001stat + 0.003syst | -0.049 + 0.001stat + 0.003syst
model
ChPT CI a0-a2=0.268 GCKR a0-a2 = 0.266

fit a0 = 0.2244

a2 = -0.0434 a0 =0.2191 a2:=-0.0470
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