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Outline

The CERN NA48/2 experiment: setup and data

Theory: ChPT, mm S-wave scattering lengths, cusp(s):
= see A. Rusetsky's talk, Plenary Session 1

K* — 757979 new measurement on the “cusp”

and extraction of the w7 scattering lengths

K* — mtn~eTr: measurement of form factors
and pion scattering lengths
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The NA48/2 experiment =
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| Mj The NA48 detectors C

Liquid Kripton e.m. calorimeter:
OF __ 3.2% 9% @ 0.42%

E /E/lGeV S2 E/lGeV

Magnetic Spectrometer:
U?P ~ 1% D 0044%W
Charged Hodoscope: o; = 150 ps

Hellum tank
Drift chamber 3

Hadron calorimeter, muon and photon vetos

e 1097-2001: NA48 K, Ks (¢'/¢)

e 2002: NA48/1 Kg
e 2003-2004: NA48/2 K+ (Ag)

K° o 2007: NA62 K+ (Koo/K )
o 2011: NA62 K™ — ntvw

Main goal of NA48/2: search for CP violation in K* — 3 Dalitz plots.
200342004 data: 4-10° K* — r&rtr— ; 1-10% K+ — 75a%7Y ; 1-10° Koy
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K* — 757970 event selection e

3
e require 1 track + 4 e.m. clusters 6000510 :
.. 0 - |
o CIUSter palrlng (7T — ’Y’Y) 000: |J 37 mass spectrum
. N 5000
— consider all (3) combinations : |J Background
I negligiblei
— reconstruct each ¥ — ~~ vertex 4000 IJ ‘
using ¥ mass 3000F .J
— choose 2-vtx combination with closest 2000}" |J
vertices 1000F ; :
_ 0 . C 3 j'JJ-I
e K decay vertex = average of 7~ vertices ‘ -

It G TR O an
e calculate Moy = M (7°7") and —
M:EOO = M(T&' T ) [GEV]

Migo = M(ﬂ‘iﬂ'oﬂ‘o) invariant masses

16
] ] 1.4 ;27r0 mass resolution [MeV]
o(Myg) optimized for low Mg values: 12 £
15

O'(MOQ) = 0.56 MeV at My = 2m._+ 08 E

0.6 excellent at low M
First cusp result (2003 data, 2.3 - 107 events): 04 & o
— published on PLB 633 (2006) 173 O B

. : . 0.0750.080.0850.09 0.095 0.1 0.1050.110.1150.12

This analysis (2003 + 2004 data): 6 - 10" events M2, = M(n°7°) [GeV?]
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M?2,_, distribution

<102 NA48/2 (2003+2004 data)
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Zoom on the cusp region
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Mz, = M*(m°7?) [GeV?]

Evidence of a cusp at M2, = (2m,.+)? ~ 0.078 GeV?
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| Cusp interpretation e

[JHEP 0503 (2005) 21]

800

my=m_4+; My = MK — n7ntn7)] (2my)2

400 \I(
1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1

0.074 0.076 0.078 0.08 0.082 0.084
M3y = M2 (x070) [Gev?

600
interferes destructively with M below

7t~ threshold: integrated deficit ~ 13%

x 10 2
mm rescattering: one -loop calculation I
[N. Cabibbo, PRL 93(2004) 12181] [ Best fit above the cusp ]
2000 [ | to the PDG2004 f,/”
- 2 o
/\/l(KﬂE — 7T:|:7TO7TO) = Mo+ My 1800 [ [~ parametrization //
Mo : K* — 7570979 (direct) 1600 <
1400 -
Mi: K* > afrtn, ntn — 7% :
1200 Best fit to the
M o 2 M 1 4m3_ 1000 :_ _ Cabibbo—.lsidorid |
1 — _3(0’0 — a2)m+ +,thr — Moo B rescattering mode
[

Possibility to determine (ag-as) and its sign
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(Data-Fit) /Data Fit residuals ™
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<— 7 points excluded from fit
S I T I T AT TN RN ST R N
(2m )2 - 0.08 0.09 0.1 0.11 A2, [Gev?]

Observe an excess of events in the ]\42 interval excluded from fit.
Rate = (5.6 £ 1.0) - 1075 per K* — 7T:|:7T 7Y decay
(adding a delta-function at My = (2m ) before taking into account detector resolution and using its integral as a free parameter)
Two contributions to the peak in the Moo 2m. region:
- pionium formation: (7777 ) gt0m — 7O’ (Silagadze, JETP Lett.60 (1994) 689)
- additional 77~ unbound states with resonant structure — 797"

(Gevorkian, Tarasov, Voskresenskaya, hep-ph/0612129)
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Cusp: fit results (I) =
Data fitted using two different theoretical models:
e Cabibbo-Isidori (Cl) rescattering model [JHEP 0503 (2005) 21|
e Colangelo-Gasser-Kubis-Rusetsky (CGKR) effective field theory [PLB 638 (2006) 187]
Fit with analiticity and chiral simmetry constraint between a5 and ag — as

asm = (—0.0444 + 0.0008) + 0.236(agm — 0.22) — 0.61(agm4 — 0.22)? — 9.9(agm — 0.22)3
[Colangelo, Gasser, Leutwyler, PRL 86 (2001) 5008]

(C|): (ao o &2)m+ = 0.268 = 0.0035¢4¢ = 0.0025y 5t = 0.001 54
(CGKR):  (ag — az)m4 = 0.266 £ 0.003 544 = 0.0024,¢ £ 0.001 ¢4

External uncertainty: from the uncertainty on the ratio (PDG 2006)

F(K+—>7r+7r+7r_) . A(K+—>7r+7r+7r_) o
D(RT —nF 00y — 3.182 = 0.047 = AKTrFr0n0) = 1.975 + 0.015

at the Dalitz plot centres (exact isospin symmetry predicts 2)

Theoretical uncertainty on (ag — az)m4: +0.013 (CI), not given (CGKR)
(estimated from neglecting higher order diagrams and radiative corrections)
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[Mﬁ) Cusp: fit results (II) -

Fits imposing chiral symmetry constraint:
(CD: (ap —az)m4 = 0.268 £ 0.003514¢ £ 0.0024,5¢ £ 0.001 5
(CGKR):  (ap — az)m4 = 0.266 £ 0.0035;4¢ £ 0.0024,5¢ £ 0.001 05

Fits not imposing the chiral symmetry constraint: possibility to measure as

(C1): (ap — az)my = 0.266 £ 0.005q¢ & 0.0025,5¢ + 0.001 ¢z
as my = —0.039 £ 0.009,4¢ & 0.006,5; + 0.0020,;

(CGKR):  (ag — az)m4 = 0.273 £ 0.005514: = 0.0024,5¢ £ 0.001 ¢4y
az my = —0.065 = 0.0154¢4¢ £ 0.0104,5¢ = 0.002, ¢

Theoretical uncertainty: 5% (Cl); not given (CGKR).
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Ked (K* — rmtne®v) ~
Analysis of 2003 data (Eur. Phys. J. C 54 (2008) 411)
o 15 E T K_, data Rare decay:
> — K, MC _ .10~°
3 o b — Bafckground B.R.= (4.09 + 0.09) - 10
S |
o 10°F Event selection:
) -
; 10* £ e 3 tracks
= _ e missing energy and p;
- - e F/pforeand 7 ID
L

0.6

0.7 0.8 105
mKA(GeV/cz) 6.8 - 10° selected events

Background estimated from “wrong sing” events (7T7teT): ~ 0.5%

A. Bizzeti
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Ked kinematics L

K+(at rest) s pta— ety Kinematics described by 5 independent
Cabibbo-Maksymowicz variables:
2 2
.. T‘-+ \—\cp\/ ?+ \ ) Mﬂ'ﬂ" Mey' 971'1 061 ¢
dipion,” g, ?\ K"'\‘ . 8. dilepton Assuming CP symmetry:
\ Kt K = ¢—>¢+m,

- \ v
T \
9€_>7T_9€

Decay amplitude is described by two axial (F, G) and one vector (H) form
factors, which can be partial wave expanded (s and p waves; d neglected):

F = F.(q*)e" 4+ F,(¢*)e"” cos 0,  and further expanded in powers of ¢

G = G,(q%) e Fo(q®) = fs+ fid® + fla* + fe(MZ,/4m2) + . ..
H = H,(q%) e"r Fy(q*) = fp + f{;q2 T
5(q°) = 6s — 6y Gp(@®) = fo+9,d° + ...
¢* = (M7, /4m7) — 1 Hp(q*) = hp+ hpg° + . ..

0 #0 =- asymmetry in ¢ distribution, increasing with M, .
A. Bizzeti Meson2008 11
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one plot
per
M. bin

K™ (black)
and K~ (red):

points = data

histogram = MC
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Ked4 form factors fit (1) =

Fs, F,,Gp, H, and 0 are extracted from a fit to
10(Myr) X 5(Mey) X 5(cosb) X 5(cos ) x 12(¢) = 15000 equi-populated bins.

Event distributions in Cabibbo-Maksymowicz variables (2003 data, 6.8 - 10° events)

50000 —
40000 1 .
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Ked form factors fit (1I) S
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NA48/2 Ked (2003 Data)
0.85 41— ‘ S
0.28 0.3 0.32 0.34 0.36 0.38 0.4
Mrr[GeV/c?]
0.05
Fp/Fs(0) = const. = f, =0
07
iR Pt L |
-0.05 + t T t T
-0.1
-0.15 71— A L A R A S I
0.28 0.3 0.32 0.34 0.36 0.38 0.4
Mr~[GeV/c?]
0.3
Hp/Fs(0) = const. = hj, =0
07
037 + bt t ¢ A
‘ . : )
-0.6
0.9 : e
0.28 0.3 0.32 0.34 0.36 0.38 0.4
My r[GeV/c?]
A. Bizzeti

NA48/2 Ke4
1.15

(2003 Data)

1.1 F2?

7

| 0.‘16 | | 0.2
M., [GeV/c?]

0.9 * +

0.8

0.7 71—

0.4 -
0.3
0.2 -

0.1 :

Meson2008

—
0.32 0.34 0.36 0.38 0.4
My r[GeV/c?]

14



\ M
”P% Ke4 form factors results (2003 data)

f1/fs = 0.172 % 0.009,4; + 0.006,,4
£/ fs = —0.090 £ 0.009410; & 0.007 51
F1/fs = 0.081 % 0.008,q¢ + 0.009,, 4
Fo) fs = —0.048 + 0.004414; £ 0.004,;
gp/fs = 0.873 4 0.013450¢ & 0.0124,4;
gh/fs = 0.081 £ 0.02244¢ & 0.015,
hp/fs = —0.411 £ 0.0194¢ % 0.0084,4
Relative form factors (normalized to f;)

Separate measurents for K+ and K, then combined
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\ Ked: §(M,,) and scattering lengths o

0.4 -
03
O
202
©
0.1 -
LT : o NA48/2 (2003 Data)
0 + = BNL E865 (2003)
01 ] v Geneva—SacI ay (1976)
- . ‘ I I ‘ I I ‘ I I I
0.28 0.3 0.32 O 34 O 36 O 38 0.4
M,..(GeV /c?)
Fit to Universal Band (UB) central line in (ag, as) space
(UB) = limits from experimental data at higher energies, extrapolated using Roy equations

[Ananthanarayan, Colangelo, Gasser, Leutwyler, Phys. Rep. 353 (2001) 207]
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Ked: mr scattering lengths s

Fit to Universal Band (UB) central line in (ag, a2) space:

agmy = 0.256 £ 0.006 10 + 0.0024,5 70015

agmy = —0.0312 £ 0.0011 5404 & 0.00045y5: 70 0155...,
(“External” error: from central line to limits of UB)

Fit with 2 free parameters (ag and as):
aom+ = 0.233 £ 0.0164¢4¢ £ 0.007 551
agmy = —0.047 = 0.011 444 = 0.004 ;¢

Fits performed assuming isospin symmetry
Expected corrections for isospin symmetry breaking: 10 ~ 15 mrad on 0 ;
~ —0.02 on agm .

The analysis of full (2003+2004) data sample (10° K4 decays),
including isospin symmetry breaking effects, is nearly finished.
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”F% Ked: nrm scattering lengths

0 NA48/2 Ke4 (2003 Data)
] * constraint from UB center line
001 f.\ constraint from ChPT
] 68% CL contour (2 parameter fit) /
] L
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| Conclusions and outlook C

o K+ — 77079 full 200342004 sample (60 million events) analysed.

® ay— as extracted from cusp analysis using both Cabibbo-Isidori and Colangelo-

Gasser-Kubis-Rusetsky formulae, with reasonable agreement, especially in the
ChPT-constrained fit.

e Results consistent with ag and ag determined from K.4 analysis of 2003 data
[Eur.Phys.C 54 (2008) 411]

o K 4 analysis of 2003+2004 data (1 million events) nearly finished, will reach
a statistical precision at the level of theoretical precision.

A. Bizzeti Meson2008 19



