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The NA48 experiment at CERN SPS

K+ = mretv (Koa), o scattering lengths, K4

K* — 7~y new result (NA48/2 +NA62)

K+ — 757940 first observation of K+ — m¥nlete™
K* — 7F1T17: recent results on K+ — 7t putp~

Conclusions

A. Bizzeti Recent results from NA48 Newport News, 06-08-2012 2/54



The NA4g experiment at CERN SPS
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The NA4g experiment at CERN SPS

e

The NA48 experiment at CERN SPS
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T'he NA4s experiment at CERN SPS

The NA48 experiment

NA48/2: Cambridge, CERN, Chicago, Dubna, Edinburgh,

Ferrara, Firenze, Mainz, Northwestern, Perugia, Pisa, 1997 : Ki + Ks
Saclay, Siegen, Torino, Vienna NA4S - 1998 : K1 + Ks
direct CPV < 1999 : K; + K ; Ks HI
(e'/e) 2000 : K, only ; Ks HI
2001 : K, + Ks ; Ks HI
NA48/1 {2002 . Ks / hyperons
NAUSS 2003 : KT+ K~ (Ken)
2004: Kt4 K~ "
2007 : KT+ K~
NA62(R, K. /K
‘ 4 ( K){zoos ko k- KelKi)
¥ & - 2014 K+ v
NA62: Birmingham, Bratislava, Bristol, CERN, Dubna, NA62 : (= 7Tvo)
Fairfax, Ferrara, Firenze, Frascati, Glasgow, IHEP Protvino, v

INR Moscow, Liverpool, Louvain-La-Neuve, Mainz, Merced,
Napoli, Perugia, Pisa, Prague, Roma I, Roma II, Saclay, San
Luis Potosi, Stanford, Sofia, Torino, TRIUMF

| High statistics for rare Kaon decays |
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The NA4g experiment at CERN SPS

The NA48/2 beams (2003-2004)

'

1

1 I T

1 ! l

- e - —t————— |
' L z

v, TAXI7,18 . Megnet 222 C
Inal -
‘» ;{ FDFD collimator DCH1 1 DCH4 == =
| Defining i Protecting [
| —_ 4& collimator collimator Cleaning : :
| collimator : :
| KABES 1 Decay volume i |
i
! KABES 3 L H
|
]

Target| | Z i
9 H ' focused beams | | e h
KABES 2 ' E
> o
K !
W I 2nd  _ Cleanin L
DFDF g 10 cr
FRONT-END ACHROMAT 5ol ACHROMAT_ Boay spectrometer Vacuum He tank +
1cm ,»— Momentum selection Quadruplet ) e Itank Spectrometer
0 —Focusing 50 100 200 %0m
— 1 sweeping

» 400 GeV/c SPS protons = unseparated secondary charged beam (= 5% kaons)

> 60 GeV/c (& 3.8% rms) simultaneous K~ and K~ beams (K'/K~ ~ 1.8)
= large charge symmetrization of experimental conditions

> ~4mm X 4mm, ~ 10 pyrad x 10 yrad (rms)
> 22% of kaons decay in the 114 m long vacuum tank.
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The NA4g experiment at CERN SPS

The NA48/2 detectors

Detectors:
Muon veto system > Magnetic speCtrometer (4 DCH)
erﬂ'qﬁr;::::; calorimeter 4 views/DCH: redundancy = efficiency
o CoPe wera op/p = 1.02% @ 0.044% = p [GeVlc]

Anti counter 7

Helium tank . .
eumtan > LKr electromagnetic calorimeter:
Drift chamber 3

quasi-homogeneous, high granularity
og _ 32% 9%

oy g = gz ©  ©042% [GeV]

Magnet

= e/ discrimination (E/p)
Drift chamber 1

ovarwind. » Scintillator hodoscope
ev - for charged fast trigger:

He filled tank (1 atm) \ ‘. \ o(t) =150 ps

» hadron calorimeter
b%

decay volume is upstream

> muon counters

» photon vetos
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K= — mme™ v (K,4), ©r scattering lengths, K4

K* — mretv (K.4), mm scattering lengths, K4
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KT — mmeTv (Keq), T scattering lengths, K, 4

Ke4 decays
» K* — mfn et , called Koy(+—) - charged mode
» K* = 10 7% etv | called K.y (00) - neutral mode
+ \
AN
dipion / g e, | dilepton

Five kinematic variables (Cabibbo-Maksymowicz 1965):

2 ) .
Se =Mz, Se = M7, cos 0, cosb,, ¢
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KT — mmeTv (Keq), T scattering lengths, K4

Form factors: formalism of K. 4 decay

K. 4 hadronic current is described by form factors

— Partial Wave expansion, limited to S and P waves

[ Pais-Treiman (1968) + Watson theorem (T invariance) ]

Partial Wave expansion:

2 Axial Form Factors (F and G):
F=F,e% +F, % cos O,
G=G,e%

1 Vector Form Factor (H):
H = H, &

The fit parameters (real) are:
(+) Fy, F,, ) GI77 Hn > 5=6s—5p
(00) Fy only (no P-wave)

A. Bizzeti Recent results from NA48

¢* dependence can be studied from FF

fitted in ¢* bins [J.Phys. G26, 1607 (1999)]

. . 2
oo 1 M

F2:f2[1+—?rr+3—.q+% .
* : Is fs Js 4m%\'

G & gzln 2

—==+—9q9, FE=f, H=h

7 v F »=Jp p = hp

M2
=72 e = m(x)

Newport News, 06-08-2012 10/54



KT — mmeTv (Keq), T scattering lengths, K4

Ke4(+-) decay: Event selection and background rejection

Signal (T 7~ e®v ) topology:
» 3 charged tracks, forming a good vertex
» 2 opposite sign pions, 1 electron [Erg,/p ~ 1]
» some missing energy and pr (V)

» good reconstructed Pk (missing v hypothesis)
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KT — mmeTv (Keq), T scattering lengths, K4

Ke4(+-) decay: Event selection and background rejection

Signal (T 7~ e®v ) topology:
» 3 charged tracks, forming a good vertex
» 2 opposite sign pions, 1 electron [Erg,/p ~ 1]
» some missing energy and pr (V)

» good reconstructed Pk (missing v hypothesis)

Background main sources (suppressed by specific cuts):
» KT wnta—nt (rt = etv  or w' mis-ID)

» Kt — ntq0 (7° = ete™v and e~ mis-ID)
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KT — mmeTv (Keq), T scattering lengths, K4

Ke4(+-) decay: Event selection and background rejection

Signal (T 7~ e®v ) topology:
» 3 charged tracks, forming a good vertex
» 2 opposite sign pions, 1 electron [Erg,/p ~ 1]
» some missing energy and pr (V)

» good reconstructed Pk (missing v hypothesis)

Background main sources (suppressed by specific cuts):
» KT wnta—nt (rt = etv  or w' mis-ID)
» Kt — ntq0 (7° = ete™v and e~ mis-ID)

Background control sample from data (assuming AS = AQ):

» rErtety ( “Wrong-Sign” events )
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KT — mmeTv (Keq), T scattering lengths, K4

Ke4(+-) decay: Event selection and background rejection

Signal (T 7~ e®v ) topology:
» 3 charged tracks, forming a good vertex
» 2 opposite sign pions, 1 electron [Erg,/p ~ 1]
» some missing energy and pr (V)

» good reconstructed Pk (missing v hypothesis)

Background main sources (suppressed by specific cuts):
» Kt - ntp— gt (7t —=eTv  or 7 mis-ID)
» Kt — ntq0 (7° = ete™v and e~ mis-ID)
Background control sample from data (assuming AS = AQ):
» rErtety ( “Wrong-Sign” events )
» Ratio “Right-Sign” : “Wrong-Sign” =
2:1 if coming from K3, (dominant)
1:1 if coming from K>,
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KT — mmeTv (Keq), 7 scattering lengths, K,

Ke4(+-) decay: background rejection

s

Data sample: 1.1 x 10° events.  Total background is less than 1%

40000 Background
35000 F > estimated from 7 nteT v
30000 E “Wrong-Sign” events in Data
25000 » checked with MC simulation
20000 of background processes
15000 |-
Points = Data
10000 F - . .
Hisogram = MC simulation

5000 Yellow hist. | = background

0 T ~ (x5 to be visible)
105 | H+ b f |
1 H *y‘vjf,‘ ‘n“nv"‘.v«,«‘t“‘v”m?u‘ﬂﬁ%‘f T +— Data/MC ratio
0.95 |
0.9 | | | | | | |

| |
50 52 54 56 58 60 62 64 66 68 70

Reconstructed Kaon momentum (GeV/c)
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KT — mmeTv (Keq), T scattering lengths, K, 4

Ke4(+-) relative Form Factors: fit results :

/ 11 M2 2 G g/
Fszzfsz 1+fiq2—|—iq4+£7”; ; J:gl+lz
fs fs fs 4mz s

Total statistics (2003+2004)

F H h

f: - ]]2; ; pr - JT: value stat syst
filfs | 0.152 +0.007 =0.005
: /s | -0.073  40.007 40.006
Systematics: 716 | 0068 +0.006 +0.007
» mostly from background fo/fi | -0.048 £0.003 +£0.004
+ acceptance control ¢ /fi | 0.868 £0.010 £0.010
» comparable or smaller g;?/fy 0089 40017 -+0.013
than statistical error h, /7, 20398 10015 £0.008

— Published in Eur. Phys J. C70 (2010) 635
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KT — mmeTv (Keq), 7 scattering lengths, K,

Ke4(+-) decay: branching fraction

s

KZ(+) ‘PDG: (4.09 + 0.10) x 1075

(Ns - Nb) Anan
NI‘[ ASES

BR(K3) = BR(K;)

£ _+

» Usen—m 7 decays as normalization

> N;, N, ,N, :number of signal
(1.11 x 10°), background (0.95% of Ke4)
and normalization (1.9 x 10°) events

> Ay, Ay, & €, :signal and normalization
acceptance (18.16% and 23.97% ) and
trigger efficiency (98.5% and 97.7% )

» BR(K* — nfntn™) = (559 £ 0.04)%
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arxiv:1206.7065[hep-ex]
http://dx.doi.org/10.1016/j.physletb.2012.07.048

KT — mmeTv (Keq), T scattering lengths, K4

Ke4(+-) decay: branching fraction

434 2003 2004 Kj: ( ) .

] +-) | PDG: (4.0940.10) x 10~
43 e4
“adadd il 1 o

(4 Qo ts; 44 + Ny — Np) Ayen +
| i } P e = M AR
418 4 , \ n §<S5
PRV R AR oK™ | oK~ (first measurement)
1 2 3 4 5 6 7 8

» Usentrtn decays as normalization

> N;, N, ,N, :number of signal
(1.11 x 10%), background (0.95% of K.4)
and normalization (1.9 x 10°) events

> Ay, Ay, & €, :signal and normalization
acceptance (18.16% and 23.97% ) and
trigger efficiency (98.5% and 97.7% )

» BR(K* — nfntn™) = (559 £ 0.04)%
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KT — mmeTv (Keq), 7 scattering lengths, K,

Ke4(+-) decay: branching fraction

2003 2004

s

434

KZ(+) ‘PDG: (4.09 + 0.10) x 1075

4.3 +
426 ,//L////}//l///;//}//// ;///;//L/////l///// 7 /l//

A A A e T L L AL U N R N A I
i 1 T ety = QM) A
4.18 r\ NI‘[ ASES
PRV R AR oK', oK™ (first measurement)
1 2 3 4 5 6 7 8
.. Relative Systematic Uncertaint
> Usentrtn~ decays as normalization cae yﬁ cma IC( neertainty (%)
Acceptance, beam geom. 0.18
» N, N ,N, : number of signal Muqn Vetoing_ _ 0.16
(1.11 x 10%), background (0.95% of K.4) ?CC}dfn;?)l activity 8‘35
. . 9 article ,
and normalization (1.9 x 107) events Background 0.07
> Ay, Ay, & €, :signal and normalization Radiative effects 0.08
acceptance (18.16% and 23.97% ) and Trigger efficiency 0.11
trigger efficiency (98.5% and 97.7% ) Simulation statistics 0.05
n n Total systematics 0.37
> BR(K* — n5rtn7) = (559 £ 0.00)% External error [BR(K3)] 0.72

arxiv:1206.7065[hep-ex] ;

PLB (2012), in the press

http://dx.doi.org/10.1016/j.physletb.2012.07.048

BR(K},) = (4.255+0.008) x 107°; BR(K},) = (4.261 £0.011) x 10>
BR[KE (+-)] = (4.257 4 0.0044 & 0.01655 + 0.031ex) x 107°
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KT — mmeTv (Keq), 7 scattering lengths, K,

Ke4(00) BR measurement: event reconstruction

s

K+ — 7107%* v relative to K+ — 7079, BR=(1.761 4 0.022)%

Common event reconstruction for (7979 + charged track):

Find ~ cluster pairs 1(ab) and 2(cd) and:

1) derive vertex positions Z;, Z, using e.rr\

7° mass constraint:

ya c
> 7, = Z(LKr) — —‘5-D(ab)/E.Ep
) ZLkr
> 7, = Z(LKr) — mD(cd) E.Eq CDA
73 ZI 1b
2) require:
d_ e

> ‘Zl — Zzl <S5m

> 7, = %(Zl + Z») within fiducial volume
3) combine with a charged track if Z; (CDA up to now: no PID

to beam line) satisfies |Z3 — Z,| < 8m
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K= — mme™ v (K,4), wr scattering lengths, K

Ke4(00) BR measurement: signal selection !

> Assign m, to the charged track, plot P;(to beam axis) vs invariant mass

» elliptic cut separates ~ 70 000 000 K3, from ~ 45000 K,4 candidates

0.025
0.0225 Log color scale 0.4 - Linear color scale 100
10°

0.02 0.12 80
0.0175 3
104 0.1 4
0.015 7 60
0.0125 !
0.01 ] 1030.06 40
0.0075
0.04
0.005
102 20
0.0025 0027
0
0 0 : . . T ; T 7
0 0.005 0.01 -0.06 -0.04 -0.02 0 0.02 0.04 0.06

Pr (GeV/c) vs M(3w) — Mg (GeV/c?)

> electron identification: E/p and shower properties
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KT — mmeTv (Keq), 7 scattering lengths, K,

Ke4(00) decay: branching fraction

s

KZ,(00) [PDG: (2204) x 107

(N = Np) A

+
BRKZ) = S S BR (k)

» Use 7= %7 decays as normalization

» N,, N, ,N, :number of signal (44 909),
background (1.3% of K.4) and
normalization (71 x 10°) events

> A, Ay, & €n :signal and normalization
acceptance (1.77% and 4.11% ) and both
trigger efficiencies in the range 92-98%

» BR(KT — 757%7%) = (1.761 £ 0.022)%
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2003

2004

2.75

2.7

2.65

2.6

2.55

25

stat. syst.

2.45

» Use 7= %7 decays as normalization

T
4 5

T
6

KT — mmeTv (Keq), T scattering lengths, K4

Ke4(00) decay: branching fraction

KZ,(00) [PDG: (22404) x 10

(N = Np) A

BR(K3) = ~———"BR(K3;)

jvﬁ ques

Relative Systematic Uncertainty (%)

) Background 0.35

> Ni, Np,N, : number of signal (44 909), Simulation statistics 0.12
background (1.3% of K.4) and Form factor dependence 0.20
normalization (71 x 10°) events Radiative effects 0.23

. L. Trigger efficiency 0.80

> A, Ay, & €n :signal and normalization Particle ID 0.10
acceptance (1.77% and 4.11% ) and both Beam geometry 0.10
trigger efficiencies in the range 92-98% Total systematics 0.94

> BR(Ki N Wiﬂoﬂo) — (1.761 + 0.022)% External error [BR(K3)] 1.25
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KT — mmeTv (Keq), T scattering lengths, K4

Ke4(00) decay: branching fraction

275 2003 2004
27 + . -5
2 KZ,(00) [PDG: (22404) x 10
2.6
Ny, —Np) A
BR(k) = (NI At
25 stat. syst. ext. N, Ases
2.45 T T
4 5 6
> Use 777" decays as normalization Relative Systematic Uncertainty (%)
) Background 0.35
> Ns, Ny, N, : number of signal (44 909), Simulation statistics 0.12
background (1.3% of K.4) and Form factor dependence 0.20
normalization (71 x 10°) events Radiative effects 0.23
. L. Trigger efficiency 0.80
> A, Ay, & €n :signal and normalization Particle ID 0.10
acceptance (1.77% and 4.11% ) and both Beam geometry 0.10
trigger efficiencies in the range 92-98% Total systematics 0.94
» BR(KT — 757%7°) = (1.761 +0.022)%  External error [BR(K3)] 1.25

Preliminary result — analysis in progress

BRIKZ,(00)] = (2.595 4 00124y & 0.024y + 0.032¢5) X 1073
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KT — mmeTv (Keq), T scattering lengths, K4

Ke4 decay: Form Factors variation
(Fs/fs)®

1.2

7 K ei 4(—{——) “charged” mode
1.15*7
1.4 , M.
7= 4mz

-1, My =m(r")

0.95
0O 01 02 03 04 05 06 07 08 09
2
q
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KT — mmeTv (Keq), 7 scattering lengths, K,

Ke4 decay: Form Factors variation

4

(Fs/p)° .
12 K ol (—{— —) “charged” mode
1.15 ¢
] ; ,
1.1 M
1 2 T _ +
1.05 - q = am L, me =m(r™")
1 - .
0.95 T e e
0o 01 02 03 04 05 06 07 08 09
7
+
(Fs/fs)? K, (0 0) “neutral” mode
1.15
114 g { blue line = polynomial fit (¢*> > 0)
] —
1.05 1 )‘//f A;’+ red line = extrapolation from fit + negative
’ ‘
) Tt

interference with 77 rescattering

0.95 {
0.9 ‘/ using known values of ag and a,
0.85 v
0 01 02 03 04 05 06 07 08 09 4 ot

e - : @) - )
-0, 7°
T(n)
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K= — mme™ v (K,4), wn scattering lengths, K4

Ke4(+-): absolute Form Factors :

BR — overall form factor normalization: K ei 4(+—)
fs = 5705 £ 0.003g, &= 0.017gy5¢ &= 0.031ex¢
= 5.705 £ 0.035,0rm New!
T = 0.867 £ 0.0404 = 0.029y5 £+ 0.005p0rm
Y = —0.416 £ 0.0404 = 0.034y = 0.003,0rm
fi = 0388+ 0.0344, £ 0.0405y5 = 0.00250rm
fp = —=0.274 & 0.0175a £ 0.0235y5 &= 0.002p0rm
g = 4952+ 0.0574 £ 0.0575y £ 0.031n0rm
g, = 0.508 %+ 0.0975u + 0.0745y5 £+ 0.00310m
hy, = —=2.271=+ 0.0864y = 0.0465y = 0.014p0rm

PLB (2012), in the press
http://dx.doi.org/10.1016/j.physletb.2012.07.048
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KT — mmeTv (Keq), T scattering lengths, K, 4

Ke4(+-) decay and 77 scattering lengths :

The S-wave 77 scattering lengths ap and a» (I = 0 and I = 2)
are precisely predicted by ChPT:

ap=( 0.220 +0.005 ) x (1/my)
ay = (—0.0444 4 0.0010) x (1/m,)

[ Colangelo, Gasser, Leutwyler, Nucl. Phys. B 603, 125 (2001);
Phys. Rev. Lett. 86, 5008 (2001) ]
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KT — mmeTv (Keq), T scattering lengths, K, 4

Ke4(+-) decay and 77 scattering lengths
The S-wave 77 scattering lengths ap and a, (I = 0 and I = 2)
are precisely predicted by ChPT [NPB 603 (2001) 125, PRL 86 (2001) 5008].

Two statistically independent measurements by NA48/2:
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KT — mmeTv (Keq), T scattering lengths, K, 4

Ke4(+-) decay and 77 scattering lengths
The S-wave 77 scattering lengths ap and a, (I = 0 and I = 2)
are precisely predicted by ChPT [NPB 603 (2001) 125, PRL 86 (2001) 5008].

Two statistically independent measurements by NA48/2:
1. from the phase shift § (M) = 65,—0, in Ke4 decay [Eur.Phys.J. C70 (2010) 635]
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KT — mmeTv (Keq), T scattering lengths, K, 4

Ke4(+-) decay and 77 scattering lengths
The S-wave 77 scattering lengths ap and a, (I = 0 and I = 2)
are precisely predicted by ChPT [NPB 603 (2001) 125, PRL 86 (2001) 5008].

Two statistically independent measurements by NA48/2:
1. from the phase shift § (M) = 65,—0, in Ke4 decay [Eur.Phys.J. C70 (2010) 635]

2. from the “cusp” in M? (7%7°) in K+ — 77070 decay [Eur.Phys.J. C64 (2009) 589]
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KT — mmeTv (Keq), T scattering lengths, K4

Ke4(+-) decay and 77 scattering lengths
The S-wave 77 scattering lengths ap and a, (I = 0 and I = 2)
are precisely predicted by ChPT [NPB 603 (2001) 125, PRL 86 (2001) 5008].

Two statistically independent measurements by NA48/2:
from the phase shift 6 (M) = d,—5) in Ke4 decay [Eur.Phys.J. C70 (2010) 635]

1.
2.

300
250

A. Bizzeti

from the “cusp” in M? (n%7°) in K+ — 7t 7070 decay [Eur.Phys.J. C64 (2009) 589]

E 10’ P

b P

oW e b b ey I

0.08  0.09 0.1 0.11 0.12

x10° .:"

- [2m(= )]

=T b NA b

0.076 0.077 0.078 0.079 0.08

Recent results from NA48

Interference between

+,0_0

K* - 7207 and

Kt afata~ , T =070

M?(1970)  [(GeVic?)?]

M?(7%7%)  [(GeVic?)?]
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KT — mmeTv (Keq), 7 scattering lengths, K,

Ke4(+-) decay and 77 scattering lengths
The S-wave 77 scattering lengths ap and a, (I = 0 and I = 2)
are precisely predicted by ChPT [NPB 603 (2001) 125, PRL 86 (2001) 5008].

s

Two statistically independent measurements by NA48/2:
1. from the phase shift § (M) = 6,—0, in Ke4 decay [Eur.Phys.J. C70 (2010) 635]

2. from the “cusp” in M (7°7°) in K* — 7nF 7070 decay [Eur.Phys.J. C64 (2009) 589]

az r
0 ,: NA48/2 (68% CL contours) Cusp
Ke4,Cusp,combined
-0.01
-0.02
-0.03
-0.04
-0.05
] Ke4
-0.06 +—— ; ; ; ; ;
02 021 022 023 024 025 0.26

[ ay, ay values in units of 1/m(7 1) ]
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KT — mmeT v (K,4), wm scattering lengths, K,
Ke4(+-) decay and 77 scattering lengths
The S-wave 77 scattering lengths ap and a, (I = 0 and I = 2)
are precisely predicted by ChPT [NPB 603 (2001) 125, PRL 86 (2001) 5008].

s

Two statistically independent measurements by NA48/2:
1. from the phase shift § (M) = 6,—0, in Ke4 decay [Eur.Phys.J. C70 (2010) 635]

2. from the “cusp” in M (7°7°) in K* — 7nF 7070 decay [Eur.Phys.J. C64 (2009) 589]

o Different systematics: ar
eletron misID and background 04 NA48/2(68% CL contours) Cusp
vs. calorimeter and trigger ] Ke4.Cuspcombined
-0.01
e Different theoretical inputs:
Roy equations and isospin breaking %% ]
correction vs. rescattering in final 1
. -0.03
state and ChPT expansion 1
-0.04
-0.05 |
] Ke4
-0.06 ~+—— ; ; ; ; ;
0.2 0.21 0.22 0.23 0.24 0.25 0.26

[ ay, ay values in units of 1/m(7 1) ]
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KT — mmeT v (K,4), wm scattering lengths, K,
Ke4(+-) decay and 77 scattering lengths
The S-wave 77 scattering lengths ap and a, (I = 0 and I = 2)
are precisely predicted by ChPT [NPB 603 (2001) 125, PRL 86 (2001) 5008].

s

Two statistically independent measurements by NA48/2:
1. from the phase shift § (M) = 6,—0, in Ke4 decay [Eur.Phys.J. C70 (2010) 635]

2. from the “cusp” in M (7°7°) in K* — 7nF 7070 decay [Eur.Phys.J. C64 (2009) 589]

e Different systematics: Qz |
eletron misID and background 04 NA48/2(68% CL contours) Cusp
vs. calorimeter and trigger ] Ke4.Cuspcombined
-0.01
o Different theoretical inputs: ]
Roy equations and isospin breaking %% ]
correction vs. rescattering in final 1
. -0.03
state and ChPT expansion 1
-0.04
» Large overlap in the ag, a, plane 0.05 ]
] Ke4
-0.06 ~+—— ; ; ; ; ;
0.2 0.21 0.22 0.23 0.24 0.25 0.26

[ ay, ay values in units of 1/m(7 1) ]
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KT — mmeTv (Keq), 7 scattering lengths, K,

Ke4(+-) decay and 77 scattering lengths
The S-wave 77 scattering lengths ap and a, (I = 0 and I = 2)
are precisely predicted by ChPT [NPB 603 (2001) 125, PRL 86 (2001) 5008].

s

Two statistically independent measurements by NA48/2:
1. from the phase shift §(Mrr ) = 65,—0, in Ke4 decay [Eur.Phys.J. C70 (2010) 635]

2. from the “cusp” in M (7°7) in K* — 7+ 7070 decay [Eur.Phys.J. C64 (2009) 589]

0.01

e Different systematics: 0, 1 NA48/2 combined Ke4 + Cusp _~DIRAC
. 1 p
eletron misID and background 0 (stat +syst)errors — Cusp
vs. calorimeter and trigger {1 68% CL contour P

0014 wmg ChPT

o Different theoretical inputs: 1
Roy equations and isospin breaking -0-02
correction vs. rescattering in final i

state and ChPT expansion 008 7
-0.04

» Large overlap in the ag, a; plane o0 5/-
> Impressive agreement with ChPT 0.06 7

\I T T T T
0.2 0.21 0.22 0.23 0.24 0.25 0.26
[ ag, ap values in units of l/m(7r+) ] Qg
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KT — mmeTv (Keq), T scattering lengths, K, 4

Ku4 decays: status and perspectives :

» Poor experimental knowledge
» Similar to K. 4, with one more vector form factor (R)

» FF and BR predicted by ChPT  [NPB427(1994)427]
+ .
K%,(00):

» Never observed so far

» few 10° events expected in NA48/2 data

» Goal: first observation, measure BR

+ .

» Measured BR = (1.4 +0.9) x 107> from 9events [PDG]
» Predicted BR = (0.412 £0.018) x 107> [NPB427(1994)427]

» several 10° events expected in NA48/2 data

» Goal: measure BR + first attempt to measure R form factor
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KT — 7% ~7y: new result (NA48/2 +NA62)

K* — 7%y~ new result (NA48/2 +NA62)
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KT — 7% ~7y: new result (NA48/2 +NA62)

The K* — 7+~~ rare decay
Detailed ChPT predictions:

» leading contribution at O(p*), important corrections at O(p°®)
[ D’ Ambrosio, Portoles, PLB 386 (1996) 403 ]

» spectrum and rate predicted as a function of an unknown parameter ¢

NA48/2 (2004) data Total ~ 300 events from 2 data samples:
120,
r 1L —~ Data > NA48/2 (2004): 3 days of dedicated run
1002 | K >nnn® .
ooF I K >mtnd(y) > NAG62-Rg (2007): 3 months with downscaled
[ LK omtyy minimum bias trigger
80
L Combined analysis: see NA62 talk by T. Spadaro
60—
F # | Preliminary results: ‘
40 I
b l l > model dependent BR = (1.01 & 0.06) x 10~°
201 [PDG: BR = (1.10 £0.32) x 1079]
o - ¢ [O(p")] = 1.56 £0.23
0.4 0.45 0.5

>
0.55 0,6
M(n:yy), GeVic? > ¢ [O(PG)] —=2.00+0.26
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KT — 7F 7% () first observation of KT — 7= 7leTe™

K* — 7= 7% () first observation of K+ — n¥nlete
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KT — ﬁiﬂo’y(*>i first observation of K= — w X wleTe™
K* — 757% : Theory
Two sources of v radiation:

Inner Bremsstrahlung (IB) and Direct Emission (DE)

Two kinematic variables:

Ts o o T )
K+ T K+ T T* = m kinetic energy
+ in K* rest frame

1B T’ DE ' e Pro )k -py)
After integrating on T

dr+ drg

—=—=11 <« (IB

dw dw [ (IB)

+ 2mgm? cos(¢ + 6] — 88) X WP <= (INT)
+ mgmy (|X: > + [X0]?) Wﬂ < (DE)
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KT — ﬁiﬂo’y(*>i first observation of K= — w X wleTe™

K* — 7% NA48/2 results
dr* _ dry 1

ar= _ 1B
AW aw « (IB)

+ 2mEm? cos(+¢ + 61 — 63) X W2 « (INT)

+ miemiy (|X0 2+ |Xu)?) W“} «< (DE)

1B is known from K= — 770 (Low theorem) + QED corrections
DE  amplitude contains electric Xz and magnetic X); dipole terms
INT s interference between IB and electric DE (Xg) amplitudes
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KT — ﬁiﬂo’y(*>i first observation of K= — w X wleTe™

K* — 7% NA48/2 results
dr* _ dry 1

dr= _ B
AW aw « (IB)

+ 2mEm? cos(+¢ + 61 — 63) X W2 « (INT)

+ iz (|Xe + X0 [?) Wﬂ < (DE)

1B is known from K= — 770 (Low theorem) + QED corrections
DE  amplitude contains electric Xz and magnetic X); dipole terms
INT s interference between IB and electric DE (Xg) amplitudes

NA48/2 (0 < T* < 80MeV): > 10° events, < 0.01% background
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KT — ﬁiﬂo’y(*>i first observation of K= — w X wleTe™

K* — 7% NA48/2 results
dr+  drg
W~ aw ! < (IB)
+ 2mEm? cos(+¢ + 61 — 63) X W2 « (INT)
+ miemiy (|2 * + [ ?) Wt } «< (DE)

1B is known from K= — 770 (Low theorem) + QED corrections
DE  amplitude contains electric Xz and magnetic X); dipole terms
INT s interference between IB and electric DE (Xg) amplitudes

NA48/2 (0 < T* < 80MeV): > 10° events, < 0.01% background

Final NA48/2 results: [EPJC68 (2010) 75
» Frac(DE) = ( 3.1940.16) - 102

> Frac(INT) = (—2.21 £ 0.41) - 102 =

51%11::‘ <15-100% (90% CL) <+ | first measurementl

> Acp =
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KT — ﬁiﬂo’y(*>i first observation of K= — w X wleTe™
K* — ntnlete
» Mainly from K+ — 770" = 7trtete™  [EPIC72,187(2012)]

» DE and INT depend on Xg and Xj; form factors
» Short distance contributions, sensitive to New physics

NA48/2: first observation of K+ — ntmlete—

ntn% T e~ invariant mass
%‘ 400 NA48/2 (2003+2004 data):
> PRELIMINARY . .
o sso ~ 4500 events in signal region
=
5 300 S —;ifgl:r::E*E' Backgrounds
.% e lowm: KT — ﬂ'iﬂoﬂ'g
200 (TI'([)) — €+€7'}’LOST)
L ‘ l high m: Kt — ntrd
100 K& s eEndnd KE —s etn0 0 +,—
[ VT}nTs[t) ° (1 accT\[d?ntDal v) (ﬂ—D ee ’Y) + Tace
50
‘ J ‘ I Analysis in progress I

i i A oy P Nt
048 0.5 052 0.54 0.56 0.58 0.6
m(m*nle*e’), GeV/c?

0 - Ly
0.4 042 0.44 0.46
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KT — 71717 : recent results on K= — wiquu*

K* — 7FIt17: recent results on K+ — 7t~
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KT — 71717 : recent results on K= — wipﬁru*

K* — 7= It [~ : theory

s
Kt s atete | K* s atutpu~

n
» Suppressed (BR ~ 10~7) FCNC processes X 4 N

}J\JW\/\I‘
» Loop-induced decays (K* — 7% ~*) \ P
T
ar 2 nmj ’
— =P(z) - |W(2)]* ; z= > ;  P(z) = phase space factor
dz mg
Several models exist for W(z) form factor
» Linear: W(z) = Grm% fo (1+6-2)
» ChPT O(p%): W(z) = Grm% (ay + byz) + W™ (z) [JHEPS8, 4 (1998)]
» ChPT + large-N¢ QCD: W(z) = W(w, 3,z) [PLB 595, 301 (2004)]
» “Dubna” ChPT: W(z) = W(M,, M), z) [hep-ph/0611175]
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KT — 71717 : recent results on K= — wipﬁru*

K* — 7*I"1~ : NA48/2 data analysis
Event selection (2003+2004 data)

» 3 tracks, 1 vertex, total charge = +1

v

|P|, pr consistent with K* — 3 charged particles
Use Eprk./p for Particle ID (e* vs u*, 7 %)

Kree: 7> 0.08 (m,, > m_ o) kinematical cut against Wiﬂg background

v

v

v

Ky signals in MUV counters for positive muon identification

» 7111~ invariant mass cut (Kaon mass peak)
Efficiencies and background measured from data.

Normalization channels (wiwgalitz :mEr ™)1 3 tracks, similar topology
= first-order cancellation of most systematics

Observation of both K™ and K~ decays

. . + _ —
= first measurement of CP-violating charge asymmetry Acp = 28 —BK

— BRT+BR—
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Signal (rtete™)

A

o

400

by

#oh
oy
fk

100F

o~

dlas5 0.46 0.47 0.48 0.49 0.5 0.51

iSveueusvanios susnens
0.52 0.
M(r*e*e’), GeV/c?

m(n et e”) [GeV/c?]

53

KT — 71717 : recent results on K= — wipﬁru*

K* — mFete™ : NA48/2 results [PLB 677,246 (2009)]
Normalization channel (7ri7r0D)

:E,msé ~
i ;"f‘.’z !

!
/G
: i

103%
10? K,ap ’\r() Kamp
L.

L I
0.42 0.44 0.46 0.48 0.5

m(7ri 7)) [GeV/c?]

> 7253 K* — nFete events, with 1.0% background
BR(K* — m¥eTe™) = (3.11 £ 0045 & 0.05y5 & 0.08x £ 0.07moder) - 1077

0.52 0.54 0.5

M(7c*n3), GeV/c

=z

|BR(K* — m¥ete) = (3.1 £0.12) - 10~

‘ First observation of K,

> Acp = (—22 % 154 £ 0.645) - 1072 = ||Acp| < 211072 (90% CL) |

Theoretical predictions: A2} ~ 1075 [JHEP 9808 (1998)4]
ASUSY ~ 1073 [EPIC53(2008)567]

> Measured W(z) agrees with theoretical models

A. Bizzeti

Recent results from NA48
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KT — 71717 : recent results on K= — wipﬁru*

K* — 7~ data sample

Signal (m®ptp™) Normalization channel (7F7 7 7)
@500 @ F
c E c r
Q E [ r
54505 '-'>”°6§ ﬁ
w ) IRRYAY
350~ + 10°; \
3005 F j’r \,‘\
2501 10°F
g | b f ﬁ N
200 4 F . \\
= 1) y974
1002 K Y 102;....""J
50 k * K [ E A
E 3n T L
| A . Pece o | i o0 N P I I I
047 048 049 05 051 052 047 048 049 05 051 052
M(r*p*w), GeV/c M(37t), GeV/c?

» 3120 K* — wFputpu~ event candidates [>4x total world statistics ]

» (3.3+0.7)% background (K* — 7t7t7~ with 7 — uv)
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KT — 71717 : recent results on K= — wipﬁru*

K* — 75"~ NA48/2 results [PLB 697, 107 2011)]

>

BR(K* — 7 put ™) = (9.62 £ 0215 £ 0. 11555 £ 0.07¢y) - 1078

a4 + 4+ _g | Error improved (x 1/3) w.r.t.
‘ BR(K™ — m*ptp~) = (9.624+0.25) - 10 ‘ BNL E865 [PRL84,2580(2000)]

CPV asymmetry: BRT = (9.70 £ 0.26)-10~%; BR~ = (9.49 £ 0.35)-1078

Acp(KZ,,) = BB — (11 £2.3)10 = | [Acp| < 2.9 102 90% CL) |

Factor 4 improvement w.r.t. HyperCP [PRL 88, 111801 (2002)]
Theoretical predictions: A2y ~ 10~* [THEP 9808, 4 (1998)]
ASUSY 1073 [PLB 538, 130 (2002); JHEP 0207, 068 (2002)]

Forward-backward asymmetry in 0, :
(0kn = angle between the kaon and the opposite-sign lepton in the dilepton rest frame)

App = (—2.4 % 1.8) - 102 = | [Ars| <2310 90% CL)
Theoretical predictions: Apg ~ 1073 [PRD 69, 094030 (2004); PRD 67, 074029 (2003)]

Measured W(z) agrees with theoretical models and is consistent with K.,
Search for Lepton Number Violating decays K* — 7 ¥ p*
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K* — 7 [*t]~ form factors

Models tested for W(z) =

»> Linear:

ChPT O(p®): W(z) = Grmi (as + biz) + W™ (2)

dz

KT — 71717 : recent results on K= — wipﬁru*

P(z) - [W(z)]?

W(z) = Gemg fo (146 -2)

>
» ChPT + large-Nc QCD: W(z) = W(W, (3,2)
> “Dubna” ChPT: W(z) = W(M.,M,,z)

Measurements of BR and form factor parameters

i

2
my
mg

[JHEP 8, 4 (1998)]
[PLB 595, 301 (2004)]
[hep-ph/0611175]

Decay K;'“ K,Tee K ,“;L(,(, K,'l' il K ,f,, “
Experiment BNL E777 BNL E865 CERN NA48/2 BNL E865 CERN NA48/2
Reference PRL68,278 PRL83,4482 PLB677,246 PRL84,2580 PLB697,107
Year (1992) (1999) (2009) (2000) (2011)

Nr. of events ~ 500 10300 7253 430 3120
BR - 10° 27.5+£2.6 294+1.5 31.1£1.2 9.22+£0.77 9.62 £0.25
[fo 0.533 +0.012 0.531 +£0.016 0.470 4 0.040
b 1.31 +0.48 2.14 £ 0.20 2.324+0.18 2.45%430 3.1140.57
ay —0.587 £ 0.010 —0.578 £0.016 —0.575 £ 0.039
by —0.655 +0.044  —0.779 £ 0.066 —0.813 £ 0.145
w 0.045 £ 0.003 0.057 £ 0.007 0.064 +0.014
B 2.8+£0.1 3.45+0.30 3.77£0.62
M, [GeV/c?] 0.974 + 0.035 0.993 4+ 0.085
M, [GeV/c?] 0.716 + 0.014 0.721 + 0.028
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KT — 71717 : recent results on K= — wipﬁru*

Search for K* — 77 u*u* decays
> Lepton Number Violating (|AL| = 2) decays

» Look for “wrong-sign” events in 7/ data

K* — ntptpu~ FCNC candidates K+ — 7Fp*p™ LNV candidates

[2]
- 6
210
O

>
w

10°

10°

'
T

- LKy, |
L 10.1\”\”\\\”\\”\” i IV | PR
04 042 044 046 048 05 052 054

K

i [T T g

T R B h
042 044 046 048 05 052 054 £
M(r*u*w), GeV/c’ M(mup), GeV/c'

Ngata = 52

+ E— 10-9
N Z 5264 1980y | = | BR(K* — n¥ ) < 1.1-107° (90%CL) |

factor 3 improvement w.r.t. E865 [PRL 85, 2877 (2000) ]
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Conclusions

Conclusions

A. Bizzeti Recent results from NA48 Newport News, 06-08-2012 54/54



Conclusions

Summary

» KT = rretv [PLB, in the press (2012)]

> 1.1M K,4(+-) and 45 000 K,4(00) events analized

» Precise determination of 77 scattering lengths from K4 and K3,
in excellent agreement with ChPT prediction

» New improved measurements of K,4 BR and form factors

» Future studies on K4 decays, very little known

» KTt — ntyy [preliminary]
» ~ 300 events from NA48/2 + NA62
» Preliminary results on M., spectrum, BR and ChPT parameter ¢

» KT+ — Fiﬂ()’y(*) [preliminary]
» First observation of K= — 7Fnlete™

» KT =ty [PLB 697, 107 (2011)]
» Four times larger sample than existing world statistics
» Unprecedented precision achieved on BR and form factor
» Improved limits on: CPV and FB asymmetries, LNV decay
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