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Outline

New Measurements of Radiative Kaon Decays

KT > 7T:I:7TO")’:
= First Measurement of IB-DE Interference

= Search for Diret CP Violation

KT — 71':':"}”'}’:

= Precise Measurement of the Decay Rate

K* — ntete ~:

= First Observation and Measurements of BR and Decay Distribution
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The NA48/2 Experiment

= Fixed target experiment in North Area of SPS [ [1907

g/erun K +Kg
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., 5T Int
2000 K only| Ks High
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NO Spectrometer
K
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K +Kg
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NA48/1 2002 Kg High Intensity

2003 Kt High Intensity
NA48/2

= Devoted to charge asymmetry studies in K*—3pi
2004 Kt High Intensity

= Simultaneous K* beams with p_ =60 + 3 GeV/c
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The NA48/2 Detector

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Main detector components: —

Hodoscope

Drift chamber 4
Anti counter 7

m Magnet spectrometer (4 DCHSs):
1% resolution for p=20 GeV/c

m Liquid Krypton EM calorimeter
1.4% energy resolution for Ey = 2GeV/c

Helium tank
Drift chamber 3

Magnet

Drift chamber 2
Anti counter 6

Two main trigger modes:
m Charged. Devoted to K* - TE 11" TT selection:
3 charged tracks
Kevlar window

m Neutral. Devoted to K* - T 1€ T selection: _ \\\
> 2 em clusters in LKr x or y projection "

Beam pipe

Drift chamber 1

Total statistics: ?

Kt o ttrrre: ~4-10°
Kt 5 018 ~1-108 K: beams
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K*— tem’y: Theory

Two sources of y radiation:
Inner Bremsstrahlung (IB) and Direct Emission (DE)

Ts , . %
+ T + ﬂ:+
K K
+
IB ' DE T

_ (Pr - Dy) (PK - Dvy)

Kinematic variable: %% 2
Mz m2
ar+ oIt L ,
oW = e |1+ 2cos(E6 481 —88) 1Xp| Wit mimi (IXel? + [ Xael?) W |
N——om— ~ ~ v ~ - ~
Inner Bremsstrahlung (IB) Interference (INT) Direct Emission (DE)
known from K*— 1e1f Interference of IB two terms (O(p*) ChPT):
and QED and m X 7. magnetic part has two contributions:
electric DE. reducible WZW functional (~ 260 GeV~—*%)
No prediction. + direct (not known)

m X g: no prediction
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K*— tem’y: Theory

or= — E)I‘% 4 1 2 2 4,4 2 2 4
S = e |1+ 2 cos (£0+ 61— 63) [Xel W2 4 mimd, (Xgf + |Xarl?) W]
N e’ b ~~ < ~~ -~

Inner Bremsstrahlung (IB) Interference (INT) Direct Emission (DE)

_ (Pr - D) (PK - Py)

H/ 2
m2 m2
K T

INT

|
01 02 03 04 05 06 07 08 09 OCI.I 02 03 04 05 06 07 08 09

w w
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K*— mry: Experimental Status

Previous Measurements: m 38 T T T
= s BNLE787 -
Br(DE) x10° Stat. = ]
= 25 [ -
>
E787 A7+09 20k T 2 )
E470 38+1.1 10k 2 s L
E L
ISTRA+  3.7+£4.0 930 E
0.5 — 7
Y TR FTTE PR FETEE TR R PR

0.1 0.2 03 04 05 06 0.7 08 0.9
All previous DE measurements: W

m Kinematic range 55 < Ti< 90 MeV

B Assumption INT =0

So far neither INT nor CP violation observed
B E787.INT =(-0.4 £1.6)%
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K*— memy. Data Sample

New NA48/2 Measurement:
W Simultaneous K'/K" beams

—— CPV check possible

W Larger Trredion available
0 < Tr'< 80 MeV

M Background negligible:
< 1% x DE (mainly merer®)

® O(10°) mistagging probability for odd y

Total K*— T¢I’y data sample:

m More than 1 million events

NI{\"'I'

10.44 045 046 047 048 049 05 051 0.52

e Data

B MC(sigtbg)
BMC(z'r'n)
W MC(n 'y

Kaon Mass (GeV)

m For the fit: restrict to 0.2 <W < 0.9 and Ey > 5 GeV

— Still 600k TETCY candidates
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K*— tmmty:  Fit

5 [ 0<Tr <8 MeV |
= Extended Maximum Likelihood Fit o
Correct for acceptances with MC :Z pe
Data(i) = No[(1 — a — ) - IBuc (i) + @ - INTwc (i) + 7 - DEwc(i)] | T | |
i - |
Frac(DE) = ( 3.32+0.15) x 1072 OZ _HTHH{
Frac(INT) = (—2.3540.35) x 10~2 400
a0 HF
Frac(DE) = Tt Frac(INT) = S5 | DT |
w
® Polynomial Fit g ot Looie ol
Fit ratio W (Data)/ W (IBMC) with: 2 }H
F=c-(1+aW?+bW?) — Frac(DE), Frac(INT) F LW }
o |
Frac(DE) = ( 3.19 4+0.16) x 10~2 |
Frac(INT) = (—2.21+0.41) x 10~2 2
! ‘ |++.
o 0
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K*— mty;: Exp. Comparison

Fit with INT = 0 and extrapolation to 55 < T* < 90 MeV:

9
z qi L RECENT RESULTS FOR BR(DE)m_‘,,m\_k_‘V
Z 1500 g . _ 5 ]
L)ata-.\-l(l-.\-‘lC:s[J g i
residuals 2 par [ ) Tadedin B
S or
3500 _‘ ‘ [ PDGOS ,\\CI‘\]:_‘C
5 -
- _}_ | _+__+— 4
0 == : -
I } _%_|_+ 3 b [
-t Ty
= [T E787 E470 E470 ISTRA"
02 05 T0d 05 06 07 08 09 1 3006 0082010
W Year
Br(DE)"\'=0 — (2.32 4 0.054 & 0.084,¢;) X 106
55 <T7’T‘ <90 MeV * * sta * Sys

—> Clear disagreement with INT = 0 hypothesis!
Need to fit with non-vanishing interference term!
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K*— tey.  Final Results

Final NA48/2 results on KT — 7T x%~ fractions:

Frac(DE), 7. csomey = ( 3.32 3+ 0.155 £ 0.145yt) X 1077
Frac(INT)o 7. csomey = (—2.35 £ 0.35515 £ 0.395y51) X 1077

Approximations for extracting Xg and X ,,: p=—0.93

Hp=0

W cos(d7 — 63) = cos6.5° = 1
_ Frac(INT) . \/FraC(DE) — mtmA | Xp[2 - 0.0227

T 2.0.105-mEm2’ M 0.0227 - mbm?

XE

Magnetic and electric components:

Xnr = (2544 1lgp & 11gy5t) GeV ™

WZW reducible anomaly prediction: Xj; =~ 270 GeV—4
—> NA48/2 measurement points to reducible anomaly only
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K*— mr’y. CPV Studies

B Asymmetry in the total rate
r+—r- N

I't+T~  Npytpon,+ RNy,
with R = N+ /Ny— = 1.7998(4) from K+ — 7+ 7070

ety — R Np—ron

AN

AN - (0-0 + 1.0stat + O-Gsyst) X 107° — First limit on sin (bl

|An| < 1.5 x 1073 (90% CL) sing = —0.01 + 0.43
|singp| < 0.56 (90% CL)

B Asymmetry in the Dalitz plot

ar+ dl'g |
= — (1 + )W ? W
AW = e % == (_0-6 :|: 1'0) v 10_3

— No CP asymmetry observed in K* — 770+l
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K*— 1tyW. Theory
Differential K= — TI':E’Y’Y decay rate

0*I mg 1 .
oy~ s 2 (A +BE 4 [CF) + (v - 2A1a2.2)) (B +[DP)|

At O(p4): (Ecker, Pich, de Rafael, Nucl. Phys. B 303 (1988) 665)
W A(z,¢) contains loops and ¢ of O(1).

W C(z) contains poles and tadpoles.
(Gerard, Smith, Trine, Nucl. Phys. B 730 (2005) 1)

At O(p®): Unitarity corrections, could increase Br by 30 — 40%.
(D’Ambrosio, Portolés, Nucl. Phys. B 386 (1996) 403)
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K*— 1tyy. Trigger

Trigger Efficiency

45000

W K+ — 75~y selected through 40000
neutral trigger.

i

;HJ MC

30000

TYTTJTI O T I o T[T OT T I T I T i I I IoT (I Tra] I}
| RLSEA RAR 2N RERGH LAREA LEaR) R LLARE 2L

|
l
M L1: More than 2 e.m. clusters i L
required. s MG K*— wHyy
— = 50% efficiency ity b
5000 o
mL2: RejeCtiOﬂ Of K:I: N ,ﬂ.:I:,ﬂ.O 0 565380 400 420 440 460 480 500. 520 540
. b ti B> Migee= N2MET,  [GeV/c?]
y cutting on L.
— = 80% EffiCiency 500><103 — K== nm=n? MC not comrected

— K== m=n" MC efficiency corrected
(MC scaled to Data)

° K=—rrn’Data |

Statistics too low to measure trigger 400
efficiencies from K+ — 7w%~~.

| 200

Use background events and
correct for different kinematics.

I]]III}I[IIIII]IIII]II

ol

1 |15| T |20| L1 |25| |30| 1l |35| L |40\ 11 |45 “]‘50
E. [GeV]
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famtyy N [(Juckesa=yy

140 S — [ of

80

60

40

ST sl S i ST
0.475 0.48 0.485 0.49 0.495 0.5 0.505 0.51 0.2 I I I I 032 0.34 036
m,,, [GeVic?] m,, [GeVic?]

W 1164 K= — w*~~ candidates in 40% of NA48/2 data.

(About 40 times more than previous world sample!)
W Background: 3.3%, mainly from K* — 7= 7%,
W Systematics: Mainly from trigger efficiency determination.

Assume ChPT O(p®) and é = 2:

(preliminary)

Br(K* — 7599)e—2.0(p6) = (1.07 £ 0.045tat + 0.08gyst) - 106

Model independent measurement and ¢ extraction in preparation.
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K*— 1te*e’y : Branching Fraction

Same as K= — 7=~ with an internal v conversion.

® O(p*): BRand m.., determined by ¢

W O(p®): Unitarity corrections — change in BR by 30 — 40%.
(Gabbiani, Phys. Rev.. Lett. D 59 (1999) 094022)

+ +., - -
dBR(K" 7 yeTe™)/dz BR(K"»nfyeTe™)
F L L S B IR 3.0-10—3_....|....|....l....
1.0.1077 — C
~ -8 [
- 2510
- c=1.8 :
8.010°8 — ~ -
c=0 201078 |
r P
6.01078 — c=-23 8 C
151078 |-
40108 [ _8 k
L 1.0-10
-8 [ s
2.0-1078 | 501079
. - - d -
0 _rw---r—v"‘é"-v—ﬂ—r-"r‘"ru T - | [ R S | 0 L 1 1 L | 1 1 L I | 1 L I I | 1 I I 1
0.0 0.1 0.2 0.3 0.4 0.5 -4 -2 0 2 4
z é

Cristina Morales Rare Kaon Decays from NA48/2 /| K*— 1ie*ey 18



+ + + - . " f
K_)][e ey. Flto Illeey
Model Independent Measurement:
120 K+ — TrieJre_'}f candidates (selection through 3-track-trigger).
Normalization to K= — 7=7%, — r5ete .

Computing BR in bins of mee~.
— No assumption on m..., distribution used!

Br(K= — 75e"e V)m...>260 Mev = (1.19 = 0.12¢a¢ & 0.04gyst) - 1073

N';"1 00 B e Data N'; 20 s Data
> B B K r'nong S K- nndy
® g0l K- 'y o T 1K'—> n'nle’e
E - J K+—) JT+]T.DE+E- E 15 I:l K+% J_I:+e+e,
2 B K= r'e'e < K-
> 60 K> npe'v > mm K - m'nnd
2 + + 2 10
et - et
- 5
H
N + +
L 1 L L L=l el 0 — e 1 Y L 1 L
%_4 0.45 0.5 0.55 . 0.25 0.3 0.35
Invariant r*e*e’y mass [GeWcP] Invariant e*ey mass [GeWc7]
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Conclusions

KT - 7T:t7'l'0"}/:

B More than 1 million reconstructed events with tiny background.

B First observation and measurement of interference between
IB and DE amplitudes.

B Limits of O(1072) on direct CP violation in K= — 7= 7%.

K+ — wt~y~:
B More than 40 x the statistics of previous experiments.
B Preliminary measurement of the branching fraction.

K* — wfete~:
M First observation of the decay with 120 events.

B Measurements of the branching fraction and the eey decay
distribution.
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K*— tmty:  Fit

m Extended Maximum Likelihood Fit

Correct for acceptances with MC
Data(Z) = N()[(l - — /8) . IBmc(Z) + o - INTMc(’l> + 3 : DEMc(Z)]

Frac(DE) ( 3.32+£0.15) x 10~2
Frac(INT) = (—2.3540.35) x 1072

Frac(DE) = 3 Frac(INT) = S

MC(B+DE-INT) E ! N 20 MeV
i 3 i
10°8 i so - 0 < T <80 Me o
£ ~_18-MC-MCy
Data r siduals 3 par
: 600 residuals 3 par
= I ¥=14.3726
4 [
107 400
] . 200 F L |
107 : I
e ; -
= 0 F T _F* =1
0% 200 | - _}_+
400 |
10 |
-600 |
- N I TN P SRR BRI SR B
Lot '8 5 02 03 04 0.5 06 07 08

W

Cristina Morales Rare Kaon Decays from NA48/2 / Backup K*— Tty



K*— tmemy.  Final Results

Systematics: o 00
1 CL(68.3%)
S-D.OIS B C‘Ligf.:‘;g\r
Source DE %102 INT %102 = CL(99.7%)
Acceptance 0.10 0.15 0.02
L1 Trigger 0.01 0.03 o
L2 Trigger — 0.30 0025 ¢
Energy Scale 0.09 0.21 00 |
Total 0.14 0.39
0035 |
0.04 L L L.

N N PR R R, N
0.026 0.028 003 0.032 0.034 0036 0.038 0.04

FRAC(DE)

Final NA48/2 results on K* — 7T x%~ fractions:
Frac(DE)q 1. csomev = ( 3.32 £ 0.15g £ 0.14gy5t) X 1072
Frac(INT)o_ 7« csomey = (—2.35 & 0.355t5; = 0.395y5t) X 1077

Correlation: p = —0.93
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K*— mry. CPV Studies

Decay rate may depend on kaon charge:

+
oW  OW : ot oK

”

W

INT
fp#£0: T(KT — ntrnl%) (K~ — - n%)!
— CP violation!

SM prediction on asymmetry: 2-10-° — 10~ ° for
50 < EZ < 170 MeV.

Possible SUSY contributions can push the asymmetry
up to 10~ * in some W regions.
Two possible measurements:
B Asymmetry in the total rate — need normalization (K3,)

B Asymmetry in the Dalitz plot
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K*— mry. CPV Studies

B Asymmetry in the total rate

For CP asymmetry analysis: Remove cuts on W range and E,Ti”

— 1.08 million events for CPV analysis.

Measurement of rate asymmetry:

rt —r- Noptgoy — R+ Ny o,
AN = f—
'+ 4r- Notngoy + R+ Ny o,
with R = N+ /Ng— = 1.7998(4) from K= — 77079,
L 8

An = (0.0 & 1.0gtat + 0.6gyst) X 1072
|An| < 1.5 x107%  (90% CL)

— First limit on sin ¢:

sing = —0.01 £0.43, |sin¢| < 0.56 (90% CL)

Cristina Morales Rare Kaon Decays from NA48/2 / Backup K*— Tty
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K*— mry. CPV Studies

B Asymmetry in the Dalitz plot

~ 0.08
Fit of asymmetry in W SpeCtrum: 50.06 B lendof =95/18
L e=(-0.6+-1.0)x 1072
= 004 |
drE  dl': e
aw dﬂl? (1 + (a £ 6)[,1;2 + b[,{,,nl) S o | 4 |
‘ % 0+¢+ﬁ+_—+r—_{a+#$ ,‘{IL[F
oof 1]
Single parameter fit to: o
dAw - e W?2 ) 0(;
AW 1 0247TW?2 | 1463 W4 "
—0.08

P Y T B P B P P B
‘ 0 01 02 03 04 05 06 07 08 09

INT

— = (—0.6+1.0) x107°
IB

AWZE

compatible with A .

— No CP asymmetry observed in K* — 7*70~!

!

W
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K*—T1tyy Decays

2
OT _ Mu | 244 BP + 1OP) + (v = 2a1%2)) - (BP + IDP)
Oydz 2973 4
el — @) (1 + @) o
y= Km_QK Z = T Ma,b,c)=a?+ b +c2=2(ab+be+ca), rp = %
4
O(p°) [Nucl.Phys.B303(1988) 665; hep-ph/0508189]

A: -+ Loop diagrams = cusp at 't threshold: m,, =2m,,

v v 1dl
I'dz 57 O(p4)
K m m,K -
K T 4:_ A(=0)

* Tree level counterterms = ¢ parameter 3t
Model dependent. Predicted of O(1) 2r
Y -
C: - Poles and tadpoles |

%01 02 03 04 05 06

z=m2/m?

O(p°) [Nucl.Phys. B386 (1996), 403]

- Unitarity corrections by K*—11t'mt at O(p*) can increase BR by 30- 40% and modify spectrum
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K*—T1t'yWw Decays

Measurement of branching ratio and spectrum determine
model dependent ¢ and whether O(p°) corrections explain observed rate and shape

E787 (Brookhaven) (1997) K*—>T1tyy
selected events: 31 (0.16< z <0.39)

E949 (Brookhaven) (2005) K*—Ttyy
No event observed (z < 0.04)

NA48/2 (CERN) (2008) K*—Tte’e’y
selected events: 120. Full spectrum

¢=1.8+0.6
BR(K:— TEVy) = (1.10 % 0.32) x 10+

BR(K:_ TEVy, z <0.04 ) < 8.3 x 10?

€=0.90+0.45

Cristina Morales Morales
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