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* NA48/2 experiment @ CERN SPS

o Study of the K*—n*n'y decay
(CERN-PH-EP/2010-006 arXiv:1004.0494v1 [hep-ex])

— Measurement of DE and INT term fractions
— Measurement of DE assuming INT=0
— Limit on CPV parameters (Ay, Ay)

* Measurement of the K*—n*yy (preliminary)

* Measurement of the K*—n*e*ey
(Phys. Lett. B659 (2008), 493)

 Conclusions
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The NA48/NA62 experiment EE——
p 1998 g'fe run K +Kg
A fixed target
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NA48/2 simultaneous K* beam 8

NA48-2 beams: simultaneous K*/K-, focused, high momentum, narrow band

designed to precisely measure K* — wtrnn® (n° n° n) Dalitz-plot density to search for direct CPV
and tuned for K_, measurement.
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NA48 detector Vi@,

> Magnetic spectrometer (4 DCHs)

e 4 views : redundancy = high efficiency; The NA48 Detector
Hadron calorimeter —
> Hodoscope “"
. Liquid
o fast trigger; e (1
e precise time measurement Fe
Hodoscope —— =
(o, =150 ps) .

> Liquid Krypton EM calorimeter (LKr)
e Quasi-homogeneous ionization chamber

e 27/ electromagnetic radiation lengths long
active volume

Segmented transversally 13248 cells, 2x2 cm2
Energy resolution (E in GeV):

Magnet

10 m

Cambridge, CERN, Chicago, Dubna, Edimburgh,
Ferrara, Firenze, Mainz, Northwestern, Perugia, Pisa,

Saclay, Siegen, Torino, Vienna
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The NA48/NAG2 experiment

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

Vacuum beam pipe:
non-decayed kaons

‘Resolution — Drift chamber 1

10%0.9 MeV/c2 -  Kevlar window
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NA48/2 Data taking I\}s@
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s Unprecedented statistics in many channels
s Two years of data taking (2003 and 2004) .
s Main purpose was to measure direct CP violation in

charged kaon decays, through asymmetry in Dalitz plot -
distribution

s New limits on CP violation in charged kaon decays ol
A= (-1.5+2.1) x 10 A= (1.8+1.8)x 10*
NA48 Kaon Physics

Kaon Radiative Decays
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K* - nt* 'y rare decay

arxXiv:1004.0494 and CERN-PH-EP-2010-006

NA48 Kaon Physics Rare Kaon Decay K*— n*n0y C. Biino—- BEACH 2010



Theoretical framework and motivation

: : Pr - PH(P:- Pr
K" Lorentz invariant 1}/2 — (P "f')( il ’f)
(mymy )2
DE can occur via electric and magnetic
IB : =
Differential rate dipole transitions Xgand X,,
oI _ Ol [1+ 2cos(xp+ O —s2)ymms | X [W?2+mm: (| X_ | +| X |2‘)W4]
6W 5W 1 (0] T K E T K E M
\ ) \o J g J
- T '
IB INT DE
Inner Bremsstrahlung(1B) . BR =(2.75%0.15)-10* PDG (55<T",<90 MeV)
Direct Emission (DE) : BR=(4.3£0.7)-10% PDG (565<T",<90 MeV)
Interference (INT) . not yet measured
v g IB | |. 30xINT
Very 0:06 001 | 004 -
different o ooz | 002 |
distributions! 00.71 02 03 04 05 06 07 om0 || ol 03 03 04 05 06 07 05 09| OoTor os o1 05 0e ol o 09
W(IB) W(DE) W(NT)
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Event reconstruction and signal region I\RFB

e NA48/2 measurement of K* — a* n® y decay

i ) . T* . kinetic energy of the Pion in the kaon cms
e Fit performed with both polynomial

and likelihood techniques

103 » Data

BEMC(nnr
W MC(r'n"y)
MC(Total)

l

e Simultaneous K* and K- beams:
possibility to study CP violating
effects

10

Events/0.0005 (GeV/c™)

e Background contribution <1% wrt DE,

mainly from K* — %0 10®
e Larger T, region in the low energy 10

part (0 <T*_ <80 MeV)

wrt previous experiments 1

044 045 0456 047 048 049 05 031 %52
Reconstructed kaon mass (GeV/c™)

e W resolution better than 1x10-2

e Order %o y mistagging prob. for IB, DE and INT
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Event reconstruction and signal region

e NA48/2 measurement of K* — a* a y decay

e High statistics:

Events/0.05

e more than 1 M reconstructed events
(the full number is used for the CPV
measurements)

e after a cut on W [0.2, 0.9] and on
E, > 5GeV), still 600 k events left
in the region My + 10 MeV for the
measurement of DE and INT fraction
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Fitting techniques and fit results
Extended Maximum Likelihood Fit

(main method) 3 sl e
e An algorithm assigns weights to MC 2ot e
W distributions of the 3 components to = f
reproduce data Rl S Y I
Data(i) = (1—a — ) I1B(i) + a - DE(i) + B INT (i) T 1 |
i - | —_— 1
u 3
e This algorithm relies on the very different o b e o __+ S
W distributions )
400 [
30xINT| | 00 F
03 03 04 05 06 07 08 09
“F
""""" Systematics | DE x 102 | INT x 102
Acceptance <0.10 <0.15
Final result ( 2003+2004 data): Lltrigger | 0.01 003
L2 trigger -- 0.30
Frac(DE) 1 o-s0ymev = BR(DE) / BR(IB) = (3.32 + 0.154,,+ 0.14,)*10% | 'Energyscale | 0.09 0.21
Total 0.14 0.39

Frac(INT)1uno.80mev = BRINT) / BR(IB) = (-2.35 # 0.35;, + 0.39()*102

Rare Kaon Decay K-
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Fitting techniques and fit results

Polynomial Fit Ei 24 | X/ncf 66.3 / 67
(used as cross-check) = b "0-21 £0.04
"“‘:E c 1.004 £0.004
e Assumes same acceptance as a = 2f
function of W for IB, DE and INT ol !
e The ratio W(Data)/W(MC,g) is 6 b f=c(1+aW +bw
fitted :
with polynomial function: 14
F=c-(1+aW2+bW4 s
L E |

R B S VR R YL Y T
W
Final result ( 2003+2004 data): (cross-check)
Frac(DE) 1 0s0mev = BR(DE) / BR(IB) = (3.19 + 0.16,,,)*10*
Frac(INT) uz0.80mev = BRUNT) / BR(IB) = (-2.21 + 0.41;,,)*102

Rare Kaon Decay K- C. Biino - BEACH 2010



Fitresuts ________\¥G

Final result ( 2003+2004 ). extended ML fit
FraC(DE)T*n(O_go)MeV = BR(DE) / BR(IB) = (3.32 £ 0.15_; + 0.14Sys)*10'2

Frac(INT)T*n(o_go)MeV = BR(INT) /BR(IB) = (-2.35 £ 0.35,,; * 0.3933,8)*10'2
Final result ( 2003+2004 ): polynomial fit NT has eve be:an
e
Frac(DE)to.s0mev = BR(DE) / BR(IB) = (3.19 + 0.16;,,)*102 ‘obsef\'ed befor
Frac(INT)10.80mev = BR(INT) / BR(IB) = (-2.21 * 0.414,,)*10
Kion* nly —first extraction of X X,, |
Under the following approximations: B
¢ =0 and cos(8,2-6,2) = cos(6.5°) ~ 1 T
Xg and X, can be extracted using the formulae: 003 [
~ Frac(INT) :
© 2-(0.105-mZm?) b
XM _ \/FraC(DE)—m“Km; | XE |2 22710—2 004 5026 0028 003 0032 0034 0036 Dfigicsf
2.27-107° -mym; Magnetic and electric components
WZW reducible anomaly Xg=(-24 + 45 * 44,5) GeVH
prediction for X,, ~ 270 Gev* Xy = (254 + 11, + 11, )GeV*

C. Biino—- BEACH 2010



Fitto daawith INT=0____________\¥G

In order to compare the NA48/2
results with those from previous
measurements, the ML fit of the
selected sample has been redone
setting the interference term to

zero, and the result for DE |

1500

x>=51.0

Fit residuals

1000

extrapolated to <00
55 <T <90 MeV. _
In the figure you can see the ML 0 T =

fit residuals. - +~ #_Jr

=300 |

The %2 demonstrates that the data +

distribution cannot be properly I S W
described without an interference

term and that the DE-only fit is not

appropriate for this data.
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Comparison with previous experiments '\]sﬁ%

The BR(DE) assuming INT=0 (T_*= 55-90) MeV
using polynomial fit technique

Measured in 0<T~ <80 MeV extrap. to 55<T" <90 MeV using MC. BR(IB)g5 4,=2.61- 104
9

- RECENT RESULTS FOR BR(DE)

8 r

(55-90)MeV

BR(DE)x 10°

e BR(DE) T*r(55-90)MeV —

(2.3240.05,+0.077,,)-10° o}

7 | = Not Included in PDG avg
- * Included in PDG avg

PDGO8 Average

—_— . -6
e PDG08,,,=(43+£0.7)-10° |
. _ ! //
Remember that the bad x? probab. i "
of the polynomial fit: indicates that * F e B470  E470  |ISTRA™ NA48/2
INT=0 is a wrong assumption T
1 2000 2002 2004 2006 2008 2010

Year
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CP violation asymmetry in K*and K- |N8

Since the decay of K*—>n*r with direct photon emission is not
suppressed by | = 1/2 rule, it has always been considered a good channel

to search for CP violation charge rate asymmetry:
H.Y. Cheng, Phys Rev D 49, 3771 (1994);

o Asvmmetrv in the total rate : G. Colangelo, G. Isidori, J. Portoles,
; Phys Lett B 470, 134 (1999)
Ay=(N,-RN)/(N,+RN) = %“‘“3 | FE
=(0.0+£10,,+ O.6Sys) x 1073 goeer
Where R = Ny (K*)/Nyear(K) = 1.7998(4) from oo |

K* > n* 1% n° decay used as normalization. s
Ayl < 1.5 %107 @ 90% CL ol fhﬁ%ﬁ |
First limit on sin® = -0.01 £ 0.43 ; o || 1
Isin @|< 0.56 @ 90% CL :_
N* =695k K*

« Asymmetry in the Dalitz plot: o0 f N- = 386k K-
dr= /dW= dI= o/dW (1 + (a = €)W2 + b W4)

Ay =e Iyt lig= (0.6 + 1.0y,) x 107

-0.04 I

W
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K* - ntyy rare decays
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K*— mtyy Decay: Theory A

‘*(oa

In the Chiral Perturbation Theory framework the differential rate of
the K*(p) — m*(p5) v(q,) v(q,) process (no O(p?) contribution) is:

9°T MK+ g 5 1 2 2 9 2
A+ BP+(OP)+ (1 = A (L)) H(BE +1DP)

dydz — (8m)3
9 2
= p- (g1 —q2) y (1 +q2) _ My relevant only @ low m,
*m.%{i m%{:l: m%{:l:

= The leading contribution at ¢(p?) is given by A(z, ¢) (loops)
which is responsible for a cusp atm = m,,

= C (WZW) corresponds to ~10% of A at O(p*)

=B, D=0at O(p*

[Ecker, Pich, de Rafael, Nucl. Phys. B303 (1988), 665]
= (9(p°) unitarity corrections can increase the BR by 30+40%

[ D Ambrosio, Portoles, Nucl. Phys. B386 (1996), 403]

Rare Kaon Decays Kt— it C. Biino—- BEACH 2010



K*— n* vy Decay: Theory '\}Sﬁ%

g - A
g B C=-23 o
I 1 cusp-like behaviour
5 “F - at 2 threshold
/E 51— —
ty m, spectrum
T N e A= /NI NTERY 'AOY
= Eom B om o

BR(K* -> t*yy) = (5.26 + 1.64- c+032 ¢2 +0.49)-107>4-10"/

||||||||||||||||||||||||||||||||
l \ | | | | |
[ R
;

unltarlty corrections

15

Both decay spectrum and rate
strongly depend on the single ¢
parameter (€(p))

107 x Br(K'—>n"vy)

C. Biino—- BEACH 2010
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K*— 7t vy Decay: Result I\Fﬁ%

® Data

i =493.744.3 MeVIC? | | Over-=vr | o 1164 events found in 20% of NA48/2 data

140:_X2/ndf:252/21 ................. ..... - %_ ..... -T_-l- ............ ................... Fonen (~40 times preViOUS World Sample)

420 —oremenins ................. .................... .......... l_ ......... .................... ..................

- _____________________ _____________________ .....................  Main background: K*—m*r% (3.3%)
oo S — ph——  Main systematics from trigger efficiency
| A U S T determination

20

---------------- 5 » Data shape (m, ) follows ChPT description
0475 048 0485 o.49mo.495 05 0505 051 (MC ¢ (p6) and ¢=2 shown for qualitative

m.-... [GeVic?1

TYY = paa comparison)
................................................. TR T T

100

-

gl  Our model dependent BR determination is :
Flrstobservation | . ' ..................
of thecuspat %

50_‘21rthl’eShO|d ..... ...... o :
M assuming ¢(p®) and ¢=2

80

IIIIIII]II

T o  Overtaken the previous result from E787
ek with 31 events candidates:
CP o Teevic BR(K*—n* 7 yv) = (1.10£0.32)-10°
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K*f— nt* e*e y rare decays
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K*— 7w+ e*e y Decay Results

\X&

. d
O(p°) ChPT prediction BR(n* e*e"y) = (0.9+1.6)-10°  yever observe
[Gabbiani, PRL D59, 094022] before‘.
N:100 . e Data
. S B K'— n*ndng
*120 events candidates S g0 Kot
» Background from K* — n*nfpy o e
0 g I
(0.1%) - Eo !
* BR computed in bins of m,,,
. 20
* N0 assumption on M, (model : t )
Independent measurement) ba 045 05 085
. Cllt on mee > 260 MeV/C2 Invariant t*e*ey mass [GeV/c]
v o 20 * Data
% -K:—> rc:n%er _
=15} | ko
N -K:ﬁn*ngDT[%
K-
BR(K* — n*efe y) = g 10 Cur H—H'u
_ w
(1.19 i O.lzstat i O.O4Syst)' 10 8 _‘+H H +++
+ 1
02 0.25 03 035

Invariant e'ey mass [GeVIc2]
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K*— 7w+ e*e y shape analysis Nxﬁfg
« Assuming ChPT 0(p?), the ¢ value is
¢=(0.90£0.45) y2/ndf=8.1/17; prob=96.4%

. . . [Gabbiani, Phys. Rev. Lett. D59 (1999), 094022]
extracted from m,,, distribution

(1.2 o away from BNL E787 value in K* — 7*yy : € =1.8 % 0.6) jpyys. Lett. Bo59 (2008), 493]

« From this, the model dependent ChPT BRI is:

1.5

BR(K* —» n*e*e y) =
(1.29 +£0.13,,, + 0.03;)-10°8
[Batley et al. Phys.Lett.B659:493, 2008]

=

A Br/ (5 MeVic?) x10°

=
o

-

e
-
- -

-
P

|

| | 1 1 | | L | 1 |
0.25 0.3 0.35
Invariant e’e y mass [GeV/c’]
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N\ N

0 0 8J
NA48-2 exp: K*— atnly
@ First measurement of DE and INT fraction for K*—n*n% decay
Incompatibility of data with INT=0 hypothesis has been established

@
@ Non vanishing interference has been observed for the first time
@

Magnetic and electric part of DE have been separated:
@ Xg =-24+4,+4 GeV*
@ Xy = 254+6,+6,,, GeV+

® CPV parameter Ay <1.5¢1072 in both rates and Dalitz plot

NA48-2 exp: KE—- mafyy
@ First possibility for shape study
@ Preliminary BR measurement at ¢O(p®) and ¢ = 2:
BR(K® —7#ndyy) = (1.07 + 0.04, + 0.08,,,)-10°
@ Model independent measurement and ¢ extraction in preparation

NA48-2 exp: K*f— wtefe y

@ First observation and measurement of BR and shape
BR(K*—mn*e*e"y) = (1.19 £ 0.12,,, + 0.04,)-10°
¢=(0.90+0.45)

NA48 - Kaon Physics Conclusions on Radiative Kaon decays C. Biino — Miami08






o0 |- distribution o J—ﬁ
; IB Ilﬁ i H

we - PeE)RCE) ™

2 'IIJ'J_— . .
(meﬂ') L
s
PO IR Y T IR IPIP (NP YR PP PO e g y 0'..“[ .........................................
0 01 02 03 04 05 06 07 08 09 1 0 0102 03 04 05 06 07 08 09 1

Wrec Wrec

Reconstructed IB events using a y from the =° look like DE!!!
Mistagging lead to overestimated DE

NA48/2 mistag |
Mistag(IB) =(0.52+0.06)-103
Mistag(DE) =(0.48+0.23)-10 e it
Mistag(INT)=(0.49+0.24)-103 W“l e 1 *HH{‘ |
g L LA R————
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Previousresulis _____________\¥G

DE+err |stat

RESULTS FOR BR(DE) 55 ooy

BR(DE)x 10°
[R>]
[ye)
hn

e lmer [amsoe wx
E470 | (3.8+1)10% | 10K
e | | LSTRA™) (3.7 £ 4)-10¢ 1 930
N " |roe 08 | @3:07y10¢ | 2/

1975 1980 1985 1990 1995 2000 2005

Year

Assumption INT=0 in all the DE measurement (55-90)MeV
No Interference and no CPV observed
* INT(E787) =(-0.4 + 1.6)% T*_(55-90) MeV
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(|1997 €/€ un K +Kg

The NA48/NA62 experiment
1999 E/Emun b
CERN Accelerators NA48< Kis Kg i
(not t?“scale) 2000 K, only | Kg High
NO Soeclromlolm:rm“y
4 2001 EK:‘ "‘(’: ,:':,i

NA48/1{ 2002 Kg High Intensity

NA48/2

ALICE "

NAG62 phase |
Dedicated 2007 run to
measure:

B F(Ki — eive)
UK - pvy)

R

LHC: Large Hadron Collider
SPS: Super Proton Synchrotron
AD: Antiproton Decelerator '
ISOLDE: Isotope Separator OnLine DEvice Gran Sasso (I)

PSB: Proton Synchrotron Booster 730 km

PS: Proton Synchrotron

LINAC: LINear ACcelerator ’

LEIR: Low Energy Ion Ring Rudelf LEY, P§ Division, CIRN, 02.09.96 NA62 I)ha Se II
CNGS: Cern Neutrinos to Gran Sasso TSN0 ol sdupiol vy Sakioty Dl Ry KLY DN

in collaboracion with B. Desforges, SL Div., asd
D, Mangluski, P$ Div, CHRN, 23,0501

measurement of the decay

K™ > vy
(2008-2010 R&D

& construction
2011 start of data taking)
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