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K-> uvy decay: introduction

-
e Motivation

e Differential decay rate
* F,and F, theoretical predictions
e Experiments
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K-> uvy decay: motivation

F

photon emitted from ‘ Probing electroweak
the vertex (SD or DE) structure of kaon

<

Testing predictions
of ChPT, LFQM, ...
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3 main terms:
IB — dominant

SD+, INTx - most
interesting (— F,, F,)

10.06.2009

Kinematical
variables:
X=2*E, (cm)/M,
y=2*E (cm)/M,

K—->uvy theory: differential decay rate
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ChPT O(p?)

K—>uvy theory: formfactors

o F,+F,=0.137
e F,-F,=0.055

e F,+F,=0.116
e F,-F,=0.048

* F,+F,=0.142
* F,-F,=0.070
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K—>uvy : main experimental results

|

Barmin et al 1988 P,<231.5MeV/c BR(IB)

Demidov et al 1990 P,<231.5MeV/c BR(IB)

Akiba et al E104 (KEK) 1985 214.5< Pu < 231.5 BR(IB)
MeV/c

Adler et al E787 (BNL) 2000 Pu > 218.4 MeV/c |FV + FA|,
E, > 90 MeV BR(SD+)

Formfactors:

E787(BNL) Phys.Rev.Lett.85(2000)2256 (K—pvy)

|Fy+FA|=0.165 + 0.013; -0.04<F,-F,<0.24

E865(BNL) Phys.Rev.Lett.89(2002)061803 (K—eve*e , Kopvete)
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ISTRA+ setup -

e
__ﬂ_)_lf“___ﬂ_)__f"__J____J'_" ______ e f:__________ﬁ':____ﬁ___t":_ﬁf

p~—25GeV; Ap/p ~ 1.5%; K=~ 3%; I ~3-10°/1.9 sec
Ty=S1-52-53-54-C0-C1-C2-5s5
(prescaled by a factor of ~10)

T,=T,  (3SP1 > MIP)

10.06.2009 V.Duk, INR RAS, Moscow KAONO9 8



ISTRA+: frommT > evy toK—> puvy

Study of m—> e vy decay: measuring F,, y=F,/F,, F;

High statistics study of the decays K~ — e~ (u— )vn?
Ke3: Phys. Lett. B589(2004)111 ; K,,3: Phys. Lett. B581(2004)31

e Measurement of the Dalitz plot slopes for K~ — 7~ w”x"

Phys. Lett. B567(2003)159 .

e Search for light pseudoscalar sgoldstinoin K~ — 7~ 7' P
Phys.Lett. B602(2004)149-156.

e Precise measurement of Br for K~ — evn” Preliminary results
e Observation of the decay K~ — pu vnly

e High statistics study of the decay K~ — e vnl~

Study of K-> pvy decay: measuring F,-F,

ISTRA+ ‘ OKA (see talk by Victor Kurshetsov)
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Event selection: strategy

i/ a
Track requirements

Photon requirements
Vertex requirements
Particle ID
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Event selection: track requirements

e Exactly one beam track in each projection

e Exactly one secondary track in each projection

e Secondary track is negatively charged

e track quality > 102 for each projection of beam track

e track quality > 0.1 for each projection of secondary track

 Angle between beam and
secondary track > 2mrad

cut
(suppression of undecayed particles)

IlHlHI\ TTTT III\‘IHI‘\IHlI\I\‘\IHl

| | | | | | ‘ | | |
0 0.002 e 0.004 0.006
Ku rad




Event selection: photon requirements

-
* No photons in SP2 guard calorimeter

* No photons in GS
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Event selection: vertex requirements

-3<x<3cm
-2<y<6cm

400<z< 1600 cm
(decay volume: 300-1200cm, SP2 guard
calorimeter: z=1650cm)

Vertex fit probability > 0.01 ™

cut

I Y L 1T 1 [ 1 | | 1
0 0.25 0.5 0.75 1




1
Event selection: particle ID

 Photon: shower in ECAL
not associated with any track

x 102
4500
4000
Muon
3500
3000
2500
Cut value
2000
Pion
1500
¢ uon:
[ ] 1000
500
0 | 1 I
° 0 200 400 600 800 1000
1) ADC sum in HCAL < 200

2) relative energy deposition in

last 3 layers of HCAL > 0.05\ =

OOOOO
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Spectrum tuning: strategy

e Trigger efficiency for photon
e Muon momentum kinematical calibration
* Photon energy kinematical calibration



Data structure:
T, trigger: ~10%

Trigger efficiency:
E=TS T, /T,

Data with T, are
weighted by 1/¢

10.06.2009

Trigger efficiency € for photon

[ J0000
Entries J14812

1;;;%@@:
K.

0N ]
0.897

0 10 19 20
Energy deposition in ECAL, GeV

V.Duk, INR RAS, Moscow KAONO9

16




Kinematical calibration

 General idea: use of 2-body kinematics

* P, tuning: peaks in Ku2 and Kn2 must
correspond to table values

* E, tuning: a peakin E 4 for Kn2 selection must
correspond to table value



Background rejection

i
e Main backgrounds

* Primary cuts
e Kinematical variables and signhal observation
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Background rejection

3
 Main background:

* K> pvn® (Ku3)
with 1 gamma lost (from n®->yy)
e K-> nmP (Km2)

with 1 gamma lost (from m°>yy) and 1t
misidentification
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Background rejection: primary cuts

e Missing momentum in ECAL plane: central hole
region is dominated by K7t2 and exclude

e Y-distance between muon and photon i ECAL plane:
-20<dy <50 cm T E—




Background rejection: kinematical variables

e Sighal observation:
M(u v y)=¥(P +P +P )> where
P=P¢P,P,; E=IP,|
M(pvy) peaks at M, =0.494 GeV for signal
Background rejection procedure: scanning
over (x,y) Dalits-plot and looking for a peak in M(pLvy)



Background rejection: Dalits-plot plot signal

Our strategy:
Focusing on INT- region

10.06.2009
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Background rejection: (x,y) Dalits plot
| 4

Signal (MC) X1 K2 (MC)

08
04 - 04 =

02 - 02 -

2
o

Previous experiments: looking for signal near v kinematical border

ISTRA+: looking for signal near E,, kinematical border
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Signal extraction: strategy

i/ a
e X-stripes and distribution over y in x-stripes

e Cutonyin x-stripes
e M(Mvy)in xy-stripes
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Signal extraction: X-stripes,
distribution overy, cutony
(x,y) dalits-plot is divided into with
width (x-stripes)
A cut on vy is put in each stripe (xy-stripe)

Ratio R=S/1/(S+B) (S — number of INT- events,
B — IB+background) is used for putting cut ony
within a particular stripe

Maximum of R corresponds to minimal error



Y in x-stripe

__ Entries ;ggﬁg
[ s, 1450
- I
| black — exp
[ green —ib
i blue — Kud
400 |red — Kn2
200 -
O _I L1 1 l_rLI_. L |n| ﬂ{gl‘l-
¢ Of25/ 0.5 0.75 1
y
| /4

Qmits for R calculaticD
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Signal extraction: X-stripes,
distribution overy, cutony

Ratio R in x-stripe

0.5
R

0.4
0.5
0.2

/sqri(ib—int+Kmu3+Kpi2}

0.1

e

0.6 0.7 fs 0.9 1

Z

Qutting upper cut onD
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Signal extraction: fitting M( v y) in xy-stripes

1.2
X L
~44000 events extracted L
0.8 —
—r . i Xy-stripe .
fitting M(lL v y) in i y /p -Sltrlpe
xy-stripe o /
400 | Ertion %0
350 £ -
Signal and 00 ¢ rﬁ
background 0 ¢
200 —
shapes taken o Felun \ I |
C 0.2 0.4 0.6 0.8 1 1.2
from MC 100 Y
50 |
O T || | L1 | | L1 1 ‘ | (| it
0.2 0.3 0.4 C.h 0.6 0.7
M(u vy), GeV
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Spectrum fitting

i 2750 7 B = N(IB) is taken from MC
F1 D.2A4FE-01 £+ D.2227E-03 . .
P2 D.1179 + 0.3358E-D1 = Negative sign of INT- clearly

= | seen
I = ~2% effect of INT-

Nmeasured/ I\IIB

ea1s |- @iminary resD

oot | fitting function:
| p2*[ (f(1B) - p2*f(INT-, F,-F,=1) ]/f(1B)

F, - F,=0.12+0.03+0.03

s -
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F,-F,: comparison with theory

i =

F, - F,=0.12+0.03(stat)+0.03(syst)

ChPT O(p?) ChPT O(p®) @

F,-F,=0.055 F,-F,=0.048 F, -F,=0.070
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ISTRA+ kinematical region:
complementary with previous experiments

E787(BNL)

0.6 -

uuuuu
uuuuu
uuuuuu
uuuuuu
uuuuuu
nnnnnn
uuuuuu

DDDDD
nnnnnn

uuuuuuu
nnnnn

0.4 =

0.2 —
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ISTRA+ result:

complementary with previous experiments

i

Barmin et al 1988
Demidov et al 1990
Akiba et al E104 (KEK) 1985

Adler et al E787 (BNL) 2000

Akimenko et al ISTRA+ 2009

P, <2315 MeV/c
P, <2315 MeV/c

214.5<P, <2315
MeV/c

P,>218.4 MeV/c
EY > 90 MeV

Ev < 148 MeV
(x<0.6)

BR(IB)
BR(IB)
BR(IB)

|Fy + Fal

statistics

~15 times IaD
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conclusion

e The K- nvydecay is observed at ISTRA+
setup in a new kinematical region

* The event number observed is 44K (the largest
statistics in the world)

e First measurement of INT- term gives
F,-F,=0.12+0.03(stat)+0.03(syst)

 The sign of INT- is negative
 The results are preliminary
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To KAONOQO9 organizers and participants

THANK YOU!!!



