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General view of the OKA setup

Beam Energy

Live Kaons, 10°

K2pi, 10°

Ke3, 10°

ST, DT chambers, Matrix Hodoscope, ECAL

Nov2010
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Nov2012
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T QAL

Decay volume Veto System

Apr2013
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42

Total
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134
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| KomevKe) decy selection -7

x 103 10° mpi0
-E A/ ndD.254AE+D5 25 [ Entries 4313211
gq.soc: — E; .737§|;Egg 100_— Mean 0.1349
S i | P3 ©.6190E -0 L RMS 0.00891 .
P4 ~0:3708 +08 C & 1 ch. track 6>2mrad point to em-
BER I= B =alnl % shower in ECAL: (r<3cm)
3000 | B .8 <E/P<1.2
2500 H o & 2 extrashowers (n >3);
2600 I 0.11 <Myy<0.16 GeV
40— — - -
1500 H L & angle between pyandp,+ p, o>2mrad
1000 ol & 2C -constrained fit y>< 20
500 H r
[+]
Lol 0.z 0.4 0.6 0.8 1 1.2 1.4
Bl . 0115 012 0125 013 0135 014 0145 015 0155 016
0.8 <E/P<1.2 0.11 <Myy<0.16 GeV
10°
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60—
a0
20—
0 C | | ‘ | ‘ | | | | | I
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miss

- = . = M2 = - 2
o - angle between py and p,+p, o>2 mrad mis (pK pen)

~3.15 M Ke3 events selected for the further analysis, background ~0.5%
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M = CEJ 5, ) (144°) 2 fs+ 2L 00 sppf —[f1 (pr+Dm)at f— (Pr—Px) o]y [0 (21)
here ﬁ[f—l— ’ (pK' +pw)1—1 + f-- {pK _pﬂ']ﬂ:] =< |S'Ta¢(]- - TE)“|K+

Dalitz-plot density:
p(Ex.E)) ~A-|V|>+ B-Re(V*S)+C-|[S|?
mﬂ
V= fot (mi/midfe i S = fo+ (mu/2mi) S+ (1+ fob = 22— Ex ) gy
A=mg(2EE, —mgAE;)—m}(E, —1AE.); B=mmg((2E, —AE;); C = m%AE,

max maxT m? m2-|-m
{&E"T:Ew _EW;EW — Kg! 'JT)

Parametrization of t-dependence of the formfactors( fo(t) = f4(t) + ————= f— (1))
'il"!'!.}c-—'!"1‘1.,J1r

Taylor series:
Fo(8) = F1(0)(1 4 A t/m2 + 10 t2/m?) folt) = 1401+ Xot/m3 + FAgt? /m7)

'J‘?l r 2
pole parametrization: f4(t) = —*— = fo(t) = ——

m—t

Dispersive parametrization {PLEIESB{2UUE) 480 PRD 80(2009)034034}
fi(t) = exp(—y (Ay + H(1)); fo(t) = exp(xL—(InC + G(t))
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OKA experiment 3.15M Ke3 events
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Dalitz-plot is subdivided into 100 %100 bins ; p(y, z) obeys a property of quasi-factorization, i.e
p{y! Z} — ZQ:]_’IS Fﬂ(‘h'l‘! ‘}"+: ‘}"D: }Lﬂu fSa fT} ) ch(y: 'z}a-::}

T‘(T’!j] — Za:l,lﬂ F&{‘h+!‘}"+:'}"'ﬂu ‘}"'Da f.’S': fT) ’ W&{z!j) + Bkg{isj}

Therad. cor. V.Cirigliano et al., Bur. Phys. J.C23(2002)121 are taken into account for Ke3
x2=2%,n;ln [% (1 _ m}_lH)] +23(nj +mj +1)In ((1 +55)/ 0+ 555 J) :
n;, r; and m; are data , expected and MC events. For large m; it reduces to
x? =32, 12(r; — ny) +2n; lnn; /ry]

MC statistics is at present 3 x data
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T QAL

The main contribution to systematics is coming from the variation of the cut on -z- coordinate of the vertex and
The cut on the angle a between Px and p,+p, . To study -z- systematics in details, the statistics was subdivided

into three parts in -z- Another test was done using 3 parts of the statistics with different setup configuration.

A, (quadratic fit)
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Systematics in A_:

¢ z-cut 0.3x10°
¢ o-cut 0.2x10°3
& Other 0.12x10°3
& Total 0.38x10°3

N (A)x10° A7 X107 F/f (0)x10? F_/f (0)x102
26.1+0.45+0.38 1.9440.23+0.12
26.140.45+0.38 1.93+0.24+0.12 —~0.44+0.740.24 0.16+2+1.3
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« The A - average slope parameter of the vector formfactor f (t) is measured to be (29.56+0.28) x10~
A" (xPTO(p*))= (31.0£0.6) x10~°

A significant nonlinearity in f (t) is measured A" =(1.94£0.23£0.12)x107
A" (xPTO(p®))= (1.1240.1) x10~
¢ Results of the pole fit f (t)=f,(0)/(1-t/M?) M, =(890£3.7) MeV

PDG M, _,=(890.4+0.26) MeV

Apply Fiertz transformation to LQ diagram —

LQ < {gﬂ*}{f"“} = -

......... - 1 _ 1 _
* L(su) (1) = (500 gu) (702 )
S
\ First term is scalar, second- tensor. It can be shown
¢ u (V.V. Kiselev et al., hep-ph/0204066)
59 _ V7 mic—m? N vz L
f_,.{l']j O 1BG [ Vie| (e — iy )mge ﬂiq ' _.I"_,.{EI) C 320G F |Vus| LLLY S ﬁiq

Then from our estimates for F, F — ALQ>3.5 TeV
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K*u3y was first seen by ISTRA+ and KEK K470 in 2006 and later by BNL E787 in 2010.
For K° was discovered by NA48 in 1998 and later improved by KteV in 2005
There are calculations in yPT O(p4), in particular for the T-odd asymmetry. V. Braguta et al., PR D68(2003)

£ = Py (P X ﬁw)/mﬂi "ﬂ"E . N(£>0)=N(£<0) Ai~3xlO'4 for SM exentions

N({E=0)+N(E<D)

Signal selection Statistics of Nov2012 and Apr2013 is used

& 1 ch. Track identified as muon in GAMS, HCAL and p-counters
& 3 extra showers (n >3); 0.11 <Myy<0.16 GeV

& Missing momentum points to active area of GAMS
& Total energy inE <50 MeV inE, <100 MeV

© 30<E*y<60MeV; M. <0.013 or M2 >0.0225 GeV>

180 [ D 59994
Entries 5302

B Mean 0.45986

160 |- RMS 0.7097E—01
¥/ndf 126.5 /79

- P 577.0

140 - P2 0.4939
P3 2.973

P4 0.8921

K —> 7070 Ku3 Mrpvy (GeV), m =0

= D 788001
Entries 575628

Mean 0.1207E-01
I RMS 0.1039E-01

Kon'n'n® |
background |

)\

e IETEE RED T RS ISR TOE SIS r e S
-0.03 —-0.02 —0.01 0 0.01 0.02 0.03

Mzmis - (pK - th+- pTEO)2

~580 signal events observed (previous experiments ~150)
In the interval 30 <E*y < 60 MeV

Normalisation is done on the events of the Ku3 decay

R=Br(Ku3y, 30 <Ey < 60 MeV)/Br(Ku3) =
(4.8510.2(stat)20.5(syst )) x10™*  R(O(p*)) =4.7x10*
T-odd asymmetry A = (-0.19£0.051+0.09) ~3 x107*

Space asymm. A(cost” )=(0.61+0.05£0.1) ~0.05 7
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Signal selection(Statistics of Nov2012 is used )

10° o7
Triggers: SIXSZXS3XC1)(62X§bkxsu /4; SIXSZXS3XC1X62X§bk /10 3000? 10
2500 '
& 1 ch. Track identified as muon in GAMS, HCAL and p-count. 2000?— 10
1500 —
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1000 10
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Result of the fit by Gauss with MC width and 90% C.L.
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Motivation:

search for WZW-anomaly

Measurement of the I'(K* —Ky), study of the EM-Strong Interaction interference;

6 d(f(K+}f — K+J'r0) 1
« " == r+
R dt 2'r

(st —myp.m?)(t —m?)
(5= ) )

4 sz‘+K+ny*+K+1rn ) A .

X\ T 23
e cu 47°F;
A
Ze
250 p T T T T !
K*N - K*n°N
e K+ N = K+ m° N (anomaly only) :
b K+ N - K+ m® N (no anomaly)
5 I . : A A . N
00 116 ) ) )
14 : : i
> 12
U 150
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Ke] H H
= i 8 H
@ i
2 100 6
o] N
2
50 F o U
0 1

m2K*+ — 85— f\/.;]._\K*+ (.‘1‘) mir*4

haN

WZW-anomaly, no anomaly in K%t"

Vysotsky, Zhemchugov PR D93, 2016
Burtovoy Phys.Atom.Nucl. V76 2013
Rogalyev Phys.Atom.Nucl. V64 2001

6(0.4<s<0.6)=0.64 pb (with anomaly)
0(0.7<s<0.9)=19.5 pb

A=(L-R)/(L+R) ~ 12% or -60% with anomaly

~ -20% without
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Study of the coherent reaction K'A—K'aA -

Selection procedure (main background is K*—n'n’)

_ P_ <160 or P_ >240 (MeV/c); |dE[<1GeV; dE=E, +E .—E,

C.,P, >7GeV - -
+ + _o -
oL P, |K*=n" n°|=205 MeV/c Eg5<40 MeV 1030 <Zvix< —1090 (cm)
cosf.,>-0.7 E <100 MeV :
0.4<|d <2.5 o
| Py Fit of P2_by Coulomb+Strong+Interference
[ 90 £ i 2:ntries 1176
- 3 2 =0 £ ») =0 él/ndf e /'519?21 43.37
o0 E 70 £ P2 4144 + 31.53
80 | 60 F P3 36.82 + 22.72
E so £ pa 5.941 + 1.678
60 :7 40 ; 40 PS5 2846 + B.551
40 |- 30
o b 20 £ Ne, = 169.2 783
: o » Ne = 4145 255
0,750 1100 —7050 1000 © 2@\/ 30 Ap = 36.8° t;g:g“
Zvtx em dE € — o
45 ¢ 80 = AP pegge= 50.4
40 E ) 70 ; - 7 = 0
35 b o 20 A= (=0, |12 = 50.4
0 E H so B
2o ; * 40 é
LTI A
10 EH- + +++ + + 20 %
s H } i 10 E
b L L = aHE 4 _llop
© —‘2 0 ‘2 0 oS 7 s os 1 T 5 Hlu;lul'l_mﬁh
Gev/c? 0 0.01 0.02 0.03 0.0 C.05 006 0.07 008 009 0.1
Pry M(K*7t®) Pf GeV2f62

Using number of events from the fit : Nc=169.2 +43 ; Ns=414.5+ 31 and K* flux =4.88x10° from number of K*—r"n’
6,=34.9+9 ub ; 6,=84.9+6.5 ub ; Ap=(36.8""7_)°. From o, value — FKY = 126+ 32 KeV (PDG 50+ 5 KeV)
Asymmetry A= 1+10%
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Summary

"OKA” collaboration, operating at IHEP Protvino U-70 PS in RF-separated beam has accumulated large
statistics of K™ decays.

¢ First results on Ke3 decay on statistics of 3.15M events are presented: f (t) Taylor series
coefficients A, A" , A" are measured, as well as parameters of the Pole and Dispersive fit.

¢ Limits on NP are presented: Ke3 F_ and F formfactors are constrained, from that a
limit on A, - leptoquark mass scale is derived.

¢ The decay K'u3y is studied on statistics of 580 ev. For the 30 MeV <E<60 MeV region. Br is measured
As well as space and T-odd asymmetry .

@ Search for heavy neutrino in the decay K—p v, is performed, new limits on |UMH|2 are provided.

¢ Coherent process K™ Cu — K" n” Cu is studied at P, =17.7 GeV, xsections for the Coulomb, Strong

and their Interference are determined, I', » is measured, some constraints on WZW anomaly are obtained
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