| QN
Search for the K.— 3n’decay
with the KLOE detection setup

Michat Silarski on behalf of the KLOE-2 collaboration
Jagiellonian University, Cracow, Poland

¥

1 Search for the K- n'n’n® decay

] Introduction

1 Background studies Monte Carlo calibration
1 Preliminary result

1 Summary & outlook

MESON 2012, Krakow, 31.05 - 05.06 2012




Introduction KE_

> Time evolution of the K°< KO system in the rest frame:

w= (M M)

K® > —H K° > —[M i[‘] |K® > M Mz
at 1K > IK°>/) 2 1\|K° > I,:<F11 F12)
» In the basis of the CP operator:

|K1>=%(|K0>+|F >) (CP=1)
1 __

|K, > = \/—E(|1f(°>—|lf(0 >) (CP=-1)

» The eigenstates of H:

|IKs> (£=0.9-1071%s; ct = 2.68 cm)
K, > (t=5.1-108s; ct=15.5m)

» The main hadronic decay modes:

|Ks > > mtm™ 3 K, >-> nntn~
|Kg >— 2mY (CP=1) |K, > — 3n° (CP=-1)
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Introduction

» But K, and K| are not CP eigenstates:

BR(K, > ntn) =197 -1073
BR(K; > n® %) =8.65-10*

(K. Nakamura et al. (Particle Data Group), J. Phys. G 37, 075021 (2010) )

» CP violation in mixing (AS=2):

1
|Ks > = (|Ky >+ &lK; >)
_V“'fS'Z £, # £, = CPTV
|KL > = WGKZ > + ngKl >)

» CP violation directly in the decay (AS=1):

|K1 >—> 27T, |K2 >— 31
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Introduction KE_

» We can define the following amplitude ratios (assuming the CPT invariance):

(mtrolHIK)
~ (mtrHIKs)

L _°n’lHIK)
=Te Moo = (00 HKgy - “F

!

M, _

» These parameters can be measured using the interference between Kg —» m¥ ™
and K; » n*n~ decay:

1
Npstn- ~ [e75+ Iy et + 2In, | cos(Am -t + @) e 2S00

n._|=(2.232 +£0.011)-103;  ¢,_ = (43.51 % 0.05)°
Mool = (2.221 +0.011)-103;  @gg = (43.52 + 0.05)°

(K. Nakamura et al. (Particle Data Group), J. Phys. G 37, 075021 (2010) )
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Introduction KE_

» For the |Ks; >— 3w decay modes:
_(n°n°m°|H|Ks)

, (mtr~ | H|KS) ,
No0o = (707070 H|K,) & T €000 N0 = A nOH|K,) & T E+-0
> In the lowest order of the xPT: €' gg0 = €' 4_g = —2¢'

me (= |LBREs 23T o s @90% .1
Noool = 12 7BR(K, — 319) o

(F. Ambrosino et al., Phys. Lett. B 619, 61 (2005) )
» Previous measurements of 1,

SND (direct search) :

NA48 (interference measurement):
KLOE

BR(K; — 3m% < 1.4-10°
BR(K, —> 31°) < 7.4 - 107
BR(K, — 3n%) < 1.2 - 107

Standard Model prediction: BR(K;—> 31n%) =1.9-10"
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e DAFNE ®-factory

e*e” collider @ Vs =

Opeak ™~ 3 P-b

0D COOo00

M, =1019.4 MeV
LAB momentum p, ~ 13 MeV/c

Separate e*e” rings to reduce
beam-beam interaction / J/
Beams crossing angle: 12.5 mrad
Peak luminosity 1.5x103? cm2s!
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/ inosity history K‘a‘_

-~ KLOE Integrated

pb

Luminosity

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

KLOE run: BR'’s for selected ®
O Daily performance: 7-8 pb ! decays
QO Best month JL dt ~ 200 pb-? K*K 49.1%
O Total KLOE JL dt ~ 2400 pb-!at ¢ mass peak KK, 34.1%
+ 250 pb! off peak (@ 1 GeV)
pr+ntnn’  15.5%
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| - KLOE(KLOngExperiment) Q).

Large cylindrical drift chamber
U Uniform tracking and vertexing in
all volume
U Helium based gas
mixture (90% He - 10% IsoC,H;,)
O Stereo wire geometry
o,/p=0.4%
Oy = 150 pm; 0, =2 mm
Oy ~ 3 Mm
o(M,,) ~1MeV

Lead/scintillating-fiber calorimeter
 Hermetical coverage
O High efficiency for low energy
photons
o/E = 5.7% /NE(GeV)
=57 ps /NE(GeV) ® 140 ps
thx(yy) ~1.5cm
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L ON
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NH I LH 17 ~NdH ) LHLAe
K, tagged by K, interaction in EmC K, tagged by K; — 1*1m vertex at IP
Efficiency ~ 30% Efficiency ~ 70%
K. angular resolution: ~ 1° (0.3°in¢@) K, angular resolution: ~ 1°
K; momentum resolution: ~ 2 MeV K, momentum resolution: ~ 2 MeV
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) L Search for the K- n®n’n? decay K&_

SIGNAL BACKGROUND
[ ] .=__ - .=.-
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. Te) ™~ Splitted clusters

K¢ = 3n% - 6y K¢ = 2m% + accidental /splitted clusters
K, - 3m, Ki— " (,fake K, crash” )
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@l - Search for the K;~ n°n’n®decay )

/

3oy
301

I O 2004-2005 data (~7.53 -107 K, tags) & MC(~1.59 -108 K, tags)

1 Expected number of the K.— 31V decays: Ng,, ~3.8

U Preselected signal sample (K, -crash + 6 photons) ~ 56000 events

° @
A+
1 Acceptance cuts: T Y i |
rdf_ \\ AY\| __ik.
Q K, -crash: ¢ ~ 28% AN T L
.\\ \ L I Ve Y i
O prompt photon: € = 48% r_f <t }]
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Background studies KE_

Background composition

2 Accidental 2 Splitting 1 Splitting + 1 Accidental
(24.16%) (59.15% ) (5.83%)
~Fakes” (2.28%) Others (8.3%)
K, - 3n% K- Accidental > 2 (0.92%)
¢ - KK, ... Splitting >2 (2.45%)

1 Accidental + 0 Splitting (0,88%)
0 Accidental + 1 Splitting (4,05%)
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o |/ !L Search for the K- nt?n’n’decay KE_

Track Veto > %% |—>| AE/og |—> | Sbox —|R.... | — |counting|
% % F 1 -MC signal
80 F % - MC background

U Rejection of events with charged paricles
events with at least one track from the Interaction

Point (ppcp <4 cm & |Zpca| <10 cm)

1 Kinematical fit 0 ™10 20 30 40 50 60 70 80 90 100
2
X
KS mass, total 4-momentum conservation, consistency 8 160 - - MC signal
€ - it - MC background
. L & 140 | o
between the measured time and position of each oo | =
cluster 100 |
0 AE/ o
= - 40 |
AE=E, . -X E,
20 b
0 L 1 -"”.I 1 ] ! ) W S ]
6 4 -2 0 2 4 6 8 10 12

AE, Jo(E,.) (Mev/c?)
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| . Search for the K~ n’n’n® decay KL

o w 70
= @
20 * DATA *qc‘J 60 - MC signal
80 ® MC background - MC background
70 . 50 H
60
40
50
40 30
30 L % L o0
20 (Sl
10 H - | 10
O : -':-.-"""-."--. . [mlw
0 10 20 30 40 50 60 70 80 90 100 0 0 50 100 150 200 250 300
X5, R,;,(cm)

O Signal region definition
X2, pairing of 4 out of 6 photons (n° masses, E,, Py, angle between 1t%’s)
X%3,. : pairing of 6 clusters with best m° mass estimates

- Rmin

The minimum distance between clusters

Track Veto ——| x%i; |—| AE/oy » | Sbox —| R, | — | counting
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onte Carlo calibration

2 D 2 a D 3
= 2500 + Entries 216210 = 5000 + Entries 216210
-E. Mean 452.9 E Mean 96.86
o Rmsrﬁ 107.5 o AMS 39.98
2000 4000
H
1500 3000 L
1000 2000
500 1000
® DATA .
0
(] MC 0 100 200 300 400 500 600 700 800 0 50 100150200250300350400450500
Etm F{min(cm)
0 i 0
2 8000 [ Q ;
= : £ 6000 ¢
® 7000 o I
6000 | 5000 ¢
5000 | 4000 |
4000 3000 |
3000 [ E
: 2000 |
2000 | [
1000 | 1000 ¢
0:‘|‘.|...|...|...|.H\... - 0|||| I
0.16 0.18 0.2 0.22 0.24 0.26 0.28 0.3 100 200 300 400 500 600 700 800
Ber E.(MeV)
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onte Carlo calibration

@ 2250 [ D 5
-'a:—'J Entries 216210 g 4500 _i :EDntries 216212
[y Mean 42.48 -
¢ 2000 RMS 22.63 S 4000 s;zn jg:gi
1750 3500
1500 3000
1250 500
1000 5000
750 1500
500 1000
250 500
® DATA . 4 .
® MC O 20 40 60 80 100 120 14(2’ 00 20 20 60 80 100 120 140
X3n 1
T
(éj 2250 :Et' 216213 g 5000 I :E[Tﬂtries 216212
E Mean 2,522 -'CIC_:: g;z’” gfg
2000 AMS 2 4000 ‘
1750
1500 3000
1250
1000 2000
750
500 1000
250 y -
0 0 '
6 -4 2 0 2 4 6 8 10 12 50 100 150 200 250 %So
AE, /6(E.) (Mev/c?) X
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!L Search for the K- n’n’n® decay KE_

% At the end of the analysis we count N, . =0 event selected as a signal and
Nexp=0 events in MC

¢ SM prediction: 1 event after tagging = 0.2 after selection

% The selection efficiency for Ki—»2n®decay: ¢, ~ 0.66

% Normalization sample: N, =1.36 -108

% The selection efficiency for K¢—3m® signal: g5, =0.19%0.012

% Upper limit on signal events: N;_ <13 (90% C.L.)

MESON 21012, Krakow, 31.05 - 05.06 2012 17



Summary & outlook KE_

> With the whole KLOE statistic we have obtained the best upper
limit on the BR(K,— 31Y) <2.9 108

» This result points to the feasibility of the first observation
at KLOE-2

» Future: KLOE-2 @ Upgraded DA@NE (talk by A. Kups¢)
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Introduction KE_

» We can define the following amplitude ratios (assuming the CPT invariance):

ArtnT|HIKL) Ll _(n°nm®|HIK,) D!
e T 1] ¢S S oo = (00| Hlkg) ~ © °°

_ (mr(I=0)|H|KL) ) _AmRU=DIHIKL _ . i(5,-5,) Az (ImA; _ ImA,

where &= ke A & = kg ﬁAo( 4, 4 )

> These parameters can be measured using the interference between K¢ —» w¥m~
and K;, » n7m~ decay:

1
N+ -~[e"'s+n,_|?e™ Tt + 2In,_|cos(Am - t + @, )e 2TsHTY

In+—|=(2.232 + 0.011)- 103; @._ =(43.51 + 0.05)°
Mool =(2.221 £+ 0.011)- 10°3; ®oo = (43.52 + 0.05)°

(K. Nakamura et al. (Particle Data Group), J. Phys. G 37, 075021 (2010) )
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@ . Search for the K~ n®nn® decay | 9N

O 2004-2005 data (~7.53 107 tags) & MC(~1.59 -108 tags)

1 Expected number of the K.— 31" decays: Ng,, ~3.8

1 Acceptance cuts:

- K -crash:

- prompt photon:

E.>129 MeV

0.196 < Bcrs 0.25 } g~ 28%
40°<0_.<140°

E,>7 MeV
| cos 6| <0.915

e~ 48%
| AT,| < Min(3.5-0;(E_),2 ns)

4 Preselected signal sample (K, -crash + 6 photons) ~ 56000 events
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€ . Search for the K~ nn®n®decay )

e 10
- . . ey "R
O Signal region definition 90 ° DATA
80 ® MC background
X%, pairing of 4 out of 6 photons 70
(m® masses, E, Py, angle between m%’s) ig
X%3,. : pairing of 6 clusters with best m° mass 40
30 [ ¢ ST
estimates o0 A
10 [
2 0
) _(Mﬁl_Mpdg +(M”Z—Mpdg +(EKS_ZEyi) 0 10 20 30 40 50 60 70 80 90 100
Xon = 2 2 2 X3
O-ﬂ'l G/rz O_E
X X 2 2 z z 2 .
(PKs _Zpi) (PKys _ZP?) (PKS _Zpi) (72'—197m)2 - MC signal
+ 2 + 2 + 2 + > - MC background
O o Oy (o oy

Z; :ZS:(Mm _Mpdg)2

D Rmin

The minimum distance between clusters
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Background studies

Fk=

F,() (%)

34

32

28

26

0.5

| —_
MC: 29.68 + 0,08 S MC: 69.0240.13 '
DATA: 30.49+0.09 = 75| DATA:68.32+0.14 =
=+
e
=
72.5
70 +
T
65 [ —
. ! !
32500 35000 37500 40000 12500 35000 37500 40000
Run period Run period
T T — 0.08 T
MC: 1.216+0.018 IS MC: 0.0657+ 0.0002
DATA: 1.124+0.02 = DATA: 0.0487+ 0.0002
o = 3
e HEH e+ o .
o1 e 3
| 0.06
+ + .- e -
T [FH= L 4. L T | | e R B it ETRTEEEREL SPPTPPPPEEr, CoPRPE
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40 |

» Using shapes of the MC
categories we have o

fitted the (x%,, X%3,) 0 20 40 60 80 100 120 140
distribution § 140 BT R

> Results of the fit are
then used to weight MC
events

e
] 1

40 60 80 100 120 140
2
Y

0 20

2
A2,

YIRS ST SN T T T S T ST B

0 20 40 60 80 100 120 140

140

120

100

80
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40

20

%0 20 40 60 80 100 120

2

Others

140

2
X3y
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arlo calibration

%) F T T T T T 1 = T T T [ T T I n T T T T T T T
L¥] U
E D 10000 ~ ’ o E L
: : 4:
510000 - 9 540000 | -
7500 — 30000 —~
5000 |- - - ]
5000 — i 1 20000 —
2500 |- - B0 1 10000 | !
® DATA 0 0 0 —— R
vl 0 7 170 445 720 -7 0 7
® MC
2
AE/oy My,  (Mevic)) (T,-R Jc) o,
W T T T _ 73] [ T T | (7)) T ‘
L 1 e C 9
2 g B B |
£10000 - 510000 — —1 §30000 [ -
7500 1 7500 | : ) 1
. - 120000 [~ —
5000 — 5000 — . i |
] i 1 10000 |- —
2500 — 2500 - i 1
0 . 0o b | ] o ‘ |
0 200 0 200 -1 -0.95
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LL Search for the K.— n’n’n® decay KE_

= Using the following set of cuts:

E, > 129 MeV g < 35 )
£ ~ 28% AElog 21.7

0.196 < B..<0.25 12.1 <92, <60 €,=0.19£0.012
Y3, < 4.6
R,,>65cm

We count N, =0 event selected as a signal and N, ,=0 events in MC
= SM prediction: 1 event after tagging = 0.2 after selection

» The selection efficiency for K;—2mn®decay: ¢, ~ 0.66

= Upper limit on signal events: N;_< 13 (90% C.L.)

* Normalization sample: N, =90062000/ ¢, =1.4*10"8

ped Ngn/e pid
. &\w\“ BR(K — 31°) = - 37 % BR(Ks — 21°) < 2.9 X 10"8??&\“1\\“
2t
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Introduction KE_

» If the CP symmetry is conserved the allowed nonleptonic decays are:
K., - 2mand K; — 3m

» Two pion system:

L - the angular momentum of the system () n? (n°)
P(n°r®) = P_%(-1)t =1 (spin of kaon is zero); C (n°n%) =C 2=1, ] L,
CP(n°n%) =1 12
P(r'r) = P 2(-1)5 C (') =(-1)t=1
CP(m'r) =1 (n0)

» Three pion system:

L12 - the angular momentum of a pair of pions in their center of mass frame
L3 - the angular momentum of the third pion on the rest frame of kaon

P(rornon®) = P 3(-1)t12 (-1)13 = -1 (L12+L3 = 0); C (n°n®n®) =C 3 =1,
CP(mn® %) = -1

P(rtrrm®) = P 3(-1)H2 (-1)8 =-1; C (' m°) = C(n°) C (m*m)=(-1)"12
CP(rc*mr) = (-1)112+1 = -1 (L12=0)
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ixing the MCK, -crashenergy  §0))

» We then fit to the energy
distribution using shapes of True K;
crash, K; passed through and Fake.

» For the Real K| —-crash events we apply

a 12% correction to the energy

» The results of both fits:

5000

entries

4000

3000

2000

1000

%00 200 300 400 500 600 700 800
E___ (MeV)

crash (

2ACC+ 1A1S
2S

FAKE
OTHERS

True K, crash
K, passed through

Weight

0,424 = 0,038
0,314 £+ 0,023
1,27 = 0.18
0,102 = 0,01

0.317 = 0.024
0.405 = 0.037

Number of events expected in data
27495 £ 247
40160 %= 429
7222 =+ 158
1810 =+ 432

49038 =+ 318
22264 = 260
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