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Motivations

n structure, using virtual photon

Model comparison (VMD, xPT)
Mod.PhysLett.A17
Test of CP violation: Gao model 1583-1588.2002

Angular asymmetry between ee and nr planes, A,

can be due to unconventional CPV mechanism

described by a TxV 4 quarks operator with Ds=0.
Within SM constrained by BR(n—nn),

using the experimental upper limit: A, < 10%
using theoretical prediction: A, ~ 107"

CPV model predicts an upper bound of 102
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BR: theory & experiment

Jarlskog, Pilkuhn 1967
Using PDGO08
(29.9 £1.0) x 10

Picciotto, Richardson 1993
Faessler et al. 2000

Borasoy, Nissler 2007

0.0065 x BR(m—7'n™y)
Using CLEO '07

(25.7 £ 1.3) x 105

(32 £ 3) x 10

36 x 107

(29.908_ ) x 10

CMD-2 (4 events)
CELSIUS-WASA-2006 (16 events)

CELSIUS-WASA-2007 (16 events)

(375 +3

-18 stat syst)

x 107

(43+13__+4

stat syst)

x 107

(432 +4

-16 stat syst)

x 107
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Data sample

Using drc/mrc streams
with ETA4C tag

1734 pb' data 2004/05

50517 pb' MC signal only » Run by run
3479 pb"' MC all phys(2/3) 2004/05 background
B simulation

250 pb' data off-peak (Vs = 1000 MeV)
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Event selection

EVCL algorithm ETA4CTAG:
* 2 4 tracks from the Interaction Point
- 1 high energy neutral cluster (E_ 2 250 MeV)

0 medium energy neutral cluster (50 < E_ < 250 MeV)
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Track selection

Tracks are required to came from a cylinder around the IP:
R<4cm h/2 =10 cm

Check on broken tracks is applied:
AP_<4.5 MeV AP, <3 MeV

= 2 positive and = 2 negative tracks are requested

Tracks are ordered by momentum
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Track identification .@/,

Higher momentum tracks assigned to pion

—500 | —500 |
2450 ENTRIES 113166 1|l 2 E 450 | ENTRIES 113166 |80 2
~  MC true momenta ~1 1 MC true momenta
2350 f &’«350 :
= [ i
300 | 300
250 | - T8N 250 |
- 10 ; 10
200 | 200 |
150 ;_u- i 150 ;_
100 |8 2 100 |7
50 -5 AN 50 %
0 .:: L .\I\..\l 0E = a .. 1
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
+ -
P(mt") [MeV] P(t) [MeV]
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Kinematic fit

A kinematic fit to the ¢ meson is performed for
all the events having # good tracks = 4

The 22 inputs are:
* 4 tfracks x 3 momenta
* X,Y¥,z,E,t of the neutral cluster
* X,y,z of the IP
« Vs and f momentum

The 5 constraints are:
 Four momentum conservation

» Photon time of flight (CTY — Ry)
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Background rejection - step 1

4
450 MeV < X |p| = s4p < 600 MeV

Total MC o —>ny d» — pmt + Tl
Signal n — n'rete Other backgrounds
25000 |- Entries 499415 i Entrigs 499415
_ UEFLW 32.00 104 UDFL 32.00
O[VFLW 0.2733E+05 : OVFI} 0.2733K+05
20000 |- :
10000 | '
10 25_

10 | FJL

. j [T T i N - |J1 s L |

: 200 400 600 800 1000 200 400 600 800 1000
sdp [MeV] sdp [MeV]

www.buconero.eu 10/35



30000 |-

25000

20000

15000 -

10000 -

35000

Background rejection - step 2

270 < |P(p*1)| + |P(p1)| = s2p < 460 MeV

Total MC o —>ny d» — pmt + Tl
Signal n — n'rete Other backgrounds
Entries 499415 i Entries 499415
UDFLW 2049. - UDFLW 2049.
OVFLW 992.0 10 OVFLW 992.0
I' -rrl_u_,..-l"‘-_l'
“LL;hj
-
L a&
| p
iﬂu_+ | 1L
200 400 600 800 1000 200 400 600 800 1000
s2p [MeV] s2p [MeV]
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Background rejection - step 3 ‘ U

4
2 10 °|
Xk < 4000 Entries 86287

UDFLW 0.000
: OVFLW 0.5460E+05
3
10 3|
Total MC
O — My %

0 — pT + T T | WW%
Signal n —» n'nete : \rm%ﬂﬂﬁﬂ[‘ ﬂ]&ﬂj}ﬂjﬂ%ﬂ[r[ﬁf
Other backgrounds | !

0 2000 4000 6000 8000 10000
X
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Asymmetry in Mntree spectrum
due to wrong mass assignment

Can be improved using TOF

We evaluate At =t —t

in both electron (At )

cluster

and pion (At ) hypothesis

4
#tracks associated >3
to cluster and ;2
fraction of events ; 1

0.04
0.29
0.74
0.99

4500

PID using TOF ‘;}g;&s

4000

3500

3000

2500

2000

1500

1000

200

0 M AT A R N A A | RS N T N AR
500 510 520 530 540 550 560 570 580 590 600

3032
Entries 33000
Mean 544.2
RMS 7.553
UDFLW 125.0
OVFLW 247.0
ALLCHAN 0.3263E+05

L]
sigmc

M [MeV]

nree

Also look for kink (i.e. decay)

Extrapolation to EMC
using Spadaro's libraries
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PID using TOF

Can be very powerful

6 [ pions electrons

T O O T e | 5 W | =5 | W S|
-2 0 2 4 6 8

At_[ns] _ _ At_[ns]
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PID using TOF

5000 | D 5
I Entries 33000
i Mean 546.1
I RMS 6.500
] UDFLW 66.00
i sSigmcC - OVFLW 336.0
4000 | g | ALLCHAN  0.3260E+05
- | without TOF
3000 [ with TOF
2000 |-
1000 |-
- M. [MeV]
N TTTee
n 1 | |

200 510 520 530 H40 550 560 570 580 590 600
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-
|

Background rejection - step 4 ' U

@ Data _ _
h MC total There is a background having
MC signal .
MC 1 bekg the same signature of n — nree
MC non-n bckg
It is mainly due to photon conversion
i on the BP in 1 — nty events

Disentangle

using M._ (e*e)
and Dist(e*e")

Should be zero

at the conversion

R, EHEFEHE EEEEEEE EEESEE
00 050 6

M. nree [MeV]
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Background rejection - step 4

Mee@BP > 15 MeV .or. Dee@BP > 2.5 cm

Backgrounds
N
5 g| | ENTRIES
— 7| 0.00 24.0 941.
3 sl 0.00 0.465E+04,, 568.
=) . ’ 0.00 141. 0.00
[ | [ |
[ |
6 : [ | [ | ] - = ..
[ || | .l
51 ot n SN 10
4 i l.r [ | 3 [ | u . - -. .
i | I
i ||
3 i
:
!
0} 1

| 18 oo o v O 0w O O
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(=) <
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O 9
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i |
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Background rejection - step 5

<cosB> < 0.85 .and. <cos6, > > -0.85

‘= KLOE EVENT DISPLAY 3 (on fibm12.Inf.infn.it) E[ElE)
File Event Windows Display View A C Help
B} = - ||Type Event informations :
" SN runHtr eventHr recordHr inputHode inputSource
B ‘_3_‘.' 30568 10828526 12 (nil) nastyrawslim. yb
rl g
=] .L}- o
T L] ]
i, .8 " a
[ ] L |
& ¥
Ecol IWe']l O <10 B <20 O <40 O <60 O <00 0 <#10 O <120 @ <#> B <100 B <&

Small angle tracks
A particle hits something in the BP producing two more particles
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Background rejection - step 5

<cosB> < 0.85 .and. <cos6, > > -0.85

Data MC all phys
A O 9
= N 60
D01l . ENTRIES 5467 8
N L - e a 5
=) i LT i
\3'0.2 _ B 50 7
03|
[ 6
04| 40
; 5
0.5
| 30 4
0.6 |
07 20 3
08 | 2
; 10
09 | 1
1070102 0304050607 0809 19 10701020304 050607 08090 19
<cos9t> <coset>
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Background rejection - step 5

<cosB> < 0.85 .and. <cos6, > > -0.85

Data Off-peak data

A O A O 10
= N 60 =

S.01| ' .- ENTIRIES 5467 I S0l ENTRIES 185 9

N - - LA u 5 wn

) L i ()

02| 50 9-02) 8
0.3 | 0.3 | 7
04| 40 -04 | : 6

o
'0.5 | 30 '0.5 B . 5
0.6 | 0.6 | 4
0.7 | 20 0.7 | 3
0.8 | i 0.8 | i 2
- 10 I 1 [t
09 | it 0.9 | e BT
107010203 040506070809 1° 107010203 04 0506070809 1°
<cos0> <cos0>
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Tracking efficiency ‘ U

using px sample work done together with A. De Santis _

gl C.=A {1-1/[1+exp((X-X)/8)]1}
,.‘.:,"J_:E i i
mm l B B A P e s o AP
KLOE Memo 343
Slice A | The correction O(1%)
| IS applied to any track
09 H . B S S . Nﬂgﬂt‘i‘ﬁ-’t __________ pp y .
| | before track selection
I : * Positive as (P-P,) function
080 To0 200 300 200

P, miss (Mev/c)
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Procedure review ‘ 9

1. EVCL ETA4CTAG
2. Momenta 450 < s4p <600 MeV .and. 270 < s2p <460 MeV
3. %2 v*< 4000

At this level we perform the fit to get the scale factors

4. Conversions Mee > 15 MeV .or. Dee>25cm (@BP)

5.Low 6 <cos0> < 0.85 .and. <cos6 >>-0.85

6. M 535 <M__ <555 MeV

Tree

At this level we count
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Fit description

» Stand alone program using HBOOK and MINUIT

» Fit performed on sidebands:
[420.,530.] MeV U [560.,680.] MeV

» Components used:
MC all phys and off-peak data

» Off-peak data scale factor fixed using luminosity
because of its small statistics
SF =L . /L =7.14

offpeak data offpeak
Vs has been accounted for
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Sata Fit result
Total v?/dof = 32.1/30 P(x?) = 0.36
MC all ph
RESPAYS SF_=0.522+0.018
Off-peak data P
Signal MC SFOp =7.14 £ 0.03
1400 [ .
i Entries 1 6396 103 Entries
1200 | UDFLW 48.00 UDFLW ¢
’ OVFLW 9.000 ~oviLw B 9.000
1000 | | |
: 10 2
800 |
600 | i
i 10 | ]
400 | ;
: g -
200 | il L
: b Ly
%0 450 500 550 600 650 700 400 450 500 550 600 650 700
M. [MeV] M. [MeV]

Signal SF = Nﬁv (data-bck) / NﬁV (signal MC)
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. Fit result

Total v?/dof = 32.1/30 P(x?) = 0.36
MC all phys
— SFa =0.522 +0.018
Off-peak data P
350 | Entries | 6396 ﬁ Entries 6396
E UDFLW 1381. : UDFLW L 1381.
300 ¢ OVFLW 737.0 OVFLW i 737.0
250 : 10 2
200 | ’
150 |
100 |
i 10 |
50 ‘ .| H :
%00 510 520 530 540 550 560 570 5 530290 c00 500 510 520 530 540 550 560 ‘5'70' 580 590 600

rnee [MeV]
Signal SF = Nﬁv (data-bck) / NﬁV (signal MC)

[MeV]

Jmee
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Data Data-MC comparison

Total
MC all phys
Off-peak data

Signal MC
250 _ Entries 4905 Entries
; UDFLW | 1122. UDFLW
; OVFLW 456.0
200 | 10 *|

150 |

100 |
10 |

e——

50 |

I
||

|
w uhLuu Hhuﬂun_ﬁuuu&“n ‘ ‘ | | O A A 11
%00 510 520 530 540 550 560 570 580 590 600 500 510 520 530 540 550 560 570 580 590 600

[MeV] M__  [MeV]

Tee
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Data Data-MC comparison

Total
MC all phys
Off-peak data

Signal MC
| 500 [
160 B |
140 | 400
120 | ,
100 | 300
80 | :
[ 200
60 | |
el 100 |
20 | :
%9200 400 600 00 1000 %0200 200 600 800 1000
s2p [MeV] sdp [MeV]
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Data

Total

MC all phys
Off-peak data
Signal MC

Data-MC comparison

120 800 |
100 700 |
; 600 |
80
: 500 [
60 400 |
0 300 [
_ 200 |
20 i
i 100
07350 275 300 325 350 375 400 425 450 475 0 350 275 300 325 350 375 400 425 450 475
ERecoil cluster [MEV ERecoil cluster [MEV]
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Data Data'Mc compa"son .&&j

n
K1

Total

MC all phys

Off-peak data

Signal MC

225 |
200 |
175 |
150
125
100 |
75 |

Entries
UDFLW 0.000
OVFLW

103}

10 |

50 |

25 |

1 -1 -0.8 -06 -04-02 0 02 04 06 08 1 0 20 40 60 80 100 120 140 160

COSGee Mee
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225 |
200 |
175
150 |
125 |
100

Data

Total

MC all phys
Off-peak data
Signal MC

Data-MC comparison

Removing the cut on Mee
Under the n peak [535,555] MeV

250 |

200 |

20 40 60

150

100 |

50 |

80 100 120 140 160 0 0 40 60 80 100 120 140 160
M, [MeV] M, [MeV]
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BR calculation

BR=N,, /eLo,_

Number of events Luminosity
1558 + 56 (1734 £ 10) pb”
Efficiency Cross section

0.0835 £ 0.0003 (41.7 £0.6) nb

N

BR(N > n*n-e‘e)=(258+09, +04 )-10°

Norm.
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Evaluated varying:
» sidebands range
@ histogram binning

Systematics

o SF free/fix with luminosity

[ @ analysis cuts 3¢

Analysis cuts:
@ XZ
@ Dee
* Mee
@ s2p
e s4p
* Mnnee
* low 0

0.04 -
0.02 -
0.55 -
0.29 -

0.14 -

0.03 -
045
0.22 -
. 105

0.01

0.18 -
0.02 -

10
10
10
10

10
10
10
10

10
10

0.62 - 10~

0.55- 107
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40

BR calculation
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sinpcos¢>0 )

Asymmetry

sinpcos<0

sinpcos$p>0

sinpcosdp<0

sin ¢ cos & = (n

ee T
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Asymmetry

Analysis does not distort
the generated asymmetry

21.66 / 18
0.8346E-01 -
0.3399E-03 +

Xz/mdf
A0
Al

0.3012E-03
0.8615E-03

sinGpcosQ

05-0.4-03-02-01 0 0.1 02 0.3 04 0.5
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Reconstruction
distorts
the asymmetry

E

0 i

¢

e MC RECO
— MCKINE

0504 -03-02-01 0 0.1 02 0.3 04 0.5

sinGpcosd
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N(kine)/N(reco)

S
o

=
B

=
o

-y

0.4

0.2

0.6 |

%504-0302-01 0 0.1 0.2 0.3 0.4 0.5

Asymmetry

Reconstruction distorts the asymmetry

- [/ ndf 4436 /| 19
P1 0.9981 +  0.5325E-02

.- ++ + 4
%"f*‘f‘l | _+_+_+_ e o= S

Fit with pO

sinGpcosQ

N(kine)/N(reco)

=
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=
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=
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=
=)

N
'

0

-y

0.2

¥’/ ndf

P1
P2

3208 / 18
0.9990 —
-0.5356E-01 —

0.5331E-02
0.1529E-01

—$-

+

-y, Y+, .+ +

Fit with p1

0504 03-02-01 0 0.1 02 0.3 04 0.5

Higher polynomial does not improve the fit

sinGcosQ
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Asymmetry

Linear correction Data
has been applied Total
: PP : MC all phys
Systematics evaluation Off-peak data
with a £1c slope variation Signal MC
250 7 i Entries
% 250 | UDFLW
200 f e Reconstructed * i OVFLW
i e Corrected 200
150 |

150

100 |
| =H= . 4 + 100
50 * + _+_++_+_ +'+'+ -+-+++ 50
302

> 01 0 01 02 03 04 05 %.5-04 -03-02-01 0 01 02 03 04 0.5

sInGpcosQ sinGpcosd

www.buconero.eu 37/35



Asymmetry

250 : Data
: Total
200 MC all phys
Off-peak data
Signal MC
150
100
50
%.5 04 -03-02-0.1 0 0.1 02 03 0.4 0.5
sinGpcos
— . -2 1 1
A, =(0.7+£25,, £1.9¢,) 10 without correction

with correction
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Open points

1. How to quote the final result on the asymmetry
2. Signal MC does not take into account FSR
3. ...
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Backup slides
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Motivations

Consider n — nry: most general decay amplitude
using Lorentz and gauge invariance

A o ulk )y v(K )M p, p_q+E, pi+E p")

M parity conserving E+- parity violating
CP arises from E-M interference visible in the photon polarization

Summing over photon polarization CP not visible anymore
but still visible in decay plane asymmetry ee-nn

Non negligible CPV < operator not contributing to ¢,¢' and d_

| . v  As=0
O=—G5io, ys(p—q)'sPy"y u
m, s .
G, .. , e d
~S(nlsio,,ys(p=k)"sly) (Oluy"ulm™m") d
n S —
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PID using TOF ‘Kﬁ h
Algorithm for mass assignment

T#1 = Track #1 T#2 = Track #2

1-Look for track pair having the same charge and
extrapolation to the calorimeter (both tracks)

T#1 with kink T#1=n
T#2 without kink TH#H2=¢e

2-For all other tracks use At_vs At_to assign mass

3-Use pair's charge to solve ambiguities
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PID using TOF ‘Kﬁ P
Algorithm for mass assignment

3-Use pair's charge to solve ambiguities

T#1 T#H2
e e min(At) = e
e T ok Ordered momenta
& ? T#2 =p are used for
47 e ok remaining
- - min(At)) = e assignment
n o T# = e ambiguities
? & T#1 =n
? T T#1 =¢€ T
? ? if T#1 w/ kink and T#2 w/o kink

= T#1=n & T#2=e (and vice versa)
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Tracking efficiency ‘ U

using px sample work done together with A. De Santis

#tracks from IP =1 or 2

Sample tagging tracks checked for flips
selection

One and only one cluster pair such that:
t, —r/c<min(2ns, 3s)
0.65 < cos(yy) < 0.85
300 < EW < 600 MeV

w/o associated tracks (Official TCLO)
self-triggering (on the barrel and E_ > 70 MeV)

Im_—m_| <40 MeV
T 7Y

Efficiency on prw stream ~ 0.09
Sample purity ~ 0.994
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# events/] eV

—
| ]
L% ]
=
[

10000 |
7500 |
5000 [

2500 |

Tracking efficiency

After vy selection, kinematic fit to n° mass is applied

It improves the knowledge of the missing momentum
Cluster energy correction applied E_=1.014xE __ (KM342)

Entries 717789 - Entries 717789 - Entries 294771
@ 12500 e¥
= P
720 7
2 10000 = 30000
4 i 4
[+ ¥} [+ ¥}
+* I +*
7300 I
- 20000 +
5000
- 10000
2500 | [
ol 0
P, miss - P, trk (MeV/c) P, miss - P, trk (MeV/c) P, miss - P, wk (MeV/c)
Raw Linearization Linear. & Fit
Dots: data Filled: MC
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Tracking efficiency

Multiplicity has to be considered in efficiency evaluation

- B QL\TQP(CQ) B 2&"% B
e QJ%TQP(CQ) + i'\rj_P(Cj_) B 2&"% + 251(1 . El) B

€1

Efficiency can be evaluated separately per charge

4+ n(* track| T tag) P(Cy) B £, _ .
obs (T tag) P(Co)+ P(CT) ~ e +ex(l—ey)
= S —| Entrics 8O4771

Look for the second track around the pointer

cos 6, <0.8

o e R )
elelelteteleTies S L &
oooooooo

S
et e et et e e e

o 10 20 30 40 S0
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Trackmg efficiency

>, —.400
= 400 o “E
= 2
E"fm LE gﬂsm
Oy
Data
' 200 2 200
pointer 5
L0 10 L0
0 =i L 0
400 -200 0 200 400 400  -200 0 200 400
P rmi=s ifTaWh P rmiss i Wlawien
1.1 . . . _
Ef [T.7 Fitusing: C_ =A {1-1/[1+exp((X-X,)/0)]}
o t =
L e _-_ _________ _|_- ........ J_
E E
Data » . Data
8 0o ____-71 _____ { i_._Sliﬂ.ﬂﬂ__. ________ 0.0 g
MC ] [ MC
A=0993T 00015 i
DH e b S ] __'E__';_Eﬁ'-"i_ﬂ"__ AL DH I
} 8 =54 £ 3. 1
Befgres 'Ltlm' e e Rl 100 300 300 40
].:"1 miss (Mev/c) P‘1 miss (Mewic)
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Cluster veto correction ‘ KE 5
E'lkl_ﬁ’_#..-"’
Effect of the veto in ETA4ACTAG has been evaluated

Reminder: ETA4CTAG rejects events having
neutral clusters in the range 50 < E_ < 250 MeV

#events w/ accidental #events w/o accidental
clusters in vetoed range clusters in vetoed range

| -

2004 125937 26483346 0.00475(1)
2005 327349 61225992  0.00535(1)
20042005 453286 87709338 0.00517(1)

Correction to be applied to the branching ratio
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Remind

Asymmetry

ee

in n rest frame

cos @,

T
>~ in ee rest frame

M

ee

in mnt rest frame

sin ¢ cos ¢ = (n_xn_)z(n_-n_)

www.buconero.eu 50/35



e Data -
— MC total Data-MC comparison
signal
B prn + others
kaons Very good agreement
¢ —>ny
n — Ty
! 1903 Entries 1903
N * Dat
200 206 MC
L [ ] Signal
- B px(+oth.)
- 200 C = Kuon:
100 | - O ¢—ny
: 100 [ n—rmry
0 [ [ N TN T A TN N | I I | 0 - [ P S B SR
400 450 500 550 600 650 0500 1000 1500 2000 2500 3000 3500 4000
S4p X
. E Entjies 1+ 1903 : Entriesf)y 1903
: L 200 F
60 [
0 F 100 F
20 F -
- ali=ll=tan =l 0 -|||||||||||||| IR I A N NI
0507275 300 325 350 375 400 425 450 475 U520 525 530 535 540 545 550 555 560 565 570
S2p M_ . (MeV)
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e Data -
— MC total Data-MC comparison
signal
B prn + others
kaons Very good agreement
o —ny
n — Ty
200 ¢ Entries 1903 : Entrics 1903
B * Data 600 -
150 F MO [
- (] Signal i
_ B px (+oth.) 400
100 - [ Kaons i
C 1 ¢—my -
50 : j L] n—mmy 200 N
¢ 250 300 350 400 .1 08 06 04 02 0 02 04 06 08 1
M (MeV) c:osE)ﬂE
_ 40
100 1903 : ’ Entries, || 1903
C = Data B = Data "
75 F — MC 30 F — mc { H ] ”
: [ ] Signal C [ Signalffl || 4 |l I
C B px (+oth.) -
S0 F [ Kaons 20 ¢
C L1 ¢p—my -
25 F B nonmy 10 F
0500 7250 300 350 400 450 500 iio 600 650700 1 08 06 04 02 0 02 04 06 08 I

M_. (MeV) cosO__
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1500

1000

500

1500

1000

500

=

® Data
== MC total
signal

B prn + others

Data-MC comparison

kaons Very good agreement
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Data-MC comparison

Very good agreement (even in the asymmetry!)
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Data-MC comparison

Not applying the cut ¢ Daa Entrigs ® Data
800 f — MC = MC total
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Data-MC comparison

Q: Why we didn't see this before?
A: Today we take MC all_phys spectrum as it is,
just scaling for luminosity
Before we used to fit the data spectrum using
the different components separately

Mysterious background was hidden by non-n decays
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Non-¢ backgrounds

After EVCL ntrty and eey still present, on® disappeared
Reduced by momenta and %? cuts = Too few events left
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