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KE\ Dalitz plot variables G)))
|

In the 7-rest frame:
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Tr+,To—, Tro kinetic energies of the 7, 7, 7

s, u, t are the Mandelstam variables.
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KE‘ Dalitz plot parameters G)))
|

Fit the data to
N:/|A(X, Y)[2dPh(X,Y)

JAX, Y)? ~ N(1+aY +bY 2 +-cX+dX2+eXY+Y3+gX2Y +hXY?+IX3+. . )

¢, e, h and | must be zero because of C-invariance

Better way of comparing data and theory?

@ Acceptance corrected data binned in X and Y
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KE Experimental and theoretical status G)»
|

Experiment -a b d f g
Gormley (70) 1.17(2) 0.21(3) 0.06(4) - -
Layter et al (73)| 1.080(14) 0.034(27) 0.05(3) - -
CBarrel (98) 1.22(7) 0.22(11) 0.06(fixed) - -
KLOE (08) 1.000(5)(*Y) 0.124(6)(10) 0.057(6)(*%¢) 0.14(1)(2) -
Calculations -a b d f g
xPT LOJ[1] 1.039 0.27 0 0 -
xPT NLO[1] 1.371 0.452 0.053 0.027 -
xPT NNLOJ[1] | 1.271(75) 0.394(102) 0.055(57) 0.025 (160) -
dispersive[2] 1.16 0.26 0.10 - -
simplified disp[3] 1.21 0.33 0.04 - -
NREFTI[4] 1.213(14) 0.308(23) 0.050(3) 0.083(19) -0.039(2)
BSE[5] 1.054(25) 0.185(15) 0.079(26) 0.064(12) -
KLOE (08) 1.337 & 0.001 Mevts in Dalitz plot
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A. Abele et al. (Crystal Barrel Collaboration),Phys. Lett. (1996)

B417, 197 (1998) [3] J. Bijnens and J. Gasser, Phys. Scripta, T99, 34 (2002)

F. Ambrosino et al. (The KLOE collaboration), JHEP, Vol 5, [4] S. P. Schneider, B. Kubis and C. Ditsche, JHEP, 1102, 028 (2011)

006, (2008) [5] B. Borasoy and R. NiBler, Eur. Phys. J., A26, 383 (2005)
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KE‘ Motivation for new measurements G)))
|

More high statistics results needed

With WASA-at-COSY
@ Independent measurement
o Different detector, different 1 production mechanism

o Different systematic errors
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KE Motivation for new measurements G)))
|

More high statistics results needed

With KLOE
o More data (~ 1.6 fb™'), independent data set
@ Monte Carlo description has been improved

@ Reduce systematic errors

o event classification efficiency from prescaled events without event
classification (biggest source of systematic error before)
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KE Dagne and KLOE C

uv. Trascati d-Tactory complex
| baoNEL DA¢NE
‘ =7 0 - eTe™ collider
-V/s =M,
-ete” — ¢ —ny
- separate ete™ rings
- crossing angle 25 mrad

530 MeV

| 550 MeV ex
qesT | 800 MeV -

KLOE: DC and EMC in ~ 0.52T
Drift Chamber (4 m diameter, 3.75m long)
- 0y = 150 um; 0, = 2 mm
- % < 0.4% (0 > 45°)

Electromagnetic Calorimeter
- lead/scintillating fibers
- 98% solid angle coverage

-9 — _5.7%
E E(GeV)
-oe = LB 100 ps VNN
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KE‘ n — mtr w0 Event Reconstruction G)))

ete” = ¢ — el MC signal

Tt
Sy -

final state 77 v4yy

> 3 photons in EMC

most energetic photon with E, > 250 MeV s

from ¢ — 1y

E,, from 2-body ¢ decay kinematics

Calculate P, = Py — P,,

Calculate Pro = Py — Pr+ — Pre

Background rejection cuts

0

I I
calorimeter photon energy (MeV)
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Dalitz Plot

KL

Cuts - Reject Bhabha scattering events:
@ angle between tracks and photons

Motivation

Background rejection

KLOE Reconstruction

WASA Reconstruction Preliminary results

cl

@ particle identification with time-of-flight - tracks with calorimeter

info: calculate At between track and

At e(ns)

Ate(ns)

MC backgroun

‘At (ns)

Jv

cluster for m and e hypothesis

At e(ns)

Ate(ns

£ ~

L)

s
g

R e é“j‘("ff
Bhabha backgroun 9/21
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Dalitz Plot Motivation KLOE Reconstruction
KE‘ Data-MC comparison CO )))
|
Cuts

o |Missing mass(¢ —v5 — 7" — 77 ) — myo| < 15 MeV - plot MM?
@ Opening angle between 7%-decay +'s in the 7° rest frame (> 165°)

Fit of Monte Carlo to data to get scaling factors for background

M9 -y - " - ) AW ,0)
[T pata e Data
19| —— mc Total —— MC Total
) signal Signal
10 o 0 o
——— sum other bkg \ ——— sum other bkg
™\ r
) 10
]
10 -
E .
| |
= \ Fre e
= | 107 | | I I I I I I
FO R R R T )

I E e xvY
After event reconstruction and cuts for backround suppression:
e Signal efficiency €5z = 37.6%

@ Background contamination 1%
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KL

Evaluated with Monte Carlo:
Look at Xyec — Xgen and Yiec —

Dalitz plot variables - resolution

Ygen, fit with 2 gaussians.

Preliminary results

cl

10° x10°
E 5000~
7000 5
6000 4000~
5000 — r
E 3000~
4000F—
3000 2000~
2000 r
E 1000
1000F- E
£ | | | C I |
L P 0 0.1 L PR 0 ]

| |
02 03 04
Xrec'xtrue

Taking the width of the “core” Gaussian as an estimate of the resolution:

0X =0.021 dY =0.032

Dalitz plots made with 16 bins, AX =0.125 AY =0.125

.
02 03 04
Yrec'Ytrue
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KE\ Background subtraction
|

Using Monte Carlo and scaling factors
e subtract wn® background

@ subtract rest of background

w 7t° rest of background

Preliminary results

cl
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K\a\ COSY and WASA-at-COSY G)))

WASA

@ Central Detector - measure decay products

@ Forward Detector - measure recoil particles

@ deuterium or hydrogen pellet target
e pd — 3Hen at 1.0 GeV

Pellet line Absorber

Solenoid
SEC

cosy
beam

COSsy

@ proton and deuteron
accelerator

@ in Jilich, Germany
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KE\ n — ntr~ 7m0 Event Reconstruction G)))

pd — 3Hen _
a0 ]
Loy 4
final state 3Hert 1=~y B
o Identify 3He from energy deposit in
different forward detector layers
@ Background rejection cuts B ™ e

. . . AE, [MeV]
Kinematical fit
e improve resolution
o reject background

Calculate Pro = Py kit + Poy kfit
Calculate P,

P. Adlarson et al. (WASA-at-COSY collaboration), arXiv:1406.2505 (2014)
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KE‘ Background rejection cuts G)))

@ Cut around the interaction point o Charged track timing
x10* o T T T T T
5 general cond. af ‘;;/“"1‘; _"';‘; ns
3 final event sample cum = 3.0, 1’:755
E 25 o of g
5
s 2 s
] S 2 4
f 15 w
H
z A |
05 | , , ,
-20 -10 0 10 20
800 7s0 700 80 O 80 100 150 200 tn- - tie + tofiye (ns)
2 -(mm)

@ Photon timing

10

P. Adlarson, PhD thesis Uppsala University 2012

Events

P 20 o 20 70
t(7) - t(3He) + tof(3He) (ns)
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Kinematic fit G)))
|

Fit final state T, 6, ¢ to pd — 3Herntn =y
@ uncertainties from MC as F(T,0) ( F(E,crystal plane) for vs)

Cut P(x?) > 0.01 Improved resolution IM(3)

x10*

Exp
——Mc —EXP
—wc

THea s o

R e

S :
i —“‘\«b‘i“;ﬁw}@u‘;ﬂn; : fj{ ﬂ
| : T

%7 0z 03 04 05 06 07 08 09
Probability (27, N

S0 40 S0 S0 600 es0 7O

Cut /M(’Y’y) > 100 MeV IM(31) (MeV)
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10 25|
8 2
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: g
1 & 1)
10%; g
W
1
Toa i A,
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. iversi 306 450 500 550 600
P. Adlarson, PhD thesis Uppsala University 2012 IM(37 ), (MeV) 16 /21
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KE‘ Dalitz plot variables - resolution G)))
|

Evaluated with Monte Carlo:
Look at Xiec — Xgen and Yiec — Ygen FWHM

lEl‘l 1D4
[ T =
peak = 2.6 1074 o peak = 1.5.10-3 _|
FWHM = 0.109 FWHM = 0.101
o
s i
5 H
[ o 4 i
@ S
w
= L i
0 | | | | | |
-1.0 -0.5 [ 0.5 1.0 -1.0 -0.5 0 0.5 1.0
g~ Xer Yo = Yo

Taking the FWHM as resolution, X ~ Y ~ 0.10

Dalitz plot made with AX =0.20 AY =0.20
Limiting factor is statistics

P. Adlarson, PhD thesis Uppsala University 2012
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KE‘ Background subtraction G)))
|

For each Dalitz Plot bin, look at 1 = MM(3He)

e simulated pd — 3Hen (denoted s(1)) and phase space simulated
pd — 3Hertm=7% (denoted b(u))

o fit of Nss(u) + Np(1 + o) b(pe) to data to get Ns, Np and «
@ subtract simulated n — 7F 7~y

& &
L L
>10°F >
[ (]
= =
o8 g2}
@ @
] 1]
c c
5 2
1w 10°F it}
10|
10 |
Ll ‘
450 500 550 600 450 500 550 600

1 [MeV/ic?]

1 [MeV/c?]
P. Adlarson et al. (WASA-at-COSY collaboration), arXiv:1406.2505 (2014)
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KE‘ Fit procedure G)»

Niheory = / N(1+aY + bY? + cX + dX? + eXY + fY* + gX?Y)dPh(X, Y)

KLOE WASA
b 2
- N
ins 2 B theory i

_ i ZNbl €S ijNeneory.j - Z ( )

= 3 - P
with with

@ N; background subtracted data @ N; background subtracted data

o ¢; efficiency o ¢; efficiency

@ S; smearing matrix e [NaYdPh(X,Y) =~ NaYSAYAX,

o [ YdPh(X,Y), [ Y2dPh(X,Y), J NeXdPh(X,Y) ~ NeXCAYAX,

etc

etc. by MC integration wrh
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KE‘ Preliminary results G)»
|

Niheory = / N(1+aY + bY? + cX + dX? + eXY + Y3 + gX?Y)dPh(X, Y)

¢ and e consistent with zero

Experiment —a b d f

KLOE 08 | 1.090(5)(*3,) 0.124(6)(10)  0.057(6)(T7) 0.14(1)(2)
WASA prel. | 1.144(18) 0.219(19)(37) 0.086(18)(18) 0.115(37)
KLOE prel. | 1.104(3) 0.144(3) 0.073(3) 0.155(6)

New KLOE analysis only statistical errors!

New KLOE: Sensitive to g parameter, but still investigating

F. Ambrosino et al. (The KLOE collaboration), JHEP, Vol 5, page 006, (2008)
P. Adlarson et al. (WASA-at-COSY collaboration), arXiv:1406.2505 (2014)
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K ch

e Two independent high statistics measurements of  — 7+ 7~ 70
Dalitz plot

KLOE

@ Full systematic checks to be done

WASA

@ Systematic checks (magnetic field, beam accelerator mode,
background fitting)

@ Acceptance corrected data provided
e Final paper coming soon (arXiv:1406.2505)
o Larger statistics available
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