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3.60 discrepancy — physics beyond the standard model
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Calculations in the lower energy (Q) regime
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The w meson
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3-body decay

M given by two independent variables
— 2D representation, e.g. M(s12, 523)
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3-body decay sj=|P; + Pj|2
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— 2D representation, e.g. M(s12,523)
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Dalitz plot density distribution ~ |M(s12, 523)/?, IM?=1 : Phase space

Restrictions from quantum numbers

P - wave phase space
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Experiment - Theory comparison
Parametrisation F(Z,®) x P
F(Z,®) =14 2aZ 4+ 28Z3/?sin(3®) + 2yZ2 + 2675/ 5in(3d) + O(Z3)

Fits are performed on theory predictions.
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Wide Angle Shower Apparatus

10m

COsY
beam

COSY at Forschungszentrum Central Detector Forward Detector
Jiilich, Germany

Collected data

4 weeks beam time in 2011
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o 3He candidate

o T~y candidates

- + Experiment

—— Fitted background
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o 3He candidate
o T~y candidates

o 70 candidates

= |~ Experiment
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L. Heijkenskjéld (Uppsala University) ~ Hadronic Decays of the w Meson ~ 13/31



o 3He candidate
o T~y candidates

o 70 candidates

o Kinematic fit

Constraint: Pj, = Pout, Improve resolution for XRe< = T, 0, ¢
Hypothesis: pd — 3Hert 7~y

4 Reconstructed

o Choose final track candidates £ g B
o Test pd — 3Hent 7~ hypothesis £ o
o Cut on P(x2)>0.05 AR

11112
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Bin size

Z €[0,1] and ¢ € [—m, 7]
66 bins

1D-representation for comparison
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Bin size
Z €[0,1] and ¢ € [—m, 7]
6x6 bins

1D-representation for comparison

Extracting the w events

Simulated distributions - H, 3, and Hz,
F=AH, 3 + {al + arx + a3X2}H37|-

A= 72 A = # signal events
S Heo—s3m

# events
Theam = 1.45 GeV  13790(220)
Theam = 1.50 GeV ~ 12830(200)
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Efficiency correction

Using simulated signal data
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Efficiency correction

Using simulated signal data

it
€j = o
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Bin-wise efficiency correction N = —*
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Analysis efficiency
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Resulting experimental Dalitz plots

Efficiency corrected bin content

‘ | Toeam=1.45 Ge
I 2
=1.50 Ge\| .
Theam .
(scaled) | .
r + Ce .
o [ « ° N . ® .
[ & of Y
L Fooe o * e
£ a£
n L .
2F o .
7\\\\\HH\HHH\\HHHH ’H\HHH\HH\HH\H\H\
1111112222223333334 5 Zbin 111111222222333333444 455
12345612345612345 123 612 @ bin 123456123456123456123

Compare the distributions:

Unbinned ML fit of Gaussian:
pu = —0.02 and 0 = 0.93




Parametrisation F(Z,®) x P

F(Z,®) =14 2aZ +28Z3%/?sin(30) + 2vZ2 + 2625/2sin(3d) 4+ O(Z3)

Fit results

Parameters a x 108 B x 10° ~ x 10° Xz/d.o.f.
used in fit

NIN? - - - 84 / 40
NINZa 153(42) - - 69 / 39
NIN?ap 132(48) 55(63) - 68 / 38
NN2ay 21(148) - 232(252) 68 / 38

0"

+ Thean=1.45 GeV/|

— Fitted function

Normalised residuals ~ Efficiency corrected bin content

Zbin
@bin

Sensitive to o parameter:

Onset of p state

+ Tyear=1.50 GeV|

— Fitted function

7747434555
1234567133 bom

Normalised residuals ~ Efficiency corrected bin content




Test of fit procedure
x10-3 X%/ d.o.f.=33/39

“True” data simulated with P-wave

Fit with F(Z,®) x P
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Test of fit procedure

x10-3 %2/ d.o.f.=33/39

x10~3 x*/d.o.f.=32/38

“True” data simulated with P-wave g [ I ] g [ l 1
Fit with F(Z,®) x P 3 ] 3t 1
6 | i 6 | ]

Test of signal extraction method
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Test of fit procedure

“True” data simulated with P-wave

Fit with F(Z,®) x P

x10-3 x*/d.o.f.=33/39 x1073 x*/d.o.f.=32/38
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Test of signal extraction method
x10~3 x*/d.o.f.=36/39

Simulated dist. - H, 3, (P-wave) and Hs.
Generate Hgen, ~ Hexp
Extract signal events — Fill Dalitz plot
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Test of fit procedure
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p+d — 3He + w
Tpeam = 1.45 and 1.50 GeV

— ~ 26600(300) events in the Dalitz plots

Fit of parametrisation (1 + 2aZ) x P

— a > 0with~ 350
3

Theoretical predictions:

Lagrangian approach (Uppsala) and Dispersive 50

calculations (Bonn,JPAC) 0 . . . .
This study Uppsala Bonn JPAC




Part |l: Additional w studies

A search for the
w — w7~ signal in WASA
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Why search for w — vt —
BR(w — 7tm~) = (1.537%13)%  Isospin violating
p — w mixing assumed — Interference pattern in My

In WASA data ~ 28000(300) w — 7wrn~ 7 events
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Why search for w — vt —

BR(w — 7tm~) = (1.537%13)%

Isospin violating

p — w mixing assumed — Interference pattern in My

In WASA data ~ 28000(300) w — nt7— 7 events

Previous observations
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p — w mixing

Sources of isospin violation: EM interactions, m, # mgy, ...

o) =lpr) — €lwi)

Common approach: |p;) = |1,0) and |w;) = 0,0) — ) = i) + € |pr)

|wj) = T~ often neglected



p — w mixing
Sources of isospin violation: EM interactions, m, # mgy, ...

o) =lpr) — €lwi)

Common approach: |p;) = |1,0) and |w;) = 0,0) — ) = i) + € |pr)

|wj) = T~ often neglected

The role of production

v \Y
ete™: known coupling "N\ @——— hadronic: not known
— mixing info from ete™
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\: P \: 7 O . .
A+ S (g U E N S I SU——
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a=180 a=270

[Mor|? =|Was, M {| Ao + 28(1 + AmiR(s; 1)) | Ap||Aw| cos(a)
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Data analysis

Event selection

@ Selection of 3He, #+ and 7~ o +Experimema\ data

@ Kinematical fit:
choosing final tracks and suppress 3Her ™7~ 70 w

@ Cut on P(x?)>0.1

T T
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The resulting 7+ 7~ mass distribution
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Residuals
Residuals

85 o

The resulting 7+ 7~ mass distribution
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Fit to background using simulated distribution Ha,
F = {a1 + apx + a3x®}Hor

No convincing p — w interference



The resulting 7+ 7~ mass distribution

— Experiment "
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Estimation of # w — 77~ events in final sample

With assumption of no interference



0E # iy R
Data collected by WASA, 28000(300) O, En...:
w — 7tr~ 70 events (BR=89%) o " 4!“,

Search for w — 77~ signal (BR=1.53%)

Observe p — w signal in hadronic production

o5 ofs 09
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No visible interference
Estimated # w — 77~ small

Size of p — 77~ signal unknown



Part |l: Additional w studies

A simulation study of

7970 interference study with KLOE
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Previous study of ete~™ — 70w with KLOE

Accumulator

~ 600 "1 pb /s € [1000,1030] MeV

ete™ - n%w — Ontr—a0

1349(2)-10° reconstructed events

Could be used for Dalitz plot study! S



Previous study of ete~™ — 70w with KLOE

~ 600 ~1pb /5 € [1000,1030] MeV
R
ete™ = 0w — W0rtr— 70 ?

1349(2)-10° reconstructed events

Storage rings

Could be used for Dalitz plot study!

Why care about w070 interference?

@ Identify primary 79 in simulation @ Effect of 7070 interference in Dalitz plot
Reconstruced
= —_——— 7 H
Needed for e e Effect in ‘ ; Effect in
simulation experiment
No Tr?,n.man//Decay in simulation with interference

Can simulation without interference be used?



The reaction model

~TC
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The reaction model

~TC

2 —002 -7
M2 =385 o o m
= Gw[tw(pﬂ—?’ pn—apﬁ*’:pﬂ-g) —tw(Pﬂ-?’Pﬂ'*"Pﬂ-—:Pﬂ—g) /\/\/\\f\o\&(:

s S

2 N
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_JF—00 | j+—00p2
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1 2

The simulation procedure

@ Generate 07t7~ 70 at \/s = 1 GeV with GENBOD — Wps
@ Calculate [M|?2 = W = |[M|2- Wps

Exclude interference |[M'|? = |J:;000|2 - W = M2 Wps
1



Pion kinematics
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Pion kinematics Dalitz plot

af : o Select w%ecay using |my, — IM(at 7= 7?)|
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. g Noticeable effect from interference.
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Take care in analysis strategy




w — wta—x0 Dalitz plot
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