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light meson decays

Light Mesons
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- Quark mass ratio - QCD anomalies - Transition Form Factor
- Isospin violation - FSI — CP-violation

waAsA-at-cosy:, n &) CLAS: T, n, w, n* Cb&ﬁ

the orginal proposal for bringing WASA to COSY :
ginat prop 9ing the orginal proposal:

Proposal for the wide angle shower apparatus (WASA) at CAA Photoproduction and Decay of Light Mesons in

COSY-Julich: WASA at COSY

WASA-at-COSY Collaboration. e-Print: nucl-ex/0411038 CLAS
https://wiki.jlab.org/Imd/
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conversion decays

Reactions of hadrons with virtual photons
e intrinsic structure of hadrons
e transition form factors

« validity of vector meson dominance

« background for physics beyond the standard model

* rare decays
° eg m—ee

« g-2 anomalous magnetic moment of the muon
» light-by-light scattering

g-2 measurements: Fermilab and J-PARC K
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theory confronts experiment

Role of hadronic decays for g-2

hadronic VP LO
NLO
NNLO

hadronic LbL
weak LO
1% 12 HO

New Physics ?

SM prediction
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FNAL BNL CERN IIT CERN IT CERN I [Jegerlehner, arXiv:1705.00263]
2017 2004 1976 1968 1961

redictions
neertainty
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conversion decays

Transition Form Factors

dl'(A — BITl7)
dq? -T(A — B~)

= |[Fa.,5(¢?)|* - |QED

Fas(g®)=[1-g¥A%]"  (single) pole approximation

FAB(qz) - 1 + qZ[dFAB/qu]'qzzo - 1 + qszB =1+ éq2<r,zq]3>

A =m, (A7 = bag) / T

slope size
'standard’ VMD, b~1.69/GeV/? parameter  (transition region)
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conversion decays

Transition Form Factors

® —> p+p—n0
L.G. Landsberg, Electromagnetic decays of light mesons |—. YY
)
| e 3 60+8 events
dra-gly), 1-F=1(QED) oL

S 2- |F(g?)[>1(VMD)

1 3-[F(g})]<1

!| affects branching ratio

I 9

s ™ 2 qZ =mz’
(2Zme) (2m|,) _ 1

form factor: divide experimental g2 distribution by QED

A=m, (A2=bsg) 'standard’ VMD, b~1.69/GeV?
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status of the w-1T transition form factor

M. N. Achasov et al., Phys. Rev. D 94, (2016) 112001

S. Prakhov (A2 Collaboration at MAMI)
Phys. Rev. C 95, 035208

10

A7?=(1.99+0.21,,) GeV 2
1100 overall statistics

-

conclusion:
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A2 results are in better agreement with theoretical calculations, compared to earlier experiments
statistical accuracy of the present data points at large m (ee) masses does not allow a final conclusion
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a tale of two experiments

Pellet line TOF Detector
Solenoid :

Tracking Detectors

cosy

Drift-Chambers

Time-of-Flight

Cerenkov Counters Thin Plastic Scintillators

I

Range Hodoscope

beam —

EM Calorimeter

50cm
—_—

CLAS “h experimental issue | WASA 6)))
Jefferson Lab |OS> COSY-Jiilich

vy + p (g12 experiment) * cross section p + p»(2010)
* multipion
background
LH, target external y conversion pellet target + beam pipe
Cerenkov Counters dilepton identification
EM calorimeter photon detection Csl EM Colrimeter
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analysis strategy cut-based analysis

missing mass MMp

L
J
IO_—ll —
3 -
E 2
= 2
o

PP PP PP N I I | I
b.l 05 06 07 08 09 1 11 12

invariant mass Mee
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missing mass MMpee

01 0 001 002 003 004 005 006

dileptons, MMp>0.4GeV

1) MMpee cut (pi0)

2) MMp cut (omega)

= 3) fiducial and TOF

<
class

ete  detection
and missing particle

missing pion: w-Tee
- missing mass is pion
- missing energy finite

missing photon:
- missing mass zero

- missing energy finite n(’)->vee
missing nothing:
- missing mass zero o/w->ee

missing energy zero

Forschungszentrum
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<
analysis strategy cut-based analysis C|05°§

mlssmg mass MMp

ol e smooth background
: « subtract via MMp spectrum
e in-peak background (competing decays)
«— simulations

e photon conversion from m—yy (small ee masses)
«— simulations

b

dileptons, MMp>0.4GeV

1) MMpee cut (pi0)

2) MMp cut (omega)

— 3) 'pass all'
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4>
preliminary look at w-m? transition form factor Class

smooth background subtraction in-peak background

S 10 —— all #° ee'candidates '] ’ l ' I i —— simulation sum
—— signal region L
—— scaled background oomee
—— backgroundsubtracted @0 Ebk & . a . _ 0 ®... @ | W, ee
""" w->7my
e 0)—)7I'DY
) T w—ee
: womy
i : W I]D'Y
O8O AT T O eing mass MMip) (GeV GT O 0F 08 eston mass Mies) iGeV O 0T 0B 0% eton mass Mioe) (Gev
in-paak and smooth background subtracted data / QED simulation
iF 0 PReCMmARY simulations for n-peak background reveal:
® gl2data
—— signal simulation || .
B QED simulation + external conversion at small masses
. . i i
L4 44 a@_r’fli pombmatoncs at large masses
f * influence of rho/omega dilepton decay
PRELIMINARY . .
« effect of (strict) cut-based analysis
* new analysis

BB OT emton mace Miee) eV dopton mass Mjos) GaV - statistics

Lo ]  combinatorics
preliminary analysis:
so far, consistent with A2 result (and 'extended' VMD)

o0
C. Terschlisen and S. Leupold, Phys. Lett. B 691, 191 (2010) ‘ ’ J U L I c H
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a tale of two experiments

Pellet line TOF Detector
Solenoid :

Tracking Detectors

cosy

Drift-Chambers

Time-of-Flight

Cerenkov Counters Thin Plastic Scintillators

I

Range Hodoscope

beam —

EM Calorimeter

50cm
—_—

CLAS “h experimental issue | WASA 6)))
Jefferson Lab |OS> COSY-Jiilich

vy + p (g12 experiment) * cross section p + p»(2010)
* multipion
background
LH, target external y conversion pellet target + beam pipe
Cerenkov Counters dilepton identification
EM calorimeter photon detection Csl EM Colrimeter
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experimental challenge p+p reactions o))

method: o

- . ;4500 - Simulation pp — pp =*nn® i
reconstruct meson mass peak, use full final state 2 4000 op — pprtr—y | ®
information L3s00| " !

2 types of background:

1. multi-pion background
meson production cross sections

— smooth background under meson mass peak 052 054 056 058 b6
Invariant Mass ©*myy [GeVic?)
example:

e signal n>mnn decay

. . H ¢ data
e background direct 't production 1000 —— fit to the background $
n Subtracted peak $+
- I Sum of background ;
. 800 —
2.) competing meson decays - : t
relative branching ratios 600 #l
— peaked background at the meson mass peak - pp—>ppn ; A
. . . 400? # t
subtract via simulations - oyete S0
example: 200/
® signal n—>e*ey decay

'0.54 056 058 06
MMpp [GeV]
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e background (eg) from n—>yy decay 0.42 044 046 048 05
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conversion decay n— y e*e- o))

+
1000

I Sum of background

data
fit to the background
Subtracted peak

800

600

400

200

\|\I\‘I\I‘I\\|\I\JI\

pp—> pp n (2010 data set)
Ankita Goswami

30 000 n—y ete- preliminary

054 056

058 0.6

MMpp [GeV]

simulation dilepton mass distribution

MC sum

10°

102

T KIIIIH‘

12% in-peak
background

10

o

s

signal
—ntoyy

nto n*ny

N to n'nn?

0.1 0.2 0.3
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0.4

|

. 0.5
Invariant mass of e*e” [GeV]

'‘benchmark decay’

analysis: new base class for pp eta analyses
e full particle multiplicities
e improved particle id (neural networks)
e kinematic fit
— can improve the efficiency and signal/background

e in parallel, look at n— eeee

further: study in y p—> p n(') and w with CLAS/JLab
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Ch

conversion decay n— y e*e-

pp—> pp N (2012 data set)
Damian Pszczel, preliminary
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n’;;‘_ a6 - t CB/TABS 2017 \t(}{lid T.-\E:D ;pﬂ:-{ P o 10t ) 9-[1.9_75 01ha)
= “OF | CB/TABS fit 2017 i L S “f’"
— 24— . This work Thiswork (WASA) | Dp = ppn) 1.1- 104 197 £ 0.2945 T 59"
29— This work fit
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status analysis n—eeee

C

| ppn 2010 | n—e*e'e*e’ | cut-based analysis: background study

0.6 0.7 0.8
invariant mass IM(eeee) /GeV

~03 04 05 06
dilepton masses M(ee) /GeV
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—e— data PRELIMINARY

- MC sum

— n— eeee (signal)
-------- n—yee (VMD)

"""""""" n-n'wee

o - T,

B 0
Aol itz Dalitz

S 0
AA— PP T i

new analysis:
improve statistics
study combinatorics
look at pp pi0 data?

Forschungszentrum
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summary meson transition form factors

results coming up from the experiments
CLAS g12 and WASA at COSY:

n—vye'e benchmark channel
n— e e ete  double VMD ?

w-T10 transition form factor solve the puzzle?
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