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WASA-at-COSY physics and the fate of WASA

e meson production

e charge symmetry breaking

e dibaryons (ABC effect)
— M.Bashkanov ... tbc at CLAS, JLab

e light meson decays
— CAA-LMD and further at CLAS, JLab

® nN-mesic nuclei
— P.Moskal and K.ltahashi et al. ... tbc with n' nuclei at FRS, GSI/FAIR
WASA central detector is being moved to GSlI (T. Saito)
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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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light meson decay publications Ch

e Search for C violation in the decay n—1m°+e*+e- with WASA-at-COSY
F.S. Bergmann, e-Print: arXiv:1802.08642, submitted PLB

e Measurement of the w—Tr+mw=10 Dalitz plot distribution
L. Heijkenskjold, S. Sawant, Phys.Lett. B770 (2017) 418

e Measurements of branching ratios for n decays into charged particles
D. Coderre, P. Wurm, M. Hodana, Physical Review C, 94 (2016) 65206

e Measurement of the n — 1+ = 10 Dalitz plot distribution
P. Adlarson, Phys.Rev. C90 (2014) 4

e Search for a dark photon in the pi0 --> e+e-gamma decay
C.-0. Gullstrém, Phys.Lett. B726 (2013) 187

e Exclusive Measurement of the eta --> pi+ pi- gamma Decay
C.F. Redmer, Phys.Lett. B707 (2012) 243

e Measurement of the eta->3pi0 Dalitz Plot Distribution with the WASA
Detector at COSY
P. Vlasov, Phys.Lett. B677 (2009) 2
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Stefan Leupold
Uppsala University

conversion decays

Reactions of hadrons with virtual photons
» intrinsic structure of hadrons

* transition form factors

« validity of vector meson dominance
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« background for physics beyond the standard model
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theory confronts experiment

Role of hadronic decays for g-2

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

hadronic VP LO
NLO
NNLO
hadronic LbL } "edictif)ns
ncertainty

weak LO
HO

New Physics ?

SM prediction

103 10! 10! 10* 10° 107 10°
a, in units 10~
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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?

@) JULICH
Mitglied der Helmholtz-Gemeinschaft J

Forschungszentrum



(old) world data set: conversion decays

L.G. Landsberg, Electromagnetic decays of light mesons
IHEP in 1978—1980 on the “Lepton-G” spectrometer
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for ® meson, additional mechanisms
apart from standard VMD ?

(black curves are fits to the data)

+ confirmed by NAG0O AA reactions, S. Damjanovic, PLB 677 (2009) 260
 confirmed by NA60O pA reactions, A.Uras, J.Phys. Conf.Ser.270(2011) 012038

different experimental approach: elementary reactions, using di-electrons
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IF, I

new data sets: n transition form factor

A2 Phys.Rev. Cc89 (2014) 044608 Schneider, Kubis, Niecknig BESIII PR D92 (2015) 012001
NAG0 Phys.Lett. B757 (2016) 437 PRD 86 (2012) 054013
————_— A =(0.79 = 0. 04(stat.) = 0. 02(sys.)) GeV
4 ¥ NAGO (p-A) : A7 =1.934 +0.067 +0.050 [GeV/c’]’ 100E 0y xae0 0o " e LA LLL L
O NAGO (In-In) : .»\']:=1.95 £0.17 +0.04 [GeVch]'j C b NAGO 11 9 $
40 A2@MAMI : A7 =195 +0.15 +0.10 [GeV/c’] +e4 Lepton-G [7] i
1 * Lepton-G  : A7=19 +04[Gevicy* /| [ - VMD 7

VMD i A =1.83 [GeV/cT* — Terschliisen et al. [34]

= fi(s) = as)

mm  full dispersive
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0 01 02 03 04 05
Mass [GeV/c?]

0 00203 0405060708
M(e'e) (GeVic)

Vs [GeV]
n and 1’ improve data base and look for double conversion decays

® meson, whats happening at the high mass end?
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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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experimental approach WASA-at-COSY

= m,

LTRSS
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experimental approach WASA-at-COSY 6)»

Pellet line TOF Detector

Tracking Detectors

J ‘;.v | "l I I I I

>beam : 3 I >
Thin Plastic Scintillators

EM Calorimeter Ranne Hadnsenne

Solenoid

. 0
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particle identification WASA central detector (& J}

example PID:
analysis of p + d — 3He + n
e 3He selected in WASA forward detector
e low-energy proton background visible (in thin plastic scintillator)

calorimeter vs signed momentum plastic scintillator vs signed momentum
3
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Measurements of branching ratios for n decays into charged particles
Physical Review C, 94(6), 65206

IJ JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



n meson tagging with forward detector

tagging

pd >3He n and pp->ppn
e missing mass method: meson

e detection of all decay products

1.0GeV p+d >3HeX

x10°

'inclusive' MM
clear n peak

vl b Ly
0.45 0.5

1 | 11 1 | | ) I I -
0.55 0.6 0.65
Missing Mass *He [GeVic?]

Ch

MM = \,»""l‘(Einma! — Erecon)® — (’3 initial — P recoil )

1.4GeV p+p =>ppX,,;. triggered on charged decay products

%10°

7= MC Total

0.4 0.45

Missing Mass Proton Proton [GeV/c?]

pd >3Hen 3-107 3Hen tagged

abundant decays, analysis training

Mitglied der Helmholtz-Gemeinschaft

2 2 4500
?o 800~ —— MC pp — pp 21 % . Simulation pp — pp =*nn® P
= -~ MCpp— pp 3t = 4000 3
- —— Data - —— D = D T T Ay 31
2 —— Data - MC Total £ 3500 pp — pp 7
3 3 i
S G 3000 .
]
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experimental challenge p+p reactions

method:

reconstruct meson mass peak, use full final state
information

2 types of background:

1. multi-pion background
meson production cross sections
- smooth background under meson mass peak
example:
e signal n>mnm decay
e background direct m*rtm® production
2.) competing meson decays
relative branching ratios
- peaked background at the meson mass peal
subtract via simulations
example:
® signal n—>e*ey decay
e background (eg) from n—>yy decay

Mitglied der Helmholtz-Gemeinschaft
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Invariant Mass ©*myy [GeVic?)

0.54 0.56 0.58 0.6

[ data

— fit to the background #
Subtracted peak

I Sum of background

J‘\I\‘\I]‘\I\‘\I\\II

058 0.6
MMpp [GeV]

IJ JULICH

Forschungszentrum

0.48 05 "0.54 0.56



conversion decay n— y e*e- o))

L ¢ data ‘
10001 fit to the background #
i Subtracted peak §+
| @ Sum of background
800 — th
L > + b
- pPp—=>pp N + A
600 A, Goswami :
~  preliminary P
400 : *
B *
- ¢‘“ *
- \
200 — %
N | il 1 | L " | 1 '] L il ) i il L l 2 ' Lok .l
0 042 044 046 048 0.5 0.52 0.54 056 0.58 0.6
MMpp [GeV]
simulation dilepton mass distribution
MC sum
L signal
107 12% in-peak ——ntoyy
E back d nto n*ny
= ackgroun nto w*x
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30 000 n— y e* e

'‘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

IJ JULICH

Forschungszentrum



| ppn 2010 | n—e'ee'e | cut-based analysis: background study G )))

n—eeee | ——iogmeien

. iy e ERELR . subtracted peak (counting above
c MC sum c : :
8o - :O.SZQeW . :
Latilt 2ored: simulated line shape (arbt scale) —
TR i l
1 ""'n—-a'u‘{w 15:— _:
seecas-pp B C -
po “74‘, 0= .
* .}‘-EJ L 1.2 _'l%' 5:—' { { {{ —E
llll'llllllllLli.i:ll:i.’llljl : Coaa le oo b oa beoa booadooalonalosalonaliesa
0 01 02 03 04 04 042 044 046 048 O5 052 054 056 058 06
alepton mau M(oe) ch missing mass MM(pp) 'GeV
reliminary analysis: integral 51.9013 error 7.20426 eff 0.0098225
P Yy Y
BR rel to eta2gee 0.00328246 +- 0.000455628
Only 50 COU.nl‘S - BR 2.2649e-005 +- 3.14383e-006
new analysis: PDG 2.4e-005 +- 2.2e-006
im prove statistics WASA-at-COSY p+d->3He+eta: (3:2 +-0:9stat +-0:5sys) “1e5
look at pp pi0 data
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the decay n—eeee G)»

double virtual photon decay, branching ratio, 2 dimensional transition form factor?

KLOE 2011 | 362 % 29 BR n—oe+e—e+e—(y) = (2.4 * 0.2 ,upexg £ 0.155) X 1075

WASA 2016 | 18.4 £ 4.9,y | BRn—ete-ete- =(3.2 £ 0.9, * 0.5,,) x 107

WASA pd — 3He n 3 x107 n mesons produced
(14 040 £ 120) n — yee events (12% efficiency)
(18 5) n— eeee events ( 3% efficiency)

WASA 2010 pp — ppn indeed, < 50 n — eeee to be expected?? *

* meanwhile: more statistics possible by improved tracking (nuclear interactions of protons in
detector)
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CLAS approved analysis CAA-LMD C|Qg°3

hadronic decays: Dalitz plot analysis

n - mwomm g12 Daniel Lersch » analysis report in progress
w - oIt g12 Chris Zeoli » PhD 2016 FSU

n'— n g12,(g11) Sudeep Ghosh  analysis report submitted
f.s. niHm g12 Cathrina Sowa * PhD 2016 Bochum

radiative decays: box anomaly, branching ratio

+ analysis report submitted

IR g1 Georgie Mbianda Njencheu - PhD 2017 ODU
N — Ty g1 Torri Roark
D> TIHTT Y g11 Tyler Viducic

conversion decays: electromagnetic transition form factor

 paper draft on 7° cross section

m—yete g12 Michael Kunkel . PhD 2014 ODU
w — mlete g12 Susan Schadmand
n'—ye‘e g12 (Michaela Schever, Master 2015) o e[ IieToc el (O Tasn

(M.Kunkel and D.Lersch),
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4>
CLASG6 experiment class®

Torus Magnet

N

Beam Line

g12 experiment
y+p -p&X

Target

Drift-Chambers

Time-of-Flight

Cerenkov Counters

Electrocalorimeters

fixed target experiment with energy-tagged Bremsstrahlung photon beam from 6GeV CEBAF

LH, target main source for
external y conversion

magnetic field charged particle tracking
momenta and charge state

Cerenkov Counters excellent
electron-positron identification

EM calorimeter particle identification
(limited acceptance photon detection)

lJ JULICH
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4&
analysis strategy cut-based analysis ClQSp

dileptan candidates

missing energy ME(pee) . = == &3 missing pi0 mass
S — ete detection

3 E ===== && o massregon
i J and missing particle R "
'oz;_ .""f ertloy fere e _; mISSIIj‘g .plon. . . wénee

R - missing mass is pion mass
oL 3 ] - missing energy finite

g < ]  PRELIMINARY 1

e T missing photon: n(’)>yee

0.1 0.06 Q 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 . .

mion i - missing mass zero
missing mass MM2(pee) - missing energy finite

FT T [ P U e g

[ PRELIMINARY ieci ing:

Wk _ mls.sm.g nothing: o/w->ee

: S : - missing mass zero
o'k e J missing energy zero
e E

i ; missing mass cut is crucial

-0.01‘ ; ‘OI = I0.01‘ = .0.02 0.03‘ = l0.04 ; b.aﬁl = 0.08

MM"2(pes) (GeV"2)
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4&
analysis strategy cut-based analysis ClQSp

missing mass MM(p) invariant mass M(ee)
T l T T T l T T

dilepton candidales
3
10

10°

— &3 pass all acceplance cuts

102! .

LI T L ]
10 - - gg.fnfnfl-'-,_"“.'. oo
L)
T araratl. 2074,
LerfLpriheare ol P

r‘u vl

|"|.]-||||‘ |1|||m| 1||u|nl 1

- - 10 "
] PRELIMINARY
— .1.1 10 — 0.I2 — O.I4 — 0.6 . l 08 l II ’
MM (p) (GeV) Mea (GeV)
e smooth background «— fit and subtract
e in-peak background (competing decays) «— simulations
e photon conversion from m—yy «— simulations, small ee masses

* based on dilepton analysis of M.C.Kunkel

IJ JULICH
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towards the w-1r° transition form factor

smooth background subtraction

LTl e Gandidaies ]

— signal region
—— scaled background
——— background subtracted

065 07 075 08 085 0% 085 1 5 0.2 03 04 05 0.6
missing mass MM{p) /GeV dilepton mass M(ee) /GeV

in-peak and smooth background subtracted

1 1 1
PRELIMINARY
® gl2data
—— signal simulation ||
[ QED simulation

: iﬂn:r’ﬂ

t

03 04 05 06
dilepton mass M(ee) 1GeV

preliminary analysis:
so far, consistent with A2 result (and VMD?)

Mitglied der Helmholtz-Gemeinschaft

<>
clas¥

in-peak background

= simulation sum

— w—nee

L
04 0.5 0.6
dilepton mass M(ee) /GeV

simulations for
in-peak background reveal:

« external conversion at small
masses

« combinatorics at large masses

» influence of rho/omega diletpon
decay

+ effect of (strict) cut-based analysis
* new analysis -> more statistics ?!
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n’'—yee : cut-based analysis

 CLAS g12 experiment

» data analysis: g12 procedures

« g-factor signal extraction:
evaluate smooth background
event-by-event

» 359 event candidates
> 82 events (signal weight)

CLASG6 not competitive with BESIII

BESIII PR D92 (2015) 012001

r £ A= (0. 79 + 0. 04(stat.) = 0. 02(sys. )) GeV

0 0102030405060708
M(e*e) (GeVIc?)
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05.1. [ ; [ e
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projected statistics
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0.1

02
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summary

electromagnetic transition form factors of light mesons

+ WASA-at-COSY

* 19 n single and double conversion decays
» planning new analysis (statistics)

 CLAS g12 experiment
 n% n,n', and » decays
* planning new analysis
» use of kinematic fit
« statistics
« combinatorics

 CLAS12 campaigns:

 mn' decays proposed
« other proposals to come
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