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Motivation

EM TFF allow us access to intrinsic
structures of Pseudoscalar
mesons (P)

Possible gluonic contribution to
and n’ can be studied

The leading hadronic contribution
to anomalous magnetic moment
given by exchange of light hadrons
coupled to two photons

Light by light contribution
expected to scale as m_

J6lu

jonannes GUTENBERG
UNIVERSITAT MAINZ

MesonNet Workshop on MTFF
arXiv:1207.6556v2 [hep-ph]

e.g. Dalitz decay

P—y*y—e'ey

...but also other anomalous
decays involving TFF.
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Off-shell P form factors not accessible MesonNet WorkshoE on I\r/IITFF
experimentally arXiv:1207.6556v2 [hep-ph]

Any aspiring model should be able to
correctly describe the on-shell scenario

Lowest time like region studied in
4mp < g2 < mp?

P —> y(kly()

Photons either real or virtual
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Motivation: J'IZO Dalitz Decay UNIVERSITAT MANZ

Observable: slope parameter a,
FF=(1-ax)'~1+axforsmalla,

Theor Experiment

SINDRUM-I Coll. +0.025(14):,(26).,; 54k

"...we think that a precise Extrapolation from space-like region
measurement of a_, which would not | CELLO +0.0326(26)stat(26)syst
rely on any kind of extrapolation
remains an interesting issue."
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C

WASA at COSY

Pellet line FRI Absorber
. MDC FTH

Central Detector: Forward Detector:
- Superconducting Solenoid - Plastic Scintillators
- Plastic Barrel - Tracker
-  Wire Chamber
- Calorimeter
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Phys. Lett. B 726, 187 (2013)

n° Dalitz Decay JO”A”[‘JE,QE,UELES'}JTBAE'}A%NZ

;105
[) a qg
=0 ?\ DATA MC SUM
2 i
%103 0 +a-
102 | FEE T :
i L
i TR 'I i
10 v
L ! FM\HMM Jl. |.||I
0.05 0.1 0.15 0.2 0.25 0.3

IM(e*e’) [GeV]

In search of a dark photon in i —>yU—e‘*e y

Focus of paper was to set an upper limit on U-y mixing
parameter, ¢, 20-100 MeV

Data sample collected can be used to determine n® TFF
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Phys. Lett. B 726, 187 (2013)

n° Dalitz Decay ’O”A“GE,QE,%TRESTTBAETA%NZ

DATA MC SUM

Entries/(1 MeV)

- | 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3
IM(e*e) [GeV]

= 9000

E
E sooop- ™
2 7000}
g 7000;

& 6000F Reconstructed vertex
2000k used to remove

4000F .
3000f . conversion decays
2000 7
1000}
O 5 70 15 20 25 30 35 40 45 50

R [mm]
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n? Dalitz Decay

Phys. Lett. B 726, 187 (2013)

[y
(=]
o

Y
Q
=
/
.f-r.
¥
‘i
3 4

Entries/(1 MeV)

-
o
w
=TT

'y
o
)

w I
L LA

L L .Jl. |||I
0.05 0.1 0.15 0.2 0.25 0.3
IM(e*e’) [GeV]

10

-
(=]
Gl

-

-
Q
e

Entries/(1 MeV)

10°
oo,
10% fi i
O PR R LT s T O]
N Ii “\‘HHH Il
HML ] . Iﬂu"ih
0 0.05 0.1 0.15 0.2 0.25

IM(e*e’) [GeV]

Also prel. results t° - e+e- available

0.3

\Q/Ion Sep 29, 17.00)
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DATA MC SUM
0 +@-

ﬁs.o X 105

events in final event sample
Still to be analysed
~8.0 x 10 0 Dalitz decays

See also talk by
Evgueni GoudzovskKi
NA48/2 NA62

J
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3.0x10’y MM(3He)
/ PRELIMINARY RESULTS BR \

Several anomalous n
decay channels
analysed with

same analysis
scheme

Norm. t0 1= "7 7!
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% n-> e‘ey Candidates 1;" n-» e’e’y Candidates
& [ 2008 p+d 1.0 GeV } &1600- 2009 p+d 1.0 GeV #
8 g
5 1400
i # g f 4
£ o . y‘*
i g : o
400}~ 4 1000) \)
Vot ¢
& _ &
300 ¢ ¢
¢ sool- 4
= )
t¢ 400~ N
100[- A ol .
[ .
A UPERORPIP” 5. VUV S SIS S SeS e
046 048 05 052 054 056 058 06 046 048 05 052 054 056 058 06
Missing Mass *He [GeV/c?] Missing Mass *He [GeV/c?]

1.4 X 10% 1) = e+e-y

Channel Branching Ratio
n—ntny (4.68 £ 0.07 s1ar/ fir = 0.1945) X 1072
n — e+e_7 (6.75 - 0.06sta[/fit - 0.29_gys) X 10—3

n—o>natnete

(2.7 £ 0244 = 0.15,) x 107

n—eeee

(3.2 :t 0.9sta[ :t O.4sys) X 10—5
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n Dalitz Decay R IVERGITAT wanz
Y
Crystal Ball 7~
N CB - Nal(Tl) crystals
| TAPS -BaF,
Target, PID & (,} R PID - discr. charged/neutrals
LA )‘\%iérz i N
\\.Q)/" \ AE 2%
//4//(4’(/11// ‘ B (E[GeV)"™ )
SR, O
. ...':.:. ,g%’é:n AE 8% 0.8% TAPS
SV Edep B St (E [GGV])O'S ( )
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Phys. Rev. C 89 (2014) 044608
m(e+e-)=45+5 MeV m(e+e-)=3701+10 MeV

500 Nn=1634:51 | { Nn=168+43
300F ‘
400} ﬂ i
300+ 200} m |
200f # *
1001 *
100
} R
pmY
0 | ! | t ; 0 # | | |
04 05 06 04 05 06
m(e‘ey) [GeVIc2] m(e*ey) [GeV/c?]
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Phys. Rev. C 89 (2014) 044608 Most precise measurement of
n — ete” y to date
= "t: 2 I ndf 9.308 /22 ':-:z [ [ %2/ nat 15.17/22
§ = po 0.982 = 0.01124 = p0 0.9794 = 0.01172
é sl p1 1.954 = 0.1526 L | pt 2.05 + 0.176
3 | ' (b)
£ | | l/
5 |
5 1}
107F 1
: L | 1 | | [ | | | |
0 01 02 03 04 05 0 01 02 03 04 05 0 01 02 03 04 05
m(e*e) [GeV/c?] m(e*e) [GeV/c?] m(e*e) [GeV/c?]

A? = 1.95 (15),, (10)s,s; GEVZ  Reflects FF slope at m, = 0
IF, |2 = 0.982(11) wws) compatible to 1 within 2o
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1 Dalitz Decay

Phys. Rev. C 89 (2014) 044608
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Most precise measurement of

||='|2

n — ete” y to date

¥/ ndf 1517 /22
p0 0.9794 = 0.01172
p1 2,05 + 0.176

0

01 02 03 04 05
m(e*e) [GeV/c?]

A2 = 1.95 (15)y, (10),,s GeV-2

Good agreement with NAGO result (1 =)
G.Usai (NA60 Coll.) Nucl. Phys. A 855, 189(2011)

A2 = 1.950(59), (42),,e GeV2
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Phys. Rev. C 89 (2014) 044608

N o~
== | = This Work: Data == I = This Work: Data
L . e a w b
This Work: Fit (p0=1) ( ) 4o— This Work: Fit (p0=1) ( ) |
o A2 2011 /
t[ == TL calculation *ﬁ 4 o bl ;
- - - Padé approxim. <[ O | E DT calculation &
.*.
1 '# 1
C 1 1 1 1 L 1 1 1 l
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5

m(P) [GeV/c?] m(F) [GeV/c?]

TL calculation: C. Terschliisen, Diploma thesis, University Gieen, 2010.

Padé-approximants: R. Escribano, P. Masjuan, P. Sanchez-Puertas, Phys. Rev.

= == " D89 (2014) 034014. (poster by S. Gonzalez-Soliz)

tessrenan DT calculation: C. Hahnhart, A. Kupsc, U.-G. Meif3ner, F. Stollenwerk, A. Wirzba,
Eur. Phys. J. C73 (2013) 2668. (talk by A. Wirzba, mon sep 29, 15.30)
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Phys. Rev. C 89 (2014) 044608

N ~
= =  This Work: Data == L = This Work: Data
% || This work:Fit po=1)| (@) 4 = (b)
I ' L| —— This Work: Fit (p0=1)
o A2, 2011 /
L[ -~ TL calculation W @ NAGO, In-In
- - - Padé approxim. (R | DT calculation

_#

+

! | C |
0 0.1 0.2 0.3 0.4 0.5 0

| |
0.1 0.2 0.3 0.4 0.5
m(FT) [GeV/c?]
TL calculation: C. Terschliisen, Diploma thesis, University GieBen, 2010.

Padé-approximants: R. Escribano, P. Masjuan, P. Sanchez-Puertas, Phys. Rev. D 89 (2014) 034014.
assmsmmms (POsterbyS.Gonzalez-Soliz)

m('T) [GeV/c?]

DT calculation: C. Hahnhart, A. Kupsc, U.-G. MeifRner, F. Stollenwerk, A. Wirzba, Eur. Phys. J. C73 (2013)
2668. (talk by A. Wirzba, mon sep 29, 15.30)

:> Result agrees best with Pade, all within statistical uncertainty
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Phys. Rev. C 89 (2014) 044608
e = This Work: Data N-r -l = This Work: Data
= :t;iszzl::rk: Fitpo=ny| (@) 4 = || s (b)
| == TL calculation _’/ [ '""“.
~ ~ - Padé approxim. {7 N R DT calculation

ki

+
l
0 0.1 0.2

1
L 1 i L
0.3 04 0.5 0
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VMD models used to calculate hadr. LbL with A = 774(29) MeV
Result of this work A = 716(33) MeV

:> Smaller effective vector-meson masses ought to be used in VMD
like models

MesonNet Meeting — Frascati, September
29th — October 1st, 2014’
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Outlook

7p—>2n np—>6m, Eg>1447 MeV | n’ Dalitz decay with A2
15><10 [ Integral 5.608e+04

UNIVERSITAT MAINZ

n’ production run ends dec 2014.
(2012) 1.2x10%n’ on disk

(2014) 3.3x10° (July-Aug) —improved DAQ
Projected nr of n’ on disk ~ 8 x 10°

Experience from n Dalitz decay

. 0.95
m(2n°n) [GeV/c?]
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EM Dalitz decays of light unflavored mesons have been studied by

many experiments

Experimental input needed for how charmonium states interact with EM

field.

Theoretical prediction assuming simple pole approximation

available

J. Fu, H.B. Li, X. Qin, M.Z. Yang, Mod. Phys. Lett. A 27 1250223 (2012)

szp(qz)

1
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Decay mode ete” T
Y — 7T | (3.897037) x 1077 | (1.0170-29) x 10~

Y — i7" [(1.21 £0.04) x 107°{(0.30 £0.01) x 10~
Y =017l [(5.66 +0.16) x 107° [(1.31 £0.04) x 10~
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= . UNIVERSITAT MAINZ
Motivation

EM Dalitz decays of light unflavored mesons have been studied

No experimental input previously available on how charmonium states
interact with EM field.

Theoretical prediction assuming simple pole approximation

available
J. Fu, H.B. Li, X. Qin, M.Z. Yang, Mod. Phys. Lett. A 27 1250223 (2012)

1 Decay mode ete” prp
Fyp (qz) S —— Y — 7l | (3.8970133) X 10_7, (F 12509) x10™° ]
1 — g'% Y — nlT1~ [(1.21£0.04) x 10~°[(0l )£ 0.01) x 10~
A Y=l |(5.66 £0.16) x 10~ °| (1| . £0.04) x 10~°
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General information

BESIII four main components

MDC
Resolution @1 GeVic 0.5%
6%
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Phys. Rev. D 89, 092008 (2014) UNIVERSITAT MAINz

First measurement of rare
charmonium decays : J/y - P e+e-
Based on 225 million Jh
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Phys. Rev. D 89, 092008 (2014) UNIVERSITAT
First measurement of rare a) Y — nete—>mtTy  ete
charmonium decays : J/y - P e+e- b) T eter

Based on 225 million Jly

MCBKG: J/y —->n y——> 'y y

10¢ 5oo+--'-..- e
i . . . beam pipe
E : = nnl ~- Data R
5( - (a 5400: (b) signal MC | ]
E " g 3002_ ------- y Conv. MC .
CJ o ; [
3 £ 2008 3 ’
5| o | i i,
B SO obsihod N 2SR RN
-10 -5 0 5 10 0 2 4 6 8 10
Rx (cm) Oyy (cm)

Internal conversion main source of background-
cut on radius removes 98% of background and 20% of signal.
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Phys. Rev. D 89, 092008 (2014)
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Modes Ns NB €
a) J/b = n'ete (n = yrtn~) 983.3 £33.0 27.4 £+ 1.0 24.8%
b) J/v— n'ete () - ntr~n) 373.0£19.9 85+0.3 17.6%
C) J/Y—mete (n—>ntnn®) 842496 53+0.3 14.9%
d) J/4—mete (n— ) 235.5+16.4 8.7+0.3 22.7%
e) J/yp —nlete (7% = vy) 39.4+6.9 1.1+0.1 23.4%

Black - data points
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Phys. Rev. D 89, 092008 (2014)
o Ty &, [T T,
L Q1 ;
B 10° 1%
= i =2
[T] 1 w10
& 10 {1 9
? 1 @
"‘é; h._ "a:'; 1
o ! N LUl I_ @ (AL L. Modes Ns NB €
0 002 0.04 0.06 0.08 0.1 0 002 004 0.06 0.08 0.1
M(e'e) (GeV/c?) M(e*e) (GeV/c?) a) J/b = n'ete (n = yrtn~) 983.3 £33.0 27.4 + 1.0 24.8%
< < b) J/v— n'ete () - ntnr~n) 373.0£19.9 85+0.3 17.6%
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Ng
B(J/¢y — Pete ) =
(7 ) Njy-B(P—F)-e
Mode Branching fraction Combined Result Theoretical prediction

6.01 £+ 0.20 4 0.34) x 10~°
Jb—=snete (' - atn ) (551+£0.29+0.32)x107° (5.81+0.16+0.31) x10°° (5.66 £0.16) x 10~°

I =sn'ee (n =yntn™) |
(

J/p —snete (n—=nr 7% (1.12+0.13 +£0.06) x 10~°
(
(

1.17 £ 0.08 + 0.06) x 10™° (1.16 + 0.07 £ 0.06) x 10™® (1.21 £0.04) x 10~°
7.56 +1.32 +0.50) x 1077 (7.56 £ 1.324+0.50) x 10°"  (3.89°037) x 10"

J/Y —mnete” (n— )
J/ — 7roe*e"(7r0 = ¥7Y)

Good agreement between theory and experiment for P =n, n/’
2.5 o cf. theory and experiment when P = x°

A4, =3.0(1.0) GeV ( from P =1’ ) used for BR uncertainty

Result based on 1/5 of full statistics
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( o : ))) n? Dalitz decay large statistics available

Outlook: BR of anomalous n) decays, paper in progress
Large ppn data sample available (5 x 108 n tagged)

New improved result of n Dalitz decay (/=e)
(7 Outlook: v/’

First results on BR Jh == P e+e-
Outlook: More Jhp available, n’ Dalitz decay
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chn A2 BESII

Thank you
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Phys. Rev. D 89, 092008 (2014)

Ay = 3.686 GeV/c?
Ag, = 3.1 (1.0) GeV/c?

Test on A included in

systematical uncertainty of BR

IF |2
Jpyy

8
6
af
2
0

L L 1

0 020406 08 1 1.2 14 16 18 2
M(e*e) (GeV/c?)

Mode

Branching fraction Combined Result Theoretical prediction

J/v=nete (nf =5 yntn)
JY—=nete (n' = n )

6.01 + 0.20 4 0.34) x 10~°

5.51+0.29 £0.32) x 10°° (5.81 £0.16+0.31) x 10°° (5.66 = 0.16) x 10™°

J/p = nete (n—nn 7%
I/ —nete” (n = vv)

1.17 4+ 0.08 4+ 0.06) x 10° (1.16 £ 0.07 £ 0.06) x 10°® (1.21 £0.04) x 10"°

J/ — wne'*'e*(fro = ¥7Y)

(
(
(1.12 £ 0.13 £ 0.06) x 10°
(
(

7.56 +1.32 £ 0.50) x 1077 (7.56 +£1.32+0.50) x 10°"  (3.897037) x 107"
0.33
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inv mass (e*e”) vs miss mass (pp)

n® - e+e-

e D
P s I T
e
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Number of events
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projection on inv mass (e*e”)

n
o

I ] o - -
ellminary

I data

MIC T C

0 + - 0 + -
— MCn —ee andn —eey
and y conversion background

Number of Entries
o

002 004 006 008 01 012 014 016 0.18 0.2
IMass e'e’ (GeV/c?)

15 event candidates in 4 day data taking. 8 more weeks available
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