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Motivation

» The study of Electromagnetic Dalitz decays of V—Pe+e- o Virtual photon
IS important to reveal the structure of hadrons and the i

transition form factor (TFF), |Fvp(mf ,-)]*, atthe
transition vertex.

> 0 =M _+ - dependent decayrate:
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Fve(g*)]* X [QED(g™)] [Phys.Rep.128,301(1985)]

> \ector meson dominance model (VMD): |Fyp(m?,-)* is mainly governed by the coupling of the
1 Y

~* to the V meson via an intermediate vector (V') meson in the timelike region

m%n

F =N A F
D) =N D A [JETP Lett. 20, 308 (1979)]

simple pole approximation : Fyp( qz} —

1 — qz / A2
where A is an effective pole mass of the virtual vector meson and its inverse square value (A—2) reflects

the slope of the [Fvp(m} )P at my+;- = 0.
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Motivation

J/Y — Pete™ (225M ] /Y data)
Experimental result agrees well with theoretical predication for n and n’.

[Phys. Rev. D 89 092008 (2014)]

Mode

Branching fraction

Combined result

Theoretical prediction

JIw—=nete (f »yxtn)
Jw=nete (f = ntnn)
J/w = nete (n = atn %)
J/w = nete=(n— yy)

J/y = n’ete(n" = yy)

(6.01 +0.20 + 0.34) x 1075
(5.51 £0.29 4+ 0.32) x 103
(1.12 £ 0.13 £ 0.06) x 1075
(1.17 +0.08 4 0.06) x 103
(7.56 + 1.32 +0.50) x 1077

(5.81+£0.16 +0.31) x 1073

(1.16 £ 0.07 £ 0.06) x 1072
(7.56 + 1.32 +0.50) x 1077

(5.66 + 0.16) x 10~3

(1.21 +£0.04) x 1073
(3.891037) x 1077

» Large discrepancy between experimental and theoretical results in Jay—e+e-n® decay.

» New models, based on effective Lagrangian and dispersion theories, update the branching
fraction of J/y—e*en(')r® decays once again while taking into account to the contributions

of light vector mesons and nm intermediate states. [arXiv:1412.5385 [hep-ph] (2015)]

Exp. data this work VMD prediction |1 ]
= nete™ | 1.16 £ 0.09 1.16 + 0.08 1.21 + 0.04
= nete” | 5.81+0.35 5.76 + 0.16 5.66 + 0.16

arxiv:1411.1159 [hep-ph] (2014
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Motivation
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The objective of this analysis is to 107 A . P I PR | :
measure the branching fraction of ¢ e : \1/2 (GeV] = - .
Jy—eten® in the full m,+,-range |
using 1.31  billion Jhy events
collected by the BESIII detector. Exp. data this work VMD prediction |1 ]
= nete” | 1.16 4+ 0.09 1.16 + 0.08 1.21 + 0.04
p—=nete” | 5.81+0.35 5.76 + 0.16 5.66 + 0.16

[arXiv:1411.1159 [hep-ph] (2014)]
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Data-sets

» We use 1310.6 million J/psi data-set collected by BEESIII experiment during 2009-2012.

» Also use 1225 million events of inclusive Jiy Monte Carlo (MC) sample for background study.

> Generate the signal MC for Jiy—e*en® using the formula of Equation *** shown in slide no 1 with
TFF=1 GeV/c? to optimize the event selection criteria.

» Generate the exclusive MC events for the following decay processes to study the backgrounds:

o efer—yutw (Phokhara) 10 million

o e*e-—yntm- (Phokhara) 5 million

o ete—yrntrnl (Phokhara) 20 million

o ete—yete (Babayaga) 11 million

o Jy— yrtrad (EvtGen) 74.1 million

o Jy—Vr° V(=p,n)—ete (EvtGen) 120000 for each V decays
o Jy—V 110 o—ete (EvtGen) 120000

» Use BOSS V 664 to produce the ntuples.
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Event reconstruction and selection

» Select the events of interests with exactly two charged tracks and at least two photons.

Good charged tracks Good photons
V| <1.0cm, |V, <10cm Barrel region (cos0, < 0.8): E, > 25 MeV
and |cos0|< 0.93 End-cap region (0.86 < cos0,< 0.92): E,> 50 MeV

EMC timing: [0,14]x(50) ns, 0, .+ > 10 degrees.

» Perform a 4C kinematic fit with two charged tracks and at least two good photon candidates.

» The y2from 4C kinematic fit is required to be less than 100.

10° F [_signal MC
= [UInclusive Jiy MC
- e'e’sye’eMC
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Particle identification

» The two charged tracks are required to be identified as electrons using the PID based
on dE/dx, TOF and EMC
> prob of e- > prob of «-
» Prob of e- > prob of K-

> E/p > 0.8 if e momentums are larger than 0.25 GeV/c.

- | DSignal MC
: 200 . Jhy—r*nn® MC
6000 B N -
%) - Q I
Q - - -
= 4000+ ) -
o i 2 100}
I [ R
2000 |- L :
0 i i P | 1 | PR S — - | M PR 0
0O 02 04 06 0.8 1 1.2 14 0 0.5 1
e momentum (GeV/c) E/p (c)
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Veto of gamma conversion events

Use a photon conversion finder package to veto the gamma conversion events

dzy = \/R2 + R}  The distance from the conversion vertex point to the origin in the r — y plane

10 ! 3000 : Signal MC
[ (a) ____beam pipe _ I Jiy—syn® MC
— 5.— - ' : —
E . /'-./ﬂ
% 1
9, ot o :
> ' = I
(1 ] w 1000
-5': |
: Inner MDC wall
_10.AA.1-..‘1.,-A1-A.. 00 10
-10 -5 0 5 10

5
(cm)
R, (cm) 5,,

[Chin. Phys. C 36, 742 (2012)]
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Veto of radiative Bhabha events

Cosine of photon helicity angle

e lcos@..:l <0. - [ signal mc
I hé‘f.!l 0 9 2000 e‘e"ye'e” MC
e The momentum of both the e tracks is required to be 1.45 Gev/c - i
5 _
e The energy of the low energetic photon used S i
wn - —
for 7 — yy reconstruction is required to be larger 2 000k
than 0.14 GeV E i
1
00 0.5 1
COSO; g
| DSignal MC N I:ISignal MC
- e‘e’—»ye'e” MC B e‘e’—ye’e’ MC
o 1000~ © I
& s |
o i o ~
B 7 B i I
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Remaining sources of backgrounds

Remaining backgrounds in the inclusive J/y MC sample:

No. decay chain final states 1Topo nEvt nTot
0 = Tl — e¥e™ 0 [ 60
1 Iy — 70, % = =at I — ata7 | 2 9 78
2 Il — a2zt I — ata | 1 4 82
3 I — ap*, p* — a2t I — a7 | 3 2 84
4 Il — yf4(2050), f£1(2050) — 220 I — yn¥n0 4 1 85
5 Iy — prt, pm = aal I = ata | 5 1 86

Exclusive MC study for the remaining sources of the backgrounds:

Decay channel Generated | Survival | Expt Evt (PDG) Norm. Evt
J/w — yn° 25.0M 1352 45201.58 +241.43 2.45 +0.013
JI — ntnn° 74.0M 218 27328176.42 + 145961.57 | 80.51 + 0.430
JW - wr®, w -t~ | 5.0M 39 9023.48 + 48.20 0.072 + 0.00
JW - wn’,w - ete= | 0.12M 32978 | 42.43 +0.25 11.66 + 0.07
JIW — pa¥, p — ete” 0.12M 33099 | 342.34 +1.83 94.43 +0.51
JIW — wr'n’, w — ete” | 0.12M 19 316.81 + 1.69 0.05 + 0.00
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Di-electron invariant mass distribution: Data vs. MC

1 03 L ] Jly—e’en’ MC I J/y—yn” MC
—¢— J/y data side band data

B p—e*e' MC am Jy—ntnr® MC

10° F = woe'e MC [ Combined MC + sideband data

—_
o

—
Q

1072

Entries/(0.030 GeV/c?)
=

10

O 05 1 15 2 25 3
2
m,..- (GeV/c?)

Need to generate the signal MC while including the resonant and non-resonant contribution in J/\y—e*en®
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Data vs. MC
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Di-electron invariant mass dependent Signal efficiency

In order to study the m,+,- dependent TFF, we generate the signal MC using formula of Eq. *** with TFF = 1.

1 05 |:' Reconstructed
—4— MC truth
(@) -1 [ L
g. g 10 3
o [
= o B
o O I
= =
u:J L 10—2 E_
1...‘|....|....|....|....|..._ﬂ —....I....I....I....I....I..H
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
m..; (GeV/c?) m..; (GeV/c?)
NR_econstructed
E . . __isigMcC
fficiency = = e
sigMcC
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Maximum likelihood fit: Di-electron invariant mass

dependent signal yield

» Perform the m,+.-dependent maximum likelihood fit to the m,, distribution.

» The signal PDF is described by the signal MC convoluted with a Gaussian function.
» Non-peaking background PDF is described by a 1%t order Chebyshev polynomial function.

» Peaking background PDF is described by the histogram of the exclusive MC sample of the peaking background
contribution.

» The peaking background is dominated by J/\y—yn in the low-mass region, and by Jiy—n*nn® in the higher mass region.

2o " " T T Teo=0264+-037 10 1 — o ] c0= 0.8%-1.7 |
B Me+e- € [zmez' 0. 04] nbkg= 23.8+/-6.3 | = nbkg= 39+/-25 -

-~ - GeVvic nsig= 90+-10 1 | -~ - i nsig= 32.6 +-6.4  _
S 15F 1 2 -t non-peaking backgroyntl PDF ]
g i ] 8 -t signal PDF
= b E o -I Total PDF Mg+.- €[0.76,0.80]
> OF ’ g 5 ot GeV/c? .
= : 1 £ i
2 s 1 & I
L C ] LI>.|

s
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Efficiency corrected signal yield

-
Q

N
T

dN(Jiwv—e*en)/dq (GeV/c?)’

—e— QED Calculation
——4—— Experiment (Stat + syst errors)

T
- '_5_| . ==
B T 1l —@= l
==

T
L B b l -8~ | g

\ o

N

[ -e-

No any significant deviation between
experimental and theoretical prediction is
seen for m,+,- < 0.4 GeV/c? as seen by
previous BESIII measurement based on

2009 J/y data-set.
[Phys. Rev. D 89 092008 (2014)]

1 2 3
m_.. (GeV/c?) \‘

A resonant  structure
corresponding to p/® mass
position is seen.
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data

TFF is the ratio of experimentally measured m,+,- dependent differential decay rate of Jiy—e*enO to its
standard QED point-like prediction defined by the formula of Eq.*** mentioned in page 2.

TFFvs. m

et+e-

10°
o 4 4 ThL LI |
N 10 R ANPUREY SIS O o [
= Bl 1T
%ﬁ 10_1é_l . \\
o F \
= 0k .
(LSS | N P O s o RN o P Y
0 1 2 3

2
me*e' (GeV/ C) A resonant  structure

corresponding to p/® mass
position is seen.
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TFF vs. m_,. data

Fit to p/m peak of the TFF curve

Lo, BWES (g, L)

BWS(q my, Ty) e Rerel 4 o, BWSS (g7 myp T ) + €pn BWON (g g, Tym) + .

Fyyulq®) = . =
1+ +o0 + .. -
o+ © 401 ¥*/NDF = 14.90/ 10
where, the amplitudes of the Breit-Wigner (BW) functions are complex: ¢, = |cule®®, Cpr = k'_,,le“a’ and L c, = 0.003 = 0.002
Cp =|cpﬂ|e“f".'l'h=BW of the ew is defined as: e an -—
. o [
BWSS(g".m.T) = - (7N = -
m? — g* —iml” ) 20 L
The wide p. p" and p" resonances are described by the Gounaris-Sakurai (GS) model [30], which takes ‘E-' n
into account the variation of their width with energy: & B
2 =
s _ m2(1 + d(m)T/m) 10 -
B D) = e s i@ m D - @ D) ® [
with = e —
3 i 1 i i i 1 i i i 1 i i
rfmn =L (BAD)) © 0.6 0.8 1
where (%) = /1 — dm2/q2. I'I'IE,E. {GEVFCZ}
The auxiliary functions used in the GS model are: .
¢ A TeRon e ot e Ignore the excited states of the p resonances (suchasp”, p” "~ etc.)
3 2 L (me 2hntd) - m2m . from the fit.
m) = B “( m, )+ Ink(m?) _ mi(m?) ° (10 _ _ _
Mass and widths of p and o resonances are fixed to their PDG values.
2 _ T’ 2 2 2 e PR ST
_f(q,m,l")—kll:mz)[kz[qz)(h(q]—h(m )+ (m* = ) (m ]] : an The value of the phase ¢, of the p — w interference is fixed to be 0.182 rad
where ] [Phys. Lett. B 648, 28 (2007)]
kq) = 5 J;ﬁ,.[q%, (12)
Measured c,, value is consistent with the Benedikt results with the
statistical uncertainty.
) = E@,n[M]_ (13) [Phys. Lett. B 753, 629 (2016)]
g e

and h'(g?) is the derivative of h{g").
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data

We then perform the fit to TFF vs. mg+.~ data in the full m.+.- range using the following formula:

TFFvs. m

et+e-

1 +c BWES(g* m_.T) 1
2 5 b ] * T i 2
IF gl = IBWES (g7, m,,, T,) T I+ Al *ee
1000~ ¥2INDF = 42.78/ 40 1 03 = ¥2INDF = 42.78/ 40 I
B A, =1.000 + 0.057 - A, =1.000 + 0.057
i A =2.710 £ 0.022 (GeV/c?) = A =2710 £ 0.022 (GeVic?) [
10°EF  Log scale -f
o B _ - -
F i S N | — f"/
T T 7 ,T
% 500 | T T 10F 1l Lt I-/
2 i Linear scale = - 1
L w’ ’i/
| ﬂj | |
I st l-""‘+ T 1 . 10-1 v I . ) " " " l
0 1 2 0 1 2
2 2
m,... (GeV/c?) m,... (GeV/c?)

The A value is observed to be A = 0.271 +0.022 GeV/c?, which seems not to be correct due to its value is lower than m,,y, — m,o threshold,
that might be due to the contributions of massive p resonances in the high mass region.

Generate the signal MC for J/y—e*en® using the TFF function of Eq. **** with A = 3.686 GeV/c?.
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Data vs. MC: di-electron invariant mass spectrum

[ ] Jly—e*en® MC I J/y—yn® MC
—¢— J/y data side band data
. Jiy->rn'mn® MC [ ] Combined data (MC+sideband)

0 0.5 1 3
M. (GeV/c )

10°

Entries/0.030

» Systematic uncertainty due to the TFF is evaluated while generating the signal MCs with A=3.10, 3.686 and 4.0
GeV/c2.
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Background study: Two photon process of ete—eten’@ J/y

30 __——'no'n—p'eak'ind ba'ckéro[md' PDF | nbkg= 374 +/-22 B
| -- signal PDF nsig = 44 +/-13 i}
ete” > ete nl= ’o;‘ - -- Total PDF -
S ] |
830.8 = 0.8 pb @ 3.773 GeV S 20 |
729.440.9 pb @ 3.0969 GeV ~ [ 1 i
b2 - [
Many thanks to Dr. Christoph % 101 ] ‘
Redmer for providing these > -
numbers. L - +
0 ! L deee AL | ]
0.1 0.12 0.14 0.16 0.18
GeV/c?
do©) _ofa —ln _f(\/_)dcrw_,}((s) mw( )
dsdl’ T dar -’ ]/1/)
- _(1-— 2 _ Ny _ _Lyw Cletermetemn®)
f()==2+7)Iny = (1-7)B+77), f = TG770) ~0.14

Ny 3770) L¢(3770) 0'( te~—sete n0)

> The normalized two photon e*e—e*en® peaking background contribution in J/y data is:
(44 £=13)X0.14=6.16+1.82 events
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Projection plot (in the full di-electron invariant mass spectrum region)

Events / (0.002 )

N, (after subtracting the background from the two photon process) = 282.64 & 26.22 events

11/16/2017
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— -- non-peaking background PDF

— --signal PDF .
- -- Total PDF /| -
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Systematic uncertainty

Source Uncertainty (for EM Dalitz decay) uncertainty (for TFF)
Additive systematic uncertainties (events)

Fixed PDFs 2.38 0-4.7

Fit Bias 1.78 1.78

Background modelling 15.00

Total 15.29 1.78 -5.03
Multiplicative systematic uncertainties (%)

Cose! 1.81 1.81

Charged tracks 2.40 2.40

Photon detection efficiency 2.00 2.00

Xic 0.96 0.96

e~ PID 1.20 1.20

J/yr counting 0.50 0.50

n° reconstruction 1.00 1.00

Form factor 2.06

Veto of gamma conversion 1.00 1.00

P+ and E,, 3.88 3.88

Total 6.08 5.72

Most of the systematic numbers are taken from BAM-0266 (recently released for the CWR).
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Branching fraction

_ . Nsig
B(J/Y = efen’) = eff-B(m —y) - Ny

Where,
eff = 28.86%

B(n—vyy)=0.98823

NJ/y = 1310.6 X 10°
N, = 282.64 £ 26.22 events
B(Jw—eten?) = (7.56 £ 0.70(stat) £0.62(syst)) X 10”7

The accuracy of the measured branching fraction is improved by a factor of 2 over the previous
BESIII measurement.

[Phys. Rev. D 89 092008 (2014)]
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The branching fraction of J/y — e*e n’ for m,+.- < 0.4 GeV/c?

» Generate 2000 Signal MC events in the same way as produced by previous BESIII measurement.

10F T T T Trbg= Bewib2 [T T T T T T T Tnbkg= Gavid ] T T T T T T T T Tnbkg= fievda ]
:;; : 2009 ‘]/\V da nsig= 34.3 +/-7.3 : :;; 30:— 2012 \]/\If data nsig = 115 +/- 13 —: :;; 30- | nsig= 148 +/- 15
8 | N 1 &
S s 8 a0 8 [
S sk 4 2 S 2
2 T TN e 2 I 2 f .
m Lo e s ’: .. R m : . * m A -;' ane ‘ %
ol T o ol PR R . 5 4" 0 G2 0 oLt 4T, JE S, & 5 LIRS SIS
0.1 0.12 0.14 0.16 0.18 0.1 0.12 0.14 0.16 0.18 0.1 0.12 0.14 0.16 0.18
m,, (GeV/c?) m,, (GeV/c?) m,, (GeV/c?)
data-set N Nt ek Niig significance efficiency BR (107/)
2009 J/yr 4.07 £ 0.02 23.64 + 6.21 34.31 +7.30 6.98 0.256 +£0.003 6.03 +1.28
2012 J /)y 19.64 +0.09 9344 +11.80 11497+ 1340 13.76 0.256 +0.003 4.18 +0.49
combined 2371 +0.09 11824 +13.3 148.0+ 15.22 15.4 0.256 £ 0.003 4.46 +0.46
BESIT old [15] 1.1 £0.1 204 +5.3 394+6.9 — 0.234 7.56 +1.32

The peaking background is dominated by J/y — "7 " decay.

This peaking background in previous BESIII measurement seems to be not properly evaluated due to
generating the MC sample of J/iy — a*n~n" using the helicity amplitude model only.
[Phys. Rev. D 89 092008 (2014)]
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The branching fraction of J/y — e*e n’ for m,+.- < 0.4 GeV/c?

2009 vs. 2012 Jhy data

Diel fit < 14000 htemp i i h
_Dielec_fit_ mass {run } — = | Dielec_fit_mass {run > 14000} | Emries‘ﬂmp 5
r Mean 01117 24— Mean 0.1064
9= RMS 0.1246 F RMS 0.1206
E 221
8F- 20
£l 2009 J/y data ik 2012 J/y data
= 161
g sf g "
= 5 12
@ 4f = 107~
o B
2 e
H 4
= gl b g Wl
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
m,... (GeV/c?) m,.,. (GeV/c?)
Eta_fit_mass {run > 14000 && Dielec_fit_mass > 0.1} | htemp
Eta_fit_mass {run < 14000 && Dielec_fit_mass > 0.1} | htemp Entries 82
Entries 25 — Mean 0.1375
= Mean 0.1289 7T RMS 0.01818
2; RMS _ 0.01877 -
1.8 e— 2012 J/\|! data
E 5
14— C
9 1.2 .E 4:_
gL & F
0.8 signal for m 44-| > 0. 1| GeV/¢2. =
0.6 2
04 = N ”
F 11—
=L UL L]
o b PR Y Y N I A P PN I 1 | I | all o ! Lo | PR P N 1 P
g 0.09 0.1 0.11 0.12 ‘1-132 0.14 0.15 0.16 0.17 (?.09 0.1 011 012 013 014 _ 015 0.16 017 0.18
m,, (GeV/c’) m,, (GeV/c?)
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Summary and conclusion

We perform the study of the electromagnetic Dalitz decay of Jiy—e*en®using 1.31 billion
J/y events collected by the BESIII experiment.

The di-electron dependent TFF curve is studied for the first time.

No any significant deviation between experimental and theoretical prediction is seen
for m,+,- < 0.4 GeV/c? as seen by previous BESIII measurement based on 2009 J/y

data-set. [Phys. Rev. D 89 092008 (2014)]
The branching fraction of Jiy—e*en® in m_+,- range is measured to be B(J/y—e*en’) =

(7.56 £ 0.70(stat) =0.62(syst)) X 107, which precision is improved by a factor of 2 over
the previous BESIII measurement.

Future BESIII Jhy data will be utilized to measure the branching fraction and TFF of
Jhy—e*end precisely.

Memo is ready for a review.
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Abstract

We study the electromagnetic Dalitz decay of Jfr — e*e n” using a data sample of
(1310.6 + 7.0) x 10°% J/¢ events collected by the BESII detector. The transition form factor

of this decay process is studied as a function of di-electron mass spectrum. A significant I I
peaking structure corresponding to the pfw mass position is observed. While taking into ac- h a n kS

count of the contribution of this resonant structure, the branching fraction B(J/iy — f*f_ﬂﬂ'] =
is observed to be B — et e~ n") = (7.56 £0.70( stat) +0.62(syst)) = 1077, where the first
uncertainty is the statistical and the second the systematic uncertainty. The precision of this

new measurement 1s improved by a factor of two over the previous BESII measurement.
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Decay file of Jhy—eten®

*hrhkhkhkrhkrhkkhkhhhhhkrhkkhhkhhkhikhhhkhhkihkhhhhhihihihhihihkix

Decay Options:
Decay J/psi
0.18358 pi+pi-pi0 OMEGA DALITZ;
0.27214 rhoO pi0 HELAMP 1.0 0.0 0.0 0.0 -1.0 0.0;
0.27214 rho+ pi- HELAMP 1.00.00.00.0 -1.0 0.0;
0.27214 rho- pi+ HELAMP 1.00.00.00.0 -1.0 0.0;
Enddecay
Decay rho0O
1.000 pi+ pi- VSS;
Enddecay
Decay rho+
1.000 pi+ pi0 VSS;
Enddecay
Decay rho-
1.000 pi- pi0 VSS;
Enddecay
Decay pi0
1.000 gamma gamma PHSP;
Enddecay
End
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