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Motivation |

@ )/ — 4n. is a "hindered” M1 transition which can help us understand the spin
interactions between charmonia. [a]

@ ¢’ — eTe . is an electromagnetic (EM) Dalitz decay in which the virtual photon
is internally converted into a lepton pair. From this decay, we could probe the
interactions between v’ and the photon. [b,c]

@ From the eTe™ invariant mass distribution we can get the ¢? dependent transition
form factor (TFF) F(¢*)(¢*> = m?;__). The TFF would be helpful for further
theoretical development.

[a] T.Barnes, S.Godfrey and E.S.Swanson, Phys.Rev.D72,054026(2005)
[b] L.G.Landsberg, Phys.Rept.128,301(1985)
[e] J.Fu, H.B.Li, X.Qin and M.Z.Yang, Mod.Phys.Lett.A27,125022(2012)
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Motivation Il

@ Such EM Dalitz decays of light-quark mesons have been widely studied both in
theory and experiment. [d].

@ In 2012, Ref [¢] firstly studied the EM Dalitz decays of charmonium state J/%. In
the following years, BESIII have studied several EM Dalitz decays of charmonia
states. [d]

@ In Ref [c], they did not consider the polarization of J/1. Considering the
polarization of J/1 and 1)’ at BESIII, Xinxin in our group modified the formula of
the amplitude in Ref [c] and wrote the generator which is called " DalitzJPLL".

@ This analysis is the first time to measurement B(y)' — ete ™ n.).

[¢c] J.Fu, H.B.Li, X.Qin and M.Z.Yang, Mod.Phys.Lett.A27,125022(2012)
[d] C.Patrignani et al. [Partical Data Group], Chin.Phys.C40,100001(2016)
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Data Sample

@ Data:
4.481 x 108 ¢’ events taken at /5 = 3.686 GeV in 2009 (1.070 x 10%) and 2012 (3.411 x 108).

@ Monte Carlo:

Inclusive Monte Carlo Sample: official 506 Million inclusive Monte Carlo sample

Signal Monte Carlo Sample:

Decay chain Generated
v S ete ne, ne = X 1x 107

T 6+677’]C is generated by using the "DalitzJPLL" generator.

@ BOSS version : 6.6.4.p03
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Analysis Method

@ Firstly, we only reconstruct the electron pair to obtain the B(¢)' — ete™n.).

@ Secondly, we fully reconstruct ete™ 7. with multi 1. decay modes to determine the
B — ete™ne).
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I 6+6_77¢, Ne — X
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Event Selection

@ Good Charged Tracks Selection

* distance of the track from interaction position on x-y plane: |Rzy| < 1 cm
* distance of the track from interaction position in z direction: |R.| < 10 cm
* the polar angle of the track: |cosf| < 0.93

@ Electron PID
* dE/dx + TOF + EMC
* prob(e) > 0
* prob(e) > prob(w)
* prob(e) > prob(K)
* prob(e)
Prob(e)Fprob () Fprob(K)

@ Good Neutral Tracks Selection

minimum energy for barrel showers (|cosf| < 0.8) : E,iy > 25 MeV.

minimum energy for endcap showers (0.86 < |cosf| < 0.92) : Ep;, > 50 MeV.
showers in other |cos@| regions are not detected.

EMC time requirements : T € [0, 14] (X 50ns)

> 0.8

* kX ¥
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Suppess v Conversion Background

Ryy <2 cm.

Rgy is defined as the distance between the reconstructed electron pair vertex and
interaction position on x-y plane.

0.2f+ — signalMC
E — inclusive MC

0.15

0.1]
0.05

I
0 15 20
R,y(cm)
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Requirement on f(ete™)

O(ete™) < 40°

0.4

— signal MC

— inclusive MC

0.3

0.2

0.1

50 100 150 |
6(e’e)()
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Veto 7¥/n — ~vete™ Events

M(veTe™) < 0.115 GeV/c? or 0.150 GeV/c? < M(yeTe™) < 0.505 GeV/c? or
M(vyeTe™) > 0.570 GeV/c?

0.1F
: — signal MC
L — inclusive MC
0.05
Y | I I | | -
0O 0.5 1 1.5 2
M(ye*e)(GeV/c?)
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Veto ¢)) — ntn~J /¢ Events

Mo+ = recoin < 3.090 GeV/c? or M+~ ocon > 3.104 GeV/c?

r — signal MC

O . 04 [ — inclusive MC

0.02

v v L ‘ L L
3 3.05 3.1 3.15 3.2
Mn*n’recoiI(GeV/Cz)
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M.y o—recon Distribution

Finally, we use M, .- coi to obtain the signal yields.

From the M, .—..con distribution of inclusive Monte Carlo, we could find that
there is no peaking background and the background could be described well by
third order Chebyshev polynomial.

(10MeV/c?)

2000

events/

1000
L inclusive MC

P P | L
0 X 3
M, econ(GEV/C?)
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Input and Output Check

@ Input: B(¢/ —eTe™n.) =1.50x 107*
0.06M signal Monte Carlo + 400M official inclusive Monte Carlo.
@ Output : B(¢y)' — ete n.) = (1.51 £0.03) x 1072,

@ |0 result keeps consistent within statistical uncertainty.

Nsig = 11240 +/- 243
Nbkg = 54312 +/- 319

events/(LUMeV/c’)
8
53

Input&Output

n

00

1000
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The statistical significance of this channel is more than 9.8 0. With the efficiency
€ = 18.61%, we obtain B(¢)' — eTe™n.) = (4.43 £0.63) x 107°.

)

6000
> Nsig = 3696 +/- 523
H Nbkg = 158116 +/- 651
tm’
T
2
34000
2000
data
0 L e I T
2.8 2.9 3 X
M,...ccon(GeEV/CY)
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W — eTe ne ne — muli mode
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Event Selection

@ Reconstruct 7. with multi tag modes

EtactoKsKPi = mode 601
EtactoKKPi0 = mode 602
EtactoEtaPiPi mode 603
EtactoEtaPiPi i = mode 604
EtactoKKPiPiPi0 = mode 605
EtactoKsKPiPiPi = mode 606
EtactoPiPiPiOPi0 = mode 607
EtactoPiPiPiPiPiOPi0 = mode 608
EtactoPiPiPiPiPiPi = mode 609

* K K K R K X K K

@ Electron PID
* dE/dx + TOF + EMC
* prob(e) > 0
* prob(e) > prob(w)
* prob(e) > prob(K)
prob(e)
* prob(e)+prob(w)+prob(K) > 0.8

@ Perform 4C Fit
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Requirement on x3.

Xic <30

0.1}

— signal MC

— inclusive MC

0.08]
0.06}

0.04]

0.02}
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Suppess v Conversion Background

Rey <2 cm.

0.2

— signal MC

01 5 — inclusive MC
0.1
0.05
O i n |
10 15
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Requirement on f(ete™)

O(ete™) < 40°

04 57 — signal MC
E — inclusive MC
0.3}
0.21F
0.1H
0 i 1}’*—\ ‘ N —— [
0 50 100 150 |
6(e’e)()
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Veto ¢/ — wtn~J/1 Events

Mo+ = recoin < 3.090 GeV/c? or M+~ ocon > 3.104 GeV/c?

O : 1 B — signal MC

— inclusive MC

0.05

3 3.05 3.1 3.15 3.2
Mn*n’recoiI(GeV/Cz)
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Figure: mode 602 : KK~ n°
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Figure: mode 609 : 3(m + 7~ )
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Figure: total modes
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The statistical significance of this channel is more than 7.2 0. With the efficiency
€ = 7.45%, we obtain B(¢ — ete™n.) = (4.01 £ 0.63) x 107°.

events/(20MeV/c?)

Nsig = 134 +/- 21
Nbkg = 503 +/- 29
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@ Without reconstructing 7., we obtain the branching fraction
B — ete™ne) = (4.4340.63) x 107°.

@ With fully reconstructing 7. by multi decay modes, we obtain the branching
fraction B(¢)" — ete™n.) = (4.01 £0.63) x 107°.

@ The results from two methods are consistent with each other

Thank You!
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BACK UP
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DalitzJPLL

Cited from Xinxin's report

After average over the polarizations of J/W and sum over the spin of
leptons. We can get

TP = J/‘"\fvp(q )2 h (16)

where

h= ki k(G2 + q% +242)
+2¢2(kixkox + kiykay)
— 2q ko (kixqx + k1, qy)
— 2Gzk1z(koxGx + kayqy)
+ 2k koz (g2 + q)z,)
+mi (a5 + g, +242) (17)

The experimenter can use the amplitude for MC simulation.
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DalitzJPLL

v
v
v
v

Cited from Xinxin's report

0 is the angle between ¢ and beam.
0 also is the angle between the momentum of pseudoscalar and beam.
The angle distribution is independent on the form factor.
The figure shows such distribution, where J/W — nete™
v Form factor: fyp(q?) = m
v Mpole = 3.686 GeV

1500 e Partial polarized
<<=+ UnPolaried

1000

Events
Events

500
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