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Motivation

> Electromagnetic (EM) Dalitz decays of A—e*e’B proceed via A—y*B, where the virtual photon y*
converts into a lepton-pair in the final state.

» Study of EM Dalitz decays is important

v Reveal the inner structure of hadrons and the interaction v Search for a hypothetical dark photon (y") predicted by
mechanism between photons and hadrons many models beyond the Standard Model (SM).

[Mod. Phys. Lett. A 27, 1250223 (2012)]
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> Four-momentum transfer square (g2 = m§+e_) dependent decay rate A—¢*e’B for the physical mesons
is strongly modified by the transition form factor (TFF), |F45(q?)|?.

Within the vector meson dominance (VMD) model,

mIZ/, the TFF is mainly governed by coupling of the y* to

Fus(q®) =N z > T the A meson via an intermediate vector V' meson in
My, = q° = yiMyr the time-like region.

[Phys. Rept. 128, 301 (1985)]
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Motivation

» Experimental measurement of the TFF is important
v’ Test the precision of VMD model [Phys. Rept. 128, 301 (1985)]

v’ Test the theoretical precision of the anomalous magnetic moment of muon a,
_9u—2  oEp

a, = 5 =a, + al\feak + aﬁadron
Contribution Result in 1019 units Hadronic Vacuum Polarization
QED (leptons) 11658471.895 + 0.008
Weak 154 £+ 0.2
Hadronic 6944 + 5.8
Total (SM) 116591814 + 5.8
BNL (E821) 116592089 + 6.3 o , .
Hadronic Light-by-Light Scattering
Difference 275 =+ 8.6 Test of Standard Model !

Prediction is completely limited by the hadronic contribution.

TFF uses an input in the calculation of the hadronic Light-by-Light scattering corrections to the
theoretical determination of @,.  [Phys. Lett. B 738, 6 (2014); JHEP 09,074 (2015)]
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BESIII Experiment

BESIII experiment is a symmetric electron positron Super conducting magnet
collider experiment running as tau-charm region located .~ 1 Tesla
at Institute of High Energy Physics, Beijing, China E [Nucl. Instrum. Meth. A614, 345-399 (2010)]

‘Time of Flight (TOF)
2 layer plastic scintillators
* o =90 ps (barrel)
* o7 =90 ps (endcap)
« Use for particle id

' \\\\\\\\\“IW W, Muon system
' * 9layersof RPC

« P>400MeV/c
e O0Rp=14-1.7cm

Multllayer drift chamber (MDC) Electromagnetic calorimeter (EMC) (CslI(TI))

He/C,H, (60/40) — 6240 cr;istalsO
e 43 Iayers ° G(E)/E =2.5%

- Momentum resolution ¢,/p = 0.5% @ 1 GeV 624(E) =0.5-0.7cm
* Spatial resolution 6,, = 130 pm.
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BESIII Data-set

10 E | | | | | | | | | | | | | | | | | | | | | :
; PDG 2012 @ u, d, S ;
. -_ | 3 loop pQCD -
10 i F emmmmmma=d Naive quark model -
= p i 2175 ]
- i. *.?:. 0.1 fb~! ]
= :IE:;:I J] ;-!. - I _‘_Il;_‘_. N :;:-_::_.:_"illij\_:-l:;'aq .EL| l-d -‘ ------------------------------
B I ’,' " '\.-'L-E.F:-';rlr ' A _- S~
TE | T Energy Scan 526 pb™* 3 \\orld largest data for
E ;_::f‘lz Sum of exclusive * Inclusive -7 E .
- o 3 * measurements * measurements 1 v Charmonium SpE‘thOSCOpy
10 -1 | I.I | l l l | | l l | | | | l l l | l | |
0.5 1 1.5 2 2.5 3 :
R 7 T M— I J':____I 1. | T I I [ T |I T T T ] ‘/ Charm phySICS
- T/ ¥(259) 4040 W10 4420 ]
6 (1w A Mark-T 0.5 b} 4230+4250 1.0 fb~ 1 -| v Light hadrons
u o | v MarkI+LGW 1.0 fb ! ]
5 B 1'3X]-0-’l m Mark-II - ip! ’!,bm‘m 4500 .
:_ \ @ PLUTO \_0'5X109 leﬂ'm hl‘: 0 6 fb— _: . / T and R Scan
- O DASP Y .
4 - ¥ Crystal Ball } l L
N BES b | . - - . -
. * ewg , I {1 Dalitz studies are mainly
’r N } '[ | } J] | %@ ! ‘ -lo. . 4 based on the data samples
T e 1 collected at Jy and y(2S
2 pmm——— - - P can 1.3 fb~! (130 pomts] l = v v(2S)
=== ! I ! I I i | | | > 1 I resonances
3 45 5

‘\E [GEV] «Or 43

2018/2/24 Lake Louise Winter Institute 2018




> BESIII previously measured B(J/y — ete™n) = (1.16 + 0.07(stat) + 0.06(syst)) x 107> using 225

million J/ events. [Phys. Rev. D 89, 092008 (2014)]

» The new measurement is based on (1310.6+7.0) X 10°

Jhy events.
» Main peaking background: Photon conversion
[Chin. Phys. C 36, 742 (2012)]
10 =
- (a) beam pipe e 20000 g
\ | ool o
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v Further selection criteria for the branching fraction

measurement

Mme+,- < 0.5 GeV/c? in n—yy decay (to suppress background from

radiative Bhabha process ete-—ye'*e)

Discard the events in the regions of 0.65 < m,+,- < 0.90 GeV/c?

and 0.96 < m_+,- < 1.08 GeV/c2in n—m*mn® decay.
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® Signal: MC shape @ Gaussian @ Non-peaking background: Chebychev Polynomial
® Peaking background: MC shape (y conversion, Jhy—\Vn, V=e'e', ')

Y T T

Signal Yield 5949 £+ 25.3 BESTT 1623.4 +43.6
. . Preliminary
Efficiency (%) 15.2 24.9
B(J/Y - nete™) (107°) 1.32 £ 0.064tqr + 0.07 ¢ 1.26 £ 0.035¢4¢ £ 0.064y¢
Combined result (107°) 1.28 + 0.034, + 0.065),;

Precision is improved by a factor of 1.4 over the previous BESIII measurement.
Phys. Rev. D 89, 092008 (2014
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Dalitz decay of Jhay—e*en: TFF study

» Due to large contamination of radiative Bhabha background in n—yy, only the data sample of
n—m*r P is used for the TFF study.

v' Four momentum transfer square (g% = m§+e_) dependent decay rate \ )y
2
ar(J/y »ete™n) « - 4m? 12, 2m? q® 4my ., q°
dr(J /¥ - yn) =§|F]/¢n(q 7| 1= 2 —(1+—; 1+2—_2 T 2\ 2
¥n q q q mypy = My (m]/1[1 - m})

= |F]/1,1)P(q2)|2/x [QED(q?)]

First measurement
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Deviation from the QED spectrum= Form Factor  |Frun(¢°)* = |4,/ ((mﬁ . Fﬁmg)
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Dalitz decay of Jiay—e*en: dark photon search

> Search for a narrow resonance of dark photon (y’) in the step of 2 MeV/c? using the surviving event

candidates within the n mass window of [0.52, 0.57] GeV/c?
Set 90% confidence level (C.L.) on the product branching fraction

Signif.

Signif.
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S = sign(Nsig)\/—ZlnLo/Lmax
No evidence of y~ production is found.
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B(J/Y —->y'n)xB(y' - e*e™) for the first time,

as well as

kinematic strength between SM photon and dark photon.

B(Jy—y'1)B(y'-e's)
o

-
Q
=

1072

BU /Y- v'n)
BU /Y- yn)

Where,

|Fy pym (my )2 =

B(J /¥ — y'n) is computed by dividingthe B(J /¥ —» y'n) X B(y' - e*

(a)

= €2 |}y (my)|?

BESIT

Preliminary

1
m,. (GeV/c?)
3

A’f(mjz/w, ma, m]Z/,)
3
A'Z(mf,,,, m7,0)

[JHEP 0907, 051 (2009)]

2 2
dmimg

2
A(m%’ mg! mg) = 2(1 + m;i::ng )2

A2 — mf,r
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(mi—m3)?

is m,, dependent TFF, where A = my, (55

e”) by expected B(y' - ete™)




Dalitz decay of y(2S)—e*en’

N mee—>een —+ Data % .| mee—seen 4paa | -

L [ Sycow  —Tomrr| S mycom  —ToalFi] First measurement

@ 40 Background ---- Signal @ Background ---- Signal |

= E 15¢ ] n = yntw~ n = ata Ty
< BEST o Signal yield 57.4+£9.6 202 =43
S| 700— " Preliminary & 10} 630— Background yield 224.1 +16.2 120 +3.6

(1] 20 o —— L=

£ 2 € (%) 2525 BEST 1770

2 'I' F s of Significance (o) 7.0 Preliminary 6.3

i a (1 /A ALTH B(x107%)  1.75£0.20+0.11 1.51+0.33+0.11

0.85 090 095 1.00 1.05 085 090 095 1.00 105
M(yr*r) (GeV/c?) M(yyrn) (GeV/c?)
* The two modes of 7)" decay are combined by
considering correlated and uncorrelated systematic
Sl . 1 &5 [, 0 T uncertainties.
S + Data—Signal MC S +Data—Signal MC
10¢ - . ot 5= e
< N < Combined result of B((3686) — n'e*e g.
o o -
2 S (1.64 + 0.224,4; % 0.095,,5) X 10
; I € 0
T 10 PrellmlnaryE * The M(ee) distributions of data and signal MC
o o generated based on a monopole TFF agree well
w s + w 1 hH . with each other.
&DU 0.05 0.10 I?.UI.'I' 0.05 0.10
M(e'e’)(GeV/c?) M(e'e’)(GeV/c?)
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® Signal: MCshape & Gaussian ® Non-peaking background: Chebychev Polynomial
® Peaking background: MC shape () conversion/ )

I Y S Y S

Signal Yield 6436.9 + 87.1 2494.4 +51.3
Background Yield 981.4 +43.8 BESIT 27.3 +10.0
Preliminary
Efficiency (%) 28.21 19.94
B(//Y —» n'ete”) (107°) 5.98 £ 0.084¢4¢ £ 0.325y¢ 5.65 & 0.12¢4¢ £ 0.335y¢
Combined result(107>) 5.81 + 0.075¢q¢ + 0.295y;

Improves on the previous BESIII measurement of B(J/Y — n'ete™) [Phys. Rev. D 89, 092008 (2014)]
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Dalitz decay of n"—e*e

> Reconstructed from J/y—yn’

» Using 1.3 billion J/y decays

> 864 * 36 Dalitz events detected
» Measured quantities:

I'(n'-yete™) _
r(m'-yy)

e B(n' »yete™) = (4.69 + 0.20(stat) + 0.23(syst)) x 10~*

= (2.13 + 0.09(stat) + 0.07(syst)) X 1072

070702 03 04 05 06 07 08
M(e'e’) (GeV/c?)
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First measurement!

8.85

AE ﬁz 2
PP = s

A,y =(0.79 £0.04(stat) £0.02(sys)) GeV

vy = (0.13 £ 0.06(stat) £ 0.03(sys)) GeV

» Precision on the level of space-like extrapolation

» Improvement over muon Dalitz decays
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Observation of y(2S)—e*ey.; and y.,— e*e J/y

> Analyze the cascade decays

«,10% «,10°
Y(28) = ete xep xey = VI[P = T Ewﬂ ng
P(2S) - YXcjr Xej ete ]/, /Y - ITIT :"_ 10 E 10
wherel = e, and J=0, 1, 2 % Ml A % 1
> Using 447.9 million y(2S) decays T MI T
’ viem) feeey 0T 5453555 36 1054 545 35 555 36
o 103 o 103 ] : . " ’ +
b o M(yJiv) (GeV/c?) M(e*e Jhy) (GeV/cd)
> >
010? 10°

B(IIJ(ZS) - e+e")(c])
= (11.7 £ 2.5(stat) + 1.0(syst)) x 107*,
(8.6 + 0.3(stat) * 0.6(syst)) x 107%,
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Observation of the Decay n° —mete

Phys. Rev. D 92, 051101 (R) (2015

» Reconstructed from Jhy—yn" using 1.3 billion J/y decays

MO y) (GeV/c?)

Normalization n° —wy First observation
H 0 a0 —— data
1.05 35 35 — ------ other backgrounds
30 NP SR | — N->N T, N>Rt
1 > T
25 8 25 |- . g
- | Significance = 8¢
0.95 20 S »f
2 .. F
0.9 15 s °F ]l
10 @ 10
0.85F 5 £ L/ Il
0.8 Bl far -SSP —— ) 0 U B St '
0.65 0.7 0.75 0.8 0.85 005 01 015 02 025 03 035 04 045

M) (GeV/cd) M(r°r're'e)-M(r°r') (GeV/c?)

B(n' » wete™) = (1.97 + 0.34(stat) + 0.17(syst)) x 10~

First measurement ever

B(n' - wy) = (2.55 + 0.03(stat) + 0.16(syst)) x 10~2

In agreement with previous world average
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» BESIII has updated branching fractions of Jhy—e*en and Jhy—e*en using 1.3
billion J/y decays, and measured the TFF of Jh\y—e*en for the first time.

» Dalitz decays of Jhy—e*en (") are also utilized to search for a dark gauge boson
predicted by many models beyond the SM.

» The branching fraction and TFF of " —vye*e- are also measured for the first time.

» Also measured the branching fractions of the following Dalits decays for the first
time:
y(2S)—eten’
y(2S)—e*ey.; and y.,— e*e Jly
n —oete
Jy—eten?
» This year, BESIII is collecting 10 times more statistics of the present existing Jhy
data, which can be utilized to measure several new Dalitz decays, and improve the
precision of measured Dalitz decays.
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Thank you!
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Back up Slide

2018/2/24 Lake Louise Winter Institute 2018




Dalitz decay of J/ywy—e'*em

Systematic Uncertainties

Source Jj—eten J/h = ~'n
n =y |7 = 37| TFF measurement| n — vy | n— 3w
Additive systematic uncertainties (events)
Signal negligible| 0.9 negligible 0.0-1.0100-06
Non-peaking background 13.0 1.4 0.0 - 0.6 0.0 - 12.0| 0.0 - 5.0
Fit Bias 1.6 0.1 0.1 0.1 0.1
Total 13.1 1.7 0.1-0.6 0.1-12.0] 0.1 -5.0
Multiplicative systematic uncertainties (%)

Charged tracks (* for e track only) 24 44 44 24 44
et PID* 1.2 1.2 1.2 1.2 1.2
Photon detection efficiency® 2.0 2.0 2.0 2.0 2.0
Xic 0.9 0.9 0.9 0.9 0.9
:r],fﬂ'EI mass window requirement — 1.0 1.0 1.0 2.0
Veto of gamma conversion™ 1.0 1.0 0.0-1.5 0.0=15|0.0=1.5
cos 329! 1.9 — — 1.9 —
TFF 1.5 0.9 — 1.5 0.9
B(n = v7) 0.5 — — 0.5 —
B(n = n*x~ ") — 1.2 1.2 — 1.2
B(Jfy — m) — — 3.1 3.1 3.1
By = eTe™)* — — — 0.0 = 14.0|0.0 = 14.0
J/¢ event number® 0.5 0.5 0.5 0.5 0.5
Total 4.4 5.5 6.2 —6.3 5.4 —15.1|6.5 —15.5

The terms with asterisks are correlated systematic uncertainties between the decay modes of n—n*rmn® and n—yy
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Dalitz decay of J/ywy—e'*em

Transition form factor (TFF) study
The value of |F(q?)|* for each bin of m,+,-, where the first uncertainty is statistical and
second systematic.

m+ .- (GeV/c?) [2m., 0.1] (0.1, 0.2] 0.2, 0.3] (0.3, 0.4]
1F(¢%)|? 0.97 £0.06 £0.06 1.00£0.13+0.06 094+0.15+0.06 1.04+0.18 £0.07
Meto— (GeV/c?) (0.4, 0.5] 0.5, 0.6] 0.6, 0.7] [0.7, 0.8]
1F(¢%)|? 0.914+0.20+0.06 1.68+0.30+0.11 1.184+0294+0.09 2.36 +0.45+0.17
Meto— (GeV/c?) (0.8, 0.9] (0.9, 1.0] (1.0, 1.1] 1.1, 1.22]
|F(¢*)|? 1.774+041£0.12 15340414010 24440574017 1.844+0.53£0.13
Mot o— (GeV/c?) [1.22, 1.34] [1.34, 1.48] [1.48, 1.62] [1.62, 1.76]
|F(¢*)|? 264+0.65+0.18 1.50+049+0.10 252+0.74+0.17 1.63+0.48+0.16
m +.- (GeV/c?) [1.76, 1.90] [1.90, 2.06] [2.06, 2.23] [2.23, 2.40]
1F(q®)|? 3.20+£1.144+0.23 4.724+1.69+0.32 540+2014+0.37 8.37£3.90+0.64

2018/2/24

Lake Louise Winter Institute 2018




Dalitz decay of y(2S)—e*en’

Systematic Uncertainties

Sources W=yt g sty
MDC tracking * 4.0 4.0
Photon detection * 0.6 1.2
PID * 0.6 0.6
E/p>08 0.2 -
Veto of v conversion * 1.0 1.0 * The uncertainties denoted with
4C kinematic fit 0.8 0.5 asterisk refer to the correlated
7 reconstruction - 1.0 terms between the two 1” decay
RM (m* 7™ ) requirement 0.2 1.8 modes.
Form factor 0.2 0.9
Signal shape 2.6 0.5
Fit range and background shape 2.8 4.5
Fixed peaking background 1.3 0.7
Number of ¢(3686) events™* 0.6 0.6
Quoted branching fractions 1.7 1.7
Total 6.2 7.0
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