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Introduction to BESIII

e BESIII is a large magnetic spectrometer operating on BEPCII

@ Accumulated huge electron-positron colliding data at tau-charm
energy region(2-5 GeV)

o Analysis of DY — 7t 770 is performed based on 7.33 fb™! data
taken by BESIII at /s = 4.13 — 4.23 GeV

NN

Oct. 28th 2024 4/37



Motivation

@ D7 decays contain rich information of QCD in low-energy domain

@ Df - ntata x0 decay is never studled before and can be used to study
fo(980)p™, fo(500)p™, 7, wr™ and p*

@ Study of DI — f,(980)p" can be combined with Df — a0(980)p to study
f0(980) — a0(980) mixing

@ Study of DI — f,(500)p" serves to distinguish long-distance interaction
prediction on whether f,(500) is tetraquark or conventional meson
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@ DI — ¢r' is a key reference channel in D} study. In DI — 77t 7~ 7% it can
be studied via ¢ — 77~ 7°

@ Studies of ¢ meson are mainly conducted in e™e” annihilation(KLOE/CMD/SND)
and K — p scattering(HBC) experiments, which face challenges from complicated
background and continuum interference

@ BESIII accumulates huge data containing ¢ mesons from charm meson decays,
which provides a novel method to study ¢ meson

@ In comparing different channels of ¢ in charm decays, one can measure relative
BF of ¢ decay
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Selection Method

e Signals are extracted from ete™ — DT D, — (yDI)D; + c.c.

@ D, mesons are produced in pair. Reconstruct seven single tag D;
channels firstly, then find signal 7t7t7~7% in recoiling side

o Veto M, +,— within (0.46,0.52) GeV/c? to reject Koymtn®

Single-Tag Channel Mass Window (GeV/c?)

Dy — KUK (1.948,1.991)
Dy - K"K 7~ (1.950, 1.986)
Dy — KtK—n—7%  (1.947,1.982)
Dy — KYKTn—n~  (1.953,1.983)
D; =7 n (1.958,2.000)
Dy w71 (1.940, 1.996)
Dy - K n 7t (1.953,1.986)
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© Amplitude Analysis
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Amplitude Analysis: Selection and Purity

@ Divide into four sub-samples according to c.m. energy, to cover the
differences of detection efficiency. Perform simultaneous fit

@ Strict selection to reduce background

Events / 1.0MeVic?

Sub-Sample Purity(%)
(41284.157 ) | 83.80 £ 1.11
(4.178 ) 80.95 + 0.71
. (4.189-4.219 ) | 80.21 +1.04
(4.226 ) 75.69 + 2.20

Events / 1.0MeVic?
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Amplitude Analysis: Methodology and Summary

@ Construct amplitude model through covariant tensor method,
considering interferences among components

e Fit Fraction(FF) is the fraction of a component to whole process

e f(500)p™, fo(1500)p™ and ag(1320) " 7¥ are excluded because of
limited significance

Component Coupling magnitude Phase Fit Fraction(FF)(%)
DF — fo(1370)pT 1.0(fixed) 0.0(fixed) 24.9 + 3.8+ 2.1
DY — f0(980)p™ 0.40 4+ 0.04 + 0.03 3.9940.13+0.07 12.64+2.14+1.0
DY — f2(1270)pT 0.77 £ 0.10 & 0.03 1.11 4 0.10 £ 0.10 9.5+1.74+0.6
DF[S] — pTp° 0.12 £+ 0.02 4 0.01 1.10 4 0.18 £ 0.10 3.5+1.24+0.6
DY[S] — pT(1450)p° 1.15 4+ 0.19 + 0.08 0.43 +£0.18 £ 0.17 4.6+1.3+0.8
DY [P] — pT p°(1450) 0.57 £ 0.06 & 0.01 4.58 £ 0.16 4 0.09 8.6+1.34+04
DY — ¢nt, ¢ — pm 0.075 4 0.006 + 0.004  2.90+0.15+0.18  24.94+ 1.2+ 0.4
DY — wrt,w —> p 0.20 + 0.02 4 0.03 3.22 +0.21 4 0.09 6.94+0.84+0.3
D+ — af 70, af [S] = pOnT 0.57 4 0.06 £ 0.05 3.7840.16 £0.12 125+ 1.6+ 1.0
D+ — an T, 65] — pm 0.31 4 0.06 + 0.04 4.82 4 0.15 £ 0.12 6.3+1.9+1.2
D+ — 70(1300)7t — ([Plpm)xt 0.28 4 0.04 + 0.07 2.22+0.14+0.08 11.7+2.3+2.2
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Ampitude Analysis: Fit Projection
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@ In M_..— spectrum, veto Kg at (0.46,0.52) GeV/c? and clear f;(980)
signal can be observed
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Ampitude Analysis: Fit Projection
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@ In M+ -0 spectrum, clear ¢ and w signal can be observed and
precisely measured. Fit result and data is consistent
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@ Branching Fraction Measurement
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Branching Fraction Measurement

L f & 60
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@ Because of high purity of DY — n(— 7F7=7%) 7", nat is measured
separately from non-7 process

e For DI — ntrTa~7%(non-n), we get 2489 4 91 signals and BF is
measured to be (2.04 +0.08)%

e For D} — n(— nta~7%)7t, we get 392 & 22 signals and BF is
measured to be (3.58 £0.21) x 1073
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e Relative BF R, Measurement
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Relative BF R, Measurement

e Based on fit fraction(FF;), total BF(BF(D} — 4r|non-n)) and BF of
sub-decays, one can calculate the BF of a component in the
amplitude model: BF; = FF; x BF(D! — 4m|non-n) + BFgyp

Component | BF (1073)(PDG) | BF (10~3)(This work)
Df — ¢t 4494+1.0+14 33.0+21+09
Df — wrt | 1.77+0.32+£0.13 1.58 £0.19 £ 0.08
Df — nnt 16.7+0.8£0.6 156 +09+04

e Combining the BESIII measurement of DI — ¢(— KT K~ )nt, one

can calculate Ry, = %m = 0.230 4 0.014 % 0.010, which
differs by > 40 and by ~ 30% relatively from the world average

PDG __ B(¢(1020)—nt7a—70)
value REPS = EQCRIST 5 1) — 0.313 4 0.010
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Summary & Outlook

@ Summary

Report of Amplitude Analysis and BF Measurement of

Df —» ntrtr—x0

D — f5(980)p™ is precisely measured, providing valuable information
to fo — ap mixing study

DF — f5(500)p™ is excluded due to limited significance, suggesting its
tetraquark configuration according to long-distance interaction
prediction

Df — ¢nt is precisely measured, and get

Ry = BT m) = 0.230 £ 0.014 £ 0.010, which differs by > 4o
and by ~ 30% relatively from PDG value. Expect theory explain

@ Outlook

Based on huge (3770) data accumulated by BESIII, Studies of fj in
charm sector such as D — ag/for. D — ag/fop are ongoing
Regarding the anomaly in R¢ Cross Checks are being performed at

BESIII in Dzr) — ntrta 7070, ?;) — KgK;nt
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Thanks for Listening!

Suggestions are Welcomed!
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BackUp
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LHEEAR

o DIETHIREFARIFMERN TR

) =E (pb 1) Eem (MeV)
4130 | 2019 401.5 4128.48 + 0.44
4160 | 2019 408.7 4157.44 + 0.44
4180 | 2016 i

1180 | 2016 | 3189002319 Ft5 4178

4190 | 2017 526.7+ 0.1+ 2.2 4188.99 + 0.06 + 0.41
4190 | 2012 |  43.33 4 0.03 + 0.29 4188.59 4 0.15 + 0.68
4200 | 2017 526.0 + 0.1+ 2.1 4199.03 £ 0.05 + 0.41
4210 | 2017 5171+ 0.1+ 1.8 4209.25 + 0.06 + 0.42
4210 | 2013 | 54.95 4 0.03 + 0.36 4207.13 +0.14 4+ 0.61
4220 | 2017 514.6 + 0.1+ 1.8 4218.84 + 0.05 £ 0.40
4220 | 2013 | 54.60 4 0.03 + 0.36 4217.13 +0.14 4 0.67
4230 | 2013 4320.34 — 2.87 X 1073 X Nyyp £ 0.05
4230 | 2013 | 1047340142 10.16 4225.54 4 0.05 + 0.65
4230 | 2012 | 44.54 4 0.03 + 0.29 4226.26 + 0.04 4 0.65
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GELEEKESUEY Svis
e |cos#|<0.93;
o SXHERE XY FHIERE R,y < 1.0cm
o SXEAIE Z #EEE |R.| < 10.0cm
Kt (K™) fUF£5
o CLg>0; CLg > CL,
at(r™) NFE5
o CL, >0; CL, > CLk
9T v BRIt
e 0>10°
o E>0.025GeV, |cosf| <0.8
o E> 0.05GeV, 0.86< | cosf| <0.92
o K{THIE] 0 < trpc < 700ns
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IRIB DT RENRE

Component Parameter ‘ | ‘ T ‘SOIL:[ce‘ v ‘ Vv Total
Ds — pTfo(1370) FF 1.3 1.3 0.7 0.5 0.4 2.1
FF 1.0 0.1 0.2 0.2 0.1 1.0

Ds — pT f6(980) Phase 0.06 | 0.02 | 0.03 | 0.00 | 0.00 | 0.07
Magnitude | 0.03 | 0.01 | 0.01 | 0.01 | 0.00 | 0.03

FF 0.3 0.5 0.1 0.1 0.1 0.6

Ds — pT£2(1270) Phase 0.09 | 0.03 | 0.00 | 0.01 | 0.00 | 0O.10
Magnitude | 0.01 | 0.02 | 0.01 | 0.01 | 0.01 | 0.03

FF 0.3 0.5 0.2 0.0 0.0 0.6

D[] — ptp° Phase 0.09 | 0.02 | 0.03 | 0.01 | 0.01 | 0.10
Magnitude | 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.01

FF 0.3 0.6 0.0 0.2 0.3 0.8

D,[S] — pt(1450)p° Phase 0.11 | 0.12 | 0.03 | 0.02 | 0.04 | 0.17
Magnitude | 0.03 | 0.04 | 0.03 | 0.03 | 0.04 | 0.08

FF 0.2 0.3 0.1 0.0 0.0 0.4

D,[S] — ptp®(1450) Phase 0.03 | 0.07 | 0.04 | 0.02 | 0.02 | 0.09
Magnitude | 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.01
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IRIEDHT: RFIRE

Component Parameter ‘ | ‘ I ‘Sollilrce‘ v ‘ Vv Total
FF 0.1 0.1 0.3 0.2 0.0 0.4
Ds — ¢t ¢ — p Phase 0.10 | 0.13 | 0.07 | 0.01 | 0.02 | 0.18
Magnitude | 0.002 | 0.002 | 0.002 | 0.002 | 0.001 | 0.004
FF 0.0 0.2 0.2 0.0 0.0 0.3
Dy — wrt,w — pm Phase 0.07 | 0.03 | 0.05 | 0.01 | 0.02 | 0.09
Magnitude | 0.00 | 0.02 | 0.01 | 0.01 | 0.01 | 0.03
FF 0.7 0.7 0.1 0.1 0.1 1.0
Ds — af % af [S) — pm Phase 0.11 | 0.02 | 0.00 | 0.02 | 0.02 | 0.12
Magnitude | 0.03 | 0.03 | 0.02 | 0.01 | 0.01 | 0.05
FF 0.9 0.5 0.0 0.5 0.4 1.2
Dy — ant,d)[S] — pr Phase 0.11 | 0.03 | 0.04 | 0.02 | 0.02 | 0.12
Magnitude | 0.03 | 0.02 | 0.01 | 0.01 | 0.01 | 0.04
FF 11 1.7 0.0 0.6 0.7 2.2
Dy[S] — 70 (1300) 7+ Phase 0.03 | 0.07 | 0.01 | 0.02 | 0.02 | 0.08
Magnitude | 0.04 | 0.05 | 0.01 | 0.01 | 0.01 | 0.07

Tt
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