_@ﬁ?@%%ﬁg@ﬁﬁﬁﬁﬁ

Institute of High Energy Physics, Chinese Academy of Sciences

Recent Progresses on 1, Decays at BESIII

Xueqiang Yan (FDU, China)
On behalf of the BESIII Collaboration

vanxueqiang@ihep.ac.cn

14th International Workshop on e*e™ collisions from Phi to Psi 2026 (PhiPsi26)
11 June, 2026, Pisa, Italy

HHHH Xueqiang Yan | Recent Progresses on 1. Decays at BESIII | PhiPsi26, Pisa, Italy-2026 1


mailto:yanxueqiang@ihep.ac.cn

Outline

BESII

* Introduction

* Recent new measurements on 1. decay

“ Measurements of . = yy
= Amplitude analysis of J /Y — yn,. = ypp
= Study of n, » n¥n wtnn

" Measurements of n, = BB/VV

* Summary
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Introduction BGS]]I

* The decay rate of charmonium can offer access to the strong coupling constant at the charmonium scale within the
framework of perturbative QCD, and also provide a sensitive test to the apphcatlon of the LQCD and NRQCD

I l Brambl]la et all 2006 [1] 1. 62+1 OIB ‘ I I l ‘ I I
Khodjamirian 1980 [3] 2.70+0.87 ———e—— Bodwin et al. 2001 [53] 3.07+0.53
—_— Beilin et al. 1985 [4] 2.81+0.54 —_— Brambilla et al. 2018 [54] 2.95+0.56
. g‘e’z‘g‘;‘ :11 s [[35]1 ;}g — Yu et al. 2020 [55] 1.77+0.20
. . Barnes et al. 2005 [7] 2.63 - Feng, etal. 2017 [56]  3.20+0.10

—_— Pineda et al 2013 [8] 2.29+0.43

*J/Y = yn.andn, — yy are of great theoretical - Dok sial s 19 5711000 - Chenctal 1757 210
- CLQCD 2011 [13] 3.0710.07 Dudek et al. 2006 [58] 0.8710.33
B . B . B . . Becirevic et al. 2013 [14]  2.85+0.13 N CLQCD 2016 [59] 0.37+0.01
interest, with precise predictions. Experimental - HpocDiziisl 2o — cLocommEl  arzsazs
. . - ﬁl;gg(lg uz 2[;7[]18] 240:0.04 — Liu et al. 2020 [61] 1.350.20
measurements, however, remain challenging. & .~ e el WS e : HPQCD 23] panso
—_— KEDR [21] 3.22+0.20+0.36 - Mengetal 2023261 2192006

—_— Crystal Ball [22] L2740.36 | oo s

—- I | PDG global fit |2024 12] 1.41%0. 1|4 —— PDG global fit [2] 1.66+0.13
L | I I 1 I I I L 1 L 1 L ) ! | L L I | | ! L | I

0 2 4 6 8 0 2 4 6

B(Jy—yn) (%) B(n,—YY) (x 10

* ~40% of 1. decay modes remain unobserved, and most of the
measured BFs suffer from large uncertainties. More importantly,

most of them neglect the interference effects.

Statistics ~200M ~10M
* In BESIIL 7. can be produced via three different radiative transition: gy, decay i i -
J/ = ¥ne, Y(3686) =y, and he = y1c. Interference Y Y N

/\ Background High Medium Low
(0]

HHHH Xueqiang Yan | Recent Progresses on 1. Decays at BESIII | PhiPsi26, Pisa, Italy-2026 3



Measurement of n. — yy in J/P — yn, BGS]]I

= Using about 2.7 billion y)(3686) sample Phys Rev. et .
—— 154, 181
= Measured via y(3686) — w+m~] /1, avoid background from e*e™ — y,gryy with J /1) sample 201 (2025)

= First observation of J /1 — yn. = yyy

80 —
~ - == Data — = Jy—yr®n® & Nsig
> | —— Fitresult —m Jlys ' B /Y = yn:) XBM: = vy) = -
E 60 I Si;nal Oierys;!ckground , ‘ ‘ Nl/)(3686) X Esig X B(¢(3686) - T[+7T ]/l/))
%. Jy—=ynmin' = (523 i 0.26 i 030) X 10_6
T 40 Stat. Syst.
=
Z 20
. ‘
_ 5
Z 0
-5

M,, (GeVi/c?)

The result is consistent with the LQCD calculation (5.34 + 0.16) x 107° [1].

/\ [1] Phys. Rev. D 108, 014513 (2023)
(6]

HHHH Xueqiang Yan | Recent Progresses on 1. Decays at BESIII | PhiPsi26, Pisa, Italy-2026 4



Measurement of n. — yy in J/P — yn, BGS]]I

B - X B(n, -
Ur PD;/nC) (e = ¥v) X F,%’CDG = (11.30 £ 0.56 £+ 0.66 + 1.14) keV
B™EU/Y - yne) Stat. Syst. Ref.

= (. —yy) =

Dudek et al. 2006—+— I

CLQCD 2016 +

Chen et al. 2017 . |

Feng et al. 2017 = |

Li et al. 2020 - |

Liu et al. 2020 —— |

Zhang et al. 2022 —_— |

Meng et al. 2023 +

HPQCD 2023 ¢ I
|
]
I

The result is consistent with the NRQCD calculation [ 1], but significantly
deviates from other calculations by more than 3a.

E835 2003 et al. (pp—yy) —=—
BESIII 2013 (n_—vy)

PDG FIT 2024 - 30 20 1o
This work (n_—vy) —

1 1 I L 1 1 I 1 1 1 1 I 1 1 1 1 I 1
0 5 10 15

T(n,—7Y) (keV)

= ]t is crucial to note that several theoretical calculations of B(J /1 — yn,) are significantly larger than the BPP¢(J /1 - yn,), and
the interference between the 7.-included process and the nonresonance process is ignored in most of 7, measurements.

o [1]Phys. Rev. Lett. 119,252001 (2017)

o}
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Measurement of n, — yy via h, = yn, BGS]]I

= The ¥(3686) — m°h,, h. = yn, process provides an extremely low background level and negligible

interference effect environment for the measurement of 7,. atXiv: 24 01, 11
N
= The absolute BF of 7. — yy 1s measured for the first time by a tag- and—probe method
| | T T T T T T T T | T T T T | T T
I’\I( ) m ("ll"\} e
tag side: (3686) — m°h., h, = yn. by reconstructing (7°y)¢qg, Nygg~0.16 M PMCu’=1 GeV(2025) ——
) . HPQCD (2023) O
signal side:(3686) — m°h., h, = YN, M = VY, Ngig =325+ 64 Y. Meng et al. 2023) °
Y. Chen et al. (2020) O
. . ; J. Chen et al. (2017) &
NSlg N:el'g g:é'g 4 T. Chen et al. (2016) ]
B N — — — 245 + 048 + 0.09) x 10~ H. K. Guo ef al. (2011) @
(e > yy) = Ntag NG /e <ted ( - - ) M. Z. Yang (2009) -o-
Nc TeC rec J. J. Dudek et al. (2006) ——
a x10° 4 F J. P. Lansberg et al. (2006) ——
< L >10 +Dat C. S. Kim et al. (2005) ——
Eso " (a) E | Siag:al (b) D. Ebert et al. (2003) o
% i ; - —Background [ A | [T e
S60T | hew " BESITI(2025) J/y— yn, ——
«E i lendf =13 § sl — Total fit . | | | | |
34{]7_ +Data w lendf= 0'4 | | | | | | | | | | | | | | | | | | | |
i Signal i | -10 -5 0 5 10
20 —Background i l S F(n, - vy) = (748 £ 1.48 + 0.30) kev I (N —=Y1Y)(keV)
L — 1o0tal 11
laaliiiarhdidascyd nsdUladhaliifhadhall + -
KE 351 35 35 354 43 * m;: 1 = 352 353 Al 3 U/p=ee) = (0.74 £ 0.15)
RM(n’)(GeV/e?) Mh, )(GeV/c ) r'(m: = yy) -

The result is consistent with most theoretical estimates and 2.5 deviation from the previous work.

HHHH Xueqiang Yan | Recent Progresses on 1. Decays at BESIII | PhiPsi26, Pisa, Italy-2026 6



Amplitude analysis of | /Y — yn, = ypp BGS]]I

“ Using about 10 billion ] /1) sample Phys. Rey, Lett. 13
~36. 051901
026)

= Amplitude analysis of / /Y — ypp process in the 17, mass region.

= The main background contributions come from J /Y = yrsppp and J /Y — ppr®.

14000 - +data 14000 - +data 14000 - e
a - @J)/v — ppr’ —_ C W)y — ppr _ - @J/v - ppr
3 T 12000 P o 12000 P
= 12000 @y — ppyt S . @Iy - ppy* L : /v — by’
c : = : i Other BKG = 10000 |- e
2 10000 [JOther BKG % 10000} -~ -, [JOther BKG z : et [ Other BKG
o 8000 - = ' S
T 6000 % % 6000
= - -
2 000 =z 5 4000 :
2000 | 2000 F
270 275 280 285 290 295 3.00 3.05 05 10 11 12 13 14 15 16 17 %5 10 11 12 1314 15 16 17
M - (GeV/c?) M, (GeV/c?) M, (GeV/c?)

1. signal has an obviously asymmetric shape: M1 form factor (EE) and interference effects
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Amplitude analysis of | /Y — yn, = ypp

BESII

= Amplitude analysis result:

Events / (3.4 (MeV/ ¢2))

Events / (0.02)

x10°
(a) X*/Nbin=173.4/100
15F
3
(Sl gl A, S o SO g e
B 2.8 2.9 3.0
Mpp (GeV/c?)
x10°

(d) x*/Nbin=151.9/98

1.0

0.5

0.0
CoS Bp

—0.5

Events / (7.7 (MeV/ ¢2))

Events / (0.04)

15r

0f~ 1#‘#-\%;##&&-“ ‘v"\‘-  folay

20F

0 -‘,.b'-.n..n'_-.ququﬂq.- -y, -.-'.-.-

x10°
(b) %%/Nbin=243.0/94

-+ Data

71 Background
— Total fit

=-m

- NR(0™)

- .NR(2")
NR(1)
NR(2™)
Interference

»/W??m

1.2 14 1.6

M, (GeV/c?)

1.0

x10°
(e) x*/Nbin=116.3/48

0.0
msBT

—0.5 0.5

1.0

Events / (7.7 (MeV/ ¢?))

Events / (0.06)

x10°

(c) 1%/Nbin=252.8/94

b2 4 =) oc
L]

L P

l 4
M, (GeV/ c?)

12

x10°
(f) %*Nbin=319.3/100

STV

e "J‘.!‘?-ﬂ.‘o'W* J',"w
—2 0 2
¢

P

B(J /Y - yn.) X B(n, = pp) = (2.11 £ 0.02 + 0.07) X 107°

Different /¥ non-resonant components can be
distinguished by angular distribution information.

The interference involving 1, arises almost
entirely from the 0~ NR.

il
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Amplitude analysis of | /Y — yn, = ypp

= The absolute BFs of J /10 = yn,. and n, = yy
B( /Y — yn.) X B(. = yy) = (5.23 + 0.26 + 0.30) x 107°
B( /Y = yn.) x B(n, = pp) = (2.11 £ 0.02 + 0.07) x 107>
B, = vy) X B(: =~ pp) = (21 £ 0.3) x 1077 [1-3]

L4

B /Y = yne) = (229 £ 0.19)%
B, - yy) = (228 £0.19) x 1074
B(n, — pp) = (0.92 + 0.08) x 1073

T | T T T
Brambilla ef al. [1] 1.62+1.08

Khodjamirian [3] 270+0.87 ————— Bodwin et al. [53] 3.07+0.53
—_— Beilin ef al. [4] 2.81+0.54 -~ Brambillaetal. [54] 2.95+0.56
E‘Zﬁ; t i :I" [[65]] ;}g —_— Yu et al. [55] 1.77+0.20
Barnes ef al. [7] 2.63 ~  Fengetal. [56] 3.20+0.10
—_— Pineda ef al. [8] 2.29+0.43 . Chen et al. [57] 2.10
Dudek et al. [12 120,
. P e s —_— Dudck et al. [38] 0.87+0.33
— Becirevic et al. [14] 2.85+0.13 . CLQCD [59] 0.37+0.01
L — HPQCD [15] 2.69+0.21 |
- Gui et al. [16] 2.67+0.12 CLQCD [601 2.1240.25
. HPQCD [17] 2.4010.04 — Liu et al. [61] 1.35£0.20
______________________ = ... _ Mengeral 18] 2493012 . HPQCD [17] 2.23+0.02
— CLEO-c [19] 1.98+0.09+0.30 o Meng ef al. [29] 2.19+0.06
— KEDR [21] 3.22:+0.20+0.36
—_— Crystal Ball [22] 1.27£0.36 [T T T T T T T T T T T T T  pDG alobal it 121 1664013
- PDG global fit 2024 [2]  1.41+0.14 - G global fit [2] 1.66:0.13
| This work 2.29+0.01+0.040.18 — This work 2.28+0.01+0.04+0.18
1 1 1 I il 1 1 | 1 ) 1 1 | 1 .I a .I B i B I. L L L | L L L | L L L I
0 2 4 6 8 0 2 4 6

AN BUly—m) (%) B, —vY) (<10

\
2.
N,
BMm: = yy) X BM: = pp)

The results deviate from the PDG global fit
values by 3a, but are in good agreement
with the latest LQCD calculations.

[1] Phys. Rev. D 52, 4839 (1995)
[2] Phys. Lett. B 621, 41 (2005)
[3] Phys. Lett. B 566, 45 (2003)
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Study of n, >t n n nn BGS]]I
" Measured via (3686) — yn,,n, > ntn o n™n

Ph
\%
= Significant 1, asymmetric shape: M1 form factor (E}) and interference effects 925)

= Two indistinguishable solutions by fully considering interference with NR: constructive and destructive.

1500 ——— 7T 2000 N B B B N N I B B BN B B |‘ LA AN B BN B B B g
L+ Data (b) - -~ Daa " (@) 1
- — Fitresults i B Flttreslults i |
L n, total E " tota - I :
[ - daem [ g IR Y - :
R: | -eeeee- ther(inc MC | S IR 4 i 2 3
R A o il = 1000|- ——~ Continuum | 1o ® (e(m)|eEZBW (m) + NR|'E}) + fox
N | — — n(19) signal I 3 | — — n,(15) signal |
3 " seass Tntoriorencs ] g | e interference |
= i Non background i > Non background
‘g 500 = &
L B 7] L 0 n g e TR e e SIS
I~ ot s \ ‘ Ve o o’ B T
s e A e ] - L i
PR SR TR T N TN T TN SN NN TR SO N | lJJLJ“lll 1 Y — PR [N T SN N AN SN S T AT SRS SN N S S 1
2.7 2.8 29 3 3.1 3.2 2.7 2.8 2.9 3 3.1 3.2
M3y (GEV/c2) My, (GEV/c?)

B(n, - 2ttt )n) =(2.6+04+13)% B, - 2(ntn)n) =(5.5+05+1.9)%

1D fit can not distinguish J© of NR: The uncertainty caused by fully considering interference amounts to ~40%.

N
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Study of n, -» 2(m m )y

“ Precise measurements of the 17, mass and width:

J/b = ynene. = pp: My = (2984.55 + 0.09 + 0.77) MeV/c% T, = (29.74 + 0.17 + 0.33) MeV
W(3686) = yn, e = 2(rtT)N: M, = (2984.14 + 0.13 + 0.38) MeV/c%; T, = (28.82 + 0.11 + 0.82) MeV

M,y —M; = 112.4 + 0.8 MeV/c?

M, — My = 112.8 + 0.4 MeV/c? The results are consistent with LQCD predictions [1,2].

T T T T | T T T T I T T T T | T T T T | ; ; ; ; : : . .
BaBar Phys. Rev. D 84, 012004 (2011) 2984.5+0.8+3.1 —_— . BaBar Phys. Rl.“.._ D 81, 052010 (2010) 31|_7J_r1_2J_r0_s
Belle Phys. Rev. D 86, 052002 (2012) 2082.7+1.81+2.2 —_— —_— Belle Phys. Lett. B 706, 139 (2011) 35.1+3.1+1.6
BESIII Phys. Rev. D 86, 092009 (2012) 2984.5+1.240.5 —_—— —_— BaBar Phys. Rev. D 84, 012004 (2011) 36.2+2.8+3.0
BESIIL  Phys. Rev. Lett. 108, 222002 (2012) 2984.3+0.60.6 — ——————— Belle Phys. Rev. D 86, 032002 (2012)  37.8+5.843.1
BaBar Phys. Rev. D 89, 112004 (2014) 2084.1+1.1+2.1 —_—— —_— BESIII Phys. Rev. D 86, 092009 (2012) 36.413.211.7
BaBar Phys. Rev. D 89, 112004 (2014) 2079.8+0.81t3.5 —v—— — BESIIIT Phys. Rev. Lett. 108, 222002 (2012) 32.0+1.2+1.0
KEDR Phys. Lett. B 738, 391 (2014) 2983.5+1.413.6 I E— —_— BaBar Phys. Rev. D 89, 112004 (2014) 34.8+3.114.0
LHCb Eur. Phys. ). C 75, 311 (2015) 2082.2+1.51+0.1 —— —_— BaBar Phys. Rev. D 89, 112004 (2014) 25.2+2.612.4
LHCb Eur. Phys. J. C 77, 609 (2017) 2982.8+1.0+0.5 —— —_— KEDR Phys. Lett. B 738, 391 (2014) 27.243.11454
LHCb Phys. Lett. B 769, 305 (2017) 2986.710.510.9 —— —_—— LHCb Eur. Phys. J. C 77, 609 (2017) 31.4+3.512.0
Belle Phys. Rev. D 98, 072001 (2018) 2084.610.712.2 I —_— LHCb Phys. I.;'tl. B 769, 305 (2017) 340419413
BESIII Phys. Rev. D 100, 052012 (2019)  2985.9+0.7+2.1 o B — —_— Belle Phys. Rev. D 98, 072001 (2018) 30.8+2.3+2.9
LHCb Eur. Phys. J. C 80, 191 (2020) 2083.9+0.710.1 — —_— BESIII Phys. Rev. D 100, 052012 (2019) 33.8+1.614.1
LHCh Phys. Rev. D 108, 032010 (2023) 2985.0+0.1710.89 —— - LHCb Phys. Rev. D 108, 032010 (2023) 29.740.510.2
DG 2984.1+0.4 | | - PDG 30.5+0.5
BESIII  Phys. Rev. D 111, 052013 (2025)  2984.14+0.13+0.38 - - BESII  Phys. Rev. D 111,052013 (2025)  28.82:+0.1120.82
BESIII Phys. Rev. Lett. 136, 051901 (2026) 2984.55+0.09+0.77 m - BESIII Phys. Rev. Lett. 136, 051901 (2026) 29.74+0.17+0.33

ooy [ v vy | | | | ! ! | ! ! I | I

2950 2960 2970 2980 2990 20 40 60 80

M) (MeV/c?) I'(n,) (MeV) [1] Phys. Rev. D 81, 034508 (2010)
/\ [2] Phys. Rev. D 85, 091503 (2012)
(o]
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Measurements of n. - BB/VV BGS]I[
W@

" First observation of n, —» E°Z° via J /Y — yn, o | e
150[

150 F

100 [ 100F

Two indistinguishable solutions by 1D fit.

B, = E°59) 40s = (1.63 £ 0.22) x 1073
B(n, - 2°29),,, = (1.33 £ 0.20) x 1073

2.8 2.85 2.9 2.95 3 3.05 28 2.85 29 2.95 3 3.05

Compatible with IML model [1 B(nc—oE°EY) . - oy ~ A . ,
p [1] | B (noETh) is consistent within 2o with W) (Gevich e Gevien

Larger than the quark-diquark model [2 _ _ Ph
1sospin symmetry expectations [3] 3. Rev, D 113 072003 ¢
: 2026)

o
(=]
L L

Events / (4 MeV/c?)
Events / (4 MeV/c?)

L

(=]
TT

ca e 1y

|
[42]
o
TT

L R ) 4
P, by P iﬂ&?;#;f;& i
ool b b b by

b b b }
fim-ﬂﬂ-**-“ﬂ-ﬂ&i&i;;*m;{r;**#*hwﬁﬂﬁ*i***ﬁ.*ﬁg;}!;;;&;;;i;;
P T T T T T S T ) T I S

ﬁ/
Pull
o o o
~
I3
Pull
Mh o o
a9
(4]

" First evidence for the doubly OZI-suppressed decay 11k £ % + oaa 4.00
. = : — Total fit .
Ne = w viaJ /P = yn, o R - signal
% | o - = NON=¢ background
& 1 I -
B(n. - wp) = (3.86 + 0.92 + 0.62) x 1075 S sp | < dop o, background
= L | S 20}
[1]J. Phys. G 38, 035007 (2011) [ = F
SIS 0~
[2] Phys. Rev. D 38, 3516 (1988) PRI n
o3I Phys. Rev. D 87,012003 (2013) M.._.. (GeVie)
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Summary BESII

BESIII has achieved significant progress in the study of n. decay:

* By combining three production BFs, the absolute BFs of / /1) — yn. and . — yy can be determined with
uncertainties < 10%.

* The absolute BF of . — yv is firstly measured via 1(3686) - w°h,, h, = yn,., and consistent with most
theoretical estimates and that in J /Y — yn..

* By fully considering interference effects, significantly different constructive and destructive solutions for the BFs are
obtained with 1D fit.

* The measurement precision of the 77, mass and width has been improved.

* The first observation/evidence for unknow 71, decay modes are reported, and more measurements will be presented.

* The upgraded BESIII detector has completed a new round of data taking on 1/(3686) (~1.37 b~ (online)),
and BESIII experiment will provide a more powerful platform for future studies of 7...

Thanks for your attention!
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BEPCIl & BESIII BGS]]I

Design Luminosity Lp = 1 X 1033 cm™?s™! @3.773 GeV
(2016 achieved; 2022-2024 achieved 1.1 X Lp)

V5 =184 — 4946 GeV Flina gy~ a8 7 SRR 2024.12: BEPCII upgrade to BEPCIL-U
' T ‘ P o Beam energy up to 2.8 GeV

e Increase luminosity by a factor of 3 @4.68 GeV

4 S g\l T B & < = CGanE M E 2026.04: The peak collision luminosity for online
: BESIII detector ESSa 2 NS SRR operation at a beam energy of 2.35 GeV has

N\ . reached the designed 1.06 x 1033cm %571
(3.5 x 1032cm™%s ™! before the upgrade)

‘_ A L % Double sto
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BESIIl detector BGS]]I

RPC: 9 RPC: 8 Multi-layer Drift Chamber
layers  atorimeter ayers Single wire 6,4(1 GeV) 130 um
o, (1 GeV) ~2 mm
Br o, (1 GeV) 0.5%
Solenoid 04g/dx(1 GeV) 6%
B%a_g;el Time of Flight Detector
~68 ps (barrel)
En_l%cFap ot ~60 ps (end cap)
SC .
Quadrupole EM Calorimeter
ogr/E (1 GeV) 2.5%
= - Position resolution (1 GeV) 0.6 cm
Muon Detector
_ _ No. of layers (barrel/end cap) 9/8
BESIII has replaced the inner part of the drift Cut — off momentum 0.4 GeV/c

chamber with a three layers of CGEM detector.
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