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*  Observation of n.(25)— 3(n'n")

* Study of the h, meson via y(2S)— n’h, decays
e Observation of h,— ppn

* Search for the decay h,—n%J/\y
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BESIII Datasets
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Observation of n.(2S)— 3(n™n")

Data: (448.1 £ 2.9) x 10 y(2S) arXiv:2206.08807

v Looking for new decay modes of n.(2S) such as 3(n*n~) will provide more concrete
avenues of approach of n,(2S) in experimental and theoretical research and better
understand its properties.

v Observed 1n.(2S)— 3(n'n) for the first time which significance 1s 9.3c.
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Observation of n.(2S)— 3(n™n")

Data: (448.1 £ 2.9) x 10 y(2S) arXiv:2206.08807

v Mass and width of n. (25) are measured which are consistent with the world average
values within 26.

M [.(2S)] =3643.4 + 2.3 + 44 MeV/ic2 T [n,(29)]=19.8 + 3.9 + 3.1 MeV

v Using B[y(2S) —yn.(2S)] =(7.0732) x 104 ], we obtain B[n.(2S)— 3(n‘n )] and
update B[y ,— 3(n™n")] at the same time.

Channel NSE oo (%) Brensured (x10-2) Brog (<10 7)
ne(28)—=3(r" 7" 568.8 = 63.3 13.84 % 0.01 131 % 0.15 +0.1370% :
xeo —=3(rtn) 145300 % 396 15.92 £ 0.01 2.080 4 0.006 + 0.068 1.20 +0.18
xa —=3(tr) R4317 + 299 17.67 £ 0.01 1.092 £ 0.004 £ 0.035 0.54 % 0.14
xe2 —=3(rtr) 112510 + 347 16.85 + 0.01 1.565 + 0.005 + 0.048 G840 18

v Compared to the world average values, the measured values are almost twice as large.
To validate our results, we perform a number of cross-checks and the results are
consistent with each other and agree with the nominal results.

[13] Chin. Phys. C 46, 071001(2022).



Study of the h, meson via y(2S)—n'h, decays

Data: (448.1 £ 2.9) x 106 y(2S) arXiv:2204.09413

v The h, resonance features are of particular importance inside the theoretical framework
built to explain the ¢~ spectrum.

v Using the n®recoil mass distribution to reconstruct the h, mass, both inclusively
(y(2S) — ©'h,) and by tagging the decay via the electric dipole (E1) transition photon
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Study of the h, meson via y(2S)—n'h, decays

Data: (448.1 £ 2.9) x 106 y(2S) arXiv:2204.09413

v The fit results are summarized in the table which shows the improved precision of this
measurement with respect to the PDG values [°land compatibility within 1.

Variable Value PDG Value [5] o Bino(#(28) — %) X Brag(he — A7)
M(he) (MeV/c?) | 3525.32 £ 0.06 + 0.15 |3525.38 + 0.11 N ETEY)
AT +0.27 = _
I'(h.) (MéV) 0.78 1027 4 .12 0.7 + 0.4 o Bunc($(25) — %) = — M.

Nag (he) 23118 *)308 -

4.58 + 0.64 ® Brag(he = 1) = Bine ($(25) > 70he)
4 10,27 (BESIII [II]) N"[‘agxiﬁlnc.
HIHL‘ X BTB,.E (]-l:] ) ".11? —[]25 :I: {]19 416 :E 0]8 Nine X ETag
(CLEO [Z3])
_'NTIH.:(.IFL{_‘}I "'-]:ﬁ].HT :l: 2123
Brne (107%) 72340334038 | 860+ 130  [PIPTEP 2020, 083C01(2020)

o [11] Phys. Rev.Lett. 104, 132002 (2010).
Brag (%) 57.6675 s £ 0.58 50 + 9 [23] Phys. Rev.Lett.101,182003 (2008)

Bine l(\?l;j](ZS) “"'*'*'Tuhrc} x -'BTag; (he=yn1c) Lo



Observation of h.— p p n

Data: (448.1 £ 2.9) x 106y(2S) JHEP05(2022)108

v First search for the h, — ppX
(X =n'n 7Y n, n°) decays.

v The decay channel h, — ppn
1s observed for the first time
with a 5.10c statistical
significance.

Events / 2.5 MeV/c2

P457350 351 3.52 3.53 3.54 3.55
(ppn L TI:G [GeV!'cz] M (ppn?) [GeV/c?]

v Evidence for the decay ©
h., — ppn'n n®1s found with a
statistical significance of 4.9c.

v No obvious signal for h, — pp
n¥ 1S seen.

Events / 3 MeV/c2
—_ N W B O

Events / 3 MeV/c2

3049 350 351352 353 3.54 355 9350 3.51 3.52 353 354 355
M (ppn)(n—>n'nn?) [GeV/c?] M (ppn)(n—vy) [GeV/c?]
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Observation of h.— pp 1

Data: (448.1 + 2.9) x 106y(2S) JHEP05(2022)108

v/ The branching fractions of h, — pp X are determined by

_ ysig
.3 ppX) = = N :
B (he — ppX) Ny (3686) B(1(3686)=m0hc )| ], Bie

Mode I 111
ppX ppr ppm’
N, 86.5 + 18.7 < 57
B(h. — ppX) (3.84 £0.83 £ 0.69 £ 0.58) x 10~% < 6.59 x 10~
B((3686) — 7h..) x B(h. — ppX) (3.30 £ 0.71 £ 0.59) x 1075 # 56T %10~
Significance(o) 4.9 -
Mode II
PN n— oY n— vy [6]Phys. Rev. D 99, (2019) 072008
Np. 3.44+0.9 18.1+4.9 [7] Phys. Rev. D 102, (2020) 112007
B(h, — ppn) (6.41 +1.74 + 0.53 £ 1.00) x 10~
B()(3686) — 7°h.) x B(h. — ppn) (5.51 £ 1.50 + 0.46) x 10~
Significance(o) 5.1

v The branching fractions obtained 1n this analysis are at the level of ~1073, which 1s
the same level as the previously observed decays of h, — 2(n'n ), pp ' %) and h,
— KKt n0, wranin, KOK*n" nrn 7], 1

1



Search for the decay h.—nJ/y

Data: L= 11 fbl, / =4.189 — 4.437 GeV JHEP 05(2022)003

v In 1992, the E760 Collaboration reported an evidence of the h_ in the n%J/\y decay mode.
Until now, there 1s no experimental result to confirm this.

v Search for h, — 70J/y is reported using e'e — n'7 h, events from data samples at/ =
4.189 — 4.437 GeV.

v Additionally, the decay h,

A 4

y1.— YK K 1Y 1s used as the normalization channel.
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Search for the decay h.—nJ/y

Data: L= 11 b, =4.189 — 4.437 GeV JHEP 05(2022)003
v No significant signal 1s seen for the h, — n'J/y decay, while a clear peak 1s present
for the h, — yn. decay.
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v' The branching ratio B(h, — n%J/y)/B(h, — yn. — yK"K1%) 1s calculated with

Lioi(1+ 6;)e]™
B(h. — 70 J /%) ~ Nyogyy Zz: il ey 1

B(he = e = YKTK=70) Ny, Y Lioi(1+ 5?;)6#5”}”) B(J/Y — £+L7)

N
Jo ™ F(x)da/ [o° F(x)dz = 0.90 13



Search for the decay h.—n0J/\y

Data: L=11 fb'!,+ =4.189 — 4.437 GeV JHEP 05(2022)003
/ B(h, — 10J/y)/B(h, — yn. — YKK1%) < 7.5 x 102 at 90% C.L.

Upper limit on the branching fraction B(h, — ©%J/y) at 90% C.L. can be determined
to be

B(h, — n0J/Ay) <4.7 x 104,

This 1s the first upper limit measurement of B(h. — 7n°J/y) which the results are not

consistent with the measurements by the E760 Collaboration , while in agreement
with the E&35 Collaboration.

v The h, total width 1s 0.7 £ 0.4 MeV from the PDG, and we take 1.1 MeV as the h,
total width conservatively. The upper limit on the partial width for h, — n0J/y is
conservatively determined to be

['(h, — n%J/y) <0.52 keV,

which 1s one order-of-magnitude lower than the current theoretical predictions
(several keV) .
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Summary

v BESIII has collected large data samples at \/ =2 — 4.95GeV, which provide
essential opportunity for the study of charmonium decay.

. Observation of n.(25)— 3(n'n")

. Study of the h, meson via y(2S)— ©h_ decays
. Observation of h,— ppn

. Search for the decay h,.— w0J/y

v In the future, more data will be collected, more detailed studies will be done and
more results will come out !



