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Outline of the talk

* The BESIIlI experiment, physics, and dataset
* [he lightest pseudoscalar glueball candidate
* CPV in the neutral decays of A

* EDM search of the A Baryon

* /\ semileptonic decays

* Search for sub-GeV Dark Matter




The BESIII experiment @ BEPCI

NIM A Volume 614 (345-399), Issue 3

» Ecyy=1.84-4.95 GeV Csl(Tl) EM calorimeter
op/E =2.5%/\/E

RPC Muon Counter
In the iron yoke

* Region below 2 GeV directly accessible (via ISR)

L eak = 1.1 X 10°% cm ™25~} -
o peak — 1 X cm 8§ - ﬁ&u \ H.ﬁ
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BESIII collaboration: ~720 members 40-layer MDC

from 15 countries, 98 institutions c,/p(1 GeVic) =0.5%
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The BESIII experiment @ BEPCI

Eyy = 1.84 — 4.95 GeV

Region below 2 GeV directly accessible (via ISR)

A

P

Beam energy spread ~ 3 X 107 at m_

eak —

1.1 x 1033 em—2s~1

World’s largest sample of

» J/y —> 10 billions

e Y(2S5) —> 3 billions

o Y(3770) —> 20 fb-1

About 22 fb-1 of data for Exotic Charmonium

Spectroscopy

T

R = o(ete™ — hadrons)/oc(ete” — utu)

arXiv:0809.1869
Chinese Phys. C 44 040001
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Spectroscopy & decays of light hadrons and charmonium, charm physics, precision measurements, tests of fundamental symmetry
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LIGHTEST 0-+
GLUEBALL

QCD — SU(3) non-Abelian gauge theory
At high energy

as running, widely confirmed experimentally

At low energy
self-interaction of gluons
bound states of gluons: glueballs

Many candidates, not established yet

Quarks behave
almost freely

Asymptotic freedom
Weak coupling at
short distances

High energy
Short distance

No isolated quarks

; confin:ement

Quarks and gluons
bound inside hadrons

Low energy
Long distance

Distinctive manifestation of gluon self-interactions

Unigque particle/matter made of pure force

Direct proof of origin of mass from strong interaction



Glueball production and decays

* Gluon-rich environment for production

* Glueball production rate in J/ radiative decays
could be higher than that of normal hadrons

*  Spin-parity filter: C parity must be +,
SO JPC=0-+, O++, 1++ 2++  2-+ .

2 4
14 ~ X a; ~ X O,
J/V glueball J/V hadrons
— EEER—— LS. . - — e — I ———— ———— P ——— ?,gj\
- * Lattice QCD predlctlon for the lightest * Mixing mechanism between 7. and O_Jr glueball l
| pseudoscalar glueball can significantly increase the production rate of |
* M =2395 + 14 MeV PRD 0D (2019 054518 the mixture 0~ particle to (2~20) x 10-3 ]

PLB 827 (2022) 136960 arXiv: 2605.01757 ]

* B/ = yGo—) = 2.31 + 0.80 x 10~

-— Tth9 OO A —SSSBBBm—

e ———— —

Clean environment in e+e- collision: very different from p-p collision
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Glueball production

* Gluon-rich environment for production

Glueball production rate in J/Y radiative decays
could be higher than that of normal hadrons

Spin-parity filter: C parity must be +,

SO JPC=0-+, O++, 1++ 2++ 2-+ .
2

hadrons

~ * Lattice QCD prediction for the lightest
' pseudoscalar glueball

PRD 100 (2019) 054511
* M = 2395 + 14 MeV

* B(J/p = yGo—) = 2.31 £ 0.80 x 104

—— —

and decays

r éluebl dy *

* Glueballs contain no quark flavor
— flavor-singlet states

* Similarities with ., decay through
OZl-forbidden mechanisms

* Suppressed radiative decays

* Mixing mechanism between 77. and 0~ glueball
can significantly increase the production rate of

the mixture O~ particle to (2~20) x 10-3
PLB 827 (2022) 136960 arXiv: 2605.01757

Clean environment in ete- collision: very different from p-p collision

|
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PRL106 (2011) 072002

X(2370) di
'he 70) discovery .
NQ L i
S 400 | -
D) L -
O E 3
S 300 N
* Discovered by BESIII in J/1p = yz+z—n" in 2011 S Lok :
é OO E_ er,f —E
O C o e e ]
2 2 o 100 F it it B
Resonance MMeV/c?) I'(MeV/c*) Neyent : Py ]
£,(1510) 1522.7 =50 48+ 11 230 + 37 O e -
X(1835) 1836.5+3.0  190.1+9.0 4265+ 131 14 1.6 1.8 2.0 22 2.4 2.6 2.8
X(2120) 21224+ 67 83+ 16 647 + 103 Mt n’)(GeV/c?)
X(2370) 23763 +87 83+ 17 565 + 105
* Confirmed by BESIIl in J/3 = yz+tn—n' , yKKn' (more data & new mode)
oy EPJC 80 (2020) 746
4000 . =+ Data . (2020)
&-\3500 : — PHSP MC _E 200 T bl R B S EEES EAES SN LRl SR
§ 8 Background ¥ . L Iy —yK K, =i, n-yy (a): - - J/\p—engKg N, =T TN, =YY (c)]
% 3000 P e pp threshold = “o | ety — = Chebychev ] N§ 251 — Data = g:‘g’ychev E
5 _E > 150 __ Fit result “==* PHSP - O - — Fit result Total bk e
& 2500 - & 85 Signal X(2370) 1O kg + { O 20; 882 signal X(2370) il R
— 2000 _; 5 100k - K* K n+c.c. " LT ¥ 11 QS q5F "~ n sideband 1 |
£ 5 = [ == N sideband e i g - i
PRL 117 (2016) 042002 § 1500 : A Tt - 2 1of - Ik
T 1000 c & 50| 1 - 3 } - I - 15
: T E bt e I w5 JiE A =
> E B e . By oo :
- 5 0 0 L R s = g L 5] 0 Lo A I R S SR R e B Sl L
074 16 18 2 22 24 26 28 3 4 ] AR S S S B AR 2 2l 22 23 24 25 26 2f
Mn'n'n] (GeVic?) My, (GeV/C?) Moo, (GeVICY)




Other decay modes and narrow
partial decay widths

2 -(Ia) IT]#YTC";t IIIIIII , _ (Ib) In%;t"nTI] T
: Data [ Data [
1.8] g
1.6} o _ By
1.4] . ¥1.4}
1.2} ‘ 2
N E N e i §

2 22242628 3 2 222426 28 3

KOKO (G eV/CZ) KOKO (GeV/CZ)
L L L A A L A
180F (a) x2Iny,, = 82.68/69 _-
Y| - ¢+ Data -
8 1 60 :_ ,. — MC projection =
% 140F I B Background —
(&> - { { SSETEIE Non-resonant I
o 120 4 I o1, X(2370) —
S 100FE [ - X(1835) 3
o - { ------------- X(2800) i 3
= o0F E
E 60F =
L|>J 40 ;_ I L e _:
20 ;— e | _ =
o - e ®T T ~oBe R R R, ST, 2

2 2.2 2.4 2.6 2.8 3
M, oc0r, (GEV/C?)

80
70
60
50
40
30

* With the full BESIII dataset: 10 billion J/3

JPC = 0—+ with significance > 9.8 o PRL 132 (2024) 181901

B(J/3p — yX(2370)) x B(X(2370) = £0(980) 1’) x B(f0(980) — K5°K°)

=1.31 £ 0. 22 o984 7285 x 10-°

|
: * Found also

= — = _ = — —— —_ — —— =

X(2370) — 71- T ;7 Chinese Phys. C 50 101001

1 X(2370) — a,(980)x°

I strong S|m|Iar|t|es W|th 770 decays




Combined results

Chinese Phys. C 50 101001

(a) Combined: M = 2359 *1 MeV/c? (b) Combined: I =170 13} MeV COmbiHEd rESUIt
X(2370) — £,(980)1] e X(2370) — £,(980)7] e
£,(980) > KK, Measured mass £,(980) — KK, Measured width 1 2
- Combined mass - Combined width MX(2370) — 2359_1_13_ Me V/C
X(2370) - KK 7" ——— X(2370) - KJK '
KIN =220 2Ny, =0.32 L +44
X(2370) - 7°7°n X(2370) — 7°7°n FX(237O) - 170_29 M eV
2250 2300 2350 2400 2450 50 150 250 350
My 53790 MeV/e %) I'x2370) (MeV)
Decay channel B (x107%) * The total sum from the left table is ~0.9 x 10-3
> n +0.73 _ . o
J/$ =y X (2370) = yKKm - 3.25+ O°25—00;5 * Considering other unmeasured decay modes, it is
1 +0.
J/ — v X (2370) — ym7n 3.2+ 0.1777 reasonable to conclude
J/ — v X (2370) — ymmn’ 1.94 £0.047 932 .
T/ — vX(2370) = vKKn'  0.39 4 0.05 = 0.10 B/l = yX(2370)) > 1 x 10-
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Suppressions of X(2370) = yw, y¢

J/Y - yyw

400 y%/dof = 1.62 [ x¥/dof = 1.23

g, 200p=

2 | s [ At

o y i @ I :

Ty) | v—: ! J

= 3 i

~ L ~ 100 ‘

. , g T :

2 2 g '

i} w L

o sn’;m_ #_ f +;+; ., +~+_h,++ £ N M " RN L

Y g’ el & : ?R i ran v T’FW ST R0 O S %L _§ - i+‘T+r+ﬂ «i—* u.i,.i} ““#ﬂ o + P

12 14 16 18 2 2.2 BTN 2 22 24 26 28 3
M(y,, @) M(y,, o))

]/1/1 - wqb

"2 xZ/N - 97.15/80= 1.21 -
f(1285) ; :
1 1405 2 : +8 ]
1 --1(1420) “,2 4001~
f(1510) © I
] - 11525 :\;
1 --X(1835) ‘g
1 -1,(1950) 3
—1,(2010)

N AN — P = 0
-Q’M.-\‘:' o Pt S, fo(2200) 2 > ow Y™ \
[y M”’:’Wv". ves® .m, ; 7 e ‘S"’/"ov

T2 14 16 18 2 22 6 18 2 22 24 26 28 3
M(Ylow¢) (GeV/Cz) M(‘Yhiqhq)) (GeV/Cz)

PRD 111(2025) 052011

02)

Events / (16.5 MeV/c?)

X

JY = yyw, yy¢ have been studied with amplitude analysis

Resonance R J/p = YR = yyw  J/p = YR = yy¢

(x107°) [29] (x107%) [30]
1(1405) 3.54 £ 0.201 %) 3.57 £ 0.1810 39
X (1835) <0.11 3.37 £0.191978
X(2370) < 0.04 <011

With B(J/yY — yX(2370)) > 1 x 10-3 — strong suppressions
No evidence of X(2370), consistent with the predictions for glueball

Ne — Y observed. The very first radiative decay mode of nc
X(1835) — yd suggests its assignment as the n’ excitation

Observation of f2(1950) and fo(2200) — y& disfavored glueball
interpretations
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arXiv:2607.20366

Study of X(2370) - K*(892)K + c . c.

* Forbidden by Generalized G-parity conservation

x10°
22:_"l|||lllllllllllllllllllllll()lll(l)ll‘)lll_: ||||||I||||I||||I||||I||||I||||I||||I||:
NQ 185— ‘ 5 — § il K7(892)" signal region
% :_ . * Data ) _: (Cl-\ E L 300-_ it I 5
R = 5 S 1.8 O N
14_— . PHSP MC =0 > o~ — = I Data
§ ] ; 6 : § _ I 1y — Fit result _
: : . ~ : - =3 - X(2370)
= 10:‘ = & 1.4¢ & 2005 ’,).l; ,, h } ~--- Polynomial
2 - . S > 5 T 2
"2 65 2 S : g : : HI i-. h :
P & .- - A z 1 5 100- g
m = = f m i ‘ et - _:
2 .. : :
SR st T R NN R RS | ¥ s T v L e S B
14 18 22 26 3 1.8 2.2 2.6 3 2 22 24 5 2.6
MKoKoﬂo (GeV/cz) MKsngno (GeV/cz) MKS"KS"J," (GeV/c )

* B[] = yX(2370)] x B[X(2370) = K*(892)°Ks0 + c.c. = KsOKsO7I]
< 2.7 x 10-6 @90% C.L.

| B[X(2370)>K*(892)°K2+c.c.oK2KIO)
i B[X(2370)>KJKJmO]

<0.081 @90% C.L.

* The suppression of the X(2370) decay into K'(892) K supports that the X(2370) is a flavor-singlet
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Summing up the X(2370)

* Properties of X(2370)
* high production rate in J/i radiative decays

* flavor-singlet state

* decay pattern similarities to 7.

* narrow partial decay widths

* strong suppression of yw, y¢ decays

* These observations are fully consistent with the expected * The lightest 0+ glueball is needed for a
signatures of a glueball natural and complete explanation of

X(2370) properties measured by BESII!

* QOther interpretations can hardly explain all of them
simultaneously
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THE HYPERON LAB

Unigue combination of nature, experimental
setup, and analysis tools

Matter-antimatter asymmetry demands new CP
sources

Sakharov conditions JETPLett. 5,24-27 (1967)
» Baryon-number violation
- C and CP violation
- Departure from thermal equilibrium

Known Standard Model CP violation is
Insufficient

14




Hyperons production at BESII

* Hyperons produced in charmonium decays can
have polarization normal to the production plane,
even when production conserves parity and CP

Polarization originates from interference between production amplitudes with a nonzero relative phase

Jl—afpcosesine

P, (cosf) = sin(A®d)

1+ay, cos? 6

A non-zero A® represents the transverse polarization

15




CP observables in hyperon decays

/ ey )
Y — Bt M=S+Po-n

 _2Re(S+P)

1S|2 + |P|?

_ 2Im(S  P)

P> S|2 + |P|2

o V= isz+ PP

Bt partial-wave decomposition 2 2 2 _
P P @ +B°+y "

( S wave + L = 0 - parity violating J [P wave * L = 1 « parity conservingJ

[ CP conservation: ay = —ay, By = —By, ¢y = —Py

Two complex amplitudes:

S = 3iS,ei@i+5),

Under CP transformation:

§ = —3is ei-#i+8D),

A=

CPV
observables

B =

¢ weak phase, & strong phase
P = 3ip,ei(@i +5])

P = 5ipei(-¢{ +87)

I‘;?

I'+I

la+Ta o+«
=Fa—f‘&za—c“x+A

Fﬁ+I‘ﬁ ﬁ+ﬁ

rB—Tp B - [>’

The daughter angular distribution analyzes the parent polarization and exposes the decay parameters
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Spin-1/2 hyperons: a complete polarization map

I/ R IWYEEsO) 55 o T

0.2¢ . - Dutc w(1686) o+ Dosa: 1 -
i3 | 4 0.2 -
gf- 0.055- (./ ) — _:, ;
8 0 T-’ y"' ——— ﬁ,—‘b- @w Q..> 0 :__ 1
= 005 E—' /S § R n
01E \ /’ - Data A -{.2 ooy I8
. :[- . ‘ — Sigral MC s .S -
0.15F w,/ — e 0.4 i
5 B BE s it e i ST TSR £
= 0 o o, n:.,.-é-l.,.Al A ] N = 1 . 1
23 05 0 0.5 1 0.5 1 -1 -0.5 0 0.5 1 & 05 0 0.5 1
cost, _ : cosd c08 O
A® = (0.7521 + 0.0042 + 0.0066) rad Aq”/” = (~0.2744 1 0.0033 1 0.0010) rad A® =(1.221+0.016 +0.006) rad A® =(1.168 + 0.019+ 0.018) rad
Ad, e = (0.427 + 0.022 + 0.003) rad
Phys. Rev. Lett. 129, 131801 (2022) 7 Phys. Rev. Lett. 136, 201802 (2026) Phys. Rev. D 108, L0O31106 (2023
W(3686) - AR J /Y[ (3686)] - £0Z0 W(3686) - -5+ (3686) — EOFO
6_.2 A A BARE s RS RS BRAAE BN B B “?Q’ - - - : ' ' . 0.2
0.15F (b) LJL L ot 04 i
0.1 ~ b s *l MF_,; 3 0.1
0.05 L Jig - 20 1 | 2 4 | - *
X | s R 0 _
0.6 R s s ~0.1F
-0.1 g 8. bsscranee r ? M REARRRTC XN - J — :
-0.15 i_zE'—L i ~04 - N Bl Lty g St i g s
02 e e | R V405 0 05 1
““1-08-06-04-02 0 02 04 06 0.8 1 X : -1 0.5 0 0.5 l
cos, - | cosf- cos_
A® = (0.366 + 0.064 + 0.013) rad A%y =1=0.0028 1.0.0068 1 0.0033) rad A® = (0.667 + 0.111 + 0.058) rad A® = (0.257 + 0.061 + 0.009) rad
. A@m = (0.512 + 0.085 + 0.034) rad
arXiv:2509.15276 Phys. Rev. D 106, L0O91101 (2022) Phys. Rev. D 113, L0O91501 (2026)

Phvs. Rev. Lett. 133. 101902 (2024)
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Phys. Rev. Lett. 136, 251802 (2026)

CP symmetry in neutral /A decays

JIP = AN = (nt°)(pr*) + c.c.
* 10.087 billion J/ decays

* The neutron / antineutron is inferred from
missing four-momentum

* A simultaneous five-angle fit uses transverse
polarization and A-A spin correlations

5 — (6A39n9¢n391§9 ¢p) ) — (Olj/w, A(I), 0((), a_|_)

a_ 0.756 £ 0.008 £ 0.003

a, —0.764 = 0.008 = 0.001
o1y 0.668 £ 0.007 £ 0.002

oy —0.677 £ 0.007 £ 0.003

<t

(00}
o

]
—4— Data
» — Total Fit
— Signal
- - Combinatorial |

(o)}
o

Events / (0.8 MeV/c?)
N
o

N
o
T T T T T

gt | NS, pecoy Pl Sl et Bl
%.9 0.92 0.94 0.96 0.92 0.94
M, (GeV/c?) M_(GeV/c?)

u(cos eA)

AD =0.748 =+ 0.006 + 0.004 rad

A nonzero production phase generates
transverse polarization
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Phys. Rev. Lett. 136, 251802 (2026)

Neutral /A CP test and the Al = 1/2 rule

Acp=(a,+4a)/(a —-a) CPconservation: d =-a

0

AOACP= —0.006 £ 0.007 £+ 0.002

Consistent with zero. Best neutral-A CP precision. Precision improves by ~30%

-
{‘ _
Neutral / charged decay-parameter ratios | Interpretation |

Ratio Measurement Below . SM estimates: |
unity |Ancpl = 3 x 10° 1
a/a 0.884 +0.013 = 0.006 8.10 !

0

a /a 0.885 + 0.013 + 0.004 8.50 well above this scale 1.
|

Pure Al = 1/2 predicts unity (isospin limit) Al = 3/2 terms matter for

Current precision remains
1
The deviations establish Al = 3/2 contributions - rellable predlctlons
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A\ EDM and CP symmetry

* A permanent EDM violates P and T A
A 4
§A E Y S_)A"'
*  Assuming CPT invariance, an EDM also signals + +
CP violation Y Nl o
* Hyperons probe CP-violating interactions Spin precession in an

: : external field
involving strange quarks

* Their short lifetimes make conventional spin-
precession measurements difficult

e*e” = JIPY = AN = (prr)(prT)

Science 393, 1027-1030 (2026)

Entangled AA
angular analysis

* The entangled pair provides correlated spin information, which the weak decays reveal through

angular distributions

* EXxploiting both polarization and spin correlations maximizes sensitivity to the EDM

20




Science 393, 1027-1030 (2026)

FDM sensitivity from entangled AA pairs

e'e’ = JIP = AA = (pr)(prT) a0
10 i —@— Fit result of data i
~ ' - ' 11l = e |d,|=0ecm ~
3M candidates - 99.9% purity from 10 billion J/ decays % : e i =4_§:10_189cm:
> 50 -
* Parity and CP symmetry in A\ pair production are ‘g ; :
characterized by the form factors Fa and Hr S ) g™ 8
S - - = : 7 i
Q_‘ L -
* A blind five-angle likelihood fit extracts the complex © F
CP-violating form factor Hr TN . L | |
0 0.2 0.4 0.6 0.8
* A CP-odd triple product sensitive to Hr  Phys. Lett. B 839, 137834 (2023) | @, x5y % |
A oa n 2e Data follow the null-EDM expectation; a non-zero
O =(lp xIp) - kKA Hy = 9 Svan ”p
3Im T/ EDM would generate a visible asymmetry

Measurement at g2 = m2,y. EDM conversion neglects g2 dependence

21




/\ EDM result and sensitivity to
strange-quark CPV

Component Result [10"° e cm]
Re(da) -3.1 +3.2 +0.5
Im(dn) +2.9+26 +£0.6

ldAl < 7.0 x 10" ecm (95% CL)

* Complementary to neutron EDM
searches. The A adds sensitivity to
strange-quark CP-violating interactions

* Statistics dominate. Extensions to =
and 2 are possible

d, (x 10" e cm)

No significant CP-violating signal

Science 393, 1027-1030 (2026)

Previous quoted bound: 1.5 x 10"° e cm (1981)

2.7156455 %

715646

2.7156465

6.990682

6.99068

6.990678

6.990676

et
—

—-6.990676

—6.990678

—-6.99068

-6.990682

L

1\

—2.7156465

—2.715646

~2.7156455
0 (x 107

(o)

d, (x 10" ¢ cm)

1.2659 1.26595

7032914 | ] -

7032912 |- /—

~7.032916 [ -
1.26595 ~1.2659

0 (x 10°)

Excluded by dA
Excluded by dn

Excluded by d_and d,

Unexcluded area

22




/\ semileptonic decay with entangleo
Nyperons

.
)
JY = A\, AN—>pev, AN=pm (+c.c.) S iy
* 10.087 x 10° J/P events - 1854 + 49 signal decays
* Double tag technique
* Hadronic tag fixes the recoil four-momentum and -
reconstructs the missing neutrino wf  * b +
140 :— ——— Signal ) },\
__v_ Npr €EsT of __ 2::? lr)c::;:r;\u;;:n 4
> — = W
B(A pe ve) CDT NST g 100;— f! ll
*% 80 [ f
B(A — pe~ ) = (8.16 +0.22 + 0.15) - 10~ 4 o /[ )
or / I\
: ¢ \!
B(A — pe~Te) = (8.34 £0.14) - 10~% [PDG2024 20 4 ST
( pe I/e) ( ) l ] 0 H,_ " --l--".";'"'T"'."".' = ....'.‘i‘-m-‘t-‘
-0.04 -0.02 0 0.02 0.04
Nature 657, 92-97 (2026) e
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Form factors of the charged weak
current

Joint angular distribution

P P _
TA 9 05 0
BSL - ; K IVusl F(fngz) // —.1
n nt ‘pi".
Form factors: f1, /5, /3, &1> &2 &3 ¢
Observable This work Previous result Refs.
Jaw 0.74279:975 1+ 0.009 0.718 £0.015  [PDC2024] -
Jaw —0.70679-9%9 +0.014 —
(gav) 0.72979:045 +0.007 — . L .
Jm 0.93+0.5140.17 0.15+0.30 [FNAT,1990] | 72 Flrstlldetermlnc?tlon Of Go/ty IN A\
g{ul_ 0.89 =0.49 =0.20 — Semi eptOr"C ecay
(gw) 0.890.35=0.14 — 1
gi/fi (gaw) 0.70610-089 — ) * Consistent with zero, as
Ll gw) 0.7710-59 —~ g2 #0 expected in the exact SU(3) limit
0.65
&1 QQavZ) —0-19J—r0.63 — _
(g;) is measured for both A — pe™ U, and A — ﬁ€+l/e, assuming g‘;’% — —gj%, 9., = g,ZUI_
oy, AP and oy z are fixed to |[PRL129(2022)131801] Nature 657, 92-97 (2026)
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An independent determination of [V,

* Assume SU(3) is conserved, f; = —4/3/2 [PRL92(2004)251803]

| Vsl sz = 0-2194 % 0.0036 5 pe £ 0.0087 sy = 0.0004, =+ 0.0005 5

* Using LQCD FF prediction [PRL135(2025)231901] | |
compatible with CKM

|V \LQCD = 0.2339 = 0.0038 g7y pr £ 0.0004, = 0.00065 % 0.0011,4cp unitarity within 1.4¢

1 I I 1 1 _"l o I 1 I I 1 I

CKM unitarity 1= |V = |V,

0.22799 + 0.00137 Others
0,

K meson average Bl

0.22431 +0.00085

T lepton average FFLaco
— 0.2207 £0.0014 7.5%

Cabibbo, hyperon average
0.2250 + 0.0027

Cabibbo, A — pe v,
- 0.2224 + 0.0034

This work, input LQCD FF
0.2339 + 0.0041

L 4
! | ! ! ! 1 | 1 L I ! | ) ..

0.22 0.23 0.24 (V) 5 s 56 30 40 50 60 70

Nature 657, 92-97 (2026) Vi (%)
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SUB-GEV DARK
MATTER SEARCHES

Dark matter (DM) is one of the strongest pieces of
evidence for physics BSM

Complementary searches across different energy
scales are essential to reveal the particle nature of
dark matter

Many models predict light dark matter

Experimentally challenging for conventional
direct-detection experiments

Electron-positron colliders provide unigue sensitivity
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PRL 137 (2026) 031804
Search for n = 79 + invisible

— Jy —én, &—KK, n—mS, S xx

S — ® - 1 G
| .. S . e

—— . S — S— et \

* ~2x106 n from J/ip = ¢n = K+K-n based on (10087 + 44)x106 J/y » Y i @
1 inclusive decay tag (IDT)
\ - J

* On-shell S = y "y, ms: ~0 to 400 MeV DM cecay tag

x10°

| | =4~ Data /\\ . 30 f__ - Total fit —4— Data

* The K'K" recoll tags the n 100 T — Fitresult \ Ny = (2185.3 + 3.4)x10 55 [ — Signal -= Signal shape (BF=1x10")

- — Signal (*/ndf = 169.5/91 - ---- Background ~Inclusive MC

80 ™ ... Background 50 [ Type Il: m_= 240 MeV/c?

* Reconstruct m° — yy and veto extra activity - Nog = 111476

Events / 3.00 MeV/c?
(=)
(]
|

Events / 2000 (MeV?/c%)
[
N
|

* A narrow S would appear as a peak in the - | | 10 -
missing-mass-squared spectrum 20 F———/ N\, 5 &m HLHM% )l
0 = — '.'".".-.".T-.-.-. Cl - o Ex 1["[»# . |-| -. e
04 045 05 05 06 065 07 0 002 004 006 008 01 0.2

* Maximum significance <20 @ 240 MeV/c? recor
9 ML (GeV/e?) M2 (GeV?/ct)
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PRL 137 (2026) 031804

BF and Scalar-coupling limits

Flavor-specific model: L5 —g, Sy, xr — g,Su ugp + h.c,

Assuming %B(S — invisible) ~ 1
+ UL on 8(n — 79S) @90% C.L.: (1. 8~5. 5)x105

* ULong,orgs@90% C.L.: (1. 3~3. 2)x10-5

Result complementary to direct detection from PandaxX-4T

[Phys. Rev. Lett. 131, 041001, 2023]

Sensitive to both gy and gq (K* = 7+ + invisible only
sensitive to gu)

effective coupling g, =

CsV

V2Ayp

107 g
— | = = = Expected UL PandaX-4T excluded
,q: — | I Expected UL +1c (9=1, mx=%ms) ________________
@) L Expected UL+2c } o ===
= _ —— Observed UL |77
X 10 E PE—
g — ___ _——Naturalness allowed ;
S ~ BESlin»r’S - — (Ayp=10 TeV) -
o
-5 | e : ee et _
= 10 =/ FE949 K'— V¥ (g _ only) kN
ol -:/ ............ = NA62K'> n*vv (g, only) Relic DM benchmark
beer ol .. L F (m =0.45m,)
‘L E ....".‘ " "“.n'.' A ] N, x
10_6 L | | ' ?"l"‘""‘{ e
- 10—4 |
I
10 E_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 S0 100

150

200 250 300 350 400

m¢ (MeV/c?)
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Flavor-specific model: L5 —g, Sy, xr — g,Su ugp + h.c,

*  ms =300 MeV/c2, g, = 1, on-shell S (Model-dependent constraint)

* The constraint on the DM-nucleon cross section is improved by

~5 orders of magnitude

* Ongoing and Future

Off-shell Scaseinn = 70y x

Larger Smassinn’ = 70y x

Pseudoscalar caseinn = wtmy x

Vector case in 19/n = yx x

Ql

g Gop

- w(gy + m3)?

PRL 137 (2026) 031804

Connection to DM direct detection

CsV

effective coupling g, =

V2Ayp

1 0—28

1073° LZ,CRDM -
-32 | 5
10 i :
PandaX-4T,MDDM : = SENSEI
1 O_34 (ms=300 MeV/c?) . i = MEDM
~ o' ; -
A ‘\‘\ - =
o [ -
§ _36 \‘\‘\‘\‘ E “i‘l
\ \ .
= 10 ‘\‘\¢\‘ © 2A) -® o\” “““u PandaX-4T
[e ot ‘(:),«5*’\],\,(’*“ cCC MEDM
. . \“ rL \‘\ “‘
10 3 : \ﬂ\“‘ - “?‘f\ﬂ - ““““
‘\‘\‘\ﬁ ““‘:‘ “\\ mimn mS=50 MeVIC2
— \ 3\ o 0G \94.
10 40 ‘\‘\‘ * -~ “‘;\\\“ E— mS=300 MeV/c?
o' o \2
|
. O m¢=400 MeV/c?
10_42 ! | | lllllll | | lllllll | | lllllll | | L 1 1 111
107! 1 10 10’ 10°
m, (MeV/c?)
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Summary

A selection of recent BESIII results has been presented

* Glueball spectroscopy: the production and decay properties of X(2370) support a substantial 0~ glueball
component

* Hyperon CP violation: the neutral-A asymmetry is consistent with zero; neutral/charged decay comparisons
establish Al = 3/2 contributions

* A EDM: no significant CP-violating signal, with |d, | < 7.0 X 1071” ¢ cm at 95% CL

*  Semileptonic decays: polarization and entanglement enable form-factor measurements and a complementary

determination, |V \LQCD = 0.2339 £ 0.0041

* Dark-sector searches: no signal in 7 — z° + invisible; branching-fraction limits reach (1.8 — 5.5) X 107 at
90% CL
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Outlook

* Clarify the nature of X(2370): measure additional decay modes and perform coupled-channel amplitude
analyses

* Advance hyperon symmetry tests: improve CP sensitivity and extend the EDM programme to other hyperons

* Strengthen baryon determinations of | V., | : combine larger semileptonic samples with improved lattice-
QCD inputs

* Broaden dark-sector searches: explore off-shell mediators, alternative interactions and higher masses
through 7’ decays

* EXxploit a common experimental strength: large, clean datasets and quantum-correlated particle pairs
provide complementary probes of strong dynamics and new physics
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