MORIOND EW 2024

Zhi-Jun Li (& %)
Sun Yat-sen University

On behalf of the BESIII Collaboration

58th Rencontres de Moriond EW 2024, 24 - 31 March 2024, La Thuile, Italy

lizhj37@mail2.sysu.edu.cn

\ /' SUN YAT-SEN UNIVERSITY 1

2024/3/28



OUTLINE

* Introduction

» Search for the dark photon y’

» Search for muonphilic particles X 4
« Search for axion particle a

« Study for glueball

e Summary

2024/3/28 lizhj37@mail2.sysu.edu.cn



Exotic particles

> Particles in Standard model: leptons, photon, Z, W*, Higgs, quarks, mesons, hadrons T t’ | @ aygggg
900 @
SM Matter = e
> Exotic “dark” particles: , _ -9.90.9|@|.
* Dark photon: massive or massless i Normal, Exotic v == w :Z‘I'm
 Muonphilic vector or scalar The main matter | hadron | ‘. ke bt ]
of this talk

e Axion: QCD axion and axion like particles
e SUSY, dark Higgs, heavy neutrinos, dark fermion ...

> Exotic hadrons: i :
e Glueball : composed of gluons == Also included in this talk Hidden Sector

* Multi-quark : quark number = 4, eg Z ., Hang Zhou’s talk at QCD Section
* Hybrid : the mixture of quark and gluon, eg n,(1855), PRL 129, 192002 (2022), Moriond QCD2022
* Other: eg. X(2085), PRL 131 (2023) 15, 151901, X(3872), PRL 130 (2023) 15, 151904, Moriond QCD2023

TR S-S ot T s s ==" T L
'  If their mass are in the MeV-GeV range, these exotic particles can be accessible by |

2024/3/28 | hlgh intensity e* e collider experiments, such as BEPCII and BESIII experiment. | 3



BEPCII and BESIII

/ Beam energy: 1.0 -2.3GeV ‘\\
r/] Luminosity: 1X10%3cm2s?! 3
\

/ Optimum energy: 1.89 GeV

[ Y
’” Energy spread: 5.16 X 10* ‘:‘
;f ) No. of bunches: 93 - s
"o~ — '

- s "
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W 2.50 " ]
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W i
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v Beijing Electron
Positron Collider Il
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Multilayer Drift
Chamber:
Ap/p=0.5% @ 1GeV
dE/dx: ~6% “_

oT=68(60)ps
barrel(endcap)

Time-Of-Flight system:

ElectroMagnetic
Calorimeter:
Csl(TI) 2.5%(5.0%)
Barrel(endcap)

@ 1GeV

v BEIjing
Spectrometers Il

MUon Chamber:
RPC 9(8) layers
barrel(endcap)

| BESIII has collected large data samples in T — ¢ energy region |
I which can benefit the search for the hidden exotic physics :
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Massive dark photon

L An e)‘(tra Abelian $a“ge group, U(1)p v Dark photon with mass can be produced in
v’ Causing the associated gauge boson, the dark photon any process by replacing SM photon

v" Symmetry broken spontaneously, massive kind

y €2 Y C O Candidate channels:
I I
matter [VVVVN VW gorar |+ €€ =77y = invisible  [thistal
@oED a dark: : PLB 839, 137785 (2023)
e ete " -yy,y o IT™
v" Dark photon has a kinetic mixing with SM photon (% eF, F*) ey PLB 774, 252(2017)
c € mix.ing parameter (very small!) PLB, 196 (1986)
* Effective coupling e J/Y-ony,y o ete”
* The interaction terms betweenedark photon and the SM matter PRD 99, 012006 (2019)
e
=—— A" .
Vi—ez M arXiv:2005.01515 e Jh -0,y —ete

» Effective coupling strength with the SM matter: e€ PRD 99, 012013 (2019)

2024/3/28



* The dark photon (y’) would predominately decay into a

pair of DM particles y’ - yyifm, <m,,/2

 Search for the massive dark photon with ete™ — yy/,

followed by an invisible decay of the y’

« Datasample: 14.9 fb~1 ete™ annihilation data at

Vs = 4.13~4.60 GeV

. s —m3,
4 2+/s
QQED €
— /
-
€ v dark v
! AVAVAVAVES

e"" - Y

PLB 839, 137785 (2023)
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Events/0.010

Pull

—4— Data V5=4.226 GeV |

yid.o.f: 48.8/47
—  signal m(y")=2.6 GeV —

N,,: 17.7 + 6.0

- =« background

Vs =4.226 GeV
my,, = 2.6 GeV

0
2F . . .
1.3 1.4 1.5 1.6 1.7 1.8
E(y) (GeV)
energy spectrum
80 . .

L yid.of: 24.4/43 —4— Data {5=4.416 GeV  _|
60— C o1 4 — - signal m(y')=2.6 GeV —] —

: wimise  smmOSsew (g — 4 416 GeV
40 . m,, = 2.6 GeV
20f —

2

0

_2 1 L 1 1

1.3 1.4 1.5 1.6 1.7 1.8
E(y) (GeV)

Maximum global significance: 2.2, no significant signals 4



Mixing parameter constraint

2
- 2 ) m,, PR[1) 80, 0159003 (2009) cosf, = 0.6 is the cos@
(424 m., N + cos :
oete” - yy') = €2 <1 __Y > x (| 1+ S _ log( C)z — 2cos0, cut for the signal photon
S S m2 (1 + cosf,) polar angle
1 - L
S
1072
y ; E787.E949 BESIII . ..
N ; ~ o * The 90% CL upper limit of the mixing
10_3’_ g-2), favor o 7~  parametereare (1.6 — 5.7) X 1073 in the
A GeV mass region
2 277N [ / ‘
€ (J=---C J
S——- * The exclusion limits are consistent with
1074 =
g what already excluded by BaBar
)” 105:_ * BESII will produce more competitive results
- SN N R R with 20 fb~! data taken at 3.773 GeV
- 107 10°2 ~=TO=S 1 10
S~ [ m, (GeV)\

2024/3/28 PLB 839, 137785 (2023) =~ - - ——==———=-——-—-—-- 3



Search for Massless dark photon with A, — py

e If the symmetry of the extra Abelian gauge group is unbroken, the dark photon will be massless
* The massless dark photon has no direct interaction with the SM particle
* But the massless dark photon can be coupled with the SM particle in higher dimension operator

, PRL 94, 151802 (2005) .ﬁﬁf !
Lyp AN (Cr@io* weH + Cf.q;o" diH + Chlio*exH + h.c.)Ey, €C— > .

]
New physics NP'

energy scale

\_,

Up type quarks coupling

Down type quarks coupling Charged leptons coupling

Signals will 2T

~ L
havea '~ JoF
exceedmg \3

s A
peak s

vy —
around < °F |
zero 5 4f

@

(]

4 Data (b)

Al > pK:'

0 other A::K;. background -

&3 qq background

Signal

-

0 [

0 0.025

PRD 106, 072008 (2022)

M?

rec(A, p)

0.05 0 075

(GeV?/ %)

0.1

+
A, u N u p

d

S

« Data samples: 4.5 fb~! e*e™ annihilation data at /s = 4.6~4.7 GeV
* No significant signal observed, B(A} — py’) < 8.0 x 107> at 90% CL

* New physics energy scale associated with cuy’ coupling:
IC|? + |Cs|?* < 9.6 x 10716 GeV 2
C = Ayp(Cly + CEIV/VB, €5 = Ayh(Cls + CE)v/V8
related to the new physics energy scale

| BESIII will produce better results with 20 fb~! data taken at
| 3 773 GeV, such as D - wy’ and D — yy' with cuy’ coupling
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Muonphilic scalar or vector particle X 4

* Similar to the previous dark photon, an extra U(1) group is added as
minimal extension to the SM

L3 = —go Xo i,
* U(1)p,-1r model: A new massive scalar boson X, or vector boson X L = —g1 X1 iy* .
only couples to the second and third generations of leptons (u, v, T, v;)
with the coupling strength g'q ¢

-
* The light muonphilic scalar or vector particles can contribute to the ’/,u' ” H
muon anomalous magnetic moment and explain the (g — 2), anomaly -~ !
JHEP10(2020)207 _

| » Can be accessible via |

1 J/Y-oppXe, |
| atBESII |

]|

JIy

2024/3/28
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Three cases of muonphilic particles

“vanilla” L,, — L; model “invisible” L, — L, model “scalar” U(1) model
-
N g g X
D _..¥
L X{] """""""" *'.'.:_
+ e S
s P e X Y
9o ¥~
XN\
, vV 'V _
9, X D GO LELEEEEETEEEEPEERLREREED
X long-lived
v
* Large mass of dark matter kind: e Light dark matter kind: * Assuming the X is long-
m, >my /2 m, <my /2 lived or only decay to
e B(X; »vv) =33%—100%  gp> g4 invisible final states
with different my, « B(X; - xi)~100%

2024/3/28 Search for muonphilic scalar X, or vector X4 via J/1 = u*u~Xg 1 with Xg 4 invisible 1 12



Search for muonphilic scalar or vector with J/y - utu=X

Low mass region High mass region
i 80
[ Data —~ |
« Data samples: (8.998 + < O X, search +.1hp—> o % [ Xosearch Ny,: 46 + 15
— - = ]
0.039) x 10° events > A ® 60 4 pata
) /b S [ Ng:17 416 ---efet Q@ [
9 b 5 -- J/y— hadrons S 4oL
* Mrecoil (.u 28 ) — o _g i ---- Background
_ —n _)2 I = L
(») = Py+ — Pp-) ¢ 3 2o + !
L w -

* The maximum local

significance is 2.50 at wof 4 Dat 8o
N ata —~ [
M(X1) = 720 MeV/c? & [ Xsearch + Yo o & [ Xisearch Ny: 4118
i , S O N:25 19 -ete pir S [ Sianal
* No evidence for signals g - . Jhy—> hadrons 5. F ona #
from X ; invisible decays S 40 S 7} oo Background {
§ Lo § 2o
& 2f o 2

PHYS. REV. D 109, L031102 (2024)

ST S 04 N Y R
2024/3/28 0.2 -0.1 0 0.1 0.2 0.3 o6
ME, (W) (GeVaret) M et *1t) (GeV/c?) 13




Coupling constraint with J/Y -» utu=X

“vanilla” L, — L: model “invisible” L, — L, model “scalar” U(1) model
1§ | 1§ 1E
ol BESIII ol BESIII BESIII
: : - =
- B
[ = P f| ’;E e ;—
et 1 o | o
1 T g i = 1cr3;/
F - F2) 120 —— Belle I E = (g-2), 20
C — NABde I s
tf " -~ CCFR — - Bele 1 ok 2 e -
E Borexino BaBar 3 2 ’ (g2) = 20
- CMS(95% CL) ] C P / '
1|:r: 1 1 1 IIIIII 1 1 IIIIIIII 1 1 IIIIIII- 1 11 111 1|:r:\ 1 1 IIIIII’» 1 1 1 IIIHI_I 1 1 IIIIIII 1 11111 .1.:]—4 1 1 1 IIIIII 1 1 1 IIIIII
1 10 1 10 1 PR lig i 1 10 it
M(}(1] (MeV/c?) .7 M(}(1} (MeV/c?) M(Xu) (MeV/c?)
7/
BarBar, CMS, Belle: X; —» u*tu~ Better sensitivity in the range First constraint for the “scalar”
Belle 11, BESIII: X; = vv 200-860 MeV /c? invisible X case
aking — VU) into accoun elle Il can also give the constrain
(Taking B(X; ) int t) Belle Il | th traint

oo/t PHYS. REV. D 109, L031102 (2024) ”
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QCD axion particle

The QCD axion (a) is originally predicted by the Peccei-Quinn (PQ)
solution to the strong CP problem
The QCD axion is also an excellent cold dark matter candidate

S > o= > d

The mass of QCD axion:
1012 GeV NEou > w P
m, = 5.691(51),ueV(f—)
a
with decay constant (energy scale) f;, > 10° GeV u > u
m, < eV, “massless” compared to the resolution of BESIII
Long-lived (lifetime is larger than the age of the universe): invisible invisible «—— "> p
The interaction of the QCD axion with the SM fermions: et e
» J/y €

Lo_g=0,afy* (FV + FA)f]’ F}; and F{; are the effective decay

constants for the vector coupllng term and axial coupling term 7\ o (_; »
a can couples with SM fermions with different flavour

______________________ .
2024/3/28 PRD 102 (2020) 1, 015023 ' > Can be accessible at BESIII, like X* - pa 1 16



Events / {50 MeV)

Pull

Search for QCD axion with 2™ — pa

 Data samples: (10087 + 44) x 10° J /1y events (~107 =+~ pairs)

* Kinematic fit to constraint the invisible axion mass to zero g <
* Extract signals in the energy spectrum of the extra shower in EM counter z X
Signals will N = .
- > -
25“‘_— § Data — have a peak \C.j/ s
C (a) I signal _ |~ around zero =210k
A Slmdlﬁhaﬂ_ E
20 - ety B(Z* - pa) < 3.2 x 1075
- I —pr"
15[}-_ ‘* ‘i‘ r j.ilz;:':‘.uzm 6L
L . 4~ ‘+ Others from Inc. MC 10°E
: + * ['(z‘+ _)pa) — _"”udﬁ"lud?'“"d_gm_gl_lmldmm 1ol lllll.l.llll?l]llll.llll
um;HJr 3 5\ 3 , 5 10° 10" 10° 10" 10 10" 10" 107 10"
of 1L My (1 _ M ) D, 034 L (GeV)
3= i tem\" MZ.) IFSI? T IFy
F e L4, RD 102 (2020) 1, 015023
3 bbb b oo Competitive constraint on the axial-vectorial effective decay constant F4,
2 ____+_+__+____ DR SU RN R F4,>2.8x 107 GeV
S * IR I S A « X% - p + invisible can also give a constraint on the massless dark photon

0T 02 03 1}'4 05 06 07 08 09 1+ A — p+ invisible (previous slide) can also give a constraint on the QCD axion:
o (GEV) EY > ~1.5x 107 GeV and F4 > ~1.4 x 107 GeV

2024/3/28 arXiv: 2312.17063 Effective PQ breaking scales: > 107 GeV 17



Search for axion like particle with J /¥ —» ya — yyy

The axion like particles (ALPs) have the same quantum numbers as the QCD 1200 prrr e ]
. . . . . . - (b) ]
axion, but have no strict relation between their couplings and mass, arbitrary <~ 500F i i*gﬂ&.#gi%{»+¥#t§fﬁﬁ;%
masses and couplings > Sooé_fiﬁiﬂ-é%-*ﬁﬁ%i}}H{'{'f{'#ﬁw R ;
(D [~ —

[Ts) B ]

. o . 1 _ S e0of # pas -

ALPs can have interaction with fermions, gluon, photons: L > —-g,,,aF*’F, € [ e ]
4 a)/]/ ﬂV =~ - e Non-peaking background

2 3 £ 4001 B signal ]

The decay width of a = yy: T = dapyTa R ]
V4 YV: a-yy — 6417 w 200 e ]

Taking g4y, ~107* GeV™1, m,~GeV, the lifetime of ALP is short in the detector - o‘:fz- o ..2-:4
short-lived, visible via a — - T ST T T T T T o =T I - M, Gevid)

’ Yy | > Canbe accessible at BESIIl | _ .-~ M (GE Ve

e Data samples: (2.71 + 0.01) x 10° y(25)
]/ obtained from yY(2S) -» ntn~] /Y

I I

* Extract signal from M, distribution

* The maximum local significance is 2.60 at
M(a) = 2208 MeV /c?
ASSUMINg gayy > Gacc later @ weeeeeneesenes * No evidence for signals from ALPs visible decays

2024/3/28 Y PLB 838 (2023) 137698

18



ALPs-photon coupling constraint

- e —
102 S é = OPAL -
; ; @ | |4 2
C £ y al
5o 2 - E
® 3l qr S 3 ALPs-photon
S 2|3 3 5 :
m% " BABAR é % Coupling
[ BESIII ] S
10*E  Beam dump 5 BESIII (//y)
£ . BESIHP,. .
107 02 0 I1 10 a Beam dump “Minary
i (Ge\/2/c2) , 10-3 10-2 10-1 10° 10!
B(J/Y — ya) My, (1-— mg, )3 m, (GeV/c?)
B(J/Y - ete”) 32ma Gayy m]2/¢ New preliminary result at BESIII
« Assuming that B(a — yy)~100% « ]/ events from e*e™ annihilation at BESIII:
9
* ] /1 samples obtained from ¥(2S) —» T n~J /i (10 X 107 J /4 events)
(2.7 x 10° (2S) events) == e e e e e e e e e e e - - - - -

1 An improvement by a factor of 5 over the previous Belle Il measurement ,I

2024/3/28 PLB 838 (2023) 137698 19
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Partial Wave Analysis of J /3 — YK K ¢rc°

> J/y radiative decays provide gluon rich environment and ideal place SR
for glueball y ‘Eizzz : :E"{‘;D . (a) :
¢ > F .- 0™(MD e, :
Partial Wave Analysis of | /1 — YK K ¢mr° Y ei‘;& glueball % 8000 |- 1**imn) f;‘**w*%* 3
* Mass Dependent PWA (MD): Isobar model 5_ sooof— 17(MD) 4 -~* —
* Mass Independent PWA (MI): Disentangle J¥¢ in each bin %j s000f ‘*':E:Z) : e
* Consistency between Ml and MD results “ ook o J'::: E
» Two pseudoscalar states needed: 7(1475) and n1(1405) : pa et ;
0™925 1.3 135 1.4 145 15 155 16
* Quark model predicts: only one pseudo-scalar meson near 1.4 GeV M(KZKgn®)(GeV/c?)
* Theoretical interpretations: n(1475) is the first radial excitation of ny/,
17(1405) is a pseudoscalar glueball candidate * Myqaos) = 13917 £ 0.725%3° MeV/c?
 Animportant input for 0~ glueball * T,(1405) = 60.8 + 1.2¥32, MeV/c?

_______________________________ * My(1475) = 1507.6 + 1.67333 MeV/c?
Theorlsts attempt to explain 7(1405)/17(1475) using one pole | [p1a75) = 115.8 £ 2.4%148 MeV /2
| * Further study is needed PRD 107 (2023) 9, L091505 I

: 4 5 JHEP 03(2023)121
* LQCD predicts: 07" glueball: 2.3-2.4 GeV /c

2024/3/28 * Another pseudoscalar glueball candidate: X(2370) 21



Determination of Spin-Parity of the X(2370)

PRL 106, 072002 (2011) X(23\70)

X(2370) is first observed in J /Y —» ynTn 7' S L A B B I
180F(a) t Data .
Partial wave analysis of J /Y —» YK¢K¢n' ~ - \ l — MC projection ]
; 1 60 :_ \ Il . Background _:
MX(2370) = 2395 + 11+0 84 MeV/C Q 140;_ + l \ II ----- Non-resonant _;
Ix(2370) = 188 +18 124 MeVv/c? 8120; |" - X(2370) 3
n \ .
— N I J X(1835) ]
B X (2370 980)n" = yKKsn' 2100E [ Ty Y1 E
U/ - yX(2370) - yfo(980)n" — yKsKsn' ) s F b | X(2800) ]
= (1.31 £ 0.22728>) x 1075 —~ 80 r - H Ii n, Hh -
9 | !, ER=
. . . . . c 60 . |
The spin-parity of X(2370) is determined to be 0™ for g - (9 | ]
the first time LLI 40:_ ' } ] |
20 |
The measured mass and spin-parity of the X(2370) are | 1 P T

consistent with the predictions of a pseudoscalar glueball 0 2 2. 2 24 26 28 3

eV
arXiv: 2312.05324 Myaker (G /c%)

2024/3/28 22



Summary

» New results of dark photon, muonphilic particle,

axion and glueball at BESIII
» Unfortunately, no evidence for light exotic physics

> BESIII has collected 1010 J/4, 2.7 x 10° 9,
20 fb~! @ 3.77 GeV data (D D) and more...

» More & better results are coming soon

The future of Dark Sector is “right |
2024/3/28 23
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SM and puzzles

Standard model (SM):
SU3)cxSUR2), XUy
e Successful!

e But also some puzzles

e Dark matter * Matter and anti-matter asymmetry

a
(=
=
2
Cc
S
Q
>
T
<
2
g
o
4

—_— .
A 10 20 30
R (x1000 LY)

* Fermion mass hierarchy

sl vy 5 4 : . Sgems ey e Formiab 19243
% ! ! .<—7* 510 =
. S BRI T
2] ! ! ! . L
| ! ' ‘ 7 S—
I ; oy v : PRL 131 (2023) 16, 161802
vl ool v svond 3l i it il vl \m\ uul ol o
10°10%10%10%10”" 1 10 10°10° 10" 10° 10% 10" 10° 10 101010”1012 175 180 185 19010 ;:’62900 200 205 210
Mod.Phys.Lett.A 19 (2004) 2799-2813 mass (eV) ’
________________________________ :
2024/3/28 : We believe there are something new beyond the SM: dark sector | * More... 26



Dark sector and portal

O The dark s.ector |s.h|dde.n because of | Decavto-- @@ - @ || @ @
the weak interaction with the SM particle . up charm top guon | fiags
Propagator SM partICIeSamvad 95 MoVict 4,18 Govic* 0 w
g “ 43 S ) \:.4 Qy’ o & )
‘ » ,__\‘gy) v T '
OO Some “portal” may connect the Standard Model | f gown || swange J| botom || pnown ]
: :
matter and the Dark sector matter ___1 | e e I a1
PSTTTEEN | .9 99| @,
heavy mediator 1 : electron muon tau Z boson Cﬁ'
* Vector portal (dark photon) = Vs e == BE ™9 % QW 3
. light mediator ~ N ! . © . . W @®I|
. Pseudo-scalar portal (aXlon) % ll light dark matter | \4'2, 2 » ~\ § gge‘ft{if;gg ng;ﬁ; nell‘?,\i;no Wboson | ;
4 |
Scalar.portal (dark Higgs) . . EEETINGRY _< : | Stindard Modsl
* Neutrino portal (heavy neutrinos) S - . -
© light mediator /1 Q0 D
ko heavy dark matter et ;“. ye
& ~ DECQY INTO SM PARTICLES! ¢/ \g AN
......................... - 2Me e — e ' Portal v
I . . -/ - Y .
. If their mass are in the MeV-GeV range, 1| = DECAYTO SMSUPPRESSED. —(CfC: ¥
| these exotic particles can be accessible by | N« _ _ dark sadftér mass mow
. . . — . . . \
I'high intensity ete™ collider experiments, : N . Fexer
. . _ A
! such as BEPCII and BESIII experiment. . X e
................ F.)_ == Hidden Sector

Invisible in the detector,
2024/3/28 Something missing! 27
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10

v" BESIII has collected the

6
largest charmonium data
samples on threshold 5
R
v' > 20 fb~! data above 4.0 4
GeV in total
___________________ 3

: Such a large data sample can benefit :
| the search for the hidden dark sector | 2

2024/3/28

Data samples at BESII|

J/W10.1 x 10°

W(4040) 0.5 fb~1!

W(3770) 20 fb~ 1!

W(3686) 2.7 x 10°

! !

W(4160) 3.2 fb~!

W(4415) 1.1 fb !

III||I[||II|III|IIIIIII

| | T T
J /P [J BES II ’06 09 »(RS)
A Mark-I

Mark-1 + LGW
B Mark-II
® PLUTO
% Crystal Ball
*
o

BES IT 99 01
KEDR

ol

1 +
| ——e
b of
|
|

|

i

01"|""H""|""|""|""
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decay width of J/Y -» utu=X

fj) -8 ( 2
My |F =|=e* go = —4m?(4 E* (m% -2 Exm
Sz (3 80y 3 m(my -2 EX(—2 E - 2 Ex + my)? a4 £2 (m xm)

+E-(—8E§mj+4EX(m§f+2m§)—4m§mj)—E2 (mi—émj) ZEij(mX+mj)+me
+4 E2(2 E} m3 + m} my(m; — 2 Ex) +m

4
X
+4E_(2 Ef( m§—2E§, mj(mi+mj)+EX(mx+3me§) mej(mX+m?,)

)
)
)
—16 E3 ms + my( — 4 Ey m3 + 2 Ex (3 my my +m3}) =2 Ex (my + 2 my m3) +m m, (mX+mJ))),

where F_, the energy of u~ and Eyx, the energy of X, are measured in the rest frame of J/i.

fJ) -16 ( 4 2 3 2
Myx, P =5 g — 16 E* m% + 32 E> m(Ex —m
x| = ( 8 0, 3mi(my —2 E_(—2 E_ =2 Ex + m,)? J s(Ex = my)

+2m2(4 E2 (my(m; — 2 Ex) + my) — 4 E_(2 EX my — Ex (m} + 3 m3) + m; (m} + m3))

+2 E} (m} + 3 m3) =2 Ex my (m} + 2 m3) + m3 (m3; + m3))

+4 E2 (mj (6 Ex — 14 Ex my + 7 m}) + my my(3 m; — 2 Ex) + my)

+4 E_(2 Ey m§ = 2 Ey my (my + 4 m3) + Ex (m +5 ny m} +9 m’) — my (niy + 3 m} my + 3 m}))

+8 Ei,mi+m;(—4E§m§+2E§((3m§{mJ+5m?,)—2Ex(m§+2mJ) +m1(mX+3mej+2mJ )

where E_, the energy of u~ and Ey, the energy of X are measured in the rest frame of J/y.
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max Eﬂ!ﬂ.\f |

M, X, |2
HHAD,
Lypxoy = — 5 —dE_dEy,
min Emin 64}1’ m_f
x —
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Search for axion like particle with J /¥ —» ya — yyy

 Data samples: (2.71 + 0.01) x 10° ¥(25) events

« J/y samples obtained from ¥(2S) -» ntn~J /Y
about 0.94 x 10° J /i events

* Extractsignal from M, distribution

 The maximum local significance is 2.60 at M(a) = 2208 MeV /c? ol

* No evidence for signals from ALPs visible decays
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Glueball study at BESII |

* QCD allows the existence of exotic hadrons, glueballs (composed of gluons)

* J/U radiative decays provide gluon rich environment and ideal place for glueball

Y w,®) Y
- M‘% ¢ " &
C < < hadrons
M/ " & glueball i j:"w J/y : P hadrons E &
' "ﬁk glueball

~ouo 2 Glueball ~er 8 ~oo Normal I'IEIC'I’OI’\"‘(;tS6

* Norigorous predictions on glueball decay patterns and their branching ratio

I Lattice QCD predictions:

O++ scalar ground state: 1-2 GeV/c?
| 0~ ' pseudo-scalar ground state: 2.3-2.4 GeV/c
, 2++ tensor ground state: 2.3-2.4 GeV/c?

: Possible potential glueball candidates:
1077 £ (1500), f,(1700)

'0 *:1(1405), X(2370)

2++ f2(2340)

This talk: some new inputs for 0~ pseudo-scalar glueball
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Just one n(1405) state and a
f1(1420) are needed around
1.4 GeV/c?

No significant signals for
1n(1475) and X(2370) are
observed in the y¢ system

The measured upper limit of
X(2370) is consistent with
the prediction for a
pseudoscalar glueball
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. Y o T  ou
;’; 1000__X2/Nbin= 115.40/80= 1.44 (a) T - 11285 ;‘i 800 %?/N,,, = 97.15/80= 1.21 (b) 7] f(1285)
2 -f1a200 2 [ 1 --1(1420)
i ,(2330) 0 400} - - 1,(2330)
2 500 1 --f,2010) g [ -- 1,(2010)
2 1 " 2 200F 1"
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0 -~ X(1835) ol 1 - x(1835)
5 " - (1 5 - fy(1
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M(’Ylowq)) (GeV/Cz) M(Yhi(‘lhq)) (GeV/Cz)

* Mp40s) = 1422 + 21753 MeV/c?, T 1405 = 86.3 + 2.7157, MeV/c?
« B(J /Y - yn(1405) - yy¢) = (3.57 £ 0.18*J39) x 107°

« B /Y - yn(1475) - yy¢p) < 3.80 X 1077 @90% CL

« B(J/Y - yX(2370) = yy¢p) < 1.08 x 10~7 @90% CL

arXiv: 2401.00918
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