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® Light mesons

v' it plays a central role in our understanding of quantum
chromodynamics (QCD) at low energies.

€ 1n/n’' physics
v' n—n' mixing

v" The light quark masses

v" The fundamental discrete symmetries
v' Tests of effective field theories: ChPT and VMD

v" rare or forbidden /1’ decays
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€ BESIIl is an /1’ factory

v" The world’s largest sample of ] /{ events(101?) collected at BESIII detector offers
a unique opportunity to investigate n and n’ physics via the J/{ radiative decays
with unprecedented precision.
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v The loop contribution to the n scattering: the S-wave charge- )
exchange rescattering r*n~ —» nn’ "~
v" The cusp effect can shed light on the fundamental properties of QCD at
low energies.
v'  Statistical significance of Fit with cusp effect is higher than 3o
: o1 2 ‘ Phys. Rev. Lett. 130, 081901 With cusp effect
- § s Parameters | Fit 1 Fitll | Rl | Fit 1V
= 1 a —0.075 £ 0.003 £ 0.001[—0.207 £ 0.013]—0.143 £ 0.010]—0.077 = 0.003 = 0.001
+ D % 09" b —0.073 £ 0.005 £ 0.001 [ —0.051 £ 0.014 | —0.038 £ 0.006 | —0.066 £ 0.006 £ 0.001
F —ﬁ%:l T d —0.066 £ 0.003 &= 0.001 [—0.068 £ 0.004 | —0.067 £ 0.003 | —0.068 + 0.004 £ 0.001
- —FitIv o 0.87 ap — az - 0.174 £ 0.066 | 0.225 £ 0.062 | 0.226 + 0.060 £ 0.012
4 ' Yo ao - 0.497 + 0.094 . 5
PR WO LR R TP R 0=:_ 0E",*\o‘.‘W/W.‘,’Wﬁ.‘s‘o‘M‘\‘.’.‘." as - 0.322 4+ 0.129 - -
05 0.55 0.6 0.65 E 008 01 012 0.14 0.6  Statistical Significance - 3.40 3.70 3.60

Memn®) GeV?/c* M%) GeV?/c*
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€ Amplitude analysisof ' > "~ "~ . n_ :
nl
v Based on the ChPT and VMD model - <&
A’ - n*n‘n*n‘) = €uvapP i PIPID) g bl
B (< S34 S14_ S23 ) N a< M (s12 + 534) B M (514 + S23) )
p(SIZ) Dp(534) D,(s14) D,(s23) D,(s12)D,(s34) D,(514)D,(523)

v" The doubly virtual isovector form factor « = 1.22 + 0.33 + 0. 04 is extracted for the first
time and in agreement with the prediction of the vector meson dominance mode.
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R PEsEEa n' o>ntnntnT,n > ntr w0 n’ - 4n°

@ Observationof n’ » n*n n*wandn’ » n*n n'n®
v improved measurements of the branching fractions:
- B(n' > ntn n’n%) =(2.124+0.12 +0.10) x 10*
« B »mtn n*m™) =(8.56+0.25+0.23) x 107>

@ Searching for the rare decay ' — 4n®

v The upper limit of B(n' — 41®) at the 90% confidence level is determined to be 1. 24 X
107>,
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Transition form factor at BESIII

€ Important input for HLbL contributions

v The coupling of °, 7 and n’ with two photons in HLbL can be described using transition form
factor (TFF).

v" TFFs are experimentally accessible in three different processes
v" The fusion of both photons to form a meson is described by the TFF

TFFs as experimental input ! Space-like Time-like




n/n' - yete”

@ Transition form factor of n/n' — yete™ e’
dr(P-yl*l™) _ 2a1 |, 4mj z_mlz) ( B q_2>3 2|2 IF(q?)
v" The decay rate y ZF(P%W) =3 7z (1 + 7 1 - |F(q )| p Y e
v' Single-pole: F(q?) = Z/Az forn - yete~
A (A% +y?%) ¥

v’ Multi-pole: |F(q2)| forn' - yete~

(AZ 2)+A2)/2

d|F(q%)|

v’ Slope parameter b,,, = 2 lg=0

€ Fitresult
= (0.749 £ 0.027 £ 0.007) GeV/c2
v A= (0.802 + 0.007 + 0.008) GeV/c? PRD 109 (2024) 072001
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n/n' - yete”

@ Slope parameter:
d|F(q* . : :
V' by = % | q2=0 is in good agreement with previous work.

v" The corresponding radii of interaction region of 7 and 1’ are calculated to be:
°* R, = (0.645+0.023 +0.007)fm

* R, = (0.596 + 0.005 + 0.006)fm
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@ Precisionstudyof n’ » mtm~1*1”
v' Decay amplitude

2 e? _ _ _
Ay smta-1+1-| Snn St O, 01, @) = 8Kz IM (S, S0 12A(M?* (1)), Sprer S ) (1 — Bisin?0;sin@)s, . BLsin%0,,

v The magnetic form factor
M(Syr, Si1) = Mopnix X VMD(Spp, S11)

v" VMD factor

2 2 2
3 3 m 3 m m
VMD(s,,..,spy)=1—=(ci{ — ¢, + ¢c2)+=(ci — ¢, — C v Zc V :
(Srms S11) 4-( 1~ €2+ C3) 4( 12 3)‘m;z;—Su—i?l'nvl"(Sn) 23 m—sy—imyT(su) mf —Smn—imy T (Szr)

VMD contribution




€ VMD models
v Hidden gauge model: ¢; —¢c; = ¢c3 =1
v Full VMD model: ¢c; — ¢, = % c;=1

, P Model 1 Model 1T Model 111
v . 0N —ntT elTe
Modified VMD: ¢; — ¢; # ¢3 cp—c2=c3=1 co—ca=1/3,c3=1 cL—C27C3
[ [ | 2 | =4
N - mtnetes my-(MeV/c?) 765.3+1.2420.2 765.4+1.2 764.8+1.3
K - Tl e o mg,(MeV/c?) T78.7+1.3+17.3 T78.7+1.3 T78.7+1.4
Sl e P 5(1073) 8.5+1.4+0.7 8.5+1.4 81+1.5
s F _ = C Sideband background
R R T3 0 1.440.340.1 1.4+0.3 1.44+0.3
% F —~ 600
[ £ a0 c1—c2 1 1/3 —0.03+1.09
@, & 20f JHEP07(2024)135
N ; ok : . c3 1 1 1.03+£0.03
3 ofwiiga R, h z oWWWNw X2 /ndof(ete ,nta™) | 77.9/82.0, 47.8/65.0 | 78.7/82.0, 47.6/65.0 | 79.4/82.0, 45.1/65.0
5E -5
0 0.1 0.2+ -0‘3 04 05 06 03 04 05 _0.6 07 08 09 1 bn*(GEV/CQ)_Q 1.10+0.20+0.07 1.36+0.24 1.61+0.71
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e Vo MG D BE N e
i 25 DR MG i 200 { mV(MeV/cz) 649.4+:55.9+£35.6 601.6£25.7 589.6£25.9
~ 20 — £
‘% :g: ‘% 12 mvm(MeV/CQ) 757.3+24.1+18.0 765.4+18.8 774.4+43.5
Yok e |0k c1—c 1 1/3 0.0140.45
S5 5F
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5k 4 5k
T 0z 05 04 05 06 07 0z 03 04 05 06 07 08 X2 /ndof (utp~, 77 w) | 48.1/34.0, 32.9/46.0 | 48.3/34.0, 32.9/46.0 | 49.7/35.0, 32.4/46.0
M(u*) (GeVic?) M(r*r) (GeVic?) 22
n' - ntnutp by (GeV/c?) 2.374+0.411+0.27 2.76+0.24 2.88+0.25
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@ The slope parameter of TFF
v by, =1.30 +0.19(GeV/c?)

€ CP -violating asymmetry
vV F()= 1+ b -sin®¢ + ¢ -sin2¢
4c
v = —
ACP (2+bm)
° Forn, - Tl,'+ﬂ,'_e+e_ ACP = (—O 21 i 0 73 i 0 01)%
° Forn’ - T[+1l'_”+l,l_ ACP — (O 62 i 4‘ 71 i 0 08)%

. n' ->ntn~ete” n' ->natnutu”
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- —— Fitresu
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CP observable in hyperon decay

@ CP tests in hyperon

General Partial Wave Analysis of the
Decay of a Hyperon of Spin %

T. D. Lee* axp C. N. Yanc

Institute for Advanced Study, Princeton, New Jersey
(Received October 22, 1957)

v" The amplitude of hyperon decay% - % + 0isA~Soy + Po - 1,
2Re(S*P) 2Im(S*P) |S|? — |P|?

=R P T sEL PR Y T SE= P2
CP cP CP CP
v IfCP conserved: S — — S, P — P whichmeanay — ay = —ay, By — By = —By
Vag+By+yy=1 - By= ‘/1 — ai sin(¢y), vy = ‘/1_ ay cos(¢y)
v’ CP observable: Aqp = XX%% A o
observable: Acp = —"", bcp =

v S =Y%S;exp{i(§] + 83)}, P = X Pjexp{i(§] + 851}

v §=3-S;expli(~& + 85)), P = X P exp(i(—¢ + 85))

v Acp = —tan(8p — 8s)tan(ép — &), Adcp = ——cosdpytan(Ep — &)

2
1_ay



Hyperon production at BESIII

@ Polarized hyperon pairs produced in e*e” collisions

v Spin % + % baryon-antibaryon spin density matrix

Y1 transverse polarization

l1+ay cos? (. 0 Bysin @ cos 6 0 )
O — 0 sin“f 0 YypSin O cos 6 . T etecton
L_/ —_— . . 92 Decay mode B(x107%) |Ng (x106) Efficiency Number of reconstructed _
H 6?,[) sin 0 cos 6 0 051,[: sin“f 0 Jjip — AA 1.61+£015 | 161+15 | 408 4500 X 10°
0 _f}/’t,b sin @ cos @ 0 _a¢ _ C0829 I/ — E"f‘:" 1204000 | 120409 | 254 600 X 10°
Jj - S E- 1504024 | 150424 | sy 640 X 10°
Y] transverse polarization spin-correlation terms J]b = L(1885)” &7 (or c.e) 031£006 | 3.1+05

J/b — 2(1385) £(1385)F (or cc) 1104012 | 11.041.2

. Jfp — Z0=0 1.204+0.24 | 12.0+2.4 14% 670 X 10°
181!) — 1 — an SIH(A@), Yo = 1 — awg COS(A(D) I/ — =5+ 0.86+0.11 | 86+1.0 | 194 810 X 10°
PY = 7% - S(1530)020 0324014 | 32+ 1.4

Jjib — 2(1530) =+ 0594015 | 59+15
P(28) — 2- 02+ 0.05+0.01 |0.15 4+ 0.03
v Unpolarized e* e~ beams ——— transverse polarization (if A® +# 0) A

A

/1—(xl2|,cos((-))sin(0) _ Pc ﬂ’vd
* Py(cosB) = Traycos?(®) sin(A®) K\\ ... oo
® @ .
€ 10 billion J/{y events collected: ®
v Large BRin ]J/{ decay % — .

Quantum entangled pair productions -t P-+%

v

v Polarized hyperon Nature volume 606, pages64-69 (2022) Pr2=7 5

v" High efficiency, background free sin: :i‘( + coSd.o
P,x2="P-/1-a2 P =h

].+a_:P_:'i
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ete” > J/Y - EY E0 > AAn® - prnnPprtm

@ Tests of CP symmetry in entangled £° — E° pairs

v' The most precise values for CP asymmetry observables of Z° decay are obtained.

0

v" For the first time, the weak and strong phase differences are determined which are the most precise results
for any weakly decaying baryon.

v =0

order of magnitude over the previous measurements.

PRD 108(2023) L031106

and Z° decay parameters are determined with the most precise, which are improved by more than one

Parameter This work Previous result
Ay 0.514 + 0.006 £+ 0.015 0.66 £+ 0.06 [42]
Ad(rad) 1.168 + 0.019 + 0.018

az —0.3750 + 0.0034 + 0.0016 —0.358 + 0.044 [49]
a= 0.3790 £+ 0.0034 + 0.0021 0.363 4+ 0.043 [49]
¢=(rad) 0.0051 £0.0096 + 0.0018 0.03 £0.12 [49]
(f)g(rad) —0.0053 £ 0.0097 £ 0.0019 —0.19 £ 0.13 [49]
ap 0.7551 £0.0052 £ 0.0023 0.7519 4 0.0043 [20]
ap —0.7448 4+ 0.0052 £+ 0.0017 —0.7559 4+ 0.0047 [20]
¢p — &s(rad) (0.0+£1.7+02) x 1072

8p — Sg(rad) (-1.3+1.7+04)x 1072

A%P (-5.44+£65+3.1)x 1073 (—0.7 £8.5) x 1072 |49]
A(pgp(rad) (=0.14+6.9+0.9) x 1073 (=79 +8.3) x 1072 [49]
A‘,}P (6.9 58+ 1.8) x 1073 (—2.5 +£4.8) x 1073 [20]
(a=) —0.3770 + 0.0024 4+ 0.0014

(¢p=)(rad) 0.0052 £ 0.0069 + 0.0016 -

{an) 0.7499 £+ 0.0029 £ 0.0013 0.7542 4 0.0026 [20]
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ete" > J/Y > E EY > An Ant - pn n an'nt+c.c

€ Investigation of the Al = % Rule and Test of CP Symmetry

v The precisions of a,, for A - nr® and @, for A - nin

1.7

0

compared to world averages are improved by factors of 4 and

v The ratio of decay asymmetry parameters of A —» nn® to thatof A —» pn~, (a,)/{(a,_), is smaller than unity more
than 50, which signifies the existence of the Al =3 /2 transition in A for the first time.

v" CP testis also with the best precision to date.
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This work
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0.374 £ 0.0047 955
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0.764 + o.oost%-g(}%%
—0.774 + 0.0091050
0.670 4 0.0095:5%
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0.033 = 0.0209.998

0.018
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—0.009 + 0.008 19007
-0.003 + 0.00832_'(%72
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0.001 £ 0.0097500°
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0.877 £0.015°591

0.863 & 0.01470912

0.586 £ 0.012 £ 0.010 [18]
1.213 £0.046 = 0.016 [18]
—0.376 =0.007 = 0.003 [18]
0.011 +=0.019 £ 0.009 [18]
0.371 £ 0.007 £ 0.002 [18]
—0.021 £0.019 £+ 0.007 [18]
0.7519 £ 0.0036 £ 0.0024 [37]
—0.7559 £ 0.0036 £ 0.0030 [37]
0.75 £0.05 [29]
—0.692 £ 0.016 £+ 0.006 [17]
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—0.040 £ 0.033 £ 0.017 [18]
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0.006 £ 0.013 £+ 0.006 [18]
—0.005 = 0.014 £ 0.003 [18]
—0.0025 £+ 0.0046 £ 0.0012 [37]

1.01 £ 0.07 [29]
0.913 + 0.028 + 0.012 [17]
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@ Test of CP Symmetry in Hyperon to Neutron Decays

ete" > J/Y -2t X > nntprnl+cc

v' The CP-odd weak decay parameters of the decays £* - nmtt (a,) and X~ - i~ (a_) are
determined. @_ is measured for the first time, and the accuracy of « is improved by a factor of 4.

PRL 131(2023) 191802

v" The simultaneously determined decay parameters allow the first precision CP symmetry test for
any hyperon decay with a neutron in the final state.

This Letter

Previous result

A®D,,, (rad)
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—0.0490 £ 0.0032 £ 0.0021
—0.0571 £ 0.0053 £+ 0.0032
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0.0506 = 0.0026 £ 0.0019

—0.508 + 0.006 -+ 0.004 [26]
~0.270 + 0.012 £ 0.009 [26]
0.069 - 0.017 [18]

—-0.069 £ 0.021 [33]
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ete™ - J/P((3686)) —» I°X° - yAyA - ypr~ypr”

# Strong and Weak CP Tests in Sequential Decays of Polarized £° Hyperons

v' The strong-CP symmetry (A¢p = ayo + @yo) is tested for the first time. The weak-CP test is performed in
the subsequent decays of their daughter particles A and A.

v The transverse polarizations of the £° hyperons in ] /1) and 1/(3686) decays are observed with opposite
directions for the first time.

v' The ratios between the S-wave and D-wave contributions of / /1 (1(3686)) — X° X° decay are obtained for

the first time.
Parameter This Letter Previous results
sy —0.4133 +0.0035 £ 0.0077  —0.449 + 0.022 [52]
PRL 133(2024)101902 A®;,, (rad)  —0.0828 + 0.0068 + 0.0033 .
10 | | - : : ; ; ¥y (3686) 0.814 + 0.028 + 0.028 0.71 £0.12 [52]
' 44—|_{_ ~— Data ~ AD,, 3656) (rad)  0.512 £ 0.085 + 0.034 e
i f — Fit Qg0 ~0.0017 £ 0.0021 + 0.0018
4 l PHSP -
& ol 1 ] a0 0.0021 <+ 0.0020 £ 0.0022 e
= R S b an 0.730 = 0.051 £ 0.011 0.748 4 0.007 [44]
Jy 5 1°F | bl an —0.776 + 0.054 + 0.010 —0.757 £+ 0.004 [44]
s T‘—lf . AZ, (04+£29+13)x 107
e AR, (=3.0+£69+15)x107%2 (-25+4.8)x107° [2]
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Hyperon weak radiative decay

€ Hyperon weak radiative decay
v Interplay of the electromagnetic, weak, and strong interactions.

v' Hara’s theorem: Radiative hyperon decays have vanish PV amplitude and decay asymmetry in

the limit of SU(3) symmetry.
: : Gr 3 ! !
v’ Effective Lagrangian: £ = eZ—FBf(aP ¢+ bPYy5)6"B;F,, R Jrr‘y d AJ:\H.
N Y N :! 3 i
v" Decay width and decay asymmetry: @ ®)
e? G2 3 2Re(ab®)
I = >+ |b|*) k| ,a, = ' '
- (|a|+||)H a, la|? + |b|? B Jr“ﬁ u g:_h{“ﬁd
3 ' . i s ’ u
v a,=0? © @
v" This process generally has a very small branching ratio and Aﬁf ﬁf

is difficult to measure. v —




ete” > J/Y » AA - nyprnt+c.c.

€ Measurement of the Absolute Branching Fraction and Decay Asymmetry of A — ny

v" The absolute branching fraction of the decay A — ny is determined to be (0.832 + 0.038 +

0.054) x 10~3, which is a factor of 2.1 lower and 5.6 standard deviations different than the
previous measurement.

v’ The first determination of the decay asymmetry parameter «,, is reported with a value of
—0.16 £ 0.10 £+ 0.05.
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ete” > J/Y - 22 - pyprn®+c.c.

@ Precision Measurement of the Decay £* — py in the Process J/{p - £TX~

xcos

€080, %C0S 0,
<

1
=
—

v" The absolute branching fraction of the decay £* — py is measured to be (0.996 + 0.021 +
0.018) x 103, which is lower than its world average value by 4.2 standard deviations.

v" The decay asymmetry parameter is determined to be —0.652 + 0.056 + 0.020.
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ete”™ > J/yP - EOE% - AyArn® - ypr~yyprt + c.c.

@ Measurement of the Decay 2° — Ay with Entangled £°Z° Pairs

v The absolute branching fraction of the decay £° — Ay has been measured for the first time, and
is (1.347 + 0.066 + 0.054) x 1073.

v" The decay asymmetry parameter is determined to be —0.741 + 0.062 + 0.019.

 (a) (d)

e 1 arXiv:2408.16654
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Summary

@ A set of interesting and important results from the light hadron decays are achieved:
v" Light meson decays (/1)
* Decay mechanisms, Form factors, New physics...
v Hyperon decays
v" CP test and polarization measurement
v Hyperon weak radiative decay

€ More interesting results expected in the future!
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