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Charmonium(-like) states

B Nonrelativistic ¢€ bound states, ] /Y (13S,) is the
with JP¢ = 17—,

first member

other below charm threshold like Y (2S5), etc..
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............

B Chamonium (-like) states above charm

\y(4S) o:ﬂqyb;d” ]PC — 1"
. Ty -
threshold like Y(4260), Y(4360),etc., proposed weey
—nEsE Xa(2P) %,(2P) on
more exotic explanations as hybrids, tetraquarku H ~or K e?®) o]
hadronic molecule, glueball, etc.. S LG e Teny
L i — s
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/— | ” Potential models:
@Neutron Example from Barnes, Godfrey, Swanson:
- V() = — §—+b r+ 22T 5 (13, - §s

Deuteron: p-n molecule

B Potential models and L-QCD, very successful
in describing spectra & onium properties!
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Baryon spectroscopy/production
B Established baryons described by 3-quark configuration

with the zero total color charge.
B Production of BB in e* e~ annihilation:

Antibaryon
B Antiblue

Three gluon process

B Provide a favorable test of pQCD and baryonic properties

v «“190/ % Br($Q2S)->Xpn) _ — 0
Test “12%” rule:Q;, = Br /% okn) = 12% (QCD prediction).
v' Test SU(3)-flavor symmetry
— Allowed for iy - BgBg, By B 19, forbidden for ) > BgBy,. OCtet / decuplet
v’ Angular distribution study( x 1+ acos?0): n B
3) dJL _— zﬁu Ad‘ A‘; 2 uA**
-- Quark mass effect, electromagnetlc effect, etc.: 0 < a < 1. / \ KQ i \ J‘\o /P( Q
v BB threshold effect -14ddh-12 ud 12 fuuhl Jﬁésd an@d” hn @uy s
B r-- W s, = A\
-- BB bound states or unobserved meson resonances 3 1 \ / y > \
Sl |
v" Electromagnetic form factor (EMFFs) 5 g su .. \'2 / -
-- Further understand the strong interaction = S = 0880

-- Measure time-like EMFFs
v" Search for 17~ Y states in BB final states above open charm threshold. .



Outline

CIRecent results
> Study of ]/, (3686) — BB (B: baryon)

1.J/P, P(3686) - E"E*,£(1385)7X(1385) ¢ o’
2.7/P,P(3686) » 2°2°,2(1385)°Z(1385)° _‘_ “\
3.1/W, U (3686) — AR, %0 pra \s /XQ

4./, (3686) - NN(pp, nf) & VW), W

5. §(3686) > £(1690/1820)E )( ' \ /
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Physical Review D 93, 0732003 (2016)

f Y decays to the

A

Ev1385)+f(1385)i

225%x10% /9 & 106x10%(3686)
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Physical Review D 93, 073200§ (2016)
Study of 1 decays to the Z~-EZ*and £(1385)"2(1385) final states

B Numerical results (Br(N,ps/Ny, - €) and a values)

ode Jjy - w(3686) —»
B Rt ¥(1385)"£(1385)"  X(1385)*Z(1385)" EEf T(1385)"£(1385)* x(1385)*Z(1385)"
This work 1040+ 0.06 £ 0.74 1096 +0.12+0.71 1258 +0.14+0.78 2.78 +0.05+0.14 0.85+0.06+0.06 0.84 + 0.05+ 0.05
B MarkI [5] 14.00 £5.00 <20
1‘ MarkII [6] 1140+ 0.80+2.00 8.60 & 1.80 +2.20 103+24+25
_4 DM2 [7] 7.00+060+1.20 10.00+040+2.10 11.9+04+25
(X107%) BESII [8,12] 9.00+030+1.80 1230+0.70+3.00 150+0.8+38 3.03+0.40+0.32
CLEO [9] 2.40 +0.30 +£0.20
BESI [26] 0.94 +0.27 +£0.15
PDG [3] 8.50 + 1.60 10.30 +1.30 1.80 +0.60
Jy - v (3686) —
2(1385)-2(1385)+| =(1385)*£(1385)" =&t ¥(1385)"£(1385)" X(1385)*Z(1385)"
0.58 + 0.04 + 0.08 | —0.58 + 0.05 £ 0.09 —0.49 +0.06 +0.08 0.91 +0.13 +0.14 0.64 +0.40 +£0.27 0.35 +0.37 + 0.10/
a BESII [8] 0.35+0.29 + 0.06 —0.35 +0.25 + 0.06
MarkIII [6] 0.13 £0.55
Claudson 0.16 0.11 0.32 0.29 0.29
et al. [10]
Carimalo [11] 0.27 0.20 0.52 0.50 0.50

» Provide more new and precise measurements and experimental evidences, But
for the predictions of a values without the consideration of the higher order
correction , it is deviated from the measured values.

B Ratio of branching fractions (Brgfgfjﬁ);f")) Deviated from
—Ah
»(1385)-Z(1385)* | X(1385)*Z(1385)" 12% !
(26.7340.5042.30)%  (7.7640.5540.68)%  (6.684-0.40+0.50)%

» Theoretical models are expected to be improved to understand the difference.’



Physics Letters B 770 (2017) 217-225 B
Study of J/ and ¥(3686) — £(1385)°2(1385)%and £°=°

1310%10°] /¢ &448><1061/)(3686)
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Physics Letters B 770 (2017) 217-225 B
Study of J/ and ¥(3686) — £(1385)°2(1385)%and £°=°

B Numerical results (Br and o values)

Mode J/v - £(1385)°E(1385)° ]/ —» EOE? (3686) - £(1385)°5(1385)°  (3686) - £9&° ]
1S WOT] 3 A k t K K ! ! 4 . A A
This work 10.7140.09 £ 0.82 116540044043  0.69+0.05+0.05 2.73+0.03+0.13
4 BESIT [23] - 120£12+21 - -
(X107%) CLEO [24] - - - 2.75+0.64+0.61
Dobbs et al. [25] - - - 202+0.19+0.15
PDG [4] - 120424 - 2074023
[ Mode (/¥ — £(1385)05(1385)°) J/y — 2020 ¥(3686) > $(1385)°5(1385)°  ¥/(3686) » E°2° |
_ This work ~064£003+010 S | 066+003+005 059+025+0.25 0.65+0.09+0.14 )
a Carimalo et al. [6] | 0.1 A 016 028 033
Caudson [7] (019 ~A&® ) 028 046 053

» Provide more new and precise measurements and experimental evidences, but
for the predictions of a values without the consideration of the higher order

correction , it is basically deviated from the measured values.

B Test of isospin conservation

expectation of

¥(3686) 0.98 £0.02+0.07

0.81£0.12+0.12

Mode B(y— 80E0) By — % (1385)2%(1385)?) B(¥— X (1385)2%(1385))
By —E-ET) B(y— £ (1385)— £(1385)+) B(y— X(1385)T £(1385))
J/¥ 1.12+0.01 £0.07 0.98 +0.01 £ 0.08 0.85+0.02 +0.09

0.82+0.11+0.11

Within 16 of |

isospin symmetry! )

B RatiO (BT(II)(3686)—>Xh)

Br(J/Y—Xp)

) for testing 12% rule

Deviated from 12%

\

Br(y(2S) — 2(1385)°Z(1385)°)
Br(Jjy — Z(1385)0%(1385)0)

= (7.28 £ 0.56 + 0.75)%,

Br(y(2S) — E°=0°

Br(Jly — E0Z0)

=(23.43 + 0.27 + 1.28)%,




Physical Review D 95, 052003 (2017)
Study of J/ and P(3686) decay to AA and Z°X° final states

6 6
B Full reconstruction 1310x10°]J /¢ & 448x10°¢Y(3686)

L 10 L 40°
= - — | 3 i 3
/P, P(3686) — AAZOZ0 - AAyyAA | 255 =)
— — — _ 2 S 10
- ppim, yypprnT | 2 z |
H 10'E L L HEE Lﬁ10_ ! s i 2
R 1.1 1.11 1.122 1.13 1.1 1.12 R 1
B Numerical results (a values and Br) M, (GeV/c?) M, (GeV/c®)
~ 10°F )| _ 1o
Channel a B (x107%) = 10k 2
= D
(@) J/y - AA 0.469 £ 0.026 + 0.008 19.43 £0.03 £0.33 3 = 10
(© J/y - x0%0 —0.449 +£0.020 = 0.008 11.64 £0.04 £0.23 2 ’é 14 ' !!'!
(b) w(3686) » AR 082008002  397x002+012 & F o a W )
(d) v(3686) — =020 0.71 £0.11 £ 0.04 244 £0.03 £0.11 116 118 12  1.22 114 116 118 12 122 1.24
M, (GeV/c?) M, (GeV/c?)
. Br((3686)-X . 02 1o
B Ratio ( W h)) for testing 12% rule | @
Br(J/¥—Xp) o5
B(w(3686)—AA) _ £ oap
B(J/w—AA) —(20-43i0-11i0-58)% §005 e
3050 L . E :
= (20.96£0.27£0.92) % 5 ey
(O]
v The branching fractions are measured consistently and g
with high precision compared with the previous z
experiments .
v' The a values are measured with high precision for J/i
decay, and first measurement for 1 (2S5) decay.

v The Q value is still different with the expectation of pQCD. N U e



Observation of A hyperon spin polarizationin J/{ - AA

o

0oosf. €Te” > (A pn_)(l_\ - pm') oosf. e€fe" > (A- pn_)(K - ﬁﬁo)
n * |
+ i
S 0.002|- 4 S 0.002}
S | s |
R S A _ = -
% 0 ) o) @
= 0002} g @@@QX < 0.002
-0.004f- ¢ ~0.004
a I R a 1
cos6, 1 VO cos6,
Or) Z sin 6} sin ¢ — sin @} sin @)
p1(cos 65) =N 1 2
Parameters This work Previous results
Qo 0.461 4 0.006 4+ 0.007 0.469 + 0.027 BESIII
Ad (rad) 0.740 4+ 0.010 + 0. 008
o _ 0.750 4+ 0.009 +0 0.642 +0.013 PDG CP _l_ .
oy —o 758 ;g: 7 ~0.7140.08  PDG asymmerry:
&o 6 + 0.006 4. =% T
Acp —0.006 :t 0.012 +0.007 0.006+ 0021 PDG | P a —a,

C_Xo/a+

0.913 + 0.028 4+ 0.012
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Physical Review D 86, 032014 (2012) & 31‘Xiv:1803.02039
Study of J/P and P(3686) — NN final states

225%x10%] /1 & 448x10°y(3686)

B Full reconstruction

J/ W, ¢ (3686) - NN (pp,nn)

B Numerical results (a values and Br)

Brx10~*4

Channel a
J/Y - pp 0.60+0.01+0.02 | 21.12+0.04 +0.31
J/Y > nn 0.50+0.04+0.21 | 20.70+0.10+1.70

P(3686) — pp

1.03+0.06+0.03

3.05+0.02 +0.12

P(3686) - nn

0.68+0.12 +0.11

3.06+0.06 +0.14

0O . Br(¥(3686)-X}) . o
Ratio (—- X0 ) for testing 12% rule
B(4(3686) — pp)
B0 o) - (14.4 +0.6)%
B($(3686) > n7) _ (14 1 1 910z

v The branching fractions are measured consistently and w1tlE:iZZ
high precision compared with the previous experiments . £ soo
v" The a values are measured with high precision for J/y D 600
decay, and first measurement for 1 (2S5) decay. :zz
v" The Q value is consistent with the expectation of pQCD

12%.
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Physical Review D 86, 032014 (2012)
Observation of Y(3686) - £(1690/1820)E" + c.c.

B Two resonances are observed in Y (3686) —» K~ AE* process

R - o 106x10°(3686)
Y L E B PDF: Breit-Wigner & Gaussian
> - i
§ i ] A(m) = pa(m)Foc T2 () Fer-ah+1/2) .
2 20 B ] m— M + ’Lg
E’ [ Br -y, (a(m))\ [ BL._z+, (pz+(m)) |
§ 10 | i — > l f BL(K_A) (pk) BL(E*_E+) (plé+)
&= @k’ MR Mass and width (M,T'); ps z momentum; L is
q i i P El Eiy orbital angular distribution; B, (p) Blatt-Weisskopf
= 18 M (K'Ai'(z GeV/c) form factor[1].
B Fitted results and resonance parameters The spin-parities for both resonances
( ) ( ) have not determined due to the
=(1690) " =(1820)" limited statistics.
MI(‘lz/Il\/GIJV\{' )02) 126781'; 1i03'08f21°70 158fii :1t55 '75541 '26 In the fit, the spin- parities for both
e : : : : : : _
Event yields 74.4421.2 136.2433.4 resonances assumed to be Jb=
.. 1/2— ,3/2— with previous experimental
Significance(o) 4.9 6.2 =
Efficiency (%) 39.8 26.1 resll*lt_s[2,3], the " E angular momenta
B (1079) 5.21+1.484+0.57  12.03+2.94+1.22 L(Z"Z) are set to be 0 for both
Mppc(MeV/c?) 1690+10 1823+5 resonances, while the K~ A angular
I MeV <30 24 momenta are 0 and 2.
PDG ( ) +tie ta LIK-A) 0 and 2

[1] B. S. Zou and D. V. Bugg, Eur. Phys. J. A16, 537 (2003).
[2] B. Aubert et al., (BABAR Collaboration), Phys. Rev. D604 78, 034008 (2008). 13
[3] J. B. Gay et al., Phys. Lett. B 62, 477 (1976).
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Cross section

do 10 fzn fﬂ 4 in6dod
—dQ = —sin 7,
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B _ Nops
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0o =

o

> Measurement of cross section of e*e~ — BB
l.ete™ -» pp
2.ete”™ = AA
3.ete” > A,



Physical Review D 91, 112004(2015)
Measurement of the proton form factor in ete™ - pp

B Full reconstruction method

W Signal yields extraction by counting. Born cross section and effective FFs
number of events

Vs = 2.2324to 3.671 GeV

g L S e B e B e

T

T
e BESII

:285_ l _: i% f () < BaBar % + (b) <‘> :::::
R VEeaam T o, I =
g 5 e, toe 18 F 1 e
2 100f E ?, r +‘H’ o E835 2 # +++ o E835
E 80fF E o 10F — 3 § f”}%—‘;—
o 6oF = 2 F ﬁjf_ 1 2 —f—
- 3 o . [ 1
40 E o t T it
20 ;— _; 1 E_ EF + E 102 T$ 4
o8 0.99 100 101 1.02 22 24 26 28 30 32 34 86 22 24 26 2.8 30 32 84 86
M5 /N's M,_(GeV/c?) M, (GeV/c?)
B Electromagnetic G /Gy ratio extraction oo
120_ ] 60: T T T T T T ] 1 :8 5— e BESIII _E
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5 L+ Provide more experimental evidences about
w
R—| Ge(s) | nucleon internal structure and dynamics!
96 06 04 02 00 02 04 06 0.8 G M( 3) ’

cos8,



B Reconstruction

near mass threshold for ete™ - AA

Physical Review D 97, 032013 (2018)
Measurement of cross section

1.
2.

ete” > A A - prnt,an’X @2.2324

ete” - AA - pprtt - @others

B Signal yields extraction @2.2324
v" Fit to the distance from IP to the beam pipe
v Fit to ° momentum for n®X
v A boosted decision tree (BDT) technique are

used to distinguish between n and y

. data
—— Fit ]
-~~~ Signal 1

----- Background
[ Exclusive background_]

(a)

Events/ (0.2cm)

5
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n
o

—_
o

-t
(906 008 0.10 0142 0.14

(b)

ar

I+ datal
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.* p
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v" Counting

—~ T — 1.16 T
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Q Q
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o 1.14 1 o 1u4f ]
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= : =
1.12 as 112 o
o %
1.10 110
1'OEOB 1.‘10 1.‘12 1.‘14 1.16 1'('\'{"%.08 1.‘10 1.‘12 1.‘14 1.16
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o
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[}

110

© |

L 1
1'OP.OE! 1.10 112

1.‘14 1.16
M, (2.0 MeV)

Cross section(pb)

103§

—_
o
)

—_
™

v/s GeV | Lumi. (pb™!)
2.2324 2.63
Data samples | 240 3.42
2.80 3.75
3.08 30.73

L — T T T
| (b) tosf
|
- g0 |
1 E* %OA
& E o2k [ %
g r ’.i 00 7000 1.005
46 4L, e  TARTiweshd __
aq:) 10 E ;._\ B
o f +u
fre
10.2 ..... L \. 1
. 1.0 1.2 1.4 1.6
MAK/Mthreshold MAX/Mthreshold

The result 1s larger than the traditional
theory expectation for neutral baryon pairs,
which predicts a vanishing cross section at
threshold.

The results may help to understand the
mechanism of baryon production and test
the theory hypotheses based on the

threshold enhancement effect.
16



Physical Review Letters 120, 132001 (2018) Data samples

Precision measurement of the e*e™ - A A [ Y GV[Lu obD
4.5745 47.67

cross section near threshold 4580 | 8.545

. 4.590 8.162
B Reconstruction method |Mgcc® = EZ,,, — p?c? e

»>10 Cabibbo-favored hadronic modes: B Comparison of Born cross section
pK nt,pK? An*,pK ntn®, pK9n®,

3 400 = T +' — T _I_' """"""""" =
Arntn® pKdntn Antntn X0nt 2 tntn CREN St i
o o © 300 = Belledata : -
» c.c. mode is included by default F—oesmne il =
200 | Threshold | s i ’ =
S 8OF < f , i 1
2 1 (a) 2 1 (b) 100 [ -
2 Ofn—162+13 2 OrN—30+5 i + ; :
S 40f e=(51.242.9)% < 5: e=(50.24+2.8)% 04.‘,56 4.‘57“ : 4"58‘ — 4.‘59‘ — 4'.6'
g 20? ?5 éHHllﬂHHH##IH#HHHH LU \E (GeV)
Biiiadbiabith 4a id b 4 . " N *
R 905 226 227 208 229 23 = 225 226 221 208 220 23 M Measurements of a and GM/GE ratio
M (GeV/c?) Mp(GeV/c?)
L 150 < 800F N r ‘ ‘ \ 1N : ‘ ‘ ‘ 7
2 B (o) 2 F (d) S 400p 1 Z 6000} -
S ofN=44+7 g 6001 —2967+60 2 | 8 et T
= 10 = | = 5 4000|" ]
S [ e=(49.8+2.8)% S 400F e=(51.14+2.9)% o v i ]
> 50 x> I M L
z 9 Z 200 K 7 : 2000} (b)
L% O#HHlm.\|lwln.mlmm PRI 5 0: . 0’1 0‘5 0 0‘5 1 0"1 0‘5 0 0‘5 1
225 226 227 228 229 23 225 226 227 228 229 23 - Sos0 - Sos0
Mp(GeV/c?) Mp(GeV/c?) Ac A
These results provide important insights into /s (MeV) ap, Ge/Gu|
the production mechanism and structure of 45745  —-0.13+£0.12+£0.08  1.14+0.14 £0.07

the A .baryons. 4599.5  —-020+0.04+£0.02  1.23+0.05=0.03




Summary
BBESIII is successfully operating since 2008.

v'Collected large data samples in the t-charm threshold region
v'Continues to take data until 2022 at least

EMany results for BB in 1™~ state decay have been
obtained:

v’ Precise measurement of Br /«a for J /Y,y (2S) - BB
v New observation/measurementof J /Y,y (2S) - BB

v “12% rule” is violated compared with the expectation of pQCD with
exception of p > NN.

v Born cross section of et e~ — BB near threshold measured.
v" The threshold effect of production cross section observed.
v" Need theoretical model further explain above difference

EMore new results for BB in 1™~ state decay are on the
way!

Thanks for your attention !
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Born cross sections and FFs

B Experimentally, Born cross sections of ete™ — BB are calculated by:

B _ Nobs
L(1+8)(1+MM)eBr(B—hadrons)’

where N,,, number of observed events, £ luminosity, 1 + o ISR factor, 1 + II vacuum
polarization factor, Br the branching fraction.

o

Gy electric/magnetic FF

B Theoretically, Born cross section can be expressed as: g = /1 _HM  Velosity
s

2
o'B M [|G |2 2mg |GE |2] a= = : fine structure constant
s s: the square of CM energy
The effective form factor defined by
Coulomb factor C
m » For neutral B: C =1,
J1-B2
|G Ml +( )'GE| > For charged B: C=¢F with ¢ = nﬂ—a and F= 2

1-e"¢

|Geff (S) | - 1 +2m /S for a non-zero cross section at threshold

is proportional to the square root of the baryon pair born cross section

3sobB

[Gerp(s)] = 2
4na26ﬁ(1+T)

B The electric and magnetic form factor G, G, can be expressed by the following

G - electric/magnetic FF
— G
B — . i
g 1 . : velosity 7—(1 n) E(S)
a = 1;7 : fine structure constant R R pum— -_—

s: the square of CM energy 1 -+ n GM (S)
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