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Charmonium(-like) states

B Nonrelativistic ¢ bound states, ] /1 (13S;) is the first member

o9

with JP¢ = 17, other below charm threshold like Y (25), etc..

B Chamonium (-like) states above charm

threshold like Y (4260), Y (4360),etc., proposed
more exotic explanations as hybrids, tetraquark, *°

hadronic molecule, glueball, etc..
Hybrid Glueball

* @

Hadronic molecule

Tetraquark Pentaquark

J Proton

T

@Neutron

Deuteron: p-n molecule

Mass (GeV/c?

3.5

3.0

_____________

(y(4S) or hybrid PC _ 1——
v(3S) /
— n39) — X (2P) x,(2P)
L 2 M(D (proy)I Iy
___(_ - (25)-.4\.____(_) _________
e
B (1P) xa(1P)” 2201P)
Xeo(1P)
! Charmonium
= family
_ n(15)
- JPC = O”; 17~ E 1+7 O++ 1++ 2++
L =01 0 [ 1 1 1

B Potential models and L-QCD, very successful

in describing spectra & onium properties!

Potential models:

Example from Barnes, Godfrey, Swanson:

4 a

= 32 =
V(()‘L)(r) = - g T + br + ﬂas

2 5,05, - S
m;
(Coulomb + Confinement + Contact)

1 20/S b\- = 40’_‘
Vspin-dep = E[( 3 - Z)L S+ i) T]

(Spin-Orbit .

Tensor)

PRD?72, 054026 (2005)




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

B

Three gluon process

B Provide a favorable test of pQCD and baryonic properties

v Test “12%” rule:Q,, = B;i’(’}(/zjij(xg) — 12% (QCD prediction).
v' Test SU3)-flavor symmetry
-- Allowed for 1 — BgBg, B1o B1¢, forbidden for 1 — BgB1,. Octet / decuplet
v Angular distribution study ( e) x 1 + acos?0): N . .
- Quark mass effect, electromagnetlc effect, etc.: 0 < a < 1. \—r_ Q d‘l’d\ d‘}‘\" /T)(%/
v' BB threshold effect El dd uz ud uz uy 1 o Yy oo i o gl Lo
— BB bound states or unobserved meson resonances \ / = I-‘ i ! i / o
v" Electromagnetic form factor (EMFFs) E*_s;’d e ssuzm
-- Further understand the strong interaction E }ssé—
-- Measure time-like EMFFs st

v' Search for 1~ Y states in BB final states above open charm threshold.
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Beljlng Electron Positron Collider-11
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Beam energy:
1-2.3 GeV
Design Lum:
1%1033 cm-2s-1
Opt. energy:
1.89 GeV
Energy spread:
5.16 x104
Bunches No.:
93
Bunch length:
1.5cm
Total current:
0.91A
SR mode:
0.256A @ 2.5
GeV

e
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Phyics data taking
was started in 2009 !
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Beijing Spectrometer-111 detector

A total weight of over 785t,

40,000 readout channels,
data rate 6,000Hz,~S0Mb/s

(Main Drift Chamber)
Osigle-wire = 120pum

Super-conducting
magnet (1.0 tesla)

(Time-Of-Flight System)

Oparrel — 68pS
Oendcap = 65ps

(Muon counter)

(made of 9 RPCs)
2.5%@1GeV

(Electromagnetic Calorimeter) ,



R Value

BESIII Data Samples

)y . | 4040 4420
[ 13x109 | uos KE0 |L 5fb1JL1fb1

=

L ] BESS9SS PRL 84(2000)594 b

® BES99 PRLS8(2002)101802 4600
B © Gamma2z 0.5 fb

0 Markl v(3770)

<& pluto 2.9 fbt | %%

jinf

4180 3fb!

8 more points
4.19-4.28 GeV

this year!

‘ 4360
1.9 fb! 05fb1 0.0,

T 4230+4260

—>

s

b— ~130 points for R Scan (~1.3 fb) —>l

Ecm (G e‘u’)

World largest data samples of J /Y, P(2S),¥(3770), etc.,
produced directly from e* e~ collision.
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CIRecent results

»Study of J /Y, P (3686) — BB (B: baryon)
1.J/W, P(3686) - E-EF,%(1385)72(1385)*
2.]/¢, P (3686) - E°E°,2(1385)°2(1385)°
3. ]/, P(3686) — AA, 20

4.1/W, ¥ (3686) - NN(pp, nit)
5. $(3686) > £(1690/1820)E




Events / 1.5 MeV/c?

PHYSICAL REVIEW D 93, 0732903 (2016)
~“Z%and X£(1385)1X(1385)7 final states
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Study of 1 decays to the
* ) » DIRECTLY accepted for first one at BESIII!
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PHYSICAL REVIEW D 93, 0732003 (2016)

Study of 1 decays to the Z~E*and X(1385)tX(1385)* final states
® Numerical results (Br(N,,s/Ny, - €) and a values)

Mode Jy - v(3686) —»
BEt $(1385)"%(1385)"  £(1385)*£(1385)" =&+ $(1385)"%(1385)" x(1385)5(1385)"
This work 1040+ 0.06 +0.74 10.96+0.124+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 MarklI [5] 14.00 £ 5.00 <20
r MarklI [6] 1140+ 0.80+2.00 8.60 £+ 1.80+2.20 103+24+25
4 DM2 [7] 7.00 £0.60+1.20 10.00 4+ 0.40+2.10 11.9+04+25
(x10~%) BESII [8,12] 9.00+£030+1.80 1230+070+3.00 150+0.8+38  3.03+040+032
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 10.30 + 1.30 1.80 + 0.60
Mode Jy - v (3686) —
EE £(1385)-%(1385)" x(1385)*£(1385)" =5 $(1385)"%(1385)" x(1385)*%(1385)"
This work 0.58+0.04 £0.08 —0.58+£0.05+0.09 -049+0.06+0.08 091+0.13+0.14 0.64+040+0.27 0.35+0.37+£0.10
a BESII [8] 0.35+0.29+£0.06 -0.54 +0.22 :I:\O.IO -0.35+0.25+0.06
MarkIII [6] 0.13 +:0.55 ..qeo
Claudson 0.16 ‘8“ 0.11 0.32 0.29 0.29
et al. [10] Q
Carimalo [11] 0.27 $ 0.20 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 (

BT(]I) (3686)—>Xh))

Br(J/Y—Xp)

r(1385)~XZ(1385)* | X(1385)*Z(1385)

(6.68+0.40+0.50)%

(26.73+0.50+2. 30)%

(7.76+0.55+0.68)%

Deviated from
12% !

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



Physics Letters B 770 (2017) 217-225
Study of J/3 and ¥ (3686) — 2(1385)°2(1385)%nd =°=°

Data samples: 1310x10°/ /1 and 448x10°(3686)

400005
J/Y((2S)) - 2°E°,£(1385)2(1385)° _
(@) ]/ — £(1385)°%(1385) ° :
~0=0 20000
(b)J/Yp - E°E _ ;
(C) lp(3686) i 2(1385) 02(1385) Y 10000}
—~0=0 [
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/ \ 60008
pTT i
yy 40000}
25000 T T . r T 7] 2
I —¢— Data 1 - —+ Data =
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Physics Letters B 770 (2017) 217-225

Study of J/1p and ¥ (3686) — X£(1385)°2(1385)%nd =°=E°

B Numerical results (Br and a values)

[ Mode J/¥ - £(1385)°£(1385)°  J/y - 80&? ¥(3686) — £(1385)°£(1385)°  y(3686) —» E0E?
B T This work 10.71 £0.09 4 0.82 11.65+0.04+0.43  0.69+0.05+0.05 2.73+0.03+0.13
4 BESII [23] - 120+£1.2+2.1 - -
(X107%) CLEO [24] - - - 2.75+0.64+ 0.61
Dobbs et al. [25] - - - 202+0.19+0.15
PDG [4] - 120424 - 2.07+0.23
Mode J/v - £(1385°%(1385)°  J/y —» 20&? ¥(3686) - £(1385)°£(1385)°  (3686) - B0 &0
| This work —0.64£0.03£010_o\  066+0.03£0.05 0.59+0.25+0.25 0.65+0.09+0.14 )
a Carimalo et al. [6] ~ 0.1 A 016 028 033
Claudson [7] 0.19 e 0.28 0.46 053

» 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

B(y— % (1385)2%(1385)%)

Mode B(y—20E9) B(¥—¥(1385)2%(1385)7)
B(y—E-E*) B(y— X (1385)— £(1385)*)

B(y— x(1385) £(1385)")

I/ 1.12+0.01 £0.07 0.98 +0.01 = 0.08
¥ (3686) 0.98+0.02+0.07 0.81+£0.12£0.12

0.85+0.02 £0.09
0.82+0.11£0.11

B Ratio (B7¥8689-X) for testing 12% rule

Br(J/Y—Xn)

Within10 of |

expectation of
isospin symmetry!

N\

Deviated from 12%

Br(y(2S) — =(1385)°%(1385)%)

= = (7.28 £ 0.56 + 0.75)%,
Br(J/y — 2(1385)°%(1385)0)

Br(y(2S) — 5020

Br(Jjy — E0E0)

= (23.43 £ 0.27 + 1.28)%,

13




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

Data samples: 1310x10°/ /3 and 448x10°(3686)

B FKull reconstruction

J/P, P (3686) > AAZZY - AA, yYAA
- ppnn,yypprntn-

B Numerical results (o values and Br)

B (x107%

0.469 £ 0.026 £ 0.008 19.43 £+ 0.03 +=0.33
—0.449 £+ 0.020 £ 0.008 11.64 +0.04 +0.23
0.82 £ 0.08 £ 0.02 3.97 £0.02 £0.12
0.71 £0.11 £ 0.04 244 +£0.03 £0.11

Channel a

@) J/y - AA

(©) J/y - X%

(b) w(3686) - AA
(d) w(3686) - £0%°

o Br(¢(3686)_)xh) o 0.2 ;(106
B Ratio for testing 12% rule | @
( Br(]/ll)—>Xh) ) g 0.15 —
B yonk = (20.4340.114+0.58)% N S
B(y(3686)— 3050 : 1 . .

)= (20.96+0.274+0.92)%

v" The branching fractions are measured consistently and
with high precision compared with the previous
experiments .

v" The a values are measured with high precision for J/i
decay, and first measurement for 1 (25) decay.

B(J /y—X%9)

v" The Q value is still different with the expectation of pQCD.

Events / 0.1 MeV/c?

Events / 0.5 MeV/c?

Number of Events

1.11 1.12

2
M,,- (GeV/c?)

1 1 1
1.18 1.2 1.22

2
M., (GeV/c%)

1
1.16

(b)

[ Oy

Events / 0.25 MeV/c?
5

10"

1I.1 1.12
M, (GeV/c?)

1.14

Events / 1 MeV/c?
o

1 1 1 1
1.16 1.18 1.2 1.22 1.24

2

M-, (GeV/c%)




Observation of spin polarization in J/{ - AA

AP=42 3°+0.6°+0.b°

Data: 1310x10°J /¢

oosf. €Te” > (A- p“_)(l_\ - pr') oosf. €Te” > (A- pﬂ_)(l_\ - ﬁﬂo)
n * |
S 0.002f
d i
@K@Q \i g = -0.002|
_ -0.004
L I T
cos8 ) N(0y) | | | - Ccos6,
p(cos fy) = N Z (sin 0] sin ¢] — sin @5 sin ¢5)
Parameters This work Previous results
Oy 0.461 4+ 0.006 + 0.007 0.469 + 0.027 BESIII
A® (rad)  0.740 % 0.010 =+ 0. 008
o _ 0.750 + 0.009 + 0 0.642 +0.013 PDG CP 1_ .
oy —0.758 —,g: 7 —0.71£0.08  PDG asymmeriry:
&o @g@ 6 + 0.006 g =9 T
Acp 1 0.012+0.007 0.006+0021 PDG P a—a,

ao/oy 0.913 4 0.028 + 0.012

15




B Full reconstruction

Physical Review D 86, 032014 (2012) , aEXiv:1803.02039
Study of J/{y and P (3686) — NN final states

Data samples: 225x108] /1 and 448x10°1(3686)

J/W,¢(3686) > NN (pp,nn)

B Numerical results (a values and Br)

Channel a Brx10~%

0.60+0.01+0.02

J/Y - pp 21.12+0.04+ 0.31

0.50+0.04+0.21

J/Yp - nn 20.70+0.10+1.70

1.03+0.06+0.03

¥(3686) - pp 3.05+ 0.02 + 0.12

P(3686) >nAi | 0.68+0.12+0.11 | 3.06+ 0.06+ 0.14

B Ratio (Br(tp(3686)—>Xh)

Br(J/Y—Xp)
B(3686) = D) _ (14 4 4 0610
BUJb —pp)  (AAE00%
B(1(3686) — nii)
B0 oy = (148%12)%

The branching fractions are measured consistently and Wlth°

high precision compared with the previous experiments .
The a values are measured with high precision for J/i
decay, and first measurement for Y (2S) decay.

The Q value is consistent with the expectation of pQCD
12%.

) for testing 12% rule

30000

25000 |~

z 15000 |-

Even

- J/Y—-pp

Neor(=1.0, 1.0) = N (—0.8, 0.8)

10,1 + acos?6)do
08 o(1 + acos?6)d

= 475567 * 848.

-0.5 0.0

0.5

cosf
—~1.75 —_
- — 3
8 17; B A B :
= F o
c2_1.65? S
k) 1.6 A ey
€ 1ss £
< 195 g
£ 151 B LA B w
£ 1450
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142145 15 155 16 165 1.7 175
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30000

25000 |
20000 [
e E
< 15000 F

Events/0.1

10000 |~
5000 F
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600 -
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w W
g 5 8

l|l§v|v| T

J/Y - nn

F cosf € [—0.3,—0.2]

______________
————
——

1 1 1 -
160 165 170 175 180
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3.2

1 I 1
-0.5 0.0 0.5
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) OE + 500
250 W 0
% 8001 = 300
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W 600[ sook

400 _ E
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cos6 of p
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Physical Review D 86, 032014 (2012)
Observation of P(3686) — £(1690/1820)=Z" + c.c.

B Two resonances are observed in ¥(3686) — K~ AZ* process

O [ T T T T T
(2]
< 30F —
> B
=
S 20p -
N’
2 I
= [
Y 10
= I P
!- '-.' lI : .!-l. rll |
q 2.0

M(K A) (GeV/cd)

B Fitted results and resonance parameters

Data samples:
106x10°(3686)

B PDF: Breit-Wigner @ Gaussian

PA (m)(L(K—A)+1/2)pE+ (m)(L(E*—é+)+1/2)
m— M + i

BL(K_A)(pA(m)) BL(E*—§+)(pé+ (m)) ‘
Bp e s (Ph) Bp . 24, (PE)
Mass and width (M, T'); p, = momentum; L is

orbital angular distribution; B; (p) Blatt-Weisskopf
form factor[1].

The spin-parities for both resonances
have not determined due to the limited

2 S(1690) S(8200—  guatistics.
MI(‘lz/II\/GI)V\é )C ) 126781Z :1t0368f21'70 158423'; :1i:55 '75:::41 '26 In the fit, the spin- parities for both
e . . . . . .
t pP=
Event yields 74.4+21.2 136.2433.4 lcsonancesassumedtobeJP=
Significance() 4.9 6.9 1/2—,3/2—with previous experimental
Efficiency (%) 39 8 26.1 results[2,3], the &% angular momenta
B (10~°) 5.2141.4840.57  12.03+2.94+1.22 L(E"E)areset to be 0 for both
Mppe(MeV/c?) 1690+10 182345 resonances, while the K~ A angular
I'ppc(MeV) <30 24115 momenta L(K~A ) are 0 and 2.

[1] B.S. Zou and D. V. Bugg, Eur. Phys.J. A 16,537 (2003).
[2] B. Aubert et al., (BABAR Collaboration), Phys. Rev. D604 78,034008 (2008). 17
[3] J. B. Gay et al., Phys. Lett. B 62,477 (1976).



Outline

»>Measurement of cross sectionof e e~ — BB
l.ete™ - pp
2.ete”™ - AA
3.ete” > A,
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Calculation of Born cross sections and FF's

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

B _ Nops
2 L(1+6)(1+MeBr(B—hadrons)’

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

Gy g electric/magnetic FF

B Theoretically, Born cross section can be expressed as: g=|1- amj velosity
| ¥
41ra2C
o8 = ﬁ

G 2 % G 2 a:L:ﬁne structure constant
[l M|+S|E|]° 137

s: the square of CM energy

The effective form factor defined by Coulomb factor C
ouiom actor

» For neutral B: C =1,
Gul2+(2"B )G 12
|G (S)l . |G m|*+ e |GE| » For chargedB: C—£FW1th£=7andF—
eff o 1+2m123 /s for a non-zero cross section at threshold

ﬁ
=)
[\

1-e—¢

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

3soB

|Gefr(s)| =
41chCﬂ(1+ )

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

doB(s) 0 (1 —n) GE(s)
ag—\s) _ R = |ZE\%)
d cos 6 o 1+ ncos™6 R_\/ 1+7 |GM(S)|

19



Physical Review D 91, 112004(2015)
Measurement of the proton form factorin e*e™ - pp

B Full reconstruction method Data samples:\/s = 2.2324 to 3.671 GeV
B Signal yields extraction by counting
number of events

B Born cross section and effective FFs

+ e

180m—mm@™m™—m—m————————p————— 17— . é% e BESII E z% e BESII
= = r © BaB T + BaBar
160 - —— Data \/E =2.2324 E o I %4;— .ij @ ° B:SEIiIr *o { % (b) o BESI
— 140 MC E 210 e * FENICE E 10 . * FENICE 7
S 120F - c + * CLEO 3 S C x CLEO ]
o = 3 2 r & + & E760 i 08 i +ﬁ + 4 E760 1
= 100 s E b I +t o E835 1 = i ++ o E835 i
E 80f E B 10 - 4 E
- . (9] F E o - — i
Lﬁ 60 3 E 5 : %T:‘{_ | ] I8 | % . |
40 = &) F f : ﬁ
20F - 13 ! %
6) IIIIIIIIIIIIIIIIIIIIIIIIIIIII % ’-IIJ 1 0 2 —

1 L E . el oo b by by by by oy by 1y
0.99 1.00 1.01 52 54 26 28 30 32 34 36 22 24 26 28 30 32 34 36

or
@

1.02
Mg /NS M,(GeV/c?) M, (GeV/c?)
B Electromagnetic G /Gy ratio extraction
2.0 1 T L B AL A B B 3
120——1——1——1—1— 1 60 T - 1.8F ® BESII =
L . r ] - < BaBar -
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Measurement of cross section

near mass threshold for e*e™ - AA

B Reconstruction

1. ete” - AA »prtn, nn’X @2.2324
2. e"e” > AA - pprtT ' @others

Data samples

v/s GeV | Lumi. (pb™!)

2.2324 2.63
2.40 3.42
2.80 3.75
3.08 30.73

B Signal yields extraction @2.2324 B Born cross section and effective FFs

v" Fit to the distance from IP to the beam pipe I R R '*' ey T e 'l' —_—
v' Fit to m° momentum for nn®X 5 [, LR 3
o o ° . e 8100f T E T e
v Aboosted decision tree (BDT) technique are  §'f ™, _L - T,
° ° ° —_— 3] L - 2 M, Moo = i o0 1.000 hhmf’/,
used to distinguish between n and y % ok T, 1 Sk ."hg e
—~ 6 r T P T 8 : \\\\* E E \-*'\f, ]
£ .| S - © T t—— ]
o 30 3 ---- Signal 1 1 3 1 I e 03 o |\\.\\.\ P
S g 20F ®) ::ckglround . 10 12 14 1.6 10230 1.2 1.4 1.6
S 20 O : JI Exclusive background : MA/‘\/Mthreshold M,\x/Mthreshold
2 ~ 10} -~ .
c 10 @t . . .
g I “&h T B The resultis larger than the traditional
> = . ] ; 1
% W o6 008 010 012 0.4 theory expectation for neutral baryon pairs,

p(n°) (GeV/c)
B Signal yields extraction @others
v Counting

which predicts a vanishing cross section at
threshold.

o it s p— W The results may help to understand the
S | ® e ® e © mechanism of baryon production and test
T g g : T 3 the theory hypotheses based on the
P B | P N | P ] 1 threshold enhancement effect. )
M, (20 ) o) M 20 W)



B Reconstruction method
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L _ Data samples

Precision measurementof thee e - A A, Govos
cross section near threshold s> | 5545
Vioe” = /P17 =

» 10 Cabibbo-favored hadronic modes:
pK nt,pK%, Ant, pK 't n®, pK°n®,
An n® pKdintn Antntn X0nt, 2t ntnT
» c¢.c. mode is included by default

0F N=162+13

40F €=(51.242.9)%

20}
0
2.

Events/(1.0 MeV/c?)

tiiibsbiad s i b .
25 226 227 228 229 2.
M;(GeV/c?)

15? (C)

rN=44+4"7

| e=(49.8+2.8)%
51
O%ll[HllmlllHILH.[IILIIIH]. 1

225 226 227 228 229 23
M;(GeV/c?)

10

Events/(1.0 MeV/c?)

These results provide important insights into /s (MeV)

YT o

% 10F (b)

S | e=(50.242.8)%

5 0

T

F-E OTHH [IRIRIRARAARARRARERENANIN VUL
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&> 800F

2 (d)

% 600

< 0PN =2967+60

2 400} e=(51.1£2.9)%

2 200F

0 L

>

@

0' N}
225 226 227 228 229 23
M;(GeV/c?)

the production mechanism and structure of

the A.baryons.

B Comparison of Born cross section

~~~ 400 """""""""""""""" —
s [ e'e > ATAS
~ [ - BESII data : l
© 300 [ = Belledata  : .
- — BESII fit
PHSP model : l ) —
200 |- --- Threshold 7] s i A
100 | + -
0 L 1 ] : | | , T
4.56 4.57 4.58 4.59 4.6
s (GeV)

B Measurements of a and Gy /G ratio

g 400%‘ | | | §6000; | | | —
§ § §4000:— ]
= 0o | H 2000/ (b) :
%5 0 05 1 %5 0 05 1
cosGAc cosﬁAc

a, Gp/Gu
4574.5 —0.13£0.12 £0.08 1.14 £0.14 £0.07
4599.5 —0.20 £ 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 17~ state decay have been
obtained:
v’ Precise measurement of Br/a for ]/, ¥ (2S) - BB

v' New observation/measurement of J /4, (2S) — BB
v Born cross section of et e~ — BB near threshold measured.

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

v" The threshold effect of production cross section observed.
v Need theoretical model further explain above difference
BMore new results for BB in 17~ state decay are on the
way!

Thanks for your attention !
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Standard Model of Particle Physics

O Since time immemorial, human has begun to explore the world around us,
“Where Do We Come From? What Are We? Where Are We Going?”

0 SM of Particle Physics: Funda

-

mental particles

p
mags [ =2.3 MaVic*

Fundamental Interactions -1 @ I @
Strong Electromagnetic Weak — i eham
Source Color charge Charge Flavor E - dj , sj
Object Quarks, Gluons Charged particles, Photon Quarks, Leptons 2 | down strange |
Mediator Gluons (g) Photons (y) w*, Z° (Y fzowne ) BES]]I
Force range (m) 10715 00 10718 . & Il. @ | T ,
Strength 10% 10% 107 eocron || mon || wu || zboson |3
Lifetime (s) 10723 10720 10710 n (22 w19
Cross section mb ub pb é B P U I W g
Current theory QCD QED EW i | geeien | nouon, || neliiho | | Wooson | Z




