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History

« BES: 1989 — 1993 (BEPC)
o BESII: 1998 — 2004 (BEPC)
e BESIIl: 2008 —...  (BEPCII)

BES = BEijing Spectrometer
BEPC = Beijing Electron-Positron Collider



The BESIII Collaboration
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Beijing Electron Positron Collider (BEPCII)

P d

_ounn— o — o

RF RF

— ey

s

high precision beam energy measurement
(using Compton backscattering)

" 27‘ 5m

g
o 2

zoom into the interaction point

" BES I

@ Double-ring
@ Large crossing angle

¢ Beam energy:
1.0-2.3 GeV
T2.45 GeV
@ Design luminosity:
1x103%3 /cm?s

@y(3770)
e Achieved luminosity:

L ..=1.0x10% /cm?s

® Beam energy
measurement:
5x10°



BESIII detector

NIM A614, 345 (2010)

Super conducting magnet: 1 T

EMC: Csl cristal
* Energy resolution: 2.5% @1GeV
* Spatial resolution: 6mm

MDC:
« Spatial resolution: o= 120pm

* Momentum resolution:0.5% @ 1GeV
» dE/dx resolution: 6%

TOF:
Time resolution: 100ps (barrel)
110ps (endcaps)

| Muon ID:
Acceptance:93% of 41 9 layers RPC, 8 for endcaps I
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BESIII data

Iy vy’ 4040 4180 +44223600 4360 4420 4600
10x10° 0.5x10° 29fb" 0.5 3.0fb" =0 05T 1.0 0.6
7 - [ | b, | ‘¢(2|S)] | ‘ | I | ‘ [ | : XYZ
5 5 1Y Mk | 16points
B — , 1 [4130,4440]
- Mark-T + LGW ] i
' 1 7. 7fb"
5 - B Mark-IT N
2 i e PLUTO ]
© - i
x i O DASP i
4 t¢ Crystal Ball -
- * BES 1
3 :_ “ ‘ } | } il| _':j
- | ' i
SEBUNENIT |
2 ————— - - _I_ L ’_ — e ¥l .
L L ]
3 35 :

< 130 points for R-scan, 1.3fb-" —
World largest samples of J/y, y(2S), w(3770), v(4040), w(4180), Y(4260), ...




BESIII physics program

Charmonium physics
Charmed hadrons

Exotic states

Light hadron spectroscopy

Tau lepton physics

R-scan (inclusive hadron yield)
Baryon form-factors

Searches for new physics



XYZ particles



MASS [GeV/c?]

4.4

4.2

2Mo

3.6

3.4

3.2

3.0

Coc’g 4
® £ ©

Charmonium and XY/Z states

B P(43S) _ Ny — 1
@_ > Y - neutral, JPC T 1
._ X<2(3°P2)
B Z “x” — neutral, JPC 1= 1"
| [Ese |- Y5 | EEoRoH EiEes0R] » “Z7" — charged
} S— (=@Pa] DD threshold (~3.73GeV)
< 1
¥'(255,)
| [1@S0) nS+h1,
| he(1'Py) | @Mﬂpﬂ n radial quantum number :
=
S total spin of ¢ & cbar
] established o states L orbital angular momentum
predicted, undiscovered L=0,1,2..correspond to S, P, D, ...
J=S+L
~ [nel17S0) |
JP= (=D parity
ol A T ol C = (=1)X"S charge conj.
JPC

11



Most famous X,Y,Z states

S
o
T

i’? | iZfY(I4260)' fPRL95, 142001 (2005)
I

;"v' o 7
10§ f * T
* 1 1**”* H*HH i '1”1114 i

IM

Events / 20 MeV/c?
W
o

[\*]
=]
T ‘ T T 1

b Ll N
LR m“#%
9% — ‘4‘1‘ R Y AT I
m(mwIAY) (GeV/cz)
PRL110, 252001 (2013) N P|RL91 26|2001 (2003)
(1'(3 100;_ BGS:::: t'?::lfit | 300 i _ Q(B 7:
s 801 7c(3900) e - :
5 60:— + [ sideband g 200:_ X(3872) _:
E 40:— +. 5 “‘!.”E“:F"'i.'-"%.—:‘— - % 7 E
L%J 20;_ + + D 100 |- —:
A R R 5 | JM
M ax(mE/y) (GeV/c?) 0.40 0.80 1.20

M(z* I"T) - M(I'T) (GeV) 12



Y (4260)?: ole'e »>a' 7w J/IWP)

PRL 118, 092001 (2017)
50_

100

- 4+ XYZ ~ [ —+Scan I
80 . a - I
g O —Fitl e |
= | = 1001
S gL --Fitll * S
-f"i B +E B
= B e L
ToA0r T s0k
()] - @ B
@ L \i ; i z o T
L - i g4 o [
0 T B B R 0 B
3.8 4 4.2 44 4.6
\s (GeV)

> Most precise cross section measurement to data from BESIII

» Two resonant structures are observed:

>M=4222.0£3.1£1.4 MeV; I' =44.1+4.3+2.0 MeV
>M=4320.0£10.4£7 MeV; 1'=101.4£25£10 MeV
» Y(4320): first observation in ee=>nnJ/W¥ (signif.>7.60)

13




Y (4220): more observations

250 :_ -+ BESIII R scan data sample

~ -
"8_‘ - =BESII datasample
~ 200—

— it curve Total
—

S [ - iteurve (4220) ‘
150; H ] *
| )

h

- itcurve (4390)

100 :_ "I | h”

. h“ .iilg _ l

Y i [ [

ete >

o

I\\I\Illl\\\l\lllll\l
39 40 41 42 43 44 45 46

PRD96, 032004 (2017) PRL118, 092002 (2017)
ete > n” W(3686) e'e da'n h
M =4209.5+7.4+1.4 MeV M =4218.4+5.5+0.9 MeV
['=80.1+24.6+2.9 MeV [' =66+12+0.4 MeV
Significance 5.8c Significance > 10c
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Y (4220): more observations

—+— This work

—4— BESIII 2015+2016

42 43 44 45 46

/s (GeV)
PRD99, 091003 (2019) PRL122, 102002 (2019)
ete dwy., ete >n* DD
M = 4218.5+1.6+4.0 MeV M = 4228.6+4.1+6.3 MeV

['=28.3+£3.9+£1.6 MeV ['=77.0£6.8+6.3 MeV

15



Width (MeV/c?)

Y summary

Parameters of the Peaks in e'e” Cross Sections

“Y (4260)”
was here

$

1(4160)_
(4415)_
"Y(4220)"
"Y(4320)"
"Y(4220)"
"Y(4390)"
"Y(4220)"

=

"Y(4390)"

amdiy

adiyp

i (25)

"Y(4220)",,

NG

15

(o ]

4200

4250

4300

4350

4400

4450

4500
Mass (MeV/c?)
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Discovery of the Z_ (3900)

—4— Data

— Total fit

100

--== Background fit

(0]
o
I

-:=- PHSP MC

Events / 0.01 GeV/c?
5 2

N
o

37 38 39 40
M, (tAy) (GeV/cd)

PRL 110, 252001 (2013)

e'e »n w J/W at 4260 MeV
M = 3899.0+3.6+4.9 MeV
I'=46+10+20 MeV
Fraction=(21.5+£3.3+£7.5)%
Significance > 8c

v Couples to cc and has charge
What 1s 1t?
X A tetraquarks state?

X A DD* molecule?
X ..

%

D™~

tetraquark B
DD* molecule

17




EVENTS / 0.015 GeV/c?

EVENTS /0.015 GeV/c?

PWA fit of Z_(3900)

PRL 119, 072001 (2017)

400
350
300
250
200 F
150 F
100 E
50 F
0

__MSWaver* 4.23 GCV C)

12(12?0} Jly

3.2

200 F
180 [-
160 F *
140 £

120 £
100 £
80 F
60
A0
20 F

—— mn S-Wave J/iy
,(1270) J/y
= 2o +C.C.

826 pb~’

EVENTS /0.2

36 38 40 12

(GeV/c?)

J/qn‘c

350

500 ¢
450 £
400 £
35[) ;.....................‘ “m”m"l””””““‘.".'H'.".'.'..".'I'.".".' siicdarac:
300 F '
250 F
200 £
IS0 1
100 £
50 &

ee > i JIW

400

0.0 0.2 0.4 0.6 0.8 1.0

[)'_I 1 | I I I L 1 I | I T I I I

0.0 0.2 04 0.6 0.8 1.0

> JP=1" preferred
over 0, 1,2,2"
by at least 70

- Significant contr.
of ww S-wave:
o,f.,(980), f,(1370)
contribution

> T S-wave
increases
as Kcm increases

18




Evidance for Z _(3900) = 0" .

PR D100, 111102 (2019)

60 F

200 L
% 180 W >
> 160 > 408
= 140 S 30;
— 120 — 20
o o
= = 10
® @ OF
Ll W -20F
] | |

H[0E e R L
3.7 3.8 3.9 4
(

> ete > Z (3900)" > (o' n,) at E,=4.23GeV
1. ~> 9 hadronic decays

» Z.(3900)-pmn, with significance 3.9 ¢ (insluding systematics)
> hint for Z_(4020)
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Theory: A.Esposito et.al., Phys. Lett. B 746, 194 (2015)
discrimination between different multi-quark schemes

100 -

Dynamical Z, tetraq. Type-l —

Molecular Z. — |

10-4_

e e o 1| 10-6 1
1 10 100 1000 1074 1073 1072 0.1 1 10 100

R Rz
— Br(Z. - pn,) \@ R = Br(Z. = pn,)
Br(Z. - n]/Y) “ Br(Z; - mh,)

tetraquark

DD* molecule

clete»n " Z > (p'm,))=48+11+11 pb @4.23GeV

BESIII results [Phys.Rev.D100.111102] models predictions

V5 =4226GeV /s = 4.258GeV /s = 4.358 GeV|| Type-I Type-  Molecule
Rz.oon)| 2220 <56 23070 0, 27*3 T
RZE(4020) <16 <09 <14 6. 6 56 8 0. Olo-l-g 383

20




/ . properties summary

- B Z _(4020)*
(3900) .
v 1o=1" g
v =1 »
v Decay modes: I s TR 2, e
>t JIW Yl |
> DD’ 395 400 405 410 415 am
> pn. (3.90) Men GV
> J‘ljhc (2,1(5) v [G=1+ JPC=97
> not to light hadrons V' M = 4022.9+0.84+2.7 MeV

I'="7.9£2.7£2.6 MeV
v Decay modes:
» th, and D" D"
> possibly to T¥(3686)

PRL 111, 242001 (2013)



Events / 5 MeV/c?

Events / 5 MeV/c?

70

X(3872) related to Y(4220) ?

e'e >yt Jy

" (a) 4.15<E_ < 4.30 GeV
- cM

75 3.80 3.85 3.90 3.95 4.00
M(r*nJiy) [GeV/c?]

PRL 122, 202001 (2019)

X(3872)~> o JIW
~ Clear signal X(3872) in
Y (4220) region

- No X(3872) outside

(Light hist: sideband of J|W
Dark hist: peaking J[IW
background from MC)

22




Events / 5 MeV/c?

Events / 5 MeV/c?

[
L}
1

—
L
T

X (3872)> wJ /W

Bac&ground
Sideband

PRL 122, 232002 (2019)

L
T T T

ee dyXdyoJ/W
- At least one additional
resonance except X(3872)
- Hard to distinguish the two
hypotheses since only 2.56
difference

Mass Width

T T Ty R |
M(aJ/ )(GeV )
b.10 - Eﬁ‘ta
_ 6.90 — X(3915)
IIIIIIIIIII Bac&ground
J[ J + Sideband
""'nh.‘m'.“'l":‘".'m'l.""""”‘“";l:ﬂml'I R i R L 7L e
3.85 3.9 3.95 4 4,05
M) (GeVic )

X(3872) 8733+ 11 (8728412 12(19)
X(3015) 302644 2.2 (39326 £8.7) 38475 (30.74 15.5)
X(3060)  N6TE55 334342

23




Simultaneous Fit

—+-Data —
— Fit =

g N
IIIIIII|I

6(yX(3872)—ywJ/v) (pb)
—Y
o
N

—+— Data
-4~ BESIII 2014
— Fit

x|

X(3872)> wJ /W and 7#° & JIW
M(Y(4200)) = 4200.6_. . +3.0 MeV

[(Y(4200)) = 115%%__ + 12 MeV

B(X(3872)> wJ/W¥)

B(X(3872)»> 7" 7w J/W)

PRL 122, 232002 (2019)

-

4.2

4.4
Is (GeV)

Is 1t Y (4220) ?

=1.6",5+0.2

24




Events / 5 MeV/c?

Events / 5 MeV/c?

Events/ 5 MeV/c?

X(3872)> 7" x.,

e'e = T, ny_ withy  — v, Jw

9 T=0 PRL 122, 202001 (2019)
| ‘_ e"e > yX(3872),X(3872)> 7’ x,
% R0 N A XD yJ IV, JIW->T"1
g i, 1 OOF L N )

Eg—fhr J=1 > First obserfation of X (3872 )= 7" x.,(1P)
| - Significance 3.20

- Il

B(X(3872)»> 7 x.,)
B(X(3872)> 7" 7 J/W)

,.M;L; | R(J)=

R(J=0) < 19 (90%CL)
21| I O I R(J=1) =0.88" 3. +0.10
L4 R(J=2) < 1.1 (90%CL)

Fo I [0 P (Y P P I N T P
I:@?‘5 3.80 3.85 3.90 3.85 4.00
M(n% ) [GeVic

r

25



Events/0.010 GeV

300

200

100

o

X,Y,Z are correlated!

3 [ @l Y(4260) ;
S 30:_ ‘ 102 . —:
LE 20l ‘ ¢ 36 38 44 A4 a0 485 |
N
10_'Hl M l ] ‘ T | H ‘ ‘ T. ‘_
LRI el L
i L T .. \ . ||'. |.|!'| . LFﬂ.'.m.T
9.8 4 4.2 44 4.6 4.8 5
m(TINy) (GeV/c?)
B | I | T T ] _+_
(D B T Data
; @ ; No 100 :_ BGS- e — Total fit
: BELLE : S = ---- Background fit
n _ 8 80~ ZC(3900) --=- PHSP MC
i X(3872) ] — B + [ sideband
N B o 60
L _ o
B ] - 40_ Esb ol b 2 79
o N m 2 P Jq_,.
i ‘ > 2005 TR 4
i A = T
0.40 0.80 1.20 3.7 3.8 3.9 4.0

M@ 1*T) - M(I'T) (GeV)

Mo (20/y) (GeV/c?)
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Nucleon (and baryon)
form-factors



Electromagnetic Form Factors

®* Fundamental properties (internal structure) of nucleon:

> related to Born cross section

> represent charge distribution iIn momentum space
® Can be measured:

> elastic scattering eN: space-like, real FF

> e*e" — annihilation: time-like, complex FF

eN->eN ee NN,AAN,A_A,

28



Proton Form Factors |

103;[."# a BESIII (this work) . + - —
T oem ISR: e'e »ypp
L Fenice
ol | PR D99, 092002 (2019)
) - ¥ v CLEO
l:’I%10:— %..}.—ig.— xénDngl‘;Em . + — —_
- ~ Cross section: c(e'e 2pp)~
N —$—
i *i 4 i
T i G [ (1+cos*0) G, ['sin’0,
2 6 8 10 12 14 e
q’[GeV e .
0.45 - Most experiments assume
3 B e merd G,|=[G,|=[G,|
0.35 . Eg3s M1 EL I ESf
E i Fenice .
03 » psiro > Proton FF ratio:
—,0.25F i DM1
O g2f T BES R:|GE/GM|
C v CLEO
0.15; + ADONE73
0.1
0.05F
O T
4 6 8 10 12 14 16
qz[GeVZICZ]
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Proton Form Factors ||

(a) - — Fit O BES
1000 H W ooESiam0 s ENGE PRL 124, 042001 (2020)

BESIlI(unTagged) O E835 2 OO 3 08 G ‘ 7 + o —
< BaBar(Tagged) PS170 [ ° ) ° e e e é p p
<= BaBar(unTagged) + DM2
» CMD3 12ndf=0.7340

- unprecedented accuracy

for the time-like region

2 2.5 3
(b) - B BESIIl 2020 == BaBar(Tagged) g ‘GE/GM| and |GM|
2 e BESIII 2015 + CMD3 . .
BESIII(unTagged) PS170 are determlned W]th

i
g ‘ﬁi ‘lﬁ?hli accuracy comparable to
|

|
f Iﬁ' ﬁ + + the space-like region
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Born Cross Section (pb)

Born Cross Section (pb)

Neutron Form Factors

2000 —— =
1800 :_ ® BESIIl Scan - this work _:
E ®  DM2 (1990) =
1600 4 FENICE (1994) =
1400 A  SND (2012) =
Eoilla E
1200 — —
1000 — ‘ l l —
800 1 n u
600 & u E
il ]
400 — ¢ I + 3
200 F ¢ .
E “aee o @ -
0 I a1 1 [ I NS S B N T ._..*_L..I_i
1.8 2 2.2 2.4 2.6 2.8 3
Vs (GeV)
1000
Ef e  BESIIl e'e— fin (this work)
900-: 4 BESII ¢'e - pp (preliminary) -
800 [ 1 BESIII e"e— ppy g (2019) B
700 : -j. =
600 = + ; =
500 = ' b =
400 - | -
300 £ *} =
200: ¢ -
100 ;— *&. ¥ - =
'_f 1 :I il I i - clll M 0 el L O v | ’ : 1 |‘ H m res MUY VAR (VT I | I |:
1.8 2 22 24 26 28 3 3.2 34 36 38

Is (GeV)

[2.00, 3.08] GeV e" e =
BESIII Preliminary!

nn

- The Born cross sections
are determined 1n a wide
range of Vs with
unprecedented precision

g 0Born(nﬁ) and OBorn(pp)

are roughly similar at
Vs >2.4 GeV

31



Effective Form Factor IG" |

IR" I =IGM /IG"|

eff

M

E

em

Neutron Form Factors

0.7

05 !

0.6 —

. III FENICE (1994)
w
I

04F i

03
02f i

o1F i

® BESIIl Scan - this work
m DM2(1990)

4 SND (2012)

||II||II|||II|I[||II||

. BESIII: this work

[2.00, 3.08] GeV e e = nn
BESIII Preliminary!

>

G,/G,| and |G,
have been determined

for the first time 1n the
time-like region

the statistical errors
are dominated
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/\ Form Factors

[=]
[=]

1*F @ s; * | 3 e e dAA
3 %, B H1 PRD97,032013 (2018)
=L . o 5 11 PRL 123, 122003 (2019)
2 : =, 7000 1.005 -
S T s 3 s BESIII
w - -
0 10 T’ ; —o— BaBar
5 - ] —DM2
13 | | I 3 pQCD fit
1.0 1.2 1.4 16

M,\K/ Mthreshold

~ At BESIII it 1s possible to measure cross-section down to
the threshold energy (1 MeV above)
> BESIII observes a threshold enhancement
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/\C Form Factors near threshold

AN A400FT T T T T T T T T T T T T T T L _
B [ e oATA; : e e >A_A,
~ " - BESIIl data l -

—

© 300 = Belle data
| — BESIII fit

- - - PHSP model : ' * -
200 - »=== Threshold | + l -

100 + f

U456 457 458 450 46
\s (GeV)

> Ecm =4574.5; 4580.0; 4590.0; 4599.5 MeV

> A flat cross-section down to the threshold

> |G,/G,,| 1s measured for the first time for A .:
G,=1.14+0.14+0.07 G,,=1.23+0.05+0.03

1 PRL 120, 132001 (2018)
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Summary

® With its excellent detector and huge statistics, BESIII 1s now the
world leader in the energy domain of charm and charmonium

® Many intriguing and puzzling results obtained in spectroscopy of
XYZ states

® The BESIII experiment provides an excellent opportunity to
measure the nucleon/baryon form-factors

® BEPCII beam energy 1s upgraded from 2.3 to 2.45 GeV; top-up
Injection increases luminosity by 30%; BESIII inner detector
upgrade in progress

e BESIII will continue data taking for another 5-10 years — expect
even more results!
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Backup



The BESIII Collaboration BESTI

,2019 IH
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RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

BESIII detector

NIM A614, 345(2010)

Electro Magnetic
Calorimeter

RPC: 8
ayers

Acceptance:93% of 41
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Events / 0.002 GeV/c?

e'e — Y(4260) - mwmdhy

BES-IIl: PRL110, 252001

- > -
140 i) -

- 882 + 33 O 100- +
120F T L LR
100" S 80F

F © I

80 : E 60 -
60 - i
: 0 40F
40 : L .
20 20r }
3 3.05 3.1 3.15 3.2 3 3.05 3.1 3.15 3.2

M(u) (GeV/c?) M(e'e) (GeV/cE)
* Lum = 525 pb’!

* JAp clearly 1dentified 1n dilepton decay modes
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] | fit H’r HrﬂH fl [HIliﬁ
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: : "5
m(mn ) (GeV/ic?)

BESII
PLB 660, 315 (2008)

e" e~ = hadrons

BaBar
PRL 95, 142001 (2005)

ee daa JIW
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c(e’e—ntnd/y) (pb)

N
o

Events / 20 MeV/c?
(§%]
o
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'
105 ‘*M* +f+++,' ++ ;
i H+ iffi fiifﬂf

Y(4260)

1 **H**tp*

13I638 4 42444648 5

"

PRL 95, 142001 (2005)

PRL 118, 092001 (2017)

103‘ AU T
98 42 4.':1 4.6T is s
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60 f_ Ll
20f
5 :
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[(Y(4220)) (MeV)

100

80

60

40

20F

Y (4220) summary

- %, -
I —— n'h, i
: ‘ + —— /Yy :
_ 1 w(3686) —
g . T L
2 ¢ k
4200 4220 4240 4260

M(Y(4220)) (MeV/c?)
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L. — 3apsAKeHHble YapMOHUN-
NoaoOOHbIEe MEe30Hb

»BES-3: e'e » w Z! (also check nOZS)
Z:>x"(JIW or h, or ¥' or D*D")

» Xopollasi CHTHaTypa COOBITHS:
— pacraj Ha OJHO U3 U3BECTHBIX ‘ ‘

COCTOSIHUH YapMOHU A O ‘

— umMmeeT 3apsag => Nquark > 4
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M?(* 1) (GeV/c?)?

Events / 0.02 GeV/c?

e'e — mw'ndh) @ Ecm=4260 MeV

PRL 110, 252001 (2013)

100
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M(*Jy) (GeV/c)

data
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or N Woows | § [ M
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Events/(0.01 MeV/c?)

Events/(0.01 GeV/c?)

MMoucke e = x Z,(3900)> 7 (wr')

o 423GeV PR D92, 032009 (2015)
o 1] > BeINoIHEH TTOMCK pacmana

8 T + +

6 M L i Ut Lo

:_:_ ‘HHHH w W} H > 3HaYMMOI0 CUTHAJIa HET

NS LSNP W > IIpenensr (90% CL) na

3.4 3.6 3.8 4

M(or*) (GeV/c?) bopHOBCKOE ceueHmne

. | ole’e»n"Z > n wn’)

: 4.26 GeV
0p <0.26 pb g Ecm =4.23 GeV
IR <0.18 pb amsa Ecm = 4.26 Gev
i

3.4 3.6 3.8 4

+ 2
M(or) (GeV/c?) 47



Summary on Zc decay modes

Zc Decay Mass (MeV/c?) Width (Mev) JP
Z.7(3900) " J/¥Y 3899.0+3.6+4.9 461020 17
Z "(3900) n° J/¥ 3894.8+2.3+3.2 29.6+8.2+8.2

Z *(3885) (DD*)* 3883.9+1.5+4.2 24.8+3.3+11.0 1*
Z "(3885) (DD*)° 3885.7+4 . +8.4 35 £ 15

Z 7(4020) " h 4022.9+0.8+£2.7 7.94+2.7+2.6

Z '(4020) n’h_ 4023.8+£2.243.8

Z *(4025) (D*D*)* 4026.3+2.6+3.7 24 .84+5.6+7.7

Z "(4025) (D*D¥*)" 4025.5*20, _£3.1 23.0+£6.0+1.0

» Strong evidence for Zc¢(3900) — p™n_




Electromagnetic Form Factors

ete™ «— NN, AN, ..

Time-like:

Space-like: FF complex

FF real

Vector current, two form factors (F and F)
= ei(p')[Fi(q*), +LF-.z(ffz_]iﬁ,“,r.r”]u('.“llr-”""

My
Dirac Pauli
FP(@?=0)=1 F¥(q*) =1
F'(¢*=0)=0 FMq?) =1
Sachs .
Ge=Fi+sFs  Gu=Fi+kF

. Ge(4M2) = Gy (4m)



&) BESII

Baryon-pair production near threshold

» The Bom cross section for ete™ — y* — BB, can be expressed in terms of
electromagnetic form factor Gg and Gy .

[1Ga (M) + = 1G5 (m)]?]

: .
a = — is fine structure constant, f = \/ 1 — 4m%/m2 is the velocity,
137 B

sma’cp
3m?

opg(m) =

T = m?/4m3
ma 1 — .
- for a chareed BB pair
§ e i

» The Coulomb factor C=

1 for a neutral BB pair

» For the neutral pair production. the cross section should be 0 at threshold. and
1s expected to increase with the velocity near the threshold.

Nov.16, 2018, Tsukuba G.S. Huang: Baryon FF @BESII 24



