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Location of IHEP In Beijing
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History

- BES: 1989-1993  (BEPC)
. BESII: 1998-2004  (BEPC)
. BESIII: 2008-... (BEPCII)

BES = BEIjing Spectrometer
BEPC = Beljing Electron-Positron Collider
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BESIII collaboration

17 countries

 About 500 members, 82 institutions
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BEPCII storage rings

e SRR, o o Collision energy
e TR 2.0 - 4.95 GeV
!;}" ‘\\\‘\ (design: 2.0-4.6)
/] ! e Achieved luminosity

i3 . % 1.0x1033 cm=2 st

' 1 (design: 1.0x1033)

 Energy spread
5x10-4

 No. of bunches
93

 Total current
0.91A

e Circumference
237m
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BESIII detector

Magnet yoke

RPC

Total weight 730t,

. Je - = g 40000 r/o channels,
| =Trmaeaa I = data rate 3000Hz

MDC = T/ = S (SOMD/S),

D ~1000 man*year

CsI(TI) calorimeter



BESIII general view
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EMC: CsI(TI)
0/E=2.5%@1GeV [ SC magnet 1T]

Muon:
ET;; Electro I_‘-'Iagnel:x'c 9 RPC Iayers
Calorimeter O-:Zcm
SC
Solenoid -
o
Barrel %ﬂ’
ToF e\2
fan 3 WFS
Endcap NN o L
ToF Z g
1l
SC =
Quadrupole ' D
et R NE=

MDC:c,,=130um TOF: 80ps Barrel
0,/p=0.5%@1GeV/c

[ 110ps EndcapJ
|.Boyko 0(dE/dX)=6% Physics in BESIII
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Inner tracker upgrade

Inner part of the Main Drift :
P . Material <1.5%X,
e Rate 104Hz/cm?
* G, ~130 um
* 0,/p=0.5%@1GeV/c

Chamber suffers from aging

Since 2015, a Cylindrical GEM
chamber is under construction

Similar to KLOE-2 CGEM

3 layers
CGEM

Each layer composed by
a triple cylindrical GEM

\ R
2”‘;“ : _"h\\\\CEM.‘i
N4 nm GEM2
I T 'S : L prerson & 0, \CEMI
L 3“;\*' * Cathode
(] i
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R ratio

BESIII data

Jhy v 4040 4420 4600-4950

1x1010 0. 5X109 6fb 1 0.5fb1 1.0fb1 5fb-1
7 . | 7'y T . l T 1 T | T T | T ]
S D) P :
6 [ A Mark] —
B ' Mark-T4+ LGW !
B B MarkII :
S ® PLUTO ]
b ) DASP ]
4 % Crystal Ball ]
- * BES TT =
3 - ‘ | ‘ o l ‘ f i T s
S LEER Mﬁ { |i|u 4180-4300 4360 1
7 e e A ) i -8.9fb1  05fb1 -
| A | T N =

< 130 points for R-scan, 1.3fb? >

World largest samples of Jhy, ¢(2S), w(3770), y(4040), w(4180), Y(4260), ...
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R-ratio for g-2 precision calculations

* R =co(ee — hadrons) / c(ee — up)
e Sensitive to quark loop corrections to g-2

3 ‘ :
R :E * ":
* i * I { bdatd s )M AEX £
B T +*T+ R 3K Jf S5 L LA
L ]
2 |
® BESHI(thisLetter) ® BES . T2 a Crystal/Ball
= KEDR * MARK-1 ¢ PLUTO - = pQCD+Iy and '
L I i I i i | i i I (1 I [
. 3 3.5
Vs (GeV)

|.Boyko Physics in BESIII 13



BESIII physics program

* Charmonium physics (J/y, @', W" M., Xes)
 Charmed hadrons (D,A\,)

e EXxotic states (X,Y,2)

e Light hadron spectroscopy

e Tau lepton physics

* R-scan (inclusive hadron yield)

e Baryon form-factors

e Searches for new physics

|.Boyko Physics in BESIII
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Statistics of scientific results

Papers Talks
Talk per Year
YEAR CWR EDITING | DONE TOTAL e
2022 =
(312 Mo) 13 8 3 24
2021 1 3 74 78
2020 1 0 51 52 I I I | |
2019 0 U 45 45 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
|.Boyko Physics in BESIII 15
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First observation of a charged
charmonium-like state

Z.(3900)*

100 - —4— Data

— Total fit

& ---- Background fit
80

-.=+ PHSP MC

Events / 0.01 GeV/c?

i -_=.£s“r.'i_-. .'z""‘"".':u—'?ﬂ'-_—.a'f'-"-.? i J-- e i-'--_.__.' B e 1
Mo (m5JAY) (GeV/c?)

PRL 110, 252001

An unambiguous peak of
(m=J/y) mass observed iIn
ee—ntn-J/y data

M =3899.0 £ 3.6 + 4.9 MeV
[ =46 +10 =+ 20 MeV

Most natural interpretation
IS a 4-quark state ccqq
(tetraquark); other
Interpretations also possible

|.Boyko Physics in BESIII 17



PWA of Z¢(3900)

400 = == 7 S-Wave Jhy +

ss0F iy (D)  Contributions from o, f,(980),

f,(1270) and f,(1370) have
0 been considered
“jgé e Spin-parity established to be

1* at more than 7¢ level

500 £
y 450

e e

400
- 'HmmJ

400 =—p— ===

)

i

R q
| \/\’\/Q\’

i
I
EVENTS /0.2

et S 5 100 =1 ;
L 1 = —_ wmsy
s =L () e (B st A
150 e === ) J - N S NS Y S Y NN ST S NS
00 42 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
[cos(6.:)| [cos(6,,, )|
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100f- PRL 110, 252001 :
-Z.(3900) ¢ 100F

+= Background fit -

30: - PHSP MG 80:—
60 ) R i
40} 40F

~ 37 38 39 40
M (b (GeVied)

PR PR—
3.8 40 42

M(x"J/y) (GeV/ch

Other Zc states

60F |t

PRL 112, 022001(2014)
Z.(3885)
., DD*

0' . I 1 I 1 1
3.85 3.90 3.95 4.00 4.05 4.10 4.1

M(D'D*%) (GeV/c?)

af
#F
s

20f

385

~ DD

) ank ik

4Dtz
— Glokal Fit
weam Sigral
I Incl. By
e PHSP

(DD (GeVic)

£95 4.00 405 410 415 420 42

ant
3sE
30}
s
20f
15
f

ot

=

B PRL 111, 24200
|2(4020)

39 395 4 405 41 415 4

M"""“"I {(JeV;"Lz)

B0

B0

o

20

PRL 112, 132001 |

(EETT-TRETY

— - Z,(4025)
- - PHSP signal

Mws

U

404 4.0
RM(x) (GeVic?)

T
4.23CeV 426GV -

A\ [D*D*%z"..f-
b

! Vi & .1
Rw;t}(eewc?)

* In total, 4 charged and 4 neutral states have been observed at
D*D and D*D*
* A natural hypothesis: we observe 2 doublets of charged and neutral

~3900 and ~ 4020 MeV in decay modes nrnd/y, nh,,

partners

|.Boyko
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Summary on Zc decay modes

3900 MeV 4020 MeV
charged neutral charged neutral
+ + 0)
tdly 0y nth, n°h,

M =3899.0+ 6.1 | M =3894.8+ 23| M=4022.9+28|M=4023.9 +4.4
=46+ 22 [=29.6+8.2 [=7.9+37 [ = 7.9 (fixed)
(D*D)i (D*D)O (D*D*)i (D*D*)O
M =3882.0 + 1.9 | M=3885.7 + 10.2 | M = 4026.3 + 4.5 | M = 4025.5 + 5.6
[=26.5+2.7 [=35+19 [=248+95 | M=23.0+6.1

|.Boyko
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Discovery of strange charmonium

 ee — K*(D,D¥) PRL 126, 102001 (2021)
e M= +

3983 + 3 GeV id
e N=13%5

Total fit ——+— Data

------- non-Res.
—— D, BKG

i

LW
()

—
o

. Events/ 5.(l)\)MeV/c2
o

o
%

"4 405 41 415
K* Recoil Mass (GeV/c?)
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XY /Z states



XY Z states

T T
120 F 10
3
o 100F °
= C
o) L
= 80
8 . 4 4 —
35 5 5 5.5
‘a 60 r
- 2 i - PRL110,252002
4] L
% ] - { 967/fb
G, 20§ Pttt
% ;I-‘lnt-.-‘ ra'l i:l-_' .-'; f"'t"""l"l'l: -u.:-utmkmn--h-.umlllﬂ
= N N V) - - R GO %8 4 42 44 46 4.8 5 52 54
= M(r JAy) (GeV/c?)
3_6_““'{2’50‘] 3(}':|' LS L L L B T B T *
Xc2(13Pz) = E
X=1(13Py) o 705 : 3
i | s “F PRD86,051102 -
O S0 454/fb £
8 40F =5
3.2 - predicted, discovered % 30 i_ .é
predicted, undiscovered g 20 —f
[24] i E
3.0 |- 10§
0 T i i 1l i i
s " el i 5 s 3 46 48 5 52 54
i L 1 4 ! = mJYT T GeVic?)
JPC

|.Boyko
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XY Z states

MASS [GeV/c?]

3.2 -

Yez(33P2)
2

Xe2( 22P2)

¥e2(12Pz)

predicted, discovered

JAP(1351) predicted, undiscovered

30 - [Raa'se unpredicted, discovered
= 1= ¥ g 1 D+

|.Boyko

 An energy scan was
performed in the energy
domain of XYZ states

 Total 9.0 fb-1 data have
been collected

— Of them, 8.2 fb! from a
dedicated XYZ-scan

— Additional 0.8 fb! from
earlier scans

« Collision energy between

3.77 and 4.60 GeV

Physics in BESIII
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ee—n'nJ/y

1001 150

80

100

60 |

42 44 46 48 5 52 54
M(r'w Jry) (GeVic?)

70EEHa.
s 601? | PRD86,051102
8 s 454/ib
Wk -
|

w0 50

20

Gdress(e“e'_;.n*;rt'_’hp) (.Ob)

cdess(e'e’ s nt /) (pb)

 Two resonant structures are observed:
— Y(4260)? M =4222.0+3.1+1.4, T=44.1+43+2.0MeV
— Y(4360)? M =4320.0+104+7, =101.4+25+10MeV

e Precision on Y(4260) improved

e Y(4360): first observation in ee—n*n-J/y
— Seen in ee—n*ny’ by Belle and BaBar

|.Boyko Physics in BESIII 25



ee—n'n N,

T 0_25|||| — T T T — T T T '2:||||||||||||||||||
250~ & BESIII: R-scan data sample i %l(jmntour ] ; .‘: l‘cconmlur ]

~ = BESIIL: XYZ data sample [ B 26 contour ] [ Bl 26 contour |
I 1o contour 0.20r M 16 contour

~—Y(4220) 1 ! —Y(@4390) ]
% 0.15 1 & 0150 7
<) i _+_ 1 & g ]
= 0.10r \rl426[JjPD[: N ().IU__ + o

b2
[~=]
=)
H
|
=
=
)
2
&
-
=
E
=
[
=]
I

- Fit curve: Y(4220)
= it curve: Y(4390)

—
ty

M (GeV)

Dressed Cross section (ph)

100—
s0° [ Y(4360) 1
= 1 S B U__ ] i {j'_ + yid4415) il
- e L T B y(4260)P /(42 ] L E
01— _{ + Hh mﬂ : PR (230 : : :
1L o L i L
o l ol O L L
S0 | | | | | 0.955 4.20 4.25 230 "%W50 435 440 445 450
o 1 1 1 1 1 1 1 11 1 1 | 1 11 1 1 11 L1 1 11 1 | 11 1 1 11 - T 2 al I! 2
39 40 41 42 43 44 45 46 M (GeV/c) M (GeVic)

Vs (GeV)

« Two resonances observed:

— Y(4220): M =4218.0+5+0.9, T=66+12+0.4 MeV

— Y(4390): M=4391.5+6.8x 1.0, [ =139.5+ 20+ 0.6 MeV
e Inconsistent with Y(4260)FPC, Y(4360), y(4415)

e Y(4220) consistent with the structure observed in ee—wy,,

|.Boyko Physics in BESIII 26



ee— ' DOD**

|IIII|IIII|IIII
Preliminary ’

PEl
——

III|III|III~1'-III‘I

&
o

e Again, 2 resonances observed:
— Y(4220): M = 4224.8 +5.6 + 4,

* Y(4220) consistent with n*n~h,, n*n-Jd/y, ee—wy,,

e Y(4390) consistent with n*nh,

|.Boyko

0.05

M 26 contour
M 1o contour ]
- Y(4220)

:_ \‘!426{|)B'J|!+

3o contour -

_+_

Y(4260)P¢ ]

Y

J\_....I..\\I
0005 420 425

4.30

M (GeV/ic?)

O.zs_llll T T

= 0.15

] [ - Y(4390) ]
1 = [ ]
coaof 1+ ]

'
—

0.20F

0.05-

0.0,

| T 1 17T | T T 1T | T T
3¢ contour 4
B 26 contour

B 16 contour ]

FY(4360)
Y(4415)

300 435 440 445 450
M (GeV/eh)

[[=72.3+9.1+0.9 MeV
— Y(4390): M =4400.1+9.3+2.1, =181.7+16.9+ 7.4 MeV

Physics in BESIII
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ee —» nJly

<
?
s
) (o) %,

[}

S
I [

oBe'e” = nJly

150 F

QD 100

o
=
T T T

TS TTT TOTT  T  H H T
41 42 43 44 45 46

/s (GeV)

= 250 e :
= - iy [12] ]
- —¢—~ ntny(3686) [13 .
g 200F _ rcnli{[M]” : =
o B + Y, T [15]

150 —+ ~'D'D " [16]
[ —— nJ/y (This work)

4200 4250 4300 4350 4400 4450
Mass (MeV/c?)

100F

50

BESIII results are consistent
with 3 Y-states

Masses: 4220, 4320, 4390

Reported by other
experiment 4260, 4360,
4415 were mis-interpretation

Physics in BESIII 28



Baryonic form-factors



A\c: the lightest charmed baryon

ca e « Belle data can be
M T — described by a
e Y (4660) resonance
" » M = 4652.5 + 3.4 MeV
o w .« BESIII data show flat
— cross-section down to
T the threshold
AN « There is some tension
1L N between BESIII and
| 'f.+ ] Belle data

|.Boyko Physics in BESIII 30



Lambda form-factor

{J »
0.6F O BESII
0.5¢
- UAE—

0.2F e S

[]]_ ——

R R I R -
i ) 73 24 25
\ (GeV)

« At BESIII it is possible to measure cross-section down to
the threshold energy (just 1 MeV above!)

« Like for A, BESIII observes a threshold enhancement

« BESIII results marginally consistent with BaBar, but not
with the theoretical description

|.Boyko Physics in BESIII 31



The ppbar threshold

____________________________________________________________________________________________________________

i
i
'
'
'
i
a
I
1
'
P
'
'
'
'
'
'
v
1
'
i
'
i

=k
3,
|

________________________________________________________________________________________________

-BaBar
-CMD -3 (2012)

o(e’e’— pp), nb

il e
i 11 59 -
_ E"a_""
TT) S N | wytiPS WP SR
0 I_ ....._lA.......i........l...‘.,..,“.A...I........I.....-T,....,r.,_.,

1950 2000
Ec.m., MeV

«Steep rise of ppbar cross-section is observed by CMD and BaBar
*BESIII scan down to 2000 MeV confirms the observations (see next slide)

|.Boyko Physics in BESIII 32



Oscillations of ppbar

and nnbar form-factor

a 1o0*

BESIII confirms

« BESII
Seiia kT the periodic
5 S ok ik ;B oscillations of the
- i R i effective form-
ron 2 .
1 - BES &0 e ﬁﬁgiro?wso? ppbar
o 7 CLEO c .
2 : g;%{f‘fs Jggfl/re Ppy,. ! relative
0, 0(2021)8/c317 * momentum and
S o discovers the
18 20 22 2a 5 28 30 same effect for
o?[(GeV/cY] [5(Gev) nnbar
0.06F e BESIII (LAJSR)  + BESHI 2020 W Ees . B Effect is
. 043“ 1 BESI (SA-ISR) A BABAR 0.06 BaBar: F'I‘;VISH (ref. 13) Observed On top
- - =====:== Simultaneous fit: proton
L 0.04 - — — Simultaneous fit: :ei:tron Of energy
0.02=4 !I[\ LJL{ depe_ndence
& of Sy Ml § £ 3 predicted by
.: o/ FF‘] i S ATl v dipole model
Ve Al 4 .’.s.ju | “i.—L I _— . .
. ooz ] - Wit © : An explanation is
B v - proton-antiproton
C 0.0 I .
0.061- e — rescattering at
0 ; : : B i 3, —_ T
s ﬁﬁewee . 1 fm distances
_)

ee—pp Physics in BESIII 33



Charmonia baryonic decays (1)

dN
dcost
x10°
0.2:— [a]
BESIII: 0.150 )
0.469 + 0.027 4 J/ — AA
Theory: S—
0.32-0.51 o
05 o 05
cosb,
x10°
BESIII: 60F | o~o[°]
-0.449 + 0.022 40:_ J/p — X%
Theory: :
0.31-0.43 el
Opposite sign! |
(Confirm BESII) 075z 45—
cost

|.Boyko

Number of Events

Number of Events

10}

x10°

(d)

Physics in BESIII

o529%
x 1+ acos® 0 o5 @0((\
oV
x10°
| " BESIII
| V(3686) = AL 5854+ 0.08

(first measurement)

BESIII:
0.71+0.12

(first measurement)

34



Charmonia baryonic decays (2)

Events/0.1(0.2)

3000F

1000F

|.Boyko

| 0=-0.64 +0.10
| @=0.66 + 0.06
! 4=0.59 + 0.35
2 1 0=0.65+0.16
" (3686) —» Z0Z°
| AT
.8 06 04 -0-203.;90.2 0.4 0.6 0.8 0 (203—13 2
P87

Again, negative
angular parameter Is
observed in Jly—XX%

Not the case for y’
decays and for non-X
final states

LO QCD predicts
positive a in all cases

More sophisticated
theoretical model are
necessary to explain
the observations

35



Charm decays



D meson measurements

4:3}{)—\}(]( :jﬂi rh1D—>K+Kn _:':"rc}D—}KKﬂ ]

A K_

. * . !

~_ 7T Signal side 2
@I- = .: n+ :
.~ [

€ et 1))(3770) e

g
Tagside _ @
or

4 @D, = KK'rm 1 5t (@) Di— T,

1.9 195 2 1,9""1.95"'ff"

Lo (GeV/e?)
« Clean decay modes (tag side) of D+/D0/Ds are selected
around D-meson invariant mass

* The second meson is reconstructed from the remaining
particles (signal side)

|.Boyko Physics in BESIII 37



K
o« +_ ot
o> T \/
Vi
R Ecye < 300 MeV Egye > 300 MeV
- 1 I 1 I 1 I 1 ] ] 1 [’ ] I 1 ] I 1 ] 1 I ] T
i | I ST
= /I, I -
180 :_1l'.|*r P % 25: 1L|*'g
— L . a0
Y 1002 - 8 *F RS \
120— ; % ; o B o 2 15 OO
= -0 o na + o [ e 0 0
L s Total PDFa t 7
[ — POF: O — gy E -
80— POF. D — v o [
= s POF: O — 1{— non-mv — =
e POF D — Kz = o 10
- D — = = [ 1
= —agpg—-m E S
40— e PDF: D — Ko S E
= — POF: Srmoath Bk 5 3
— = 1
ﬂ: 3] ) 3 T et "':-. = 4] . o J o ﬂ d i T A s e e e AT E .__."::—-t Py ey s = -"l- ¥ o
03 02 T ] oA 02 0.3 0.3 0.2 0.1 O 01 0.2 0.3

M (GeVIET) Munas (GeV/C7)

 Nsig =137+ 27
e B[D*— 1*v] = (1.21 + 0.24_)x10°3

S N sae BESIII: R = 3.21 + 0.64
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\
o> + +
N —> TV
N
\/ T | T T T | T T T | T T T | T T T | T T
QQs PDG2020 PTEP2020(2020)083C01 5.48+0.23
b
i —_ CLEO PRD79(2009)052002, T,v 5.3040.47+0.22
1000 -+ i +Data
¥ CLEO PRDS0(2009)112004, T,v 5.5240.57+0.21
S\ Faos 1 — Best fit b
1 PRD79(2009)052001, T_v
5 | } NonD; backgrounae CLEO (2009) . T 6.42+0.81+0.18
g <0 | DiXe'v, BG BaBar PRDS2(2010)091103, T, v 5.00+0.35+0.49
~ v - ' 5
g 1 DisKlev,BG Belle JHEP09(2013)139, 1, -\ 5.7040.21+0.31
5 | DisT(oev )y, sign BESIII 0.482 fb™ PRD9(016072004, v 3.28+1.83+0.37
| ---Signal + all BGs BESIII 6.32 fb-l PRDI104(2021)052009, T_v 5.2140.25£0.17
21t f——ti
0 0.5 1 15 2 BESIII 6.32 fb! PRD104(2021)032001, v 5.29+0.25+0.20
Etot G
extra (G€V) BESIII 6.32 fb-! PRLI27(2021)171801, 1,v 5.27+0.10£0.12
I
| | | | | | | | | | | | | | | | | | | |
-2 0 2 4 6
+ + -2
B(D! - t*v,) (x109)
e Nsig = 4800 + 120
°

|.Boyko

B[Ds*— t*v] = (5.27 £ 0.15)%
SM: R
BESIII: R

(DY — %)

b 7
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Light hadron spectroscopy



Search for glueball
(Igor Denisenko Ph.D.)

M., (GeV¥ie?)

OTtobpaHo 182972 cobbiTus (cM. gon.
cnaiapl)

®oH oT apyrux pacnanos J/\ oueHuBaeTcs ¢
NOMOLLBI MHKIK3UBHOTrO Habopa MK-
cobbiTnit u coctaenseT 0.3 %.

|.Boyko

1nm % K-

Iy

M
3

M306apHas mogens

0
2K i A ‘ y I a
2K . T 4 i
BN RN~ RN~
. —\_\‘\h . Lo
>~ K- ~ K- ~ K+

Pe3oHaHCchl napaMeTpu30BaHbl C NOMOLLLI GOpPMY bl
bpelTa-BurHepa

B cayuae K*(892)* n K *(1430)-

p.ft"—"'na}
Dism, Ja) = oL as
(}’r J ) p?(ﬂ:lr,f)

e 0 g
pslm) = Z Ty

Annpokcumauusa MeTogom Haubonsliero npasgonogobus

OCHOBHOW KPUTEPWUIA BKTHOYEHWUS UIW HE BKIKOYEHUS
pe3oHaHca B [1BA annpokcumaumio - Teopema Bunka

o e 2
NLL = gln Jl T E{:]n —J D + const

Physics in BESIII 41



Search for glueball
(Igor Denisenko Ph.D.)

J/Y = K'Kn® @ BESIII: NMBA annpokcumMauus |l

K=" channels

» LLUupokuit Bknag 8 37 K-mt® |

NapunaJibHbIX BOHaX

« B peweHre BKAYEHDbI

COCTOSAHMA YMeHbLluawuwre NLL

bonee yem Ha 40

* CucreMmatuyeckue owmbKm |

BK/IKOYAIOT HEoNpeaeNeHHOCTH,
CBA3aHHbIe ¢ nocTpoeHuem [1BA
annpoKCMMaLLUK M C Ka4eCTBOM

MK-mMogenvpoeaHms paboTsl

JleTeKTopa

* HeT yKa3zaHuit Ha
cyliectsoBaHue X(1575)

* [Ins panbHelwwero 310 pelieHue
CYMTAETCHA OCHOBHLIM

|.Boyko

P PDG M{(MeV /e2) T(MeV/e2) b(%) =1 %) ANLL
= Jm(892)* 893.6£0.11 4 d6.7£0.210) 934404714 4254011703 - |
1 K(1410)* 13807 176" 0.260.04 D11+0.02 &0
1= Kr(1680) 1677 205* 0.20:0.03 0.08+0.01 56
ot Ki(1430)% 1432.740.773% 102516752 9.440.110% 12+01103 =
2+ K3(1980)% 18688130 gra2tsl 0.38£0.047022 0.15+0.02 ) 08 192
3" Kj(178m)® 1781° 203* 0.16:£0.02 0.07+0.01 105
4+ Kp{2045)* 2090+97111 201+19771 0,210,021 010 0.09+0.017002 212
3 nap-resonant —— - r 1.5% ~ 0.6% 629
KT K~ channel
JPC PDG M{MeV fc?) T(MeV /c?) b(%) AlnL
L= 16513118 1948110 Lg30artyl 796
1 2040 +8H78 183423723 0,23 +0.0475-57 102
Nucl. Phys. B 296, 493 (1988)
I I
I
0.8 |- | - 08 - 1 J
¢ |o¢ ] L o™yt
0.4 | it 0.4 | ”~ -
0 i LA l | sl |
1.0 1.5 20 25 1.0 15 20 25
2
M-+ (Gew/c?)
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Search for glueball
(Igor Denisenko Ph.D.)

J/Y — YPP. MNapuuanbHblie WWMPUHBbI POXKAEHUS PEe30HAHCOB

J/ =y, yKK, ynn, ynn', ywe J/b = yrur, YKK, ynn, ynn', ywe + «43»

w 250 w 250
1 ] :
® 200} * M~1872MaB 22000 * M~1856M3B |-,
g e [ ~332M3B E » [ ~396M3B '% :
@ 150¢ g 150
8 3
> 100} 3 100
S =S

50| 50

% 500 1000 1500 2000 2500 3000 O 500 1000 1500 2000 2500 3000

M. (MeV) M,,, (MeV)

Haunyywas oueHka Mg = (1865 4+257 ;31 MeV I'g=(370% 5033) MeV
MapuuanbHas WUPKHHAE POXKAEHUS

Henepryp6atuBHbiii noAxos, Pabota TlpeAcKazans Maccs!

| | rat06071a (M3B) Bypave = (5,8 +1,0) x 1073
Unguenched LQCD JHE1210, 170(2012) 1795460
WMHCTaHTOHHbBIE BEIYMCIEHMSA PLB577.61(2003) ~1980 PelleTouHble BbluncaeHns

(PRL110, 021601 (2013))

YpaeHeHue NaicoHa-lsuHrepa n Bete- EPIC80,1077(2020) 18504130
Connetepa B _,yG:[3,810.9]><10_3
HyaneHble MoaeK PRD104,034016(2021) ~1920
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W3(n,m")

Cross-section of ete= — na+n—

Two n decay channels are used: n — 2y and 1 — 3n° — 6y
Dalitz plots for s = 2126.55 MeV

Dialitz nlat for 2w [ P L B
Dalitz plot for 2y Dalitz plot for 67
L -— - | — 4 - |
- ] wm | .!:- - — i |4
.y 2 22— _len = - — i e
3.5 " ™ - - |9V 3 sk W = |
s 2 _= | - T T - "= e
= T eam o~ aa | o T = B |
o I N e A len e . . |
3 —150 D .. S - ™ —
- EE=_ - | e - I e coome L = o I
- - = e
25w = : s e PR W . SR T S——— —l12
- O - = .=y el “YE Tl " _mm [
_,— 2 S= ., iy —=_ | - N, = T =
(I, e o g O F T e W R o] L e el DR =10
e R = . .o T 4 Wy . Plag REEET L T ey ey s
al R O - m e~ = e b ne=la =30 L T ]
Ts e e ] S = el " =g
1.0 | - T e e <~ . 1 s S . " N T ........... | I
|| ™ R i i T Bl gy o SR W S W N S
(V| S = — o8
00 05 1 1.5 2 3.5 0 00 |0'5| L - TR |15| P 3 L L 5

The dominant components: e+e- — pn and e+e- — a* o+
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Cross-section of ete= — na+n—

45

BABAR data

CMD3 data

BESIN 2y with ISR correction
(stat. errors only)

BESI 6y with ISR correction
(stat. errors anly)

cross-section (nb)
E-S

r
o
lllllll]lllll ll!lllllllllll]”ll lllllllllll

L}

E-l
—~&y.
NINER

2.8 3 3.2
Energy (GeV)

Data show resonance-like behavior near the our energy threshold of 2 GeV
We plan to extend our measurement using ISR method with higher energy data
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Physics of T-leptons



Precision measurement of Mt

2.U

1.5

1.0}

0.0

positrons e Blectrons
R21AMB M....-w” | HPGe R11AMB
- st
lasento-aguunm

MSe sy TE)

LLTLT LY LIS LI LTV LT Tl AV I VLTI LIS | VA LAY ARSI,

b R ye—

| E North
-
[ LS i west easl
Laser Lenses
south

0.5

 eeepemeK, L, ukK,
.t K, KK, 2
ep,pup.Tp

PO SN S AV WY SN S N N S VU T Y NN S SN W S NI WA [ T P T
3.54 3.55 356 357 358 359 3.60 3.
|.Boyko

Wil BEMS
20 e EE.
R T

Mt=1776.91+0.12+0.12

— As good as the rest of the
world

PDG: 1/76.86+0.12
BESIII systematics: mostly the

statistics of energy calibration runs

Physics in BESIII
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Physics of charmonium



Inclusive J/y production

e Goals:

. Test the NRQCD factorization
hypothesis: the independence of
Long Distance Matrix Elements
(LDME) that describe the
hadronization of the cc pair from
the process (hadron-hadron
collisions, electroproduction, or
e+e- annihilation);

. Clarify the contribution of the
color octet channel in the range
of Vs below the J/ycc threshold
(~6 GeV): the color-octet LDMEs
are non-zero if 0>10 pb at Vs =
4.6 ~ 5.6 GeV (Eur. Phys. J. C
(2017) 77: 597);

. Test if unknown
channels/states exist.

So far, measurements only
done at Vs =10.6 GeV:

2.5+ 0.3 pb (BaBar)
1.5+ 0.2 pb (Belle)
1.9+£0.2 pb (CLEO)

LDMEs <OH > determined
from experimental data.
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Inclusive J/y production

« Data:$=20fbl, Vs =3.8—-4.7GeV ™  BESH Preliminary e DI
. £ 1400 @ vy
« Signal: ee — Jig+X, Iy — p+p-, R R
* Prompt J/y originates from sources ° coob e Yj//w
other than known decays or initial- 3 “Kep 7 VIV
state radiation (ISR). 2P
« Major background sources: o T
— inclusive decays of y(3686) and x_;, wooE- ERRES, e
(J ~ 1’ 2) tO J/LIJ + X OE B 3 g 8 s g @
— ISR return to the J/y and y(3686) . ’ 42 4 R

resonances.
e The preliminary result for the prompt ¢ 2

inclusive J/yp production in the range BESIIl Preliminary oy,
4.5-4.7 GeV is: : ] "Gy axuive
0=132+21, +3.4,pb 100 }ﬁ
« Analysis status: internal review of the h h
BESIII collaboration to obtain s ot

permission to publish the results.
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Branching fraction of J/y —d¢n

WEIGHTED AVERAGE
0.7440.08 (Error scaled by 1.5)

The existing measurements of |
B(J/y — ¢n) are ambiguous (PDG-2021);

We plan to use the precise
measurements of the B(J/y — ¢n) to /
improve the estimation of the mixing ,/
angle between the strong and / P
electromagnetic amplitudes in the N e
analysis of the energy dependence of e+e- j B T

1 Ccross-section in the scan data S

around the J/y peak. (U dn) T (total) 102

4.4
(Confidence Laval = 0.109)

Formulas of cross section for lineshape fit of ete™ = ¢y

- 3
_ 200 @ 3/(]’.- sl'el'” io {IPW
Tborn(S) = [Acont. + Ay + Asg|” = — S e MR+ iaT (1 + Ae'?)| x Vs
2 /) A 3
Where gg = 4mo’s . B!’(J/ W — (-J‘q) . 1 ‘ \/E
3 Br(J/y— up) |1+ Aei¢2 ||P|
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B(J/w—dn) = (8.52 + 0.37/- 0.43stat + 0.14syst)-10™ BEENT Praliminisy

Branching fraction of J/y —d¢n

Data: 448M w(3686) 2009 and 2012 Mo el s 2
Channel: y(3686) — n+n-J/y, Jw—dn, d—K+K-, 1= , Py
n _) ,YY | =1 i . n .-|l

We need to use data in which there is no mixing - i
of J/y — ¢n and e+e- — ¢n. | ! Fm—y
A good description of the invariant mass of K+K- is 14 e du
obtained only under the assumption of interference 1 -
J/y — ¢on with other processes decaying to the same n ! ("

ﬁnal state. i . ..-_*' l.-l-l'-.rl.-.-.l_..l.-l_l_l
The preliminary result for M(K+K-) < 1.08 GeV/c2 is: = . il T L

Analysis status: internal review of the BESIII - - rminaam
collaboration to obtain permission to publish [ i e
the results. I_ | —— :

Comparison with previous measurements -
BES2 (8.99 & 0.18 +- 0.89) x 10~* 'R

DM?2 (6.4+0.4+1.1)x 104 . e
MARK-IIl || (6.614 0.45+0.78) x 10~* o T = —"" "
PDG2020 (7.4 +£0.8) x 1074 CEa P

.
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Future Physics Programme of

IHEP-Physics-Report-BESIT-2020-4-7

Pubhished 1n Chincse Physics C 44, (40001 (2020)

Future plans?

BESIII
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Nearest plans

e Currently we are collecting data at 3770
MeV (D*D- and D°DP° production).

 The plan is to run for 1 year from now. The
DD statistics will be (at least) tripled.

e For 2024, a collider upgrade is proposed
to reach 5.6 GeV In 2025.
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Plan to measure the charm
fragmentatlon function

 Measurement of open charm
production is an important part of
the NICA/SPD physics program.

« At NICA ccbar will be produced with
4-8 GeV invariant mass. Charm

B S——— fragmentation function is essentially
g ~unknown in this energy domain.
fo  We plan to use 5fbt of BESIII data
at 4.0-4.95 GeV to measure the
low-energy the fragmentation

- | function in the inclusive reaction
ee — c+char+X

e Both transverse and longitudinal FF

Fig. 1 Inv masso{rc_pah-' 1 proton-proton are aCCESS|b|e

collis at2 (" 2V at SPD simulated with Pythia8.
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Summary

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

Hundreds of “routine” measurements have been
performed improving the world average precision by
factors 3-10

A number of ground breaking discoveries have been
made which change completely our understanding of the
matter structure

JINR team contribution is very much visible in the
collaboration (see also tomorrow NTS)

Collider upgrade is planned and many new results are
expected
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Spare slides



Structures at the pp threshold

- ‘ = ynKKs
:]/l})%}’[}’?’{-'-ﬂ_ Jl/‘f) YA, E

]/ = ywd [/ - y3(atnT)

J/W = ypp

pp threshold

IIJIiIIII¥IIII|IIII

- eprt

Jhy— ypp
700k —xeEp) - =
600 | _fu};“%ﬂ} - ‘E’zou
500 Fh,  —f:(1910) -
400 | .-
300 f 100
200 0
100 F .. " ”
0 bz e sTanE . 0
0.3

0.0 0.1 0.2
MPF—ZmP{Ge V/c?)

e M(X) = 1832 + 32 MeV

e [(X) =13+ 40 MeV
« JFC=Q"

Rec
(1.3

O U N ) 1 (N T L [ |: T O D [T -1 I |
1800 1820 1840 1860 1880 1900 192(
M(MeV)

 BESIII observed quite a number of
structures right below the pp threshold

ent increase of J/y statistics
B — 10B) will be extremely useful to

clarify the situation

e BJh—yX) = (9.0£1.5)x105
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A\ polar angle distribution

Can be parameterized by 1+a,.c0s0
Form-factor ratio given by: |Gc/G,,[A(1-?) = (1 - a,J)/(1 + a,)

o [ &
S 400} N
8 200! 4000
“ 100l : _ = 2000
Y05 0 05 1 Y
cosﬂﬁl_ |
|IGE/GM| 1.14+£0.14 £0.07 1.23 £0.05 £ 0.03
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