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o e*e jets & shapes (res. NNLO)
® c.w. precision fits (NNNLO)
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Mass (GeV)
N

3.2

2.8
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2% (= XYZHIF)

_ BR RX~YHERER , BR¥E  |charged
;ﬁ P%ﬁ%ﬁ]é’éﬁi , IR REER 2.(3900)
8*g*g*§ (charmoniumlike). [.(4020)
| [z(aa30)
2'D,(4.21) 2°D,(4.21) 2°D,(4.22)
T'F,(4.09) 1'F (4.09) TF4(4.10) TF,(4.00)
21P1(3.96)2 (3.9 2°P.(3.95 R .
2P
R e B e 2: FIRLHE
y(29)
ﬂc(zs) 2005 Y: JPC=1—
h.(1P) Yc1(1P)
XeolP)] X: HE
- 1974
A"
n(1s) | predicted, discovered
-+ -- +- ++ 4+ ++ -+ -- -- +- ++ ++
o1 1 0" 1T 2 2702 3 3 3 4

Godfrey & Isgur, PRD32, 189 (1985)




S a=g

« BES=>BESII<>BESIII_EAYHH X5
— BEPCIIH 2K
- BREET
- BRI

=+
¢ l%\gn

11



165 1E 54 B 7 X 3E AL (BEPC) Al

« 1984FFH T —
. 1988 X} 1E ' g Ts
« E.,=2-5GeV

« 1989-2005:
=1.0x1031 /cm?3s

L

peak

5T 4% (BES, BESIT)

Bt 1=

12



13



o R

iwﬁ

3 mﬁmmﬁm B, BEBE. CAMAG'EA&-;% s ae v

JLELL BRI LB R BB DSBS, E . %ﬁ?%ﬁ%ﬂ,c%ﬁ
Ered mu*m—ﬂmmanﬁmmﬂuﬁmﬁwmu -

SRR R R R BRI T AR, 3| A L R FRHRRLLREENEN,

L Mﬂmm@?. ik 4 ﬂm;ﬁz. :r.zmt. P

6. L3t Iﬂ&%ﬂﬂiﬂp :

- RTE

HETRNOHAR. T/ ¥ iﬂﬁ#ﬁﬂﬁﬁﬂﬁ&?ﬁ.@ﬁ}ﬁﬂﬁ(&)

B o) 1/% BHAN A AT R T, RERRT
@gmmmnm ;

B 1974 SRR H I/ W BAE. xqum
Soebok 2 BHARIRAE TE Sl FAHHAL DR, ER
g%&x'ﬂ‘#"ﬁlﬂ. A& B X (3. 6Gev)
SPEAR, DCI, DORIS %, BBt A BN B E A 1 T

SPEAR L) MARKIL#l DCI L DM I 1 3% B 4
2|

HURLT -2 AN
HAA

BTFER. BER.

14



wti. mm: !&ﬂ&l—-#. L2s
i T nmm%nmam«-
wARE, E&R!WNSW

§2230), {RABIAER BT £ MBEEA (RS RERE. £(22

MMKE T, DMIHFREARE. ULH B BYHA -, -

iy,

MTMAS, W4 SEARA TN L 12
HBEI RN BEGS, TSR R, B
ESTU L TP e SR N

(2) AR AT g

KFR (CT) WAMREWRMUFE, CIELWR{M
60N TR AR R . ATt R R — ST, KD
P, ). JRROTINAL ¥ (068 el A
W ; 1

(%) DAID, 3%
w«mwbhﬂm Db. ﬂ;# e
ASH. FAR K—M BT, @i i D %,
563G Vod 1 Ves (Rall3 Ved / Ves), ﬁﬂmﬂ;ﬁ
KA TTA DD Whk, MO
184, nmum;:ﬁ

S AR R/ EE
- BTR

uM
h (*P,)
y(4040), y(4160)

« DFIDFEAR

CKMFEPE T

Rare decays

DD mixing, CPV

15



@)t m:ﬁas
ULMIHZHIUE BBS LA, MI&H"&.

mamﬂﬂ{ma&mman& ;
mw 1A $ AWK IR

SRLTYIE
- DFIDFEZL

* CKM

* Rare decays

« DD mixing, CPV

D, decays
RET
BTYHE

- THHTRE
FRTERD

* Rare decays

(g'z)'c

16



AR AR (R & ZRIUF)

- tRENE
* Measurement of f, and | V|

o “pn';ii&” ﬂ%n ﬁﬁlz%%ﬂml 7

17



R EFMUIENE FEEHRE

T,

BES : Phys.Rev.Lett. 69 (1992) 3021 ; Phys. Rev.D 53 (1996) 20
REHE : 5 pb ' BIE ; LIEPDGEIERKT7.2 MeV |, BE ~0.3 MeV
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CKM matrix elements: precision test of SM

CKM matrix elements are fundamental SM parameters that describe the mixing of

quark fields due to the weak interaction.

\
<
J

Cd " KVuquFf/'u‘.P\

5

s' |\ =\ V. VLV,
\b'/ _tc_z’_V_tS: tb

|5 CKM matrix

| BESIII + B factories +
) LHCb + LQCD

7

A

Three generations of quark? Unitary matrix? l

/7 )
\ BESIII + B factories +

- o
Expected precision < 2% at BESIII LHCb + LQCD

Precision measurement of CKM matrix elements
— a precise test of SM model
New physics beyond SM?
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Leptonic decays of D and D,

cd(s)

« Decay constants to calibrate LQCD
* [Visal test unitarity of the CKM matrix

|+

v 3.19 fb! data@4.178 GeV
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10 E

Number of Events

10!
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BESIII -

Average

PRL122, 071802 (2019)

PRD89(2014)051104R J
T

409121 evts 1136133 evts
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22
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Precision measurement of f,. and |V_]

Best results in a single measurement

Input fpr = 249.9 + 0.5 MeV from LQCD calculations

Input [V,.s| = 0.97320 + 0.00011 from CKM global fit

| . _ J ] T T T . | | I | T | | | T | T | T T | | T | T |
YTE PNV 20 :
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i 96910 FMILC(24+141)  PRDY8(2018)074512 249.9+0.4 .
FLAGI9(24141)  arXiv:1902.08191 [hep-lat] 249.9+0.5 .
CLEO PRD79(2009)052002, T,V 0.981+0.044:+0.021 kel
CLEO PRD80(2009)112004, T,v L001+0.052+0.019 b= HFLAV1S EPJC81(2021)226 254.543.2 ol
CLEO PRD79(2009)052001, T,v 1.079+0.068+0.016 i CLEO PRD79(2009)052002, T,v 251.8+11.245.3 ——i
BaBar PRD82(2010)091103, T,V 0.953+0.033+:0.047 HeH CLEO PRD80(2009)112004, tv 257.0+13.345.0 ——
~ ¥ o) . r

Belle JHEP09(2013)139, 7, v LO17+0.019+0.028 W E;‘I%(: PRDE0IOI IS TS —
BESIII 0.482 fb'  PRD94(2016)072004, v 0.956:0.069+0.020 e Belle JHEP09(2013)139, 1, v 261.1+4.8+7.2 HeH
CLEO PRD79(2009)052001, pv 1.000+0.04010.016 (=3 BESIII 0482 fb.l PRDY4(2016)072004. IV 245.5+17.845.1 ——
BaBar PRDS82(2010)091103, pv 1.032+0.033+0.029 el CLEO PRD79(2009)052001, pv 256.7+10.2+4.0 ——
Belle JHEP09(2013)139, pv 0.969+0.026+0.019 el BaBar PRD82(2010)091103, pv 264.9+8.4+7.6 H——H
BESIII 3.2 fb"  PRLI22(2019)071802, pv 0.985:10.014:0.014 C Belle JHEP09(2013)139, pv 248.8+6.6+4.8 et
BESIII 6.3 fb™ PRD104(2021)052009, pv 0.973+0.012+0.015 W " g —
BESIII 6.3 fb™ PRD104(2021)052009, T_v 0.972+0.023+0.016 bl BESIII 6.3 fb PRl)lflJ(-ﬂ-l.iU-‘_‘_(l(l ), uv 249.8+3.0+3.9 HeH
BES -1 PRD104(2021)032001, T,v 0.980+0.023:0.019 el BESIII 6.3 fb"  PRDI042021)052009, .y 249.716.0+4.2 A

SII 6.3 fb _ i ' e e e BESIII 6.3 fb-l PRD104,032001, TV 251.615.9+4.9 H-=H
BESlll 6.3 fb'l PRL122(2021)071802 t,v 0.978+0.009+0.012 | BESIII 6.3 fb.l PRL122(2021)071802, T\ 251.142.4+3.0 o
BESIII 6.3 fb™! u\-'|+ v 0.976+0.007+0.008 -| Combined BESIII 6.3 Th-l WV + TV | 250_@1,&'3_0 M Combined

| | | l l l 1 ] | | | | | | | | | | | | | | |
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100
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H.D.Politzer f1 “12%#i 1] ”

N PRL30, 1346 (1973) DB R D 20044E 1 TR K
e - (Bc, - 3c,)g(g/4m)?+ O(g?)

| +M. Appelquist, PRL34, 43 (1975)=>?
Z2ZH “12%HN)” |

“FRN” HIRA %ﬂil%ﬁéfﬁ?l‘ﬁitﬂ’ﬁ ,
NNFIHI AR AEAE |

lH

.

Q. = BlJJ (28)—>h W (@2S)>ete” ~12%
h
BJ/ W—h BJ/ U—>e'e”
v(2S)5I/yE— I EF R EETEARE, “12%HN]”
— M FE. BREAEBHER, PSR

SRR AN, T
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BESI studies of the

“14% rule”

RBRJ/vEv (28) BREPHRENAR

—> 16

VT 123 —
EPEQJ&%H —» 14
- 12

VP R

hpRE "
> 8
AP R, — 6
FHRE —
4

LRERSERMAEIR

[ <8 01,(1525)
: @ KK, '+c.c.
| ¢ 00,(1320)
| <o w f,(1270)
[ 0 un Ratio is defined as
i e B(w(2S)—> h)/0.14B(J/¥—> h)
I-G. K"K +c.c.
o o
L ——77
_ -7
- K,(1270) K @)
[ k,(1400) K <o
L | o 7f,(1270)
wn "
L ° ¢ £,(980)
o ppplamsalsw sl STIRETRCIR 1..b.‘(l112.“73‘?).'f‘...l|...
0 025 05 075 1 125 15 175 2 225
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PP
@ 13.8+1.3
T KK
—o— 9.812.8
ppr’
12.1+1.9
2(n' )
1343
.
I-.3-!5i1 4
0.13+0.03
pa,(1320)
| 2.3+11
BESII i
0 10 20 30
Q, (%)

AN ERS R EHEE

1. ZHT

R

/% é 12%#}[}"\[“ 2

2. B WM By (2S) 2pm,
KI5 AR
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tE “12%

AR B

3. HIXWE]y (2S) >KK; ,

X T

B

LTI

I

50 |



Jhv & v 2>ynd,

n&vn

:40
420

3 o

1 0.05 01 015 0.2 025 0.3

M(yy)

BESIII

i SERel T =%%s  PRL105, 261801 (2010)
0.4 o.|5 0:6 0.; 0.85 0:9 o..c|)5 1 1.05 Many more tests now!
M(nrr) M(rttm)
Mode | B(v) [x109] | B(J/y) [x107] Q (%)
yr0 1.58+0.42 0.35+0.03 45+1.3
™m 1.38+0.49 11.04+0.34 0.13+0.04
m 12649 52.8+1.5 24+0.2
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For a review, see hep-ph/0611214




Extension of “12% rule” to pseudoscalar charmonia

 Mauro Anselmino, Marco Genovese, and Enrico Predazzi, Phys. Rev. D 44, 1597 (1991),

“12% rule”
BR(7, —h) _ BR(Y —h) _ o0 i
BR(7. —h) ~ BR(J/$—h) QP= QV

e Kuang-Ta Chao, Yi-Fan Gu, and S.F. Tuan, Commun. Theor. Phys. 25 (1996) 471-478,

In contrast to Anselmino et al., we argue that, unlike the ¢, J/v case (2), the branching
ratio relationship for 7, and 7. to a light hadronic channel h is

BR (1. — h)

BR(p. = h) = Q°=1 (8)

* Qian Wang, Xiao-Hai Liu, and Qiang Zhao, Physics Letters B 711 (2012) 364-370,

BR(n.—2g) BR()— yy)
BRon =22~ BR = ). Q°=1.18+0.81 [PDG2021]
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* We should try to understand these puzzles.

Extension of “12% rule” to pseudoscalar charmonia

 BESIII with 10B J/y, 3B y’ events, Belle Il & LHCb with large B-decay samples, Belle Il with
more two-photon collision data will supply more information on these decays.

PP

ﬁfpf)

T KK

=24

pin’
2(r:+7:')7:0

R

Q, (%)

. K*K
. P MK2(1983)
0 5 10 15 20 25

30

le4 PP

1Y

— ] KRE

®

h—*———qnnﬂ,

1 KRﬂ

PP

1 KSKSR

[ ]

| KR3R

e TITN

e 2(1'M)

o KK

Anselmino, Genovese, Predazzi (1991), trigluonium-
charmonium mixing

Chao, Gu, Tuan (1996) : bigluonium-charmonium mixing
Qiang Zhao et al.,

e 1110.6235, n_ mixing effects on charmonium and B
meson decays

 1712.02550, Revisiting the pseudoscalar meson and
glueball mixing and key issues in the search for a
pseudoscalar glueball state

Qian, Xiaohai and Qiang, 1202.3026, Updated study of
the n.and n_/ decays into light vector mesons

Ying Chen et al., 2107.12749, the glueball content of nc

H. Wang and CZY, CPC 46, (2022) 071001 30



BESI| data samples

Data BESII CLEOc
Jhy 58 M =
v’ 14 M 25 M (2006)
v 33 pb? ~800 pb-1(2006-07)
Continuum |6.4 pb' (Vs=3.65 GeV) |21 pb-1 (Vs=3.67 GeV)
BESII A typical event
ST TG in BES detector
(2S)>J/ynt
op/p 1.7%/N1+p?2 J N - Y J/we‘ln;:—
GE/E 22% NE A o
ParttD | dE/dx+TOF \\ot/ I
Coverage 80% \\ I / —

L

 E—

BESIIZEPRL, PRD, PLBEHYI K R100R 5183 !
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RIEI & SirERZUS R I
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BESIISCIG 45 5

PRL84, 594 (2000)
PRL8S, 101802 (2002)

>BEST B4 PR ENG.6%, 1
EHEANERE X SRR T 2-3(%

>3.7-4.5GeVREE BT B FFG gH a3
RARE Be X ILIR S 10 56 iE b

BESﬁf)R{ﬁﬁkﬁ-xﬂ"f&fﬁ#ﬁi1+fﬁ-€rfl7ﬁfﬁifikk&d~~
» Olggp (3) >a
BESSEH B : (@ (M) = 128.902£0.090 BESSE B R |4 = (096.715.6)x10™

A} (M2)=(280+7)x10"" \

\ — BESSEHS Ja : | 4% = 4+10 0
BESSLIA 5. (@™ (M;)= 128.94510.060\ - a:m i6f4‘105)><1010
Al (M2)=(2755£4.6)x10" ai —a, X 22 )x10
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BCSII R{EM = @BESIII

PRL 128, 062004 (2022)

R values @ 14 data points from 2.2324 to 3.671 GeV

7w MEMBALE L f L] 1IREN
S HEAR ) E KPR ;_,+____+____+__T_+.-+__+_,T_+__+__+__+__y-L__ﬂ-._.a____i;,-#*- TN
- T P T

F ‘ e BESIII (this Letter ® BES 4 CrystallBall

oE .- ’ sofe « o - wkEDR « MARK.I ¢ PLUTO p_(;icrtmrqu and '

oo 0 ey e ————" - 25 T s 35

2 25 3 ECM(GeV)&s 4 45 .||'§ (GEV)

 The accuracy better than 2.6% below
HFNEEE 5 ~100,00058 F =4 ! 3.1 GeV and 3.0% above.

Larger than the pQCD prediction by
2.7c between 3.4 ~ 3.6 GeV.

EEBESIIFE E B E 1-21E~2-3%
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additional channels
<1.8 GeV

7T7T7T7T

7TT7T

IF P

45

40

35

30

25

IR | Lo
0.6 0.65 0.7

Muon g-2: BESIII contributions to HVP

all channels

> 1.8 GeV all channels

>1.8 GeV

Uncertainties

additional channels
<1.8 GeV

contrlbut|ons

— BESIII fit
—4— BaBar
—+— KLOE 08
—4— KLOE 10
—+— KLOE 12
—4+— BESIlI

2.9 fb! @3773MeV

0.75 0.8

Vs' [GeV]

Lo
0.85 0.9

Great achievement with coming

10°

102

10

olete” — i x?) / nb

’ e + 0 i BESHI Preliminary 0 0 {  BESII Preliminary
= SND SND
F l Il R I CMD-2 <40 T[-?Tl: mn I CMD2
}l i i DMm2 ~ - I GGz
BaBar 5;\ : ACO
. % 30 L“;N
BESIT | ¢ e
120
il *b i bt BaBar
.4 i it -li T 10
[ ?:
‘ . ‘ LU H 0 . M‘;—__
. 20 2.5 30 15 20 25 3.0 35
Moo [ GeV Mﬂv" gt [fr GeV
——— CMD-2 03,06 372.4 +3.0
. SND 04 371.7 +5.0
. CLEO 18 376.9 £6.3
— BaBar 09 376.7 + 2.7

—— B&SI

KLOE18

avg. of KLOEOB/1 /12 966.9 +2.1

BESIII 16

368.2 +2.5 £3.3

BESIII (Updated) 368.2 + 1.5 + 3.3

360

ey BESIIl (Future) 368.2 +0.7 +2.2|
L1 I T T T I T T T T T T T N T T T T T T T
65 370 375 380 385 390 395 400 405
at2(600-900 MeV) [107"°]
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FTHIER ? IR 2T
<

<

&
SM: e+e- HVP
T.I. White Paper
(2020)

Selected new results
since White Paper (2020)

SREREQCDITE
I mEsEQCDITHEID
5.00 >
—e—
Significance will likely decrease Fermilab
with an updated SM prediction (202 3)
510 b
+—o—
Fermilab+BNL
(2023)
!
SM: La ce HVP
BMW Collab.
(2020)
@

SM: e+e- HVP
using only CMD-3
data below 1 GeV

17.5 18.0 18.5

19.0

19.5 20.0 20.5

a,x10° - 1165900

21.0
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BESTH R value and (g-2),

R RITERNERAFENRS ?

L
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LQCDHY

5 - before CMD2

. | ~ cmDp2 :
— K?LOE comb
. ——  BABAR
. —= . CMD3

' . " v . v
| . i [ '
1 I L1 1 |} I 1 1 1 I L1 1 1| I 2 B ] I L1 1 | I

ZEERATEES ?

&

RBC/UKQCD 23
ETMC 22
Mainz/CLS 22
ETMC 21

BMW 20
RBC/UKQCD 18

Colangelo et al. 22 (R-ratio)

360 365 370 375 380 385 390
a™™ (0.6 <(s<0.88GeV),10™°

230 235 240

W
(IH

N

in ol | OlU

BT EZITENERSLQCDZE
HNESFXBAR WQCDYIR ?
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X(1859) in Jlw>Jlw>vp p

Assuming J** =07":

N =928 +57

M =18597." ) MeV

'<30 MeV @ 90% C.L.

B(J/y —>yX >ypp)=
(7.0+£0.472)x107°

Evts/0.005 GeV/c?

The nature of the
structure is unknown
and there are many
possibilities.

PRL91, 022001 (2003)

Weighted Evts/bin

150 =

—
o
o

800

400

50

N -

BW(M) ~ q(2€+l)k3

(M?—M3)*+M:T?

Background /
Efficiency curve

0.00

0.10 0.20 0.30
M(p p) - 2m, (GeV/c?)

41



EVENTS/(40MeV/c?)

EVENTS/(20MeV/c?)

— N
o (o) £
o o o

o

120

o
o

N
o

o

J /!y —yn' T PRL95, 262001 (2005)

X(1835) |
— Fit with BW + polynomial

backgrounds, considering
mass resolution.

Statistical significance: 7.7c

1.4 2.2
M('tn’) (GeV/c?)

Mass res. ~ 13 MeV
Efficiency ~ 4%

N, =264+54

M =1833.7+6.1+2.7 MeV/c*
'=67.7+20.3+7.7 MeV/c*

1.4 2.0 2.6
M(t ") (GeV/c?)

B(J/y = X)B(X »>n'nn)=(22+£0.4+0.4)x10™"
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Events/(0.02GeV/c?)

BESII

Phys. Reuv.

Ji2

(b)

o
A

F— R BT E{EES

X(1835) observed id /1) — ynp'm T~
TLettl. 1Q6, Q72(_)02 (2011)

225M Jhy

M= 1844+ 9*18 MeV/c2 M =1832}1°+]% + 19 MeV/c?

= 192+20+62 MeV/c? =13 + 19 MeV/c?

(< 76 MeV/c2 @ 90% C.L)

0 14 16 1.8 20 22 24 26 28

Z
(=]

Events / (10 MeV/c?)
2

3
S

0 L
13 14 15 16 1.7 18 19

M(mt ) (GeV/c?)
- ——— . | Connection is emergin¢ 1.3 B J/y
C 1800 4 jﬁ(lobal Fit B -
xM o PRL 117, 042002 (2016)
- W o o Eescnant |
. 3 - pp threshold _|

ek s, 1 Model 1: Model 2:

P 1 Flatte lineshape Coherent sum of X(1835)

1 with strong coupling to pp Breit-Wigner and one

| and one additional, additional, narrow Breit-
narrow Breit-Wigner at Wigner at ~1870 MeV/c?
~1920 MeV/c?

2 21 22

M (GeV/c?)

Solutions support existence of a pp molecule-like (broad with strong
coupling to pp) or bound state (narrow below pp threshold).

2500 TT T T[T T[T T T [T T [T T [ TP T [T T[T [ TIoT[TT

3

g
(=]

[ T T T T i
FoeT ] = Global Fit 1
S A T A I TS f (1510 B
2000 — 00l ] --- X(1835)+X(18767
r 3 ---X(2120) 7
i + — Non-Resonant |
r $ ] B Background |
L o
|IB 1 ; 1'9 1'9!

Events / (10 MeV/c

-
A

Y

X(pp) observed in J/y—>ypp

PRL 108, 112003 (2012)
PRL 115, 091803 (2015)

700 ne
<3 600 _:
-

[*]
)
)
S
()
=)
g
-
m T LTI I ; =
0.0 0.1 02 03
2
M 5-2m, (GeV/c?)

—+—Data

,,,,,,,, pp threshold ]

0 L
13 14 15 16 17 18 19 2 21 22

Mt (GeV/c?)

What will we find in 10 billion J/\y events?



BEEBRBEHREMA IR TFFIHETS

v ERFISE
@ ) v BEITEEAREAR
nrons I v RBRETIVETFETFEEDITEIL
a9 gq9

qq Mesons R Each box corresponds
: id to 4 nonets (2 for L=0)

(c) d
0 » '
hadrons hadrons 2.5 l—l 0-+ I
_ __ il D ¢+ | |27 8
o o099 = \“
1--
1-+ «—— exotic

S B

2.0 [ 5
F(J/ = 7G) ~ O(aa?), T (J/9p = vH) ~ O(aad), it @ I 5
' " 3 1+- nonets
F(J/y — M) ~ O(aas),T(J/¥ = 7F) ~ O(aay) = ] Ty .
e - /4 tlhg ) e L/ ) Ll o 1.5 0 0+- Latt|ce
oE 0-+ 1-+ 1.9 GeV
0++
1.0 l
J B . 0t+ 1.6 GeV
° *&Eylﬁt ) T -

> (MBEE) 2ikD
> -0 aF - BMROTIERQCD
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0+ o+ 0 e0", 2" : IBEES
Jy—yPP /W VPP
eJ/ U= w/Pd + X
Jy—yWV 00 : 2 GeVLl LEinEit,
J/y—yPPP ®J/y— yPPP
J/y—yPPP ®J/ Y=y vy V
P o1 FIFS

e/ U= ynn F
Flavor Filters:

J/O=>vX>vyV J/b->w/d + X Anti filter:

100{2)/ w3012y (2S) /9 s IFRIF1RML 7 EKHYRTBE

X (2370)
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The scalars

f,(600) or c:
f,(980):
f.,(1370):
f,(1500):
f,(1710):
f,(1790):

PLB 607 (2005) 243
: et PLB 603 (2004) 138
K K. o PLB 598 (2004) 149

ok o oo, 3 PRD 68 (2003) 052003
R TR Ry i A T S PLB 642 (2006) 441 4

ot /KK Mass (GeV/c?)



Events / 0.020 GeV/c?

Events / 20 MeV/c?

Pull

N
o
o

150

-
o
o

a
o

6000 F
5000

4000
3000
2000
1000

AR ona

Phys. Rev. D 87, 092009 (2013)

PWA of J/Ay2yMn/YK K"

F I
| l 1 Resonance Mass (MeV/c?) Width (MeV/c?) B/ — yX — w) Significance
o I ]
5 b | x¥nbin=1.72 1 [fa(1500 1468714423 1363313 (L6SHE0YX 1075\ 8.20
F i 1 [f,1710) 1759 + 6714 172 + 10732 (23570812 107+ / 25.00
: PWA of JAy>ymn § f,(2100) 2081 = 13+ 27132+ 00 (11310904068 X T0 1390
o | 1 151529 1513 + 5%4, (AN (3421084137 X 107 11.00
r . ; " 1 £,(1810) 182213166 22913218, (5.401280+342) X 1073 64a
B l I T —
Y LAWY 7 [£2(2340) 2362730710 33484180 (5.6070:62+237) x 105 7.60 )
Fog T }T i 13t i =+" ]
Y L. l . I’l e, #3
1.5 Iy 2G VI 2.5 3 Resonance M (MeV/c?) Mppg MeV/c?) T (MeV/c?)  Tppg MeV/c?) Branching fraction Significance
m (GeVie) K*(892) 896 895.81 4 0.19 48 414£06  (6287015°0%) % 10 350
Phys. Rev. D 98, 072003 (2018) g (1270) 1272 1272 £7 90 90 + 20 (8.54+1074235) 5 107 160
s £0(1370) 1350 £ 9712 1200 t0 1500 231 +21+28 200 to 500 (1.07+098+036) » 10-5 250
] ‘ Fo(1500) 1505 1504 £ 6 109 109 £ 7 (150X 0N 230
- i 1(1710) 1765 + 27 172372 146 + 37/ 139 + 8 (2.00 0 0INGT02 ) > 350
= PWA of Jy>7KLK, Fo(1790) 1870 £ 713 e 146 + 1477 . (1111087012 x 1073 246
3 £0(2200) 2184 + 5% 2189 + 13 364 + 974 238 + 50 (2.7210884017) 5 10~ > 350
3 £o(2330) 241141047 349 + 1842 . (4.9570214086) 5 10-5 350
SN £,(1270) 1275 12755 + 0.8 185 186.7+22 (2.58+008+059) 5 105 330
E / +6 +0.03+0.69 -5
2 »L{HHF " #+|+_ dod JJJ h Bt i{ﬂw, 4| f2(1525) 1516 & 1+ : 1525 -|j-:5 05 75 41 :t+118 73;570 (7.99;%2:% g ) x 1075 > 350
EOHECI T T (20340 2233 4347 23457, 507 £ 3710 32270 (554701 510 260 |
T 12 14 16 18 2 22 24 26 28 & O PHSP - - - (185 005 0a8) X 10 260
Mass(K.K.) [GeV/c?] 2+ PHSP (5.737050+418) 1075 130

——
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BESII

Scalar/tensor glueball candidate (077/27)

Decay rate of pure glueball from LQCD:

D(J/¢Y = vGo+) = %a%lEl(o)P — 0.35(8)keV L'(J/¢p — vGat) = 1.01(22)keV

/T = 0.33(7)/93.2 = 3.8(9) x 10~* T(J/¢ — vGat)/Tior = 1.1 X 1072
CLQCD, Phys. Rev. Lett. 110, 021601 (2013) CLQCD, Phys. Rev. Lett. 111, 091601 (2013)

Experimental results from J/y radiative decays to scalars or tensors:

>B(J/y = v£,(1710) > yKK)=(8.5732) x 10~* >B(J/y > y£,(2340) > ynn)=(5.607362 *2:37y% 10>
>B(J/y > y£,(1710) > yan)=(4.0+1.0)x 10~* >B(J/y > y£,(2340) > ydd)=(1.91 + 0.147372)x 107+
>BJy 2 yf,(1710) > yow)=(3.1£1.0)x 10™* »>BJy 2 1£,(2340) > YK K 0)=(5.541535 1328)x 10~

»B(JAy > v(1710) > ynn)=(2.35X0.13%554)x 107*
= BU > yf,(1710) > 1.7% 1073

f,(1710) / 1,(2340) : candidates of the scalar/ tensor glueballs ?
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v decays

+y"(3770) is above the open charm threshold, expected
decay predominantly info charmed mesons.

*However, old experimental results indicate big charmless
decays [11 6nb for c(e+e->vy"), 7.1nb for o(e+e->y">charm)]

« Search for exclusive decay modes
« Transitions to lower mass charmonia
*Decays to light hadrons

* Inclusive measurements

Low mass

charmonium? ,
Ligh‘l‘ hadrons? « Total D cross section

«total hadronic cross section
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Observation of y”’ 2> nJ/y

Nobs =17.8+4.8 < . |
bke = | . :
Nsi gnal_ 6.O_|_|___ - = 25 Blank: e'e’ -
RIS S I Shaded: pp —
g 20 ]

BR=(0.34+0.14+0.09)% & |
['=(80x=33x23)keV 15 - -
10 - ;

First non-DDbar decay of v

Agree with multipole expansion -
— Kuang: PRD65, 094024 (2002) :

Confirmed by CLEOc later 0 il

— BR=(0.1890.020%0.020)% Fitted mass (GeV/c)
[PRL96, 082004 (2006)]

PLB605, 63 (2005)



Search for inclusive v’ charmless decays
............................... . | | |
CLEO: o o o0t | 45 b YOO
PRL95, 121801 (2005) | P O —

PRL96, 092002 (2006) | BES2(Single) === === T E 35 FE R omeet e R
BES: BES2 (Double) +—e—i —e— — ;:‘ s b :
PLB659, 74 (2008) ouble)  w . 25§ oL T3 L PhE
it G I LT BTl g S5 S S e P
PLB603,130 (2004) | ™% T T T s e

14 0 1 2 3 4 5 6 7 Fom [GoV] '
c(e"e™—DD) (nb)

CLEOc: BESII:

R valuesat3.671and 3.773 GeV = R values at 3.65, 3.665 and 3.773 GeV =
ole’e” > ') =(6.38+0.08"% ) nb B(y"— non—DD)=(14.5+1.7+5.8)%
o(e‘e” — non—DD)=(-0.01%0.08"3,) nb| Cross section scan around y" peak =
B(y'"'— non—DD)<11% @90% C.L. B(y"— non—DD)=(16.4+73+4.2)%

16 (o) ' T T Leading particle momentum =

|« YW(3770) Data

- == QED + J/3p + Y (28)
~<| == Scaled qq
= DD MC

iy
\¥]

B(y"— non—DD)=(15.1£5.6+1.8)%

DDbar x-sections agree

Non-DDbar: not inconsistent

| (interference important) 51
Three BES measurements give similar results.

o

Fraction of Events / 0.01
o
[09]
\




B'ES]]I Observation Of \lj” eKSKL 5KkfH18%%, to be submitted

S —+ Data —~ 0.9
o — Fit resuit -g_ +
- 5[] Qir__}!'!::.l — 08 e asctibn .nucE" E
E _:_- ;WCEE C’!‘: 07 — Fit curve: Total 1 2
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é 40 ! X 06 ft ¥(3770) G
hT - -\ [ T N e Fit curve: continuun
30 , .T 0.5 e
_ R
o 04 \+\!
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q —— Fit result 174
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U}J 10
= =171
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1 169
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G (e'e—0n') (pb)
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—Total fit
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AE 5 IE 7 B X LI (BEPCIT) A

« 2008-now
« Ecm=2.0-4.95 GeV

L__.=1.0x1033/cm?3s

peak

(Apr.

5, 2016)

54



55



BESIII Yellow Book (2009)

Light hadron spectroscopy

— Full spectra: conventional/exotic hadrons QCD
— How quarks/gluons form a hadron? non-pQCD
Charm physics

— CKM matrix elements = SM and beyond

— DD mixing and CPV = SM and beyond  hep-ex/0809.1869
Charmonium physics IJMPA V24, No 1 (2009) supp.
— Spectroscopy and transitions = pQCD & non-pQCD

— New states above open charm thresholds = exotic hadrons?

— pQCD: “pn puzzle” =» a probe to non-pQCD or pQCD?

T physics, R values and QCD

— Precision measurement of the tau mass and R values
Search for rare and forbidden decay modes

Precision test of SM and search for new physics
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BES(lIl) Physics Programs

2ES,

B (looks like DD for D or charm physics)

E (looks like cc for charmonium physics)

S (for light hadron Spectroscopy)

T (for tau physics, looks like a Roman number “lII”)

+ New Physics search
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BESIII commissioning & data taking milestones

Mar. 2008: first full cosmic-ray event

April 30, 2008: Move the BESIII to IP

July 20, 2008: First e*e” collision event in BESIII

Nov. 2008: ~ 14M y(2S) events collected for detector calibration

April 14,2009 ~107M y(2S) events collected (x4 CLEOc) [for physics!]

May 30, 2009 42 pb at continuum collected [background study]
July 28, 2009 ~224M J/y events collected (x4 BESII) [for physics!]

|
BESH 4 N If _ Rung8198
$ "Gl Event 1066046
i %
R - sl
= ® 3 ?’/ N
$ v S
v
i N
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BESIIlI data samples on tape

;I | | | | i | | El
- " ¢ U, d, S 1 . ]
- I 3 loop pQCD -
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- P o .
i R ————— ._.*l@..ﬁa—lﬁ:.o..- G AaEaRa X x g %y ]
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Integrated Luminosity (pb™)

BESIII data samples for XYZ study

—
-
w

—
-
N
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o0 _

—lllll

st i SN LA

1 I | | | I |
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BESII| S{EZYIRTIEE S |y

summer 2010.

Above open-charm

1. Better resonance parameters

2. New charmonium-(like) states

Below open-charm: Spin-singlet states:

1. n.— high precision resonance parameters

2. h —resonance parameters/production rate

3. N.(2S) — missing radiative transition in y(2S)
pQCD rule (is 1t really a rule?)

Other new phenomena (chance for discovery?)
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Search for 1 (25)

OK. We search for n_’.
If no signal observed,
we can determine the
BFs of y; decays.

12.5% bins) (xI102)

.

dN
ESE

C allng
Sept. 1994-Jun. 1997, PhD student of IHEP

Nev. 3,1995 __}) A

hadrons

hadrons y* radiative

hadrons

JPC = ot 1-- o+t - 1++ g+t
e i ¥=rL
A PP M T HEEABE . o 0.0 L 1982, candidate 3590 VeV | 4EEDIE (| r,ﬂq[ci.;}_,)
e et P, .
2 ROR)  Elo about 30 signal . AFamiE, (V77 Do) Prof. Zehui He
Sl %&1%%*., AL inclusive Fo exclusive ;

GBI, ) My PhD supervisor




Search for 1 (2S) & study of i,

Only 36 and 20 1 (2S) signals 1in 8 searched modes

Discovered 9 new decay modes

Measured 29 y ., decay BFs

Measured width of

Entries/10MeV/c?
-~
Q

(4]
. T v . .

Q333 54 35 38 a7

F-3
Q

KK +c.c.

s/5MeV/ic:

30

Entrie
Entries/10MeV/c?

LN
Q

[y
Q

5 R T bl | -
45" "33 ) 35 36 37 4
GeV/c? GeV/ic®

C. Z. Yuan, PhD thesis, 1997
BES: PRLS81, 3091 (1998) & PRD60, 072001 (1998)

63



BESII

j—

Events / ( 0.005 GeV/c?)

—
=

TTTT

Y

S E
-

I:I%,IIII

=

v'2vn. discovered at BESIII

Statistical significance >10c BESIII: PRL109, 042003 (2012)

p—
T T
I

T T T T | T T T T I_
—+data (KgK-n*

L

— fitting results

- o

-rk'

background

)

m

KIKen (

Events / ( 0.005 GeV/c?)

T T T | T T T T I T T T T
~—data (K'KT) 3
— fitting results 1
= L
— TlﬁIr
---- background

.....

6 37
My (GeVIKY)

Liangliang Wang
+ Hu Liu, Ling Yu

Observation in K,K*r+c.c. mode, evidence in K*K-n® mode

127 observed signal events

18 years of effort

B(y’—>yn.)=(6.81+1.1x4.5) X10* [theory (0.1-6.2)x104]
From BESI to BESIII — 3 generations of detectors & physicists,

Results from 2.7B events released recently: arXiv:2309.14689
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E R B EF G LS

B HSER(FRAEN , S EFEMET | HTARERNESF | SAFYER
NeRZ—, BREEFH2NSRE (NF) 8315 ( BF ) Hik , FIOTRHIFER 7K.

BT, DT BS e el R I Aore

AERDS H-TE 75 OERS
d(ju '
b
SFS BIRTS 15823

BEPCII/BESIII 336 NS F IR SR EliE 7 514
v 8B& = 2-5.6 GeV , L=1x1033/cm?s , 2008-2030

=1 S S ER
> NSEMERFER , SESIFERFS , FAAREEES. ==K
> SIBISHHRESES | BEfa(ERANS=ZEANE
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ZFSCUS I : 7EBESHISRXYZRITF

GeV 4 What are they ?
Z(4430) /.80 @
Z(4250) 48V @
Z(4050) 3°D,(4.52)
33,(4.45)
a40L T
X(3872) 230,4.19) %‘I-D_zm_z” 2302{42”2305{4.22]
XYZ(3940 3 t4.oe}3_._.glf"' o) 1%F,(4.09) 'Fy(409) PF3(4.10) *
( ) 400 '__j——’/”””’z' (3.96) 2'P0(3.92)23P1 (3.95) ?szfs.sﬁ) .
X(3915) 13p,(3.82) —_— N& 3.84) 1°D,(3.84) 1°Dy(3.
X(4160) RN (535 , .
Y(4008) 3.60p777 s o caamy A3 Lrasse) Charmonium?
igjégg% | T Hybrid?
Y(4360) 3.20F i Tetraquark?
X(4350) Isgzen™ Molecule?
Y(4660) ogob—t—u 1+ 111
0 | I O 1 2", 27 27 3T 3 3

Godfrey & Isgur,

PRD32, 189 (1985) 2011 4E 2 E S EE T BIXYZKI FAf 53! "




EZINX(3872): E—XYZHKIF

PRL91 262001 (2003)

140/fbdata | — L~~~ T~

300 . _

- w3 ; :

> [ i 1l -
S 200 - e B $ t —
! e B
o B o e ey s me - | _
o B _
C 100 |
o i 35.746.8 events (10.35) |
TR . |
D | I 1 n’_rl-rIJV | 1 1 1 1 1 I 1 1 1 | 1 1 |

0.40 0.60 0.80 1.00 1.20

M(r*d/y) —M(J/y) [GeV]

M=3872.0+£0.6+0.5 MeV, T"<2.7 MeV
B(B* ->XK* »>an"n"J/ YyK*)

=(6.3+1.2+0.7)%
BB >y ’K* >xn'n J/YyK") ( )
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EBESIIECLS RIS

Sikete > i )/W B )/ PRYTIRZEN ((TEEESSRR(EE ) |

o(e’e” — J/yntm)(pb)

1 1 IS.ZI 1 I5.4I
Ecm(GeV)

'}

b

%wwmmw*ﬁ

Hiﬂ

e o(ete - ntndly) ~ 4.26 GeV BHEITKX
¥E45 KFAES00 pb1 #iE

O3RN,
|~1500 E

)I—}

- Bfi RS

\-I-I?I

* ﬁiﬂﬁ XLI)I-\IU

=0, 299B9

(]~ 3 1%

45
E.

- (GeV)

5

5.5
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BESII_ERI#EIERE

Integrated_Luminosity

5@57(—3095%1% 027 525 pb! |
ZE CLEO-c #iERY40/Z!

Al

Luminosity tpk™12

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
el B e A S e S e e e
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
e e e e e R S b S R
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

- BEPCI =179 =68EE, Loeak ~ 5- 3x1032/cm?/s | FFEFE !
« BEMS _J#EE%&J%F'?IU?%E 0.01% Kﬁﬁfﬁﬁ !
- KAIE. KIEE , i FRNERASIRE!
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Events / 0.02 GeV/c?

— o

g/
M. T

3233343536373839 4 4142

M+ Jiy) (GeV/c?)

32 33343536373839 4 4142

M Jdiy) (GeVic?)

—
”: 1 BESIIT: PRL110, 252001 (2013)
- 17TE
1.2F 6 3
1t 15F !
0.8F 1aE
0.6; 13§_ o
0.4F 12E
0.2F 112_
T T T T B -2
4 001712 13 12 15 16 17 18 10
M?(*Jhy) (GeV/ic?)?
C Data i + Data C
8oL —Zz00)MC S g0l \ —zpoome S 100 MO {
L \ .Sideband 8 i .Sideband 8 i —Z,{3900) MC r*::
: * ol . \ ! 80  [f] Sideband y ;
60+ . \ S 60f I o NN
i R N T \ o i e O 60
40 3 - 40f >~
i i £ 4 2 4
L O - QO r
20f z 20 5 200 H
0 0 0: i
02 04

06 08 1 12 14
M) (GeV/cd)
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BESII & I

3 X R(BERITFZ,(3900)

Events / 0.01 GeV/c?

3.7

1002— @‘
" Q0

3.8

3.9

Hom 20133 H26H | BESIII/EH’IE
~eogone | 4 B A R I T Z,(3900)
S Exﬁiﬁﬂﬂww?,ﬂ&
FEERERNMRRBE =AW
EMBFHEEHME R ETSR,
:-E/_-I__\/E:\EPK/J\E,E )L/|\7.,§§ ,

MEER R RKHI T Ky — R

4.0

Miax(2J/y) (GeV/c?) TR T
6H17H, %IMZ.(3900)8YiL X7 (B ITFIRIRIR) &3k, FEmIBHER,

R"TWA “Sr

JL

£

AR &/ g “FiR TR R TR
9:_

—

SRR BiEe; (BAR) *EX
BYIRTRNKRT HRHRSIRE.

BESIII: PRL110, 252001 (2013)
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v

XEYREFSE (MB) XELH2013EEFBEFEMN+—IREE/RE |
RIS YR (uFIEE.

Notes from the Editors: Highlights of the Year

SLAC Inspire : 1044,X8|H
BESIIZ| AZZHXE !

Published December 30, 2013 | Physics 6, 139 (2013) | DOI: 10.1103/Physics.6.139

Physics looks back at the standout stories of 2013.

RINZ (3900) I NIEFERIFRAEEHARIAMII2013FE "FEER

EEFEREFAIEI

"JCIE NI — R S =/ DANSRAYHRERALF" NIGRHXERETIHY
2013FE "FRERFTRKHE"

NiEFREE "+ ZRH" 25TREARRH ARSI E

NIEFRIBE "R RA0F40IRSEEARRHR AR

Detector experiments hunting for rare events can go years and never see anything out of the ordinary. So it was cause for excitement
when IceCube, a giant neutrino telescope at the South Pole, reported the detection of two neutrinos with energies of around 1000

72



A
A
X

) 20214

24

EMRIRIER

I
inl

S ES PR
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The 100th Anniversary of the Founding of The Communist Party of China

ERIEGEBFIHEN:

AHBENEREER TR
—{\ ,* \ TR o = ;' s e

L
: 0 B 0 9 R L 30 F SR
' B
"EFALTHED 19845 10A7A
5 - BEBEDENH"E HLTE
v @rEnTER
E¥7TH218
200480 | (v
‘‘‘‘‘ 2008 7R 198 M
2013%37 ¥

o “BUEEOEE"
0055 " BEPC L

[4 1988 10A 168

je 2003838128

je 20008 7AI7E

e 201684858

w AFERE BMHRIER

ar=ic

19844 10RA7H

JLFIE A TR E LR L 8)
LN EERHERATRAALE
KE.

19905 7R 21H

tEEABRFHEN TEELTE
F A, TR 1990 F FEF B F

2004 £ 47

BEPCI FF T ik, TEEIE
“—HLFA A RN, R T e
M=, ®ETakEmExE
AR FANEK,

20085 7R 19H

BEPC I i &8 Sdb it (U Be &
Bt WS T Eas
N AER, RS & BEPCT
B EEERER.

2013F 3}
ERE=REANTR YR,
AEXEWEZSFERERR,
fryIEE.

1988 10 A 16 H

AR ER S FAHENEHIE AR
%ﬁ#ﬁ"‘

2003 3H12H

FEFRITENTERZRTET
(R EFTELTHMhER SR
FEMEFHENEXRESE LR
(BEPC I TR B B P HiF T aE ).

2005% 7 A

A E R FHENL— IR
BiEdy, FILET, W TETEETF
IAGRHE

2009 7H17H

BEPC TEBZEZERIL. &
W& R<il#4,BEPC EFH E A
FTEEEN— e,

2016 4HA5H

bR IE RSB F SRR
B 1 % 10%em™s, i S B M X, A0
REIR BB AT AY 10045 .
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Z(3900)BIRRHA? 11

R S L L7 | -\\
ren =5 OO B 0™%37 38 39 40 : s
¢ %’: g"f[ _t E,‘J ﬁ E ﬁ:l =M= 'fﬁ a1 GV T Vo) (@oViEh
3 ::_ i Dala _  M(Z{(3900)=3804.6:4.6 MeV
SEMAEE, —ERREANT "
e /& , —ENBBUINTFE

¢ BRE? SRMN-RERMNUSER?
Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc.

e D D' 9F75?
Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014)
Phys. Rev. D 89, 074029 (2014); Phys. Rev. D 88, 074506 (2013); etc.

e MISBERFAH? AeENN? HERMMN?
Phys. Rev. D 88, 036008 (2013); Phys. Rev. D 91, 034009 (2015); etc.
s MEEZMEERTTMER [Py, png, -]
« SHEEMIFKERRA

vents / 0.02 GeV/c?

T
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BESII

Z_(3900)HY

HEFFR=1+

300

250

150

100

EVENTS /0.02 GeV/c?

. T S-wave Jiy
£,(1270) Iy

e ZaW

wE 4.23 GeV
1092/pb

.
=)
=}

300
250
200

100

EVENTS / 0.015 GeV/&?

0.8 1.0 12 32 34 36

T nEEey o | o TEXERAIREL, Flatte

- L

S

- JP=1+ Lt 0-, 1-, 2-, 2+
S ERREREFT To.

- EfEHEIRESENE

My (GEV/EY)

200

180 F
160
140
120
100 -
80
60
10E
20F

EVENTS /0.02 GeV/c?

—me—. T S-wave Jhy
£5(1270) Ty

() v T
0.2

160
140
120
100

EVENTS / 0.015 GeV/c?

Featured in “physics” :
Filling in a Tetraquark’s Profile

=
STE

S5 SER

—— T S-wave Jiy
180 oo E(1270) Ty
- Z%n* (d)

=
....... 2L .

3.8 ~ 24.2
My, (GeVic)

75
PRL 119, 072001 (2017)



BESIT e*e - 1 Z(4020) > w*mh (1P)

LU AR BRRITZ,(4020) ! PRLILL, 242001(2013)

U 120

- i <

3 100F = Simultaneous fit to

R S

= g0l g 4.23/4.26/4.36 GeV data and

— _ -

Z T S 16 n, modes: 8.9c

z ﬁﬂ; E

= 40 3 _ ?_.—' 2

Vi (GEVIED M= 4022.9+0.8+2.7 MeV
20
' ['=7.942.742.6 MeV
T =l bl

- = — RSB R
P95 400 405 410 415 420 425
M,, (GeV/c?)



Events / 0.01 GeV/c?

Events / 0.02 GeV/c?

Events/(4.0 MeV/c?)

Z.(3900), 2013

o —+4 Data
100 C %S m — Total fit
L ---- Background fit
80 - PHSP MC
- Sideband
60~ + =
s0f HHF
r + ; “1*}-‘.5‘.‘““;&-‘“’&-_@ .
20} T
0 *

3.7 3.8 3.9 4.0

-4 data
— Fit
— Background

1 D
60 L A2
d srure

50

40f
30F
20F T
10k

--=: PHSP MC

Muax(mly) (GeVic?)

39 3.95 4 4.05 4.1

M(DOD % -) (GGV/ C2)

PSS I SR B
37 38 39 4 41 42

The Z_ states with u,d-quark

Events/(0.005 GeV/c?)

Events / (2.5 Mevic)

Z.(4020), 2013

120}
100
80
60[f
4op M, (GeVi)
20- BESIT
RAER 5, e L
o5 200 405 410 415 420 425
Mn,h[Ger’c')
80 ——data  —-Z.(4025)
70F — total fit - comb. BKG
: ----- PHSP signal
60|
: ws -
501 9
: S
401 + BESTT |
(e
30F + <
8
20 3
i)
10} 5
O

M(D*D*-) (GeV/c?)

402 404 406 408

30

20

Events/0.01 GeV

)
S
=)

500

Z (4430), 2008

All are observed in

| m+charmonium (J/y, h,
| w(29)) final states,
| candidate cc du

\ tetraquark states

4.8

=» Existence of states

with d-2>s?

1 =% Search for states

decay into K*J/y,
D*D, + DD*,!
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M?(K*Jhy) (GeVic?)?

ete - KK~ J/w ete - K*(D;D"+D:~D") BT = J/w¢pK+

22

(o)}
N
o

T T ~40r % 700
5=44-55Gey 1l <, [Vs=4.681 GeV : "
20 — Ny [ . S 600 E
- " ER Zof BesT = ol
sk ] > | §E
L - "] C
- o 1] 220f S 400
16 | e g = | S 300 F
[ | 1132 n [ .
4k N ] = 10} 200 F
: R0 T 2 | 100 f
12 [ I I B B R A i 1) m 0 DL - A ‘: A " o
12 14 16 18 20 22 4 405 41 415 3.6 3.8 4 42
ME(K Jhy) (GeVic?)? RM(K*) (GeV/c?) M [GeV]
PRD 89, 072015 (2014) PRL 126, 102001 (2021) PRL 127, 082001 (2021)
No significant signal in Z.(3985)in D'D,+ DD* mode! Z.(4000) and Z_(4220)

K*J/w decay mode! in K*J/\y decay mode!
Y Mass (MeV) | Width (MeV) VR

Z.(3985) 53c 7?7 39825738 £2.1 12.8%33+3.0 | Widths different, may
7.(4000) 15c¢ 1+ 4003+ 677, 131415426 not be the same state!
7.(4220) 590 1+ 4216424133 233+ 52177

(statistics low!)

Do their isospin partners exist? May BESIII see Z_, in e'e 2> KK J/y? 78




BESII

PRL129, 112003 (2022) e*e™ —» K{ (D D*" + Di~D")

Evidence for the neutral Z.(3985) & Z.(4000) = {si&%

o ot BY s JhppK] arXiv:2301.04899v2
Sideband Non-resonant proceiss ----- D**D
:2_ (a) Vs =4.628 GeV :g_ (b) Vs =4.641 GeV z—; Zggé: i?z:l ﬁtl ;I:béb : | ;ﬂz--»KS“ (DS'D”‘I++D;‘D+) . :
3 3 2 500F- + Backeround = =
200 4 + 20F ++ G A00E AN i + 3
: 08 : = i doa T 300F = Tymi4220) 3 E
10F 10‘ + + g 2005_ WT,,(4000) _E _E
g - : —— - 10 E_ AT AN N A N IR IR Y _;- X R\t\\\\\\;\\\s\t\\l\\ co _E
2 40F o 15=4.661Gev Loof @ V5=4682Gev = T T I _
= 30 ’ = 60F
S T 2 s0f 3
S 20 §  40f _
§ 10} - ;
@ 5
40! 0 .
: my, [GeV] m,,, [GeV] my,, [GeV]
30¢
20} Significance >4.0c after including systematic uncertainties
10F |
958 Significance 5.4c with isospin symmetry imposed
RM(K)(GeV/c?)
2 . - - =
State Mass (h;ltelV/c ) Wldtg gMEV) Significance Mass (MeV) Width (MeV) Fit fraction (%) AM (MeV)
Zc5(3985)" | 3985.275,4+ 1.7 | 13.87¢5 +4.9 5.30 7 o IETIET: 0 TR
Z..(3085)° [30022+17+16 | 7.77 3L +43 4.60 3915617 105055295 7T9£2505 120507

> Minimal quark content cCsd? Mass and width consistent with charged Z_, — isospin partner 79



M3(K'K') (GeV?/c*)

M2 (K'K) (GeV?/c)

BESIT \ No Z,, in BESIII e*e->KK-J/y data!
arXiv: 2308.15362

. . . + 30 —
No significant structures in K*J/\y decay mode! : (s =4.63 ~4.92 GeV
26¢ 26¢ 26¢ % 25 =
245 =461Gev N 2_4§—E=4.63 GeV _ 2_4;—'.-§=4.646e\.r‘ o S B
22F L o22F R o 22 [ C
2F “% 2F o > 2 E 20 C
1.8F O 18F O 18F = L
1.6F C 18F C 165 =15 -
1.4 L o14f L o140 & N
120 T 12F T 12F g 10 —
1 1E 1= > -
08_ ||||||||||||||||||||||||||||| 08_ ||||||||||||||||||||||||||||| 08_ ||||||||||||||||||||||||||||| m —
%2 13 14 15 16 17 18 %2 13 14 15 16 17 18 G20 13 14 15 16 17 18 S —
MAKEJ ) (GeVe?) MA(KEJ/y) (GeVZe?) MAK=Jy) (GeVeH) C
26¢ 2.8¢ 2.8¢ 0 ePo——boimwr™ T o
24515 =4.66GeV 26FF=468GeV | 26515 =4.70Gev 38 39 4 4 1 242 43
: N | % 24F IR I, 24F R t
22 o O R ¥ THE on Mpan(K*J1Y) (GeVic?)
25 S 2F 3 % 2F L .
L I SR N S M=4044+6 MeV
1'2;‘ X 16 "7 X 16F Ce e, — L C
4F X 14F X 14F . ..
12F S 12f ] S 12f e - ['= 3616 MeV
1= 1B A 1 L
0821 15 16 17 18 0893 14 15 16 17 18 0827 T s 16 1718 Slgnlﬁcance: 2.30
MA(KEJ ) (GeVe?) MA(K=J/y) (GeVZc?) MAK=Jy) (GeVe#)

B(Z:(3900) > (D'D)7) _ ., ., B(Z.,(3985)T — KT.J/1)

B(Z:(3900) - ] /™) B(Z.,(3985)T — (D'D:t + D*D{))
PRL 119, 072001 (2017)

<0.03 @ 90% C.L.
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Z.5(3992)° Z.(3985)*

Z.(3900)°

Z:(3900)~

Z.5(3985) Z.5(3992)°

Z.(4020)°

Z:(4020)~

Z . (XXXX)

Z s (XXXX) ™

Z.(3900)*

Z.(4020)*
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P_(4312)

Z,(10610) P.(4440) Z..(4000]
X(3872) Z.(4430) Z,(10650) | Z.(3900) | z.(4020) | P.(4457) Z..(3985) | Z..(4220)
Belle ‘ Belle Belle BESIII/Belle BESIII LHCb BESIII LHCb

2003 2008 2012 2013 2013 2015/19

= W

Y(4360) | v(4660)/ | X(4140) X(6900) | x,(2900) T..(3875)
BaBar Y(4630) CDF LHCb I ¥,(2900) LHCb
2007 S 2008 2020 LHCh 2021

2007/08 / 2020

Y(4260)
BaBar
2005

Charged quarkoniumlike states must have at least 4 quarks!

tetraquark

multi—quark states

hadro—
quarkonium

hadronic 82

molecule



Search for Hybrids with exotic quantum numbers

* Formed by quarks, anti-quarks, and excitation

gluon fields

* Low-lying hybrids can have exotic quantum

numbers 0%~,17%, 277, which is forbidden by qq

configuration

* LQCD predicts the mass of lightest exotic J¥¢
= 177 nonet of hybrids is 1.7~2.1 GeV/c?

2.5Gev |

2.0GeV

Lattice QCD Predictions:

exotics

g 172

PRD 83 111502 (2011)

83



Hybrids (1~ )
» Only isovector 1~ ™ observed : n1(1400) 1(1600), m1(2015)
| |mdecaymode| Decaychannel | collaboration | -

n~Be - n'nn° VES
n p—>7t P GAMS n'm T poT NP E852
mp o i Syt CLEO-c
. T p > Tn np E852 el
1,(1400) T ™ p - n'nn E852 n”Be - wr~ n°Be VES
pn - - CBAR b, pp = wntr CBAR
pp — n°nn CBAR ™, (1600) T p - wn wp E582
pTT pp — 2wt 2n~ Obelix n Pb-ontn n™ X COMPASS
e TpontnTaT E582
fiw mp - wn n' p p
1,(2015) - . E582 P np > pnutnTnT E582
" Ll i n"A-onntn n A VES
* m1(1400) and 1 (1600) can be explained as one resonance with recent coupled channel analyses
— s g . . % N IG(Py=L (1-
e Isoscalar 1~ ™ is critical to establish the hybrid nonet CoN ) U=z ()
* Can be produced in J /Y radiative decays O  — . .
. IG(JP{:]: 1_(1_+) (%\_;G(]Pb.\) U+(1 +)
* Can decay to nn’ in P-wave ®

» Search for Isoscalar 1~ * inJ/y — ynn'’ NN\



BESII

arXiv:2202.00621 & 2202.00623: 10 billion J /3

400

300

200

100

Events/(10MeV/c?)

4 (a) x¥dof= 157

—e— Data
— 0++

2++
— 4++
— 1" (n,(1855))
— 1"

« PWA fit projection (exclude n )
— PWA fit projection (baseline f|t)

T
M(nn')(GeV/c)

A clear asymmetry largely due to 14 (1855) signal

M(mn")<1.7 GeV/c?

3 2 _I -

150:2’, /dof = 1.63 + (@) A

- I A 1 YN 1
c N T e L]
%‘ 10073l ! .--*.ﬂr‘i m .
5

o L ]

w50 —f muaﬁs}} B

E'WA fit projection (exclude 1) 7
— PWA fit projection (baseline f||]

D - A =

-1 -0.5 0 U' 5 1

cose,]

1.7 GeV/c2 <M(mn")<2.0 GeV/c?
[ x/dof = 0.96 '

n

o

o
T

Ty}
<
o
T
w
i)
c
[
>
w

> 100f

Observation of n1(1855) (1~ Y)inJ/y - ynn'

Resonance M (MeV/c?) I'(MeV)  B.F(x107°)  Sig.
fo(1500) 1506 112 1.814£0.117515 300

f0(1810) 1795 95 0.1140.0175 05 1l.1o
f0(2020) 20104676  203+9712 22840.1270%0 24.60
fo(2330) 23124715 654107, 0.10£0.027005 13.20
7 (1855)  18554+9+%  188+1872 0.2740.0470%2 2140
f2(1565) 1542 122 03240057505 8.7a
f2(2010) 206246710 165£1771° 0.71£0.0670 0 13.40
£4(2050) 2018 237 0.06£0.01750% 4.60
0" " PHSP - 1.4440.1570:50 1570
h1(1415) 1416 90 0.084+0.017905 10.20
h1(1595) 1584 384 0.16+0.02750% 9.90

M(M')>2.0 GeV/c? _
ST arees An isoscalar resonance

with exotic JP¢ = 1=+
which is consistent with
Lattice QCD calculation
(1.7~2.1 GeV)
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The absolute measurements of A decays

2014 one month data taking: 0.6 fb-! at 4.6 GeV

Hadronic decay
At - pK~w* + 11 CF modes
A —pK'K", pnim
Af —nKsn*
Af—pn, pr°
Af— X nntad
AF - B0 K+
A - Apm*
AF > X, 27
A} — BP decay asymmetries
At - pKen
Semi-leptonic decay
Af—Aetv,
A —Apv,
Inclusive decay
AF—AX
Af—e*X
AT SKYX
Production
AF A7 cross section

PRL 116, 052001 (2016)
PRL 117, 232002 (2016)
PRL 118, 12001 (2017)
PRD 95, 111102(R) (2017)
PLB 772, 388 (2017)
PLB783, 200 (2018)
PRD99, 032010 (2019)
CPC43, 083002 (2019)
PRD100, 072004 (2019)
arXiv: 2012.11106

PRL 115, 221805(2015)
PLB 767, 42 (2017)

PRL121, 062003 (2018)
PRL 121 251801(2018)
EPJC 80, 935 (2020)

PRL 120,132001(2018)
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Nucleon (and baryon) Form Factor

® Fundamental properties of the nucleon
» Connected to charge, magnetization distribution
» Crucial testing ground for models of the nucleon internal structure

» Necessary input for experiments probing nuclear structure, or trying to
understand modification of nucleon structure in nuclear medium

® Can be measured from space-like processes (eN) (precision 1%)
or time-like process (e*e” annihilation) (precision 10%-30%)

eN = eN
ete™ — NN ' MNVAA

Space-like:
FF real Time-like:

FF complex
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Search for CPV in hyperon decays

€+€_ — J/?f) — AA W(&;aw,ACD,a_:(er):l+0c1|,cosze,\ Unpolarized part
Entangled part

+ oL_0 [sinzeA (14125 — Obyny y ) + (00528;\ + Oy ) 1y 212 |

+ oo/ 11— th,zcns(A(D)sinBA cosOp (n1xn2;+n1 12 )

Polarized part

+m5ill(A¢) sinBp cosBp (o_nyy+0upmy).

Polarization of the hyperon:

o= 2Re(S™ P) m sin(A®)cos 8, sin 8,
|S‘2 +‘P|2 P,(cos6,) = _
1+ a,cos™ 8,
B= 2Im(S * P)
S +| A .
CP asymmetry:
s |of L 543
Y= 2 o+ o .
Chen Ning Yang Tsung-Dao Lee ‘S‘2+‘P|2 -‘4— — o — ﬁ % B — rﬁ .
' 88
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BESII

Polarization of A hyperon and CPV in A>pmr

0.004|—

0.002}-

cost )/0.04

= _0.002[

H

—0.004|-

420K selected J/y> A A in 1.3B J/y events.
First observation of A polarization in J/\y decays!

Parameters This work Previous resulis

. Only
0.5 Oy 0.461 £0.006 +0.007 0.469+0.027 measurement
AD 42.440.6+0.5)° — used in PDG
( ) 2019
o 0.750 +0.009 +0.004 == 0.642+0.013
o —0.758+0.0104£0.007 —0.71+0.08 | 2% level
sensitivity for
o —0.692+0.01640.006 - CPV test
Acp —0.006+0.0124+0.007 ~ 0.006+0.021"
0o/ O 0.913+0.028 +0.012 _
Highest sensitivity test of CPV in baryon decays!
89

Nature Physics 15, 631 (2019)



BESTI Update of J/Y — AA results (10 billion J/vy)

oo 10 billion ] R r-: | s work10biion /) | reviousResuts 1.3 bion /)
' aj,  0.4748 +0.0022 + 0.0024 0.461 + 0.006 + 0.007
3 AD 0.7521 + 0.0042 + 0.0080 0.740 + 0.010 + 0.009
; a_ 0.7519 + 0.0036 + 0.0019 0.750 + 0.009 + 0.004
a2 a, —0.7559+0.0036+0.0029 —0.758 +0.010 + 0.007
: Acp —0.0025 +0.0046 + 0.0011  —0.006 + 0.012 + 0.007
3 | | | tayy  0.7542+0.0010 + 0.0020 —

-1 -0.5 0 0.5 1 ] )
cos(8,) The most precise CPV measurements in baryon sector !

I|IIIIIIIIIIIIIIII||||||||||||l|||||||| llIIlllllllllllllllllllllll ]]IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

PDG 2018 PDG 2021 PDG PDG
AST75 | | |
CLETo | DM2 | CNTR85 I
DAU69 : - DM2

| ]
OVE67 l BES B CNTR96 -
CROG3 l BESIII 1.3 billion J/Ay -l- BES |
BESIII 1.3 billion J/y | = | » I
CLAS1S . BESIII 1.3 billion J/y ——
T BESIII 10 billion J/
BESIII 10 billion J/y hised nenv B BESIII 10 billion J/y 1
IIIIIIIIIIIIIIIIIIIlII IIIIIIII|IIIIII IIII|IIII|II|IIIIIIIIIIIIIII llllIlllllll|llllllllllJJI_llllllllllllll
04 045 05 055 06 065 07 075 08 -1 -0.9 —0.8 0.7 —0.6 —0.5 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
o (A — pm) o, (A — prt) Ace

arXiv:2204.11058, PRL %0



BESTI CPVin 2~ 2An decay from J/p - E"E*

Based on 1.3 B J /1 events (13% of total J /1 events), 9-dimentional fit: Nature 606, 64 (2022)
A "
Parameter Thiswork Previous result . ; Pa
- A iy?a %’
a, 0.586+0.012+0.010 0.58+0.04+0.08 < e
SD:': 1 “;;9’2
A® 1213:0.046+0.016rad - e O '.’
a: -0.376+0.007+0.003 -0.401+0.010 .:‘.\‘/ A
= 0.011+0.019+0.009rad  -0.037+0.014rad ”_/ ®
a- 0.371+0.007+0.002 - ‘. -
p. -0.021+0.019+0.007rad - - :
: 73k event candidates
a, 0.757+0.011+0.008 0.750+0.009+0.004 Negclizible back q
a -0.763+0.011+0.007 ~0.758+0.010+0.007 egliglble backgroun
& =Es (12£34+08)x10%rad - The first measurement of baryon
6p‘65 (‘4.0i3.3i1.7}x10_2 rad [10.213.9}X1D'2rad Weak phase difference
AZ, (6+13+6)x10~ -
APz, (-5+14£3)x10™rad - BESIII obtains the same precision for
Al (-4£12+9)x107° (-6+1247)x10™° ¢ as HyperCP with a three orders
() 0.016+0.014+0.007rad of magnitude smaller data sample!

HYPerCP: @zpyperce = —0.042 + 0.011 + 0.011 HyperCP: PRL 93(2004) 011802
BESIII: <¢p.>= 0016 + 0.014 + 0.007 91
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International review of BESIII White Pa

erin 2019
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BESIII will run for another 10 years

Still a rich program ahead
Machine upgrade is necessary

Table 7.1.

most column shows the number of required data taking days with the current (7¢) and upgraded (7y) machine. The machine upgradg

implementation and beam current increase.

List of data samples collected by BESIII/BEPCII up to 2019, and the proposed samples for the remainder of the physics prd

Energy Physics motivations Current data Expected final data
1.8-2.0GeV R values Nucleon cross-sections N/A 0.1 b " (fine scan)
2.0-3.1GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points)

J/W peak Light hadron & Glueball J/¢ decays 3.2 b (10 billion) 3.2 b ' (10 billion)
(3686) peak Light hadron & Glueball Charmonium decays 0.67 tb™ (0.45 billion) 4.5 b (3.0 billion)
W(3770) peak DY/ D* decays 29" 20.0 fb '
3.8-4.6 GeV R values Xyz/Open charm Fine scan (105 energy points) No requirement

4180 GeV D; decay XYZ/Open charm 32 6th "
40-46Gey XYZ/Open charm Higher charmonia cross-sections 16.0 b " at different NG 30 fb ' at different Vs
4.6-49 GeV Charmed baryon/XYZ cross-sections 0.56 b " at 4.6 GeV 15 b at different Vs

4.74 GeV TFA cross-section N/A 10"

491 GeV ¥.X. cross-section N/A 10"

4.95 GeV =, decays N/A 1.0 o

High Energy and Nuclear Physics

ays
250/180 days
N/A
150/90 days
610/360 days
N/A
140/50 days
770/310 days
1490/600 days
100/40 days
120/50 days
130/50 days

M. Ablikim et al., CPC 44, 040001 (2020)
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漫散射

XAFS

衍射

光电子能谱

4B9A

3B1A

3W1A

 荧光分析

高压

LIGA

1W1B

生物大分子

生物大分子





1W2

1W1

4w1

4B9

4W2

3B1

4W1B

4W1A

4B9B

X-射线成像

BEPCII

小角散射

光刻

3W1

1W1A

1W2B

IV

III

II

I

软X射线



软X射线



中能束线

4B8

4B7
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Peak luminosity (cm™“s™")

@

8 x 10%
6 x 10%

4 x 10%

35GeV=[E x 3

g =]
/}ﬁ.ﬁbi

2.
B =)

Ttk B TR

2.47 GeV = 2.80 GeV

= vs BEPCII

T

3 (&%

Beam energy .( GeV)

BEPCII | HEE
RE ot |35 11
@2.35GeV
By [cm] 1.5 1.35
R [mA] 400 900
SR Power [kW] 110 250
&) lum 0.029 0.033
R G mmrad) 147 152
A E [%] 0.53 0.35
Bucket Height 0.0069 0.011
020 [cm] 1.54 1.07
o, [cm] 1.69 1.22
iA)EN 1.6MV | 33MV
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Cross sections above open charm threshold

>0 —— 3-loop pQCD
2E = 4.69 - 6.98 GeV e
. . -1 +
4.5 Integrated Iummomty 13.7 pb M E::jal .
17 energy points
4.0
LN l ! S R IR | L 11| }
@ 3.5 | 'N—’V T‘\T/ ‘ I | [ ’v TTT 1 |
3.01
] Excited y and Y states will
’ | show directly in e*e
2.54 MG . .
. . annihilation cross sections.
M JUPFEEHTE, FIRRRIET ‘
20 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Vs (GeV)

* KEDR new scan points positions are fixed at pQCD predictions
Expected total uncertainty is about 3 % (systematic uncertainty about 2.5%)

Tatyana Kharlamova for the KEDR collaboration, QWG workshop, 15-19 May 2021



A good data taking strategy is crucial

i T T T T T T T T l T T T T l T T T T I T T T | T T T
4000 - o =d ISR effective luminosity i
:_ Be,,eﬂ @ 10.58 GeV
s b
S 3000}
o :
2 2000}
=
2 s
— 1000 |- 20%°
0
3 3.5

Integrated Luminosity (pb™)

—_
o
w

—_
o
[y%]

10

/ / /

—————t
- [ ,I | / | 1
o BeSH

/[, 1 /

=Y W v §
...... e L
E 0 ¢ o . L o E
.E.. I'. L F TR TR TR T AN NN NN S SR RSN S SR ;r
40 45 5.0 55 6.0
(s(GeV)
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STCFin China (

>t
b
i

- CM Energy : 2-7 GeV « Double storage ring : ~800 m,
. Peaking £ : >5x1034cm2 s-1 injection : ~ 300m
. Potential to further improve the ° BESIII-Like detector
Loeak and realize polarized beam - Cost 4.5B RMB 101



Project progress and plan

Workshop for
acc. based high
energy physics
development
strategy

v
Super Charm-tau Factory

Zhengguo Zhao
On behalf of ??7?
2011/12Sanya

2011

First proposed

PERFEAKE “W—R" ERERAE
"B (T-C) REREHR B

FUHFLWER

E SR
EndztRT

2766V EILEIR AR T IS LAY

VR REF B R A
£HFLHE B RERF IS

Foitie

b

S
= e

R

2018

USTC double first-
class key projects

2015

Xiangshan
Science
Conference

Several domestic and
international workshop

Key
technology
’ R&D
2021
Conceptual
design report

Conceptual Design Report Conceptual Design Report Conceptual Design Report

Volume | - Physics

CDR

TDR

Construction

2018 [20192020|2021 | 2022

2031-40

2041-43

Commissioning/physics

Upgrade




Accelerator Conceptual Design

. omombEd = omm wht

Al o =

n".l I-"l
-

e,

Sextupole P (Anti)sextupole
| ss [ el b
i.‘ 7 7 I T :
\ Au, =— Ay =—
N\ " % /
*, DW ‘5#:=‘1r ‘i",""x =5 Dw -

RN SS/injection/RF L

Interaction region :
« Large Piwinski-Angle Collision + Crab Waist

Linac Injector:
« No booster, full energy injection (1-3.5 GeV)
« Possible polarized e- beam

Parameters Unit Value
Circumference m 574.78
Distance from final defocusing quadrupole to IP m 0.9
Optimized energy GeV 20
‘Total beam current A 2
Horizontal/Vertical beta @ 1P m 0.09/0.0006
Total crossing angle (26)) mrad 60
Piwinski angle (¢) rad 18.9
Beam-beam tune shift (£, /£,) — 0.0038/0.0835
Coupling ratio — 0.5%
Natural chromaticities (C,/ Cy) —_ -87/-513
Horizontal emittance (e, ) without/with IBS nmrad 2.76/4.17
Horizontal bcam size @ IP without/with IBS pm 15.77/19.37
Vertical beam size @ [P without/with IBS pm 0.091/0.117
Energy spread (Z2£) without/with IBS x107* 5.3/7.2
Momentum compaction factor — 7.2x 107
RF frequency MHz 499.67268
RF voltage MV 1.2
Harmonic number — 958
Bunch length (o) mm 12.2
Particle number per bunch (V) — 5.0x 100
Energy loss per turn MeV 0.1315
Synchrotron tune (vg) — 0.00388
Damping times (7x/7,/75) ms | 58.51/58.33/29.12
Peak luminosity cm 257! 1.2 % 10%
Touschek lifetime s 35

Electron source 1.5 nC/5nC

Electron transport

e* damping ring

Toring

e” e Linac 3.5 GeV
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Detector Conceptual Design
[

Micro/Fast Readout Electronics
High capability of Trigger, DAQ, Stora

Inner Track Muon detector

* Monolithic active Pixel sensor t * RPC-plastic scintillator mixture
* Low mass URWELL MPGD * High neutral hadron ID efficiency

EM Calorimeter

Outer Track
* Main Drift Chamber (MDC) ; * pCsl crystal based : fast
* Ultra-low mass 2, 457" "9* High energy and timing resolution

i

Particle Identification
* MPGD-based RICH (battel)
* High-precision timing DIRC (Endcap)

104



Physics Highlights

JBeER

* QCD and Hadronic Physics

* Exotic states and hadron spectroscopy

* Hadron structures

* Precision test of SM parameters

* Flavor Physics and CP violation
« CKM matrix, D° — D® mixing

* CP violation in lepton, hyperon, charm

* New Physics Search
* Rare/Forbidden
* Universality test

* Dark particle search



Sarov, Russia

Super charm-tau factory

lvan Logashenko (BINP)
PhiPsi2022

Aug. 15-19, 2022

Super charm-tau factory is e Te™ collider,
dedicated to precision study of properties of
charm-quark, tau-lepton, study of strong
interactions, search of BSM physics

. Beam energy from 1.5 (1.0) to 3.5 GeV
~ Luminosity £ = 103> cm™2¢ ! @ 2 GeV
. Longitudinally polarized electron beam
Experiments will be conducted using state-of-
the-art general purpose detector
Tracking (including low p¢)
Calorimetry (high resolution, fast, 7°/y sep.)

Particle ID (u/m/K /p up to 1.5 GeV/c)

CDR
sct.inp.nsk.su

2.5 GeVe-

1.5 GeV e+

General purpose
detector

e-a
J 1.5 GeV e- Pole-

50 m 100 m
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Sarov, Russia

Design parameters (2021)

lvan Logashenko (BINP)
PhiPsi2022
Aug. 15-19, 2022

* Desigh parameters
meet the luminosity
requirements

* Similar parameters
have been achieved
at other colliders

* Dynamic aperture
was not taken into
account

The key problem now
is to find configuration
with sufficient
dynamic aperture

U o(keV)

Var(kV)

o

(%)

g, x 10°  (SR/IBS+WG)
a;(mm) [SR/IBS+WG)
£.{nm) (SR/IBS+WG)
Lyg X 10™**(em™%s™*)

£/t

T uminosity 'Sl

870.949
350
B
0.5 | SuperkEKB 03.12.2019 fy = 1 mm
. 100/1 R
— 2 2 2 B
g 8 7 8 pEPII: Ife+)=3.2 A PEPII
420 472 540 47 DAFNE : l{e-)}=2.45A
115.6 294 516 84 1314
1500 2300 3000 3500 4500
0.0152 0.0162 0.0165 0.0162 0.0168
1.9 2 2 1.8 1.8
0.28/1.1 0.37/1.1 0.5/1.1 0.6/1.2 0.7/1.5
3.6/14 5/14 6/14 218 2/15
2.3!‘7‘3 4/4.9 6/4.3 SuperkKEKB: . = 4.7 x 1D34
=% 11 1 1 IR
| ooos/0.17 0.005/0.14  0.004/0.1  0.003/0.05 0.003/0.07
— 2400 2100 2300 2300 2400  ——
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Sarov, Russia

Detector concept

PhiPsi2022
Aug. 15-19, 2022

lvan Logashenko (BINP)

Muon system and yoke

Superconducting coil

Calorimeter

A ‘Main tracker

_Inner tracker

PID system

Beam pipe

o E—

(.0 = —
(l.ll' 1.0 20 3.0 4.0 50 6.0

X.m

Momentum resolution g, /p < 0.4% at 1 GeV
Very symmetric and hermetic

Able to detect soft tracks (py = 50 MeV /c)

- Inner tracker should be able to handle 10 tracks/cm?s

Very good particle identification: e/u/m/K
- /K in the whole energy range, e.g. for DD mixing
> pu/mupto 1.5 GeV, e.g. for T — uy search
- dE /dx better than 7%

Able to detect y from 10 MeV to 3.5 GeV, good 7° /y
separation

- Calorimeter energy resolution oz /E < 1.8% at 1 GeV
- Calorimeter time resolution o; < 1 ns

Efficient “soft” trigger

Ability to operate at high luminosity, up to 300 kHz at / /v



Sarov, Russia lvan Logashenko (BINP)

PhiPsi2022
Overview O]c Aug. 15-19, 2022
SCTF physics

v Physics of highly-excited
guarkonium

v" Molecular states

v' Baryon interaction at threshold

v Search for glueballs in decays of
Precision measurement of the 7

% J/¥ and (25)
Voo
lepton properties

Michel parameters, tests of lepton —— Test of the

v unlv?:r_sallty 8 ; electroweak
Input for B meson studies at LHCD ] Precision measurement of hadronic 7 sector of the SM

and Belle Il s
v" Search for CP and T violation in T QCD, as, V,. Test of the

~
decays electroweak model, searches for
G /= ) non-standard contributions 109
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Paper title:

@ Cornucopia of antineutrons and hyperons

@ from a super J/y factory

® for next-generation nuclear and particle physics

@ high-precision experiments

e C.Z.Yuan & M. Karliner, PRL 127, 012003 (2021) [arXiv:2103.06658]

“Editors’ suggestion” & “Featured in Physics”

o RYER. FKAE, #7851, 255(2022): #WI/O T HE “Ti”  w




Sources of A & other hyperons

* Bubble chamber experiments with hyperons from K+target
* Emulsion experiments with K+target 2 K*+X, K*+K*+X, ...

* A few to about 10% events (typical O(100) tagged events) [ (b)
* No anti-hyperon sources! Loxtoa]. A Nomentum
J.K. Ahn et al. / Physics Letters B 633 (2006) 214-218 %
- - =
7NN AN S 3
F \|/ \'\ :T?S- : /l/ﬁ-" 3; a
| I e A I A P
\ | % | ,J = 08x100
~ \;, / \\\ . " J g \\\\ 2 ,E
=
K* ) p\ K ﬁ—\li)lK . =z,
\p - i K P
0.0l ..
K- K
Tp—>Ip(XZ) T p—>Ip(Y2) Tp>MXZ) Tp—>MIYZ) Pp(GeV/(c)

KEK, K-+ SCIFI D =- X SLAC HBC, Nuclear Physics B125 (1977) 29-51



Do fixed target experiments @ a super J/wy factory
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Do fixed target experiments @ a super J/wy factory

* Super J/y factory
e e*e annihilation @ 3.097 GeV
* 0(10'%) or more J/y events/year

* J/y decays into final states with nucleons or
hyperons and their antiparticles

* Branching Fraction ~ 103
* Tag efficiency ~ (10-50)%

e High quality sources of (anti-)nucleon and

long lived (anti-)hyperons
* 0O(108) tagged source particles per year
* Well known momentum and direction

e Use variety of custom removable targets
* State of the art detector

* No need to share beam time

* NN, NN, YN, VN, hypernuclei, neutron star, ...
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Proof of concept: BESII| experiment

The BESIII J/{ data sample has been collected already, the detector material close
to the interaction point in the inner detector serves as an effective target.

Beam pipe support BEST beam ThPQ + MDC inner wal]

( MDC Inner end plate  go contral pipe c0s6-0.93 W 2wy Carbon Liber

/ Cu extension pipe DC inner tube _.'/f P Q= §9.z2mmw ; ( (\Wwery -{-—(Lbé B
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@ 1000
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(

with o(Ap) ~ o(nAn) ~ 100 mb S P
expect 1-2% of tagged fA-s interact with Be & 1-2% with C fiber target

so ~100,000 n+ Be events and ~100,000 A+ C events e



Hyperons and anti-hyperons at BESII| experiment

Antibaryon c¢7 (cm)

decay mode

B (x1073) pmax MeV/e) nEpy (x109)

A 2.6 x 1012 J/¢p — prh 2.12 1174 80 — reference |
A 7.89 J/¢ — AA 1.89 1074 26
J/v¢p — pK—A 0.87 876 9
3 240 J/Pp — BTE~ 1.50 992 4
J/p — AnTXE— 0.83 950 1
3+ 443 J/¢p — Axn—Et — 945 —
=0 871 J/¢ — E0=0 1.17 818 7
J/p — E-nTEY — 685 —
=+ 491 J/yp - E"ET 0.97 807 3
J/p — B0~ ET — 686 —
Q+ 2.46  P(28) - QQF 0.05 774 0.05
P (28) - K—=°Q+ — 606 —

The Q hyperons are produced from 3 billion y(2S) event sample.

All these particles can also be produced in decays of other charmonia. 116



BESIL observation of =20+n—>="+p at BESIII experiment

8_ . L] E [ ] . :
- e T . o, 15[ 22.945.5 evts - Data
6:..:..- ....... PP ’.E..:t...,.....-..;.. ............ :' ........ % i 710 — Fit result
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FIG. 2. Distribution of R,, versus M(Az~) for data. The blue
horizontal dashed lines denote the beam pipe region, the pink
horizontal dashed-dotted line denotes the position of inner wall of
MDC, and the red vertical dashed line marks the =2~ signal region.

M(AT) (GeV/c?)

FIG. 3. Distribution of M(Az~) in data (dots with error bars).
The red solid curve is the total fit result and the blue dashed curve
is the background component.

G(EO +Be - B~ + p + SBG) = (22.1 + 5.3, T 4-Ssys) mb

c(E% - E7p) = (7.4 -
PEO = 0.818 GGV/C

- 1-85tat T 1.55ys) mb

BESIII: PRL 130, 251902 (2023)



A super J/y factory with 1012 J/\y events per year

» Design luminosity = O(100) x & @BESIII ~ 103> cm2s?

v’ Existing proposals: STCF (China), SCT (Novosibirsk)
» Detector improvements vs. BESIII: tracking, PID, y detection
» (1-3)x10* J/y events/year = 100 x BESIII sample

» Further improvements to expand range of physics topics
v" Reduce the diameter of the beam pipe
v Interchangeable custom targets inside the detector

v' Subdetector for specific final states, e.g. deuteron, triton, ...
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Baryons and anti-baryons at super J/\y factory

ISR crlem FEARFE B /% Eug!%0 5 1% oo [% NEI(<10% | NS /(x10%

i 2.6x10" Jy—pmi 100 50 100 100 850 850
Jhy — AA 64 76 65 370 310

A 7.89 40
Jhy — pK*A 100 70 55 240 190
Jhy—33 52 49 27 150 84

)N 2.40 — 40
Iy —An Y 64 38 17 81 36
)) 4.43 Ihy—An'S 64 40 56 35 — —
Jy—EE 64 72 57 110 85

=" 8.71 20
[y —EZ7Z 64 66 49 — —
Ihy—Z'E 64 60 40 74 50

= 4.91 20
Jhy—E'7' = 64 52 30 — —
w(2S)— Q'O 44 31 11 1.4 0.5

Q 2.46 —— 20
y(28) — =K'} 64 18 4 — —

102 J/y or w(2S) events per year, target at 1 cm or 2 cm.

119



a(rzlb)
1043—
103:
1023—

10"

A hyper J/y factory with 104 J/y events?

Two ways of improving J/y
production rate:

— 1 MeV

— 0.5MeV 1. Increase luminosity

— 01ey 2. Reduce energy spread
— 0.05 MeV

— 0.01 MeV

Energy spread | Cross section
(MeV) (nb)

1 3,100

0.5 5,700

0.1 20,000
FJ/ =93 keV=0.093 MeV 0.05 29 000
: 0.01 42 000

3094 309 3008 3100 3.102/:((59\’) Numbers & plot from Yuping Guo



A new scheme of monochromatization?

V. I. Telnov, 2008.13668v3
Monochromatization of e"e™ colliders with a large crossing angle

E—dE
E
E_dE = =< E‘|‘dE - de e > 1 o~3oo
E,+ dE =17
Existing monochromatization scheme New scheme: Provide the beams with an angular
for head-on collisions will reduce dispersion such that a beam particle arrives to the IP
luminosity significantly with a horizontal angle that depends on its energy.

ow /W ~ (3-5) x 107° » cW=10-15 keV @ J/y peak
and J/y is moving! 1




Potential physics studies

e antinucleon-nucleon interaction

* OZl violation

* nonvalence ss components of the nucleon

* (anti)hyperon-nucleon interaction

e (multi-strange) hypernuclei

* light hadron spectroscopy, including exotics and many others

* cross sections of antineutrons with material for the calibration of
Monte Carlo simulation codes for particle physics and medical
applications, such as FLUKA and GEANT4

* Hyperon puzzle and size of neutron stars
* Maybe more topics from nuclear physics community



Size of neutron stars & hyperon puzzle

For a review, see Chatterjee & Vidana, Eur. Phys. J. A (2016) 52: 29
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A conclusive observation of multiply strange nuclear There are several new facilities planned or under con-

systems is absolutely necessary for a better understand- struction such as in GSI in Germany, JLAB in USA and
ing of the role of strangeness in neutron stars. The theories J-PARC in Japan. These facilities will hopefully provide
for the description of strangeness in massive neutron stars much more precise updates on the properties of hyperon-
cannot be answered without the improved knowledge of nucleon and hyperon-hyperon interactions. Experimental
AA interaction, for which one requires careful high preci- hypernuclear physics is still an extremely active field of
sion series of investigations of such an interaction. research.

These can be studied @ super J/y factory with hyperons ! 123



Potential physics with direct J/y decays

the SM predicts

1. Precision measurement of Weinberg angle (%) : T 1(%)
: " e BESII0.5x 107 < (AS) € 6x107]
2. CPVin hyperon decays 004k } : ( “’)_SM R PPV
_ _ . " —sM | —38x107° < (G &)y, < 03 x 107
3. New physics searches with 1012714 ]/ events [ 5 /an ]
_ ~3x107° < AG,) <3x107
0.03 WBSM sM 10.03
4] (sin2 Qef:f) /sin? O ~ 0.3% _ :
0.02} T 10.02
6‘ 0245 Energy dependence on the electroweak mixing angle i ]
&
E [
0.00 —H — . —I -1 0.00
P I
® Q (APV) ¥ eDIS L J
m o * NuTeV | L 1 -
005} 4.0 .LEPISLD e T — —0.01F A = —1-0.01
g 0} ESE = = ..‘.l I T ACP ACP :
Q: 1.01
§ 83§§ 5 ? - - ] ; : =) = :
S 10° 102 107 1 10 102 10° _0'02__ fp—fg ___0'02
Q [GeV] 1

A. Bondar et al., JHEP 2020 (2020) 76 X. G. He et al., arXiv:2209.04377
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Super (or hyper) J/y factory
« e*e  annihilation @ 3.097 GeV; O(10'>'4) J/\y events/year
State of the art detector

 Variety of custom removable targets

High quality sources of long lived (anti-)hyperons
and n for many different kinds of experiments

Same software, similar systematic effects
No need to share beam time

No need for additional resources, additional
infrastructure, minimal further investments

Physics highlights
(O NN, _NN, YN, VN, hypernuclei, neutron star, ...

2 Precision measurement of Weinberg angle

(3 Search for new CPV source in hyperon decayss
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