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BESIT @ BEPCI!
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Mass (GeV/c?)

Hadrons @ BESIII

Name Mass(MeV/cA2) idth(MeV) Journal arXiv
http:/fenglish.ihep.cas.cn/bes/re/pu/NewParticles/ N(2570) 2570.10-10" 19" 2502421 1% PhysRevLett.110, 022001 1207.0223
N(2300) 2300399404109 340.3p.56 3110 PhysRevLett.110, 022001 1207.0223
- Y(4790)g X(1870) 1877.346.3 7,34 57412719 PhysRevLett.107, 182001 1107.1806
s X(1840) 1842.2+4.1 571 83+14+11 PhysRevD.88.091502  1305.5333
I Y{(4390) Y(4500) X(2500) D) e AL ) o o0 PhysRevD.93.112011  1602.01523
. 5 Y(4320)
4 Ec(‘wzo) Z,(4020) Y(4230) 2,.(3985)" X(2262) 2262+4+28 72+5+43 PhysRevD.104.052006  2104.08754
.Z¢(3900)* .‘ZJSQOO)" = o X(2120) 2122.4+6.7 57747 8316, 3! PhysRevLett.106.072002 1012.3510
I w2(3323) X(2370) 2376.3£8.7 45732 831 1754 PhysRevLett.106.072002 1012.3510
B X(2600)  2617.8+2.1,4"182 200+ 8,720 PhysRevLett. 129, 042001 2201.10796
L X(2356) 2356+7+17 304+28+54 2211.10755
£0(2480) 2470+ 46 75+9 g1 PhysRevD 105, 072002  2201.09710
3r 26 new hadrons at BESIII
| omega(2250) 222316111 51+29:21 PhysRevD.105.032005  2112.15076
N(2570) #X(2600) a0(1817)+-0 181748 +20 97 +22+15 PhysRevLett.129.182001 2204.09614
' .X{2500) ©1,(2430) etal(1855) 1855+9.,*18 188+18.g"2 PhysRevLett. 129, 192002 2202.00621
X(2370) N(2300) ° 0 X(2356) Y(4390) 4391.654'53+1.0  139.5,)4°152+0.6 PhysRevLett. 118, 092002 1610.07044
X(2120) X(2262) ®n(2250 Y(4320) 4320.0+10.4+7.0  1101.4-195,"253+10.2 PhysRevLett. 118, 092001 1611.01317
2 F (1870) Y(4230) 4222.043.1+1.4 441443420  PhysRevLett. 118, 092001 1611.01317
| @X(1840) 1,(1855)Ag w0
| 2,(1817) Y(4790) 4793.3+7.5 27.1+7.0 2305.10789
psi2(3823) 38217+ 1.3+ 0.7 <16 PhysRevLett.115.011803 1503.08203
Y(4500)  4484.7+13.3+24.1  111.1+30.1+152  ChinPhys.C,46,111002 2204.07800
i Zc(3900)+-  3899.043.6:4.9 46+10+20 PhysRevLett.110.252001 1303.5949
. . * * : . Zc(3900)0  3894.8+2.3:32 29.6:8.2482  PhysRevLett.115.112003 1506.06018
2012 2014 2016 2018 2020 2022 PhysRevLett.111.242001/ 1309.1896/
Zc(4020)+- 40229+ 0.8+ 2.7 79+27+26
PhysRevLett.112.132001 1308.2760
Date of arX|V Subm|ss|on Zo(4020)0  4023.9:2.2:38 7.9(Fixed) PhysRevLett.113.212002 1409.6577

Zcs(3985)+- 3982, 18421 12.8,,"°343.0  PhysRevLett.126.102001 2011.07855
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Today’s outline

Light hadrons spectroscopy:
-n,(1855)
- P(2170) searches
- X(2600) in J/Y = yn'rut
- cusp effect inn’ = nom°
- a,(1817)°*in D_decays

XYZ states:

- X(3872) production at BESIII
- Status of Y states
- Z_(3985) isospin triplet

Other non-spectroscopy measurements:

- hyperon polarization

- hyperon scattering with beam pipe
- neutron form factor

- inclusive hadron production

- dark photon from charmed baryons
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(a) (b)
hadrons hadrons

8¢ qq
(c) (d)
:;iﬁ]:@ hadrons hadrons
qq qaqq

Light hadrons spectroscopy
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PRD 106, 072012 (2022)
PRL 129, 192002 (2022)

Event selection o

J/Y = ynn', n= vy n'—= nrut/yrut 2 ool
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L e L Ve n
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Backgrounds estimated from n’ sidebands in data MG )(GeV/c?) M) (Ge /)

No significant peaking background
200}\)w m @

4
L)
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o] O
MO )(GeV/c?) 1 1) (GeV/c2

Covariant tensor amplitude (EPJ A 16, 537) and GPUPWA (J. Phys. Conf. Ser. 219, 042031)
» Background subtracted

e Combined unbinned maximum likelihood fit for the two n’ decay

o
O

Events/(10 MeV/cZ)
8

Events/(10 MeV/c?)

All kinematically allowed resonance with 0**, 2**, 4** (nm’) and 1* and 1~ (yn") considered

A significant 1 additional contribution is needed in the N’ system around 1.9 GeV
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Further checks
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Angular distribution as a function of M(nn’)
can be expressed model-independently in
terms of Legendre polynomial moments

N
) = Z I.r’[.-"i}’}o(cn)s(?:?)
i=1

Data, W, are background subtracted
MC, W. are from the PWA events

The moments are related to the spin-0 (S),
spin-1 (P) and spin-2 (D) amplitudes by

v[_fH.”n['r:H': apy —ang ) VAP D, {'{}Z‘alir'l;—:1 @) )
[l

7

\-"r‘F(:ﬁ J.”\ = 25y Fy cos ap, 4

VAT(YS) = (1487 — TP 1003 + 5D% — 10D3) + 25Dy cos ¢,
3

-

P G
Vidr(Yy') =

— (VBPy Dy cos(op, — op,) — PLDy cos(op, — ép, ).
A )

Viz(YQ) = Z(6D2 — 4D3? + D?
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The 1,(1855): experimental vs LQCD 0

An isoscal 1, n,(1855), has been observed in J/y = ynn’ (> 190)

25| RS

M = (1855 £ 97%) MeV /2 % e

" Ge\

phys. ;
) !
—h
w

[ = (188 £ 1813) MeV

—_— My

(g
1o

B(J /v — ym1(1855) — ynn') = (2.70 4 0.41753%) x 107°

 Investigation on other production/decay mechanism

1.0

0.5

e Search for other partners in more reactions

06/26/2023 JLUO Annual Meeting

gluonic
excitations

hybrid

exotics

PRD 83 (2011) 111502
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Scalar glueball decay to nn’ suppressed with
respect to the it mode

BG=m) 4
B(G-mm)

PRD 92, 121902 (2015)

Significant J/ — yf (1500) = ynn’ has been
observed, while f0(1710) is insignificant

B(fo(1500)—>1m’) . +2.95 5
B(fy(1500)»mm) (8'96—2.87)X10 ,

B(f0(1710)—)‘r]7”) _3 .
B 10)omm) < 1:61x107% (90% CL)

which supports the hypothesis of a large
f,(1710)/glueball overlap

f (1710)

glue—
ball

and the glueball suone

400F

N
o
o

Events/(10MeV/c?)
3
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History of a decay full of surprises

Radiative J/Y = yn'it'iv

PRL 95 (2005) 262001
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58 Million J/Y

Clear signal of exotic X(1835)
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PRL 106 (2011) 072002
X(2370)
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X(1835) confirmed

other two structures emerge
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PRL 117 (2016) 042002
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10B J / LIJ Era Phys. Rev. Lett. 129 (2022) 042002

Most accurate measurements of this g o ' ' g o '
final state 5 = (@ movm 1 3ol @ o |
5 15 I
n' = yrtand ' = N T A I .
I Y £ Ve Ve VNS B Fo N
Confirmed known state: I . -/ '
0 1 " 1 M 1 L L G (] " 1 " 1 " L
° f0(1500) e ? Azzii*,r (GeV/?:Z) ' ? Azxi:,[,,r (GeV/g2)
» X(1835)
e X(2120) T 9 o &
. X(2370) &1.8- 100 8“.1'8__
E111.6- 80 §t=1.6-
° T]c 60
1.4F 40 1.4F
Observed a new state! 12f 20 12k
. 0
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1600F
o) X(2600)
= : Phys. Rev. Lett. 129 (2022) 042002
[} 1200:
E 1000 F
- 8005 TABLE I. Masses and widths of the f,(1500), X(1540), and
>~ ook X(2600). The first uncertainties are statistical, and the second are
% Fao systematic.
G 400
Lﬁ 200F h Resonance Mass (MeV/c?) Width (MeV)
(3] S I I TN TP T
23 2 . . . . fo(1500) 1492.5 £ 3.6 15 107 £9+21
CX(L540) L 154026700057 L. 15741945,
1 X(2600) 2618.3 £2.01/5° 195 £57%
H18005..l.
E 1600F More than 200 significance for
o 1400¢ the 3 resonances
= 1200F
© 1000
T oobd Structure @ 1.5 GeV well
A R RN A S described by interference
E T @ 400F Y between f0(1500) and X(1540)
. o ’ D1 200 e
0:....I....I....I:".'...l...:'|‘\-1-‘::‘_lh:“." 0-....|....|....|:"."..|.;';".‘|-:.:":1-.—1.'
12 13 14 15 16 17 18 1.9 12 13 14 15 16 1.7 18 1.9
\ M,..(GeV/c?) / \ M. (GeV/c) /
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JHEPO07(2022)045

®(2170) in K*K

Hints on the nature of $(2170) may be found by searching for other final states, testing different models.

ole'e — K*(89
3

K'(1430)K),(pb)

e —
s
=2 0
=T =]

o(e'e’
(=]

=4= BESIIl Data
(a) _ ;:sorz'c-:

cle'e — K*(89

752 24 26 28
s (GeV)

1
3

—4— BESII Data

;- (C) _ ;-:sors- =

RV R YUY
s (GeV)

06/26/2023

3

contribution.

E 0f b j PWA of e*e- = KK process

X 100F F B

S 8oF ‘ ~600/pb dataset divided in two groups (2-2.230 GeV
60F and 2.3 -3 GeV) to study intermediate resonances

Good agreement with BaBar and SND data in KKrt®

| 1 L 1 1 1
2 22 24 28 28 3

s (GeV) and ¢ cross section.
.?500? Y@ o Peak in K*(892)K and K*(1430)K!
2% - corina Simultaneous fit to both cross section assuming
3 1500f same structure in both channels
”»‘rzzz Mg = (2190 +19) MeV/c? and T'g = (191 + 28) MeV
T oy 2&1 Gefé;éfﬁ 3 Moreover: BR in K*(1440)K is more than 10
s (GeV) times larger than BR(K*(892)K)
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®d(2170) in ot

ArXiv: 2112.13219

Additional final states can also pin-point BW parameters of $(2170)
Additional resonance in the spectrum hinted by BaBar at 2.4 GeV

Using ~650/pb, study of the ¢t process

Parameters Solution I Solution 11

M, (¢(1680)) 1694 + 8

I (¢(1680)) 227+ 32
BrI,.(6(1680)) 21.8 £ 1.3 136+ 1.5

M, (¢(2170)) 2076 £ 10

I (6(2170)) 243 + 21
Bri..(¢(2170)) 10.8 + 1.0 81.9+ 5.5

op(6(2170)/6(1680))  0.75+£0.14  —2.07+0.05

$(2170) comparable with other observations
Not enough statistics to identify structure at 2.4 GeV

06/26/2023 JLUO Annual Meeting
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PRL130, 081901 (2023)

Cusp effect innn’ = n n®n° decay

Study the fundamental properties of QCD at low energies
Test effective ChPT

Investigation on rirt and i final interactions

1.2

—
.
—

||l||l||||||\||

—

Pull Exp/PHSP/0.001GeV?/c*

Sizeable cusp effect in this decay 0
P,
0.8
5 L)
m° 0 “o"""'"‘"*"fwff‘“‘"""“v‘s"‘ﬁm*’*‘l.‘o‘
5E ] . . .
P 008 01 0.12 0.14 0.16
MP(nn®) GeV?/c*
- n°
s
. FIT 1T | FITH { FIT I | FITIV
The S-wave charge-exchange rescattering .
n* - — 1 it ° causes a prominent cusp at the center of Statistical
mass energy corresponding to the summed mass of two Significance - 340 | 3.70 3.60
i - —
charged pions. -
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Events / (20 MeV/c?)

—_—

Events / (20 MeV/c?)

60
[ —— Data
L (@) Total fit
401 0" +
I o KUK (892)
I S(1710)r*
20

12 14 16

M Ko (GeV/c?)

D % K K T[+ PRD 105 (2022) L051103
S S S

D, decay can be also used to shed new light on nature of light
hadrons, like f(1710)

Due to high interference between f, and a, in the paper denoted
generically as S-state.

Branching ratio of the full process is measured and it is compatible
with PDG

Based on f (1710) results, it is necessary that an a (1710)° state
exists, as observed by BaBar (Phys. Rev. D 104, 072002 (2021))

An ao(1710)o charged partner is also expected in K.K mass to be
searched in D_ = K.K*m°

JLUO Annual Meeting 20



D . % KS K+ 7-[0 PRL 129 (2022) 182001

Using 6.28/fb D_data, study the decay to search for possible a (1710) charged partner

Total BR is found to be compatible with previous measurements

L @ KkE s % f (D) % gof (©

= | K’K'(892)" > DOF * z |

9 100k sk (892) © - } 5 i

= Y K'K (1410)’ = 1001_ = 60

8 I a,(980)'T S ) ok

= sob — a,(1817)'n’ 2 sob PR

= [ = ! = 20k

Q [P] - 4 [P L

> | n - - > -

- By e T By i | | [T e ranaAACOM A nuk OF IS BN § S e 2 1S LI ]
1 1.2 1.4 1.6 1.8 0.6 0.8 | 1.2 1.4 0.6 0.8 1 1.2 1.4

M oy (GeVie?) M 0, (GeVie?) M., (GeV/c?)

Observed a charged a -like structure in K K* mass with significance greater than 10c. This results supports
the existence of a new a, triplet, as predicted by Phys. Rev. D 79, 074009 (2009) and other works

lts mass is 100 MeV larger than expectation for f (1710) isospin-1 partner. To extract further details on its
nature, combined amplitude analysis of D, = K K.t and D - K.Kn® is needed
06/26/2023 JLUO Annual Meeting 21
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XY/Z states

Invariant Mass (GeV/c?)

JLUO Annual Meeting
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PRL 122, 202001 (2019)

X(3872) production mode

20th anniversary of X(3872) discovery. Still, only clues on its nature.

e =yt Jiy

70

60

50

40

30

Events / 5 MeV/c?

20

10

(a) 415 <E__ <4.30 GeV
cM

0
3.75

3.80

06/26/2023

385 3.90
Mzt diy) [GeVic?]

3.95

4.00

PRD 107 (2023) 3, 032007

g 25r .
S - X(3872) mass
e e —
r i ‘
o 10F { '
T ol ;

of Yy = muu/P

Y00 320 3840
Center-of-Mass Energy / MeV

A B
3860 3880 3900

Ftotl—‘ee X B(X(3872) — gt~ J/d))

o(V/8) = Ocont + 127

2
(s —m3)* + m3L,

JLUO Annual Meeting

Events / (3.0 MeV/c?)

16
14

PRL 130, 151904 (2023)

E_ —+— Data

— —— Fit
0 - ---- Background

- [ sideband
8
61 ete” = wrud/Y
4 |
{19 ik
0 Al =ira | ol

3.8 3.82 3.84 3.86 3.88 3.9 3.92 3.94
M(rrJ/y) (GeV/c?)

4.66 < Ecm < 4.95 GeV
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KKJ/LIJ CPC 64 (2022) 111002 nri(2S) PRD 104 (2021) 052012 arXiv:2206.08554

12— — - 100 Tz dm
~ I —1— XYZ Data ] 190 £ - BESIII (This work) = %knrd/P -Rscan
ﬁ'— 10;_ — Fit curve: Total (2) E g aoj—;SESL'r' (2017) i 4390) l% ?g {5-3.8713
;5 8:_ --= Fit curve: Y(4230) y(4500) _: § 603 -+ Belle ‘Tﬁiﬁ %5' 60 Y(4230) |3 [=Fi
v F : ] g I Y(4230): %» =___\ Y(466ﬁ0) & 50 N Y(4320)
¢ SF Y(4230) z : 41{ %@& -H"‘ ! 140
T af 3 o2oF %H@LI IS B g ° a0
2 B +$ ok | "'i'+H'-'T": ‘M: © 10
59— 2 T I l‘ [ T o
© - l —20 | a
] e RN T TP - T P P I ISP A R R R R =) . e ee ta, "ee ® s s .
41 42 43 44 45 46 4 41 42 43 44 45 46 47 = _2?.‘.". AR
s (GeV) s (GeV) 38 4 r4.2 44 46
H : s (GeV
(3823 Vector charmonium-like states (GeV)
g +D PRL129(2022)102003 PRL 130, 121901 (2023) DD PRD 106 (2022) 052012
;5 6r ata 5 = — XYZ data = | b(4415)
'+l=‘. i _ Flt :’: 1000 E_ ..... ;\cj\;tinuum _+_ Scan data :_.% i ﬁ
B B = 800 - = . o, .| ;
% 4 - ¢(44]§5) Y(4§-660) Cg 600 ‘ S T %507 / E |
o | : : 7 = : coE N [ j E
- : o V4 :T\AoUV) el e B :
3 of g o el T
> g 200 e TR IVAOQY) e o |
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https://arxiv.org/abs/2206.08554

PRL 126 (2021) 102001 ZCS(3 9 8 5 )i’o PRL 129 (2022) 112003

40

F E = 4681 Gev Data Aii zi:lt:bnnd R :::—l:iiam process *** z:g]“l"n]:)
- — Total fit . . —
30 (a) . 40E 40 o
i Z..(3985) F (@) Vs=4.628GeV F by V5=4.641 GeV
5*1(2500)"0*“ 30F {. 30
non-Res. 20 — % ,# 20 { %}/% %\
© ##+% D, DY 1ok ,{»ﬂ‘ T 10f f +\
E comb. BKG PO S N
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= 20 = 40F © =4 661 GeV 100. (@ V5=4682Gev
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Bonus tracks from BESIII physics program
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=9 hyperon polarization o

Hyperons have the most precise measurements of CP violation in the baryon sector

Doubly strange hyperons can be used as a probe for weak and strong phase differences by measuring the
sequential decay chain

V1 —aZsingz + /1 — a2 sin ¢=

tan(p — €s) = -

=z — =
./l—a %mo——\/l—a sin ¢=

tan(dp — ds)

= —
. . . : PRD 99(1019) 056008
Formalism exploits polarization, entanglement and sequential decays PRD 100(2019) 114005
3 3
L N B o B1 Bl Bs B»s
WEw) = Y [Cu) 3 alaliali
=0 w,v'=0

9-dim phase space given by 9 helicity angles, 8 free parameters determined by unbinned MLL method
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-9 hyperon polarization

1/0.1

-0.1

Results:

* First measurement of =° polarization

pcosfz) = @

A= 1+ gy cos? =
az 1 +agy =p

2

3+ agy
—

* Improved =°=° decay parameters

Clear
polarization!

» Improved precision on Weak phase difference
(compared to =" decay - Nature 606 (2022) 64)

* |Independent CP tests

06/26/2023

Arxiv: 2305.09218

Parameter This work Previous result
e 0.514 + 0.006 + 0.015 0.66 = 0.06 [34]
Ad(rad) 1.168 = 0.019 = 0.018 -

as —0.3750 £0.0034 £ 0.0016 —0.358 & 0.044 [18]
o 0.3790 & 0.0034 = 0.0021]  0.363 = 0.043 [18]
¢=(rad) 0.0051 =+ 0.0096 =+ 0.0018 0.03 £ 0.12 [18]
¢=(rad) —0.0053 + 0.0097 +0.0019]  —0.19 4 0.13 [18]
p 0.7551 £ 0.0052 £ 0.0023 0.7519 £+ 0.0043 [13]

A

—0.7448 £+ 0.0052 £ 0.0017 —0.7559 £ 0.0047 [13]

£p — Eg(rad)

(0.0£1.7£0.2) x 10 -

dp —bs(rad) (~1.3+1.7+0.4) x 10~*

ASp (—5.4+6.5+3.1) x 10| (0.7 £ 8.5) x 1072 [18]
A¢Zp(rad) (—0.1%6.9+0.9) x 107%| (7.9 +8.3) x 1072 [18]
Atp (6.9+5.8+1.8) x 107%| (~2.5 +£4.8) x 1077 [13]
(az) —0.3770 £ 0.0024 £ 0.0014 -
(¢=)(rad) 0.0052 + 0.0069 + 0.0016 )

(ca)

0.7499 4+ 0.0029 + 0.0013  0.7542 + 0.0026 [13]

JLUO Annual Meeting
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0.001436  Au
3.148564 -t
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PRL130 (2023) 251902

-%n— =p scattering

Hyperon-nucleon scattering with a
=% beam with 818 MeV/c momentum

Nsig
0(Z° +Be - =~ +p+°Be) = B
€ eff
NywByr [P [T .
Log = ‘”1—2“’/1/ / (1 + acos2f)e” wmE N (2) C/(2)dfda.
2+ §O. a 0

Clear signal found with 7.1c significance
Cross section estimated to be

o(Z°+7Be — =7 +p+°Be) = (22.1£5.35tat +4.5555) mb

Study other hyperons at BESIIl ongoing
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Neutron form factors

0.8 : )
—(a) « BESIII (this work) 4
i pQCcD[37] |
0.6 - Modified Dipole [38] |
i VMD[39] 1
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0.4+ - Production threshold
02 -
L N 4 _
: I DRl 1 . L o :
O P S PRI R P Bl TS Ay

1.8 2 22 24 26 28 3

(s (GeV)

. TL |GE| (this work)

» SL G World Data

107 My .
. b :
iy, = i
-]0—2 ............. -
........ S E

10 0 2 4 6 8 10 12 14

lg°] (GeV?)

0'8_(b) - BESIII (trii;g?rk) |
- : = FENICE .
3 pQcb [37] 1
0.6 - Modified Dipole [38]

I vmD [39] ]

— L — DR Mainz Model [40] |
= 0.4f ‘% ------ Production threshold |
O b iy :
0.2+ N + .

L \‘\‘ .

I e |

0 (PRI O RPN NSl Wl i o Er i o e e

1.8 2 22 24 26 28 3
(s (GeV)
15\((:1) . TL |GM| (this work) E
AR . SL G, World Data
1 , 3

—_— 10_ E "T'.‘ E ;’-..,‘?‘ E
2 E ‘-.'!.‘-;T_' ‘“‘""—t? ;
(5 i e ]
107 T
: |
—3‘..|..;\.‘|...|..|‘..|...|_
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PRL 130, 151905 (2023)

Events classified with 3 categories:
1)nand nin TOF - nin EMC
2)nin TOF - nand nin EMC

3) no TOF - nand n in EMC

First direct measurement of G,

Comparable precision with SL data!
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Inclusive hadron production

e*e” colliders can be used to study differential semi-inclusive e*e = h + X cross section to compare

with Fragmentation Function (FF) theoretical models extrapolated at low energy

/ (GeV/c)!

TCU
TC[}

e}

d
O, dp

1

N b

(s=22324GeV [

N b O

N b O ®

Vs = 3.0500 GeV
[ nnFFionNLo |
MAPFF NLO
--- AKRS NNLO
~—— ARS NNLO
DSS NLO
e tree Fiaritc.o s VORI PR Dy
3
~
(S = 2.4000 GeV ¥ = 3.4000 GeV =
[}
]
S
~
&l
= |2
S E
Vs = 2.8000 GeV
el ey ; -
1.0 0.5 1.0 1.5

"p, (GeVic)

PRL 130 (2023) 231901

0.3F

0.2F

Vs = 2.2324 GeV
[ NNFF1.0 NNLO

DSS NLO

P IR . |

Vs = 3.0500 GeV

fs = 3.4000 GeV

PR o e O A N

——

1.0 0.
pKn (GeVl/e)
Discrepancy observedat difference center of mass energy and hadron momentum. Some contribution from

5 10 15

resonances to inclusive production Data can be used to tune FF models at low energy and test collinear QCD.

06/26/2023
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Dark photon in Charmed bar

1

v
c > > u
Azu B up
d , d

FCNC ¢ = uy’ can be used to test BSM theories.

Double tag approach can be used to remove larger
backgrounds and search for massless dark photon.

PRD 102 (2020) 115029 predicts BR to be ~ 10~
Found upper limit of UL(A_— pY’) < 8x10° @ 90% C.L.

06/26/2023 JLUO Annual Meeting
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BESIII Future program

Chin.Phys.C 44 (2020) 4, 040001

JLUO Annual Meeting
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Peak luminosity (cm™s™")

B Lo

oo

X

o
5
r

o))
X
o

4x10%}

2x 10%}

Pushing towards new limits

\\ 3 {E
\‘\\
®
@ Q‘s.'\
‘Qe
\,

Chin.Phys.C 44 (2020) 4, 040001 |

2.0

25
Beam energy (GeV)
JLUO Annual Meeting

Accelerator upgrade:

- center of mass maximum
energy up to 5.6 GeV

- 3 times the present
luminosity in XYZ region
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A new inner tracker

Symmetry 14 (2022) 5, 905
Chin.Phys.C 44 (2020) 4, 040001

New inner tracker starting from an Italian proposal: the
CGEM-IT

3 layers of Cylindrical triple-GEM to improve rate
capability, radiation hardness and vertexes reconstruction

Status:

* First two layers in Beijing taking data (JINST 15 (2020) 08,
C08004)

« Dedicated readout chain (JINST 16 (2021) 08, PO8065)
« Hybrid costruction of the third layer in on-going

0.1

Fit MDC = 1014
_ 008 [Fit CGEM = ‘mpmvegemmz 1012

2 i -4 0.
= 0.06 | A ] 5‘ 0 ] :] (1]%
é 0.04 + i 1 i ial 1 0.06
& ool F }l i L 1 0.04
' g ...j ‘ ﬁ h 10.02

0 : ‘ ' 0

0 0.1 .

—0.1 0 0.1 =01

Tr — IMC ((‘111) Y — Ymc ((’lll) Z — ZMC ((‘Ill)
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The CGEM-IT project is funded by the EU commission by the RISE-MSCA-H2020-
2019 program within the FEST consortium

THANKS!

For many other details, please have a look to HADRON2023 BESIII contributions
https:/agenda.infn.it/event/33110/contributions/

06/26/2023 JLUO Annual Meeting
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Additional materials

JLUO Annual Meeting
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Events/(10MeV/c?)

Events/(20MeV/c?)
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[ + (a) ;(Z/dof= 1.57 ]
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0™ 5 2 25
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PWA fit projections
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T T T ] 5 5,
(b) y*/dof = 1.52 ] i
] o 4 AT
] © L r
] o Iy i
- % 3 % 3?I:
] Q O I
E £° £
] L R r
i = 4 = i ““iﬁ.
= | : :I 1 | |
1 15 2 0 5 02 7 5 )
M(yn)(GeV/c?) M ()(GeV2ic*) M (n')(GeV?/c?)
: : . Decay mode Resonance M (MeV/c?) T (MeV) Mppa (MeV/e?) Tppa (MeV) B.E (x107%)  Sig
o g +0.19
() g¥dof= 1.77 fo(1500) 1506 112 1506 112 L81£0.117013 300
fo(1810) 1795 95 1795 95 0110015503 1110
fo(2020) 2010+£6T§ 203971 1992 442 2.2840.12F525 24.60
T/ — X =y | fo(2330) 23124777 65+£1073, 2314 144 0.1040.0270-81 13.20
7 (1855) 18554979 18841873 - - 0.2740.0415:02 2140
. f2(1565) 1542 122 1542 122 0.3240.050:12 874
N ] F2(2010) 206246710 165417110 2011 202 0.7140.0650:80 13.40
0.5 0 0.5 1 £4(2050) 2018 237 2018 237 0.06£0.017057  4.60
cosH 010
0t PHSP - - - - 14440151530 1570
Tl = ' X — | ha(1415) 1416 90 1416 90 0.084+0.0170-51 10.20
h1(1595) 1584 384 1584 384 0.1640.02705% 9.9
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10B J/¢ Era

Event/ 0.01 (GeV/c?)
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10B J / LIJ Era Phys. Rev. Lett. 129 (2022) 042002
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Process

Significance (2.125 GeV)

Significance (2.396 GeV)

2170) in K*K

Mass (MeV/c?)

Width (MeV)

PDG Mass (MeV/c?)

PDG Width (MeV)

1428 = 2

1673 = 5

1880 = 10
fixed
fixed
fixed
fixed
fixed
fixed

107 + 4

172 + 8

69 + 15
fixed
fixed
fixed
fixed
fixed
fixed

1427.3 £1.5
1680 + 20
1860-1910

1019.5 £+ 0.02

1465 £ 25

2248717459 [44

801.7T £ 0.3
1414 £ 15
1776 £ 7

1000 + 2.1
150 + 50
10-160
42 £ 0,01
400 + 60
1857567 16s [44
50.8 + 0.9
232 + 21
159 + 21

Table 3. Masses and widths of the intermediate states at /s = 2.125 GeV. Due to the limited data
sample size, only the statistical uncertainties are provided. The parameters of p3(2250) are cited

o 18.60 230

p(1450)7° 7.80 240

(1680)7" 19.50 14.90

p(1900)7° 7.20 TAo

p3(2250) 3.50 5.00

K*(892)K 15.90 15.60 States

K*(1410)K 5.70 5.00 K3(1430)

K3(1430)K 35.40 25.30 5(1680)

K3;(1780)K 5.80 5.50 p(1900)

Table 2. Statistical significances of possible intermediate processes at /s = 2.125 and 2.396 GeV. ¢

£(1450)
p3(2250)

Process Fraction (%) (2.125GeV) | Fraction (%) (2.396 GeV) K*(892)

¢’ 1.8 + 0.4 0.7 + 0.3 K*(1410)

p(1450)7° 38+ 0.7 0.2+ 02 K3(1780)

#(1680)7° 14.6 £ 2.3 13.6 £ 2.9

p(1900)7" 21+03 3.0+ 1.0

p3(2250) 0.9 +£0.5 0.9 £ 0.6

K*(802)K 28+03 03+12

K*(1410)K 1.1 +08 3614

K35(1430) K 73.0 £ 3.7 64.6 + 3.2

K5 (1780) K 1.3 +£05 21+14

Table 4. Fit fractions of possible intermediate processes at /s = 2.125 and 2.396 GeV.

06/26/2023
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from ref. [44], where the first uncertainty is statistical and the second one is systematic.
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2170) in K*K - PWA projections
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Figure 1. At /s = 2.125GeV, (a) invariant mass distribution of K+ K—; (b) invariant mass

K in K'n frame

Figure 2. At /5 = 2,396 GeV, (a) invariant mass distribution of K*K~; (b) invariant mass

distribution of K=7"; (c¢) cosfl distribution of K+ in the K+ K~ rest frame; (d) cosf distribution distribution of K=r"; (¢) cosf distribution of A+ in the K+ K~ rest frame; (d) cos# distribution

of K+ in the K+7°

06/26/2023

rest frame; (e) cosf distribution of K+ in the c.m. frame. # is polar angle with
respect to the z-axis. Dots with error bars are data. and the curves are the fit results.

of K+ in the K+ 7" rest frame: (e) cosf distribution of K+ in the c.m. frame. @ is polar angle with

JLUO Annual Meeting 42



2 X(3872) direct prbduction

Following the experience of x_,(1P) production, we have
searched also for X(3872) in mrtJ/Y final state

No observation, upper limit of ['__ x Br, with different I'_
hypotheses (U.L of 7.5x 10° eV forl_, = 1.19 £ 0.21 MeV)

0(v/8) = ooy + 127 Dtctlee X BIX(3872) = wta™ T /1) No disagreement with theoretical prediction
(s —m3)” + m3lZ, [ xBr>0.96x10%eV (PLB 736, (2014) 221)
ol 25; i > ' :
2 Lok X(3872) mass Do
L it RARCITEICEICEIEEIEEIEEIEEIEEEDIEEE, IR EECITEIEEY B i B
N } § * o °F
I ' { N
@ 10F > T
v | g ® o
C g [
5_— ><uJ 21—
- =
_I“l‘l“|‘|l‘llu||lll | — 0|||||||||:|\\i|||||||\|\|||||
8800 3820 3840 3860 3880 39|00 > 0 0-5 ! 15 2 2.5 3

ey It/ MeV
o Center-of-Mass Energy / MeV _LUO Annual Meetng 43



=% polarization

Helicity angles definition

06/26/2023 JLUO Annual Meeting

CP variables
Azp = (az +az)/(az - az),
A¢gp = (¢= + d=)/2,
Ak;‘P = (aa + a@n)/(an — aa),

A=, is sensitive to weak phase

difference and it can be washed out if
small phase

Acl)_CP has no dependence so it more sensitive to CPV

Polarization term in moment distribution
P,(0=) = /1- a-f,/_g.; sin(A®) cos Oz sinf= /(1 + @ y/q) cos? f=)

44
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[N

o -
© o o

o
o
\

. 0.074 0.076 0.078 0.08 0.082

Exp/PHSP / 0.0005GeV/c*

M(x’x’) GeViic*

Pull Exp/PHSP /0.001GeV?/c*

5
g E~¢~‘°‘W’ N SN NN PN

0.08

01 0.12
M (n°n®) GeV?/c*

0.14

0.16

Cusp effect

Matching partial wave decomposition and NREFT

Non cusp piOpiO = piOpiO

Cusp term

Non cusp pi+pi- = pi+pi-

TABLE 1.  Experimental values of the matrix element parameters for #' — nz°z".

Parameters Fit I Fit I Fit 11 Fit IV

a —0.075 = 0.003 £ 0.001 —0.207 £ 0.013 —0.143 £ 0.010 —0.077 £ 0.003 = 0.001
b —0.073 = 0.005 £ 0.001 —0.051 £0.014 —0.038 £ 0.006 —0.066 £ 0.006 = 0.001
d —0.066 = 0.003 £ 0.001 —0.068 £ 0.004 —0.067 £+ 0.003 —0.068 £ 0.004 + 0.001
ag — a e 0.174 = 0.066 0.225 £ 0.062 0.226 £ 0.060 = 0.013
ag 0.497 £ 0.094 e e

as 0.322 £ 0.129

Statistical significance 340 3.7c 3.60

06/26/2023

Fixed a0 - 222 =0.1312 in FIT Il
JLUO Annual Meeting

167
Coo = T(a() +2a,)(1 =€),
167 £
C,\' — T(Clz — a{))(l +§).
8
¢, _?(Za(ﬁra’))(l + &),
Mi; _Miu
5: Mzi s

Alternative fit (FIT V) show
little contribution of loop
non cusp coefficient, while
fitting increase parameter
correlation
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