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“confinement” of strong interaction
Charmonium/Charm states located in the transition region,

provide good opportunities to test QCD

Various theoretical models make predictions for the properties of
charmonium/charm states

New states and new decays provide inputs for theory

Many new states observed can not fit into conventional hadron picture



Charmonium/Charm Spectroscopy
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Charmonium Spectroscopy

Well established below 2m,,

Many excited states not found yet

Many exotic candidates observed

Charm Spectroscopy

Excited states from inclusive
reaction or B decays

Much more states from updated

theoretical calculation
PhyS.ReV.D 93, 034035(2016)

FPCP2021, Shanghai



Spectroscopy and Decay
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Experiments

BESIT at BEPCII at KEK

+ - .. _n_ _ 33 2.1 Aerogel Cherenkov cnt.
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L, :31fb7 at \/_ =78 TeV s
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@ Do e

1Q1 Tracking'system: Muon system: trigger
pPb collision Tackngaystem: e
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Observation of n7. — n'ny

1's,
1.31 x 10° J/w events, J/w — yn'nn

Full reconstruction, "' — yn*tzn~ and ' - nr*x~ with n — yy

Interference with non—resonant contribution ignored

BlJ/w = yn.,n. — n'ny] = (4.86 £0.62 £ 0.45) x 10™>, compatible to theoretical
prediction (2.6 X 1()—5) Eur. Phys. J. A 54, 139 (2018)

Phys.Rev.D 103,012009(2021)

2
M, .. (GeVic)

Yuping Guo/Fudan University

significance: 8.1c

2
M (GeV/c?)
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New Hadronic Decays of 4,

4.48 x 108 yw(3686) events, . from y(3686) — 7. [B = 8.6 X 1074],
3.85 X 10° h, can be produced

1'P,

Systematic study of ten hadronic final states of /., mostly with kaons

Phys.Rev.D 102, 112007(2020)

Mode X Ny e(%)  B(y(3686) - n°h,) x B(h, — X) B(h. - X)
10 K*K-ntz 2’ 80£15 65 (2.8+0.5+0.3) x 10~ ( |
) om0y  35%+9 33 (62+£1.6+£0.7) x 10°° (72£18+1.3) x 10"
<50.0 <1.5%x 107 4} . <1.8x 1072
(iii) KOK*n¥ota~ 41£13 55 (2.4 +0.7 £ 0.3) x 10-©bservatipg + 0.9 +0.5) x 1073
<65.3 <3.9%x 1076 <4.7 x 1073
(iv) K+tKn° <201 9.8 <4.8 %1077 <5.8 x 10~
v) KtK 7 <185 143 <7.5%x 1077 <9.1 x 10~
(vi) KtK-ntnq <241 69 <2.0 x 1076 <25 %1073
(vii) 2(KTK~)n° <117 6.7 <2.1 %1077 <25 %107
(viii) K+tK-7° <202 6.3 <1.8x 1076 <22 %1073
(ix) KOK* ¥ <174 144 <4.8 %1077 BESIT <57 x 107
(x) ppa°n <118 8.7 <4.4 %1077 <52 %107

Yuping Guo/Fudan University

FPCP2021, Shanghai



New Hadronic Decays of 4,

K*K-nn~n" nta ' K)Knnn
o] Q L
> co > 40F 3.80
O [ [~
<40 N ; -
a » O'_
= = - '+'
220 > , oE
m H C /
e e T L\ P i I ,./r_/_:—-—|_1>. _ |+- 1 0; R ,.-.~/./| R P S TP
03.5 3.51 .3.52 3.53 3.54 3.55 03.5 3.51 3.52 3.53 3.54 3.55 3.5 351 352 3.53 3.54 3.55
M(K'Kn ') [GeV/c?] M(n'mn'n) [GeV/c?] M(KsK'n"n'w) [GeV/e?]
g 20
L @) |, E )
o E 0 o 16¢
o K*K 7’ |2 [
2125 = 12
o TE| ™ E
L 8F 2 8F
£°F - + § E
> 4 F = > 4 F ~
mTE / = = 7
3.5 3.51 3.52 3.53 3.54 3.55 3.5 3.51 3.52 3.53 3.54 3.55 3.5 3.51 3.52 3.53 3.54 3.55
M(K'K7’) [GeV/e?] M(K'Kn) [GeV/e?] M(K K7nn) [GeV/c?]
l4r 50F
. 12F (vi)) | N + (ix)
- 2 2 40
> 10 +7—_0 | = > F 0
) o o L o
N 2KTK)rm” | 2 25 K(Kn
o F o~ o F
P P 2 20
5 4F ; = 2
2 } + + } 2 2 10f
B 2F = m L
; I o \,_& + 0; ! 4,—\//\~>L I + 1 0; I . L a I o :
03.5 3.51 3.52 3.53 3.54 3.55 3.5 3.51 3.52 3.53 3.54 3.55 3.5 3.51 3.52 3.53 3.54 3.55
MQ(K'K)n") [GeV/c?] M(K'K7"n) [GeV/c?] M(K{KT) [GeV/c?]
25F
N 0 0(X)
20 2 —o—
% F pprrw Data PhyS.ReV.D 102, 112007(2020)
> sk — Fit Result
~ T F — — Fitted Background
T10E -~ Fitted Signal
5k —— Peaking Background BESE
g 4 A Background MC
03551

351 350 353 334 355
M(ppr'n’) [GeV/c?]

Yuping Guo/Fudan University 8 FPCP2021, Shanghai



YH(33823)

Evidence of y,(3823) from Belle experiment in B — (y»(3823) — yy.)K

1°D,

772 % 10° BB events, 3.80 Phys.Rev.Lett. 111, 032001(2013)

M=3823.1+1.8+07 MeV, T, <24 MeV
Observed by BESIII experiment in e*e™ — 7777y, (3823), y»(3823) — vy,

Scan data sample at \/E =423, 4.26, 4.36, 4.42, 4.60 GeV, 6.2¢
M =3821.7x13x0.7MeV, I',, < 16 MeV Phys.Rev.Lett. 115, 011803(2015)

Decays of y,(3823) to yy.,, z7n " J/y, ggg, vgg have been predicted by

various theoretical work
Phys.ReV.D 55, 4001(1997)

~ _ A0 — Phys.Rev.Lett. 89, 162002(2002)
200 — 350 keV, F‘/’2(3823)_’7’?&2 40 — 90 keV Phys.Rev.D 67, 014027(2003
I /T

~ 019 =032 Phys.Rev.D 69, 054008(2004
Y2 (3823)=yx.1 0.19 Phys.Rev.D 72, 054026(2005

(

(
Phys.Rev.D 79, 094004(2009

(

(

I 3823)- .,

W, (3823) =1y

I ~ 45 — 200 keV Phys.Rev.D 94, 034005(2016
va(3823) = mnlly Front.Phys. 11, 111402 (2016

arXiv:1501.08269

—_ ~— ~— ~— ~— ~—

L 3803yt m-an! L yn3823)5yy,, ~ 0-12 = 0.39

Yuping Guo/Fudan University 9 FPCP2021, Shanghai



New Decay Modes of y,(3823)

9 fb~! scan data sample between y/s = 4.3 and 4.7 GeV at BESIII

experiment

ete™ > nta7y,(3823), study of the decays of y,(3823) = yy.0.1 0 7071y,

ndy, Iy

%t (a)yy,, T Dat 8E (b) vx
© 30F el | —Fit result N§ 7E c2 3 .20-
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= E = 3
—1 1 80 o O
3 @ 4
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3 o 2f
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QO aMNDWholooN 0 ©
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T T EAAANRAAR AR

[\ [ ]
LR

3.78 3.8 3.82 3.84 3.86 3.88 378 3.8 3.82 3.84 3.86 3.88
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Yuping Guo/Fudan University

o N MO

Phys.Rev.D 103, L091102(2021)

Channel Nv2(3823) B(y,(3823)>---)
B(w2(3823)>yx.1)
VA2 8.8+43 10.281014 1 0.02
ntnJ/y <21.0 —<0.06
7% [y <10.0 2/ <0.11

nJ |y <98 Lowerthen _o7,
20 Jys <56 prediction <003

YX o B’ES]I[ <6.3 <0.24

- (9) x,,

A M

E_1 IIl t +I-0-; lI 1 rhl

378 3.8 3.82 3.84 3.86 3.88
RM(r*r) (GeV/c?)

consistent with theoretical prediction

10 FPCP2021, Shanghai



New Decay Modes of y,(3823)

9 fb~! scan data sample between /s = 4.3 and 4.7 GeV at BESIII
experiment

Search for ete™ — %7 (3823) with y,(3823) — 1y,
olete” — n'n'y,(3823)]

Phvs.Rev.D 103, L091102(2021)
641922 + .03 g

olete™ — mramyy(3823)] ST N 10F TXey 430 i?i?traesun
o , , § 8k ---- Background
« v,(1°Dy) candidate ‘ % 6:— I Sideband
t:ound by LHCDb in 2019J g 45_ LIl BESIT
: RGN
Search for ete™ — ntn7y;(3842) R |

378 3.8 3.82 3.84 3.86 3.88
b 0,0 2
Not found in any decay modes RM(n°n°) (GeV/c?)

Yuping Guo/Fudan University 11 FPCP2021, Shanghai



Y,(3823) from B — y,(3823)K

9 fb~! pp collision data, BT — J/yzTn~K* with Jiw — utu~
JHEP 08 (2020) 123
Study w(2S), y,(3823), and y,,(3872) at the same time
2D fit to my,p-gr and my, -
M = 3824.08 £ 0.53 £ 0.14 £ 0.01 MeV, T, < 5.2 MeV
BIB* = y(3823)K*] x Bly»(3823) — Jiyrn*n~] = (2.82 £ 0.54 £ 0.09 £ 0.10) x 10~

Taking B[B* — y»(3823)K™] X B[y»(3823) — 7.1 = (9.7 £2.8 + 1.1) X 107° from

Belle experiment rhysreviett 111, 032001(2013)

+ - —~ 25071 1 T ~ 10— 71— T
B[W2(3823) — J/l//] _ O 029 C;Q - 3.82 <My ptn <3.83Gev/c> LHCb | N§ M 5.26 < My -+ < 5.30GeV/c2 LHCD -
’ © 900 [ Bt— XK+ ] @) i ]
B[W2(3823) — }/XCI] &EO/ E Bt (J/II)TI+7T_)NRK+ 1 E 100'_ NSlg = 137 E 26 ﬁ%
S 1507777 comb. XK+ 1 I
B[B+ — W2(3823)K+] é [ ——— :otr:n‘;). bkg. ++++ 51 % i + W’ #H’j+ # M’H
= (124£025x107¢ & + (I . st NN
. . . . O 5L 1 5 ]
Input/constrain for theoretical estimation ! AN 1S ~
% — . . _ YA NV R S\ AR NN
of D+ DM rescattering effect in B — ceK! Prtemeratoshmtetnd L T TR Y TR
Phys.Rev.D 94, 034005(2016) MapprinKt  [GeV/c?] Mappren= [GeV/c?]

Yuping Guo/Fudan University 12 FPCP2021, Shanghai



Study of yy — yw(2S)

2°P,
P wave charmonium triplet states around 3.9 GeV
2.0(2P) candidate: y.,(3860) observed in ete™ — J/wDD
)(CZ(ZP) Candidate: )(02(3930) Observed in yy — DD Prog.Theor.Exp.Phys. 2020, 083C01 (2020)

X(3915) observed in yy - wJ/y and B —» KwJ/y (0* or 2++)
2.0(3930) and y.,(3930) needed in LHCb’s amplitude analysis of B* — D*D K™

Phys.Rev.Lett. 102, 112003(2020)

Partial width of y ,(2P) — yy(2S) ~ 135 keV, y,(2P) — yw(2S) ~ 207 keV

Phys.Rev.D 72, 054026(2005)

980 fb~! data sample on the Y(nS) resonance at Belle experiment, using
ry — rw(2S) decay with y(28) — z*z"J/y and J/y — I*I”

arXiv:2105.06605[hep-ex]

Yuping Guo/Fudan University 13 FPCP2021, Shanghai



Study of yy — yw(2S)

[ T
< oqle — 7 (2S)
W | (a) e'e”
> L
O i
= 10
s O]
8 |
55|
o

3.7

Entries/1 MeV/c?

03.64 366 3.68 3.7
M(t* T J Ay

) GeV/c?

Yuping Guo/Fudan University

Entries/5 MeV/c?

arXiv:2105.06605[hep-ex]

ﬁ 40}
I o |
20 S+
- 230}
i s [
_ T
i 2201
10 S
L Lﬁ :
- 10
0 ¥ TR RN fo e AT
3.7 g.? 3.8 9 4.1 4.2

3 4
M(yy(2S)) (GeV/d)

M, =39213+24+16 MeV,T', =00x£53£2.0
(< 11.5) MeV, N, = 30.3 + 8.6, cannot distinguish
between y.,(3930), X(3915), or combination of two

M, =40144+4.1+05MeV, T, =6+ 16+6 (< 39.3)
MCV, N2 — 18.2 + 9.3
close to D*D* threshold, X,(4013)?

mass close to y.,(2P) predicted by potential model (GI)

Phys.Rev.D 72, 054026(2005)

14 FPCP2021, Shanghai



Charmonium/Charm Meson in
BT — DT™D™K™ Decays
BT — DOTDO=K* decays offers unique opportunities to study

charmonium states

Constrained environment of B meson decays
Low background level
Exotic hadrons in intermediate states, many in c¢, none in cg yet

Could be used to aid characterization of the c¢¢ contribution in

BT - K*tu*u~ decays

9 fb~! pp collision data, with D¥ - K=z 2"

1374 candidates, 1260 have a value of
|m(D*DK*+) — My.| < 20 MeV

P . 99 5 7 Phys.Rev.D 102, 112003(2020)
urlty > . ¢ Phys.Rev.Lett. 125, 242001(2020)

Candidates / (4 MeV/c?)

5300 5400 5500 5600
m(D*D"K*) [MeV/c?]
FPCP2021, Shanghai

Yuping Guo/Fudan University 15



m(D*D") [GeV ¢4
N
(=]

16

Charmonium/charm Meson in

BT — DT™D~K™ Decays

|||||||||||

LI20F ] o o —
ok ¥ %%0(393 0) LHCb 1 Rich structures in DD
.80;— + %: O++: )(00(3860)
v ; X(3915 ld be 2++]
S 0l +++ +++ +++Jr ++\+3+ +++H E ( ) lcould be
AN M 1 177 w(3770), w(4040)

S
IIIIII

o
TT

5 T S
m2(D*D") [GeV?/ ¢4

+
w(4160), y(4415)

g ‘?\ﬁ L ;‘“’ llllll + LHffS H w(4220), ...

g“‘) ﬂ M ; ;Zﬁ; HHM H | W ! #H T 2e2(3930)

Sk ¥ bttt 3 B H i fi *W 33 x(3842)
Phys.Rev.D 102,6112003(2025) mA(D" Ilfo ") [GeV/ 041]2 6 8 mZ(D+;<O ") [GeV?/ 641]2
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Model-independent Study

In slides of the D*D~ invariant mass, decomposing the A#(D*D™) in terms of Legendre
polynomials [A(D*D™): cosine of the D*D~ helicity angle (cos6)]

Construct full probability distribution, test significance of deviation between \
: . . <y
the truncated Legendre polynomial description and the date [Project in m(DK)] “*-«-\

j\

in D*D~ rest frame

Moments up to order 4 (DTD™ resonances up to spin—2), 3.9¢

Moments up to 6, 3.7¢

Structures in D~K* around 2.9 GeV cannot be explained by D*D™ reflection

Phys.Rev.Lett. 125, 242001(2020)

Simulation %

~
o

Simulation

(oe]

o
()}
o

mo | |
(a)

o1
(@)

(@)}

(@)
o~
o

N

o
w
o

N
(@)

Candidates / (20 MeV/c?)
N
(@]

Candidates / (20 MeV/c?)

—_
o

o

o

24 26 28 3.0 32 34 24 26 28 3.0 32 34
m(D ~K7*) [GeV/c?] m(D *K™*) [GeV/c?]

Yuping Guo/Fudan University 17 FPCP2021, Shanghai



Amplitude Analysis

Fit with only D*D~ resonances, significant discrepancy in D™K™*

ar ound 2 9 GeV Phys.Rev.D 102, 112003(2020)
o 140 ~ T T
2 - L 80F =
2 | S b i LHCb
Q C o T0F (b) -
2 100 F 2 - } 3
v L n 60F E
= 80f = S0F =
~ N ~ 40 - =
2 60 o OF E
g | 2 30F 3
o 40 o = 3
5 . 5 20F =
{_)% 20t § 10f E

ok ok . )
25 3 35

m(DK*) [GeV/c?]

............... yw(3770) — D* D
B x_,(3930) — D* D
_______________ X02(3930) — D* D
————- 1 (4040) — D* D
— — - y(4160) — D* D
y(4415) — D* D"

25 3T s - Nonresonant
m(D*K*) [GeV/c?]

50
s0f
30
20f

10F

Candidates / (17.3 MeV/c?)

Yuping Guo/Fudan University 18 FPCP2021, Shanghai



Amplitude Analysis

Phys.Rev.D 102, 112003(2020)

30
20
10

X,(2900): _ | L
S MOF LHCb ] = ®F LHCb 3
% 120F E R 70 % =
M=2866+7+x2 MCV E ook (a) E E b E
SN 12 s
[=57+12+4 MeV P 1S e

X1(29OO):
M=2904+5+1 MeV
I'=110x11 x4 MeV

Other models are tested:
one resonance (spin—0,1,2)
two resonances (spin—1+2)

8 - e T N N SN S
. T 5 S T et — A,
i 1 R T;*: R S SO "W}‘-‘ ey

25 3 35
mD" K HQeY{6h
--------------- w(3770) - D* D~ 14.5
S x ,(3930) - D* D~ 3.7
-------- x_,(3930) —~D* D~ 1.2
———- y(4040) - D*D 3.0
— — - y(4160) - D* D 0.6
v(4415) - D*D" 9.2
X,(2900) — D'K* 5.6
_________________________ X ,(2900) — D' K* 30.6

IR et oy ]
22 > 33 - Nonresonant 24.2
m(D*K™) [GeV/c?]

Candidates / (17.3 MeV/c?)

Other hadronic effects (e.g. rescattering effect) cannot be ruled out

If explained as resonance, exotic hadrons, more investigation needed!

Yuping Guo/Fudan University 19 FPCP2021, Shanghai



Amplitude Analysis

2°P,

Ze0(3930): (" X(3915) - )
M,=39238+15+04 MeV, I,=174+51+08 MeV | M=3921.7+1.8 MeV

I =18.8+3.5 MeV
X2(3930): 7.:2(3930) :

M, =3926.8+2.4+0.8 MeV, I, =342+6.6x 1.1 MeV M =39225+1.0 MeV |
, [=352+22MeV
No evidence of y,,(3860) o _/

Phys.Rev.D 102, 112003(2020)

L L

25 - LHCDb e
A v (3770) — D* D~
e X ,(3930) — D* D

-------- x ,(3930) - D* D
———— y(4040) - D* D"
<4 B — — - ¢(4160) - D* D
: v(4415) — D* D"

X ,(2900) - D'K*
_ - X,(2900) - D'K*
R Nonresonant

Candidates / 0.067

Candidates / (0.037 GeV?/c?)

mAD*D") [GeV?/cd] | cos(8(D*D"))

worse fit quality if include only one

Yuping Guo/Fudan University 20 FPCP2021, Shanghai



Observation of D (2590)7

Limited experiment information for radial excited charm—strange meson

218,

218, state is expected to be lightest, mass around 2.6 GeV

D, resonance decaying to DKr final state has not been explored

5.4 fb~! pp collision at v/s = 13 TeV, using B - D"D*K*z~ decays with
D* — K¥x*ta* final state, K™z~ restrict to be < 0.75 GeV

Phys.Rev.Lett. 126, 122002(2021)

P 7 (O 5 L B B B BB B ~ T T ] ) L L L L B BN L
2 [ LHCb (a) 1 2 b LHCb (b) i % 40F LHCb (o) E
60 —— Data 2 s . : ]
2 - — Fit - r
Ssf Dy25%0)" 1 3 0}
< Dy (2536) | I
gob w1 N4 g%
S 30} S 30f
R =
< 90F < 20f
O 20 O “f
10F} 10
of ot

M=2591x6+7 MeV, T =89 16 = 12 MeV (pole mass)

Yuping Guo/Fudan University 21 FPCP2021, Shanghai



JP

1* and 2™ rejected wit]

2

Candidates / 0

Observation of D ,(2590)"

0~, strong candic

120 i LN L R I I L R L I L B L BN B B B
- a
i LHCb ( ) —— Data B
100 JP_O— —— Fit
i = D (2590)* ]
80 D (2536)" ]
I NR ]
o Fox
- _l__,__l — ——
40| +—1—+— -
20 ;::{:::.h..: ......... _
0 :*“:eq\ P L PR
-1 -0.5 0 0.5 1
cos 6,

Yuping Guo/Fudan University

2

Candidates / 0

ate for D (2'S,)" state

120
- LHCb (b) :
100~ .
- JP=1* :
-
o et 4T
20k _
0 ;‘\5\5\\'\\'?"%“]« . e e \“\\\6\\\;
-1 -0.5 0 0.5 1
cosb,,

22

2

Candidates / 0

h more than 10 standard deviations

2'S,

Phys.Rev.Lett. 126, 122002(2021)

120 ——————————T ]
L LHCb (¢) ]
100 - % _
B JP=2_

80 .
60 a
- | — N

Lt
- I R §
20 ]
O :\\$\\\\.f-\‘:\;\;:\.k\\k\u T INE YO T T T c“tctf\\;\‘&&\\;
-1 -0.5 0 05 1
cosb,,

FPCP2021, Shanghai



Absolute Br. Measurement of D*(2317)

D*(2317) observed by BaBar experiment via its decay to z°D;", J" =

O+

Phys.Rev.Lett. 90, 242001 (2003)

A ¢s meson, DK molecule, ¢sgg tetra quark, or mixture

Partial decay width is a key quantity to identify its nature

Pure ¢s meson: few to few tens keV; Molecule: hundred keV or larger

567 pb~! data at \/_ = 4.6 GeV, using ete™ — D*DY(2317) process

with D* — yD,,

DS —> KK?Z' ‘ Nt
2 D5 (231]) {
N e
e.:, / e
Dy - YDs »Y kkn
l& twj Side)
Ntot ]Vtot
N(): 'B’€Sig (1—B) €bkg B—
€iot €tot

N, =115+21, N, = 46.8 +9.4(49.3), B =

M=23183+12+12 MeV

o T Phys.Rev.D 97, 051103(R) (2018)
" A “ﬁ?—-“f:o-j succeeded - , : _
© 40 E- n’-tag succeeded — Total fit —=
B: °~t ! 3 355 M=23183+12MeV  + .. Do =
g fouled Q30 E- ¥2/ndf= 1.02 - background=
825 E + + =
S 20 E =
%134 H’ THTLLL ﬁ.lhé
210 - T 1T
140 = ' -
No = Niot/ €01 * €pkg 120 £ T4
100 ;
]Vtot/ €tot * (631g €bkg) 80 £ =
60 ? + —'I[')otal fi —;
— +0.00+0.00 40 F b;(::kground:
1.00%4 14 0.1 o BESIL E
N E

23
RM(D_*) (GeV/c?)

Similar method can be used for D;(2536), D*(2573), with data sample above 4.6 GeV

Yuping Guo/Fudan University

FPCP2021, Shanghai



Summary and Perspectives

Knowledge of charmonium and charm spectroscopy is improving, selected
results from 2020-2021 are presented

Charmonium states below open—charm threshold well established, while
knowledge of their decay behavior need further improvement

Excited states largely unknown

Precise measurement from experiment, need large data sample

BESIII: 10 billion J/y, 3 billion w(2S) [on going], 20 fb~! y(3770) [on plan], > 20 fb~!
from 3.8 to 5.0 GeV; An upgrade of BEPCII under discussion

Belle II: smooth data taking, > 170 fb~! accumulated, aim is 50 ab~!

LHCb: Run3 from next year, 7x more data by 2029, half of these by 2023

Better description of data, development of theoretical models

Looking forward to new excited results!

Thank you for your attention!

Yuping Guo/Fudan University 24 FPCP2021, Shanghai
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Charmonium/Charm Spectroscopy

GeV A

4 .80

Phys.Rev.D 32 ,189(1985)

charmonium

3%p,(4.52)
3
TS ¢ S,(4.45)
4.40F 3 o
23D,(4.19) 2'D,(4.21) 23D,(4.21) 2°D3(4-22)
3'5914.06) M I'F5(409) IF3(4.10) PFy4.09)
400 2/R(3.96) 2%, (302) 2% (396) 2Pe3.99)
' 13p,(3.82) p—— 2006 1'D5(3.84) 1°D,(3.84) 1%D,(3.85) )
A 2017 2013 2019
3 60%;5‘%I : 13P,(3.55)
. 4 ! 1P (3.51) paufiaiins - .
mlspo(s.u)m NOtat|On . °

3.201

'sg(2.97)

1%,(3.10)

28+1|_J p:(_1)L+1
JPC C:(_1)L+S

| | | ] ] -

2 80 | | | | | |
: O-+ |- l«H—

34‘-» 4++

Charmonium Spectroscopy
Well established below 2m,

Many excited states not found yet

Many exotic candidates observed

Phys.Rev.D 93, 034035(2016)

4% Py)(3.764) ===

3 P,)(3.412) =——

Charm-strange Meson Mass Spectrum ]
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Search for 1 .,(1D) in B Decays

n.,(1D) not observed yet, theoretical prediction of its properties

The mass very close to y,(1D) (~3823 MeV) arXiv:hep-ph / 0412158

M, p) calculated from hyperfine splitting:

Cannot decay to DD, expected to be narrow

Decay dominantly via an E1 transition to yh, (~50%) vefeviet & 10200200
Phys.Rev.D 80, 014001(2009)

711 fb~! data sample on the Y(4S) resonance at Belle experiment, using
BT - 5 ,(AD)K™°, B — 5 ,(1D)zt~K"* decays with 5 ,(1D) — yh,

JHEP 05 (2020) 034

Ten decay modes of . — y7., . = X,
n.,(1D) signal searched in range between 3795 and 3845 MeV

Yuping Guo/Fudan University 277 FPCP2021, Shanghai



Search for 1 .,(1D) in B Decays
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Model-independent Study

In slides of the DTD~ invariant mass, decomposing the A/(D*D") in
terms of Legendre polynomials

h(D*D™): cosine of the D*D~ helicity angle (cos) \

For each D™D~ bin, the k—th unnormalised momentum S .
]deata \&/\'

< YIJC > = Z WlPk(hl(D+D_)) in D*D~ rest frame

=1
w;: weight for background subtraction and detection etficiency
kmax = 2Jmax

Construct full probability distribution, test significance of deviation between the
truncated Legendre polynomial description and the date [Project in m(DK)]

Phys.Rev.Lett. 125, 242001(2020)
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