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Conventional Charmonium Spectroscopy

B Nonrelativistic cc bound states

B /iy (13S,)is the first member with JP¢ = 17—, We
other shown in right plots like ¥ (25),y (1D), etc..

B Observations are consistent with predictions from potential models

and L-QCD in describing spectra & onium properties!

November (1974) Revolution Discovered, predicted
_ " PRL33,1453(1974) ] —~4.8
S000 ¢ et + e~ —> x at SLAC ] E Godfrey & Isgur, PRD32, 189 (1985)
i ] Y (4415)
2000 A Ba4ql M |
1000 - ! ‘,l . = 2'D,(4.21) 2°D,(4.21) 2°Dy(4.22)
- ,' | 7 , (4160) F,(4.09) 1, (4.09) TF4(4.10) £F,(4.09)
o ° . 3Sy. 2017 Belle —_— < .
500 : II" l‘ : 4 (4040) 1P1(3'96M23P‘(3'95) 2015 SBES”I |
5 S | opb|  gem _ lewbWupes
£ 200} y ] wes) |
\ (29) 2005
b b 3.6 [ —
100 | i 'P\\ | [he(zp) Xco(lp)
50 | | h :
i I T -] L 1974 |
[ 1 %2
20 F | RN
10 1 1 [ 2.8 -+I — +-I ++I++I ++I -+I = +-I ++I ++
310 312 314 o1 1T o127 2"2 3 3 374
' 3

Ecm. (GCV)



Experimental apparatus

BESIII experiment designed for studying in Belle experiment designed for studying rare B-

tau-c physics region (NIMA614 (2010) 345-399) meson decay at Y(4S) resonance (NIMA479(2002) 117-232)
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Experimental apparatus

BESIII experiment designed for studying in Belle experiment designed for studying rare B-
tau-c physics region (NIMA614 (2010) 345-399) meson decay at Y(4S) resonance (NIMA479(2002) 117-232)
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B Recent CCS results
»> J/Y and Y (2S) resonance parameters
> X¢/(1P) resonance parameters

> 1N.(18) resonance parameters
> Observations of X(3823) and X*(3860)



J/Y and P (2S) resonance parameters
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BESI Measurement of /1, ¥(3686) electronic width

B The process ete™ — J/Yy - u*u~y applied for J /3 electronic width

Data above
PLB 761(2016) 98-103 PLB 749(2015) 414-420 4.0GeV
— <ST10 F <-~10*
8000 1 © E (a) —e— data © —e— data
- . 2.93fb™ " data at 20f - - YX(3872) 2100 - - YX(3872)
- 3 J J
7000F Vs = 3.773GeV Eh 3 e E e
6000 — 5 oF & iy 5
NQ E @ " +r 1+¥’r}+r i ° + Tv]%*ﬂjr'*%
3 5000 1 JJ TT"TI J ; H Ht
3 E 107 S e e A s 585 59 10"3% 3.7 38 39 ¥ FRN
J 4000 M(r* /) [GeV/c?] M(r*mtJ/y) [GeV/c?]
% 3000 E_ “5104 E_ —e— data “75104 —e— data
o = 2wl © - - YX(3872) 2wl @ - - yYX(3872)
® = = = nJAy
o o
2000 — %102 3 %102 - — Fit
1000 E’ 10 i S 10 % :.:.
w L L]
. 1 . . . | | i ME A
o+, M L L L L E
28 29 3 31 o 32 33 3.4 107 Se =5y 58" 8e 4 4 107385758 8o 4 ai 4z
My, [GeV/c] M(r*7J/y) [GeV/c?] M (7 J/y) [GeV/c 1

Measurement

Tee - Buy [eV] Used By, value [%] [ee [keV]
BaBar 330.1 £ 7. 7tar £ 7.35y5 5.88+0.10 [PDG2002] 5.6140.20
CLEO-c 338.4 £ 5.8tat 7. 155 5.953 £0.0564t5t & 0.0425s [CLEO] 5.68 £ 0.115tar £ 0.13ys
KEDR 331.8 £ 5. 251t £ 6.35y5 5.9440.06 [PDG2008] 5.5940.12
This work 333.4 £ 2.5t = 4.45y5 5.973 £0.007¢5t £ 0.0375y5  [BESIII] 5.58 £ 0.055tat £ 0.08sys

B The process e”e™ — y, gt ™ J /Y for P (3686) electronic width with ISR method
P& = (2213 + 184 + 99y5) eV

rX872p(x(3872) > ntw~ J/¥) <0.13eV @ 90% C. L.
B Measurements are consistent with the PDG values 8



KEDR

Precise measurement of I,.(J/Y)

B Understanding the quarkonium decay dynamics

B Scan observed cross section ete™ - e*e™ and e*e™ — hadron in the vicinity of the
JHEP05(2018)119

] /Y resonance.

I,,Jy) = (5.550 + 0.056 + 0.089)keV
I'=(92.94 + 1.83)keV

I_‘ee (J/¢)

KEDR. [This work]*

BESIII (2016) Ref.[14]
KEDR (2010) Ref.[12]
CLEO (2006) Ref.[11]
BaBar (2004) Ref.[10]

Lo oo |
L ]
——
—-—

BES (1995) Ref.[9]*

Lattice QCD calculations:

HISQ Ref.[4] —

Twisted mass Ref.[5]

I I I I I
keV 6

4 4.5 5 5.5

*Direct measurement.

B Consistent with those from other measurements, PDG value, some of

predictions

L (J/¥)

KEDR [This work] —

BESIII (2016) Ref.[14] +—e—s

KEDR (2010) Ref.[12] +—e—

CLEO (2006) Ref.[11]  +——e—x

BaBar (2004) Ref.[10] ———

I | | I
75 80 85 90 95 keV 199



BESIT Precise measurement of J /Y decay width

B Precise measurements of |/ /1 decay widths provide a better understanding of the
underlying physics.

B Updated with processes ete™ » eTe " and ete™ - u*u™ at 15 c.m. energy points in
the vicinity of the J /9 resonance.

Simultaneous fit Numerical Results

Basol L+ ,— _, ata-

wf €€ 7€ Parameters and their covariance ‘matrix from fitting

ol 1 Symbol Value (keV) [~ Vi1 (keVZ) | Vip (keV?)

3 t Meelee /T tot 0.348 0.0000684 0.0000373

3 J' L Ceel 1y /T tot 0.339 0.0000373 0.0000300

e e Y PRD388 (2013) 032007
I oy Combined with B(J/v — IT17) =T} /Ttor = (5.978 £ 0.040)%
°1so-e e - l,l ‘Ll 1 ~Uv

o | Symbol Result

ZZ: Mee /T 1 1.025 + 0.014

405— 4 rtot (94.3 :|: 1.9) keV

zobL D o L [y (5.64 &= 0.09) keV

305 306 307 308 309 31 311 312
W (GeV)

B A global y? function for decay width extraction: y* =
(See the details for backup page)

Aol -Vv1. A0
10



BESI

Precise measurement of J/1 decay width

Comparison with results from others

A BABAR(ISR) A BABAR(ISR)
I - ¥ CLEO(ISR) L. F ¥ CLEO(ISR)
- 5 B KEDR(ES)
tot B KEDR(ES) n N
98— 58— ® PDG
r ® PDG - <5 BESHI(ISR)
- *-BESIII(ES) B % BESIII(ES
96 [— \ 4 57— Y (ES)
A 5 I
N " A
94 i . 56 B . dYy
® - ® I
92— 55—
S T T T T A T e 5.4?1,,,,1 | ] ] |
1 1.5 2 25 3 3.5 4 4.5 5 1 2 3 4 5 6
index index

B BESIII result is consistent with those from others.
B Together with BESIII result using ISR, this result achieves the best
accuracy in the world by far.

11



KEDR
Measurement of / /1 and y(2S5) masses

B Based on six high precision scans of the J /3 region and seven high precision
scans of Y (25).

B Fit to the inclusive hadronic cross sections.
B Beam energy was determined using the resonance depolarization method.

PLB 749(2015) 50-56 B Weighting of results on masses

5 M TN
1500 F < ) Z Wl 15
1 - 2 2 2
1222 3 ]/1/1 Ostat = Z Wi - Ogtat,iv
3 2 2 2 2 2
S 500 Ogyst = Z Wi - (Gsyst,i - Gsyst,O) + Osyst,0
: 250 2 2 2
\% OE ' Wi = 1/(O'stalt,i + Ogyst,i — O-syst,O)’
bg 500 — o Here ofyst’o denotes a common part of systematic uncertainty
wh wesy) 1Y Resonance parameters on masses
b Mj/y = 3096.900 + 0.002 + 0.006 MeV
My2s) = 3686.099 + 0.004 + 0.009 MeV
S

/5 Mey) B Consistent with PDG value within the error!



)(c](lP) resonance parameters

BCSTT 6%




B-ES]]I Improvement measurement of I',,, (X c0,2)

B Updated with the process .o 2 — Yy based on Y (2S5) radiative decay.
PRD96 092007(201 7)

448 M (3686) data

B  The o2 shape modeled and fixed in the fit by the

5000 control sample ¥ (3686) — YXco2 Xco2 > KK~
> : L DL LA DL L L R L LA L R B
8 4000 — 12000F- ) =
0 i n : . Data calibration
o C n - 10000 :— . —:
Q 3000 — ] = 8000l -
(@] - . 0 C . ]
; — ] £ 6000 . . -
2000 - & - . ]
T - ] e 4000F . 3
2 - . 2000 ’ ] -
L 1000 — — Eo. . e ]
— | 010 0.5 0.20 025 030 035 040
oL . N E () (GeV)
4 . P
=
b QAL b ¥4 By = B(Y(3686) ~ ¥Xco2) Bz = B(Xco2 > 17)
0.10 0.15 0.20 0.25 0.30 0.35 0.40
E (y) (GeV) Ly (Xco,z — YY) = B()(co,z - Y}’) XF(Xco,z),
]
Quantity PDG average values® CLEO-c’ BESIII® This measurement®
By x By(1075) (x.0)° 2.23+£0.14 2.17 £ 0.32 £ 0.10 2.1740.17 £0.12 1.93 4 0.08 + 0.05
By x By(1075) (10)° 2.50 £ 0.15 2.68 +0.28 +0.15 2.8140.17 £0.15 2.83 £ 0.08 = 0.06
32(10-4)( o) 2.23+0.13 2314034 +0.15 2.24 40.19 £0.15 1.93 4 0.08 £ 0.07 —
B,(1074)(1:0)° 274 +0.14 3.23 +0.34 + 0.24 321 +0.18 +0.22 3.10 £ 0.09 + 0.13 Upper limits for y4:
T, (xe0) keV 2.24+0.19 236+ 0.35 £ 0.22 2.33 4020 £ 0.22 203+£008+014 |T, (Xc) < 5.3 eV@90%C. L.
T, (1) keV 0.53 +0.03 0.66 + 0.07 = 0.06 0.63 & 0.04 = 0.06 060002004 | g ( ) < 6.3x10-5
R 0.236 - 0.024 0.278 +0.050 +0.036___0.271 4+ 0.029 4+ 0.030 ___ 0.295  0.014 + 0.028 Xc1 2 VY) <6.3X

B More precise measurement, consistent with the previous experimental results!

B Precisely measured R calibrates the different theoretical potential models. 1




BESIT Improvement measurement of I' ., (X c0,2)

B A helicity amplitude analysis is performed for superposition of helicity-
zero (A = 0) and helicity-two (A = 2) components for y., — yy decay.

PRDY6, 092007(2017)
700 T T - 3 B Variables definition:
é 288: * gﬁnc : v’ 04:polar angle of radiative photon, with
5 400E 5 respect to the direction of positron beam;
uﬂij Zgg: . heiba. b .3 v 0,/d,: [?olar/azimuthal angle of one of
100544 | | | | | s photons in ., — Yy process at y ., rest
008 04 w02 g 02 04 06 frame, with respect to the direction of
radiative photon direction;
700 - ‘ —
g 600F- ~+-data 3
; = — FitMC = c c
S 3335—. E Two p}l(;ton width ratio for y., — yy
I 3002 : ri [‘ O (x 2)
G 200F e 2 |foz = =2 =(0.0+0.6+1.2)x1072
100E- Te Teete E / l"/l Z(X )
O S c2
i -08 -06 04 -02 0 02 04 06 08 1
cos6,
= ;88: 3 M More precise measurement, consistent with
B 500F 3 the previous experimental results.
>~ 400 — ° o .
2 a00f 3 MW Confirmed helicity-zero component highly
[ = E
@ fgg: i suppressed.
% 1 2 3 4 5 6
%

15



%Measumment of x.q1 2 resonance parameters

B Performed with observation of .1, = J/Yu*u~.

B An extended unbinned maximum likelihood fit

PRL 117,221801(2017)

v' The y, , signals are modeled by relativistic Breit-

Pull

Wigner functions with Blatt-Weisskopf form
factors with a meson radius parameter of 3 GeV ™1,

v" The orbital angular momentum between the ]/

— Xele2 = Jputps
background

Candidates/(2 MeV)

meson and the u™* u~ pair is assumed to be 0 (1) for the
Xc1 (X2 )cases.

B Numerical results for resonance parameters:

Quantity LHCb Best previous
[MeV] measurement measurement World average

|IIIIIII|IIIIIII|III|III|III|III|III|III | |

|

m(ye) 3510.71 £0.10 3510.72 £0.05 3510.66 &+ 0.07
m(yeo) 3556.10 £0.13 3556.16 £0.12 3556.20 = 0.09
I'(ye) 2.10 £0.20 1.92 £0.19 1.93 £0.11

m(X.,) — m(Xe0) = 45.39+ 0.07 £+ 0.03 MeV

B Observations presented here open up a new avenue for hadron spectroscopy at the LHC.
v" To measure production of y ., , states
v" To extend measurements to low p,;(x.12)

16



n.(1S) resonance parameters

KEDR %



KEDR
Measurement of 77.(15) resonance parameters

B Using inclusive photon spectrum in process J /Y — yn,
B Inclusive photon spectrum before/after background subtraction (a/b)
B Taking into account an asymmetric photon lineshape.

x10°
$ sk PLB 738(2014) 391-396 B Decay rate:
S 160F
g ovE o _ 1 ar _ +0.15
:>J’ ggf_ — fit function F}’ﬂc o BW(a)O) dw (1)0) = 2.98 i 0.18_0'33
100E- — o)
80 ;: KEDR (this result) —o-
jg;_ Becirevic 13 <
20E- Pineda 13 —O0—

- ' Donald 12 —O-
400054 CLEO 09 ——
3000:—% data. back tracted Dudek 06 —O0—

- o ata, backgr. subtracte .

20001 resonance irqlmbél;a 06

- interference ein :

1000 Crystal Ball 86 ——
oF—o% LTS S0 a T e bus tadbon Siugcusyu SR Khodjamirian 84
S A Shifman 80 —o—
O G o TS0 S0 350 300 550" #0450 500 S ' '
o, MeV 3%x10 1 2 3
_ +1.6 . . .
ch =2983.5+1.473¢ MeV B Consistent with other measurements (close circles)
I, =27.2 £3. 1fgngeV and theoretical predictions (open circles)

. . L. within the errors. "
B Consistent with PDG values within 10



% Measurement of 1.(1S) width parameter

PLB 769(2017) 305-313

10°

LHCb

104

B Performed with process B* — ppK™ using 3.0 fb~1 pp collision data

Numerical results on masses
M]/q, — Mnc(ls) =110.2+ 0.5+ 0.9 MeV,

M, (s5) = 52.5+ 1.7 + 0.6 MeV,
I, (1) = 34.0 £ 1.9 + 1.3 MeV.

My (2s) —

Candidates/(6.0 MeV)

10?

o L f

[H{ { i 1] [ { { l gy bl 1 I!!!...‘I, il
{HH} ]l{ {}][ | { LRI LR T L R

_."_!?] T IIIII|'|'|bJ T IIIII|T| T TTTTm)

B Consistent with PDG value
At e B rPDG

|| |I'I ||||

! 1L
|| | i
] I

M, [MeV]

ne(1S) = = 31.8 i 0.8 MeV.

B Compared with radiative decays, these
mass and width determinations do not
depend on the knowledge of the line

N 3000 3500 4000 shapes of the magnetic dipole transition.

B Observationof 17.(2S) — pp (6.0 6) and search for Y (3770), X(3872) - pp

Relative branching fractions:
R, 25y = (1.58 £ 0.33+ 0.09)x107%,
Ry 3770y < 9(10)x107* @ 90(95)% C.L.,
Ry3g72) < 0.20(0.25)x107% @ 90(95)% C.L..

19



Observations of X(3823) and X" (3860)

BESTH




Observation of X(3823) or ¥,(3823) BGS]]I

B Status:

cC MESONS (including possibly non-qq states)
,(3823) was X(3823) I°(JP¢) =07 (27) w(3823) WIDTH < 16 MeV CL=90.0%

w(3823) MASS 3822.2 + 1.2 MeV

B An evidence by Belle for the first time
in process B — yx.1 K, but not

observed in y) ., final state.

30F 4 PRL 111,032001(2013)

Events/(5 MeV/c?)
[\ )
o

—_
(@]
T T

2
M, ,(GeVic?)

Myisazs) = 3823.1 £ 1.8 + 0.7 MeV

[asrs) < 24 MeV @ 90% C.L.
B Good candidate for ¥ (1° D, cC)

charmonium state suggested.
B Production of X(3823)’s C-odd partner.

B Observed by BESIII in processete™ —
Ty x4 With 6.20 statistical significance.

PRL 115,011803(2015)
% aof A e e
(] T | I Background % ------- Background
E 30; [ Sideband = 30 [ Sideband
> 20F 2 20
£ X(3823) o No X(3823)!
S 10F & 10
w T
8.6 3.7 3.8 , 3.9 3.6 3.7 3.8 , 3.9
M, oeoi(T ) (GeV/co) M, eoi(™) (GeV/co)

v" Simultaneous fit to data at 4.23,4.26, 4.36,
4.42,4.60 GeV
v P (2S) signal for calibration

My san3) =3821.7£1.3£0.7 MeV
[xis23) < 16 MeV @ 90% C.L.
B These measurements are in good agreement

with the assignment of the X(3823) state as
the 1 (13 D,) charmonium state. 21




BESIT Production cross section

PRL 115,011803(2015)
25
-+ data
2 —Y(4360)
- y(4415)

44 45 46
E. (GeV)

1. Energy dependent cross section of e*e™ - ¥ w~ X(3823).
2. Both Y(4360) and Y (4415) line shape give reasonable description.
22



D>

= Observation of X" (3860) or y.,(2P)

BELLE

¢ ¢ MESONS

X(3915) was y,,(3915)  IS(JFC) =0*(0or2*)

JPC

No y.0(2P) candidate now!

, | - X(3915) MASS  3918.4 + 1.9 MeV
= 0**. However, a reanalysis presented in ZHOU 2015C shows that if helicity-2
JPC =2+ assignmentis possible.  X(3915) WIDTH 20+ 5 MeV (S=1.1)

The experimental analysis prefers
dominance assumption is abandoned and a sizable helicity-0 component is allowed, a

B A full amplitude analysis performed to the ete™ — J /DD process (D€ D°, D) in a six-
dimensional parameters space:
® = (Mpp, Oprod; 9]¢»OX*»‘P1—:‘PD)
where, 60,,,.,4 production angle; 6;,,, 0. helicity angles; ¢;-, ¢ azimuthal angles.
B Observation of a new charmonium-like state X*(3860) with 6.50 statistical significance.

PRD 95,112003(2017)

Events /0.2
Events /0.2

Events / 50 MeV/c?

=== | Resonance parameters

vt . _ +26+40
Projections of signal fit Mx-(3860) = 3862753 33MeV
| +154+88 MeV

FX*(3860) = 201755755,

Events /0.2
Events / (n/5)
Events/ (/5)

3
%S
-1 —-0.5 o 0.5 1 -3 —2 -1 (o] 1 2 3
cos 6, P [

B The J°¢ = 0% hypothesis is favored over the JP¢ = 2** hypothesis at the level of 2.5c.
23



D>

=4 Observation of X*(3860) or y.o(2P)

PRD 95,112003(2017)

B Comparison of the X*(3860) and known
charmonium-like states

Nonresonant amplitude

State Jre Constant NRQCD Mz
X(3915) 0+t 520 430 330
X(3915) 2+t 6.1c 6.1c 496
X2 (2P) 2+ 6.80 7.00 6.20
X (3940) 2+t 6.00 5.60 5.2¢0
X(4160) ot 6.80 6.30 5.80
X (4160) 2+t 10.7¢ 11.00 13.50
70 (2P) (attice) O+ 430 3.6 276

B 2.70 difference from predicted y.o(2P)

B The X" (3860) global significance for
alternative models

Model Significance
Default (constant nonresonant) 8.50
NRQCD nonresonant 7.60
M nonresonant 6.50
Background mass calculation 8.40
Optimization (a = 4) 8.1c
Optimization (a = 6) 8.1c

B Disagree with the NRQCD prediction

B A new conventional charmonium candidate?

v A better candidate for y.,(2P) charmonium state than X(3915), well matched to

expectation of y.o(2P) from potential model.

v Agree with y.o(2P) parameters determined from an alternative fit to Belle and BABAR:

M =3837.6+ 11.5 MeV
'=221+ 19 MeV

v" A conventional charmonium state above DD threshold, coincide with y .o (2P) .

24




Summary of recent experimental status for CCS

CCS Collab. M(MeV) I, (keV) r,;(keV) r,.(keV) COMMENT
efe s ete,utu”
BESIII 94.34+1.9 5.64+0.09 | 5.58 +0.09 efe” > J/Ypy>ut uy
J/¥ ete™ - e*e~(hadron)
KEDR 3096.900+0. 006 | 92.94+1.83 --- 5.550 £0.105 Inclusive hadronic mode
PDG 3096.900+0. 006 92.9+2.8 --- === PDG AVERAGE
BESIII 2.2131+0.100 ete” sy gpm ] /Y
P(2S) KEDR 3686.009+0. 098 --- === o Inclusive hadronic mode
PDG 3686.009+0. 098 29618 == === PDG AVERAGE
y CCS | Collab. M(MeV) r'(MeV) I, (keV) COMMENT
BESIII - - 2.03+0.16 PY(3686) = VX0 Xco = VY
Xco LHCb -—- -—- -—- -—
Ne PDG 3414.75+ 0.31 10.5+0.6 - PDG AVERAGE
BESIII <53 x10 73 | P(3686) = VX0 Xco= VY £
xd Xt LHCb | 3510.71 +0.14 Xeiz = J/pptu”
ory PDG | 3510.66+0.07 | 0.84 + 0.04 PDG AVERAGE —
- BESIII 2.0340.16 | P(3686) = VX0 Xco = VY I;E
er; Xc2 LHCb 3556.10 + 0.13 2.10+0.20 --- Xc12 ™ ]/II)IJ+M_ [
PDG 3556.20 + 0.09 1.93 +£0.11 -—- PDG AVERAGE IL

B Tables summarize more precise measurement, consistent with PDG average!




Summary of recent experimental status for CCS

CCS | Colab. M(MeV) I (keV) | I,(keV) r,,(keV) COMMENT
efe - efe,utu”
BESIII --- 94.3+1.9 5.64+0.09
I/ ete”™ - e* e (hadron)
KEDR 3096.900+0. 006 | 92.94+1.83 --- 5.550 £0.105 Inclusive hadronic mode
PDG 3096.900+0. 006 92.9+2.8 --- === PDG AVERAGE
BESIII 2.213+0.100 ete” >y gp ] /Y
P(2S) KEDR 3686.009+0. 098 men --- === Inclusive hadronic mode
PDG 3686.009+0. 098 29618 == === PDG AVERAGE
| | | | | |
CCS Collab. M(MeV) I'(MeV) l",gh(keV) COMMENT
KEDR | 2983.5+1.4%18 27.2+3.1753%¢ | 2.98 +0.187313 J/ - vn,
0.41.9+1. PRE——
0. (15) LHCb 34.0.41.9+1.3 B* - ppK
PDG 2983.4+ 0.5 31.8.1+0.8 - PDG AVERAGE
Belle | 3823.1+ 1.8+ 0.7 <24 B - yxeK
X(3823) —
Orp,(3833) | BESII | 38217413 +0.7 <16 ete” - Tt T Y,
PDG 3822.2+1.2 <16 -—- PDG AVERAGE
X*(3860) Belle RGN 201+ 15488 e*e” > J/¥DD
OI’){CO(ZP)
PDG - === - PDG AVERAGE
[ [ [ [ [ |

B Tables summarize more precise measurement, consistent with PDG average!




Summary

B Lots of progress in the study of conventional
charmonium states at BESIII, Belle, KEDR and
LHCD, recently.

» Precise/improved measurements:
v J/Y and P (2S) resonance parameters
v’ Xy (1P) resonance parameters

v 1.(1S5) resonance parameters
» Observations of yY(1°D,)=X(3823) and y . (2P)=X%(3860)

B BESIII/Belle/ KEDR/LHCDb will continue the study,
Belle II at KEK will start data taking very soon.

Thanks for your attention/
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Decay width extraction —

To consider:
® Correlations between measured cross sections of the same channel at different energy points;
® Correlations between measured cross sections of different channels at the same energy point,

a global x2 function is constructed:

where
. &P (i) — othe(i) i=1-—15
Ac(i) = { exp(, 15) — “Z(,’ —15) i=16—30
and
p the
Veelis ) + 6(i = ))( "5 (DNAW(1))? i=1-15j=1-15
exp 15 o the
V(i j) aeeL((l))Zo 1(15) )VL(i,j 15) + 8(i + 15 — j) & i () d FE(N(AW())?  i=1—15,j =16 — 30
1,]) = <
! 7e Douu1) (i 15, j) 4 6(i — j - 15)""”6 do () SO () AWG()Y i =16—30,j =1 15
L(:—15)L(_;) L\ »J "1 J dWp dWo 0 e =
| V(i — 15, — 15) + &(i —j)(—’iﬁjwo (i — 15) AW (i — 15))2 i=16 —30,j =16 — 30
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Decay width extraction —

® Analytical formulas for resonance terms and interference terms of cross sections of ete™ — ete™ and

ete”™ — put ™ with ISR considered are carefully derived 1 with structure function method 2

o(s,cos0) = / d(s(1 — x), cos O)F (s, x)dx

® The energy spread effect is described by gauss distribution

W—Wp)?
1 _( 20 :

Gl(Wo):/U(W) mexp w daw

® The FSR factor RFSR(WO) are obtained via numerical method with the Babayaga generator as the ratio of
the calculated cross sections with the FSR switch therein turned on and off. With it

o (Wp) = o’ (Wp) - RFPR(Wp)
® The final function form of the theoretical cross section formula:

otf® = ol (Wo, M, Ttots TeeT 11/ Tiots \/Teel 11y ow) with Il = ee or pp

® Ielee/Ttor and Mee Ipp /Ttot can be obtained by measuring these cross sections and then fitting them.

® Combined B(J/ — I+I_) = Iy /T tot measured by our BESIII collaboration in 2013 3, MNtot and 'y can
be obtained from lNeelee /T tor and lMeel 1y /T tor by parameter transformation.

1X.Y. Zhou, Y.D. Wang, L.G. Xia, Analytical Forms of Cross Sections of Di-lepton Production from ete™
Collision around the J /1 Resonance, arXiv:1701.00218.

2E.A. Kuraev, V.S. Fadin, Sov. J. Nucl. Phys., 41 (1985) 466.

3M. Ablikim, et al., BESIII Collaboration, Phys. Rev. D 88 (2013) 032007
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Improvement measurement of y.q , two-photon width

Validate reliability of background function.

Events /5 MeV

FIG. 2.

frg = Po+ P1E + poE* + p3E°

L A A T T A D

Data sample taken at /s = 3__

-

v

v

PR P R S S | | |

ool

/73GeV

Isampl_é

N : 2 | - PR N
onance data

Ao | | Off-rés

taken at+/s = 3.65GeV

IIIIIIIIIIIIIIIIII

.................................

0.25
E (v) (GeV)

Background E(y;) spectrum. Upper plot: The best fit
result (blue solid line) to y(3770) data (dots with error bar) using
Eq. (2). Lower plot: The comparison of E(y;) spectrum between
off-y(3686) data (dots with error bar) and yw(3770) data (red
histogram).
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Measurement of y. , resonance parameters at LHCb

— 10: T T T T T ! ! ! [ .
& of LHChH ® . Jbutp 3
S ]
7t E

6F- E

4F E

0: 1 ! 1 1 1 L L - ]

0.2 0.3 0.4 0.5

m(p ) GeV]

FIG. 2. Background-subtracted m(u*p~) distribution for y,; —
J/w wtu~ (solid red circles) and y., — J/w puu~ (open blue
squares) decays. The distributions are normalized to the unit area.
The curves show the expected distribution from the simulation,

which uses the model described in Ref. [29]. +



Events / 50 MeV/c?

Events /0.2

Observation of X*(3860) or y.o(2P)

K. CHILIKIN et al. PHYSICAL REVIEW D 95, 112003 (2017)
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FIG.5. Projections of the background fit results onto M, and angular variables. The points with error bars are data, and the solid line
is the fit result.
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