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* Introduction
 Cross section line shape: ‘Y’ states

* Intermediate state: ‘Z’ states
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) The Charmonium System

* cc bound states can be described using potential models 4.4

« All predicted states below the DD threshold have been found!

4.2
 Properties are in agreement with predictions

b
o

* Clean environment to search for exotic states

Mo-+Mo-

 Many unpredicted states were reported above the DD threshold,
called “XYZ” states
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) The Charmonium System

* cc bound states can be described using potential models 44 -
— - ¥e2(32Pz)
 All predicted states below the DD threshold have been found! ol — Xerl@P)
* Properties are in agreement with predictions =D
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* Clean environment to search for exotic states
[X(3940) |

v [Nne"(21S0)

 Many unpredicted states were reported above the DD threshol
called “XYZ” states

e “XYZ” states
o “X”: Neutral, JP¢ + 17~
Observed in radiative or hadronic transitig
* “Y”: Neutral, JP¢ =17~

Direct access in e*e~annihilation.
e “Z”: Charged, isospin triplete

13P2
@@

established cc states
3.2

predicted, undiscovered
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Observed in hadronic transitions from'Y. 0+ - 1+—JFC O
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» Confirmed by Babar.

[ Belle, PRL 99, 142002 (2007) (©)
B PRD 91, 1.12007 (2015) B
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* No evidence for the Y (4260).

* Y(4360), Y(4660) inete™ » n*n~yY(3686)
 Discovery in ISR process by Belle
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* Apossible charmoniumlike structure in M+, 36g6)

« Anexcess at 4.05 GeV /c? in the Y(4360) decays
» 3.60 significance
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) Analysis strategy

 Data samples:
« 16 energy points from +/s = 4.008 to 4.600 GeV
« The total integrated luminosity is 5.1 fb™!

» Reconstructed modes:
« Charged channel: ete™ - n*tm~1(3686)
Mode I: ¥(3686) - =]/, ]/ — It~
Mode Il: ¥(3686) — neutrals + J /Y, ]/ — 111~
neutrals = (1% 7% n and yy)
« Neutral channel: ete™ - 7°7%(3686)

Y(3686) »>mrnT ]/, [/ > 11T
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‘ Event selection: charged channel

* Topologies: nTm~mwtm 111~ - Topologies: ™ ™11~ + Ny(N = 2)

e Track level: « Event level:
* Pions: p < 0.65 GeVl/c * 4 good charged tracks

- > 1
- Leptons: p > 1.0 GeV/c (electrons: = 2 photon candidates

E/p>0.7 ; muons: E<0.45 GeV) ’ z/etog 2;2 _: "fufmls;r 11\1;(3686) _
P( ) > /P), | ]

¢ FOI‘]/I/) - [.l+[.l 1 Nhits =5 Ml|1(3686)| > 8 MeV/c2
« Event level « Vetoete™ - nJ/W(n - ntnn0),
« 5o0r 6 good charged tracks |[Myymr — My| > 50 MeVic?
e 4C/1C kinematic fit for 6/5 tracks * Veto Bhabha and dimuon, cos6+,- < 0.9

« 5C/2C kinematic fit to get better
M(y(3686)) resolution
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‘ Signals In data: charged channel

— —+- Data 1 ! —+- Data
‘; 200 f— h_ _Fit - ; 60 — —Fit -
8 -- Background - <D [ ---- Background ]
o JIy sid J/y sideband
g | -‘""\/_4416Gev [y sideband:
f 100 |- | 1 S
g | , \ ] 220
(0] [4b] i
> i ] > -
L R 4 L |
0 0 b Tt e ;
364 366 368 370 372 374 364 366 368 370 372 3.74
M(r*J/y) (GeV/cY) M(z*) (GeV/cD)

« Number of signals are extracted from 7w+~ ] /1 invariant mass (mode I) and =¥~ recoiled
mass spectrum (mode I1)

« Signals are described with MC simulated shape convoluted with a Gaussian function
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) Event selection: neutral channel

* Topologies: =T " yyyy

* Track level:
« Same as charged channel

 Event level:
« 4C kinematic fit is applied, photons are selection from minimum yZ..

* Minimizing (M., — M,0)*> + (M, — M;0)* to select m°s.

e 7C kinematic fit (two =° and J /3 masses) is applied.
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‘ Signals in data: neutral channel
- . 3'9f
S - ] “753'85;_ ; E
(%D, 3 EES 4+ Number of signals are extracted from w7~ ] /i
roesE : 1 B 1  invariant mass.
5 E -] §3'7? Ccilrrmdmain, T
293'55‘ \Vs=4.258 GeV 53-65_— \/s=4.416 GeV « Signals are described with MC simulated shape
SRS e T TS convoluted with a Gaussian function.
% 12% _E
8 1of i + Dominant background from e*e™ —
S 8f 3 _
S i n'n Y (3686)
5 4f 3
“ e s M
M(rt 1) (GeV/c?) M(r* 1) (GeV/c?)
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- Determination of cross section: charged channel

N_obs
B _ L :
% Lint(l + 57‘)(1 + 5v)BTi€i (l 1’2)
g 1gg§_|||||||_§
~ - e (3686)— n'wJ/y 3
s g ¢ v E +  Cross section for charged channel
§ so b t | 3 « The two modes are combined by considering the
@ gE 3 correlated and uncorrelated uncertainties.
§ of b
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etermination of cross section: neutral channel

obs
of = N
L (1461 +6Y)B-¢

= g T
o 20F —* ntw(3686)
S 'y (3686) _ _
= 60 + * The cross section of neutral channel is found to be half of
[3) e 2xmny (3686)
% 50 those for charged channel.
w40 4 » Consistent with expectation from isospin symmetry.
(7))
(@)
5 o
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) Fit to the cross section

A binned x? fit is applied, with the PDF parameterized as:
A = f1e'P1 + f, + fze'?2

« f, forY(4220), f, for Y(4390), f5 for Y (4660)
» The amplitude for each resonance is:

+ —_
M \/127TBL Fl-e € Fi d)(M)
fi= e M? + iM,T; |d(M;)

* In the fit, M;, I';, the product Bil‘f+e_ and the relative phase angle ¢;(i = 1, 2)
are free parameters.

* The parameters of the Y(4660) are fixed to Belle’s latest results.
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: Fit to the cross section

120""|""|llll|l|||||
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M, = 42095 + 7.4 + 1.4 MeV/c?, T; = 80.1 + 24.6 + 2.9 MeV
M, = 4383.8+ 4.2 + 0.8 MeV/c% T, = 84.2 + 12.5 + 2.1 MeV

|
N
(@]

100 Bel E B Black solid curve: with three resonances y? /ndf=9.98/7
- elle -
- . _ o , ~
T g0l = BaBar - B Pink dashed curve: without Y(4220), y=/ndf=54.54/11
g - ] B Significance of Y(4220) is 5.8¢
= 60[ ~ : :
o - - W Y(4220) observed ine*te™ —» ntm~(3686) for the first
D a0 - time !
8 N .
0 "L:
o 41

N

« Systematic uncertainty includes: Energy scale, Energy
spread, Fit range, Y (4660) parameters
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) ~Discussion on two fitting results

e Parameters Solution I Solution II
M(Y4220) (MeV/c?) 4209.5 + 7.4
['(Y(4220)) (MeV) 80.1 & 24.6
Bre'e (Y(4220)) (eV) 0.8 +0.7 0.4+0.3
M(Y4390) MeV/c?) 4383.8 +4.2
[(Y(4390)) (MeV) 84.2412.5
Bre'e (Y(4390)) (eV) 3.6+15 2.7+ 1.0
¢, (rad) 33+£1.0 28+04
¢, (rad) 0.8+0.9 47+0.1
— 120 T T T T = BESH z—~120:----.--.......,....,_.-._éE.si“....
—= 100F — Belle 3 <~ 100F ~, —+ Belle 3

-= BaBar

o]
o
Q
o
]llll T

B
o
TTT T T[T 1T

Cross Section (pb
(o))
o
)
T [ TTT TT

Cross Section (pb
3
I

20F 20
0 0
_ * IRAARN 1 [ 1 1
2g. ZQ.O 41 4.2 4.3 4.4 4.5 4.6

* Y(4390) has constructive and destructive interference
Two solutions from constructive interference from Y (4220) are missing
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‘ Discussion on two fitting results

« Scan of ¢4 (fixing ¢p, = 4.7)
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‘ Y states observed at BESIII
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Process M; MeV/c?) I'; MeV) M, MeV/c?) I, MeV)
ete = wyy 4230 £ 8+ 6 38 £ 124+ 2 [37]
ete” - ata Iy 42200 +3.1+ 1.4 44.1+43+20 4320.0 + 104 £ 7.0 101.47752 £10.2 [9]
ete” = ntah, 42184732 £ 0.9 66.073%° & 0.4 43915783 £ 1.0 139.51)82 1 0.6 [10]
ete” — atDOD* 4 c.c 42248 +£5.6 +4.0 723 +9.1+09 4400.1 +£9.3 + 2.1 181.7 + 16.9 + 7.4 [38]
ete” - ntny(3686) 4209.5 + 7.4+ 1.4 80.1+£24.6+2.9 4383.8 £4.24+0.8 84.2+12.5+2.1
. S — ——
< 200F -wwmuy : N
B -9 1y (3686)
E [ n*h, i
- < 1*DD" -
100 + -
S0 £ E
N L

4200 4250 4300 4350 4400
plot by Yateng Zhang Mass (MEV/CE)
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) ~Intermediate states: charged channel

X < f Jr Py ' T
: 5 2 ok t 13 :
M Dalitz plot for data samples at 4.416, 4.358, 4.258 and = LI } 8.t } M-
4.226 GeV = 0 glop ) 18 | i
> At 4.416 GeV, a narrow structure observed around 4.03 = | g R T
2 + T 16 17 8 0 ST T T2 ' W o= 5"
GeV/c*InM (n ¢(3686)) 22 b Ma(n;\:(ssas));z;ew&fm > Ghiz(n*rto)fGeWc"’)z °°
» At 4.358 GeV, no obvious structure observed. Tl g | ]
8 (5 eof 1 8 .0 ]
> At 4.258 GeV, two bumps around 3.9 and 4.03 GeV/c? are s = I 1 2% f i |
visible = | Sl . ]
s 2 i il
. + >t P . g 4 il
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and a different M (¥ 7 ™). Wity (3680)) (Gev/c’ z(w(aeas))(eew&)a M () (GeV/c?:
o 04 _ —~ 8. & [ ' ' S P T
P — S £ \/_4258(\;3‘1bsaof Jr + 1 L wof
g = BESIII ] 3o = 1 & | 18 ¢
ooF [ ] e R e 1) *ﬂ 187
g 80 -=- BaBar “;01- e BT S ) %20_— ;‘ —*‘{’+ . g
- 7] L 3 > [ -‘,/ ‘.\-_ ] § i -
-_§ 60 [~ —: %0 80 155 160 165 170 ° o B0 15 180 s U O Hi T o om0 025 080
§ : . Ma(w(SGBS)n'*) (GeV/c?)? z(fw(SGBB))(GeWcz)z Mz(n*rt')(GeWcz)z
@ “OF E i V5 = 4.226 GeV | * %Bn' % ]
8 N i gb:o.a: ~ 18 3 + H>+ 3" ‘\‘ ‘\; _
5 <F|& ' V amme, 4 A +++ amwﬂ
o | Feae== ] EM:—% - S e . S 4of + . § 20f + ‘\‘ + _
- ] Coil e 1 S| + A ,-’L. [ i& '
RN | L, Ll l . WE E - - 2 = 20_— 'r‘: e \\. ,’," .\.;‘ . g 10_ ,ﬂ'/ ]
~2%0 4.1 4.2 4.3 4.4 4.5 4.6 oo, , , | A i 0:+/J’4| e {‘fc*: I 4'&
V_ V 15.0 155 716.0 16.5 15.0 155 16.0 16.5 0.10 0. 15 Q. 20 0. 25 O.JQ
s(GeV) M2(y(3686)r°) (GeV/c?)? M2(r=y(3686))(GeV/c?f M) (GeV/c?)




¢'Qﬂé‘&aﬁ Z

nd Techn

%—A L e pp—— —H?-

KWJ
ca
U)oo
S
0=
o

) ~Intermediate states: charged channel

: S f i = eof ' e
: % L o t 13 ]
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) Intermediate states: charged channel
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: ~ Intermediate states: neutral channel

\/5=4.226 GeV \/5=4.258 GeV 5=4.358 GeV \/5=4.416 GeV
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) Fit of intermediate states

« A prominent narrow structure is observed in my(3686) mass spectrum for data at /s = 4.416 GeV.

« An S-wave Breit-Wigner fit function is performed on the Dalitz plot of M*(n*1(3686)) versus
M?(m~(3686)).
p-q s g oot
(Mg—x)2+MI%-]"2 (MI%_)/)2+M}%-F2 Y

« The fit yields a mass of M=4032.1+2. 4 MeV/c? and a width of I'=26.1+5.3 MeV, with a
significance of 9.20.

e(x,y) - (

= 0.045
o -5040
=< 0.040
0.035 —-5060
0.030
0.025 -5080
0.020
0.010
-5120
0.005
0.000

4.0104.015 4.020 4.025 4.(330 4.035 4.040 4.045
Mass M2(nty(3686))(GeV/c?)?

-
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Fit of iIntermediate states

23 0| V5=4.358 GeV L SN
= S eof
S oof \ 1 O |
~— i ~ 40
S 40f ] e
% 20F . % 201
Lﬁ 0- : T B S N 4++L - Lﬁ :
15 16 17 0
M?(nty(3686))(GeV/c? M2(my(3686))(GeV/c?f

Similar fits are carried out at /s = 4.358 and 4.258 GeV,

Parameters of the intermediate states are fixed to results at /s = 4.416 GeV
At /s = 4.258 GeV, the fit result is shifted from the peak obviously
Significance is 3.60 and 9.60 for 4.358 and 4.258 GeV, respectively.
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‘ Fit of Intermediate states

E 60 ‘H> ++ +‘H’ + . ?r’s ﬂ» H E

e R + L V5=4.226 GeV H»J( :
A A I | P ﬁ

ul 0-+..|....‘|“."._#.'.|... LN Lﬁ O$$’.-+-.-‘T'/| L .._u

15.0 15.5 16.0 165 0.10 015 020 025 0.30
MP(mty(3686)) (GeV/c?f M () (GeV/c?)

« No structure is observed in M (£ (3686)) at /s = 4.226 GeV
« The behavior of M(m*n™) is different with that at other energy points

« A possible interpretation might be found in the triangle singularity mechanism (Phys. Rev. D 51,
4619 (1995)).
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) Some discussion

» Poor fit quality in full PHSH region at 4.416 GeV, P=8%
> Different behaviors between high and low M?(w*m ™) in data

— 17 — 1|a E N
M (my (3686))
Difference performance on M?(n*tm™) region
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Some discussion

—~—

- A fit with additional requirement M?(m*m~) > 0.3 (GeV/c?)? at+/s = 4.416
GeV, yields M=4030.3+0.1 MeV/c?, T = 5.1 + 0.2 MeV. P>50%.
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) Summary

« ‘Y’ states from line shape of ete™ - 7w~ (3686)
 Improved precision compare with Babar and Belle
 Observation of Y (4220) in this process for the first time with 5.80

 Large uncertainty on mass/width of Y (4220), Y (4390).

‘7’ states in the my(3686) mass spectrum
* Different production ratios and different distributions under the same ‘Y’ state.

« Mass and width of Z,. determined from a simple 2D fit on Dalitz plot at /s = 4.416 GeV.

« Anew XYZ data sample with more statistics is undergoing.
 Improve the precision of mass/width of Y (4220), Y (4390).
 Determine the parameters of Z. from PWA.

o Extraction line shape of nZ..



