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Outline

» What is XYZ state?
» BEPCII and BESIII.

» Measurements of cross sections of hadron processes

U Measurements of cross sections of ete- —» ¢pK* K and K*K K*K
U Observation of resonant structure in the line shape of cross section of ete —1n' ¢

» Summary and Outlook




What is XYZ states?
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X states: charmonium-like states with

JPC += 17"
Y states: charmonium-like states with

]PC = 1"

Z states: charmonium-like states contained at
least a cc and a light qq pair

> Below open-charm threshold:
0 Good agreement between discovery and
theoretical prediction.

» Above open-charm threshold:
O Some new states: with charmonium in
final states. (Charmonium-like or XYZ)
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Y(4260) and Y(2175)
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Y(2175)
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Y(2175)

< The states with JP¢ = 1 ~include $(2170), p(2150) and so on.$(2170) is
interpreted as a ssg hybrid; a 23D s5 state; or a sSs5 tetraquark state.

¢ Theorists have predicted a neat resonance peak around 2.150 GeV in the
three-meson system ¢K*K (the solid) . Experimental data is from BABAR

Collaboration. Int. J. Mod. Phys. A. 23, 14 (2009)
«tPhys.Rev. D 78, 074031 301
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Y(2175)

¢ Theorists have studied different decay modes of Y(2175) as shown in the table.
So we want to distinguish these theory modes by measuring cross sectionline
shape of ete =@ 1.

Y (2175) as 23 Dy s5 quarkonium Y (2175) as s5g hybrid [2] Y (2175) as 338 s5 quarkonium [6]

Decay modes I'rjin 3P0 model I'r j in flux tube model In flux tube model In3 Py model

KK Ipp=9.8 Tpp=23.1 0 0

K*K I'py =13 I'pp=117 3.7 20

(/)17 Fp1=0 Fpl=0 1.2 21

on’ I'pp =29 I'p; =238 0.4 11

K*K* Tpo=0.76 Tpo=0 0 102
I'py =0* I'py =0*
I'pp =0.15 I'py =0 PhS. Lett. B 657,49 (2007)
I'pp=172 I'pp =235

K (1460)K Ipo =583 Ipo =50.2 0 29

K*(1410)K Ip; =319 Ipy =260 23 93

h1(1380)7 g1 =36 g1 =35 0 8

K (1270)K g =23 Iy =205 35.3 58
I'p1=19.6 I'pp =259

K, (1400)K ;=30 I =08 70.1 26
I'p1=5.6 I'p; =8.6

K (1430)K Ipy =108 Ipy =153 15.0 9

Fot 167.21 2119 148.7 378
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Observation of ¢ (2170) —¢n’

»From 232fb! of BABAR data, signal of ete —y;x $n' are observed.
Because of the low statistics, no further study is carried out.

» The following result is from J /i —n ¢n’ process.(Yunfei Long)
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' R T Y YT 2" %22 23 %4 %5
M(on') (GeV/c?) M(¢n") (GeV/c?)
Final states mean (MeV/c?) T (MeV/c?) Nig Nikg1 x2/ndof
First (77' o '77r+7r_) 2109.0 +5.2 48 + 10 162+ 27 1535 +49 1.40
Second (' — nrtn™) 2109.0 £5.2 48 £ 10 63+15 428 +26 0.99

http://indico.ihep.ac.cn/event/6754/contribution/1/material/slides/0.pdf
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Beijing Electron Positron Collider i
[BEPCII]
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5100
2373

Beiling Spectrometer lli
[BESIII]

>MDC: (He/C;H, = 60/40)
v'0,,=130um, dE/dx~6%
vo /p =0.5% at 1GeV

» TOF: (Plastic scintillator)
v 0,..(barrel)=80ps
v 0,..(endcap)=110ps

- »EMC: (Csl(TI) crystal)
v'o/E(barrel)=2.5% at 1GeV
v'o/E(endcap)=5%at 1GeV

i L < s magnet: (B = 1T)

»RPC pu Counter: (u/m PID)

. _ , v'Barrel: 9 layers
nFERE YTREENS PR AR v'Endcaps: 8 layers
vV Ogpatial =2.0 €M
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Physics at BESIII

» Charmonium spectroscopy and decays:
v'Test of QCD: (y/nn/n/nP)transitions;

v'Studies of XYZ states; : v(45) or hybrid
— yi2D) - FEIY
> Light hadrons: ! vizs) °
—= DD
v'Hadron spectroscopy; her [ ﬂJES)_‘DD* %;%%&a‘_zp] DD, |
v'Search “exotic” hadrons: CP y(1°D,) —\{-p‘:’y‘;’w n
uleball, hybrid, tetraquarks... = - — — — —=DD _ _2MD) __ _ POVTY
8 Y a T TEEY PR
»Charm physics: o 35_' ..... h(1P) ;fil‘:;"--f;x('.EI‘ﬁ)i_’?‘—..’@
v i : : . wf T Yol 1P) ——
CKM matrix, semi-leptonic decay; s L =
v'Decay constantsf_D and f_Ds; : [ e Charmonium
v'D%-D° mixing, CP violation; o 5 /W il ,
e family
>R'QCD: 3.0 — ﬂ{“_s} > g Yot —
R | PC — -- B - 0** 4+ 2++
v'R measurement; e ! 1 1 . ;
v't-physics;
v'Form factor of hadrons.
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Data samples at BESIII
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Measurements of cross sections of
hadron processes

1. Data sets and MC simulation
2. Observation of ¢ (2170)-»n'd
3. Studyofete = ¢ KK

4. Study of ete - KTK' KTK




Data sets and MC simulation

1. BOSS665p01.

2. R-scan data sets: ( 2015)

Vs (GeV) | Lum. (pb) | | Vs (GeV) | Lum. (pb-) Vs (GeV) | Lum. (pb1) Vs (GeV) | Lum. (pb1)
3.080 126.185 2.800 1.008 2.3864 | 22.549 2.125 108.49

3.020 17.290 2.700 1.034 2.3094 | 21.089 2.100 12.167

3.000 15.881 2.6464 | 34.003 2.2324 | 11.856 2.050 3.343

2.981 16.071 2.6444 | 33.722 2.200 13.699 2.000 10.074

2.950 15.942 2.500 1.098 2.175 10.625

2.900 105.253 2.396 66.869 2.150 2.841

3. 100K Signal MC by “ConExc” at each energy point.




Observation of $(2170)-n' ¢
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Event selection (n'=mnt*nty, p— KTK)

* Good Charged Track:

|V,] < 10.0 && |V,|< 1.0 && |c0s0|<0.93;
Ncood ==3||4; (Toimprove statistics: Missing one Kaon.)

* PID with dE/dx and TOF:

Pion: prob_m >prob_K && prob_m>prob_p;
N(ntt)=N(m) =1;
Kaon: prob_K>prob_p && prob_K>prob_m;
At least one Kaon are indentified:
N(KH)=N(K) =1; or N(K")=1&&N(K) =0; or N(K")=0 &&N(K) = 1;

* Good Photon:

Eparre™25MeV; Egngeap>50MeV; 0<Time < 14(Unit 50ns);
N, >1.
v

* Vertex fit (mtmK%).

* 1C kinematic fit (m*wKxy): x2,.(k*kK*y) < 20;

2017-10-20 PNHE S 180 SO SR TS 18




@2125MeV: L=108.49pb*
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M(K'K): 2125MeV

(1) x*1c(K*Kmtmy) < 20;

(2)IM(K*K)-M,|<0.015GeV/c?;
(3)E(y)>0.07GeV/c?;

There is no peaking background. We can
get the number of signal events by fitting

invariant mass distribution.
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Fitting Method

80

T 7o ﬁ sezmwr | (1) g2 o(KFKTTHTY) < 20;

S -

3 60 . (2)|M(K*K)-M,| <0.015GeV/c?;

S S0F ' (3)E(y)>0.07GeV/c?;

S 40F .

% 30F

‘% ook F 4 (3)n' Fitting :

3 10%@%&&% Signal: MC shape @ Gaussian;
ISR G | A 1 N Background: 2 Poly;

0.860.88 0.9 0.920.940.960.98 1 1.021.04 N=267.7 + 22.2

M(rty) (GeV/c?)

Signal region is between red lines;
Sideband region are between blue lines.
Factor2 =1.02
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o(ete = ¢n'): with n'»mntmy

N()bs
B _
O T L (140) € B> KK) Bl > xry)

Vs(GeV) [L(b D) | N®(@) | (1+6)| € | o(pb)(statesys) 200 E

3080 | 12619 | 902£103 | 0.0056 | 03385 | 1641010 | __ 220f

3.020 1729 | 145+4.1 | 1.0080 | 0.3400 | 17.2¢49+12 | 2 fggz_ ! +BES,,,
3.000 1588 | 12.6+37 | 1.0109 | 03415 | 16244712 | = : +

2.981 1607 | 69:29 | 1012403429 | 87:37:09 | & 128;‘

2.950 1594 | 9.9+34 | 1.0130 | 0.3425 | 12.6+4.3+08 3 +

2900 | 10525 | 1133+12.0 | 1.0110 | 03463 | 21.6:23+13 | 1 120

2.800 101 | 20+14 | 09964 | 03517 | 398:279:24 | ‘o 100F

2.646 3400 | 504+80 | 1.0093 | 0.3462 | 29.8+47+18 | © 80F +

2.644 3372 | 739495 | 1.0091 | 03476 | 439:56+24 | £ 60F | §

2.500 1.10 37+2.1 | 1.0069 | 0.3471 | 67.8+385x45 | % 40F { ﬁ

2.39 66.87 | 163.9+15.0 | 0.9939 | 0.3428 | 50.6+4.6+3.0 20 - I
2.386 22.55 52.7+8.8 | 0.9923 | 0.3408 | 48.6+8.1+3.8 ottt
2.309 21.09 | 65.649.8 | 0.9772 | 0.3386 | 66.129.9+4.3 2000 2200 2400 2600 2800 3000
2232 11.86 | 73.6x10.2 | 0.9720 | 0.3313 | 135.5+18.8+11.8 Is(GeV)

2.200 1370 | 105.5+11.8 | 0.9640 | 0.3269 | 171.7+19.2+10.1

2.175 10.63 | 87.4+11.0 | 0.9567 | 0.3243 | 186.3+23.4+11.6 i .

2.150 284 | 123:42 | 09483 03008 | 103.6:354z60 | 1 hereisa significant structure
2125 | 10849 | 267.7+222 | 0.9382 | 0.2995 | 61.7+5.1%3.9

2.100 2.7 | 213263 09258 | 02899 | 458:13.6:38 | AU 2.2 GeV.

2.050 334 43+3.0 | 0.8878 | 0.2569 | 39.6+27.7+43
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Systematic uncertainty

» Luminosity
® Measured by large angle Bhabha events, BAM-157 and BAM-218

» Tracking
® Control sample KtKt*m at 3.08GeV and 2.90GeV

» PID efficiency
® Control sample KtK'mt*m at 3.08GeV and 2.90GeV

» Kkinematic fit

® Estimated by correcting tracking parameters, parameters from
BAM-229

>1+8) =1+PEx+8'F

® Line shapeiteration: difference between last two iteration




Systematic uncertainty

» Fitting procedure
® Signal shape:
» MC shape® Gaussian(free) — MC shape @ Gaussian(fixed+10)
® Fittingrange:
> [0.85, 1.05] —[0.80, 1.10] GeV/c?
® Background shape
» 2th polynomial — 3th polynomial

» Mass window of ¢
® |M(K+K)-M,|<0.015GeV/c? — |[M(K*+K’)-M,|<0.020GeV/c?

» Energy of gamma
® E(y)=0.07GeV— E(y)=0.06GeV




Systematic uncertainty

» Photon efficiency Source Value
® From the job of Jake and Gao Xinlei Luminosity 1.0
Tracking 3.0
» Branchratio Photon 1.0
® PDG2014, about2.0% PID 3.0
Kinematic fit 2.6
o Signal shape 0.3
» MC statistic Background shape 0.4
® (alculated by the following format Fitting range 1.5
ISR factor 0.8
o i L . 1__‘5 Branching fraction 2.0
TN € Mass window of ¢ 0.6
Energy of y 2.2
Take 2.125 GeV as an example, we calculate MC 0.5
Combine 6.3

the total systematic uncertainty.

2017-10-20
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Systematic uncertainty

vs(GeV) | Lum | Tracking | Photon | PID | Kinematic | Signal | BG | Range | ISR | ¢ Cut | yCut | MC | Branch | Total
3080.0 1.0 3.0 1.0 3.0 0.1 0.9 2.0 1.7 1.0 0.6 0.3 0.4 2.0 5.8
3020.0 1.0 3.0 1.0 3.0 0.0 0.7 2.1 0.5 0.2 42 0.0 0.4 2.0 6.8
3000.0 1.0 3.0 1.0 3.0 0.1 0.0 0.8 0.6 0.6 5.1 0.7 0.4 2.0 7.2
2981.0 1.0 3.0 1.0 3.0 0.0 0.0 0.0 5.6 0.2 7.7 2.0 0.4 2.0 10.9
2950.0 1.0 3.0 1.0 3.0 0.1 1.0 0.0 2.9 03 0.7 1.6 0.4 2.0 6.1
2900.0 1.0 3.0 1.0 3.0 0.3 1.3 0.3 1.6 0.1 32 0.1 0.4 2.0 6.2
2800.0 1.0 3.0 1.0 3.0 0.5 0.0 0.0 0.2 04 3.5 0.6 0.4 2.0 6.1
2646.0 1.0 3.0 1.0 3.0 0.8 0.0 1.4 1.6 0.2 1.8 1.7 0.4 2.0 6.0
2644.0 1.0 3.0 1.0 3.0 0.8 0.0 0.8 0.9 0.0 2.0 0.7 0.4 2.0 5.5
2500.0 1.0 3.0 1.0 3.0 1.6 0.0 2.7 2.4 0.9 2.0 0.4 0.4 2.0 6.7
2396.0 1.0 3.0 1.0 3.0 1.6 0.1 2.0 0.9 0.6 1.6 1.0 0.4 2.0 6.0
2386.0 1.0 3.0 1.0 3.0 1.9 2.5 4.7 1.4 03 0.5 1.4 0.4 2.0 7.8
2309.0 1.0 3.0 1.0 3.0 1.9 2.0 2.9 0.6 0.2 0.6 1.2 0.4 2.0 6.5
2232.0 1.0 3.0 1.0 3.0 2.4 1.9 1.5 1.1 0.1 6.2 0.6 0.4 2.0 8.7
2200.0 1.0 3.0 1.0 3.0 2.3 0.8 1.6 1.3 0.7 0.1 0.4 0.5 2.0 59
2175.0 1.0 3.0 1.0 3.0 2.0 1.5 0.7 2.1 1.0 1.1 0.7 0.5 2.0 6.2
2150.0 1.0 3.0 1.0 3.0 2.3 0.0 0.8 1.2 0.8 1.1 34 0.5 2.0 6.7
2125.0 1.0 3.0 1.0 3.0 2.6 0.3 0.4 1.5 0.8 0.6 2.2 0.5 2.0 6.3
2100.0 1.0 3.0 1.0 3.0 2.7 0.0 0.9 5.7 0.9 0.6 1.2 0.5 2.0 8.2
2050.0 1.0 3.0 1.0 3.0 3.0 0.0 0.0 8.9 0.1 0.6 2.5 0.5 2.0 10.9

In this table, we calculate systematic uncertainty at all of

energy points.
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Fit of cross section line shape

350 F | —#— BES-iIData Mass = 21824 + 5.1MeV 350 - | —#— BES-ll Data - | Mass =2182.4 + 5.1MeV
3 300 ;~ )':25117[:5'1) contribution | T=1422 £16.6MeV 3 300 ;_ )B(?Zs::.:) contribution I'=142.2 =16.6MeV
! E L2 continuum contribution I*Br = 0.0073 = 0.0016keV ! E continaum contribation | | | Fee"Br =0.0073 + 0.0016keV
g 2501 ...... interference ¢ = 2.9755 +0.4502 — 250 ...... interference | 0.=-0.1662 +0.4473
§ 200f b ' § 200F W A —
T 4s0p T 1s0F |
© : © :
@, 100 ’:g 100
& 50 | & 50F
o - S T : © >
0 - ‘-"".'" ................................ | 0 T
S TRV R SR SRR BRI SR S IR i 1 | 1
2 22 24 26 28 3 2 22 24 26 28 3
Is (GeV) /s (GeV)
>Signa |: a phase-space modified > Background: phase-space
Breit-Wigner function: contribution: /PS(s)
\/ 1277 _Br(p '), PS(s) .
_ e ) 2 _ ig 2
BW(~5) = o\ PSoi | A(s) P2 [PS(s) +€? x B (\s)|

significance = 12.470, firstobservation!
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Study of ete- =» ¢ K*K

2017-10-20
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Event selection

Good Charged Track:

|V, < 10.0 && |V;|< 1.0 && |c0s0]<0.93;
NGood ==3||4; (Toimprove statistic uncertainty: Missing one Kaon.)

PID with dE/dx and TOF:

Kaon: prob_K>prob_p && prob_K>prob_m;
At least three Kaons are indentified:
N(K+) = N(K-) =2; or N(K+) =2 &&N(K-) = 1; or N(K+)=1 && N(K-) =2;

Vertex fit (KtK'K%).

1C kinematic fit (K*K'K*): (x%(K*K K*) <20)




Signal extraction@3080MeV

: = Nsignal = 1690.8 + 50.1
o, 350;— ! —+— Best Entry (Data) &;\ Sggi— F:u%n:ntries(:iOSO_Data)
S 300 - —— Four Entries (Data) S 1801 — Total fit

& 2500 G 160-

Y E - 140 Background fit
S 200F S 120-
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» 150F g 100 E

T . Ey @ 80F

o 100 c 60

TN S 40r

50 B
: m 20 P

1 1 | 11 1 11 1 1 1 111 1 1 1 1 1
1.1 1.2 1.3_ 14 15 16 17 8 1 1021.041.061.08 1.1 1.121.14
M(K*K): 3080MeV M(K*K')(GeV/c?)

o
—
o
Oy

B Nsignal = 1690.8 + 50.1
2 41 . 102 = Four Entries(3080_Data)
(1) x2c(K*KK*K) < 20; s
- 0] i
(2) $(1020) Fitting: 5 10-
Signal: P-wave BW® Gaussian; s
Background: Argus; 2 — Total fit
q>) ------- Background fit
L
N=1690.8i 50.1 AP RN SR AN BRI AP R RTINS IR o
098 1 1.021.041.061.08 1.1 1.121.14
+” 2
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Upper Limit of KK

1 r N_Upper = 20.3 1 r N_Upper =35.5 1 I N_Upper = 40.2
-8 I Four Entries(2800_Data) -8 Four Entries(2700_Data) -8 I Four Entries(2500_Data)
2 ' 2 _f 2 '
> 0.8 > 08 > 08
Q | O [0} L
4 06 4 06 4 06}
2 b V5 =2800GeV| 8 ol Vs 2.700GeV 8 oal V5 = 2.500GeV
= 04 = 04} = 04}
£ i £ C £ C
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Z i Z r Z i
C>"'|"""’ . ' ch 0 1w C_ AN L. 2 L L
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 60 7
Signal Number Signal Number Signal Number
r N_Upper =27.8 N_Upper =23.2 N_Upper=2.3
8 1 i Four Entries(2150_Data) -8 Four Entries(2100_Data) -8 Four Entries(2050_Data)
2 2 2
> 08 > >
Q | Q Q
X I X X
= 06} = =
§ i Vs = 2.150GeV § Vs =2.100GeV § Vs =2.050GeV
5 04 5 5
E | £ a
s 0% 2 2
0: NI BPEPETETE BPEPEPE. 2 B 1. 0....[....|....|. A 1. 0:|\ F SN S |
0 10 20 30 40 50 0 10 20 30 40 50 0 2 4 6 8 10
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» Normalized likelihood value distributions versus the number of signal events.

» The upper limit determined by finding out the number of signal events corresponding to 90 % of
the likelihood distribution.
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Weighted MC@3080MeV

/s = 3080 MeV 200 —+ Data:(s-3080Mev
07\5 350 3 ﬂ ¥% Bin = 0.84 &(‘; 180 F —4 sideband +
% 300 S 160F — MoKk
Q 250F — Tota i § 140;— * +
- g =
%’ 150; ‘\9 80;
W 50F J % w 205
Q58 1051 1041.061 08 111121 14116118 881" 12 14 16 1.8 2
M(K'K')(GeV/c?) M(K*K)(GeV/c?)
IM(KTK™) —1.01946| < 0.015GeV SE————
< 300 - —— Sideband
v The method of event-by-event weight is S 250f [ Noeeed e
applied for M(K+K-) from K K~. The § 200
weight factor obtained by calculating the 3 150
ratio of the number of signal events from g 100f
data and MC bin-by-bin. T sob

_ _ 88 1 12 14 18 18 2
v’ Raw_MCfrom ete™ - &K K~ (PHSP). M(K*K)(GeV/c?)
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Cross section: 6(ete— pK*K)

Vs (GeV) | L (pb‘l) N(¢) (14+9) | (%) o(pb)(stat£sys)
3.080 126.19 | 1690.8+50.1 | 0.9656 | 46.5 58.5+1.7+4.9
3.020 17.29 253.7+19.9 | 1.0870 | 47.3 577445 +4.4
3.000 15.88 242.6+18.8 | 1.0967 | 47.1 599+4.6 +4.7
2.981 16.07 245.9+20.0 | 1.1022 | 464 60.8+4.9 +£5.1
2.950 15.94 28224204 | 1.1048 | 45.5 71.7£5.2+6.2
2.900 105.25 | 2010.8+54.4 | 1.0989 | 46.3 76.6+£2.1 +7.0
2.800 1.01 13.2+4.5 1.0700 | 44.6 56.1+19.1 +£7.0
2.700 1.03 26.0+6.1 1.0378 | 45.9 | 108.0+253 +11.3
2.646 34.00 901.3+£37.7 | 1.0222 | 43.8 121.1+£5.1 £10.3
2.644 33.72 883.1+37.5 | 1.0226 | 43.8 119.7+£5.1 +£10.9
2.500 1.10 25.5+6.9 0.9847 | 394 | 122.4+33.1 +16.8
2.396 66.87 1841.6+56.2 | 0.9617 | 354 1654+5.0 +17.5
2.386 22.55 573.0+£31.6 | 0.9598 | 344 157.7+8.7 +18.4
2.309 21.09 377.0+£26.0 | 0.9485 | 29.7 130.0+9.0 £ 19.0
2.232 11.86 260.0+£22.3 | 0.8610 | 254 | 206.7+17.7 +24.4
2.200 13.70 137.7+18.7 | 0.8744 | 20.5 | 112.7+153 +£10.3
2.175 10.63 84.5+15.6 08713 | 17.8 103.4+19.1 +74
2.150 2.84 15.8+5.9 0.8580 | 134 | 9744364 +20.0
2.125 108.49 309.6+31.5 | 0.8376 | 9.3 73.4+7.5+5.9
2.100 12.17 12.9+6.1 0.8094 | 5.7 45.6+21.6 +8.3
2.050 3.34 - -
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» Structure around 2.23 GeV?
(Same behaviors in BABAR results)
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Systematic uncertainty

(For Cross section Measurement of ete'— ¢pK+K)

Vs (GeV) | Lum | Tracking | PID | Kinematic fit | Signal | Background | Range | ISR | Eff [ MC | Branch | Others | Total
3.080 1.0 3.0 4.5 1.4 0.7 0.0 1.2 0.1 57 1 03 1.1 1.0 8.3
3.020 1.0 3.0 4.5 1.9 2.7 0.8 0.8 0.6 | 40 | 0.3 1.1 1.0 7.7
3.000 1.0 3.0 4.5 0.7 0.4 1.3 30 0.1 | 4.1 0.3 1.1 1.0 79
2.981 1.0 3.0 4.5 2.0 1.7 0.4 1.3 0.1 56 | 0.3 1.1 1.0 8.4
2.950 1.0 3.0 4.5 1.5 2.2 0.3 0.7 0.1 60 | 0.3 1.1 1.0 8.7
2.900 1.0 3.0 4.5 0.3 2.2 0.1 0.1 45 | 50 | 0.3 1.1 1.0 9.2
2.800 1.0 3.0 4.5 6.2 7.1 0.0 0.0 00 | 85 [ 0.3 1.1 1.0 12.5
2.700 1.0 3.0 4.5 0.8 7.7 0.0 0.0 0.3 | 39 | 0.3 1.1 1.0 10.5
2.646 1.0 3.0 4.5 1.6 2.5 0.5 09 02 |55 | 03 1.1 1.0 8.5
2.644 1.0 3.0 4.5 0.4 2.5 1.9 2.1 03 |57 | 03 1.1 1.0 9.1
2.500 1.0 3.0 4.5 1.7 6.7 0.0 33 0.1 98 | 0.4 1.1 1.0 13.7
2.396 1.0 3.0 4.5 1.0 5.6 0.1 1.6 0.1 65 | 04 1.1 1.0 10.6
2.386 1.0 3.0 4.5 0.9 7.3 0.9 2.1 04 | 65 | 04 1.1 1.0 11.7
2.309 1.0 3.0 4.5 4.8 12.0 0.8 1.0 06 | 53 [ 05 1.1 1.0 14.6
2.232 1.0 3.0 4.5 29 8.8 0.4 0.0 25 [ 42 ] 05 1.1 1.0 11.8
2.200 1.0 3.0 4.5 1.1 3.6 2.2 29 05 | 43 | 0.6 1.1 1.0 9.1
2.175 1.0 3.0 4.5 0.8 2.2 1.2 22 0.4 1.7 | 0.7 1.1 1.0 72
2.150 1.0 3.0 4.5 10.5 17.6 59 59 1.2 12 | 0.8 1.1 1.0 20.5
2.125 1.0 3.0 4.5 1.3 0.0 2.8 34 1.8 | 2.2 1.0 1.1 1.0 8.1
2.100 1.0 3.0 4.5 139 7.7 0.0 15.4 04 | 07 1.3 1.1 1.0 18.3
2.050 1.0 3.0 4.5 — — — — — — — — — —
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Study of ete- » KTK K*K
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Event selection(K*K" K*K")

* Good Charged Track:

V.| < 10.0 && |V;|< 1.0 && |c0s0|<0.93;
Ncooa ==3||4; (To improve statistic uncertainty: Missing one Kaon.)

- PID with dE/dx and TOF:

Kaon:prob_K>prob_p && prob_K>prob_m;

At least three Kaons are indentified:

N(K*) =N(K) = 2; or N(K*) =2 && N(K) = 1; or N(K*)=1 & & N(K) = 2;
Momentum(Kaon_PID)<=0.8*P_beam (To veto Bhabha events)

e Vertex fit (K+ K Ki) (The number of signal from fitting recoil kaon.)
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Signal extraction@3080MeV
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Comparison of Momentum

Events/0.01GeV/c

Events/0.01GeV/c
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Upper Limit of KTK'K*K"

I N_Upper =47.4 B N_Upper =424 3 N_Upper =23.3
o 1 ) o - ) o 1 )
8 i Four Entries(2800_Data) 8 i Four Entries(2700_Data) 8 : Four Entries(2150_Data)
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] i o [0}
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Normalized likelihood value distributions versus the number of signal events.
The upper limit determined by finding out the number of signal events corresponding to 90 % of
the likelihood distribution.
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Cross section: o(ete— Kt*K'K*K")

Vs (GeV) [L(pb ) [N(K*'K K*K") | (1+06) | €(%) | o(pb)(statsys)
3.080 126.19 3693.7+73.1 1.0185 | 61.91 | 46.4+0.9+2.6
3.020 17.29 591.4+29.2 1.0854 | 63.28 | 49.8+2.5+3.0
3.000 15.88 557.3+28.1 1.0860 | 63.31 | 51.0+2.6+2.9
2.981 16.07 555.6+28.1 1.0846 | 63.57 | 50.1£2.5+£3.0
2.950 15.94 629.1+29.5 1.0799 | 63.14 | 57.9+2.7+3.3
2.900 105.25 4366.4+76.1 1.0686 | 63.98 | 60.7+1.1+3.4
2.800 1.01 37.25+7.3 1.0424 | 64.45 | 54.9+10.8+3.9
2.700 1.03 44.2+7.3 1.0173 | 62.65 | 50.2+10.8+4.7
2.646 34.00 1817.6+47.1 1.0049 | 61.25 | 86.8+2.3+4.9
2.644 33.72 1819.9+47.0 | 1.0044 | 61.43 | 87.5+2.3+4.9
2.500 1.10 55.3+8.0 0.9741 | 57.35 | 90.2+13.0+£10.6
2.396 66.87 2838.7+57.4 | 0.9534 | 50.00 | 89.0+1.8+7.5
2.386 22.55 934.6+32.0 0.9515 | 46.10 | 94.5+3.2+5.4
2.309 21.09 682.3+28.0 0.9488 | 42.33 | 81.4+3.3+6.2
2.232 11.86 369.2+19.8 0.8505 | 30.99 | 110.0+5.9+6.3
2.200 13.70 206.6+15.3 0.8824 | 27.58 | 62.0+4.6+5.9
2.175 10.63 95.6+£9.9 0.8750 | 23.24 | 44.2+4.6+4.2
2.150 2.84 17.8+3.9 0.8616 | 1745 | 41.7+9.1+4.8
2.125 108.49 378.7+19.3 0.8437 | 12.24 | 33.8+1.7+4.2
2.100 12.17 18.9+8.8 0.8186 | 7.18 | 26.4+12.3£3.7
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» Structure around 2.23 GeV?
(Same behaviors in BABAR results)
39




Systematic uncertainty

(For Cross section Measurement of ete— K*K K*K)

Table 12: Systematic uncertainty of efe™ — K"K~ K"K~ at each energy point.

Vs (GeV) | Lum | Tracking | PID | Signal | Background | Range | ISR | Eff | MC | Others | Total
3.080 1.0 3.0 4.5 0.3 0.1 0.8 00 | 0.1 | 02 1.0 5.7
3.020 1.0 3.0 4.5 0.8 1.1 1.9 0.0 | 0.1 0.2 1.0 6.1
3.000 1.0 3.0 4.5 0.7 0.4 0.4 02 | 0.1 | 0.2 1.0 5.7
2.981 1.0 3.0 4.5 0.7 1.6 0.2 0.1 | 0.1 | 0.2 1.0 59
2.950 1.0 3.0 4.5 0.4 0.8 0.9 0.3 | 0.1 0.2 1.0 5.7
2.900 1.0 3.0 4.5 0.2 0.5 0.4 00 | 0.1 | 0.2 1.0 5.6
2.800 1.0 3.0 4.5 1.9 3.8 1.1 03 | 05 | 02 1.0 7.1
2.700 1.0 3.0 4.5 0.2 7.5 0.2 03 | 06 | 0.2 1.0 94
2.646 1.0 3.0 4.5 0.1 0.2 0.0 05 | 0.1 | 02 1.0 5.6
2.644 1.0 3.0 4.5 0.1 0.7 0.3 0.1 | 0.1 | 0.2 1.0 5.6
2.500 1.0 3.0 4.5 6.9 2.7 7.1 03 | 07 | 03 1.0 11.7
2.396 1.0 3.0 4.5 3.5 3.8 3.5 04 | 0.1 0.3 1.0 8.4
2.386 1.0 3.0 4.5 0.0 1.2 0.2 00 [ 07 | 03 1.0 5.8
2.309 1.0 3.0 4.5 2.1 4.5 1.4 04 | 03 | 04 1.0 7.6
2.232 1.0 3.0 4.5 0.1 0.6 0.7 04 | 05 | 05 1.0 5.7
2.200 1.0 3.0 4.5 0.6 7.6 0.1 05 | 05 | 05 1.0 9.5
2.175 1.0 3.0 4.5 7.3 0.3 1.9 03 | 05 | 06 1.0 94
2.150 1.0 3.0 4.5 1.1 7.3 6.7 0.7 | 02 | 0.7 1.0 11.5
2.125 1.0 3.0 4.5 1.9 8.8 6.2 0.1 0.2 | 0.8 1.0 12.3
2.100 1.0 3.0 4.5 11.6 3.2 3.2 0.1 2.2 1.1 1.0 13.9
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Summary and Outlook

“* With R-scan data sets [2.0, 3.08]GeV, we search for new decay
mode of Y(2175).

( The processete = 1n' ¢ is observed for the first time. Possible structure
around 2.2GeV is observed in the cross section line shape. Because the
mass is close to be 2.175 GeV, it may be from Y(2175).

 Measurements of cross sections of ete = ¢pK* K and KK K*K', we only
observe an enhancement near threshold in the line shape of cross section.

“* Next to do : Improve and complete the result of these analysis,
prepare the paper publication and thesis.



Talks

1) Observationofete = n' ¢
= WorkshopinSpring of 2017, Mar. 15-18, SUN Yat-Sen University,
Guangzhou, Guangdong

= BESIII Collaboration Meetingin Winter of 2016, November 12-16, IHEP,
Beijing

2) Measurements of cross sections of ete-— ¢ K*K and K*K K*K-

* The BESIII Collaboration Summer Meeting 2016, June 13-17 ,Central China
Normal University(CCNU),Wuhan, Hubei

3) Studyofete — ¢ K*K
e BESIII Collaboration Meetingin Winter of 2015, December 12-16, IHEP,
Beijing
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Events / 3 MeV/c?

X states at BESIII

ete” > yX(3872) > yrn'm J /¢ ete” >t X(3823) > wi Yy,

s S _ -
i ~+- Dat D) - —— Data o - —— Data
—T:t:l fit S 40: — Fit 2 40: — Fit
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Phys. Rev. Lett. 112, 092001 Phys. Rev. Lett. 115, 011803
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o(e’e — J/yn'm)(pb)

Y states

Phys. Rev. D 86, 051102
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Events / 0.01 GeV/c?

Events / 4 MeV/c?

Z states at BESIII
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Observation of ete > 1n' ¢
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From the multiplicity of charged particles, we can improve statistics of signal
events.
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Observation of ete" = 1)’ p@2.125 Gev

‘ —— Data
10° | — MC: (1020)
- — MC: Inclusive
m Ay .
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= 100 - MC/{Data Q 102w
(f) LLI -
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X2 : 2125MeV xfC(K+K'n+n'y): 2125MeV
(o]

(D) x?1c(K*Km*my) < 20;
() |M(K*K)-M,|<0.015GeV/c?;
Plot 1: Signal to noise ratio;
Plot 2: y#. distribution from MC samples, data and inclusive MC.
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Observation of ete" = N' Pezizscev

No. decay chain final states iTopo nEvt nTot
0 ete” — 'jf('+('_“/p_s'1(. "’+(’-_”1F.\‘If — K 7 rntK+ ete” — ’)‘I\'+7T+ﬂ'_1\'_ 2 329 329

1 ete” = vyete vpsp. ete ypsp — T 0. 0 — KTKT ete” s yKtntn K~ 9 184 513

2 ete — "'r'('+(‘_",¢'[:-_q](. (‘+("_A,’F.\'” — K ntK* K* -7 K+ ete” — ’}'I\’+7T+7T_I\'_ 6 162 675

3 ete- s ~vete—~vpep etevpop — K"K+, p° — g—xt ete s AR tata— K- 3 84 759

4 ete - K—nmntK+ ete - Ktntao— K- 5 66 825

5 ete - K—n a'z+tK+ ete” - Ktatala— K- ] 65 890

G ete =7 nte, p - K- K+ ete” - Ktpta— K- 22 40 930

7 etes - K~wK*, w— 7w+ ete - Ktnta'n— K- 26 40 970

8 ete” — yete vpsp, ete vpsp — @fo(980), ¢ — K- K+, f3(980) = m—nt | ete” =K tata K- 4 39 1009
9 ete” = nop. n—=myrt. ¢ = K- K+ ete” s yKtata— K- 1 38 1047
10 efe” —=nop. n—=aw'7at, p = KK+ ete” - Ktntaln— K- 17 29 1076
11 ete” = K 7tK*, K¥ = K+ ete” - Ktoto K- 10 27 1103
12 ete™ — ¢fy(980). ¢ — K- K*, f,(980) = ==+ ete” - Ktntan K- 21 23 1126
13 ete” = K p'K+, p" -z~ ot ete” s Ktntn K- 18 15 1141
14 ete =y, =K Ky, 5y =p°. p" = n— 7t ete” s yyKtnta~ K- | 13 11 1152
15 ete” - K 7" K*Y., K* - 7Kg, Kg — 7 7wt ete” s ptatan— K~ 28 11 1163
16 ete — awtf1(1285), f1(1285) — K =z"K™* ete” = Ktoetas— K- 36 11 1174
17 ete” =, - Ko n'z+tK+ ete” s yK*tataz—K— | 37 11 1185
18 ete™ = vete vpsp, ete ypsp — K* 7K+, K¥~ w7 Ks. Ks -7 7" ete” 5 yK atan 7™ 16 9 1194
19 ete - K* 7K+, K*~ -7 Kg. Kg —=7m w" ete” - Ktotas—7— 24 7 1201
20 etem = wfu(980), w— 777w, fu(980) - K- Kt ete” = Ktnta'n~ K- 31 7 1208
21 ete™ = vyete vpsp., ete ypsp — K 7 K*, K* - 7Kg, Ks — 7w+ ete” s yrtata'n K~ 30 6 1214
22 e¢te - K ntK*, K* ="Ky, Kg = 7 n+ ete” s ptatan— K- 23 5 1219
23 eter —m a7 K*K+, K¥ = 7Kg, K¢ - «t ete” - Ktntanr—7m— 15 5 1224
24 ete™ = yete vpsp. ete ypsp — K 7" K*, K¥t s atKs, Kg — n— ot ete” s yrtata'n K~ 70 5 1229
25  ete” = K p"K+, p" — m— ot ete” s yKtntn K- 43 4 1233
26 ete” — vy, mm n KpntKT ete” s AK ' ntKpm = | 66 4 1237
27 ete™ = vete vpsp., ete ypsp — K n nnt K+ ete” s yK ntnz—K— | 29 4 1241
28 efem =y, = K o nfK™* ete” syKtntn K- 41 3 1244
29 ete” = yete ypsr. eteypsp —no. n =1 yrt. ¢ = KK* ete” s yyK¥ntn— K- 20 3 1247
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Observation of ete > 1n' ¢

o 30 ~+ Data o 50 - —4- Data
S - : ; = u
8 250 — MC: ¢(1020) % 401 — Inclusive MC
8 20;— lec(K-I_K-Tt-I—T[_'Y) < 20, g g \ {
S . :_\ IM(K*K)-M,|<0.015GeV/c%; & 30 + +
g 0 _+ |M(1r+1I'y)-M,|,|<0.015GeV/cz;% 20!l +
°F b b 10}
C IR W ) | T L
0O 01 02 03 04 0.5 0.6 0.7 08 0.9 [q)u :
Momentum(y): 2125MeV 0 0102 0.3 04 05 06 07 08 09 1
Momentum(y): 2125MeV
Momentum(y)<0.05GeV
No. decay chain final states iTopo nkvt nTot
0 e = ¥ =K K. K = K7 e = s,s,,lf' 7r' K- 0 3 3
1 ete™ — yispy®. vt — ¢fo(980), ¢ — KK, f3(980) ==~ nt | ete” — ",\”I\ ata~ K~ 3 3 6
2 ete™ — ¢fa(980), ¢ — K~ K, f,(980) — 7« ete” = Ktagta K~ 5 3 9
3 ete” = K~natKt ete” = K K 4 2 11
4 ete” 7\,‘\-,”:'_.: "_.: g atg, ¢ - KK ete ~7\,>:I\T’r\"r K~ 2 1 12
5 e l( "‘[‘\'n"_-'. ’:-’ — K7~ w II\ e ll ﬁ'“‘-l‘\‘nl\’lf‘riﬂ'_l\'— ! 1 13
6 e f e "‘15”"_-’. ’2-’ — K™K t 7/ )/ — ”-[_\j[,v_()n. p.”l — TI’_TI’| e f e — A"l.\'h‘n.'l.\'lfI\’ f '.‘T] T K~ 6 L 14
The low energy gamma is mainly from ISR, in order to veto these background events,
we require E(y)>0.07GeV.
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Observation of ete > 1n' ¢
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Study of ete" = P K*K™ @3.080 Gev

Source Method Value (%)

Luminosity* Measurement of large angle Bhabha events 1.0

Tracking* Control sample: ete-»K*K'ntm 1.0x3

PID Control sample: ete'=K*Kntm 1.5%3
Kinematic fit* Track parameter correction 1.4
ISR factor Line shape iteration: <1.0 % between two iteration 0.1
Background shape ARGUS function — (m - m,)¢X (my, - m)4 0.0
Signal shape P-wave BW ® Gaussian — MC shape @ Gaussian 0.7
Fitting range [0.99,1.080] —[0.99, 1.095] GeV/c? 0.1
Branching ratio* PDG2014 1.1
Efficiency Difference of efficiency between ¢pK+*K and weighted MC 5.7
MC Statistics of MC simulation 0.2
Others Trigger, Start time, FSR 1.0
Total Quadratic sum of the individual uncertainties 8.3
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Study of ete- = K*K KK~ @2.125 Gev
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Study of ete- - KTK'K*K-
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» Two dimensional distributions of E/p ratio and momentum from
identified kaons, which is from MC sample: $K*K-.

» Momentum cut has no effect on MC efficiency.
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