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CII construction
008: test run of BEPCII
2009-now: BEPCII/BESIII data taking




Beijing Electron Positron Collider (BEPCII)
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high precision beam energy measurement
(using Compton backscattering)
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zoom into the interaction point

"BES Il

® Doble-ring
@ Large crossing angle

© Beam energy:
1.0 - 2.3 GeV

¢ Design luminosity:
1x10%3 /cm?s

@y(3770)
® Achieved luminosity:

Loa=1-0x10%/cm?s

© Beam energy
measurement:
5x10°



[HeTtekTop BES-III

NIM A614, 345(2010)

Super conducting magnet: 1 T

EMC: Csl cristal
* Energy resolution: 2.5% @1GeV
 Spatial resolution: 6mm

MDC:
« Spatial resolution: 0.~ 120um

* Momentum resolution:0.5% @ 1GeV
» dE/dx resolution: 6%

TOF:
Time resolution: 100ps (barrel)
110ps (endcaps)

Muon ID:
9 layers RPC, 8 for endcaps
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The BES-IIl Collaboration BESTI
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Habop gaHHbiXx Ha BES-II|

Energy & physics NorL Comments

J/yp at 3.097 GeV 1.3 x10° 2009+2012: 20 x BES-II
W(2S) at 3.686 GeV 0.5 x10° 2009+2012: 20 x CLEO-c
W(3770) at 3.773 GeV 2.9 fb 2010+2011: 3.5 x CLEO-c
W(4040) at 4.009 GeV 0.5 fb 2011

tau mass scan around 3.554 GeV 24 pb” 2011

4.23/4.26 GeV 1.9 fb

4.36 GeV 0.5 fb"

4.42 GeV 1.0 fb-' Data used for analyzes
2:37(3/;)53 GeV 8:% ]‘:Ej presented today
xyz-scan: 3.81 —4.42 GeV ~50 pb”

4.575 GeV at Ac threshold 48 pb” 2014

R scan: 3.85 — 4.59 GeV ~0.8 fb 2014 (104 points)

R scan: 2.0 — 3.08 GeV + 2.175 GeV ~0.6 fb 2015 (20 points)

4.18 GeV (for Ds) ~3 fb 2016

XYZ: 4.19 — 4.28 GeV ~1 b 2017 on-going data taking

(we have 8 more points this year!)
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HapmoHum n XYZ — coCcTosHUA

| g s, [0

» «x" _ neutral, JPC 1= 1

he@'Py) G Xe2(3°Pz2) > _
u “Y” — neutral, JPC — 1
>
| (e [ 9S | i B £~ charged
i _— DD threshold (~3.73GeV)
< 1
=
P = Xe2(13P2) |
B
B established cc states
predicted, undiscovered
" [ne(1'S9) | -
00—~ 1— 1+ O+ 1++ 2++
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BES- III ,EI,aHHbIe ,EI,J'IFI n3yyeHna XYZ

XYZ data o .
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. e BESII 2014
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E.,. GeV

w
o
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» ~5fb! paHHbIX B 06nacTu
9Heprun 3.8 — 4.6 GeV

> 3HauuTernbHag ctaTucTuka ang
oHeprun 4.23/4.26/4.42 GeV

» Bonbluoe KonMM4ecTBO ToYeK CO

cBeTUMOCTbIO ~10pb™



L. — 3apaXKeHHble YapMOHUN-
NOoaOOHbIE ME30HbI

»BES-3: e'e & w Z, (also check nOZS)
Z:>x (JIW or h. or ¥' or D*D")

-~ XopolIasi CUTHaTypa COOBITHS:
— pacraj Ha OJHO U3 U3BECTHBIX ‘ ‘

COCTOSSHUU YapMOHUA O ‘

—uMmeeT 3apsag => Nquark > 4
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M%) (GeV/c?)?

Events / 0.02 GeV/c?

e'e’— mw'ndp @ Ecm=4.26 GeV

PRL 110, 252001 (2013)
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F‘HSF‘ MG
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Events / 0.02 Ger"«.r";-"c2
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Events / 0.02 GeV/c?

o 18 1595 evts in Jg .,
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Z.(3900): e'e »a 7 JIW @E,=426GeV

100 +-oas PRL 110, 252001 (2013)

— Total fit

---- Background fit

80/~ et PHSP MG M = 3899.0£3.6+4.9 MeV
| [ =46+10+20 MeV

307 £ 48 events
Significance > 8c

Events / 0.01 GeV/c?

37 38 39 40
M. (/) (GeV/c?)

olee »m Z>x 7 JIW)

——— = (21.5+3.3+7.5)% @4.26 GeV
ole'e »a"x JIW) ( )% @ €

ole’e »>ax JIW)=629+1.9+3.7pb @4.26GeV

Z.(3900) — mepBoe HAOMIOAEHHOE COCTOSIHHUE

IIOATBEPKJICHHOE JIPYTMMHU SKCIIEPUMEHTAMH !
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Events / 0.02 GeV/c?

Belle: ete'— y(ISR) + nt'm J/y

70F
60
50+
40F
30f
200 Ty
10/
B

Belle: PRL110, 252002

—+— data
— Fit
— Background

-==: PHSP MC

38 39 4 41
M, (/W) (GeV/c?)

3.7

M = 3894.5+6.6+4.5 MeV
['=63+24+26 MeV

159 + 49 events

>35.20

Counts/10 MeV

40

35|
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25

20

15

10

CLEQOc: ete— (4160)—
— wttr )/ (PLB727,366)

- ¢ Data M(Z(3900))=3884.6+4.6 MeV
— --- Phase Space
— Fit

[ ..i:HL.

EBDU 4000
Mpar(TE0/) (MeV)

M = 3886+44+2 MeV
[ =37+4+8 MeV

81 £ 16 events

> 50

it

| |
3700

P I T
3800
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Events/(10 MeV/c?)

Events / 0.01 GeV/c?

100}

Z-"(3900 )—Isospin Triplet

10
60 F

20 | @4230GeV, 10917 b’
C

80|

—4- Data
Z — Total fit

-=== Background fit
== PHSP MC

3.7

3.8 39 40
Mmax(TiJ/y) (GeV/c?)

PRL 115, 112003 (2015)

ete > 1’7 J/W

M = 3894.8+2.3+3.2 MeV

['=29.6+£8.2+8.2 MeV
Significance > 10c

PRL 110, 252001 (2013)

e'e > ' JIW

M = 3899.0+£3.6+4.9 MeV

' =46+10+20 MeV
Significance > 8c
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Events/(0.01 MeV/c?)
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Events/(0.01 GeV/c?)
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T =TT

423GeV PR D92, 032009 (2015)
Vi > BBITTOIHEH TTOMCK paciiaia
R, LT 0 £e>om
| ‘HHH ‘“ W} N > 3HaYUMOI0 CUTHAJIA HET
C Mm) Gevid) BopHOBCKOE ceueHne
- | ole'e»nZ. > n wn’)
i 4.26 GeV
g <0.26 pb g Ecm =4.23 GeV
1 1] | iR <0.18 pb ams Ecm =4.26 Gev
e
el
1 R
4 3.6 3.8 4

M(or?) (GeV/c?)



EVENTS /0.02 GeV/c?

EVENTS /0.02 GeV/c?

7 (3900) CrivH ¥ 4eTHOCTB

+ — + -
PRL 119, 072001 (2017) e e »> nm x J/W | » PWA fit
E SWave J/ + 4.23 GéVc.\.lQ 40“;_ --nnS-WaueJJqu. 4.23 GeVll >JP=1+ prefered
300} o meave S 1092 pb ' Z 30F L1200 Iy 1092 pb” A
250 2f1_2?°] " 3 300 b over 0,1,2,27
E e Zimsee 0 a
2005— — total 5 ;S)E: by at least 7o
150 F o L
ok - >Slgmﬁcant contr.
= = 100
WE Z S0 fET Foa of ttS-wave:
[ ailn =l s L > 08 i o P N T Sl l N
0.2 04 0.6 0.8 1.0 21.2 L 32 3.4 3.6 38 4.0 24‘2 G,f0(980),f0(1370)
M. (GeV/c) m = (GeV/c)
> N(Z,)=952.3+39.3
WOF Vo 2OF —mswavedy | 4.26 GeV
160~ ---mmS-Wave Jiy -I' g.ZZGGp(l;)‘iYS 180 F 12(182:;') JMJFUJ 826 pb‘il (Stat.) @ 4.23G€V
E O 160 -- ZiTec.
I C by »N(Z,)=343.323.3
: o I
100 E by
80 g 1 (stat.) @ 4.26GeV
60 £ EB
40F -
20 £ E
0& >
0.2 _ . 2 W
m... (GeV/c®
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7 (3900) CrivH ¥ 4eTHOCTB

PRL 119, 072001 (2017)

o 4007

D L T L
~ 350F | - -+ ----
4p) | @ — —
EoErTT—— . |
Z 300 ..
oy I e
> EIOE STt
w250
-0 s
w0 L (a)
150 e -
0.0 0.2 0.4 0.6 0.8 1.0
cos(6,..)]
C

EVENTS /0.2

500
450
400 E

300 E
250
200
150
100

50

U C_1 1
0.0

0.2

> VTI0BbIE pacrpeaenceHus s pa3Hbix JP

> M_.,,,€(3.86;3.92)GeV

> [lanHble cornacyoTest ¢ JP= 1"

17



7 (3900) ITapameTps! 13 PWA

PRL 119, 072001 (2017)
v Flatte dopmyna ans napameTpusaummn Z :

1
BW(s)= — ,
5_M2+l[g1pm/\y(5)+g2pD*D(S)]

M(Z ) = 3901.5+2.7+38.0 MeV
g’ = 0.075+0.006+0.025 GeV?
g’ /g’ =27.1£2.0+1.9

M, =3881.2+4.2452.7 MeV
[ e = 51.8£4.6£36.0 MeV

v — —
bBopHoOBCKOE ceyeHue Ecm ole e > a* Z-+cc)

423 GeV  21.8+1.0+4.4 pb
426 GeV  11.0+1.2+5.4 pb
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Events / 4 MeV/c?

Z:°(3885) in e'e »x(DD")

PRL 112, 022001 (2014)

90F
80F
70F
60F
50F
40F
30F
20F
185— )
3.85 3.90 3.95 4.00 4.05 4.10 4.1¢ —
M(D°D*) (GeV/c?) nopor M (D D)~ 3875 MeV
PRL 115, 222002 (2015)
0%80:_ Z 2 igfggal Fit
g L N Signal
=60 m Incl. Bkg
o [ <o PHSP
£401-
LIJ20:—
0:

385 39 395 4 405
M(DD") (GeV/c?)



0.5
0.45
0.4
0.35
0.3

0.2
0.15
0.1
0.05

Fractional yield

- If Zc(3885) is Zc(3900):

Zc(3885) CnnH 1 YEeTHOCTb

PRL 112, 022001 (2014)

0.25E

0 1

0

Icos 8. |

o de e oo by w v b w v by by wv o by v v n b s by w s
0.1 02 03 04 05 06 0.7 08 0.9

r'(Z,(3900)= DD’)

cos(0,) — angle of bachelor "
in the CMS

JP=0, dN/d cos(0,) ~ 1— cos%(0,)
JP=1, dN/d cos(0,) ~ 1+ cos?(0,)
JP=1", dN/d cos(0,) ~ flat

JP=0", parity conservation

= 6.2x1.1x2.7

(Z

(3900) » nJ/p)

20



+A"
e'e’— m'm g
PRL 111, 242001 (2013)
s Data: 13 energy points in [3.90; 4.42] GeV; Lum = 827 pb

s b= yn.(~50% all decays of £_);
n>pp, 2(xnx), 2(K'K ), KK a7 ..
16 exclusive decay modes

One of the most precise measurements
parameters of n. BES-IIl: PRL 108, 222002 (2012)

M (1),)=2984.3+0.6+-0.6 MeV
I'(n,)=32.0+1.2+1.0 MeV
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(GeV/c?)

2
ht*

Z.(4020) in e'e 7 7 h,

7.¢(4020)!
PRL 111, 242001 (2013 ~
18; (2013) . Y b 7¢(3900)? \ .
L 9 % 1201
7 * 2 1000
lﬁf : ; Sﬂf
: *E eof
15 4 é _
- 3 40~
14} 2 20t
PR AT A I I I R 0 u: -

| | | | |
150 0.0 02703 04 05 06 07 08
M:._(GeV/c?y

» BunHa cTpykTypa B paiione 4.02 GeV

> «Hamex» Ha Zc(3900)
> OnpnoBpeMmeHHbIN put 4.23/4.26/4.36 GeV HaOOPOB JaHHBIX
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7-.°(4020) in e'e > wmh,
PRL 111, 242001 (2013)

120

100 |

Events/(0.005 GeV/c?)
£

3.95 4.00 4.05 4.10 4.15 4.20 4.25

3.9
M_., (GeV/c?)

II%IIII TTTT]TTTT

Events/(0.01GeV/c?)

385 39 395

PRL 113, 212002 (2014)

4 405 41 415 42 425
MY (GeVie)




Z:°(4025) in e'e > a(D* D)

PRL 112, 132001 (2014)

80F —%— data  —— Z,(4025)
70E — total fit -~ comb. BKG

- Zi --- PHSP signal
60 :_ C

ey

Events /(2.5 MeV/c?)

4.02 404 406 4.08
RM(17) (GeV/c?)

nopor M (D" D")~4017 MeV

PRL 115. 182002 (2015)

4.23GeV+4.26GeV

Events/(5MeVic?)

Events/(5MeV/c?)
N
o

10

5 B

" RM(®)(GeV/c?)
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ME(T'TT) (GeV/c?)?

[Touck Z. B e'e »a a7 ¥
PR D96, 032004 (2017)

gosaccy J1°G | b % | 1 Stat.Err.Only!
15 ?50_— + E 1 + :
| S S zi H o _4.416 GeV
== |7 D r = r ' \ : —
PR % 4= +‘++ 4 Sl + | 1074 pb
5 250 ¢ ++ AR ] e L |
_ I 5 [y

00f . . N a "1 S—. 2 L
16 17 18 © T T W 0T 02 o3 04 05

MP(y (3686)TT) (GeV/c?)? W(W(SSBB)){GeWcz)z ME(reTe) (GeV/c?)

v Y (3686) peKOHCTPYUPOBAICS B ABYX MOJIAaX:
1. W(3686)>n"n J/W
2. W(3686)- neutrals J/ W

v HabntogaeTtcs nuk B HBapmaHTHon macce M(n'W(3686)) ansa aHeprum 4.416 GeV
v BbinonHeH cdut auarpammbl Janvua M*(n" ¥(3686)) vs M*("P(3686))

0€3 ydyeTa HHTep(HEPEHIIMN C TPOMEKYTOUYHBIMHU COCTOSTHUSIMU
v [losydeHsl 3HAUECHUA:

M =4032.142.4 MeV/c* T =26.1£5.3MeV (significance > 9 o)

v OpHako (UT MI0XO ONUCHIBAET JJaHHEIE! 25



dur Z. B e'e > 1 W' 114 APyrux sHepruit
PR D96, 032004 (2017)

%0'55 10 xf@ %60'_' o + N
%0.{ % - ++ ]
(%035 8 O O a0t + + - 4 358 GeV
e F 6 - - sl 7 _
:550.23 . e 320 ; 540 pb
= = o0l .
0.1 5 é % :H . H
o U 3 b bt

. @2 PN
i 8 % 60 }3 s + # ]
T 6 O O I 1
C :.40 gzg__ _: 4 258 GeV
é v S | H+ AN Teeph!
: 2320 ™10 - A ]
. 2 ¢t 2} N
L o | c - "#,:'_'f" """"""""""""
0'0__....|....|....|....|....|_,D Lﬁo_ L%O_ .‘J:-.-'."'.'.’|I....|....|.. e
150 1565 160, 165 170 610 015 020 025 080
VF(p(3686)T) (GeV/c' _MmmieeVe__no structure!
o L L L. 10&‘* T LN B R L B ™ T LR LA N Ei
S VE=1226Gev JH G 80F + H+ *ﬁT{» 1
>0.3F 478 > ' 1 >
& fa AT %ﬁ* 1 8t ﬂ H ~4:226GeV
o2k ™ - g5 = f P ] S .
"EO.E_— n . .." l'l+ |"r |.' ] 5 + +++ ﬁ -
E L = - s 200 Vo i 7 Saf PR g [
NE 0-1:— :- 1-__- - E 20 {H;/'t' \-f\jﬂ"\ ] E """""""""" '/Jr*{»% +\ 1092 pb
: o 2 8°F @ N Sy ] BT
0'0__ ] Lﬁ L “~‘| ------- L E g B | = ” |/ | 4‘#‘
'"ﬁé.d"ﬁé.s'"ie'.:j"iéé' 0 ol ] o oz 025 0
ME(y(3686)r) (GeV/c?)? ME(rey (3686)) (GeV/c?)? rrn (G.e\f,fc)g

26



Bce BmecTe 00 Zc

Z.7(3900) n J/¥ 3899.0+£3.6+4.9 46+10+20 1"
Z (3900) n’ J/¥ 3894.8+2.3+3.2 29.6+8.2+8.2

Z *(3885) (DD*)* 3883.9+1.5+4.2 24.8+3.3+11.0 i
Z9(3885) (DD*)? 3885.7+3 484 351 +15

Z 7(4020) " h 4022.9+0.8+2.7 7.9+2.7£2.6

Z "(4020) m’ h_ 4023.8+2.243.8

Z 7(4025) (D*D*)” 4026.3+2.6+3.7 24.8+5.6+7.7

Z °(4025) (D*D*)° 4025.5  _£3.1 23.0+6.0£1.0

@ 7¢(3900) u Zc(3885) onno cocrosuue? (Zc(4020) u Zc(4025) ?)
@ 7Zc B ¥ (3686) cucreme?
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[lepcneKkTuBsbl

@ [Touck mpyrux Mox pacnana: Zc — pn ...

@ boJee eTaabHOE UCCIIEN0OBaHuE Z¢ — T '

@ CeyeHue o(m ZC) B 3aBUCUMOCTH OT DHEPIUH

s PWA st Zc®(3900) u Zc(4020)
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3ako4yeHume

@ BES-III ycnemino Hadupaet ganubie ¢ 2009:

vJlannabie mo J/y, y(2S), w(3770) cambie 00JIbIIME B MUPE.
vHaOpaHa yHMKaJbHAaA CTATUCTUKA JJIsl U3ydeHUst XY Z-COCTOSIHUH

@ [Iporpecc B U3y4eHHH 3aAPSKEHHBIX YAPMOHUU-TIOT00OHBIX COCTOSTHUM:

vHaoOmroparorcst ABa n30cnuHOBBIX TpuIieTa — Z.¢(3900) u Z.c(4020)

vOnpexaesaeno, uro aias Z.c(3900) Jr=1+

*O0Hapy:KeHa HOBast Z¢ CTPYKTypa B T+ /'

4 [Ipupona XYZ-coCcTOSIHUI BCe elle He ICHA, HY’KHbI HOBbIE IKCIIEPUMEHTAJIbHBIEC

JAHHBIC U HOBbBIC HACHU

a4 B oumakaiiiiee BpeMs 0KUIAMTE HOBBIX JaHHBIX U HOBbIX Pe3yJibTAaTOB B

ykcnepuMenTe BES-III
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Events / 0.002 GeV/c?

e'e — Y(4260) - mmdhy

BES-IIl: PRL110, 252001

160F JIY>u u b of JIW> e e
- > C
1401 v
20! 882 £ 33 g 1005— 597:£ 28
100} S 80¢
- © E
80¢ o 60F
60 - _
40" z
20 20 *
%" 805 a1 3i5 32 03505 31 ai5 32
M(u'w) (GeV/c?) M(e*e’) (GeV/c?)

* Lum = 525 pb!
* JAp clearly 1dentified 1n dilepton decay modes
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CevyeHune ete — ' )/

Belle: 1304.0121

BaBar: PRD86, 051102 (201: 38: \ D
S N > =
E" sov + § 281 H * ||*
T ' & =iyt (T T
o | 10T 41 ++++++ e bt
E uh \ L. A ol
zo;k+ + + + o 8 42 4AIrE4(6Ge4\?) 5 52 54
0:__ R AN D ¥ LR 2N . . o
ERE ﬁz 1116 as +% : 52 (32\/)
BES-3: PRL110, 252001:0(e*e > 7' 7 J/ W) = 62.9+1.9+3.7 pb

* Ceuenue cornacyercs ¢ BaBar, Belle u CLEO-c!
* JIydimast TO4HOCTB!




n_resonance parameters from y'—yn_

PRL 108, 222002 (2012)

250 [ —e— data 250 [ —e— data 0 160 —s+— data
- other y' decays - other y' decays F other v’ decays
w ool I KSKT | o f v KKm' | vof E3Evo i
; C e cont ; | cont ":; 120 | cognt
F ---- sig ---- sig -
g 150 —— :':::n-rsso g 150 :_ —— ?notn-reso %} 100 :_ — — nen-rese
o - = C =] E
T~ 100F Z100f =
2 e f 2
c c E c
2 50 2 50F 2
w E w L
0 - 0F = -
272752828529295 3 3053131532 2.72752823529295 3.3053131532 -29.727528285292953 3053131532
M(KsKn) GeV/c® M(KKn®) GeV/c? M(ann) GeV/c?
: : 250 —— data
140 ——data 300F - date 0 [ [ other u' decays
[ [ other y' decays KSK3TC F [ other y’ decays ZKznn F ! y 67“
C = E ° I [
% 120:— E i N§ 250 E m):n % 200 mm ciom
----si ---- si L ----8
g 100:_ —_ m?n-rsso % 200 :_ _ n:n -reso g [ —— nt?n-reso
S 80: e c int P
i ;
S 40 c
[h) @
> C >
w 20 » w
27275282352929533053131532 272?5282352929533053131532 27275282852929533053131532
M(KsK3r) GeV/c? M(2K21n%) GeV/c? M(6m) GeV/c®
o
Simultaneous fit of shown 1, decay modes. BES-IIl result:

e 1, line shape: interference with non-n_decays | (M.)=2984.3%0.6 0.6 MeV
* phases for different modes are consistent I'(n,)=32.0+1.2+1.0MeV

within 30, a common phase 1s used
Currently the most precise
measurements! 13



M(M)

m('l*.c](('jcv.fcz

Nc N Ne B AAHHbIX

)
s
2

E =4.23 GeV E=4.26 GeV E=4.36 GeV

z mw 0 1 - b1 | L ' h | 2 o L o 'I'IH 1IN 0
45 351 352 353 354 355 356 357 358 3.59 36 45 351 352 353 354 355 356 357 358 359 36 45 351 382 353 354 355 356 357 358 350 3.6
m(h )(GeVic’) m(h )(GeVie') m(h )(GeVic)

M(h,)

* [JokazaHO OKHO: ~50 MeV BOKpyr TaOiIM4HOro 3HadeHus M(nc)
* A pexTuBHOCTh ~85% (MC)
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CeyeHue e*e— 't he

e 1%“'

35 351 357 35354 35356 357 38 3% 5 R R R R S '3'3&{'1'3:?'3' %ﬁ
M(YM¢)
E =4.23 GeV E =4.26 GeV E =4.36 GeV
N= 646..33 416,28 357.25
Lum= 1090/pb 826.8 544 .5
_[pb]=50.2T2.7T4.6T7.9 41.0.2.8.3.7.6.4 523.3.7.4.8.8.

- 35



