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4] BESIII data set

3.8 &

( [e"@)] »

N .
e e T P P P PP

ho(11Py) \

Xe2(13P2)

Xeo{13Po)

w
'S
I

MASS [GeV/c?

32 -

30

Ne(1'So)

0+ = 1= 0+
6-8 Oct 2014

j 2
GDR - IPN Orsay 2014

e e

anee s seeen s snenne el 2-9 fb-l / 20 fb-l

0.6 B /3 B (106 M)

bt My(3770)
2900
m -
2000
1000 -
0 1 -I .|-"1 '

1.3 B /10 B (225 M)

x108 .J/lp .l.|J
1500 - 1200
1000 - 00
500 -

00— .

& L&, "é‘?’



3.8
o - - ~—=—fly-1
p. T 2 E—
. 10 - 20 x 06 M)
@' : : .
a6 | previous generation charm factories  [70)
2800
§ \“_""_r\ i) A -
2000
8 / o
L Xeol 19P0) -
g 34 0 1 -I _— '
N o
\g‘?'*h & O&Op &
an L 1.2 B/10 B (225 M)
| LTS
x 108 iy 4
[rep— 1500 1200
1000 - 00
30 - e(1S9) 500 -
0 +——— ] . i
N
o+ 1— 1+ 0 11 2w #*PQ@* & q,ét&O‘;é’Q
6-8 Oct 2014 GDR - IPN Orsay 2014



7 . : . '
B | | A I I | A I | | [ |

E J/r('[) "/’(25) ‘¢4160 From PDG

(] — A Mark-1 | [ ‘ ]

- Mark-T + LGW ! :

- W Mark-II ¢4040 , x ‘ 994415 | -

5 ® PLUTO Varro "y I ol | -

R E O DASP ‘|'| 1 | 4 l jrﬁ %| llﬂ% |l J| |L T i

| stal Ba. | N -"ﬁ,{-.-:'."-';E" 3 I.:' | 05 | ]

! B i ggst e | - +T .ﬁ B w{ﬂﬂbs i. | ﬂl % I

: |t T e E

a8 RO TN T . Lt R

- LU 1“]{@}’1&*4”’” . .

2 L - - — - - [ = I_ . " I ]

- | | | | | | | | | | | | | | :

3 3.5 4 45 £

BEPCII can reach here!
6-8 Oct 2014 GDR - IPN Orsay 2014 4



BESIII production of Charmonium(like) states
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e 4100 = 4400 MeV: 0.5 fb-1 coarse scan
e 3850+ 4590 MeV: 0.5 fb1fine scan
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« first studied by
Crystal Ball (1982):
f,(1710)

« Crystal Barrel (1995):

fo(1500) [pp—nnn]
» E835 (2006):
fo(1500) [pp—n‘nn]

fo(1710) [pp—nnn]
. WA102, GAMS:

f,(1500) [mm mode]
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BESIII: PWA of Jhy — ynmm, n — vy PRD 87, 092009

= Dbest solution:
. £,(1500).f,(1710), f,(2100): .
f,/(1525), f,(1810), f,(2340);- uo! LE
0** phase space, ¢n ' :

8
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Events /0,020 Gey
8
T I L

£en
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= no significant evidence of:
* scalar:
f,(1370), f,(1790), f,(2020)

L]
T

£.(2200), f,(2330) ]
« tensor: .
£,(2010), f,(2150), f,(2220) § ... 1
source of sys. unc. 0 T B
B | L, B&T
= ¢n background: e s E e

* Interference of ¢ tail accounted for

 source od systematic uncertainties
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BESIII: PWA of Jhy — ynmm, n — vy PRD 87, 092009

Resonance Mass(MeV /c?) Width(MeV/c?) B(J/1» — vX — vnn) Significance

fo(1500) 1468155055 1361510, (165503010 05) x 1077 820
750467 5 17241058 | (2355011553 x 1078 | 25,00

208141373, 27375170 1 (13T o5 x 107 139 ¢

f2(1525)\ 1513577, 7hTiaT e (3427023 100) x 107 1100

f2(1810) | 1822733+52 22075708 (5407 0E) x 1070 G4 o

£2(2340) / 23621517120 3340200 (5,600 0ETS Ry % 1077 760
\_/

no significant evidence of:
* scalar: f,(1370), f,(1790), ,(2020), f,(2200), f,(2330)
* tensor: f,(2010), f,(2150), f,(2220)
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Jy — yod

e doublv OZI suppressed
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y—yod (DOZI) predicted oc 1/10  y—ydd (OZI)

« BESII: [PRL96,162002]

o F o F M = (1812))+18) MeV/c?
2 >

= 3 I " = (105+20+28) MeV/c?
2 — ok T T
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0 = 0-+and 2**
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BESIII: PWA of Jy — yoo¢ PRD 87, 032008

= |ooking for best solution:
« M, I and JP¢ of X(1810)

 other know mesons [PDG] 20 ——Data  BESTT
- different J°° of phase space - 0:— e iﬁ';fgf ’
« different combinations of : e
additional mesons [PDG] 150k =
L dse-space

= pest solution:
X(1810), f,(2020),f,(1950),
n(2225), £,(2020), phase space
and background
= systematic uncertainties: -
» 1,(1920), f,(2020), n(2225). 0h
standard deviation from PDG,
replacing by other of similar
mass but same JP¢

* model dependence
6-8 Oct 2014 GDR - IPN Orsay 2014 10
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= X(1810) resonance parameters:
M = 1795+ 7(stat)"(sys) £ 19(mod) MeV/c?
T = 95110(stat)f§i(sys)i75(mod) MeV/c?
B(Ihy — yX(1810)) x B(X(1810) — o) =
(2.ooio.08(stat)ff-§§(sys)11.30(mod))x1o-4
= confirmed @ BESIII: best solution:
JPC =t
= X(1810) vs f,(1710):
unconclusive, further investigation is needed

= search for X(1810):
* In other decay modes: K*K*, oo, ...
[Jy—yn(1760), n(1760)— o o observed by BESII: PRD 73, 112007]

* In other production processes: J\y—owd, Jyw—wndw
6-8 Oct 2014 GDR - IPN Orsay 2014

(4] BESIII: Jhy — yX(1810), X(1810) — ¢ PRD 87,082008
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Evts/0.005 GeV/ic®

Jhy — ypp: enhancement at threshold

normal meson? pp bound state? multiquark? glueball? FSI effect?

150

—_
=
=

o
=

BESII: PRL 91, 022001 (2003)
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| I
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BESIII: CPC 34, 421 (2010)
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0.30

M = (18607, ') MeV/c?
I <38 MeV/c2 (90% C.L.)

compatible with S-wave BW

M = (18613 %) MeV/c?
' <30 MeV/c?(90% C.L.)
compatible with S-wave BW

Spin-parity analysis essential to determine nature and role in spectrum
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-PWAofJ/\y—>ypp
» never performed before 700 X(p)  BESIY

= best solution: % 000} — f3100)
X(pp) [>>306], f,(1910) CR T
and f,(2100) fixed @PDG, § |

3

0** phase space and
S-wave (1=0) FSI
= systematic uncertainties:
» 1,(2150), f,(1950), and other
resonances from PDF, 0+ PS
* FSI model dependence

JPC=0", >6.86 better than other J°¢ assignments
M = 1832 (stat) "5 (sys) = 19(mod) MeV/c?

I = 13+39(stat) (sys)+4(mod) MeV/czor I'<76 MeV/c? (90% C.L.)
B(Iy—yX(PP)) x BX(PP)—pP) = 9.07}; (stat)’; (sys)+2.3(mod))x10°
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[ GEYBESIII: Iy — yX(1835), X(1835) — m*an’ PRL 106, 072002

500 |
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Events/(0.02GeV/c?)
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Mt )(GeV/c?)
 PWA Is needed

to determine spin and parity
e consistent with JF =0
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X(1835)'
= (1836.5+3.0%37 ) MeV/c?

= (190+9 7% ) MeVi/c?
>200

X(2120)'
= (2122.4+6.7757 ) MeV/c?

= (83+16 " ) MeV/c?
>(.20

X(2370):
M = (2376.3+8.72% ) MeVIc?

= (83+17 %") MeV/c?
>6.4c

GDR - IPN Orsay 2014
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LSABESIII: Iy — vX(1840), X(1840) — 3(n*n) PRD 88, 091502

300 _I_I | L | L L L T T | 1
— . BESIT - BESTI
E 10 3 “‘”"'*:n:; < 250 :—
- e S AL
&
E: - E: 150 ;— —;
& VE & 100 =
E - ‘ T - -
1 | phase space 50 =
EI L W L L | U: 5 PO T ]|+ M | ‘|.-| Lol '|:'
1 1.5 2 2.5 3 16 17 18 19 2 21
ME(T)) (GeV/c?) M(3(*1r)) (GeV/c?)
M = (1842.2+4.2"]2 ) MeV/c?
I'= (83+14+11) MeV/c?
>7.60
 PWA is needed to determine spin and parity
* N0 7’ detected
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J SEUBESII: Iy — ©X(1870), X(1870) — a*(980)x™
— PRL 107, 182001
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oo | Besm A
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2
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 PWAis needed
to determine spin and parity
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X(1870)'
= (1877.3+ 6.3, ) MeV/c?

r= (57+12%5°) MeV/c?
_ +0.72
B= (1.50+0.26 ). ) - 10

(1405)-
= (1399.8 £2.2°57 ) MeV/c?

= (52.8+ 7.6 75 ) MeV/c?
= (1.89+£0.21 T§_§§ ) - 104

f,(1285):
M = (1285.1+1.00% ) MeVi/c?

= (22.0+3.1 775 ) MeV/c?
= (1.25+0.10 fg_;g ) - 104

GDR - IPN Orsay 2014
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I 42]BESIII: a partial summary

$ =

250

E BES]]I Y X(1840); JF unknown
200 :_ L O X(1870); J¥ unknown
— ~ A X(1835); =0
> L
é 150 :— B X(pp): S =0
< - 4+  X(1810); F =0
T 100 —
50 gl
- pp threshold
0 [~ 1 1 I [ | 1 [ ] I 1 ] [ ] [ ] I 1 [ ] [ ] 1 I [ ] [ ] 1
1800 1850 1900 1950

Mass (MeV/c?)

* X(1840): Iy — y3(n*w) [PRD88, 091502]
o X(1870): Iy — ona*n [PRL107, 182001]
A X(1835): Jy — y(na*m) [PRL106, 072002]
= X(1840): Jhy — y(pp) [PRL108, 112003]

+ X(1840): Iy — y(wd) [PRD87, 032008]

6-8 Oct 2014 GDR - IPN Orsay 2014
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L IBESIII: a partial summary

X(1840); J¥ unknown

X(1870); J¥ unknown

+ B > O %

—_— X(1835); F =0

> °
% 150 X(pp): JP = 0°

Z X(1810); JF = 0*

T 10 .
; 1 Y

50 [
pp threshold

0 ] I [ | ] 1 I '] 1 1 I ] 1 1 ] I 1 1 ]
1800 1820 1900 1950
Mass (MeV/c?)

* X(1840): Iy — y3(n*w) [PRD88, 091502]
o X(1870): Iy — ona*n [PRL107, 182001]
A X(1835): Jy — y(na*m) [PRL106, 072002]
= X(1840): Jhy — y(pp) [PRL108, 112003]

+ X(1840): Iy — y(wd) [PRD87, 032008]

6-8 Oct 2014 GDR - IPN Orsay 2014

Jhy radiative decays
not found in y’
radiative decays
non a pure FSI
PWA is needed

X(18?7?):
* near (pp) threshold

 Isasingle particle?!?
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BESIII: PWA of y(2S M <2.2 GeV
of y(25) = vPP. My, © PRL 108, 112003

pp mass-spectrum at threshold clearly differs from that in J/y decays

X(pp)
—0'PS

f,(2100)
—1,(1910)

0.1
M(pp)(GeV/c?) M -2m,(GeV/c?)

M, T', and JP¢ fixed to those obtained for J/\y decays

B(y(2S)—>yX(ppP)) X B(X(PP)—PP) =
4.57+0.36(stat)"23(sys)+1.28(mod))x10-

-4.07

_ Bw(2S) — yX(PP) _ +0.71 +0.67
R = BN = 7X(PD)) =5.08 ,z(stat) ;:4(Sys)+0.12(mod))%<12%!
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PWA of y(2S)—pp=n® and y(2S) —ppn

CLEOc: 24.5 M y(2S) [PRD 82, 092002]

3 120 w(2S)—ppa® || ¢, L Ry2100)
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= 2 1ok 4. Ry(2100) |
P PR
< € 20f
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ok
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o5 F
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S S
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o
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Mo ) P
]
|
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o
|
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PRD 88, 032010

= low background: _
* sidebands and continuum :'

40

25MeV iy

= pest solution: E
N(1535) combined with an § b
interfering phase space -

Events/{z5MeV i)
- = =] (1]

" pp enhancement:
<30

= N(1535):
+ M=(152445+10) MeV/c?

» I'=(130%%/"17) MeV/c?

= suppressed (<12%):

Eventsiz5MeVic?)
= B ® & =

_ B(y(2S) —ppn) _
Qupn = B = ppn) = (3.2+0.46)%
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BESII: PWA of w(2S)—ppn®

= 2-body decay:
* Y(28)—>Xn® X—pp
o Y(2S)—pN* N*—pnl+c.c.

= |sospin conservation:
A suppressed

Events/(32MeV/c?)

= pest solution:
N(1440), N(1520), N(2090), N(1535)
N(1650), N(1720),
N(2300) [1/2*], N(2570) [5/27]

= no significant evidence: é
* N(1885), N(2065) 3
« pp enhancement k
= systematic uncertainties:

 additional possible resonances
6-8 Oct 2014
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BESIII: PWA of y(2S)—ppn® PRL 110, 022001

= 2-body decay: .
* W(2S)—Xa’, X—pp < o
o Y(2S)—pN* N*—pnl+c.c. ‘

250
200
150
100

50

= |sospin conservation:
A suppressed

Events/(36MeV/c

= pest solution: X
N(1440), N(1520), N(2090), N(1535),
N(1650), N(1720),

N(2300) [1/2*], N(2570) [5/27]

= no significant evidence:
* N(1885), N(2065)
e pp enhancement

= systematic uncertainties:

 additional possible resonances
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BESIII: PWA of y(2S)—ppn’ PRL 110, 022001

* pranching fraction:
B(y(2S) — ppn’) = (1.65+0.03+£0.15)x10*

= PWA:
* two new resonances
* N(1885) and N(2065), <5c
* pp resonance <4c

Resonance M(MeV/c?) TI'MeV/c?) AS ANy  Sie.
N (1440) 1390731730 3407357712 725 4 1l50

N(1520) 151053530 1157805 198 6 500
N(1535) 15357371 12053078, 494 4 93¢
N(1650) 16507273, 1507573 821 4 1220
N(1720) 1700739732 4507092714 556 6 9.60
(2300)
(2570)
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3.81— w(1301) 2 M(D) n
3.6 = .
[ h,(1P) xm“#ﬁ M, mass:
. | charmonium
% X (1P) | q
<34 — _ groun State
:<I>J N
8 |
ﬁ i
=3.2 N M1 transition:
| first observation of
3ol _ v — 1,
I -|+— 0++ 1++ 2++:
2.8_ le_a:dnnqo 1 1 1 1 ]
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The S-wave spin-singlet charmonium ground state, found in 1980

M & I" measurements:
« J/y radiative transitions: M ~ 2978.0 MeV/c?, ' ~ 10 MeV/c?
« vy processes/ B>Kn.: M =(2983.1+1.0) MeV/c? T =(31.3+1.9) MeV/c?

e vy, Pp, B decay
| ) oW(1S, 2S)>yn,

- I
Mass > |[Width || 0
I X P AUBERT 08AB BABR 25
| T& - AUBERT 08AB BABR 24 o UEHARA 08 BELL 00
| 7@ - - UEHARA 08 BELL 43 [ | —+— - wu 06 BELL 57
—t— |7 - ABE 07 BELL — WU 06  BELL
——=nf WU 06 BELL 6.9 # |- ASNER 04 CLEO 03
—t W 06 BELL 0.8 q .-~ AUBERT 04D BABR 738
| ".- -+ ASNER 04 CLEO 04 #ﬁi 1+ AMBROGIANI 03 E835 08
.' | - AUBERT 04D BABR 2.0 =~ | BA 03 BES 16
| _ @t - AMBROGIANI 03 E835 24 ﬁ—r ------- FANG 03 BELL 00
® T\ - BA 03 BES 37 S SR BAI 0OF BES 33
| @ | FANG 03 BELL 0.1 /| —@)—' - ARMSTRONG 95F E760 0.1
® | o BA 00F BES 26 ﬁ -}~ BAGLN 87B SPEC 74
_._L -~ oBAI 90B MRK3 4.1 . T BALTRUSAIT..86 MRK3
—@—  GAISER 8 CBAL 06 [ GAISER 86 CBAL 125
\ 30.4 / 42.0
\ (Confidence Level = 0.0014) /| | \\ (Confidence Level < 0.0001)
_+ | ! ! —

250 7060 2970 2980 290 3000 CL=00014 =» ©°o = 4 & K] C.L.<0.0001

nc(1S) mass (MeV) n-(15) WIDTH
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Events / 10

s Lo b Lo Lo Lo e b b b Loy
27275282852829 3 3053.13.1532

140

V/

Events/ 10 M

[ —=—data

[ %%,
[ I cont
F --=-=5lg

- [ other ' decays

| KsKT

M(KsKm) GeV/ic®

» 100F -
80

[ —e— data

[ [ other ' decays
™y 120F

17X,

[ I cont

slg

=— = non-reso
-------- Int

NI RN FEES R ....I....I..||I||||I||||I|||.|
272752828529295 3 3053131532

M(KsK3m) GeV/c®
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PRL 108, 222002 (2012)

260 [ —=—data 160
- [ other ' decays
C + I =0 140
"o 200 2T K*K X
S cont + T 3 120
m : —_— — Nan-reso m
= 1s0F o = 100¢
o " o
~ 100f ~
£ E
O 5pL [
g g
0

272752828529295 3“3053131532
M(KKn®) GeV/c?

BESIT

BESII

F —=—data
I [ other ' dacays
E 1%,

Ngzso;— _-aont

[ — = non-reso

250

"0 poof
S

M
a
S

—e
=
o

=
CT T % TTT T[T T TT T

Events/ 10
a

272752828529295 3 3053131532
M(2K2mn®) GeV/c?

Significant interference between n, and non-resonant
— simultaneous fit to 6 modes,

GDR - IPN Orsay 2014

Mass

E —e— data

FCx%,
_-eant
e slg

F [ other v decays

TN

_255....|....

J2752828529205 3 3.053.13.1632
M(mmm) GeV/c?

 — data
: I other W' decays
X,

272752828529295 3 3053131532
M(6m) GeV/c®

= 2984.3+0.6+0.6 MeV/c?

32.0£1.2+£1.0 MeV/c?
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PRL 108, 222002 (2012)

Mass

2
2 X
x - AUBERT 08AB BABR 25
AUBERT 08AB BABR 24 CopoRe e EEE 20
UEHARA 08 BELL 4.3 ‘ :
ABE 07 BELL WY 06 BELL
WU 06 BELL 6.9 ASNER 04 CLEO 0.3
WU 06 BELL 0.8 AUBERT 04D BABR 7.8
. ASNER 04 CLEO 0.4 —— AMBROGIANI 03 E835 0.8
f ‘ - AUBERT 04D BABR 2.0 —t BAI 03 BES 1.6
/ AMBROGIANI 03 E835 24 FANG 03 BELL 00
/ \ BAI 03 BES 37 BAI 00F BES 3.3
| \. .. FANG 03  BELL 01 / , - ARMSTRONG 95F E760 0.1
' Y BAI 00F BES 2.6 —— ‘ - BAGLIN 87B SPEC 74
—tF ' BAI 90B MRK3 4.1 BALTRUSAIT...86  MRK3
- - GAISER 86 CBAL _ 0.8 = GAISER 86 CBAL _125
\ 30. / 42.
\ (Confidence Level = 0.0014) / (Confidence Level < 0.0001)
_ | | L~ | ] | | S
2950 2960 2970 2980 2990 3000 3010 20 0 20 40 60 80 100
nc(15) mass (MeV) n-(15) WIDTH
120 —— (earlier result -- ~117 MeV) T
— =
=
Hyperfine splitting (BESIII al = 0 oo ms
yperfine splitting ( alone) = 115 6 0.1 ms

O physical

IIII|IIII|IIII

AM(1S) = 112.5+0.8 MeV/e2—2 :
= 110 —
= .
Closer to prediction S 05 -
_ ~ - Lattice 2012, arVix:1211.2253 :
then earlier result EIN | T
100 1 | 1 | 1 | | | | 1 | |
0.00 0.01 0.02
a® (fm®)
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Observed in different production mechanisms

1 B — Kn ’ Belle: PRL 89 102001 (2002)
' c CLEOc: PRL 92 142001 (2004)
2. yy—n/— KKn Belle: NPPS.184 220 (2008); PRL 98 082001(2007)

; . BaBar: PRL 92 142002 (2004); PR D72 031101(2005)
3. double charmonium production =% * oo o0 1 s (2011)

M1 transition y' — yn,'

1. CLEO found no signal in 25M v/’
By’ — /) < 7.6 X10% PRD 81 052002 (2010)

2. BESIII: first observation of . — KKn ;
find evidence in ./ — K.K3x

Experimental challenge : search for photons of 50 MeV
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e ldata (KOK]tnf; ) E
— fitting rosults -
- Xo =
—_-1
---== background

*Noes \
i
......

.
00000

:y(2S) — 1 (25), n(2S) — KKnr

’l' ’l 1 1 1 1 l l\ 1 " 1 1 L
35 3.55 3.6 3.65 3.;
mxgxw (GeV/c)

M =3637.6£2.9+1.6 MeV/c?

By ' — ., — yKKn)=(1.30£0.20£0.30) x10
B(n.' — yKKm)=(1.9£0.4+1.1)%
By' — yn.') = (6.8£1.1+4.5) x10*

(0.1-6.2)x10
< 7.6x10%

GDR - IPN Orsay 2014 30

Potential model:
CLEOQOc:

6-8 Oct 2014

PRL 109, 042003

LI I 1

- L IS TR -

R 10’ BESII ——data (K'K'M)

% : o — fitting results

O .l e Xl

n 10°F _—1
3 Tk

8 : -+ background

<

< 0. Gk 4

z:‘ ...-;-.-...__‘,‘. A Wy -I /

5 \:.-_..‘. \“ ’ : E '

> 1 \\ ‘-.; ............

m If.. ‘Wb \ :
v b v 1 S LN (IS

35 3.55 3.6 3.65 3.7

I' = 16.9+6.4+4.8 MeV/c?
Significance >10 ¢

BABAR: PRD78, 012006 (2008)

FIRST OBSERVATION!

PRL89, 162002(2002)
PRD81, 052002 (2010)
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-
o

©

s 10°

O

0 « continuum data for QEI background

LD

o 10° - g
S Significance
SR 45
E u G
g

@

=

33 3.35 3.4 3.45 '35 355 3.6 3.656 3.7
sta (GeV/c?)

M =3646.9+1.6+ 3.6 MeV/c?

' = 9.244.842.9 MeV/c?
By' — v, — YK K3m) = (7.03+2.10+0.70)x 10

GDR - IPN Orsay 2014
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L4520 n.(2S): BESIII vs literature

PRL 109, 042003

S-S L T R

PRD 87, 052005

— e BESIIy(2S)--> YKsK3n
BESIII y(2S)-->yKKr
BaBar yy -->KK3n
BaBar yy -->KsKn

Belle B --> K (2S)

6-8 Oct 2014

BESII y(2S)--> YKsK3r
BESII y(2S)-->y KK=n
BaBar yy -->KsKn

Belle B --> K1 _(2S)

13 a\lle. :

| T L1 | - | - | I | | J - | L1 11 | | | L
3630 3635 3640 3645 3650 3655 3660 3665 3670 0

n_(2S) mass (MeV/c?)

GDR - IPN Orsay 2014

10

20 30 20 'm0
n,(2S) width (MeV)

60
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Spin singlet P wave (S=0, L=1)

Potential model: If non-vanishing P-wave spin-spin interaction,
AM,(1P)=M(h,) - <M(1 3P,)> = 0,

<M(l SPJ)> = [M(XCO)+3M(XC1)+5M(XCZ)]/9
Theoretical predictions:

— B(y' — °h) = (0.4-1.3)x103, B(h,— yn.) = 41% (NRQCD)
B(h.—> ;) = 88% (PQCD)

Y. P. Kuang, PR D65, 094024 (2002)
— B(h,— yn,) = 38% Godfrey and Rosner, PR D66, 014012 (2002)

First reported by E760 in decay pp — h, — J/yn®, not confirmed
Evidence found by E835 in pp — h, — yn, PR D72 032001 (2005)

Observed by CLEO in y' — n°h,, h, — yn. PRL 95 102003 (2005)
Recent results from BESIII

6-8 Oct 2014 GDR - IPN Orsay 2014
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BESIII: y(2S) — n°h (1P), h(1P) — yn,(1S) PRL 104, 132002

] 3960805-012_ e e
3.8 2 M(D) . inclusive
Y Yl 1 only detect the =°
-1 (2SN -
2ql Ne(25) -~ (compute M(h,) from kinematic)
' : xc:1(1 Pj)cci(_FJ—)g Rate « $(W'—>7‘COhc)
| 1P ]
;‘:’_3_4‘_ %o 1P ] “EI tagged”
CE ] detectthe n® & y
A 2:_ | RatexB(y'—nhy) xB(h—m)
=24l ]
] «“exclusive”
3.0H1S) —  detect the n°, y & n,—X; decay prod.
J@"' == B 1++ ot Rate o<
2 8£ha!_ rans 0 1 1 1 1 | {B(\V'—)TCOhC) XfB(hC—wnC) >(‘(B(T]C _)Xi )
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BESIII: y(2S) — n°h (1P), h(1P) — yn,(1S) PRL 104, 132002

4000 F
3500
3000 § M = 3525.40+0.13+0.18 MeV/c?
e T = 0.7340.45+0.28 MeV/c?
;’i 1500 | <1.44 MeV @90%
- 1000 E
S soof CLEOC: PRL 101 182003 (2008)
T o M = 3525.28+0.1940.12 MeV/c?
E 40{](}(}5 ﬁ I' : fixed at 0.9 MeV
i 2
30000 ; Hyperfine mass splitting
20000 ¢ AM, (1P)= M(h_) - <m(13P,)>
10000 -

S BESII: 0.10+0.13+0.18 MeV/c?
O 353 s CLEOc: 0.0240.1940.13 MeV/c?

7w° recoil mass (GeV/c?)

By combining inclusive results with E1-photon tagged results
By'—n'h, )= (8.4+1.3+1.0) X104 Agrees with prediction from
Bh, —>yn)=543%16.752)% Kuang, Godfrey, Dude et al.
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N

BESIII: 16 h (1P) decay modes (~40% n.(1S) decays)

PRD 86, 092009

Events /(2 MeV/¢?)

38" *353 s 855 553 3

I }
1 e a4
B R P D i,

n” recoil mass (GeV/c?)

200 L
2180 Summed distribution B
S ok 832435 evts.
10
% 100;
S 80F
- -
= 60F
ok
20 F
8 3.56
7’ recoil mass (GeV/c?)

(MeV/c?) | BESIII Exclusive BESIII Inclusive CLEO
M 3525.31+0.11%+0.14 | 3525.40+0.13+0.18 | 3525.21+0.27%+0.14
r 0.70%£0.28+0.22 0.73+0.45+0.28 --
AM,+(1P) -0.01+£0.11+£ 0.15 0.10+0.13+0.18 0.08+0.18+£0.12
BESIII: PRL 104 132002 (2010)
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BESIII: n, parameters from y(2S) — n’h (1P), h. (1P) — yn.(1S)
PRD 86, 092009

)
3

a:lﬂ{)i— BESTT § 1405— BESII
= 1o Sum of 16 of s o Background
PN = 1200
= 1201 nc decay modes < 100} subtracted
C 100 s ¥
PRYs E 60f
S 6 % 40f
> B = 40:
20; = L 'sld
0 20

f ; ; L . . . ] . . . ] . . . ! L L L ) ) ) L L ) L ) !
2.4 2.6 2.8 3.0 3.2 ) 2.4 2.6 z.ls 3.|0 3.2
M(hadrons) (GeV/c?) M(hadrons) (GeV/c?)

N, lineshape in h, — yn.Is not as distorted as in y' — yn_. decays:
—> non-resonant interfering background is smaller than y" — yh,
— this channel best suited to determine r. resonance parameters

y' — moh,, h.—ym. PRL 108, 222002

M = 2984.49+1.16+0.52 MeV/c? M = 2984.3+0.6+0.6 MeV/c?
' =36.4+3.2+1.7 MeV I =32.0+1.2+1.0 MeV

Consistent results, but still dominant statistical errors: more statistics is needed!
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Exotic at BESIII

 all states below DD threshold
have been observed and described
by charm anti-charm potential

model

« only a few of the predicted states
above threshold have been found

* many new states have been observed:

* s0me unexpected

* many with properties not
consistent with charmonium
decays to X,Y or Z states

6-8 Oct 2014

MASS [GeV/c?]

3.4

Xe2({32Pz) |

Yez(23Pz) |

¥ez(13P3) |

predicted, discovered

predicted, undiscovered

unpredicted, discovered

GDR - IPN Orsay 2014

1+

JFC

0+

1++

2++
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BESIII: e'e- — a*aJ/y events

‘ J&_ Typical
Jhy —prp

XY View ‘ XY View

4 charged tracks, J/\y reconstruct via lepton pairs
 very clean sample, very high efficiency, kinematic fit used
« only use MDC & EMC information, MC simulation reliable
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BESIII: e*e” —» n*nwd/y — Jhy sighals @ 4.260 GeV
PRL 110, 252001

- BesTI 9 120- BEST

2 882433 ® & 595428

3 Jhy —prp g 1001 Jhy —ete

: S 8-

- © -

C ; 60~

: 5 4l

: 4 F

- 201

1 ¥ g gk o .'."|""."|"|'r'|| kg WA 0 gt ..- PR TR L J .‘ I'}

03 3.05 3.1 3.15 3.2 03 3.05 3.1 3.15 3.2

M(u*w) (GeV/c?) M(e'e) (GeV/cz)

« Dominant background e*e” — wtn it
« Jhy signal: [3.08,3.12] GeV
« Jly sideband: [3.0,3.06] GeV or [3.14,3.20] GeV
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ee - ' J/y — cross sections @ 4.260 GeV
PRL 110, 252001

80
BaBar: PRDS6, 051102 (2012) ; gg NH Q(B
%:1202 '|"""|"'|": 50 * * BELLE
= b >
& 100- + 5 40 \ ” Belle: PRL110, 252002
R B 30 |
S s0- £ 20 H} thﬂ ﬁ HH |
oI | OF el 1 AU fﬂmﬂﬂ} w"m
© : | | |
) H 38 4 42 44 46 48 5 52 54
20# + + \ + Ecm (GeV)
O:_+_ ‘ H__ n + dl . e e J __ #
e e AR ARSI ) BESIII cross sections:
3. . . 6 438 5 52 54 .
E., (GeV) * Mmore energy points

BESIII: og(ee— n*mhy) = (62.9+1.943.7) pb | * More data:
« agreement with BaBar & Belle

* Dest precision!
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BESIII: ete — atah (1P) @ 4.260 Gev ~ PRL 111, 242001

= h.— yn, n.— hadrons [16 exclusive decay modes]
e p p, KK, wtp p, 2(KKY), 2(n*), 3(nt*n)
¢ 2(r*m)K*K, KK +e.c., KK n+c.c., K*Kn?
e p pn’, K'Kmn, ntnn, ©tnnlnl, 2(ntn)n, 2(xtnnP)

320 ————— ———— v 60F
C . BEST - K = BSTI
O . © SoF il
s = 40 :
2 > anE i )
- £ 30 I
|| 15 2 - ' .1
------------------------------------------------------ = 21]— }H }
10 | .l.
| ’“ ' ’! - o g1 T
! 3 % | "II 11“ T
2 - 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 | 1 1 1 | [i] 4) 1 1 1 ] 1 1 1 | 1 1 1 | 1 1
'23251] 3.52 3.54 3.56 3.58 3.60 3.50 3.52 3.54 3.56 3 ‘58 3 60

J _ M GeV/e?) M,, (GeV/ch)
n. candidate \
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BESIII: ete — n*wh (1P) PRL 111, 242001

90
80
70
60
50

405
30 ;— T

&R
=

Born cross section (pb)

20
10
0
-10

5 4 40 4.45
Ecy(GeV)

* o(efe> n'rh.) ~ o(e*e— ' I/y) but line shape different

tﬂ_

* Local maximum ~ 4.23 GeV
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ete —s 7'C+7t'hc(1p) VS ete — ‘]/\V PRL 111, 242001

30 _ Open circles: Belle etfe— n*nd/y
- Jr Solid dots: BESIII e*e— w*rh,
60 _ (II> + + O -
— _ ¢ L

42 43 44 45 46
Ecm (GeV)

More data at higher energies needed to complete line shape measurement
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BESIII: e*e” - ntadhy @ 4.260 Gev ~ PRL 110, 252001

- o 18¢ 10
4r o 7E Phase space reflection
2t 1 (1;;_.. 16 "ﬁ"h-,r_\/? on Z/(3900)
- = 15 | L 1
- = = \
OF = 14
- 107 B -
i: S P 10°
o 12;— ._l_
S L ”Y* L < AT =
% 17 18 Yo ™11 12 13 12 15 16 17 18 10
Mz(’n: hpr Ge M (n*Jiy) (GeVic?)
% 100—B€SIE A o BESIE j::::mc o 120;_ +data B'ESIE
3 80_— 23900 M g ao'— —2000) N "-; 100f T PHSPMe H
$° | {\ | § Bt 8 g
g BO_ *H{ H|+ M H g Gof_ W* H’M HH g GU; N
Rl SV I e
g 3 of J+.-++'+' ”‘ ?ﬁ, g o0 hti—**‘ﬁ?'H i i
82 33343536373839 4 4142 82704 o068 08 1 12 14
M(n*Jly) (GeV/c) MirJhy) (GeVic) M(z*x) (GeV/c)
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PRL 110, 252001

100 BESTI
aof—

dof

I
[
el
—a
'
b
!
-
_—*

Events / 0.02 GeV/c?

! ﬁlﬁm

3.2 3.3 3.4 35 36
My

20

Events / 0.02 GeV/c?

Events / 0.02 GeV/c?

100

80

60

100

80

40f

20+

M(r+Jiy) (GeVic

I [ sideband

-+- data

== PHSP MC
— Z,(3900) MC

|

$t ¥
9 4 4142

)

- BESIL

-+- data

== PHSP MC
— 2,(3900) MC

[ ]sideband

M(xJhy) (GeV/c?)

10
pction
3900)

1

107
7 e 107
SeV/c?)?

\ * BESII
i
.
i
8 1 1.2 14
GeV/c?
46
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BESIII: e*e — 7 Z,(3900) — w*m-d/y @ 4.260 GeV

PRL 110, 252001

. 100[- BESTH o « couplesto cc
O i otal fit .
> so- - :Hsk:md“ * has electric charge
© + at least 4-quarks
S i e what is its nature?
@ 40
- L
g 2 gi
05=37 3.8 3.9 4.0 @
Mo (M) (GeV/c?)
S-wave Breit-Wigner with efficiency correction
M = (3899.0£3.6+4.9) MeV/c? Sianificance
I' = (46+10+20) MeV/c? 9 e
R =(21.5£3.3£7.5)%
6-8 Oct 2014 GDR - IPN Orsay 2014
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PRL 110, 252001 (2013)

e*e” — 1 Z,(3900) — n*a Iy @ 4.260 GeV

— Total fit

1002— BESTI + Data

-=== Background fit

(o]
o
T

-:=: PHSP MC

Events / 0.01 GeV/c?
& 3

N
o

3.7 3.8 3.9 4.0

M ax (/) (GeV/c?)

M = (3899.0+3.6%4.9) MeV/c?
I' = (46x10£20) MeV/c?
307+48 events

>80

6-8 Oct 2014

PRL 110, 252001

PRL 110, 252002 (2013)

°F Belle
60 F

50 -

—+— data
— Fit
— Background

---- PHSP MC

Events / 0.02 GeV/c?

37 38 39 4 41 42
Max (/) (GeV/c?)

M = (3894.5+6.6+4.5) MeV/c?
I' = (63£24+26) MeV/c?
159%49 events

>5.20
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e*e — 1 Z,(3900) — wtmdiy @ 4.260 GeV

K.Seth&co. @ 4.170 GeV  _ 100
hep-ex:1304.3036 S
~ 40p o 80
2 ¢ Data M(Z(3900))=3884.6+4.6 MeV O]
= 35:— - Phase Space S 60
3 b — Fit S
E L @ 40
S =f &
~ >
EU:— L
152—
10F , I Wiaciiiiia |
5 ri* 4 70f
- 1 1 1 L ! | | L 1 | 1 L 1 | | L i | Iil%— NQ
%EDH 3700 3800 3800 4000 > -
M. (:Jry) (MeV) B 50
o\ n
M = (3885%5%1) MeV/c? S 40
I = (34+12+4) MeV/c? a O
e
81420 events g 20¢
6.1c
6-8 Oct 2014 GDR - IPN Orsay 2014

20 Lk

F‘

60|

PRL 110, 252001

—4 Data

— Total fit

BESIT

--- Background fit
-.=- PHSP MC

3.7 3.8 3.9 4.0
Mpax(mtd/y) (GeV/c?)
Belle M
— Background
=== PHSP MC
10/
07537 38 39 4 41 42
Mpax(m/y) (GeV/c?) 49



e*e — 710 Z.(3900)° — n%n0d/y @ 4.230-4.260 GeV

Preliminary
> '°F ; Dam CLEOc: PLB 727, 366
E 1o Phaso Space ¢ BESIII PRELIMINARY!
E; a = Jly Sidebands 3.56 |4 2.8fb data at 10 energy points from 4230~4420 MeV
3 6 e Z.(3900)° is observed clearly at:
4 E..=4230, 4260, 4360MeV
0 .z ” :_‘ .
L il '%‘3_,_“ M = (3894.842.3) MeV/c?
I un) (Mev) I' = (29.618.2) MeV/c?
10.4
An isospin triplet for Z.(3900) has been established
= «f BesT — = | BESII 4360 MeV s z BESIT | 4230 MeVv
; ::) ® Preliminary ; :j Preliminary § o Preliminary
g ;Si_+ | g ‘ g
5 =t 5 5
£ : -

1 1
3.8 4.0 4.2 3.8 4.0 4.2 3.8 4.0 4.2

M(r°Jy) (GeV/c?) M(n"J/y) (GeV/c?) M(rJ/y) (GeV/e?)
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ete" —  Z,(4020) — w*nwh (1P) — all energies

PRL 111, 242001

o 18f "
E:; 17F II:
¥ ;
15§ “4
143 2
130 0.1 02 03 04 05 06 07 08 ’ ?—*zllﬂf—BES]]I
M2, (GeVich) Eﬁmn_—
. : > b H M
all collected energies Z b & W |
[3.900 + 4.420 GeV] =i M *W 8
El‘.]f— ﬂ'+
* h,— yn. n.— hadrons oF

[16 exclusive decay modes]
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4.0

4

41 42
M, (GeV/c?)
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e*e — m Z,(4020) — mmh (1P) — 4.23/4.26/4.36 GeV
PRL 111, 242001

Simultaneous fit to 4.26/4.36 GeV data and 16 n. decay modes.
4.23+4.26+4.36 GeV

T 1200 4.23+4.26 GeV | °F
N B B-ES]]I 80FE —— of¢'e->x'xh,) BESII
E 100 % JQE. —5— ole'e>n'Z ({02)ce) BESIT
lﬂ e
= B = o ole'e->r*nh,) CLEO-¢ s
= 80 g o0
> g 505 I
§ 60 % 4{}2_
= 0 9 305
F E .F
205 X 205 ] i[ P N
10 * (3 3
[] {}El IIIl 1 1 1 I 1 1 1 I |\‘;‘| 1 I 1 ;’lll
3.05 4.00 4,05 4,10 4,15 4.20 4!].25 4.0 4.1 4.2 I v 4.4
M, ., (GeVic)) E(GeV)

M = (4022.94£0.8+2.7) MeV/c2 |  o(e*e—nZ (4020)—n*mh.)
I' = (7.9%£2.7£2.6) MeV/c? 6(4.23 GeV) = (8.7+1.9+2.8+1.4) pb
>8.95 5(4.26 GeV) = (7.4+1.7+2.1+1.2) pb

o(e*e—nZ,(3900) *w —>a*wh,) = < 11 pb (90% C.L.)  B(Ne=11e)
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e*e — m Z,(4020)° — n°nh (1P) — 4.23/4.26/4.36 GeV

Preliminary
BESIII PRELIMINARY!
e 2.8fb! data at 10 energy points from 4230~4420 MeV
e Z.(4020)° is observed clearly at: E_,=4230, 4260, 4360MeV
400 45
L ¥ oee o hy) PrEIEir?]]iE]ary ~ ¥ BESIT
E 100 0'(e+e‘—>1t07t0 hC) ?;f 35 Preliminary
:r“:,' 30
S »
E E 15
5 10
34 345 is 3:5 . . 5

M (GeVie?)

M 2 wo0p= (4023.6+2.243.9) MeV/c?
M, o= (4022.940.8%2.7) MeV/c?

C(4ozo)0

>ho

6-8 Oct 2014 GDR - IPN Orsay 2014

Z.(4020)*

0y

39 395 4 405 41 4.
M5 (GeVich)

An isospin triplet for
Z.(3900)

fixed @ I, has also been observed

53



e*e — m Z,(4020)° — n°nh (1P) — 4.23/4.26/4.36 GeV

Preliminary
BESIII PRELIMINARY!
e 2.8fb! data at 10 energy points from 4230~4420 MeV
e Z.(4020)° is observed clearly at: E_,=4230, 4260, 4360MeV
= 905 45
S 80 g(ee i hy) BESIT _ wb BESII
g "% o(ere—n’n° hy) 2 ast | Preliminary
o 60F A :
g s0- S N
2 =
2 300 l S 20f
20 I £ 15
o ] Z 0
040 a1 a2 a3 a4 e
Ey(GeV) .
"3'55"5.95"'4'; 405 4.1 '41
Mz (40200= (4023.612.2£3.9) MeV/c? M, (GeV/C)
An isospin triplet for
M .= (4022.9+£0.8+2.7) MeV/c?
Z.(4020) ( ) i | 26(4020%3 ;
asS alSO peen opserve
C(4020)0 flxed @ F Z.(4020)*
o(ete —omtn h) ~ 2 o(ete=—nn® h))
>50 isospin conservation
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.@;@ BESIII: e*e— nZ(3885) — m (DD*)*+c.c. @ 4.260 GeV
ii — PRL 112, 022001

525 pb! data @ 4260 MeV

90 i

% 80 BSIL |, 100}

2 0 > 80

= 60 >

< 50 f_': 60

" 40 W L

m =

£ 30 + | £ 40f

2 20 ikt 2 ol

Wj0E | N W 0: |
0 ’ M S P I B BT ETR K. WP
3.85 3.90 3.95 4.00 4.05 410 415 3.85 3.90 3.95 4.00 4.05 4.10 4.15

M(D°D*) (GeV/c?) M(D*D*) (GeV/c?)
M = (3883.9+1.5+4.2) MeV/c?
I' = (24.843.3£11.0) MeV/c?

nZ.(3885) ang. dist. favours J° = 1*
disfavours 1-e O -

>18c _
c(e*e— m Z,(3885)* x Z(3885)* — (DD*)* +c.c.) = (83.5%£6.6+22.0) pb
_ I(Z/(3885) — D*D*)
= T@Z.(G900) > ndly) (6.2+1.1+2.7)
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PRL 112, 132001

6@ BESIII: e*fe— nZ(4025) — 7 (D*D*)++c C. @ 4.260 GeV

S | —— data —— Z,(4025) 80F —4data  —- Z,(4025)
§ 400} ws e PHSP BesI & 70 f—BES]]I — total fit comb. BKG
Q [ e Argus fit to sidebands o - --- PHSP signal
> > 90
© 300F + = 50f
N ©w |
~ AN 40¢f
o 200 g
£ @ O
) S 20F
> 100 S
L] T 10}
205 21 215 2.2 402 404 406 408
+ - + + ) 2
RM(D')+M(D*)-m(D") (GeV/c?) RM(m) (GeVic’)

M = (4026.3£2.6£3.7) MeV/c?

I' = (24.8%5.7£7.7) MeV/c? _

>106 o(e*e— n (D*D*)*+c.c.) = (137£9£15) pb

o(ete— wZ.*— w (D*D*)*+c.c.)
o(ete— w (D*D*)*+c.c.)
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BESIII: ete- — vX(3872) — yn*aJly PRL 112, 092001

Clear ISR v’ signal for data validation
X(3872) signal at around 4.230-4.260 GeV

010 " 10°
r —+data B | > —+data  BESII
Eng‘ » [ background gmz " [ background
o r o

i 1
S 10F 4 E,=4010GeV || S 10 M E,.=4.230 GeV
CE ‘ﬁ” ‘ ﬂ & “ |
o TF ' & 1
- C -
w3, 37 38 39 4 Y 38 37 38 39 4

M(r*mJ/y) (GeV/c?) M(m*rJAy) (GeV/c?)

10’ 010’
> & —+data BESIL | > ¢ —+ data  BESII
©10°¢  »  Wlbackground | Q10°¢ M background
- - o - t
310 ' |E,=4.260GeV | S 10F t|E.,=4.360 GeV
S INIITIER R
5 1F 5 1E |
> : - c
L L

3.6 3.7 3.8 3.9 4 3.6 3.7 3.8 3.9 4
M(r*nJ/w) (GeV/c) M(r* /) (GeV/cH)
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BESIII: ete- — vX(3872) — yn*aJly PRL 112, 092001

T T T T T T T T I T T T T E 06 |
15 7 o C
— BESIT —- Data - — 0.5F BESIT i ?f?;agam
RS — Total fit 1 Z E -.-- Phase Space
=2
E 10 B === Background ] +'|:3 --- Linear
= . B
. i ] o=
P I %‘
c 5 _ I~
! 1 @
4id JULLLLLL ' b % ml‘.".r -

9 385 39 395

ISR v’ signal 1s used for rate, mass, and mass resolution calibration.
My 3es6) = - (0.3440.04) MeV/c?; o= (1.14+0.07) MeV

N(X(3872)) = 20.1+4.5 [PDG: 3871.68+0.17 MeV]
M = (3871.9£0.7+0.2) MeV/c?

o = Oo(Y(4260) > yX(3872) .o,

6(Y(4260) — w*n-Jd/vy)
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BESIII: Z, states

Mass (MeV/c?) Width (MeV) 4 | s |V

3899.0+3.6+:49 46+10+20
MV 3894.8+2.3(Prel.) 29.6+8.2 (Prel.)
(D D¥)* 38839+15+42 248+33+110
20 difference lo difference T 4
o 40229+0.8+2.7 79427426 E
4023.6+2.2+3.9 (Prel.) 2,
(D* D¥)* 4026.3+26+37 248+56+77 §
lo difference 2o difference =
Thresholds: b*
e DD*: 3875 MeV e
e D*D*: 4014 MeV DD

Z. states @ BESIII:
e at least 4 quarks: charged
e nNear threshold predicted, undiscovered

e isospin I=1 20T [ndi's9)] | unpredicted, dicovered |
e are they one or two states ol 1 on 1 o
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BESIII: etfe- — OY o Preliminary

E.,=4230 MeV 80 BESTI n
nsshs® o | - —~— o 70F Preliminary
S | ' = 60F
E}Di’;:;\; _— ‘% 50 H
S o g w0 *
I e et At B 30F
:E'i u.?l— . L. . ! o« “E' 20 ;HHHMM+ H.H- ++
Fhohot 1000 s UUTRUUOTOUTON: SUO O 0BT W bt
U%z 326 33 335 34 345 35 085325 33 335 34 345 35 0~ I #‘fﬂ*rfrﬁ# ‘;JF'I*#M
M) (GeVic?) M(K'K) (GeVic?) T
] . . | N | | 38 4 -1"2 4.4 46 48 5 52 54
_ 085 :‘_" ._ i i 0_955;.: : ',__ . i i 0o Weo threshold  —em (GEV)
YT - ! L oosEtf b et ! ! C ——
2 ' - .. Eu.asg_'"_ C e + 5  5iBESTI Pie_LlaTlnary
Eon '___:f':'_:i'EéI'-'{IE]Z&: %o E'“i#fg&hz"‘f- 2 b T ezopance
% 07E e L] i .i i'. E o7k - -‘ . -i- : :% 40:_ == Phase Space
0.65 . ‘ : 065f i 3 » A P
0G5 0 e I, 20F Vs NG
) (GeVic2 aVic2 + C i (LT TP PR
Mr*r) (GeV/ Ecm:4260 MeV K'K) (GeVic?) % O; - : i
-20_—
e The mass of Y (4260) is very close to @y,; mass threshold 16742 a0 a3 s a4 as s
s (GeV)
e Observation of ay, at 4230, 4260 MeV data A fine structure at 4230MeV/?
e No evidence at 4360MeV Preliminary
Line shape seems inconsistent with Y (4260 _
g o (d 423)0M , M = (4229£1116) MeV/c?
o itting: a narrow structure aroun eV.
: T = (40%1442) MeV/c?
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6-8 Oct 2014

Summary

huge statistics:

* Jhy, y(25), y(1D)
o XYZ studies

* R scans

near future:
 collect data at higher energies to complete scans
* higher luminosity expected from BEPCI|I
« analyse the full data samples
* many PWA to be completed

stay tuned:
* many new exciting results on their way

GDR - IPN Orsay 2014
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Question time

Thanks!

GDR - IPN Orsay 2014
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BESIII Collaboration
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17; BEPCII

6-8 Oct 2014

Compton back-scattering
for high precision beam
energy measurement

BESIII is here

GDR - IPN Orsay 2014

Beam energy:
1-2.3 GeV

Crossing angle:
22 mrad

Luminosity:
1%1033 cm—2s-1

Optimum energy:.
1.89 GeV

Energy spread:
5.16 x104

No. of bunches:
93

Bunch length:
1.5cm

Total current;
0.91A

SR mode:

0.25A @ 2.5 GeV
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RPC

OF, 90ps

Be beam pipe

MDC, 130 pm === S 1ol weioht 730 t
P Otal weig on,
0.5% at 1 GeV/c T Sl ~40,000 readout chnls,

A Data rate: 5kHz, 50Mb/s
CsI(TIl) calorimeter, 2.5% @ 1 GeV
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452} How to produce Charmonium states

Jhy, w(29)
1. e*e annihilation (including
ISR/double charmonium)

oL o

2. pp annihilation v, Xcm M.
F g
% : 25
3. Two-photon process —— M, M(25)
_ yﬁg — O'+, O++, 2++
b - “\ - z \l]’ XCJ’ nc (28

4. Bdecays w< L 1+ o 0

S

mass (GeV/ ¢2)

q “

5. Charmonium transition Ml 8
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[42] BESIII data set

3.3 fb! for XYZ studies

3

10 ™ ® o
: R
o) o~ o
o3 - S ¥ N
R o (4]
- . < <
by s
3 102 9
= 10 - g
E - L) ®
-] L o o o °
— o o o © o ®
0 O N o o¥ o A @)
o0 | (0)Y
™ o 3 AW » Y
B < ¢¢ < <
1 1 1 1 I 1 1 1 1 | ] ] ] ] | ] ] 1 1 I 1 1 1 1 I | 1 1 1 I | |
3.8 3.9 4 4 1 4.2 4.3 4.4
Ecm SGeV)
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07k ]
B A B
Y &
= 06 4 =
k- i e
T OL AN A S F heniun e ]
?-"": B g il = - ‘ S X ]
E_: 05k i — E_—- o oL v :.r",r .
B A B : . i Sl ]
0.4 — i LI
1 R R AR TN T TR N (NS NN Nt M T NN TN NN N MR O B D:....J:...........:... ............|:
0.4 0.5 0.6 07 0o /1 2/ 3 4 5 6 7
M(yy) (GeVich) () (GeVic’y

= Jy—on, ¢—yn:

select events outside ¢ window

= packground:

low and mostly non-n background,

200

Entries/0.02 GeV/c?

 estimanted by n sidebands (blue shadow)
= packground subtraction:

6-8 Oct 2014

In £signal = | pdata _ | gsideband

GDR - IPN Orsay 2014

R
100 + Jf
rt

M) (GeVich)
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600 +
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= 400}
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Event/(0.02GeV/c%)

PRD 87, 032008

6
- ¢ 0 ﬁ
1000 - b N
L o i
‘ S
! % 4+
g L
500 - o
":#‘ 3 2-_
. S a-“'v...% =
i : s A 0|||,|,,,,|,,,,|....|..||
0.5 1 1-5 o 1 2 3 4 5
M(r*m n¥)(GeV/ic?) MRy ) (GeV/c?)?
= solid:

 background estimated from sidebands
= dashed:

e inclusive Jhy MC samples
= packground subtraction:

e In Bsignal = In Bdata_ In Bsideband
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BESIII: PWA of y(2S) — ppn PRD 88, 032010

4 8
: 7 SRR -
3.6 - o o o o oo
o[ 3t it el
— - o - o o o O oo o o @ oo poao o
L ok O REETT T L i
% - % 5_:'@?“: u:ln :: i :uu ::n unu Euunnn
ot S Sl 7T el e LT BT e
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E 2.5 NE — Du:nglnu e o ] " nnuE v o
- a= T oo e reTt e T
2 - R
I~ 3__ i a o o7 oo s “ooao
_ B o0 o0s ses mago. B aa &
B L e 088Ms BGefoog " andoas " °
N Ooo| l:l:liEnnDnu ]
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|
1.5
0.9 1 2 3 4 5 6 7 8

M, (GeV/c?y

01 02 03 04 05 0.6 0.
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y(2S) — Jiy X , Jy — pp subtracted
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50
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15 20 2

PRL 110, 022001

350
300
250 |
200 t
150
100

Events/{(36MeV/c3)

20 25

MFF{{I(:\-'IL"}

1 =ty
30

Events/(32MeV/ch

]"rI.Fn..{{ }c\-.’f )

shaded:
background:

continuum
non-mn®
background

y(2S) — J/y X , Jy — pp subtracted

GDR - IPN Orsay 2014
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==

4250308-001 Symmetric IineShape Belle
T ' I - =
CLEO-c In yy production | vy = Ne(1S);
JAp(18) — (1) | L 350k N(1S) = KsKn
3oo§
2507

g Asymmetric lineshape
N e INy decay
0.04 0.14 0.24 0.34 0.44

E(y) [GeV]

The n¢ lineshape is not
~ 160 distorted in the h.—ync
§ 140_—

S 1201
= o BESIII
< = background
s © subtracted
= 40

20 ¢

- +++ #)
0 ¢
-20
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24 2.6

! | ! ! L | ! ! f

2.8 3.0 3.2
M(hadrons) (GeV/c?)
GDR - IPN Orsay 2014

Event /5 MeV/

BESIII: n, parameters from y(2S) — a’h (1P), h.(1P) — yn.(1S)

PRD 86, 092009

2001
150
100F

501

i I
Eovv o b o by by gy Iy co b b b s by
85 26 27 28 29 3 3.1 32 33 34 35

Mass(KsKm) (GeV/e?)

» CLEO-c observe a distortion of n,
lineshape in charmonium radiative decay

PRL102, 011801 (2009)

» The lineshape of i, from BELLE is
symmetric

 The abnormal line shape is also observed
in BESIII exclusive channels in y'—ym,
but not in y'——n’h,, h.—ym,
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(] Hadronic exotic states

* Experiments :

— Hadrons are composed of 2 (meson) or 3 (baryon) quarks m ?

— Described very well in quark model (QM)

« QCD suggests: syUod ud
QED s s <@
— Confinement : stable hadrons need to be colorless
dibaryon pentaquark

— Gluon-gluon interactions : hadron with gluons

N T

(hybrids and glueballs) could exist C
- - » @
— Allow hadrons with N, ,.#2, 3 (multi-quarks)

diquark + di-antiquark dimeson molecule

Can we find evidence for these interesting exotic hadrons?

A long history of searching for the exotic hadron,
no solid conclusion was reached in past a few decades,
some hints on charmomium-like and bottomnium-like particles, recently.
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8 %g

glueball

2822 °,

q q g hybrid
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Exotic Meson (Charmonium-Like)

Molecular states:
« Loosely bound states of a pair of mesons,
* bound by the long-range color-singlet pion exchange,
« weakly bound, mesons tend to decay as if they were free.

Tetraquarks:
* bound states of four quarks,
* bound by colored-force between quarks,
« decay through rearrangement,

* many states with the same multiplet, some are with non-
zero charge, or strangeness

Hybrids:
* bound states with a pair of quarks and one excited gluon

« Lattice and model predictions for lowest lying charmonium
hybrid m~4200 MeV
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(5] Z. states

The most promising way to searching for the exotic hadrons

e Decay into a charmonium or DD pair
— thus contains hidden-cc pair
e Have electric charge,
— thus has two more light quarks
At least 4 quarks, not a conventional meson
e Observed in final states :
— m=hy, Ty(2S), nth,, T, (DODM ), .
e Experimental search:
— BESIII/CLEO-c : ete~—n* +Exotics, ....
— Belle/BaBar  : efe—(y,sg)m+Exotics, ....

— Belle/BaBar/LHCb: B—K*+Exotics, ...

6-8 Oct 2014 GDR - IPN Orsay 2014

Cannot be clearly

distinguished.

N

Can be clearly
distinguished

Charmonium
(quark-antiquark)?
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BESIII: e*e - atndly

100
8of
60[

dof

Events / 0.02 GeV/c?
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20 4
- 1

| “ o
M

M(z*Jy) (GeV/c?)

Events / 0.02 GeV/c?

Is it a real signal?

100E +-dam
C == PHEP MC
g0l —1,(3000) MC
i [ sideband
60 H
4o -
20+

MxJhy) (GeV/c)
GDR - IPN Orsay 2014

.03.2 33343536373839 4 4142

Events / 0.02 GeV/c?

PRL 110, 252001

Is it due to n*n~ S-wave states, like o, 1,(980), ...?
Is it due to n*n~ D-wave states, like f,(1270), ...?
Are there two states, one at 3.4, the other 3.9 GeV?
Exist in both e*e” & ' samples?
Exist in both n*n~ low mass and high mass samples?
Background fluctuation?

N
N
N
Y
Y
N
e
302— a:ng::dm U\H
60
a o ’{JTHHJTM
20- }{++ ) it +
02704 06 08 1 12 14
M(z*x) (GeV/c?)
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BESIII: e*e— 1nZ,(4025) — 7 (D*D*)*+c.c. @ 4.260 GeV
hep-ex:1308.2760

e 827 pb data at E),=4.260 GeV
« Tag a D* and a bachelor r-, reconstruct one =° to suppress the
background.

Topology of the decays of the signal process:
« thick line circled: D* and &~ detected in the final states
« dashed line circled: at least of =,° or =," tagged
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BESIII: e*e— 1Z (4025) —  (D*D*)*+c.c. @ 4.260 GeV

hep-ex:1308.2760
, 000f (@) . - (b) ' 4pata
> S| i CHsP Me
< 6000} gmooo_— signal
S 1000 © | |removed |
@ i 2 5000 B
gazooo: % ! " Remove
- | | D: DD, DD¥,

184 186 188 1.9
M(K*rt*) (GeV/c?)

D*D*,
DsDs, ...

_0.08f g
C) k(g 2
0.02} 72"} : PHSP signal

201 2.02
M(D"7%)-M(D*)-M(x°)+m (D")+m(n?) (GeV/c?)
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BESIII: Z,(4020)=2,(4025)7 PRL 111, 242001
hep-ex:1308.2760

120-_ -e- Data
1000 — Total M(4020) = (4021.8+1.042.5) MeV
= L™ M(4025) = (4026.3+2.6+3.7) MeV
= I'(4020) = (5.7+3.4+1.1) MeV
g T'(4025) = (24.845.7+7.7) MeV
= _
= Close to D*D* threshold (4017 MeV)

Mass consistent with each other
but.. width ~2c difference

Interference with other amplitudes
may change the results

Coupling to D*D* is much larger
than to rh, If they are the same state

BESIII preliminary
The Zc’ 1s found!

b Will fit with Flatte formula
RM(r) (GeVic®!  GDR - IPN Orsay 2014 80
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? What is the X(3872)?

= Mass: Very close to DD threshold ~— p—— Belle. 2003

: ol 140/fb
= Width: Very narrow, < 1.2 MeV | ;
= JPC=1**  [LHCb]
= Production

« in pp/pp collision — rate similar to charmonia
« In B decays — KX similar to cc, K*X smaller than cc
* Y (4260)—y+X(3872) [BESIII, preliminary]

= Decay BR: open charm ~ 50%, charmonium~O(%)

= Nature (very likely exotic)
« Loosely DOD* bound state (like deuteron?)?
» Mixture of excited ., and D°D*® bound state?

* Many other possibilities (if it is not ¢'.,, where is y'.,?)
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