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(2] BESIII data set

3.3 fb! for XYZ studies
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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) [y mode]
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BESIII: PWA of Jy — yqmm, n — vy PRD 87, 092009

= pest solution:
. £,(1500),f,(1710), f,(2100); .
f,'(1525), f,(1810), f,(2340); -, ot oz -
0** phase space, ¢on $ ol

8
T T T

Events /0,020 Ge
8
T I L

£en
=]
L L

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

L]
T

f,(2200), f,(2330) wof
* tensor: so0f- .
f,(2010), f,(2150), f,(2220) § ,.f e &' 1 |
source of sys. unc. ) ]
= ¢n background: S L

* Interference of ¢ tail accounted for

 source od systematic uncertainties
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BESIII: PWA of Jy — yqmm, 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)\ 15135717 7HTITIO 342705100 x 1077 11.0 0
10 10—8 0.51—-1.30

5(1810 1829120406 229 To=HE8 5407060242y 0= G40
. 2457 42155 0.67—2.35

£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

w Mm e — ﬁ ¢

J TR

' M Moy _c ¢
¢

v—yod (DOZI) predicted oc 1/10  y—ydd (OZI)

« BESII: [PRL96,162002]

o F o F M = (1812°,,+18) MeV/c?
2 >

< Ol I' = (105+20+28) MeV/c?
2 g O

s E b i 0** favoured over
0 = F 0*and 2**

m :I MARRERARRRRURTRRI ARRRI RRR A RRARA T

1§ 2 22 24 26 28 3 32 05 1 15 2 25 3 35 4 45

M(®0) (GeV/c?) M*(Y0) (GeV/c?)”
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BESIII: PWA of J/ly — yoo¢ PRD 87, 032008

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

» other know mesons [PDG] 20 T ——paa
; i — Projection
- different J°° of phase space 200k -.en X(1810)
- different combinations of : e
additional mesons [PDG] L —— n(2225)
150 i — - Phase-space

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

« model dependence
23-27 Sep 2013 PWA7 - Camoqgli 10
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= X(1810) resonance parameters:
M = 1795+ 7(stat)"-*(sys) £ 19(mod) MeV/c?
r = 95ilo(stat)+_§j(sys)4_r75(mod) MeV/c?
By — yX(1810)) x B(X(1810) — ®) =
(2.0010.08(stat)ff-§§(sys)ﬂ.30(mod))><10-4
= 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, ...
[Jhy—ym(1760), 1(1760)— o o observed by BESII: PRD 73, 112007]

* In other production processes: Jy—owd, J\y—odm
23-27 Sep 2013 PWA7 - Camoqgli
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Jhy — ypp: enhancement at threshold

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

150
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=
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BESII: PRL 91, 022001 (2003)

;--»-I::.:I::'IIIII

| I
M(p p) - 2m,, (GeVic?)

BESIII: CPC 34, 421 (2010)
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M5-2m,/(GeV/ic?)

0.30

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

compatible with S-wave BW

M = (186175 7¢) 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/\|f—>ypp
» never performed before 700 X(oP)

= best solution: % 000} — f3100)
X(pp) [>>300], 1,(1910) E S0 Flg R0
and f,(2100) fixed @PDG, é |

5

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", >6.80 better than other J°¢ assignments
M = 1832+19(stat) 2(sys) £19(mod) MeV/c?

[ = 13+39(stat)’, (sys)+4(mod) MeV/c:2 or I'<76 MeV/c? (90% C.L.)
B(Iy—yX(PP)) x BX(pP)—pP) = 9.07}; (stat)’;  (sys)+2.3(mod))x10°

23-27 Sep 2013 PWA7 - Camogll 13
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BESII: PWA of w(2S M <2.2 GeV
O y(25) = vPP, M, 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, I', and JPC fixed to those obtained for J/y decays

B(y(2S)—yX(pp)) x B(X(PP)—PP) =
4.57+0.36(stat) -3 (sys)+1.28(mod))x10-6

-4.07

_ B(y(2S) — yX(PP)) _ +0.71 +0.67
R = By — 7X(D)) =5.08 ", j-(stat) ;-o(Sys)+0.12(mod))%6<12%!
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PWA of w(2S)—ppa® and w(2S) —ppn

CLEOc: 24.5 M y(2S) [PRD 82, 092002]
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PRD 88, 032010

= low background: _
* sidebands and continuum :'

= best solution: 1]

N(1535) combined with an § Y
interfering phase space -

25 M
Events/(25MeVic)
= | (T ) (5] e

= pp enhancement:
<30

= N(1535):
* M=(1524+5%°) MeV/c?

» I'=(130%1%) MeV/c?

= suppressed (<12%):

Eventsiz5MeVic?)
= B ® & =

2.4 2.6
M, (GeVic®)

_ B(y(2S) —ppn) _
Qupy = B = ppn) = (3.240.46)%
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BESIII: PWA of y(2S)—ppn® PRL 110, 022001

= 2-body decay:

+ Y(28)—Xn®, X—pp A N
* y(2S)—pN*, N*—pnl+c.c. g N,

= jsospin conservation: g o0
A suppressed ELg e

= best solution:
N(1440), N(1520), N(2090), N(1535) R
N(1650), N(1720), P .
N(2300) [1/2*], N(2570) [5/27] :"_"m:;ﬂ

= no significant evidence: ém_ T |
. N(1885), N(2065)
* pp enhancement gL e

= systematic uncertainties: e i
« additional possible resonances Y e *

23-27 Sep 2013 PWA7 - Camoqgli 17



BESIII: PWA of y(2S)—ppn®

= 2-body decay:

e y(2S)—>Xn’, X—pp i~ 520

300
250
200
150
100

50

e y(2S)—pN*, N*—pnl+c.c.

= |sospin conservation:
A suppressed

Events/(36MeV/c

= pest solution:
N(1440), N(1520), N(2090), N(15
N(1650), N(1720),
N(2300) [1/2*], N(2570) [5/27]

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

= gsystematic uncertainties:

 additional possible resonances
23-27 Sep 2013 PWA7 - Camoqgli
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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)x104

= 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)

23-27 Sep 2013 PWA7 - Camoqgli 19
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M1 transition:
first observation of
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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?, I' ~10 MeV/c?
* vy processes/ B>Kn. M=(2983.11+1.0) MeV/c? T =(31.31+1.9) MeV/c?

e vy, Pp, B decay
| “ .\V(lsl 25)971% 0

- I 2
Mass 2 Width | X
| P AUBERT 08AB BABR 25
| 1@~ AUBERT 08AB BABR 24 ®* UEHARA 08 BELL 00
| @ 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
— W 06 BELL 08 q - AUBERT 04D BABR 738
| | - - ASNER 04 CLEO 04 /= |~ - AMBROGIANI 03 E85 08
| - - - AUBERT 04D BABR 20 Aol oAl 03 BES 16
| @t - AMBROGIANI 03 E85 24 | T H— FANG 03 BELL 00
® T o BA 03 BES 37 S SR BAI 0OF BES 33
| @ | FANG 03 BELL 0.1 /| —@)—'! - ARMSTRONG 95F E760 0.1
@ | - BA 00F BES 26 |- BAGLIN 87B SPEC 74
_._L -~ oBAI 90B MRK3 4.1 T BALTRUSAIT..86 MRK3
—@— - GAISER 86 CBAL _ 0.6 /@ GAISER 86 CBAL 125
\ 30.4 / 42.0
\ (Confidence Level = 0.0014) / (Confidence Level < 0.0001)
- l | | — | ' ' —

250 7060 2970 2980 290 3000 CL=00014 =» ©°o = 4 60 ] C.L.<0.0001

nc(1S) mass (MeV) n-(15) WIDTH
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BESIII: w(2S) — yn.(15) PRL 108, 222002 (2012)

)
)

[ ——data [ —s—data 160F .

- I other vy’ decays - [ other ' decays 14D F [ other v decays "
o [ 1, ™ T [ 1'%, + — o) FCx%, _
GRS == e KsKn 0 200 o ont + K*K TCO 2 120F = cont . . 1
% 5 ====5lg \ % ====5lg % F ====-5g

| — — nan-reso T — — non-reso o —— — NON=-Ie50
E 150: E 150 e Int _ E 100 -
~ = 100f ~
8 2 - 2
2 A 5
g g g

! | | ! | 0 r byl | | | 1 | | | |
272752828529205 3 3.053.13.15632 272752828529295 3 3053 1 3 1532 _25.72.75 2B28529205 3 3.053.13.1632
2
M(KsKm) GeV/ic M(KKn®) GeV/c? M(mmn) GeV/c?
[ —s— dat [ —e— dat 250_— —e— data
140 I — | n:h:r y' decays 300 N - ntah:r W’ decays F E :'::her V' decays

o F X, E %, o
_53120: B cont 0 250F - cont 0 §200—-o?nt

o o [ oene &
o 100F 2258 e KsK3n 2 o00F N s 2K2nr ° B roreso 61
o 8o M . : o N
- =~ 100F
8 2 C
C c f
2 ® 50
L 1

o 1 1 T 1 0:-“

272752828529295 3 3053.13.1532 272752828529295 3 3053131532 272752828529295 33053131532
M(KsK3m) GeV/c? M(2K27m®) GeVi/c? M(6m) GeV/c?

Significant interference between n, and non-resonant
— simultaneous fit to 6 modes, Mass =2984.3+0.6+0.6 MeV/c?

' = 32.0+1.2+1.0 MeV/c?
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n.(1S): BESIII vs literature PRL 108, 222002 (2012)

Mass BESIII T

2
2 X
X - AUBERT 08AB BABR 2.5
AUBERT 08AB BABR 24 . \‘,JVEJHARA gg EE& gg
UEHARA 08 BELL 4.3 ‘ .
ABE 07 BELL WU 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 04 AMBROGIANI 03 E835 0.8
f ‘ - AUBERT 04D BABR 2.0 BAI 03 BES 1.6
/ AMBROGIANI 03 E835 2.4 FANG 03 BELL 00
| \ BAI 03 BES 3.7 BAI 00F BES 3.3
f I FANG 03 BELL 0.1 - 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 _ 0.6 GAISER 86 CBAL 125
\ 30. 42.
\ (Confidence Level = 0.0014) (Confidence Level < 0.0001)
I | | | - | J - e |
2050 2960 2970 2980 2990 3000 3010 20 30 100
nc(15) mass (MeV) n-(15) WIDTH
120 — (earlier result -- ~117 MeV) T
—~ —
=
Hyperfine splitting (BESIII al = © 0.2 ms
yperfine splitting ( alone) = 115 o 0.1 ms

IIII|IIII|IIII

AM(1S) = 112.5+0.8 MeV/e2—2 - physical 5
= 110 —

| .

Closer to prediction 3 105 ]

_ > - Lattice 2012, arVix:1211.2253 .

then earlier result = - .

100 | | | | | | | | | | | | | |
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)
; CLEOc: PRL 92 142001 (2004)
2. ywv—mn. — KKn Belle: NPPS.184 220 (2008); PRL 98 082001(2007)

: . BaBar: PRL 92 142002 (2004); PR D72 031101(2005)
3. double charmonium production BaBar: PR D84 012004 (2011)

M1 transition y' — yn./

1. CLEO found no signal in 25M v/’
By’ — ) < 7.6 X104 PRD 81 052002 (2010)

2. BESIII: first observation of . — KKr ;
find evidence in ./ — K.K3mw

Experimental challenge : search for photons of 50 MeV

23-27 Sep 2013 PWA7 - Camoqgli 24



L Y(2S) — (25), 1(25) — KK

PRL 109, 042003

B N TR I ~ N B B BN I S
—— data (KQK‘W) NQ 103§ ——data (K'K'®)
— fitting results . % - — fitting results
maz X ] O = X
— m’ Vo 102'5' —— rk’
- background e 8 - - background
] -
< 0. Gk 4
_-1 P ....;.....,__‘,‘. Ay -I .
: c v N LT '
--------- : °>) N
3 e\ e’ i M 1 ) gt \
| T2 IR B P L T B B AR PRI B W ..
35 3.55 3.6 3.65 3.; 35 3.55 3.6 3.65 3.7
2
My oy (GeVIcH) My -0 (GEVICY)

M = 3637.6£2.9+1.6 MeV/c? I' = 16.9+6.4+4.8 MeV/c?
By ' — . — yKKn)=(1.30+£0.20+£0.30) x10~  Significance >10 ¢

B, — yKKm)=(1.9+0.4+1.1)% BABAR: PRD78, 012006 (2008)

B(y' — yn.) = (6.8+1.1+4.5) x10*  FIRST OBSERVATION!

Potential model: (0.1-6.2)x10* PRL89, 162002(2002)

CLEOc: < 7.6x104 PRDS81, 052002 (2010)
23-27 Sep 2013 PWA7 - Camoqgli 25



Events / ( 0.0025 GeV/c?)

23-27 Sep 2013

10°
« continuum data for QEI background
10° C
Significance
102
4.2 o

-
o

=

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?

T = 9.2+4.8+2.9 MeV/c?
Bw' — M. — YK K3m) = (7.03+2.10+0.70)x 10

PWA7 - Camoqgli
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(4] 1.(2S): B

ESIII vs literature

——

PRL 109, 042003
PRD 87, 052005

Sl Y- - LT

BESII y(2S)--> yYKsK3n
BESIII y(2S)-->yKKr
BaBar yy -->KK3n
BaBar yy -->KsKn

Belle B --> K (2S)

3630 3635 3640 3645 365

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

Belle B --> K1 _(2S)

13 a\lle. :

I | | J - | L1 11 | | | L
0 3655 3660 3665 3670 0

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

23-27 Sep 2013
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« Spin singlet P wave (5=0, L=1)
 Potential model: if non-vanishing P-wave spin-spin interaction,
AM{(1P)=M(h,) - <M(1 3P,)> = 0,
<M(1 3PJ)> = [M(XCO)+3M(Xc1)+5M(Xc2)]/9
« Theoretical predictions:

— B(y'—> n°hy) =(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/y=r®, not confirmed
Evidence found by E835 In pp — h, — yn, PR D72 032001 (2005)

* Observed by CLEO iny" — n°h_, h, — yn, PRL 95 102003 (2005)
 Recent results from BESIII

23-27 Sep 2013 PWA7 - Camoqgli



BESIII: y(2S) — n°h (1P), h(1P) — yn(1S) PRL 104, 132002

3060806012 . .
2 gl 2 M(D) 1 “inclusive”
————(p(2g) 1 only detect the ©t°
- | (compute M(h,) from kinematic)
3'6_ X 1(1 P))(Cﬂ—): Rate « fB(\V'—)TCOhC)
C i
R 1P ]
oy %o 17) 1 “EI tagged”
= i
g | detect the n° & y
2 1 RatexB(y'—n’h;) xB(h.—n,)
J3.2 —
= ]
] «exclusive”
3.0f —|  detect the n°, y & n,—X; decay prod.
o+t 1++ ot Rate
ol 1 11 ] By'—nth) xB(h—yn,) xBM, —X;)
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BESIII: y(2S) — n°h (1P), h(1P) — yn(1S) PRL 104, 132002

3500 F
3000 £ M = 3525.40+0.13+0.18 MeV/c?
o I =0.7340.45+0.28 MeV/c?
;’i 1500 | <1.44 MeV @90%
S ]ggg CLEOC: PRL 101 182003 (2008)
f; I M = 3525.28+0.194+0.12 MeV/c?
E 40{](}(}5 ﬁ I' : fixed at 0.9 MeV
S -

30000 | . -
: Hyperfine mass splitting
20000 ¢ AM, (1?P)= M(h_) - <m(13P,)>

10000 F .

3 BESIII: 0.10+0.13+0.18 MeV/c?
0= " 3s5  3s3  3s:  CLEOc: 0.021+0.1910.13 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
B, —yn)=(54.316.7+5.2)% Kuang, Godfrey, Dude et al.
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N

Events /(2 MeV/¢?)

38" *353 s 855 553 3

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

PRD 86, 092009

I }
1 e a4
B R P D i,

n” recoil mass (GeV/c?)

3.56

200
2180 Summed distribution
> 1601
S ok 832+ 35 evits.
10
@ 100 £
S 80F
2 60|

ok

20 F

3

7’ recoil mass (GeV/c?)

23-27 Sep 2013

(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)

PWA7 - Camogii  CLEOC: PRL 101 182003 (2008) 5,



BESIII: n, parameters from y(2S) — n’h (1P), h.(1P) — yn.(1S)
PRD 86, 092009

- #."‘160:

5316{)5— § 140 [
= 1ol Sum of 16 of = .. Background
PN = 2o
= 1201 i decay modes = 00| subtracted
EIUO;— = SDE
2 80f £ o
: « X
= 40| 20 F

20; D oLi el

0The 26 28 a0 32 P Taa a6 28 30 32

M(hadrons) (GeV/c?) M(hadrons) (GeV/c?)

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

y' — w’hy, by = 7, L 105, 222002

M =2984.49+1.16+0.52 MeV/c? M = 2984.3+0.6+0.6 MeV/c?
I =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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BESIII: e'e- —» it J/y events

‘ J&_ Typical
Jy —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

23-27 Sep 2013 PWA7 - Camoqgli



BESIII: e*e” —» n*nwd/y — Jhy sighals @ 4.260 GeV
PRL 110, 252001

r NO

- 3 120F

2 882+33 ® & 595+28

3 Jhy —prp O 1000 Jhy —ete

: S 8-

- © -

C ; 60 L

: 5 4l

: T

. 20

1 M R R TR R g o ..- L L .‘ I'}

%3 3.05 3.1 3.15 3.2 % 3.05 3.1 3.15 3.2

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

« Dominant background e*te” —
« J/y signal: [3.08,3.12] GeV
« J/y sideband: [3.0,3.06] GeV or [3.14,3.20] GeV
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ee - n*mwd/y — cross sections @ 4.260 GeV

PRL 110, 252001

80 }
. 70 D
llsj)Bar. PRD86, 051102 (2012) 5 o {H </
% ' '|"""|"'|":50 * BELLE
£ 100- + g gg \ || + m Belle: PRL110, 252002
£ ol
T oo ® HM#H Hﬂm g
2 r L ++++++++Hﬂ++ H}mﬂﬂ} mﬁ*m
> H 38 4 42 44 46 48 5 52 54
20# + + . + cm (GGV)
03_+_ TAHL 3 Sy of e B,
SRR LI LI T K AR ARSI BESIII cross sections:

46 438 5 52 54

E. . (GeV)

BESIII:

og(ete— mrndly) = (62.9£1.9+£3.7) pb

* more energy points
« more data!

e agreement with BaBar & Belle

* Dest precision!
23-27 Sep 2013

PWA7 - Camoqgli
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BESIII: e*e- — a*nh (1P) @ 4.260 GeV ~ hep-ex:1309.1896

* h.— YN n. — hadrons [16 exclusive decay modes]
e p p, KK, wtap p, 2(K*KY), 2(tn), 3(nt*n)
¢« 2(n*m)KHK, KK +c.c., KK n+c.c., K*Knd
e p pn% K'Kn, n*nn, n*nndn, 2(n*n)n, 2(x*nnd)

W 60
35 e C
w C
S S0 o
0 - C \
25 § 4[l:—
20 :ﬁ 30F F l!
s 2 F F
= 20F | { ] }
o bl W Tp o]
10 THITR Sl o b et T TIPRL A -
’ - : '1' Iy g i ';nl i
2 - L L L | L L | 1 L | L L | L | 0 . 1 1 | 1 I I ] I 1 I ] I 1 1 ] 1 |L|
S0 352 354 356 358 350 50 3.52 3.54 3.56  3.58 3.60
1 M GeV/e?) M, (GeV/c?)
M. candidate /
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BESIII: ete — atnh (1P) hep-ex:1309.1896

90
80
70
60
50

405
30 ;— T

Born cross section (pb)

20
10
0
-10

5 4 40 4.45
Ecy(GeV)

* o(efe—>n'rh) ~ o(ete— nrnwJ/y) but line shape different

tﬂ_

e Local maximum ~ 4.23 GeV
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ete" - n'nh (1P) vs e‘e — n'n Jly hep-ex:1309.1896

30 _ Open circles: Belle ete— n*nd/y
- Jf Solid dots: BESIII e*e— m*m-h,
60| +++. -
—~ i & )|

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” - ntadly @ 4.260 GeV ~ PRL 110, 252001

o 18 10
o 7B Phase space reflection
1 E;, 155— -"'l‘ii‘r.*/ on Z.(3900)
g 155 | W, 1
.S 14 =
LI
s 135 107
- 12t 15
0'2;_ £r- 4 J.-.. = ”Y* 1072 '”;_ ~
%" | 17 18 1001 12 13 e s e a7 as 107
Mz(’n: / % M2(r*Jhy) (GeVic?)?
Op‘- 100;_ PHSPME‘- ‘1‘9- C i—:i:m;} ‘:'9- :zz;_ :t:’::mc H
:} [ Z.(3000) MC :, [ —Z,(3900) MC :, n
(:% 80E H “ [ sideband § Bc‘E ) [l sideband (E 50 ;Sljiaba:d HH
= BO_ *H{ H] M H = Gof_ *HH H’H + H : euf— ﬁ
Rt VI S i L P ™
g g 2F jﬁ —~ 1 ?+'+, g aof M’H}?H i *
8233343536373830 4 4142 B2 04 06 08 1 12 14

MxJhy) (GeV/c) M(zx) (GeV/cH)

- -



80

1005 BESIII o

— Total fit
---= Background fit

-.=- PHSP MC

3.7 3.8 3.9 4.0
Mo (M) (GeV/c?)

BESIII: e*e — 7 Z,(3900) — wtmd/y @ 4.260 GeV

PRL 110, 252001

couples to cc

has electric charge
at least 4-quarks
what Is Its nature?

S-wave Breit-Wigner with efficiency correction

M = (3899.0£3.6£4.9) MeV/c?
I' = (46x10120) MeV/c?
R = (21.5+3.3+7.5)%

Significance
>8c

23-27 Sep 2013
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e*e” — m Z(3900) — w*my @ 4.260 Gev  PRL 110252001

PRL 110, 252001 (2013) PRL 110, 252002 (2013)
%, " BESIII T |y o Belle e
g © e | 8 sof R
S 60 S 40
o = o
@ 40f %
e T O 38 39 4 41 4
M (/) (GeV/cd) Max (/) (GeV/c?)
M = (3899.04£3.6+4.9) MeV/c2 | M = (3894.5+6.6+4.5) MeV/c?
I' = (46x10%£20) MeV/c? I' = (63124%26) MeV/c?
307+48 events 159£49 events
>80 >5.20
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e*e” — m Z(3900) — w*mwhy @ 4.260 Gev  PRL 110252001

CLEOc @ 4.170 GeV o, 1°° BESIII A
hep-eXZ 13043036 § 80 - ---- Background fit
40 —
E E t Data M(Z%(3900))=3884.6+4.6 MeV S Ot ~o PHSPHE
= 35:— - Phase Space S 60
c . F — Fit S -
= 30 — B
s F » 40
8 BF & [ A
Eﬂi— Lﬁ 20 - A
15E 07757 38 39 40
10/ * _ Mpax (TEJ/AY) (GeV/c?)
5; 70k
At M o Belle o
%Eﬂﬂ 3700 3800 3800 4000 - : ;chground

Mo (T201) (MeV)

M = (3885x5x1) MeV/c?
I' = (3411214) MeV/c?
81+20 events

6.1c

50F

-=+- PHSP MC

Events / 0.02 GeV/c?

37 38 39 4 41 42
23-27 Sep 2013 PWA7 - Camogli Mpnax(md/y) (GeV/c®) 42



ete” — w Z,(4020) — n*wh (1P) — all energies  hep-ex:1309.1896

18 10

r:’: - IIQ
,a- L

2 17 8
- C

B C [

S 16 :

B 5

15 7

L 3

141 2

B 1

[}

b
=
|

1 11 11 I 11 1 1 I 11 1 1 I 111 1 I L1 1 1 I L1 1 1 I 11 1 1 I 11 1 1
ﬁn 0.1 02 03 04 05 06 07 08
M2, (GeVich)

— —
=

=
I|IIIIII
———

0
=
I III|II
[

« all collected energies
[3.900 = 4.420 GeV]

Events/ ( 0.005GeV/c?)

e =2
= (=]
II|II|
—%—'

m;—ﬁ hﬂ
* h,— yn.n.— hadrons of !
- 3.7 3.8 3.9 4.0 4.1 4.2
[16 exclusive decay modes] M., (GeV/c)
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ete" —  Z(4020) — n*nwh (1P) — 4.23/4.26/4.36 GeV
hep-ex:1309.1896

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

< 120F 4.23+4.26 GeV | = °%
-~ F s - 80
=Fl - - = r
C 100} S T0E
S g 60F
= 80 2 =nb
3 L e 1 |
5 60 E -‘lﬂg—
= s 305
40 = 0E -——
- ; <" T
20 108 (22 i)
] et e
U _1{]: IIIIIIIIIIIIIIIIIIIIIIIIIIII:IIIIIIIIIIIIII

395 400 4.05 410 415 420  4.25 "4.00 4.05 .10 4.15 4.20 4.25 4.30 4.35 4.40 4,45
M, (GeV/e?) E y(GeV)

c(ete—nZ. (4020)—n*mh,)

M f (4022.9+0.812.7) Mez\//c2 6(4.23 GeV) = (8.7+1.9+2.8+1.4) pb
I' = (7.9£2.7+2.6) MeVI/c 6(4.26 GeV) = (7.4+1.7+2.1+1.2) pb
>8.90 6(4.36 GeV) = (10.3+2.3+3.1%1.6) pb

B(h—mo)
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(@ BESIII: e*e— nZ (4025) — 1 (D*D*)*+c.c. @ 4.260 GeV
e hep-ex:1308.2760

&S [ —4— data ——Z,(4025) 80F —4data  —- Z,(4025)
S 400} m ws e PHSP <& 70k — total fit - comb. BKG
Q [ e Argus fit to sidebands § - --- PHSP signal
S 3 605
© 300F + = 50
N 0 |
—_ o 40}
5 200 = 30}
c -— B
o) S 20f
> 100¢ S
L] it 10f
205 21 215 2.2 402 404 406 408
+ - + + ) 2
RM(D')+M(D*)-m(D") (GeV/c?) RM(m) (GeVic’)

= (4026.3+2.6+3.7) MeV/c?

= (24.8%5.7£7.7) MeV/c? _
~106 o(ee— m (D*D*)*+c.c.) = (13729+15) pb

o(ete— mZ.*— w (D*D*)*+c.c.)
o(ete— m (D*D*)*+c.c.)
23-27 Sep 2013 PWA7 - Camoqgli 45
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10°

10

1

Events / 0.004 GeVic?

EE 365 3.7 3?5 SEI 385 39 39 4

1{:13E

BESIII: e'e- — yX(3872) — yn*nd/y

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

b

I

|

+-data

—background

Ecm

=4.010 GeV

L

Lig

i

M(r*mJhy) (GeVIcd) M{r*rJhy) (GeVic?)
PRELIMINARY
100 100
O o v e
% 102 - " — background % 1[]2;_ + —background
3 . |En=4260GeV | & | " |E,=4.360 GeV
L3 4 S 10F f
£ i U f H £ R
z 1e ' = 3
RN R RN R

36 366 37 375 38 385 39 395 4

23-27 Sep 2013

M(r*rJhy) (GeVic?)

Events / 0.004 GeV/ic?

100 g
oo
102 - + — background
=" | E.,=4.230 GeV
10F f f
- i 1
1 |

36 360 3.7 3./5 38 385 39 39 4

36 360 37 375 38 385 39 39 4

Mt Jhy) (GeVic?)

PWA7 - Camoqgli



BESIII: e*e — yX(3872) — yn*mw Iy

© 450F o 121
> - + ot >
o 4001 — total fit ® 10 —
O = O
— 350 — Gaussian | pod
S 300F s 8r T
2 250% 2 &L i
@ 200F 2 L '
o 1505 o 4f ol
> - = [ ]
W 100 | | l l
- 2
50
= et /A N o o e L L LA
066367 368 369 3.7 371 372 0873582 3.84 3.86 3.88 3.9 3.92 394
M(r*rJhy) (GeV/c?) M(r*rJhy) (GeVic?)

ISR '’ signal 1s used for rate, mass, and mass resolution calibration.
N(y’)=1242 ; M =(3685.96+0.05) MeV/c?; oy,= (1.84+0.06) MeV

N(X(3872)) = 15.043.9

>5.30

M = (3872.1£0.8+0.3) MeV/c?

23-27 Sep 2013

PWA7 - Camoqgli

PRELIMINARY

[PDG: 3871.68+0.17 MeV]

47



BESIII: e'e- — yX(3872) — yn*nd/y

/5 (GeV) oBlete™ — v X(3872)] - B(X (3872) — wta—J/1) (pb)

4.009 < 0.13 at 90% C.L.
4.230 0.3240.1540.02
4.260 0.354+0.12 4+ 0.02
4.360 < 0.39 at 90% C.L.

It seems X(3872) is from Y(4260) decays. At 4.26 GeV,
ocBete™ —» mfn~J/¥) = (62.9+1.943.7) pb,

olete” — yX(3872)] - B(X(3872) —» ntn—J/7p) (5.642.0)x 103
o(ete™ — mta—J/) T

If we take B(X(3872) — w7 J/¢) ~ 5%, ( >2.6% in PDG)

oletTe™ X (3872
D'((e‘l'e_:;-r}r-F?E_J/‘j)]) ~ 112%

Large transition ratio |

PRELIMINARY
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Summary

= huge statistics:

* Jhy, y(2S), y(1D)
o XYZ studies

= 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

23-27 Sep 2013 PWA7 - Camoqgli
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Question time

Thanks!

PWA7 - Camoqgli
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BESIII Collaboration
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mf;’BEPCH

23-27 Sep 2013

Compton back-scattering
for high precision beam
energy measurement

BESIII is here

PWMRA7 - Camogli

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:
1.5 cm

Total current:
0.91A

SR mode:

0.25A @ 2.5 GeV

52



<520 BESIII Spectrometer

RPC

Be beam pipe

MDC, 130 um =l & ool weight 730 ton
= T WEel :
0.5% at 1 GeV/c TTETT L =8 ~40,000 readout chnls,

A Data rate: 5kHz, 50Mb/s
CslI(Tl) calorimeter, 2.5% @ 1 GeV

23-27 Sep 2013 PWA7 - Camoqgli



€220 How to produce Charmonium states

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

oL o

2. pp annihilation v Xca, M.
F g
"% : 25
3. Two-photon process —— M, N(25)
yﬁg 0-+, 0++, o++
b - “\ - z \I]’ XCJ, Tlc (28

4. Bdecays , v < 1+ or 0

S

mass (GeV/ ¢2)

q =

5. Charmonium transition Ml 8
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] T |
0.7f ] :
- | B A B | « 200 i d‘% -
T |z ST
% 08F s 1 5 S #V
S Tl fa] ] 3 S ;
Tosf i 1 = E o0~ T Jr+ i
. - E oo o |
i B A B * = } #
o4 ; g Wl
o405 6 o7

. s 07 R K A S R 0
M(y ¥ ) (GeVic?) Fem) (GeVicy M) (GeV/c)
" Jy—on, o

« select events outside ¢ window
* packground:

 low and mostly non-n background,

 estimanted by n sidebands (blue shadow)
= packground subtraction:
e In Bsignal = In Bdata_ In Bsideband
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PRD 87, 032008

600 | 6
_ i + |
S | + y — 10001 . © =
g 4o : = + 5 4
S | < |
< i =) &
= o 500 ¥ I
:E 2001 ?:'E ot f‘: 2r
@ B ¢ LI L ™ L
(@ .* “ L% o Aﬁ, =
Qo Y05 104 106 S — ) oL 1| g ;_ g é g Idl.l .
M(K'K))(GeV/c?) M n0)(GeV/c?) MR T0) GeV/c?)
I
— ()]
Leoor 14 L = solid:
@D - -
g | * background estimated from sidebands
S ool = dashed:
c - -
g e Inclusive Jhy MC samples
_ e e = background subtraction:
e 2'--"-"3 —o i L e |n £signal = |n Ldata _ | sideband
M(K'K ') (GeV/c?)
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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
= - -t —BEIgl:lu o | om . 0o = CI
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 ]
||||||||||||||||||||||||I|||||||| N 2_| L1 1 | L1 11 | 111 ::Inl-l:lu:l::-l 1 1 1 1 | 11 1 1

|
1.5
0.9 1 2 3 4 5 6 7 8

M, (GeV/c?y

01 02 03 04 05 0.6 0.
M., (GeVic?)

y(2S) —» Jhy X , Jy — pp subtracted

23-27 Sep 2013 PWA7 - Camoqgli 58



[\[;nu{{{r eV¥ch

4
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200
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Events/{32MeV/ch

50

0

M, GeVic?)

23-27 Sep 2013

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-m°
background

v(2S) — Jhy X , Jy — pp subtracted

PWA7 - Camoqgli
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BESIII: n, parameters from y(2S) — n’h (1P), h.(1P) — yn.(1S)
PRD 86, 092009

4250308-001 Symmetric IineShape Belle
T T T ' I - =
6 CLEO-c In yy production ’ vy = 1e(18);
JAp(18) — (1) | L 350k N(1S) = KsKn
. 300F
B 2507
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The n¢ lineshape is not

~160—— distorted in the h L
'.‘f; ol M « CLEO-c observe a distortion of i,
S nof BESTIT lineshape in charmonium radiative decay
S 100 PRL102, 011801 (2009)
< s background
‘5 © subtracted * The lineshape of n, from BELLE Is
= 400 symmetric
20_
0 it AW, - « The abnormal line shape is also observed
W T e 28 30 2 In BESIII exclusive channels in y'—ym,
M(hadrons) (GeV/c?) but not in y'——nr’h,, h.—ym,
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BESIII: e*e- —» a*nJly

Is it a real signal?

PRL 110, 252001

* Isitdueton*n S-wave states, like o, f,(980), ...? N
* Isitdueton*n D-wave states, like f,(1270), ...? N
* Are there two states, one at 3.4, the other 3.9 GeV? N
» Existin both e*e & p*u samples? Y
« EXxist in both m*®~ low mass and high mass samples? Y
« Background fluctuation? N
C +-dats [ +dam 120 i
2 e [ P R
(% H M sisr 8 s 8 30:— asiiebar:d \H
& 6o HH H‘ H g 6oF H & ol U
2 T Ty 2 . 2%
po g | e g po Y
g o 4 I g zog rﬁtj*}ﬁf i |
82733343536373839 4 4142 82 333435363723839 4 4142 8204 06 08 1 12 14
M(x*Jhy) (GeVic?) MxJhy) (GeV/cH) M(z*7) (GeV/cd)
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BESIII: ete— 1tZ(4025) — 1 (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
e dashed line circled: at least of x,° or =,° tagged
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BESIII; e*e— nZ.(4025) — m (D*D*)*+c.c. @ 4.260 GeV

hep-ex:1308.2760
, 000f (@) . - (b) ' 4pata
> 3 - i CHsP Me
< 6000} gmooo_— signal
S 1000 © | |removed |
@ i 2 5000 B
gazooo: % ! " Remove
- | | D: DD, DD*,

184 186 188 1.9
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_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)=2Z,(4025)7 hep-ex:1309.1896

hep-ex:1308.2760
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-e- Data
- Total fjt
— - Backggound
M Sidebahd

M(4020) = (4021.8+1.04+2.5) MeV
M(4025) = (4026.3+2.64+3.7) MeV
I'(4020) = (5.743.441.1) MeV
I'(4025) = (24.845.7+7.7) MeV

il
1

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

Ml e Wl fit with Flatte formula
RM(r) (GeV/c® PWA7 - Camogli 64



L5528 What is the X(3872)?

= Mass: Very close to D°D* threshold ~ p—— Belle, 2003

: ol 140/fb
= Width: Very narrow, < 1.2 MeV : ]
= JPC=1**  [LHCD]
= 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 D°D* 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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