Recent Results from BESIII

Shuangshi Fang

(for the BESIII Collabora’rlon )

The XV International Conference on Hadr'o ec ; |
Nov. 4-8, 2013, Nara, Japan '

"ﬁ" k* L

o B
. .*:-.-_r.,: \.l_'.." b




Outline

Status of BEPCII/BESIII

Hadron spectroscopy (XYZ,light hadrons)
Charmonium physics

Charm physics

Summary



Sl I"Gge r‘lng
- '..-__.‘:.L ﬁj‘ : A

2004 start consfr'uchon
\ 2008: test run
1 2009-now: data taking

it r - -
e g % . ;
3 - e, WL
» _J'- i b
A -

T —charm physics

\
B Charmonium(-like) physics !

B Light hadron spectroscopy

®m Charm physics

&4 m 1 physics |



Super-conducting

Drift Chamber (MDC)
> magnet (1.0 tesla)

oP/P (°/,) = 0.5%(1GeV)
Gsyox (o) = 6%

Time Of Flight (TOF)
c;: 90 ps Barrel
110 ps endcap

~ nCounter

8- 9 layers RPC
OR®=1.4 cm~1.7 cm
EMC: GoE/VE(%/,) =2.5% (1 GeV)
(Csl) Gz'd)(cm) =0.5-0.7 cm/VE



BESIII Data Samples

@ 2009 : 106 M y(2S) events (x4 CLEOc)
225 M J/y events (x4 BESII)

0 2010 - 2011 : 2.9 fb-! (3770)

@ 2011 : ~ 0.5 fb-! @ 4.01 GeV
~ 30 pb-! t mass scan

@ 2012 : ~ 0.4 billion y(2S) events
~ 1 billion J/y events
R scan [2.0, 3.65] GeV

@ 2013: ~ 1.1, 0.8, 0.5 fb-! @ 4.23, 4.26, 4.36 GeV
and scan in vicinity



Hadron spectroscopy
(XYZ, light hadrons)

Please refer to the talks below for details

@ Ryan Mitchell (Indiana U.): “"Study of XYZ states at BESIII”
@ Tianjue Min (IHEP): "J/V¥ radiative decays at BESIII"

@ Beijiang Liu (IHEP): "Baryon spectroscopy at BESIII"

@ Liging Qin (Shandong U.): "n and n' physics at BESIII"



wf ] Observation of e*e- >yX(3872)
: Belle, 2003 | ; —————————————
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| S > [ 630 BESIII: 1310.4101
@ JPC=1** [LHCb: arXiv:1302.6269] & 5| | ‘ -
@ Nature: L | IH .
- Loosely D°D™ bound state? o o 1111
- Mixture of excited y., and D°D™ 38 3.85 39 3.95
bound state? M Jhy) (GeVies)
- Many other possibilities (if it is not M= 3871.9+0.71£0.2 MeV
Y o1, Where is y’.1?) [PDG: 3871.68 £0.17 MeV]
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4.360 < 5.1 21.1 1.023 < 0.39




Events / 0.01 GeV/c?

Observation of Zc(3900) at BESIII

BESIII: 525pb1@4.26 GeV
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BESIII: PRL110, 252001 (2013)

M = 3899.013.61+4.9 MeV

I'=461+101+20 MeV
307 =48 events

The mass position is 24 MeV away
from DD* threshold!
A Partial wave analysis is on going!

=

Counts/10 Me

Confirmed by Belle and CLEOc: established!

40

:
A.17GeV
41.3036

F  Data M(Z’(3900))=3884.614.6 MeV
35| --- Phase Space
of — Fit CLEOc datj
- |586/pb @
- l 130
15;_. o
103— 1 TEr e

:- IR N T T YT NN S TN YT TN TN A SO N T il
%500 3700 3800 3900 4000

Mo (T2J1y) (MeV)


mailto:0.5fb-1@4.26
mailto:0.5fb-1@4.26
mailto:0.5fb-1@4.26
mailto:0.5fb-1@4.26

Observation of Zc(3885) in e*e-=>n- (D*D)*

525 pbl @ 4.260 GeV BESIII: 1310.1163
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Icos 6,

m M =3883.9+1.5+4.2 MeV,; I" = 24.843.3+11.0 MeV
m 5 XB =85.3+6.6+22.0 pb
m fits favor 1* distribution assumption

fit with mass-dependent-width BW with phase space and

efficiency correction 3
I'(Z.(3885)—»DD*) _
T(Z(3000) =7 J]9) — bid o L1 27

Assuming Z.(3885) due to Z_.(3900)
Large non-D Dcoupling
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f95 400 405 410 415 420 4.25
M, 4, (GeVie?)

mg(ete—>n*wh,) :

8.7£1.9+2.8+1.4 pb @ 4.230
7.4+£1.742.1+1.2 pb @ 4.260
10.3+2.3+£3.1+1.6 pb @ 4.360

BESIII: 1309.1896

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

M =4022.9+0.8+2.7 MeV/c?
['=7.942.742.6 MeV

Significance: 8.9c (Z.(4020))
No significant Z.(3900) (2.1c)
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e‘e-— nZ (4025) >n- (D* D*)*

N 4 data —— Z_(4025) 80F —4—data  —-Z,(4025)
S 400 PN ws - PHSP < 70k — total fit -~ comb. BKG
) [ wemmemnenns Argus fit to sidebands L - ---- PHSP signal
s %J 60F Wws
g + = 5of
E 300 = 50 H BESIII: 1308.2760
~ N 40F
- 200 T anf
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i I @ 10
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Fit to 7* recoil mass yields 401+47 Z_(4025) events. >10c
M(Z.(4025)) = 4026.3+2.6+3.7 MeV, 1'(Z.(4025)) = 24.845.6+7.7 MeV

olde —» 7 (O'D)F) = 137+ 9+ 15 pb
= (65+ 9+ ﬁ)ﬁ 1

_ o (& > #'Z7(4025)> # (D))

R =
o (ée — ' (DD)")




Summary of the Zc states

Mass (MeV/c?) Width (MeV)

nEJhy 3899.0+-3.6+-49 46+10+20 _
Close to D D*

(D D*)* 38839+15+42 248+33+110 threshold (3875 MeV)

2o difference 1o difference

nrh, 4022.9+08+2.7 79+27+26

=t Close to D* D* threshold
(D* D*)* 4026.3+2.6+3.7 248+56+77 (4017 MeV)

1o difference 2o difference

" At least 4-quarks; Charged; Near threshold;

" Couples to DD final states larger than charmonium final states;

" Whether they are two states need further understanding (couple
channel analysis? quantum number determination? interference?)
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PWA of J/y > vyp p
v orn oy dlyv—ypp

Events/(0.005GeV/c?)

015 020
Mn_,—ZmP(GeWcz)

025 030

The fit with a BW and S-wave FSI
(I=0) factor can well describe the
p p mass threshold structure

JP¢=0-* >6.80 better than other
JP¢ assignments.

M = 1832+19 ;18 _ +19 (model) MeV/c?
=13+ 39 *10 . +4(model) MeV or
<76 MeV/c? at 90% C.L.

112003 (2012) -
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PWA of J/y=>ywd

Event/(0.04GeV/c?)

2501

PRD 87, 032008(2013)

200 f
150
100}

50

I —e— Data

— Projection (a)

=== X(1810)

-------- f_0(2020)

e §2(1950)

—— 1(2225)

— - Phase-space
b Background

2 25 3
M(K*K o) (GeV/c?)

@ Confirmed the enhancement observed at BESII
@ M=1795+7+13 ; £19(model) MeV/c2,

M=954+10+2! ;, £75(model) MeV
@ Spin-parity is determined to be 0*

@ the same as f,(1710)/1,(1790), or a new state ?
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Observation of X(1840) in J/y—y3(n*n")
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@ Mass is consistent with that of X(1835), but the
width is much smaller than I, 435=190.1£9.0*38 5, MeV

@ A new decay modes of X(1835)')

1416182022242628

(GeV/c?)

% PRL 106 07200 2(2011)
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Comparisons of the observations at BES

55 * X(1840): J? unknown,J/y—y 3(n+ =n-) arXiv:1305.5333
= O X(1870): JP unknown, J/y—> o (nr) PRL107, 182001
200 A X(1835): JP =0°, J/y—y (n'nr) PRL106, 072002
S 150F- W X(p p): J7=0"J/y—v (p p) PRL108,112003
s E + X(1810): JP=0",J T/y—y (o0) PRD 87, 032008
© 100=
s F 4 ]
50— ~1
O : Ll I Ll l ] I Ll 1 1l I Ll 1 1l I | I I |

1800 1850 1900 1950
Mass (MeV/c?)

X(18??) near the threshold position of proton-antiproton

Are they the same particle? It is crucial to identify
these observations.
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X2/ Npin=2.14

(a) M, (GeV/c?)
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180
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Phys. Rev. D. 87, 092009 (2013)

* f,(1710) and f,(2100) are
dominant scalars

* f,(1500) exists (8.20)

* f,’(1525) is the dominant

900~ -

8005 - tensor

700¢ :

600E x° / Nbin=0.69 -

500F E - .

2 00k + + E : * f,(1810) and f,(2340) exist
200 3 (6.4 and 7.60)
100? 3 100¢ 3
96 08 00 05 10 R TR .
©  cose, @ 0, * No evidence for f,(2220)

Resonance Mass (MeV/c?) Width (MeV/¢?) BJ/y — yX — yqn) Significance
fo(1500) l468:{§:%i 136:%:%3(1 (1.651:&?:{1’3{11) X 107> 820
fo(1710) 1759 = 6:;} 172 + lﬂjg (2-35:3}?:{1;:%1] X 107 25.00
f0(2100) 2081 + 1372 27373718 (1.1370092064) 5 10~ 13.95
f5(1525) 1513 =574, 75715788 (3427082137 % 1073 11.00
f2(1810) 182225,75 229757055 (5.402082342) x 1073 6.4
£2(2340) 236275 63" 334780160 (5.6070857357) X 107 7.60




n and n' physics at BESIII

PRD87, 092011 (2013) PRD87, 032006 (2013)
ot

2

L v . Search for invisible decays
> L = - o E
=100 n—T'mete 3 ; Theory:
= ool , s - PRD 72, 103508(2005)
et - ! —_ Lk |
S 60— YT BR(n—yx) ~ 7.4 x 10
w
40 BR(n'—yx) ~ 8.1 x 10”7
20— “-”
M(e*e) (GeV/c?) %)

B(n —mrmere’)=(2.114£0.12+0.15) X103  Bln—invisible)}<1.0x10%  agqe ~ |
B(n'—invisible)< 5.3 x 104

Search for weak decays

— 3 C
L, @ & L, ) |
P g B(h—me*v+c.c.)x1.7 X104
3 15 B 15 B(n" —me*v+c.c.)< 2.2 X104
c c C
o 1 a e 1 u
i I l T l l @90%C.L.

0.5 it 0.5 i3

2 nali --"-";-_1}"----“ Ln E- | -nnil-ihi:;'t—....gu...._l. . - -
8.4 0.4% 05 055 06 065 0.7 827085 09 095 1 105 1.1 Theory.~10 8 -10 2
M(rev)(GeV/c?) M(rev)(GeV/c?)

PRD87, 032006 (2013) Prog. Part. Nucl. Phys. 46, 413 (2001)



Events/(32MeV/c?)

Events/(32MeV/c?)

PWA results on N* baryons in y'—>x%% p

Phys.Rev.Lett. 110 (2013) 022001

200 —
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th
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100

50

] (a)_

—— N(1440)
wmeene N(1520)
--- N(1535)
- - N(1650)

100

|---'|('b)'_

—— N(940)

s N(1720)
-~ N(2300)
- - N(2570)

B 2-body decay:

¥(2S8) = X%, X — pp

¥(2S) — pN* N* — pr¥ + c.c.

W iSOsSpin conservation:
A suppressed

Two new baryonic excited states are observed !

Resonance M(MeV/c?) T'(MeV/e?) AS ANgs C.L
N(1440) 13907 1T 340TRFC T 725 4 1150
N(1520) 151002050 1m5TRT) 198 6 5.00
N(1535) 153519735 12072010, 494 4 9.30
N(1650)  165072F30 150732718 821 4 12.20
N(1720) 1700739732 45071909+ 556 6 960
N2 2300750700 34073071 1207 4 15.00
N(2570)) 257071079 25073 7S] 789 6 11.70
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Charmonium physics

Please refer to the talks below for details

@ Chi Zhang (Nanjing U.): "Charmonium spectroscopy from BESIII"

20



h.(!P;) in y'>nth,, h.>yn. n. exclusive decays
BESIII: PRD 86, 092009 (2012)

y'—>1’he, he—mg,
Nc iS reconstructed
exclusively with

16 decay modes

Summed 7t° recoil mass

= 160
~ 140 -
T 120F
=z 100
S 80F
i = S P s e = 60E
¥ recoil mass (GeV/c?) :g:
Y Y iy
Simultaneous fit to 7t° recoiling mass: n" recoil mass (GeV/c?)
M(hc) = 3525.3110.1110.14 MeV Consistent with BESIII inclusive
I'(h.) = 0.701+0.281+0.22 MeV results PRL104,132002(2010)
N = 832135 CLEOc exlusive results
- 2
v2/d.o.f. = 32/46 m(hcl-3?3265:.t2114:t0.27:|:0.14 MeV/c

21
PRL101, 182003(2008)



Observation of 1 (2S) in y'—>yn.(2S),
N.(28)>KKn, K*K-=°

— I I T T T I T T T GI !l- I_ T T T I :
":‘_f___;._ —»— data (KSKT) ]
% 100 — fitting results =
O === A .
@ —-1.29) -
2 102
=2 100 - S T . S background E
= C 3
gl i
S
g 108
O - ]
> C Letl T i
m 1 ade==="
3.5 3.55 3.6 3.65 3.7
My oy (GeV/c?)
3 | | RPN |
10 E —— data (K'K ") E
- - — fitting results
]
CD 02 | == ICJ |
w0 107E s — - N(28) E
= C N T background
— - i
= 0B L3 3
P . . .
= st . ,
g *a ‘k‘:;
LT_] 1 - ‘-:,( m: ----- \1.
1 ] | 1 ‘d‘""; Cwlay 1 1 1 L [ ]
3.5 3.55 3.6 3.65 3.7
My .o (GeV/c?)

simultaneous fit results:

..................................................................................................................

. M(n,(25)) = (3637.6 +2.9+1.6) MeV/c?
: T(n.(2S)) =16.9£6.4£4.8 MeV
Statistical significance larger than 10.2c!

Br(y'—Yn.(25)2>yKKm)
=(1.30+0.20_,4-0.30

-+

Br(n.(25)>KKn)=(1.9+0.4+1.1)%
From BABAR(PRD78,012006)

......

) X 10

sys

Br(y'— yn.(2S))
=(6.81+1.1_.14.5

stat —

) X104

sys

CLEO-c: <7.6x104
PRD81,052002(2010)

Potential model: (0.1-6.2)x104
PRL89,162002(2002) 22



Evidence of 1.(2S)>K.K3n Search for n(2S)—p p

L B B B LR BN | T
6| _ —=— data o
107 _ =3
: — - signal g Fitting results
wy
105 phase space = — ch,l]E(ES]I
—
... QED background s sk —  y(3686)-> pp
. - KsK3n E s === m" background
- \ s Non-resonant process
10 § oo n'KsKon S & 35136 9,69 5.64 3.6 2,66 3.67 P
s - Mi’gxh[GeW:ﬂ
10

Events / ( 0.005 GeV/c?)
Events/ (5 MeV/c?)

33 335 34 345 35 355 36 365 3.7

ot > 33 335 34 345 35 355 3.6 3.65 3.7
Mysgo, (GeV/c?)

M(pp) (GeV/c?)

.......................................................................................................................................................................................................

M(n.(2S)) = (3646.9 == 1.6+3.6) MeV/c? No evident signal was observed
[ (.(25)) = 9.2+ 4.8+2.9 MeV =R
 Statistical significance : 4.2¢

3
............................................................................................................

B(y'—>yM.(25)>YKsK3r) B(y'—>yn(25)>vp p)
=(7.03+2.10+0.70) X 10 <1.4X10¢  @90%CL.




Charm physics

Please refer to the talks below for details

@ Hailong Ma (IHEP): "D semi-leptonic and leptonic decays at BESIII"

@ Shensheng Sun (IHEP): "Dalitz plot analysis of D* — Ks n*n® at BESIII"

@ Yinghui Guan (IHEP): "Strong phase in D®—Kn decay and y,, measurements
from CP-tagged D° semi-leptonic decays at BESIII”

24



D*2>u*v and Decay constam‘ fo.

» Test LQCD calculation of f,

+ + GE 2 m h
L (D(:.-) —>1v)= émf mﬂ,:j{l -— J | Vm‘ fD,\

Hi‘
Dysy

> Precise measurement of |V_,]|

10°

—— Data /
ny The neutri
10°F [mooss BESIII preliminary v nf
1 03 [ gt" I:rr;) rdﬂa}rs momentum away.
B non-D decays
107

M Br. & f;, at BES-III
Results:

ND*>p'v) = 377.3+20.6

10°! BE(D" - u'v)=(3.74+£0.21+0.06)x10™
-0.2 -0.1 0.0 0.1 0.2 0. f,, =(203.91+5.72+1.97) MeV

M2, [GeV/c2] v



Comparison of B(D™2>pu*v) & f,

MARK-I
=0.07% at 90% C._L.
| EBES-I —_—
i} ﬂ:’!";::;’:]%
I BES-II —

=111

(012240 010)%
3,083

o2
I=| {0.0382+0.0032+0.0009)% CLEO-c {818 pb-)
H (0.0374+0.0021:0 0006)% BES-III {Preliminary)

I (0.0382+0.0033)% PDG2010

0

005 0.1 015 0.2 025
B(D*>u*v,) [%]

|-l| (205,848,542, 55 Ma¥
H [200.8115.T241.87) MeV
H [2034) MV
|._q.| (217490 May
| (2088434 33) MaV
W (2352841 a) Mev
u 210zl I:I:._';::II'-*I el
] (211 14-:';'!)]!»[2‘."
|- |-1 [177421) MaV
I..' _| [20a:23) MaV
I_:_I [1858+30] Ma'¥
I_H [290:730) MaV

I_r_l (282420) MV
I

1

MARK-III
BES-I |:.|:|:|'1-;T:] MY
BES-Il

CLEO-c (818 pb™)
BES-IIl (Preliminary)

far1 = 108) Ma¥

Lattice QCD
Lattice QCD
QL (QCDSF)
QL (Taiwan)

QL (UKQcCD)
aL

QCD Sum Rule
QCD Sum Rule

QCD Sum Rule

Field Correlations

lzo=pin mass splittings
] | | |

200

400
f, [MeV]

600
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DO%K /T et v

e BESIIl, ~2.93 fb-1 data taken at
- DO tag $(3770), ~923 pb-1 analyzed
e signal side: missing neutrino inferred

U=Emjss—c|}3]mS ~ 0

| D 0 9 K_ e + V idof = 63.03/30 {7 Fit) D O 9 n_ e * V 1dof = 26.6413 {;* Fit)

| Entries = 20456 | Entries = 2621

¢ = 0.00901+ 0.00083
NEkg= 1144+ 38

Nsig= 1677 : 43

mean = -0.000409 + 0.00053

o = -0.005875 + 0.00025
NBkg = 1996 + 63

Nsig = 18460 + 143

mean = -0.000312 + 0.00013

\
- 7 Mﬂ*‘ﬁ;ﬁ
e | ey
BESHI Breliminary U (GEV) (GEV)
Mode measured branching fraction(%) CLEOe
DY = Kte w 3.542 +=0.030+0.067 3.55 £0.04 | 3.50 =0.03 +=0.04

PP s e 0.288 +£0.00840.005 0.289 40.008 |0.288 +0.008+0.003




Dalitz plot analysis of D* — Ksn*n®

\B 4 N ot
: .<.e.‘\(d\(\a LoliEe xél“@(\a : Q\\«\\(@ o
LRI B o g " '
T . g ML IH c 24 ' ! 4
FINE f \ | g ;u %0& = § .
B TR\ i) w1\ ) 23
Y 37 N, S
_;d-_a_h__:-_.—_--'__:__ﬁ_ | i, A
B 7 S W Gover
Resonance Parameter BES-III E791 CLEO-c
(MeV) Model C Model C | Model 12
Ky(1430) | BW | Mass | 1464+£6+970, | 1459+ 14 [ 1463.0£0.7£2.4 | 1466.6 £ 0.7 + 3.4
Width | 1904+7+1175, | 175417 | 163.842.7+3.1 | 1742+1.9+3.2
PDG Flatt [ Mass 1482 £ 10 1462.5 £ 3.9 14712 £0.8
1425 £ 50 JKr 585 4 14 532.9 +8.5 546.8 4= 4.2
270 £ 80 9Ky 0 0 0
gKy 452 4 85 197 £ 106 230 + 32
K BW | Mass 860 + 11 797 £ 47 809 + 14 888 + 2
Width 446 + 23 410 + 97 4704+ 18 550 + 12
Pole | Re 752+ 15 £ 6972 769.9 + 6.3 706.0 £ 1.8 +£22.8
Im | —2294 21 +447;) —221.2 4+ 8.4 —319.4 £ 2.2 4 20.2

PRL 89, 121801(2002)

PRD 78, 052001(2008)




Summary

@ BESIIT is successfully operating since 2008
O World largest data samples at J/vy, v',w(3770), w(4040), Y(4260)
already collected, more data in future coming soon

@ Hadron spectroscopy
O Observation of X(3872), Zc(3900),Zc(4025)

d PWAof J/y 2> vyp p,ynnywd
QO Observation of X(1840)
A n/n’ physics

@ Charmonium physics
O Measurement of y'—nh_ with n, exclusive decays
O Observation of y'— yn.(2S)

@ Charm physics
O Precision open-charm D physics o come soon.

@ Expect more results from BESIII in the future !
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Thank you !
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