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The BES-III detector

NIM A614, 345(2010)

Super conducting magnet: 1 T

EMC: Csl cristal

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

MDC:
« Spatial resolution: o, = 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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Hadron spectroscopy



PWA inJ/ Wévr\n Phys. Rev. D. 87, 092009 (2013)
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@ cose, @ o, * No evidence for f,(2220)
Resonance Mass (MeV/c?) Width (MeV /c?) B/ — yX — ynn) Significance
fo(1500) 1468'{1—33 136751738 (1.65Z9307930) X 1073 8.20
fo(1710) 1759 + 6212 172 = 10732 (2.3550 13713 x 1074 25.00
f0(2100) 2081 + 1372 2735317709 (1.137099+064) 5 10~ 13.90
£5(1525) 1513 =574 75112716 (3.427087137) X 1073 11.00
f>(1810) 1822729796 229*32+83, (5.4070:897343) X 1077 6.40
£2(2340) 23622357410 3347624165 (5.6020822337) x 1073 7.60




n and n' physics at BESIII

PRD87, 092011 (2013) PRD87, 032006 (2013)
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ChPT+VMD:
only occur at O(p®)

ChPT+VMD : B(n'—mmm*m)=(1.0£0.3) x10-4
B(n" —mmmon0)=(2.4+0.7) x10-4

F.K. Guo, B. Kubis, A. Wirzba,Phys. Rev. D 85,014014 (2012)

B(n'—mmmm)=(8.63+0.69+0.64) x10->
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Phys.Rev.Lett. 110 (2013)
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PWA results on N* baryons in y'—n%p

022001

T (a) -]

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

a————

—————— e Ie—

| = et

B 2-body decay:
$(2S) = X% X — pp

¥(2S) — pN*, N* — pr¥ + c.c.
W ISOSpin conservation:

A suppressed

Two new baryonic excited states are observed !

T 1 T
—— N(940)
wmee N(1720)
--- N(2300)
-- N(2570)

T (‘b) —

et TN .

1.5 I IZ‘OI — .2.5
M, /(GeV/c?)

Resonance M(MeV/c?) T'(MeV/e?) AS ANg,s C.L.
N(1440) 13907013 34070700 725 4 1150
N(1520) 151002780 1150t 198 6 5.00
N(1535)  1535T3755 12005070, 494 4 9.30
N(1650) 165072130 1507371 821 4 12.20
N(1720) 1700759732 4507097 111° 556 6 9.60

. 2300730707 340730F10 1207 4 15.00
+19+34 +14+69
N(2570)) 2570719733 250711150 789 6 1170
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PWA results on N* baryons in y'—npp

Phys. Rev. D 88, 032010 (2013)

1524 + 57" MeV/¢?

Events/(25MeV/c?)

13075739 MeV/c?

Events/(25MeV/c?)

B((28) — N(1535)p) X B(N(1535) = pp) +c.c. = (5.2 = 0.3732) X 1073
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Charmonium-like physics



MASS [GeV/c?]

Charmnonium spectrum

Z(4430)7| (@S |  Below the open charm threshold the
L ; (43S,) .
43T [nel480) ;p(m) spectrum is well understood

[ | X=2(3°P2) — ver reemen ween
hc(3‘P1)| |:xc1(33P1):| ery good agreement betwee

predicted and discovered states

* Above the threshold the situation in
more complex

— only few of the predicted states have

42

been found
i X2(2%P)] — in the last decades many new states
(3872) have been observed with properties

that are not consistent with
.............................................................. expectaﬁons for CharmOnium: X’ Y' Z

-+- —
T X states:

13P
[xa(1%Py) [xa(12Ps) * charmonium-like states with JP¢# 17,
Observed in B decays, pp and pp collisions
3
Y states:

* charmonium-like states with JP¢=1-
- .Observed in direct e*e” annihilation or in

predicted, discovered ISR
predicted, undiscovered . Z s.tates. .
e charmonium-like states . Must contain at
3.0 - unpredicted, discovered least a cc and a light qq pair

0-+ 1-- 1+ 0+ 1++ 2+ 13



Z sates search at BESIII



M?(n*) (GeV/c?)?

e*e” =»n*Z (3900)*—=m*mwl /Y
Requiring J/vy mass window: [3.08,3.12] GeV, we have 1595
signal events, with purity ~90%.

- B —4—Data
1'45 A | % 100¢ — Total fit
1.2 S i ---= Background fit

n 1 > g

1 : 8 80 - == PHSP MC
0sf 3 : | S 60f

: .-. .:l-.- - ... . . 10’1 8 :

0.4 c i
E g e q>) [ A
0.2 - .. W 20 ¥
ot '
10 11 12 13 14 15 16 17 2128 0 37 38 39 4.0
M=(n*J/y) (GeV/c) Mipax(TEJAY) (GeV/c2)

1. New charged resonance, exotic 4 quark hadron?!

2. FitM__ (*J/Ap) mass distribution; avoid cross counting

3. S-Wave Breit Wigner; phase space factor; efficiency corrected.
4, M=(3899.0+3.6+4.9)MeV; '=(46110+20)MeV.

5. Statistical significance: >80, discovery! "
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40
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1. CLEO: PLB 727 (2013) 366
M=38861+6+4 MeV,

I'=33+6+7 MeV.

2. Belle: PRL 110, 252002 (2013)
M=(3894.516.6+4.5) MeV;
I'=(63+24+26) MeV.

3. BESIII: PRL 110, 252001 (2013)
M=(3899.0+3.6+4.9) MeV;
I'=(46£10+20)MeV
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PRL 112, 022001 (2014)

e*e — nZc(3885)— = (DD)F

2
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385 390 3.95 4.00 4.05 410 41¢
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M = 3882 2+1.5 MeV
[ =24.6£3.3 MeV
N(Zc)=502 + 41
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385 390 3.95 400 4.05 410 4.15
M(D*D*) (GeV/c?)

M = 3885.5+1.5 MeV
[ =24.9432 MeV
N(Zc)=710 + 54

M =3883.9+1.5+4.2 MeV
['=248+3.3+11.0 MeV
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Quantum numbers of Zc(3885)

PRL 112, 022001 (2014)

0.5¢

T 045 cos(0,) — angle of bachelor x*
Q0 04 o in the CMS
> 035F 1 _
E 0022 "+ JP=0, dN/d cos(0;) ~ 1— cos*(0y)
-% 0012: T SN JP=1", dN/d cos(0,) ~ 1+ cos%(0,)
s ot “| JP=1", dN/d cos(®,) ~ flat
3 ) : .
PR R YR 7‘(“() 09 J P=0+, parity conservation
cos 8,
r'(Z.(3900)» DD')

o [f Zc(3885) 1s Z.c(3900): =62+1.1+2.7
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M; (GeV/c?)’

ete- —n*Z (4020) —7t ' h,

18 . < 120f
17_ =1 g - 5 4
16¢ ° zZ S0
5 = S £ 1of g
15} —4 R S s 39 40 iy
i 3 r M_., (GeVieT)
14} 2 20F
- 1 . r L ¥ -?‘mr|'u
]_a o £95 400 405 410 415 420 4.25
0 01 02 03 04 05 ﬂ 6 0.7 08 M, (GeV/c?)

M. _(GeV/c?)

1D projection of M(rt*h ) invariant mass distribution.
M|[Zc(4020)]=(4022.9+0.81£2.7)MeV;

Zc(4020)]=(7.9+2.71£2.6)MeV. Significance:>8.90

No significant signal for Z (3900)*—n*h_(<2.10)
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e'e — 7[’Z(:(4O2‘5)Jr — a(D'D)*

8o —4—data  —- Z,(4025)

Sl —merew| M=4026.3+2.6+3.7 MeV
> sof t ['=24.8+5.6+7.7 MeV

= N=401:47

g 20f Significance>100

L 10k T

- A I B
402 404 406 4.08
RM(rt) (GeV/c?)

* ifZ(4025)* is the Z(4020)*observed in the t*h_ spectrum:

PRL 112 132001 (2014)

['(Z.(4020) — D*D*)
['(Z.(4020) — 7h,)

=121 5




e*e- —=nZ (3900)°—n'n0) /4

-
L

Counts /15 MeV
o

WO N &

Events/ ( 0.01)

> @

D e LEOC: PLB 727, 366 BESIII PRELIMINARY!
- =y Scabance 3.5 |4 2.8fb! data at 10 energy points from 4230~4420 MeV
M e 7,(3900)" is observed clearly at:
H m)ﬁg JM 1}: E, =4230, 4260, 4360MeV
I3 DﬂL J] dﬁ;&;" M = (3894.8+2.3) MeV/c?
T I ) (ev) I' = (29.6+8.2) MeV/c?
10.40

An isospin triplet for Z (3900) has been established

TOF
| BESIT | 4230 MeV
Preliminary

—
o

-BESIT | 4360 MeV

. Preliminary

g

ol B 4260 Mev
sk + I Preliminary

=
I

50

Events/( 0.01)
Events/ ( 0.01)

38 4.0 42 3.8 4.0 4.2 38 4.0 42

M(rJ/y) (GeV/ic?) M("J/y) (GeV/ic?) M(r"J1y) (GeVic?)



Born cross section (pb)

°o2B8238383

e*e- —n°Z (4020)°—n’’h

Observe Z (4020)° structure a0
in t®h_ mass distribution. e
M[Z.(4020)°] =4023.6+4.5
MeV with a fixed width

It is the neutral isospin
partner of the Z_(4020)=.

soF. Significance > 50

250
20F
15

Events/(0.01GeV/c?)

10

%.85 39 395 4 405 41 415 42 425

Mj§°"“|max(GeVVc2)

3 [ I An isospin triplet for Z (4020) has also
fI; PR T

4.0 <, R T G v been established.

Ey(GeV)
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Summary of Z states

Channel Mass (MeV/c?) Width (MeV/c?)
| P 3899.0+3.6+4.9 46+10+20

J/Pm® 3894.8+2.3 29.6+8.2

(DD*)* 3883.9+1.5+4.2 24.8+3.3+11.0
| h 4022.9+0.8+2.7 7.9+2.7+2.6

h 4023.6+2.2+3.9 Fixed

(D*D*)* 4026.3+2.6x3.7 24.0+5.6+7.7

e Nature of these states ?

— Tetraquark L. Maiani, A. Ali et al
— Hadronic molecule U.-G. Meissner, F.K. Guo et al.
— Hadro-charmonium M. B. Boloshin

— Meson loop Q. Zhao et al.

— ISPE model X. Liu et al



X states search at BESIII



Events / 3 MeV/c?

ete —>‘YX(3872)—>‘YJ'E ol VAT

T 0.6F
i +oms S i
: = Total fit ""5-_ 05 E : P:wase )SDB.CE
10_ === Background 7 :"t_._. 0_4; ~~ Linear
L = B
- T 03f
I N -
5 = 0.2:
I D -
g 0.4F
% U_J:m:-:."'.'T"'._'.l. A SRS RS B Sher e
Qs 885 39 305 4 41 42 43 44 45
M(r*r Jy) (GeV/c?) Ecm (GeV)
PRL 112 092001 (2014)
M = (3871.9+0.7+0.2) MeV, I'<2.4 MeV, Significance:6.30

production in Y(4260) decay suggestive, but not conclusive

B[Y (4260)—~ X (3872)]

B(Y (4260) —»n+mn—J/v¢)

= 0.1
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M, o) (GeVIC?)

M, ecoi e ) (GeV/C?)

efe'—=mtn X(3823)—=mwtw vy,

39p —+ Data v 40 g —+ Data
W | —F 2 f — Fit
r - Background 2 30: ----- - Background
37 I Sideband e’ I Sideband
2] i
36f § 20F "~
35 w 10k 2
39 :
38 46 738 39
a7 e T (GV/E)
36

35

35

355
My, Jiy) (GeVic)

My Ji) (GeVic?)

M Jiy) (GeVIc)

g 3
% 25
=
+S 2
T
ﬁ 1.5
-3 1
X
g 0.5

—+— data
—Y(4360)
y(4415)

X(3823) as the y(13D,)
Mass argees with y(1°D,)
Narrow width (<16 MeV @90% C.L.)
R=B[X(3823)—>7,,]/B[X(3823) ->77,,]<0.43 @ 90% C.L.
Agree with predicted ~0.2
1'D,2 vy, forbidden; 1°D;—yy,, amplitude=0.
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Y states search at BESII|



Events/(0.005 GeVic?)
Events/(0.005 GeV/c?)

[2sd FETY PPN TN Y P PP P PP

Events/{0.005 GeV/c?)
Events/(0.005 GeV/c?)

C 1 1
325 33 3.35

M(K'K) GeVic2

o) (PD)

Cc

+

=~ Resonance
-==Y4260
== Phase Space

o(e e —»wmy

.......

15 42 425 43

s PP B TRl 1
435 44 445

arXiv:1410.6538

w—>7 o,
Yo7 70, KTK

Vs (GeV)

O-Born (pb-l)

4.23

55.4+6.0+5.9

4.26

23.7+£5.3+3.5

Assuming the wy, signals come
from a resonance, we extract the
I'.. ‘B(wy, ), mass, and width of
the resonance to be (2.9+0.7+ 0.4)
eV, M=(4230+8+6) MeV/c?, and

(38+12+2) MeV.
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Observation of e*e> nJd/Ap (preliminary)

100 —+ Belle
2 g0 —4 BESIII(2012)
% : — This work
> 60f H %
) - 1.
< 40 ‘L
(N J H
. 20—
) B
ICOI -Jf“ ' | }H-l-l- +‘I‘ 1t
© - IT‘T LT T
-20"—I |

W F

8 39 4 41 42 43 44 45 46
\s (GeV)

» Agree with previous results with improved precision

» The cross section peaks around 4.2 GeV

29

» Analysis of high energy points underway




Observation of e*e> n'J/y

i . 1 | BESIII |
---------- S USSR SRS N USSR SRR S ., OO NEW
T Preliminary

-
o

L e e | 1T
| | I
@

(&)

o
ssssssssnanansn
—

"7 4.23 GeV: 0 =3.140.6£0.3 pb

b | 426Gev: 0=3.9:0.804 pb_

475 43 405 43 455 44 445 45 455 46
E.m (GeV)

Born cross section (pb)

» First observation, cannot tell the line shape due to statistics:o



Evidence for e*e” 2 vy,

—
-
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(V]

Events/10 MeV/c?
s o

Events/10 MeV/c

(=
TT
L T T
——4
X ——

(] + =) oo
B BB BLELELE BLELAL

WS N B &
Illll
—_——

-

35 34 345 35 355 36 365 37 35 34 345 35 355 36 365 37
. (GeV/ich) M,y (GeVich

—
[¥]
|
b
(=

>
T
Events/10 MeV/c?

Events/10 MeV/c?

=]
Ty

LT N
LTI A
. [

2 f :
0 E D | g "."I el ] ] ol 0— LI " NN (B ILJJ... |
335 34 345 35 355 36 365 37 335 34 345 35 355 36 365 37
M,y (GeVrc) M,y (GeV/c)
(c) (d)

Fig. 2. The distribution of yJ/4 invariant mass, M, s/, and fit results for data at /s = 4.009 (a), 4.230 (b), 4.260
(c) and 4.360 GeV (d). The solid lines show the total fit results. The x.s signals are shown as dashed lines, dotted
lines, and dash-dotted lines, for J = 0, 1, and 2, respectively. The backgrounds are indicated by red dashed lines.

BESIII: arXiv:1411.6336, CPC (in press)



No significante*e- =2 yY(4140)

Upper limitat the 90% C.L. for 6® - B = 6% (e*e™ - yY(4140)) - B(Y (4140) - ¢J /)

4.23 1094 0.840 <339 <0.35

4.26 827 0.847 <207 <0.28

.36 545 0.944 <179 <0.33
Systematic uncertainty is considered. ;

T —

'jSum of all data sets

Compared with X(3872) production. PRL 112, 092001

o?(e*e” - yX(3872)) - B(X(3872) -» ntn~] /)
= 0.27+0.09(stat) +0.02(syst) pb at /s= 4.23 GeV,
= 0.33+0.12(stat) +0.02(syst) pb at /s = 4.26 GeV. ™ °°F /| L.

vents / 0.003 GeV/c?
w

L]
AL UL A L) R Lt L

il

Q1 415 42 425 43 435 4.

Take B(X(3872) » n*n~] /) = 5%. arXiv: 0910.3138 M(6 Jy) (GeV/c?)
And B(Y(4140) - ¢J/¢) = 30%, molecular calculation, PRD 80, 054019.

oB(ete~-yY(4140)
o(ete~—-yXx(3872))

BESIII: arXiv:1412.1867, PRD (in press) ¥

<0.1 at y/s=4.23 and 4.26 GeV.



Charm physics



D*>u*v and Decay constant f,

» D* leptonic decays play an important role in
understanding of the SM

» Test LQCD calculation of f,

2
G: m’
- - — F 2 _ I} 2
Foi(Dyy 2 Iv)=—=m, My | 1=— Ve " f
87 My, :

> Precise measurement of |V_,|

> Reduced width of band in triangle £
would lead to precisely test the SM, ,ti

—

and search for new physics beyond .0
the SM y

01

'
'
'
'
'
'
'
'
_ 0. - Tw
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D*>u*v and Decay constant f,

In the system recoiling against the singly tagged D, BES-III
selected the purely leptonic decay events for D*>u* v

M ,’I !Thcncutrino ]
V. carries energy and
momentum away.
Br. & f;,, at BES-III
B(D' — pty,) = (3.71 £0.19 £ 0.06) x 107,

fpr = (2032453 + 1.8) MeV
V| = 0.2210 4 0.0058 + 0.0047
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Comparison of B(D*2>utv) & f;,

MARK-II
<0.07% at 90% C.L.

—_—

BES-I E——

(0.08*° 1940 %)ey,
-0030.02

| ‘ BES-l  —]

|
(0.122*°""40.010)%
-0.083

FH €02 '

f= (0.0382%0.0032%0.0009)% CLEO-c (818 pb)

BESIIH B(D* — ptu,) = (3.71+0.19£0.06) x 107

& (0.0382+0.0033)% PDG2010

1 l 1 l 1 I 1 I 1

MARBK-IlIl <2s0oMevatsowcL.

+ W20,
BES.| (2007 ") MeV
BES-II (371, 125) MoV

}Il (205.848.5+2.5)

MoV CLEO-c (818 pb™)

H 2032453+

1.8) MeV BESIT

0 0.05 0.1 0.15
B(D*>prv,) [%]

H (21324) MeV

H (297+10) MeV

=l (208:8:3:22) MoV

b (23520214) MoV

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

~m 210£102)MeV QL (UKQCD)
L QUINE)MeV QL

o+ (177421) MeV

}_j J_{ (203+23) MoV
|—:-| (195:20) MoV
|_H (210410) MoV

|

QCD Sum Rule
QCD Sum Rule

QCD Sum Rule
Field Correlations

j—=v—] (m229)8ev  Isospin mass splittings
l L

1 l | | | I

0.2 0.25

200

f, [MeV]

400 600
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Summary

* |tis good place to search for N* and new
resonance in hadron spectroscopy study at
BESIII.

e X)Y,Z states are searched at BESIII, A lot of Z, X

states are either observed or confirmed, i.e.
Z.(3900), Z.(4020), X(3823), X(3872), much
more are in progress.

* More precise measurement on B(D*—=u*v)
and f,, are available with BESIII’s data.

Thank you!
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Backup



Z. charmonium-like meson

* Well defined signature of event:
— decay into known charmonium state
— electric charge —> Nquark = 4

 Possible directions of searches:
/[y, whe(1P), my’, ;y,, . tDD...



