Recent results at BESTI
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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: 6mMm

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

3




The BES-III Collaboration B'GS]]I

VP | o
( - BARRSTAN

v

e by}
i Y —

== UNITED STAY
R

-
P

G )
~
-
RININAT =7
- ~
.
- on]
< BN
as == ‘
\ R T o3
v =
te Y v

http://bes3lihep.ac.cn

11 ountfies

52 Institutes
~350 active members

Antarctica




Outline

Hadron spectroscopy

Charmonium (charmonium-like) physics
Charm physics

T mass measurement

Summary



Phys. Rev. D. 87, 092009 (2013)

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

PWA in J/y—ynn
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* f,(1500) exists (8.20)
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* f,’(1525) is the dominant
tensor

x2 / Npin=0.69

4 %

* f,(1810) and f,(2340) exist
(6.4 and 7.60)

9% 05 00 05 10 R S L R R .

@ cose, @ e * No evidence for f,(2220)
Resonance Mass (MeV/c?) Width (MeV/¢?) BJ/y — yX — yqn) Significance
fo(1500) 1468711723 136731738, (1.6570-207031) x 1073 8.20
fo(1710) 1759 = 6711 172 + 10732 (2.3550 37124 x 107 25.00
f0(2100) 2081 * 1373 273131700 (1137090 084) < 1074 13.90
f5(1525) 1513 =571, 75712716 (342708137 x 1073 11.0o
f>(1810) 1822;33322 229:33:*{% (5.4():3;22:%;?@) X lﬂ‘? 6.40
f(2340) 23627317130 3347821188 (5.6070627237) X 1073 1.60




Events/(32MeV/c?)

Events/(32MeV/c?)

PWA results on N* baryons in y'—>«°pp

Phys.Rev.Lett. 110 (2013) 022001
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--- N(1535)
- - N(1650)

100

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

—— N(940)

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

m 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?) TI'(MeV/e?) AS ANgs C.L
N(1440) 139071 T2 340T®FC T 725 4 1150
N(1520) 151003050 15TRT) 198 6 5.00
N(1535) 153519735 12072010, 494 4 9.30
N(1650) 165072730 15072 710 821 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




PWA results on N* baryons in y'—>npp

Phys. Rev. D 88, 032010 (2013
v mey (20%3) N*(1535)

M- 1524 £ 579 MeV/¢?

r= 1307573) MeV/c?

B(4(28) — N(1535)p) X B(N(1535) = pn) +c.c. = (5.2 £ 0.3732) X 1073
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Charmonium (like) physics



Observation of 1(2S) in v'—>yn.(2S).

n.(25)—>KKn, K*K-n°

— I I T T T I T T T GI !l- I_ T T T I :
":‘:_3 —»— data (KEK‘TEJr ) ]
% 100 — fitting results =
O === X ]
o —-1.(25) -
=2 100 - S T . S background E
o C 3
- i
S
g 108
O N ]
> C Lot T i
m 1 ade==="
35 3.55 3.6 3.65 3.7
m, o, ... (GeV/c?)
3 | | R NP AL
10 E —— data (K'K ") E
- - — fitting results
] "
CD 02 | == n‘I:I:J |
w0 107E s —-n(28) E
= C N T background
— = Y
gl 10]: 2SN ‘ +{~ =
PR -, - \ '
= st . ,
g *a ‘k‘:;
LT_] 1 - ‘-:,( m: ----- \1.
1 ] 1 ] 1 ‘d‘""; P W 1 1 1 L [ ]
3.5 3.55 3.6 3.65 3.7
0 (GeV/c?)
My -g-po

With 106M v’ events:
simultaneous fit results:

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

. M(n,(25)) = (3637.6 +2.9+1.6) MeV/c?
- T(n(25)) =16.9+6.41-4.8 MeV
Statistical significance larger than 10.2c!

Br(y'—Yn.(2S)2>yKKm)
=(1.30£0.20_,40.30

-+

Br(n.(2S)>KKn)=(1.9+0.4+1.1)%
From BABAR(PRD78,012006)

......

) X105

sys

Br(y'— yn.(2S))
=(6.81+1.1__.1+4.5

stat —

) X104

sys

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

Potential model: (0.1-6.2)x104
PRL89,162002(2002) 10



Evidence of n.(2S)—>KK3n Search for n.(2S)—pp

e B e e B B ]
108 [ —=— daw “§ hed 3 —=— data
Z — - signal Gl Fitting results
wy
105 ~ phase space E :g —— ch,l]E(ES}
.- QED background = 5t —  W{3686)-> pp
4 - KsK3m E £ = " background
— § L NoN-resonant process
10 --- n"KsK3n R T R E N Y P
aC
s ngxh[GeW:ZJ
10

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

33 335 34 345 35 355 36 365 3.7

- > 33 335 34 345 35 355 3.6 3.65 37
Mysgo, (GeV/c?)

M(pp) (GeVic?)

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

M(n.(2S)) = (3646.9 = 1.6+3.6) MeV/c? No evident signal was observed
T (n.25)) = 9.2+ 4.842.9 MeV ..........................................................................................
i Statistical significance : 4.2c ;

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

B(y'—>yM.(25)>YKsK3r) B(y'—>1n.(25)>7p p)
=(7.034+2.1040.70) X 10° <1.4X10°¢  @90%CL.




MASS [GeV/c?]

Charmonium and XYZ — states

4.4 |- [y (LS
T FEE)
XKe2(33P2
Y(4a260) | N<(3'P1) [x:1(32P1)
4.2 -
4.0 | [m@sg &S0 ]
3915 ‘?l Xo2(22P2)
N o S DD threshold (~3.73GeV)
E <0(2°Po) csno ~23. c
°3 | sy b=
W (2381)
T e
3.4 | [predicted, discovered
|
32 L predicted, undiscovered
3.0 |- —> XYZ
Q-+ 1— 1+ Q++ 91 ++ D++
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M?(n+m) (GeV/c?)?

ete” ->n*Z (3900)" >ntn )y
Requiring J/vy mass window: [3.08,3.12] GeV, we have 1595
signal events, with purity ~90%.

1.4 100_ —4— Data
B - P L 4, - — Total fit
1.2 : = - =---= Background fit
: 1 2 80 i
1 o) - == PHSP MC
F - _ [ sideband
0.8fF ¥ | o 60f l
L - . ek -1 o =
0;6_ :.. i oz S 10 — i
P et | i 401
04 - 5 S
: > 200
0-2: I 10'2 m :
0 - .
0 11 12 13 14 15 16 17 18 0

, - 3.7 3.8 3.9 4.0
M=(n*Jd/y) (GeV/c?) My (TEI/W) (GEV)'CZ)

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

2. Fit M__ (*)/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; I'=(46110+20)MeV.

5. Statistical significance: >80, discovery! N



Events / 0.01 GeV/c?

Events / 0.02 GeV/c?
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60 |

o —+- Data
L ---- Background fit

40}

20

--- PHSP MC

[] Sideband
\

-4
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3.7 3.8 3.9 4.0
M, ax (T2 ) (GeV/c?)
—+- data
— Fit
— Background

«s=: PHSP MC

3.7 3.8 3.9 4 4.1 4.
M, .. (mJlw) (GeV/c?)

o
=

t Data M(Z:(3900))=3884.6+4.6 MeV

CountsM10 MeV
5 o 5 B

n

Muax(mJ1y) (MeV)

1. CLEO: PLB 727 (2013) 366
M=3886 1614 MeV,
I'=331+61+7 MeV.
2. Belle: PRL 110, 252002 (2013)
M=(3894.5+6.6+4.5) MeV;
I'=(63+24126) MeV.
3. BESIII: PRL 110, 252001 (2013)
M=(3899.0+3.614.9) MeV;
I'=(46 £10t20)MeV
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PRL 112, 022001 (2014)

e*e — nZc(3885— x*(DD)?

Events / 4 MeV/c?
— PO 0N ~] OO WO
P T T  pTre

385

(=]

3.90 3.95 4.00 4.05 '4'.'1-0 A1
M(D°D*) (GeV/c?)
M = 3882 2+1.5 MeV
['=246+3.3 MecV

N(Zc)=502 + 41

Events / 4 MeV/c?
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3.85 3.90 ‘s’.ég 400 4.05 4.10 415
M(D'D*") (GeV/c?)

o

M = 3885.5+1.5 MeV
[ =24.9+3.2 McV
N(Zc)=710 % 54

M = 3883.9+1.5+4.2 MeV
['=243+33+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 T*
.fl; 003;: » in the CMS
. __ ______ | e P_ " 2
@ uﬂézé A JP=0, dN/d cos(0;) ~ 1— cos?(0y)
I o | IP=1", AN/ cos(@,) ~ flat
1 g_ | 1 I....I....I..”I....I.Q.I.... -l_ - "
Q02 0% 0 0505 07 085 JF=0 , parity conservation

cos 6,

IF Z0(3885) is Zo(3000): L \£c(3900)2 DD )
'(Z.(3900) % nJ/y)

c

= 0.2+1.1+2.7




M; (GeV/c?)’

e*e” ->n*Z (4020) > n*mh,

PRL 111 242001 (2014)

18 % 120F
i Z L
17} C 100F
L w; L
C = sof
- =‘ i :
16: E " ]
C g 60f E \
B -
15¢ = 0 S5 39 40 41
- - M, [G\u"]
14} 20F
LIRS w, ST T LAY
b L R R YR Y “6 07 08 ° P95 400 405 410 415 420 425

ME, (GeV/c) M., (GeV/c?)

1D projection of M(rt*h ) invariant mass distribution.

M[Zc(4020)]=(4022.9+0.8+2.7)MeV;
r[Zc(4020)]=(7.9 2.7 =2.6)MeV.
Significance:>8.90

No significant signal for Z_(3900)*>n*h_(<2.10)
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e'e’ — J'E_ZC(402‘5)+ — n(D'D)*

% 4 data - Z.(4025)
Sl " meeaew | M=4026.3+2.643.7 MeV
= 50| i '=24.8+5.64+7.7 MeV
= N=401:+47
5 20f Significance>10c
W 10
A PRL 112 132001 (2014)

RM() (GeV/c?)

* if Z(4025)* is the Z_(4020)*observed in the n*h_spectrum:

['(Z.(4020) — D*D*)

—12+5
['(Z,(4020) — 7h,)




Events/(0.01GeV/c)

e*e” ->n%Z_(4020)°—>n%h,

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

Neutral isospin partner of
the Z,(4020)*

45
0 preliminary
35
30
25
20
15

10

II|\III|IIII|IIII|IIII|III
%.85 3.9 3.95 4 405 41 415 42 425

M‘;;"““|max((}ewc2)

MASS [GeVic]

4.4

3.8

2Mo

3.6

3.4

3.2

3.0

| ————Tw@s)
@ Y (4360)
Eats

¥ (4260)

£(A4020) p15y

Wi3%5)

| X

he(@1P+)

Xe2(3%Pz)

¥e1(33F0)

Xe2(ZPg)

X(3872)

¥eo[Z5Fo)

F 40
X2l 13F2)
he(11P1) ¥e1({13P4)
B T xea(12P0)

B predicted, discovered
JAp(1957) predicted, undiscovered
| | Ml 1150) unpredicted, discovered

O+ 1-- 1+- O+ 1++ 2+




Summary of Z states

Channel Mass [MeV/c2] Width
iyt 3899.0+3.6£4.9  46+10+20

(DD*)* 3883.9+1.544.2  24.843.3+11.0
hrt 4022.9+0.8+2.7  7.9+2.742.6

h,m0 4023.6£2.243.9  Fixed

(D*D*)* 4026.3£2.643.7  24.045.6+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



Z_charmonium-like meson

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

 Possible directions of searches:
/vy, th(1P), my’, Ty, ©DD...



Events / 3 MeV/c?

ete” —)yX(3872)—)yn o YAV

15__ | +Data ] -.é 06: —+— data

- — Total fit i § 0'5; :Y{iaem ace
10_ === Background 7 ; 0_42 - E:;ear P

L = L

- "{ 0.3F

I N F
5 % 0.2:

[ © :

g 0.1F
] % D_ﬂ-'?:-'.*'.'T"'._'. AT T i DA e
?3_8 3.85 39 3 05 4 41 4.2 4.3 4.4 4.5
M(m*mJIy) (GeV/c?) E.m (GeV)
PRL 112 092001 (2014)

M = (3871.9+0.7£0.2) MeV, I'<2.4 MeV, Significance:6.3c

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

B[Y (4260)—~ X (3872)]

B(Y (4260)—»m+nm—J/)

= 0.1

22



Events/(0.005 GeVic?)

Events/(0.005 GeVic?)

gie e‘—}mxcnj {ols}

-+ —
e'e 0%

Ecm
6|
4
2]

25 3.3 3.35 3.4

[ ]
L

E.,=4.23 GeV|

b
[=]
T

Events/(0.005 GeVic?)
[
————

3.45 3.5 3925 3.3 3.35 34 3.45 35

M(r'n) GeVic? M(K'K) GeVic?
T . 16 T T T T
o Ecm 4. 26 G \"2 _ . E E..=4126 GeV
P ] % 10
] g ¢ \
4 1 2 s
, EI A1
L ] 2 1Tl“i ; » ;
3025 3. 3 3. 35 34 3.45 3.5 3(.}25 3.3 3.35 34 345 35
M{r"r) GeVic? M{K'K') GeVic?
1':":' [ Io ° —
- preliminary
80
50
A0 /
20 F / ' I
- i 1
D - l I T
-20F
-4 :....|....|....|....|....|....|....
3.15 42 428 43 435 44 445 4.

W (Ge)

@ o,
Yo7, K K™

s (GeV) oBom (pb1)
4.23 55.41+6.01+5.9
4.26 23.715.3+3.5

Assuming the oy, signals
come from a resonance, we
extract the I',, ‘B(wy ),
mass, and width of the
resonance to be (2.910.7+
0.4) eV, M=(4229+1316)
MeV/c?, and (40+1312) MeV.



Charm physics



D*>u*v and Decay constant f,

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

C +
» Test LQCD calculation of f, , D* W
G m’
+ T — 02 _ i 2
[ (D, —>[v)y=—m; My, 1-— Hﬁdm fDL L. v
] : I D, ) d

» Precise measurement of |V |

» Theoretical uncertainty willbe  _*
reduced in determination of |V 4|
If FF calculations can be validated
with charm

» Reduced width of band in triangle would lead to precisely test the
SM, and search for new physics beyond the SM



D*2>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

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

for=(2032+53+18) Mev  [ERSISSOSIIONNCONON

V| = 0.2210 £ 0.0058 = 0.0047 .

M2 [GeVZc!|



Comparison of B(D*2>utv) & f,

MARK-I
=0.07% at 90% C.L.
| BES-I |
1] n;::::;’:j%
I BES-II —

=111

(0122 """10.010)%
-0, a3

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

MABK-IIl = =z=0mev ateoscL.

=

RO,
EEE.I IEHCJ{ 1 MW

(205,848,542 .5 Ma¥

BES-II [ 128 MV
CLED-c (818 ph"]l

H (2032+£53+1.8) MeV

BESIT

o e R e B e E O {20 Tp

BESIIH B(D' — u'y,) = (371 £0.19 +£0.06) x 107+

N (0.0382+0,0033)% PDG2010

0 0.05 01 015
B(D*>pv,) [%]

i
]

[21324) MeV
[2E7L80] MaV
2084843+ 23) MoV

W= (2350814) MeV

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

B 210z107MeV QL (UKQCD)
m] QIZMEMSV gL
o [177421) MaV QCD Sum Rule
oo (20ea) My QCD Sum Rule
Fo-  oesammer QCD Sum Rule
= ' D Field Correlations

j=r—] im2muev  Isospin mass splittings
|

1

0.2 0.25

200

f, [MeV]

400 600
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T mMass measurement

~ The likelihood function for the maxir ...
likelihood fitting:

4 N -
L(m_, Rowa ' vic,0,) = H‘“—E
g VX

In(LL,
1

Cross Section (nb)

‘u'e' = [Rﬂazm'M(_ E x U( CM ’mr ) + UH] x !.!' 00_

3540 3550 3560 35?0 3560 3590 3600 361( -0 1?7;6.4 1??|6.6 1??|6.B 1?7|T.U1??17.2 17?:7.4

(MeV) m, (MeV/c?)
& =Bre,,
i represents energy points, j represent channels
ARGUS 1776.3005
- . BES (96") 1776.96";)
» In carrying out the ML fit, m_ , R, 10 CLEO 778,201
oB are floated OPAL 177510750
BELLE 1776.61% 33
The CM energy dependence of KEDR 1776.81:02
the T pair cross section BABAR 1776687
resulting from the likelihood fit PDG12___ 177655
This work ~ 1776.91%,
(curve), compared to the data SRR R ——— I
(Poisson errors) 1766 1768 1770 1772 1774 1776 1778 1780

T mass (MeV/c?)
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Summary

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

A lot of Z, X states are found or confirmed at
BESIII, i.e. Z_(3900), Z.(4020), X(3872), much
more are in progress.

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

T mass is measured with a higher precision at
BESIII.

Thank you!



