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* Introduction to BEPCII&BESIII

* The recent results from BESII|
— Charmonium & XYZ
— Light hadron
— Baryon
— Charm

e Summary & outlook
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SESII
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BESIII Data Samples
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World largest data samples J /¥, Y(2S5),4¥(3770),Y(4260), etc.,
produced directly from e* e~ collision.
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Charmonium &XYZ
 Introduction to charmonium & XYZ

* Recent results of XYZ
— X(3872), X(3823)
— Y—> Hadron + lower charmonia
— Z.(3900)/2.(3885)
— 7,(4020)/Z,(4025)

e Recent results of charmounium

— Y(3770)2vX,
— isospin-violating transitions x , >1°n,



Hadrons: normal & exotic
e Quark Model:

o o Mesons
Color-anticolor pairs

* Exotic states are also predicted by QCD:

@ g
— Glueball: (gg, ggsg, ---) jﬁ%@g

g9

Baryons

) g

cﬁ‘*ﬁfe
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— Multi-quark state: (qgqq, gqqqgq, ...) Qe
— Molecule: bound state of two hadrons 00\
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— Hybrid: (qqg, ...

Red-blue-green triplets



Charmonium spectroscopy

Many expected states are not
observed;

— Many unexpected states are
observed: XY states.

Below the open charm

predicted, observed | threshold, good
agreement between

| redicted
3 ) P experiments and theory.
observed
2.81
I I | | ' -
Je oot T 1 0" ™ 2"
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About X(3872)

» Very close to D°D*° threshold, very narrow,

<1.2 MeV
° JPC=1++
* Production

— in pp/pp collison — rate similar to charmonia

— In B decays — KX similar to cc, K*X smaller
thancT

— Y(4260)>yX(3872)
eDecay BR:
—open charm ~ 50%
— charmonium~0(%)
eNature (very likely exotic)
— DOD*0 bound state (like deuteron)?
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Firstly observed in
Belle (2003):

BE = K rn*rn)/.
Also observed in

— Mixture of excited x., and D°D*° bound state? Belle and tevatron.

— X1 (2P)? Hybrid? Tetraquark?



BGS]]I Observation of e*e 9yX(3872)

—— PRL112, 092001 (2014
—+- data 15 __ ~+ Data

05 — Y(4260) i 6.30 — Total fit
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Events / 3 MeV/c?

oB(yX(3872) =yr'mJ/y) (pb)

o Via X(3872)>mm /U, J/UD I' I=e, 1
* Observed Y(4260)>vX(3872)for the first time;
e M=3871.9140.7+0.2 MeV/c? (PDG: 3871.68 =0.17 MeV/c?)

* Taken B(X(3872)>n*n™J/P)~5%,

Seremin 1) ~ 10%




About X(3823)

QCD predicted v,(1D), 27~ Uy

* Firstly observed @ Belle:
B2>x..vK;

(]
]

nis/(5 MeV/ic?)

meas meas PDG
MX(382% M X(3823) Mg/ﬂ +M¢ﬂ

= 3823.1 + 1.8 + 0.7 MeV. B T

,'Wzd},{'( eV/c?)

* The measu red Mass and Wldth FIG. 4 (color online). 2D UML fit projection of the M,

are consistent with the B (y )KL desys Do W 527 Gev/c K i
missin 1D) state. PRL111, 032001 (2013),
2

Belle



BES]]I e+e-21'n X(3823)2 'n vy,

Phys. Rev. Lett. 115, 011803

: g 2.5
0 40F —+ Data ,%_ - (b) ~+-data
S U I] — Fit & oF — Y(4360)
§ o I Background = :
o F Sideband 5 1.9F
~ o %) [
2 20 6.20| § T
S 10F \l }l X 0.5F
- : jt'i E ~-':"‘|\‘.‘...|....|...‘|..
36 3.7 3.8 %9 © V45 43 44 45 46
M__ (') (GeV/c?) Ecrn (GeV)

M=3821+1.3+0.7 MeV, I < 16 MeV, Significance: 6.20

R = B[X(3823)>yx,,]/B[X(3823)>yx.,]<0.43 @ 90% C.L.

Both Y(4360) and y(4415) line shape give reasonable description
Agree with BELLE's measurement

Agree with (13D,) candidate
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Ab Y 42 60 WO PRL 95, 142001 (2005)
out Y(4260) : ;
Charmonium-like, first observedin £ | gapar } oyt
its decay to *nt"J/p @BaBar via 3 ¥ H‘ ‘ } w ‘ E
e*e” ISR process; aglltb L B N
Small coupling to open charm NS ol vl o .g_ﬁ.ﬁ

decay modes; 4

Y(4260) decays to charged 2o RPN ;.
charmonium-like states: ¥
— 1Z.(3900) (=1/P)
— 1Z,(3885) (> DD*)

— nZ.(4020) (>7h,) i g 07
_ nzc(4025) (QD*E*) %- Chon it sl A IRt A

844244464855254

—
QL O
[= B -]
EmEma

E :' -\ v :.'lp ' , -;
3.5 4 4.5 5 55

PRL110,252002

Entries/20 MeV/c?
N oS (e)]
(o] o o

. M(m"tdiy) (GeV/cd)
Nature: a. gua rk-gl_uon BESIII: o(e*e— n*n'J‘l}\p)e C
charmonium hybrid, a tetraquark = (62.941.9+3.7) pb

state, a hadrocharmonium, ora  agree with BaBar & Belle!

i ?
hadronic molecule: BESIII is measuring cross

sections at more energy
points, and more data
being taken!



Other Y states

Belle: PRL99,142002, 670/fb
ar: PRD 89, 111103 520/fb

20¢ I e Ta'ate aTal = :
157 vRS)»Iymm S 40f PRL101,172001
165 * BABAR = N 695/fb
14E 12 events (520 £5) 30k
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m; 110 events (673 f5') _; 20
= = -
) ~j 10F : HJI—#
2: ..... ”:ll ||||||||I||||||||||||||||'||||
0 T SRRV 45 4, . 4 5 51 52 53 54
m{y(2S)t'T) (GeVic?) M ("E\LC-I-":E‘G_)
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Entries/20 MeV/c?

Y—> Hadron + lower charmonia

BESIII, PRD 86, 071101(R)

30 —
Belle, PRD 87, 051101(R) (2013) _ . Searching for nJ/, )/, J/b=> 1T, I=e,p
x | + Data 40 +Data
" I 8 50;_ —Best it % —Best fit
% — Background ; —Background
2 | J5=4.009 GeV
o 0F 1
9 f
c 20F
g
" 10
D- WAF AR g i Loyt tpelaT¥in 4 114 0
o & 0.2 03 04 05 06 0.7 OB 09 02 03 04 05 06 07 08 09

4 4.25 45 475 Miyy) (GeVied) M) (GeVic?)
M(nJ/y) (GeV/c?)

- CLEO-c, PRL 96, 162003 (2006) Hadronic transitions (by n, n° or a
S cleemyw@S) 1 pion pair) to lower charmonia (J/...):
I — 4]  sensitive probes to study the
= properties of these Y states.
C (d) ]
. *F . wen Jhy o(ete’ s Jiy) { F no evidence for the Y(4260), Y(4360), Y(4415),
i T | ; or Y(4660) in the nJ/y final state.
20 ]
-~ e T, Opencharmeffects:PRD84014007
3.7 3:8 — 3:9 .r. ‘I‘I — 4:1 — '4:2' a3
Vs (GeV) _ - ' .
2015/9/10-2015/9/13 CPS Fall meeting, Jilin University, 15
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BESII
Observation of e"e™ 2wy (X 27 T /KK)

L 16E B ot 100
— ’ D ta — C -
E 14 Egtallm i E E C

F === Background fit E —
To }g E==1 Sideband - 80: 4 Data
8 8t 8 _ = 60_— == Resohance
g 6L % E 2 C == Phase Space
2 4 £ 3 wf
[ E c bHp g 40
a 2 @ d s = C
= 0 [[ W B = 0 .8 a| = ; - 8 L /I S -
m ([ ENRTA S I S S PR

3.25 33 335 34 345 3.5 3.25 33 335 3.4 345 3+l 20f N
M(r*n) GeV/c? M(K'K") GeV/c? +$ 0: / -=1" —~— I
% 10 % 16 T !
o 7; @4.26GeV G ]g I
ms Lr) - .40_IIII‘\III|II\\llllll\lllllll\‘llll
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S S 6 |
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L:lj S il | T 2l Lﬁ ( &o PRL 114, 092003 (2015)
325 33 335 34 345 35 325 3 3 3. 35 34 3. 45 35
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By assuming the wy, come from a single
resonance, and Fit with a single BW :
Mass = 42301+=8+6 MeV

Width =38+121+2 MeV

Significance > 9¢

Nature is not clear to us:

A tetraquark? (PRD 91,117501 (2015))
Y(4S)? (EPJC 74:3208 (2014))

Or Threshold effect?

CPS Fall meeting, Jilin University,
Changchun, China
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BCSII
Observation of e*te™2n J/P (21", |1=e,)

Events/(0.01GeV/c?

Events/(0.01GeV/c?)

Events/(0.01GeV/c?)
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..... Background fit
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“A.- e s aheteh ol (UL
02 03 04 05 06 07 08 09

M(yy)(GeV/c?)
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Events/(0.01GeV/c?)

Events/(0.01GeV/c?)

Events/(0.01 GeV/c?)

160
140; (b) \s:d.?GOGeV
E —4— ¢*e’Mode
120 — Total fit
F --—-- Background fit
100 E Jiy sideband
8O
60F
40F
205
0
0.2 03 04 05 0.6 DT DB 0.9
M(yy)(GeV/c?)
60F [s = 4.260 GeV
r F Ns= 4. e
50F (d) —4—e'e’Mode
o — Total fit
40 :_ ---- Background fit
E Jiy sideband
30F
20F
10
0 F 1 1 1 1
02 03 04 05 06 07 08 09
Meyy)(GeV/c?)
P ) Vs = 4360 GeV
[ v/ —+ ¢'e’Mode
200 — Total fit
[ - Background fit
Jhy sideband

0_‘. e I b b b e B
02 03 04 05 06 07 08 09
M) (GeVic)

CPS Fall meeting, Jilin University,

100 [~ — Belle
- — BESIII(2012)
%_‘ BOI —4 This work
= 60[ l
2wl |
TE ¥
o 20F J[J[ .H ]LJ[]l
Q -
20 H
B v b b b v v B v s B v I

38 39 4 41 42 43 44 45 46 4.7
(s (GeV)

PRD 91, 112005 (2015)

*Structure near 4.23 GeV is observed

*No =t° J/ evidence

* Agree with previous results, more precision
* More data @4.10~4.20 GeV is needed!
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Searching for iso-spin violating decays in
BESIT v(4260)>nm® J/P(D1*1, 1=e, )

* Theory prediction:

— Hadron-quarkonium/tetraquark of Z, and Z_in Y(5s)=> n7n° + bottomonium
* M.Voloshin, PRD 86 034013
 A.Alietal, PRL104 162001, PRL 106 092002
— Tetraquark model: Z.=> nJ/Y or t°J/P
* L. Maiani et a_I., PRD 87 111102
— Y(4260) as a D;D molecule:
 X.Wu et al., PRD 89 054038

* No statistically significant signal is observed.

PRD 92, 012008(2015)
o B o 5
S gp TP @4226Gev| 3 | Daw @4.257 GeV
& [ —Sideband & 4 F — Sideband
4F 5
L) - Ly 3'_ 4
L - L B
— 3 i C
S S 2f booth
- - -I-_
s 1 il II:I o If J
S oUEl oM W & hal S A 0
3 3[}5 31 315 3.2 3  3.05 3.1 315 3.2

M(I*T) (GeV/c?) M(I*T) (GeV/c?)



Charged charmonium-like states, Z_

* Decay into a charmonium, thus contains cc

 Have electric charge, thus has two light
quarks—=>2>4 quarks

* Could exist in m=J/Y, nTYP(2S), m*h, mt¥x,,...
* Experimental search:

— BESIII/CLEO-c: ete > n™ exotics,...

— Belle/BaBar: e*te™>(y,iz)t ™ exotics,...

— Belle/BaBar/LHCb: B—>K exotics,...



About Z_(3900)~

Z_(3900)*:
m = (3899.0 =+ 3.6 £ 4.9) MeV/c” BESIII: PRL 110, 252001 (2013)
' = (46 £ 10 &+ 20) MeV 100}~ +aia

— Total fit
=== Background fit

- PHSP MC

=]
o
L

Mass close to DD* threshold
Tetraquark?

[ sideband

Decays to J/w -2 contains cC o
Eloctric of > contains ugl Molecule:

olete” = mtr~J/Y] = 62.9+ 1.9 + 3.7 pb at 4.26 GeV

olete”—>nt Z.(3900)F snta—J/y] _

Events / 0.01 GeV/c?
[=p]
o

20 f

AR = (21.5 £ 3.3+ 7.5)% at 4.26 GeV o=snmimtuinaialna:
M a2 /) (GEV/?)
Belle with ISR data (PRL 110, 252002) CLEOc data at 4.17 GeV (PLB 727, 366)
v —+ data % UUE { Data
f‘:’. 80 —ra = 30 .- Phase Space
> — Background E i Fit
(_% o0 --- PHSP MC :‘E 252_IZIJ}‘I|I Sidebands
S 40 S 20
° % S 15
8 F
g 20 10,
“ 10§ stk N
0 EB=L i 2 0'-....|....|....|....I
37 38 39 4 41 42 3600 3700 3800 3900 4000
anv(”-JIW) (GBWCZ) Mmax(n+‘”W) (MeV)
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Events/(10 MeV/®) Events/(10 MeV/é)

Events/(10 MeV/d)

About Zc (39()())0 arXiv:1506.06018,

Submitted to PRL

* Observation of Z(3900)° in e*e™ to °n°)/Y

0
60
50
40

(a) 4.230 GeV, 1091.7 pb’

2015/9/10-2015/9/13

CPS Fall meeting, Jilin University,

A structure on ©t°J/{ invariant mass spectrum
can be observed:

Mass = 3894.8 +2.3+2.7 MeV

Width =29.6 +8.21+8.2 MeV

Significance = 10.40

12

" + Data (a)

Counts / 15 MeV

6

F=y

]

gl- ™ J/y Sidebands
3 . = --\v'r"v!-o-
J600 3700 3800 39200 4000

My (T°J1p) (MeV)
CLEOc data at 4.17 GeV (PLB 727, 366)

o DJ_L@ Hﬁj‘l o

Changchun, China =


http://arxiv.org/abs/1506.06018

BCSII Search for Z(3900)* 2> wn ™

141 (a) 2 (b)
SRR @4. 3GeV g 10
= | | 5 F ol || @p-26GeY
X S el
S . 4{“‘1 u ]l I M"J" | il il
2, H T e 5 “HIMTI il
SR i VI LT
o ot R R T o o
3.4 36 38 4 3.4 3.6 3.8 4
M(wrt) (GeV/c?) M(wr*) (GeV/c?)
*No significant Z.(3900)*: PRD 92, 032009 (2015)

ole'e 2Z n+c.c., Zwn) < 0.27 pb @ 4.23 GeV
ole'e- >Z.n+c.c., ZOwn) < 0.18 pb @ 4,26 GeV

B(Z.>w mM)<0.2% [or ', <70 keV] @ 90% C.L.

 since wm is a typical light hadron decay mode for 16(JP)= 1*(1%)
- imply the annihilation of cTis suppressed.

CPS Fall meeting, Jilin University,

Changchun, China =
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Observation of Z_(3885)*in e*e->n*(DD*)*
@4.26GeV using single D tag method

.525pb at /5 = 4260Melf
- PRL 112, 022001(2014)

Events / 4 MeV/c?
on

385 3.90 3.95 4.00 4.05 4.10 4.15

An enhancement near the DB*,
Mass = 3883.91+1.51+4.2 MeV, (fit
with BW function)

Width = 24.81+3.3 +11.0 MeV

Reconstruct the w+ and DY — K-m+ and infer the D*-.
(Also analyze 7+ D-D"0 with the same method.)

M(D°D*) (GeV/c® 0.5
N _ 0450 RECTT Data
§100E | 525pbTatys = 4260MeV 3z 04 Fitzid s Ol si il
o sof [T PRL112,022001(2014 > o3
- | c 0.25
o aob ® 015
E N - I - 0'1
O ooF o 0.05
Ll:j S I o
OE A 0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
3.85 3.90 3.95 *3.00 405 4é10 4.15 |cos 6,|
i
M(D"D™) (GeV/cT) Fit to angular distribution
2015/9/10-2015/9/13 CPs Fall mee favors JP=1* over O and i-

Chang\,llull' “linia



s Z.(3885) is Z.(3900)* ?

e Their mass and width are consistent within 2 o

Z.(3885) — DD*  Z.(3900) = nJ )y

Mass (MeV/c?) 38839+ 1.5+42 3899.0+£3.6+4.9
[ (MeV) 248 £33+ 11.0 46 + 10 + 20
o X B (pb) 83.5+6.6 +22.0 13.5+2.1+48

* If so, open charm decays are suppressed, since

[(Z.(3900)—nJ /i) Different dynamics
Compared with ,e.g. in Y(4260)-Z,(3900)
B(15(4040) — D) D)) system!

= 192 £+ 27

B(1(4040) — J/i)pn)

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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Events/(0.005 GeV/¢?)

Events/(0.01GeV/c?)

Z.(4020)*/0

PRL 111, 242001 (2013)

K Iefesksadl
.?.95 4.00 4.05 4.10 4.15 4.20 425
M_., (GeV/c™)

asf PRL 113, 212002 (2014)
>50

SE | | PRI ST I*.

%.85 3.9 395 4 405 41 415 42 425

M (GeVie™)

via t+/0 h_

* h.2yn. n.~16 hadron decay
modes;

*Z.(4020)*/0 is observed; another
isospin triplet Z,(4020)° is
established.

*A weak evidence for Z(3900)* >
n*h,;

Z.(4020) Mass / MeVic? | Width / MeV

Z(8020):  4022.9:08+27  7.9+2.7+26
Z(4020)0  4023.8+2.2+38  Fixed(z7.9)



Observation of Z (4025)%in e*e->n+(D*D*)*

@4.26GeV
PRL 112, 132001 (2014)
80 | — - comb. BKG —4— data
Tag a D* and a bachelor 7", reconstruct one ©t° L DD — total fit
to suppress the background. A structure, sol- — Z.(4025)
named as Z_(4025), can be observed in the | >10c -.-» PHSP signal

recoil mass of the bachelor it".

ws

 BESII

M(Z,(4025)) = 4026.3+2.6+3.7 MeV;
[(Z.(4025)) = 24.8+5.6 7.7 MeV -

MJ
o

Events / ( 2.5 MeV/c*)
I
o

4.02 4.04 4.06

RMim) (GeV/e®)

=171 — 0,65 £ 0.09 + 0.06 at 4.26 GeV

4.08

olete” st Zc(dﬂ%):F—}(D*D
olete——(D*D*)tn¥]

Coupling to D*D* is much larger than to wh, 1f Z_(4025) and
/. (4020) are the same state.

CPS Fall meeting, Jilin University,

Changchun, China 26
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BCSII Summary on Z, states

The BESIII experiment discovered several 7 states.

Iy

Z.(3900)* 3899.0+3.6 £4.9 46110 £20 ee - Iy
Z.(3900)° 3894.8+2.3+2.7 29.6+8.2+8.2 Iy ete—ninJy
3883.9+1.5+4.2 24.8+3.3+11.0
Z.(3885)* [single D tag] [single D tag] D’D*  efe—n'D'D*
E 3884.3+1.2+1.5 23.84+2.1+2.6 D D*0 ee—mDD*0
[double D tag] [double D tag]
Zf(4020)i 4022.940.8 +2.7 79427 +2.6 nth, eTe—mh,
Z.(4020)°  4023.9+2.2 +3.8 fixed nh, ete—month_
Z.(4025)* 4026.342.6+3.7 24.8+5.6+7.7 D*’D* e*e—m (D" D*)

CPS Fall meeting, Jilin University, >7

2015/9/10-2015/9/13 Changchun, China



charmonium

* Measurement of B(¢/(3770)->yx_, ) and
search for (3770)->yx,,

e Searches for isospin-violating transitions
X c0,2 %nonc



Measurement of B(y)(3770)->yx., ) and

search for Y(3770)->yx_, (viax., v/ /w1

LIJ(377O)9non—DI5 decays is used to test and probe:
its constituent , S-D mixing model, decay mechanics...

400_"'I""I""""I"'l

i Fxneriment/theory [y (3770) — yr.y) (keV)
BESIT 4 PrD 91, 092009 (2015) — —

c}"}m 300
(o) i e vl
3 This work
- ¥ — :
8 200l Ding-Qn-Chao [12]
e [ Nonrelauvistic 95 3.6
"Ea i Relativistic 72 3.0
g 100 Rosner S-D mixing [13]
- i ¢ = 12°[13] 734+ 9 24 + 4
o ¢ =(10.6 £1.3)° [32] 79+ 6 21 £3
3.45 35 3.55 3.6 ¢ = 0° (pure 1°D; state) [32] 133 4.8
M, (GeV/c?) Eichten-Lane-Quigg [14]
Nonrelatvistic 183 3.2
FIG. 2 (color online). Invariant mass spectrum of the y''J /s With coupled-channel corr. 50 3.9
combinations SC|CLIFCL| TI'L_)IH' LI;l[;L_ The dots W|“Ih L.l'I'I'l‘!I' bars Barnes-Godfrey-Swanson [15]
represent the data. The solid (red) line shows the fit. The dashed Nonrelativist - 125 4.9
(blue) line shows the smooth background. The long-dashed mmj ‘_lt"_“:’t”" = o
(green) line is the sum of the smooth background and the Relativistic 77 9.9
contribution from e*e™ — (yqr Jw(3686) production.
B(¢(3770) = vxe1) = (2.48 +0.15+ 0.23) x 1077,
B((3770) = vXe2) < 0.64 x 1073
CPS Fall meeting, Jilin University,
2015/9/10-2015/9/13 ° v 29
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Events / (10 MeV/c%)

Searches for isospin-violating

transitions x . ,> 1N, wia n, k=)
A e, AT )

" )( 0 = 71, BESII y 505' Ker = 2l _ 0 )
00 + +# + ! E 0k H ﬂ *H ﬁ ﬁ E A = Tl 127 1),
"R 4t : of ﬁ | ﬁ I 4] 59
Rtk +++++|ﬁ++# P f g W : 5.8 86%
08 b W t 5 i/ , 15 13.8% 20.2%
.m%m/‘..l.l/ul.u//./lu 3/‘/“.'..\./ "f""'/"%"j“ B(/i\f—?'ﬂnm)(“]_ji] ‘:lf] {32
27 28 29 3 a1 32 43 27 28 29 3 31 32 33_ At ! /

Mg, (GeVic) Mo (GeVIE)

* No significant n_signals are observed, and upper limits are set.

 The comparison indicates that the QCD multipole expansion
(PRD 75, 054019) predicts that the branching fraction is 20 times
of magnitude larger than our measurement.

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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Light Hadron Spectroscopy

 |Introduction

e Recent results

— PWA

e Observation and Spin-Parity Determination of the X(1835) in
I/ o>y K% Kon

* An amplitude analysis of the ©°%° system produced in
radiative J/ decays

—Y(2175)
* The study of J/=2nénn

— Abnormal decays P2 VI*I~

* Observation of the Dalitz decay n’ = ye*e”
e Observation of n' D>we*e”



Scalar glueball candidates

121 O — |2
 LQCD: .
2 I o
0**, low mass glueball, 1.5~1.7 107 é’::: | 4
GeV 3t gt
° ++ 8t .
J/P->VyPP, even . O™ m— 3 S
G %
2 =

* f,(1710), f,(1500): | | 2
glueball candidates.

Reprinted with permission from Y. Chen et al, Phys. Rev. D73, 014516 (2006).
Copyright (2006) by the American Physical Society.

0 — A
* Experiments: f,(1710),
f,(1790),X(1810); (a)
the same resonance? a—
| hadrons

g9



About X(18XX)

. BESII: PRL.91,022001(2003) -
¢ Wb —
— 3 100 - N\ _
¢ PP: s [ |° “H
/LIJ ev _ § b [ "+3++¢_1_ ﬂﬂ""-#‘i*h#c 44 .ﬂﬂ+
— Mass close to the pp threshold st e A
_ ; : T I / —
What is the spin and parity ! 0 o 5) -2 (et
PRL108,112003(2012) -pectr
PWA analysis for the region below 2.2 GeV 700 — XD
« Four components included in the PWA fit: <% 600 — 0"'PS
X(pp), £,(1910), £,(2100) and 0*+ ph 5 500 — L2100
p), 1,(1910), 1,(2100) an phase space S 400 — £,(1910)
* Parameters for £,(1910) and £,(2100) fixed at = )
the PDG values S 300 *
* Statistical significance of the X(pp) g 200
> 100 f .- -
component > 30, 5¢ for the other components & 0 bRt T g
* The 0" assignment is better that other J*C 0.0 0.1 0.2 0.3

2
Mpﬁ—Zmp(GeV/c )

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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I/, v(3686)2pp

. . . PRI.108,112003(2012
is consistent with the X(1835), 150 pror e S
. 400 _ a x _ 35;
but I is narrower. Swi  — Xop) | g
© 300 F — (2100 1 > "
Need further measurementto §,,. __ Oglgl(); 3 2l
o= - 2 — 20
. 3 F <
clarify whether or not the S S 15}
X(pp)and the X(1835) are the & lg?( i
same states. Pl L
20 2.5 30 35 0.0 0.1 02 0.3
M(pp)(GeV/cd) M, -2m;(GeVi?)

Fit results including the final state interaction effects:
M = 1832%1 (stat) 712 |.(syst) = 19(model) MeV/c?
I' = 13 4+ 39(stat) 719 .(syst) + 4(model) MeV/c? or I'<76 MeV/c? (90% C.L.)
BR[J/YP(3686)—yX]xBR[X—pp]=[9.0704 , |(stat)™1 . o(syst)+2.3(model)]x10-

CPS Fall meeting, Jilin University,

Changchun, China 34
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X(1835) in J/U>yn'

« X(1835) previously observed at PRL 106, 072002 (2011)

T E
BES and BESII, now confirm _ so0f (b) E
@BESIII with two additional RS . -
structures above 2 GeV/c? 3 % .

S 30F @ p ¥ WY ¥

Resonance M(MeV/c?) I'MeV/c2) E s ]

£1(1510) 15227 5.0 48 = 11 >576 2 200 E

X(1835) 1836.5 3.0  190.1 =9.0 >206 5 Y A -

X(2120) 2122.4 * 6.7 83 + 16 >720¢ 5 100 =

X(2370) 2376.3 = 8.7 83 + 17 >6.46 PO -

D = ik | | | | | | —
1.4 1.6 1.8 20 22 24 2.6 2.8

 Nature interpretations: glueball,

n 2
pp bound state, excited n M(m*tn’)(GeV/c?)

meson... 5000~
e angular distribution 4000
consistent with pseudoscalar, but $ 3000}
other spin-parity assighments not g 000 E
excluded 00l ;
90 02z 04 06 08 10
2015/9/10-2015/9/13 CPS Fall meeting, Jilin Universit: lcos8, | .

Changchun, China



Other observatlons of X(18XX)

BESIT

300

\V]
(4]
o

EVENTS/(10 MeV/c?)
o
o

lII]IIIIIlI!IlIlI]lllllillll

250

200

—
n
o

Width (MeV)
o
o

on
o

d dodate
1.6 1.7 1.8 1.9

Jp—y3(nm)
PRD 88,091502

BESII

I]IlIIIIllllllllllllllllllll

Events / (20 MeV/c2)

/LIJéwmt T
PRL 107, 182Q0.3%

1.6 18

M(3(r*r)) (GeV/ic?) M, o (GeV/c?)
= * xus}&); JF unihown (this result
:_ O  X(1870); J* unknown (Ref. [14])
E T A  Xx(1835;J°=0 PRL 106, 0720
:—' B X(p);J =0 (I PRL102;,112003 (2012)
E 4  X(1810); J* = 0* (Ref. [16))
T T
1 +
F T T

1800 1850 1900 1950

Mass (MeV/c?)

2015/9/10-2015/9/13

U, Jilin University,

Changchun, China

—— Projection

—eme X(1810)
f,(2020)
f,(1950)
— = n(2225)

— - Phase-space
------ Background

Ip—yod
PRD 87,032008

—— DClLCl
(a)

M(K*K 1t 0) (GeV/c?)

We need more
measurement,
more decay modes,
More statistic.

36



Observation and Spin-Parity Determination of the X(1835)

in J/ Y-y

K K°n

1.3 billion J/ data taken in 2009 and 2012

PRL 115, 091803 (2015)

[T T[T T T [T T [T T T[T T TT T[T 1T

. . . r:‘.ﬂ 500 _ ta) ;E:::akground }_i NU' 3005_ (b) * ;Eg::akgmund _

Structure in invariant KgKgn 3 .00 it B0 B e

mass at ~1.85 GeV/c?2 3 0l BESII Sy M

° 1 2 sobth M { E

200 1o b it ;

§ 100 F +ﬂ+*++»%#m++wh*ﬁ++ +¢+ ; § 10‘05i ki ++ E

Strong correlation with wep g Mg WSO W

l]-1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 01.0 1.2 14 1.6 1.8 2.0 2.2 2.4_

enhancemgnt at KsKgs mass M, (GoVIC M (GVIC?

;hrgeggold (interpretated as S {CHman ) 7°(d)|:3‘kgd

— 2.2p _ S 60f —Fﬁ:ser:u;ce MC

U( )) ‘i}g 2.0f & 50f H P _
& 1o R
: : ¥  EE):
Structure in KKgn is = 1af i
enhanced for m(KgKg)<1.1 2, LS
1.0 h

GeV/c?

CPS Fall meeting, Ji

2015/9/10-2015/9/13
Changchun,

IR e e D B R ST B R

16 1.8 2.0 2.2 2.4 2.6 2.8 3.0
2

ngkgn (GeV/c?)

lin University,
China

1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
2
MKEKgn (GeV/c?)
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Observation and Spin-Parity Determination of the X(1835)
in J/ y—y K° K°.n

*Partial Wave analysis is performed with
M(K® K°) <1.1 GeV/c? , <M(K° K° n) <2.8

GeV/c? ;
*Dominant by f,(980)>K°K°. ;

* 07%, mass and width in agreement with

the X(1835) in J/y—>yn'w*w
X (1835) — fo(980)n (>12.90)
— 1844 + 1973° MeV/c?
' = 192132192 MeV

X (1560) — fo(980)7n (>8.90)
m = 1565 + 879, MeV/c?
[ = 45715738 MeV
*These results are all first-time
measurements and provide important
information to further understand the
nature of the X(1835).

2015/9/10-2015/9/13

CPS Fall meeting, Jilin University,
Changchun, China

PRL 115, 091803 (2015)

I.|1I||II r||]||||||r|||||_

80 ¥, =1.40
Vrol BEOL KB -
= — MC projection :
D60 B Background

() ---- X(1835)
o S50 — - X(1560) h
=) Phase space -
o 40 '| =
~ " -
0 30 5 r
. — | !, u
o2t o il :
|.I=..| 10 TR ol 3 1) _
# -I'_--_ '+ . ++ E
1 6 1 8 2.0 2 2 24 26 2, 8

Mysyo, (GeV/C?)
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PWA of J/p—>yr°r®

1.3 billion J/ data taken in 2009 and 2012 ‘ Accepted by PRD

5
10

é - Data E

— —— Exclusive MC ]

— [——1 Signal ]

| %S I [ Misreconstructed background —

N o =
4 . ) =R

10 E B b =
— [ ECEaEE — —_
— [ Other Backgrounds — =
[ — =
- L, E
~, 3 — 10 &
S 10 B = &
% — (o) ] ..tE
= Background level: 1.8% ] 5
- o
— -2 =

2 2 = 10

= 10 - 8
= = D
i ©
=
w©
@
o

10 B 10
;

_ 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 H 10
0.5 1.0 1.5 20 2.5 3.0

Mass(n°n°) [GeV/c?]

* Only significant 0++ and 2++ contributions
* Model Independent Partial Wave Analysis

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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Events / 15 MeV/c?

Events / 15 MeV/c?

o0 £ o 2 I
== BESII . . a0
e WL ﬁn i i, Ll
4000 E— aIII Ly E ! J
00 S ,ndsggfﬁﬁﬁ | %" Lﬁﬂ‘@mﬁ]% Je T o L
15 25 3o 0.5 1.0 15 20 25 3.0
Mass(x%®) [GeWcE] Mass(n%n?) [GeV/cd]
30000 = E 9 = I
w0 E- )21 jﬁ'lf Two non-trivial ambigudussolutions eX|st in w"’ o H{ %,,, 1
20000 = g TI . £ L E It
o = i most bins above KK thréshpld 1 ﬂg&%@{l@ ‘T]‘J mﬂlhm} rML JH]IM(HI 'd]
10000 = & L aE 1K
5000 %— oft EL: 2 f_ l H[ ausl
0 E L il """“I# g -3 é.— ...................... al H]l|.
0.5 1 4 3 t 05 1.0 1.5 2.0 25 3.0
Mass('7) [GeV/c?] Mass(n??) [GeVic]
T
o000 = . 15 3E 5 13
o £ (6) 2712 1:5*‘1{ Impossible to determire #iphysical"” solution it H ol oA P]WH[JM “ ‘
10000 E— Fi . I = Tis fa ‘f‘:'; o8l et 1
ol = F*  without model dependentassumptio §l "“"f j,., ARy L-d.*”?PIU' | [l ]
5000 ;— J;?"e % g 4 i_ [{ 1l Ie[ﬁ Il 1 Ll}ol‘:ﬁ i ; {[ ° 145
me I T teE | “ il
E L e l ¢ = B - o L FE ] Ml
0 05 1 1% ‘Az"& @W ﬁ 8 = To 5 . 20 25 | a0
Mass(n%n?) [GeV/c?] Mass(n®?) [GeVic?]

*From 0++, significant structures around 1.5, 1.7 and 2.0 GeV

are observed. arXiv: 1506.00546
*Br(J/Y=>yn°m®)= (1.1540.05(sys.)) X 103 AGEEFIER 0 P
*Results may be combined with other related results for

development of phenomenological models...

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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(0 f,) (nb)

=
(=3

=1
i O
— T T T T T 7]

Table 1: The observation of Y (217

About Y(2175)

* Y(2175): SS-gluon Hybrid as a counterpart of Y(4260),
or 23D ; quarkonium ?

5

) at BABAR, Belle and BESII

collaboration process mass (MeV/c?) | T (MeV /%)
BABAR ISR:ete™ — ofy | 2175 £ 10+ 15 | 58 £ 16 £ 20
BESII J/h — ndfo(980) | 2186 £ 104+6 | 65 +23+ 17
Belle ISRiete— — ofy | 2079 +£13%5; | 1924237
ISR:eTe™ — o fy 2172+ 1048 |96 +£19+ 12

BABAR(updated)

| (a)BaBar |

EVENTS/{20Me\V/ic®)

en
™T T T

=
™ T TrrT

1.8

PRD 74, 091103(R)

| I L 1
24 26 28 3 |

196 L8 204

PRL 100, 102003

A

£ 2k Al 244

T2 22 24 28 28

C iMaL

PRD 80, 031101(R)

aipra) inb)
o

o4

)

(djBagar
1

Yo

]IFJ}I TR T T #Hﬂi'l#ﬁ
PRDS6, 012008



Study of Y(2175) in J/y—non*n at BESIII

" PRD 91 052017(2015)

T —=data - S::EEEEESEE;E:E:EE;QSEESEEDS [
_ 2008 et [} (@ o bR W b e
% ~ T liiiismelsRfitamaticntt | f
; 16':'_ C\b B oooepooooooooddioooon s e -
o 140F m S 22| :sasssscogseaseedEEss (@ | +
2 5 o  [.:3:53:8328508E0500¢ i 3
o 120F il i | M h O ,| :itizgSpedsacgooter o +
< 100 gy} ﬂ | o e § ol
a 3 } & [ CBi30885BREEES: s | 1
£ g0 # ¢ 18 fiszifmscmees’ 3 eof % f—-%—-ﬂﬁk
2 60 : | = [ SoiEoeEEeRT " t | L TFCR
@ 4ok - bﬂlilﬂ = | f ifiaE 5 wf “}‘ 4 £
AANENE BGST \
0.5 1 h 03 1 0 _ |2 21 I 22 B 23 B I2l4l - I2|5I :
M) (GeV/c?) M(r*1) (GeV/c?) -Mfrhf (980N (GeV/cd) '
Collaboration Process M (MeV/c?) [ (MeV)
BABAR [2] ete™ = ¢f, (ISR) 2175 £ 10+ 15 58 + 16 4 20
BESII [3] 1w = 1 f(980) 2186 10+ 6 65 +234 17
BELLE [41 ete= = ¢fy (ISR) 2079 + 1317 192 42312

Confirm the existence of Y(2175)(>100') "225|V| J/data taken in 2009

* Unknown BG: two dimensional sidebands of ¢, f,(980);
* Mass & width: Consistent with former results .

Eal . i - .
2015/9/10-2015/9/13 CPS Fall meeting, Jilin University,

Changchun, China 42



400

350 -

[

[ ]

[S]
|

Events/(0.01 GeV/c?)

1.1 12 13 14

noT
== == non-1n/( backgrounds
histograms: X{1835)
= histograms: X(1870)

15 16 17 18 19 2

PRD 91,052017(2015)
Nn*T mass spectrum recoiling
against the ¢

* Br(J/y—>¢ £,(1285)) ;

* 1(1405)/m(1440) quark content : u and
d;

* searches for the X(1835) and X(1870);

TABLE III. Measurements of the branching fractons for the

M {T‘LI'I_.TF} {GEV.-’CE} decay modes. Upper limits are given at the 90% C.L.
Decay mode Branching fraction B
- - Sy = nY(2175), 1.20 £ 0.14 + 0.37) x 107*
Resonance Nobs Significance  Efficiency(%) 3(21';?5)(% $f0(980), | -
. - - f0(980) = ntz™
Y(2175) 471 + 54 > 100 9.10 £0.01 7/yy — of1(1285), (1.20 + 0.06 £ 0.14) x 10~
f,(1285) 1154 + 56 22.14 £0.09 f.f'1(1285) Rt i
n(1405) 172 + 50 (< 345) 3.60 19.75 £0.12 7 % (2-”(1 Dy
' : U ) = nrw < 4.45) x 107
X(1835) 394 4360 (< 1522) l.1o 13.85 £0.14 7/y—¢x(1835), < 2.80 % 107
X(1870) 25+ 73 (< 330) 0.80 1373 £0.14  X(1835)—nz*a

2015/9/10-2015/9/13

J/y — $pX(1870),

< 6.13x 1077
X(1870) —» nya*n~

CPS Fall meeting, Jilin University, 43
Changchun, China



2015/9/uv conwcyoy an

POVI*I-, |=e,

Study of the rare and
forbidden decays of n/n":
probe to test fundamental
symmetries of QCD and
search for new physics
beyond the SM.

Vector meson dominance
(VMD) models have reached
good agreement in
describing the experimental
data of the triangle anomaly
sector and are also valid in
the box anomaly sector.

P(r°n,n")

D

Decay mode B B Bﬁ’i"# - B;xft P
pl—itI” mput (448+022)x 1077 45x1077 (4.60028)%107°
p—aiti™ 41x107° 4.6x1077

pl— It~ 2.7x107°¢ 7.0 1071
pr—aEatrt 54%107° 1.8x1077

pl—ataT It 17x1074 6.7%1077

p— it 75x107¢ 24x107°

p—ayltl” 191074

w—1T1" mput (7.15+£0.19)x 1077 71x1077 <18x107*
w—ml It 79x107* (59+19)x10™* 9.2x1073 (9.6+23)x107°
w— T 6.0x107° 1.8x10°°

w—a T It 3.9x107° 29%107"

w—mla7ttT 201077 T4x10""

w—alpltl” 87x10710

I g nput (3.00+0.06) % 10~* 3.0%107%  (248x034)x107*
A 161077 <1.2x1074 4.8x107°

d— it 1.1x107* (13755 x 107" 6.8x107°%

p—ylti™ 6.5 1073 (49+1.1)x 1073 3.0x107% (3.1+04)x107%
p—at a1t 36x107* (13750 %1073 1.2x107¢

p —yItI 421074 811077 {1.04+026)%107*
p —wltl” 2.0x¢1074

g —mtaTItI 18x1073 2.0%1073

fo—yltI™ 22%1077 2.8%107"

fo—wta 1t 14107 41x1077

ag—yIti~ 6.0x107F 7.4x107°

ag—mnlTI” 4.0x107° 14x107°

0 +y- -2 9 —2
7yt 11810 (1.198%0.032)% 10 PRC 61 035206

Changchun, China

el CPS Fall meeting, Jilin University,

44



P2>VI*I-, |=e,u

VMD model: bn,=1.45 GeV-2

e.g. single poIe F(g?)] = 14+ L Chiral perturbation theory:
approximation: (1—¢%/A%) A b.=1.60 GeV-2
n’ .
dF N
= — =5\
dg? 72=0

Used to test the VMD model chiral perturbation
theory.

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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Observation of the Dalltz decay n —> ye e

L L B B !

L {’b) —+ Data —
—_— ---- Signal MC
£ 300 ~.rcTnvr.|c ] %
o Sideband @
o B — MC+Sideband =
o 200 )
3 g
= i c
§ 100 o
T w

n = 3 o = i
.85 0.9 0.95 1 1.05
Syy (cm) M(ye*e) (GeV/c?)

measured for the first time

F(;? — }/e )/F(;? — yy) = (2.13 £ 0.09(stat) £+ 0.07(sys)) x 1072

E 27 A2 2 E 3: l
-|[;(~qz}‘2:m2‘.\_{;\2‘—2|(‘,\}242 - 05 -_[ (Cj —fl—q /\
1ok ( 7°) :’/- A : . ..
j the prediction of the VMD

1T o
J " i model:

s B! NS ——— b,=(1.60 0.17+0.08)GeV"

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

The results are consistent with

IF(q®)P

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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Ewvents/{0.25 cm)

Events/(0.001 GeV/icd)

The observatlon of n'>mwe*e-

ACICIS

60 (b) J/ -
F | ~data P .
or | oo Soock |7 y—yn' n—oete
E {, -—MC y conversion CI 042 L o
0. e . —
| | ER % w0 —— data
| 003 | - " :
: P EoClrs, et 6 sE other backgrounds
i 0.02F:, [ i ok . - - :
[ ' Nli,\ﬁmﬁ; S i T | . >N, N T
' Q" v 8 5fF
OP‘.‘- P B R R 5 -
0 5 10 15 20 S wE
11 R (cm) w -
% 1.05F (2) :
< E 0
> 1
. '
® 095F E . byl - -
® gob 005 01 015 02 025 03 035 04 045
= T M(r'r*we’e)-M(nln*m) (GeVic?)
6 0.85F
4 TTE
2 AL s SN S arXiv: 1507.06734
0 0.02 0.04 0.06 ' ' : ' '

Misn’x') (GeVIc?) accepted by PRD

M(e*e) (Gevic?)

(different from other analysis!) Fit to M(n%*n'e*e') M(nOn*r): improve the mass
resolution and BG description; + 1" anomalous decay: test chiral perturbation

theory and VMD model;
Br(n'—>we*e-)

2009and 2012, .

=(1.97+0.344+0.17) X 10* Decay mode Be%e BZY, B, B3Y,
- o . . ' At 4 5 4
consistent well with theory prediction. 7~ a0 3IX107  (L042026)X10
7' —ol’l 20%X10°*  No exp. measurements
1.3 billion J/y data taken in p—m'm 1" 18x103 PR, 61, 035206 20%10°3

CPS Fall meeting, Jilin University,
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Baryon Spectroscopy

* Introduction

* Recent results

— Observation of two hyperons =(1690) and =(1820)

— Observation of two new excited baryon states in
\(3686)>pp m°
— N(1535) in {(3686)>pp n



introduction ? baryon

2200

* Animportant field for - o
understanding the structure [/ N o I W S [ G
of hadron. o e = = = —

* Non-relativistic quark o ||
model(NRQCD): SN

— successful in interpreting '?WE — —
baryon resonances. o |
— an explicit classification 150 - 15
. . Theory
for light baryons in terms .} Exp
of group symmetry. - Missing
— “miss resonance problem” .| L

N N Nz N N N3/Z N5/Z N7/Z

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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introduction 5 baryon

BESIII, high charmonium

statistics : a good
measurement of baryon

SpeCtrOSCOpy Three gluon process
— Isospin 1/2 filter: Yy >NN _
T, Y—->NN it )
— Missing N* with small
couplingstomN & YN,
but large coupling to gggN

Y->NN nt/n/n'/w/d,p X
T, p AK ...

Virtual photon process

CPS Fall meeting, Jilin University, 50

2015/9/10-2015/9/13 Changchun, China



About =

=, hyperons with strangeness S =-2

Quark model predicts over 30
=* states, only 11 =* states

have been observed to date.

Few of them are well

established with spin parity

determined.

e most observations: bubble

chamber experiments or

diffractive K-p interactions.

e Charmonium decays offer
a good opportunity to study =:
narrow width, low background,

high statistics...

2015/9/10-2015/9/13

Status as seen in

> Overall
Patice J© status S AK  SK  E(1530)r Other channels
Z(1318) 1/24 sowkx Decays weakly
Z(1530) 3/24 sk pionk
=(1620) * %
=(1690) ok KEE
Z(1820) 3/2— wkx  owk wkk ok
=(1950) I T S %
=(2030) $kk Kk
=(2120) ' '
=(2250) *k 3-body decays
=(2370) Kk 3-body decays
=(2500) * £ % 3-body decays

CPS Fall meeting, Jilin University,
Changchun, China
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Observation of two hyperons =(1690) and =(1820)

The decays is reconstructed

from cascade decay:

Events/(1 MeV/c%)

B(w(3686)>KA E)=(3.86£0.27+0.32)x10°

* Two hyperons Z(1690) and =
observed m y(36860)—>K-A Z'+c.c
* Resonance parameters consist with PDG

in P(3686)2>K*A\ E*+c.c.

Y(3686)->K A=

=
T2

10

1.31

1 320133
M(Am) (GeV/c?)

2015/9/10-2015/9/13

1.34

PRD 91, 092006 (2015)

Changchun, China

Ax’ Based on 106 X 10° {)(3686) data
|—> ﬁ]’t"'
_ T T I T
Lp'}t - —
o3 BESIT -
h‘}i L :
;-.-‘. -
3 -
= 20 - 4 —
g I % ]
S 101/
Ll:l : [} I
1.35 )
M(K'A) (GeV/c?)
=(1690)~ =(1820)
M(MeV/c?) 16877 +38+1.0 18267 55+ 1.6
[[(MeV) 27.1 £ 10027 544 +15.7+42
—_ ) - , Event yields 744 +21.2 136.2 + 334
= ( 1820) arc Significance(o) 49 6.2
Efficiency(%) 32.8 26.1
B(ll]‘f’) 521+ 1.48 £0.57 12.03 2294 4+ 1.22
prDg(MCVf{.'E) 1690 4+ 10 1823 45
[opg(MeV) <30 2410
CPS Fall meeting, Jilin University, 59



LIJ (3 686) éy K*A\ =%  PrRD91, 092006 (2015)

—_ — — A+ .
w(3686) — K-X0=+ Xy~ KAE"(J =012

— 1 ' r rt 1 T Tt T T T T 1 F L L B L I L L =

® : z

r-'l_.“ Fi-ﬂ- 20__ —_

s 5

= = I5¢ LT

< 1 B _

3 20 L L ]

= Z 10 ]

4 S §

& 2 or 1

= s5C * ]

0" = o i 2==U ab _
1.16 1.18 1.20 1.22 1.24 0 3,40 ; 4_{ ; 'iOI 'q ‘iSI '_I‘; 60

M(YA) (GeV/c?) - T T o

' M(K'AZ) (GeV/cT)
Decay Branching fraction

w(3686) — K~ A=
w(3686) = Z(1690)" =",
2(1690)" — K~A
yw(3686) — Z(1820)"E1,
=(1820)" — KA
w(3686) — K- XV="

(
'P"Sﬁ"f‘;f’ = VX eor Xeo — K~AZ
w(3686) = yxc1. oo — K~AE?
w(3686) = yrea Y2 — K~ AE!

Jeo =~ K-AES
Ael = K_“‘Lg
— K~AE"

(3.86 + 0.27 +0.32) x 107

(521 £ 1.484+0.57) x 107

(12.03 42944+ 1.22) x 107°

(
(
(
(
(
(
(

3
1
1
1
1
1
1

67 £0.334+028) x1
90+ 030£0.16) x 1
32+0204+0.12) x 1
68 4+ 0.2640.15) x 1077
96+ 0311+0.16) x 1
43+02240.12) x 1
93 +£030+0.15) x 1

These BRs are
measured at first

03

0~ time!

03

04
04
04

2015/9/10-2015/9/13

CPS Fall meeting, Jilin University,

Changchun, China 23



Observation of two new excited baryon states In

BES]]I WY(3686)—pp n° _ PRL 110,022001(2013)

>

>

>
>

200

— N(1520)
— N(1535)
== N(1650)

Two body decay: PWA results
U(3686)—> p N*, N*—> pml+c.c
—> X1®, X—>p p

Events/{32MeV/e?

Isospin conservation: A suppressed;

The best solution:

N(1440),N(1520),N(2090),N(1535),N(1650),
N(1720),N(2300),N(2570)

(J PC) ; J——— L =
No significant evidence.
N(1885) and N(2065), p Benhancement;

The uncertainties from additional possible
resonances are considered.

Events/(32Me Vie?)

h
b4
L=

|
4
+

4
=]

.

-+

:..-u
:MJ;
P snil R IR A N B

3040
250
2040
150
104D

S0

. .

2.0 2. i
f"-IImi{.'n:"'r'fd:lil

Events/(36MeV/ )




Observation of two new excited baryon states In
3686)—pp n°
LIJ( ) PP PRL 110, 022001(2013)
Resonance M(MeV/c?) I'(MeV/c?) AS ANy Sig.
N(1440) 13900430 3407385778 725 4 1150

N(1520) 15103700 1157200 198 6 500
N(1535) 15357373 1207507, 494 4 930
N(1650) 165073710 150731t 821 4 1220
N(1720) 1700739 32 4507097 556 6 9.60

)t 300

N(2570)5/2) 2570 103

*B({)(3686)>p pr©)=(1.65+0.03+0.15)x10*
*2 new resonances
*No significant N(1885) or N(2065)(<50)

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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N(1535) in y(3686)—p p n

PRD 88,032010(2013
e PWA results. ( )

e Best solution: N(1535)
combined with an interfering
phase space;

* N(1535):

» M=1524+5*10 , MeV/c?
» =130*%7,,*% , MeV/c?
P Benhancement <30;
*Supressed compare with
“12% rule”: T Mp;Ge::lcz)m

o _ BU2S) > upp)
v B(J /vy — npp)

Events/(25MeV/c?)
Events/(25MeV/c?)

Events/(25MeV/c?)
Events

— (3.2 +£0.4)%



Charm

* Leptonic decays
— D" uv
e Semi-leptonic decays

— Measurement of y., in D°DP oscillation



Leptonic decays

SM prediction: M(DE s o) — P

o ‘ Vcd{s'] |2m§mﬂ+

(=)

Allows us to explore precision measurements of :
* Decay constants [ D, using input from |V¢d(s)\CKMf1ttEf
I'\\.S

»  CKM matrix elements |V,4(5)| using input from fmmﬂ;r}
5

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China



N_. =(170.31+0.34)x10°

tag

Measurement of B(D*>u*v ), fp-and V,
ete” —)w(3770)9D+D‘

_ | somf
mc-_—m i 1 ®) P W ’

W’S‘ l: 'f:u.;. Bl ol '

17 (o) P

Mumber of Evenis

2.92 fb! data@ 3.773 GeV

[ LR I | ] il | L 1 1 9 LI
182 LE4 18 LB L& LB 136 138 LEZ 18 LBS LEE

Mp¢ [GEV/CZJ - \,Ebzeam - |PD Ff!f:{:l2

e

E -r-i: -
E | oy
L[ -

_J

MNumber of BEvents
=

—,
Fa
TTTT

@ ﬂ PRDS89 (2014) 051104 —— pRD89(2014)051104R

*‘l&‘r.!':.x.'

I oD procsse: ,,'15!"""'_
= 1

¥

0 0.2 0.4 (16

Mrzniss lGEVE/Cq‘J — EmiS.S'E - |.ﬁmiss|2

B[D*>utv]=(3.7140.19+0.06) X 10~

Input tg,, my., m,. on PDG
and [V_4=0.22520 £0.00065
from CEKM-Fitter

!

Input tp., mp., m . on PDG and
LQCD calculated f,.=207+4
MeV[PRL100(2008)062002]

fp+ =(203.2 £5.3 £+ 1.8) MeV

|Vcd

= (0.2210 + 0.0058 £+ 0.0047

2015/9/10-2015/9/13

CPS Fall meeting, Jilin University, 59
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http://dx.doi.org/10.1103/PhysRevD.89.051104

Comparison of of B(D*>u*v,), fp-

209.0£9.3+2.6 CLEO-¢

203.2+5.311.8 BESIII
PRDB9(2014)051104 (R)

208.3+3.4 HPQCD
PRDS6(2012)054510

212.6+0.4"); Fermilab Lattice+MILC
PRD90(2014)074509

—
= (0.0393+0.0035:0.0009)% CLEO-c

|_._|
e (0.0371+0.0019+0.0006)% BESIII

H
coe (0.0382+0.0033) % PDG2014 H

U+ T

I 1 1 | 1 | | 1 1 | | | | I 1 | |
0.04 006 0.08 0.1 200

| ‘ E(D"' — ,u:"'uﬁ) ‘

2015/9/10-2015/9/13

CPS Fall meeting, Jilin University,
Changchun, China

250 300 350

400
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Using Semi-leptonic decays to measure y,
If DY in CP eigenstate,

| ]/'* © CE = 1: > DO must be in opposite
e ——_ @ CP eigenstate

Total decay width of CP eigenstates:

[ep+ = T(1+ yep)
Semi-leptonic (D — [) decay width is only sensitive to flavor content
Therefore, Semi-leptonic decay from a CP eigenstate

iBD'cpiﬁI ~ BD—}E(I + ylfp)

s Yep 1 (:B.Dcp_ai FDCH—}L)
: CP ™ 4 \=- T
4 B--5‘*1::.!==+ﬁ"I BDCP—*E

This can be obtained through Single and double tag yields and efficiencies
Ncpia  Ecp

B, =
Pepr=! Nepy  Ecpa

CPS Fall meeting, Jilin University,
Changchun, China

2015/9/10-2015/9/13 61



BESIT Yo Fesults

f _ Nepri ecpy

Phys.Lett. B744 (2015) 339-346

— - b S R e R R R | L U S
Per¥=l Nepy €cp+;l %
E791 1999 | . ;I 0.732 = 2390 = 1030
Branching ratios of Kev and Kuv
are combined to get By __—_; 3420 = 1390 = 0.740

-1.200 + 2.5 = 14104

CLEO 2002 I .

Results are combined from Belle 2009 o] 0.110 = 0.610 = 0.520
different CP modes into a global

fit using standard weighted least- LD 2012 i 0550 = 0630 =0410
square method. Belle 2012 H 1110 = 0.220 = 0.110
BaBar 2012 4 0.720 = 0.180 = 0.124
BESIII 2015 + —20+13+07%
Result: * *World average H 0.866 = 1,155 %
Yep = (—2.0 £ 13000 & 0.75y5))% R R
Phys.Lett.B 744(2015) 339-346 Yep (5)

*Edited to compare with BESIII result
**BESII not included in world average

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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http://dx.doi.org/10.1016/j.physletb.2015.04.008
http://dx.doi.org/10.1016/j.physletb.2015.04.008
http://dx.doi.org/10.1016/j.physletb.2015.04.008
http://dx.doi.org/10.1016/j.physletb.2015.04.008

BESIT

Summary &outlook

e Many progress @ BESIII recently;

- XYZ decaymodes, espectially Zc process,

« new measurement about important
parameters&constants,

- newly discovered resonance...

* More results are on the way!

e BESIII may continue data taking until 2020-

2022.. TRanks very much for

your attention!

CPS Fall meeting, Jilin University,

2015/9/10-2015/9/13 Changchun, China
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Back Up



Light Hadron Spectroscopy

Observation and Spin-Parity Determination of the X(1835)
inJ/ U—>yKsKsn

The study of J/>nénn

Observation of the electromagnetic doubly OZI-suppressed
decay J/Y = ¢n0

Observation of the isospin-violating decay J/{ = ¢mnOf 0980
Observation of the Dalitz decay n0O - yete-

Observation of electromagnetic Dalitz decays J/{y - Pete-
Observation of )/ - omegaete-

Measurement of the proton form factor by studying ete- -
o



WEIGHTED EWVENTSAOI

In 1978, the Z(1690) was first observed
in the (£ K) final state in the reaction
Kp—(Z K)Krn at CERN

|§||

g

Weighted Events/4 MeV/c?
3 3

=

1
Kp—(E K)Kn ﬂ-' !

|§||||r

§ fad
T TTTTTTTT

m(= %) (GeV/c?)
In 2008, BABAR determined spin-parity of

=(1690 ) tobe JP =% in A —En'K*
2015/9/10-2015/9/13

Observation of two hyperons =(1690) and =(1820)
In Y(3686)>K*A\ =*+c.c.
* E =(1690) and = (1820) are flrmlv established.

a e N Lue S 1

- =50 events
= =
==
O
g ot
[
—
e
B 30O
an
= 1
| 2T
S I¥
=

LIl o

L) | R = - —

=10 =3 -1 = = i =T=;

PATA I T ISaw ™)

In 1976, =(1820) was first observed
in KA mass spectrum in Kp scattering at CERN

Events/ 15 HeV/c”

O

In 1987, C ER}. SPS experiment determined
spin-parity of =(1820) to be Jr=3/2-

1eeting, Jilin University,

Changchun, China 66



