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The Stage for a t-c Factory

O Rich of resonances, charmonia and charmed mesons.
O Threshold characteristics (pairs of t, D, D, charmed baryons...).
O Transition between perturbative and non-perturbative QCD.
O The new hadrons:glueballs, hybrids, multi-quark states
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From BESII To BESIII

BES Il @ BEPC BES llIl @ BEPC II

it

BESII BESIII
MDC o(p)/p=1.78% - Vi+ p? o(p)/p,=0.32% -p,
dE/dX eso = 8 % dE/dX,eco < 6 %0
TOF 180 ps (for bhabha) g0 ps (for bhabha)
EMC | o(E)E=22%-yE o(E)JE=23%-VE
MUC 3 layers for barrel g layers for barrel, 8 for endcap
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BESIII data samples

~0.5B Y(3686) events ~ 24xCLEO-C
~1.3B J /Y events ~ 21xBESII
~2.9/fb ¥ (3770) ~ 3.5XCLEO-c

~5/tb XYZ states above 4 GeV Unique

« 20 points for R &QCD Scan:

500/pb finished in May 1st, 2015 0 3

« Y(2175) resonance: 100 /pb
finished in June 15, 2015
2016: we will take 3/fb Ds data

about 4170 MeV ~ BXCLEO-c
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~ other data sets: tau, A_, resonance ;"

scan and continuum, etc.
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Hadron States

Hadrons:

— 2 quarks(meson) or 3 quarks(baryon) m ?

— Described with quark model(QM)
-precision spectroscopy

QCD suggests:

— Molecule: bound state of two hadrons g ud ud
u
— Multi-quark states:(qqqq, qqqqq, ...) a? s

— Glueball:(gg, ggg, ...) dibaryon pentaquark
— Hybrid:(qqg, ... ) > ﬁc,
.search and spectroscopy of W /xu u)

unexpected states

diquark + di-antiquark dlmeson molecule

Clean environment and high luminosity at BESIII are

helpful to resolve the puzzles
2015/8/4 Dayong Wang
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Spectroscopy and hadron physics:
Highlighted topics from BESIII

@ Light meson spectroscopy
@ EM Dalitz Decay Studies

@ New Physics searches



X(18XX): BESII legacy

A fit using an
acceptance-
weighted
S-wave BW
Plus bkg.

3-body phase spa
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EVENTS/20MeV/c?
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Jv— Y PP (58_N_l .1/‘4: events)

S T T IN=1859 B 5 MeV/e?
—10 -25

<30 MeV/e? (90% CL)

acceptance

PRL 91, 022001 (2003)
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BESIII with 5x more data

J/\ﬁwop

Partial Wave Analysis:
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-JPt= 0*>6.80 better than
other assignments

-I1=0 FSl improves the fit
quality by ~7c

T 9 +18
-M=1832"7 23 + 19_ . Mev
~2mIO -40 MeV
- '=132£20';; MeV; < 76 MeV

- Bf/w=2>7X) X BAX=>pp)=
(9O-+1014;10Si 2'3model) X 10_5
=>»suggests Bf(X—2>pp)~large
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Understanding the enhancement

Plot from: Kang, Haidenbauer, MeifBner, Phys.

Rev. D 91, 074003 (2015)
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X(1835) confirmed at BESII|I

X(1835) X(1835) consnsfem‘ wn‘h O
(\f]\ K CD 5000j : oo

_ L2500¢ |
J /\V_),an T % : two new ;@ngoﬁ
r'rl ,%n TC+TC_ g 400 - 3000 ¢

p o O. 300: ZOOOT *:

n _)yn T T\E/ I 1000? X(1835) | *

5 T BESII 455557055710

PRL 106, 072002 (2011) [ : -y

100} ?

0 ........................

1.41.61. 82022242628
(GeV/c?)

nnn

Resonance M( MeV/c?) I'( MeV/c?) Stat.Sig.
X(1835), 1836.5+3.06,; 190.1£9.0*38 5, >200

X(2120) \ 2122.4+6.747,,  83+16<L, . 720

X(2370) \2376.3+87-32,,  83+17%, 6.40

\
X(1835): same mass and JP€4Ethe€%pp peak, but larger width ™




Events / 20MeV /¢*

Events / 20MeV /¢

Observation of X(1870)
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* A resonance with mass of 1.87 GeV and

width of 57 MeV is observed.
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M(n7*m-) non-a,(980)

J/y—onmn'n-,
00(980) r'econsfrucfad in nm*
soof T m X(1870)
800 (1405} 7.20
200 [f:(1285) i .
600 \ [
500
400 f,x’*‘
e BESIII
200 -
100 | 48%
0
1.2 1.4 1.6 1.8 20 22
M, + . — (GeV /c?)
Phys.Rev.Lett.107,182001
(2011)
«Simple fit shows:
*M =1877.3£6.3*34 _ , MeV

*I'=57+12*9  MeV
» Significance: 7.20
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X(1840) In J/‘I’ — yS(n )

1-6 1.71141.;81- ‘419111211112.1ll
M(3(n*r)) (GeVic?)

« A structure is observed in 3(m + 7 - ) mass spectrum
M=18422+42+71,, MeV/c? Mr=83+14+11 MeV/c 2

* Mass is consistent with X(1835) from J/¥ — ym+ m-n' confirmed

by BES-IIT and CLEO-c, but the width is much smaller

* A new decay mode of X(1835)?

PRDSES (2013) 091502(R)
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Jhy—yYK, Ksn Mass spectra

T g O Crucial to measure the
soof (2 :E:E’kgm.,nd *—; Waool :gggamnd 1 JPCof X(1835) and for
> — Phasespace MC{ > | + I‘ — Phase space MC

1 B250F :
S 400 2 - new decay modes
S Arxiv:1506.14807 ++_§ gzuu§-+ﬁ+ | HM 1 O No background from J/i
© 1 9.kt t ]
;znﬂ_ 1 ;15[}_- +++ h+*+ t ] —)KSKSn and ]/ll)_)KSKS
g sy g, * ] E100 AL 1 nn®, due to exchange
>100[ 4 S I :
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M ... (GeV M ... (GeV
KKH(EC) ““(e“) O The structure around
241 (. ExIN - (d ata E 21
z_zf—(f) S LN W] e 1 1.85GeV/cZin the KK gn
r{;”:_ E _ E EDE— ’ — Phase space MC_ mass Spectrum IS
= “" 5] 501 . .
E 18k s N }M {1 strongly correlated with
i ;J b g it
<1.4] %1 € ol | 00 To reduce complexities,

[ =] g - ]

1.2} 1 i 10f we perform PWA by
1'0151320 2224 26 2830 u_1.5132{1 22 24 26 2.8 3.0 requiring M(K K,)<1.1

Moo, (GeV/c?) Mooy (GeV/c?) GeV/c2
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MC Projections of Nominal PWA Fit
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J/ Y—Yy Ks KSI] Results |pasvisseeEs

O The PWA fit requires a contribution from X(1835)—K (K n with a statistical
significance greater than 12.9 o, where the K (K system is dominantly
produced through the f,(980)

O The spin-parity of the X(1835) is determined to be 0-*

O The measured mass and width of the X(1835) are consistent with values
obtained from the decay J/}W—ynnn’ by BESIII

O These results are all first-time measurements and can provide important
Information to further understand the nature of the X(1835)

State Jpe Decay Mode Mass (MeV/c?) Width (MeV) Product Branching Ratio Significance
* 0+ K.K +16 +20 +62 +0.33 +1.96 41 . >12.9
X(1835) sisn 1844i9_25 192_17 —43 (3.31_0.30 _1.29)*10 5 o
ok '’ 5.6 38 0.49 )
X(1835) mam 1836.5+3.013 1909738 (2.87%0.097'55 )*10* >200
X(pp)*** | 07 PP 183212 118419 <76@90%C.L. (9.0+94 415 4 5 3y0105 >30 6

*This result ** PRL 106, 072002 (2011), the angular distribution consists with 0-* hypothesis *** PRL 108, 112003 (2012)

O Another 0~ * state X(1560) is also observed with a statistical significance
greater than 8.9¢ and interfere with the X(1835). n(1405)/n(1475)?

O X(18XX): more to come, stay tuned!
2015/8/4 Dayong Wang 15




1.

2.
3. Search for X(1835) and X(1870) states

M(nrt) and M(KK) after
event and track selection:

Clear {;,(980) signal
Non-n bkg in the £,(980)
mass region is small and
can be neglected
non-f,(980) and non-¢

events used to estimate

background contribution:

2D-sidebands
2015/8/4

JAY—nonn

Observation of the Y(2175) resonance (called also ¢p(2170))
* s-quark counterpart of the Y(4260)?
« ss-gluon hybrid? Or excited ¢ state? Tetraquark state? AA bound state? Ordinary
¢1,(980) resonance produced by interactions between the final state particles?
Investigate the properties of f,(1285), the n(1295), and the n(1405)/m(1475) resonances

PRD 91,052017 (2015)
1.4F St

i @ b 0
MO
0.5 1
M(r*r) (GeVic) M(K'K)(GeV/cH)
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J/t/)—mgbmt

PRD 91052017 (2015)
Unbinned maximum likelihood fit is performed “F . S
to the ¢f,(980) invariant mass distribution < F
* No interference between Y(2175) and direct E 100
three-body decay of J/yp—npf,(980) ~ sof
* Y(2175) resonance observed with a % 6o |
significance greater than 10c E wof
M=2200+ 6 £ 5 MeV/c? T=104 =15+ 15 MeV 20 |
400 0 'zl - 21 ' '2.2' - .z.al - |2.4' - '2.5I
- _ non'n M(é fn{BBD}}(GGW’cz]
360 - f,(1285) — — non-/¢ backgrounds
200 |- — :::::9:::: :E::g; N mass spectrum recoiling against the ¢:
o grams: * Fit includes contributions from the f,(1285)

and n(1405) signals, the J/Yp—n¢nn decay,
and backgrounds from non-n and non-¢

processes
* No evidence of X(1835) and X(1870) states

i _ \ B(J/p—t,—¢dnmr) = (1.20+0.06+0.14) x 104
OF 12 13 14 15 16 17 18 18 B(J/}p—¢n(1405)—¢nnn) = (2.01+0.58+0.82) x 10~

-
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PWA of J/wy—ynn and ya’a®

O J/y->ynn was only studied in 1982 by Crystal Ball with very
low statistics.

1 Study of J/Y decays to P(n, it) could provide information in
intermediate states, important for glueball hunting

[J Neutral channels at BESIII has special advantage

"“;35“0 — * —— Real Data

= + B side Band 225"_ —} Real Data
13000
o C + - o’ BG = .
2 C + 5 . Side Band
Za500F- 00 7200 }/ ‘~|J_’Yrm
A el P&
2000 N
o "L Very low™:
r * +* L
3 DA, BKG + :
1000 A -
E T - + e
S0 ST T T iy ﬁ%ﬁ* %W%
O 0.5 1 15 2 7 3 - N
m(zr) o 12 1.4 186 18 2 22 24
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PWA In Jhy—ynn ;

s hys. Rev. D. 87, 092009 (2013)
*L:200F i ] 160f | { 3
L | 1a0f 1 *f£,(1710) and f,(2100) are
2150_— 1 ol120F 0 0
L 2 Npin=2.14 E F o
S | MeTEE ] roof dominant scalars
~ 100 ] L 80:
2 f 5 60
E 501 ] 40 .
AR B * f,(1500) exists (8.20)
0 1.5 20 25 3.0 —q_
(a) My (GeV/c?)
900 T T3 700pr °f2’(1525)isthedominant
800E 600
;3 %2/ Niin—=0.69 : 500; tensor
S500F 1 Ba00f
Z400F 3 g30::)E .
L E ] w E E
300F 1 ook : ¢ f2(1810) and f2(2340) exist
200 = o
100F 3 100F : (6.4 and 7.60')
—q_(} - l0|.5l - IOI.OI - I0.|5I - I1_.0 0—13' —:‘2—|1(|}|1 IIE (Ii
| () cose, (d) o, . . e e .
Resonance Mass (MeV/c?) Width (MeV /¢?) BJ/y — yX — yqn) Significance
£o(1500) 146871577 136756100 (1652037703 % 107 820
fol7) 1759 = 633 172 £ 10733 (235233243 x 107 25.00
fo(2100) 2081 + 1372 27373700 (1137997088 x 107 13.9¢0
f4(1525) 1513 = 574, 75712+16 (34220457150 x 1073 11.00
f(1810) 182273966 22973288 (54070897343 x 1073 6.40
f>(2340) 23627317140 3347527163 (5.6010827237) x 1073 1.60
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Events / 15 MeV/c?

Events / 15 MeV/c?

MIPWA of Jhy— yala®

16000 -
- | Aniv1506.00546 T
14000 - f] 1{ S : f
12000 - l B 2 20000 il
10000 F- 1 : i
- ¢ | el "ﬁ 2 15000 F- |
8000 [ fll ‘i; [ h = - § g
6000 [~ 1 A 1 £ 10000 - 3 p
= lle | 4 = i
ol SR B @M Eaof  F s
= 3 dHI - - gty
0 PP B B 0',.|._mﬂ|....-mg{@;.l.’@m
0.5 1.0 15 2.0 2.5 3.0 0.5 1.0 15 2.0 25 3.0
Mass(n°n®) [GeV/c?] Mass(n°n%) [GeV/c?]
» Solution 1
16000 F- © ,_ * Solution 2 2 .
14000 [~ i g sow = (d)
12000 - ﬂ]‘[ 2 s000F
10000 - £ o 2500 F |
8000 [- j Z 2000
6000 f- ﬁ 3 £ 1500
4000 - Y S 1000 F- I
2000 - 4 Ly " so0f LL’;* |
- (-] . 1 Tt 1
oa.__..._..d-f‘i’."a".....‘ o Ed . e
0.5 1.0 15 2.0 2.5 3.0 0.5 1.0
Mass(n%x®) [GeV/c?] BR= (1.15 =+ 0.05) x 103  Mass(’n") [GeV/c?]
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n' — ye e~ : Motivation

v’ Investigate the inner structure of the meson

v Transition form factor to better understand
the anomalous muon magnetic moment

v'"VMD multipole FF: F(¢*) =N Z*’” ey ;”%'.

2gv- T q il ey

e+
*(p) < dL(yf = AI*1") - . s oo
, Y*(p) = [QED(¢?)] x |F(¢?)|?

e- dq¢*I'(n’ — )

Y =

3
v 2c0 ] {m? 21mn? q° 2
=S 1=23 (1 22 1= | [

37T q° q* q* '“'/
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First observation of n’ —» yete~

{r
L 300 +n
% .ﬂED:IIﬂ.i-i-un
= 200
]
—
‘E 100
o
it 1
085 09 095 1 1.05 0 01 :ﬁz(e&:')u{"é;:ﬁf:g 0.7.08
M(ye*e’) (GeVic?)
L(y = vyeTe)

— (2.1340.09(stat.)+0.07(sys.)) x 1072

F'(n' = vv)

B(n' = ~vete ) = (4.6940.20(stat.) £ 0.23(sys.)) x 104

42x10% effective meson theory, PRC61,035206
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n' - ye* e : Transition Form Factor

A%(A% 4+ 47)
|'£ {q | i"lj ] + 1_,‘_
A,y = (0.79 £ 0.04(stat.) £ 0.02(sys.)) GeV

= (0.13 = 0.06(stat.) £ 0.03(sys.))

by = (1.60£0.17(stat.) 4 0.08(sys.)) GeV 2

0 0.10.20.3040.5060.70.8
M{e‘“e'} {Ge\ﬁcz} Phys. Rev. D 92, 012001(2015)

® In agreement with the results of n" —yu+u- from CELLO
by = (1.7 4+0.4) GeV 2

®Theoretical predictions:
by = 1.45 C{‘V °  VMD
D,y = 1.60 GeV~ ChPT

I = +0.15 ) . .
by = 1.5375s GeV ™= Dispersion
2015/8/4 Dayong Wang 23
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Combined Result

Theoretical prediction

Jip = neTe (g = 4m

)
S
21 f(a) ;
=
— 10 b3
E ¥ ! H %
2 : ' [ H
w " , E
0.85 0.9 0.95 1 1.05
M(vn*n) (GeVic?)
““Em‘ - .
=
2 f(c)
o 10F 3
P . ]lJr
S 1 H . it 1
- 3 .
w EIRE
0.45 0.5 0.55 0.6 065
M({yyn*n) (GeVic?)
1
L F
:h 3
> | ]
= 10 ;-(E') 1
@ I 5
b2 _ 'I' * ]
E 1 E T i - II' T 1 .!
= 4 ]
2 .
W g ' R
008 041 01412 014 016 018 0.

M(y 7) (GeVic?)

+. -
il

)

1J/y = nete (' = 757 1) (5.81 £ 0.16 £ 0.31) % 107°

(5.66 + 0.16) x 107°

(1.16 4+ 0.07 + 0.06) x 107

(1.21 £ 0.04) = 10°°

Jiv = nete (gt )
Ji = neTe  (n = )
Jiy — 7leTe (7" = vy)

(7.56 + 1.32 £ 0.50) = 1077

(3.80027) s 1077
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Events/(0.25 cm)

Observation of n’ — me*e”

a- 24
(b) S 22 (c)
(‘E 20
— 18
S 16
S 14
- » E 12
:.t":-or:". 5 10
v *oy . ‘.r' = 3
o.. ‘o. LU
o 3 6
dtauiii 4
|l | 2 . ty 4y
5 10 15 20 0 0.02 0.04 0.06
Ry (cm) M(e'e) (GeV/c?)

Arxiv:1507.06734
Decay mode|  Yield e(%) Branching fraction
n — wy 33187 4 351 (21.87((2.55 £ 0.03 &= 0.16) x 10~ *
n —wete | 66+£11 |5.45((1.97+0.34+0.17) x 10~*

B(??'—)wﬁe—)
B(n'—wy) = (771 + 1.34(Stat):|:0.54(8y8t)) % 1073
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10 photons/s/cm/keV

New Physics Searches@BESII |

*Physics beyond the SM due to phenomena that cannot be explained within
the SM framework:
- SM does not explain gravity

- SM does not supply any fundamental particles that are good dark matter candidates, nor be
able to explain dark energy

- No mechanism in the SM sufficient to explain asymmetry of matter and anti-matter.

NEWSINFOCU

: 5 o3

0. #i é i ottt |m e | -ﬂ;'::ﬁ BRAN MGG (MRl s
DAL [} 1]
020 I# .%:' Il ‘ 1 { i 1 :“ 7 [ & vt
0.1 ’ \ Q- A l ) +Lhé§ #%‘% % 53 . .:. o -,

| o f 1 3 _L 7 ¢ e
o ;;,{f T\ 10" [F 4 s [ } ! \ +++ £ f T N W :
9.9 % % i oo U g y
s N o R TR R 511 5 /tlnle kaygia(zoaa) 159 i od]n% ] ! { 0 s . Ei:z;ll;A

R 4490 S04) _ “ilfl 320 330 OGDB 1 : aP HIEJA:J
Ea i
B * TS93 n | pamticec pursics |
il ) Physicists hunt for
1 10
positron, electron energy [GeV] dal’ k forces

Cheap calliders probe debris for hint of ‘heavy’ photon.

*“No evidence of new physics been found at high energy frontier, it is important
to search for new physics both directly and indirectly in the precision frontier.
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Dark photon search with ISR
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Work in progress
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Di-muon resonance: Motivation

> Coupling of fermions and the CP-odd Higgs A°

e ¢ !
_ m _
Ul =est, e p ). d=d,s,b, e M
_ m _ |
Lin =—A°u(I75)U. U=UCt v, v, v,

b
V - -
tan ,B —_u E. Fullana et. al, > _ /'/
Vv Phys. Lett. B 653, 67 (2007)
d et A \
LOOO T . . ru+
0.500 Phys. Rev. D 81, 075003 (2010)] 3 Observable branching fraction (BF) for
E‘ : J/Y->VA 0 is possible in the range of
—~o.100H 1 tanf=20 _ 10° — 107 [PRD 76, 051105 (2007)]
3TE] e E
F0.050f 7  The CLEO [PRLI10L, 151802 (2008)],
- ] BaBar [PRL 103, 081803 (2009); PRD 87,
& 0.010 1 031102 (R) (2013)], BESIII [PRD 85, 092012
0.005 F+ = (2012)] and CMS [PRL 109, 121801 (2012)]
- T experiments have reported negative results for
L » the A decaying to muon pairs using various
0'0010 12 decay channels and in five different A° mass

ranges.
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Search with ¥’ —»arnJ/vy data

Couplirlg of c-quark to the AO: Expected BF:107-10° [PRD 76, 051105 (2007)]
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exclusion limit ranges: 4X10 -7 -2.1X10
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Events / ( 0.007 )

Search with J/wy
data directly
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Work in progress
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Probing NP with Charmonia and Charmed mesons
Symmetry breaking, Invisible decays, FCNC ...

Events/4.0 MeV/c?

PRDS7, 032006 (2013) | 1

12F
10F

Theory:
PRD 72, 103508(2005)

B(n—invisible)< 1.0x 104  BR(n—>yx) ~ 7.4 x 10~
B(n’—invisible)< 5.3x 10*  BR(n'—>yy) ~ 8.1 x 107

@90%C.L.
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* . B(J/y—ep)<1.6 X 10-7 (90% C.L.)
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B(Do—yy)<3.8X10-6
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Summary

Rich and active hadron physics programs &
opportunities at BESIII.

» Spectroscopy results provide insights into both
normal and exotic hadron states

» Several Dalitz type decays are first observed,
provide more info about meson structure

» With large statistics&high quality data, BESIII
has good potential to do NP search.

Thank you!
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Z.(3900) Observed at BESIIII

BESIIT @4.260 GeV: PRL110, 252001

Belle with ISR: PRL110, 252002
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Z.(4025)° in ete~ — (D*D*)°xn"° Analysis strategy

ey
= -

)
- Particle will be detected
( J Particle will not be detected
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e m———
- e

il 3

T

* Tag D and D => « Selectn® = + M(Dn®) =»> « RM(Dn°) vs RM(Dn° = * RM(n°)

DO K m* +c.c. ¥ veto Reject background for Select the D*D*7r? process Study the recoil mass of

D> K ' +c.c. n° from D* > D n® n°, corresponds to M(D"D")
D% K m* it* iv +c.c.

D*- K m* t* +c.c.

Require M (Dm%)>2.02GeV
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Z.(4025)° in ete~ — (D*D*)°x? The recoiling mass of =°
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Arxiv:1507.02404
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