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§ 2004: started BEPCIT upgrade,
o bl ’ BESIII construction
4 2008: test run
2009-now: BESIII physics run
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Physics of T-charm reglon

Charmonium physics:
- Spectroscopy

- transitions and decays
Light hadron physics:
- meson & baryon spectroscopy

- glueball & hybrid

- Two-photon physics
- e.m. form factors of nucleon

Open Charm physics:
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- (semi)leptonic + hadronic decays s

- decay constant, form factors

- CKM matrix: Vcd, Vcs

- DO-D%ar mixing and CP violation
- rare/forbidden decays

Tau physics:

- tau decays near threshold

- Tau mass scan
..and many more.

Previous BESIII present & future
data
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Above open charm CLEO: 0.6/fb  2011:0.4/fb @ w(4040)
@ y(4160) 2013: 1/fb@4260, 4360

2012:12/pb@2.23,2.4,2.8,3.4

threshold
R scan & Tau BESII

+ 1—— 1+— ++ ++ ++ 2—+ 2—— 3—— 9

in Y(4260) decays
BESIII arxiv:1303.5949

BESII 58M 1.2B 20* BESII 10B
CLEO: 28 M 0.5B 20* CLEOc
CLEO: 0.8 /fb 2.9/fb 3.5*CLEOc 20 /fb

5-10 /fb

25/pb T scan
2013, 2014: @4260, R scan, ...

World's largest samples 3



Hadron spectrum
Mesons/Baryons 8 &)
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* Hadron spectroscopy is a key tool to investigate QCD

- testing QCD in the confinement regime
providing insights into the fundamental degrees of freedom

<<O|fm 0.1 — | fm > | fm

Quarks and Gluons Effective Degrees of Freedom Mesons & Baryons




Where are the "missing” baryons?
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D84 074508 (2011)

< Particle Data Group
(J. Phys. G 37, 075021 (2010))

*» |ittle known
(many open questions left)

J/Y@') —BBM => N*, A* 5* E*|

et N AN, =

I

€ F' Kr f'

Pure isospin 1/2 filter: Y -» NNm, ¢ -
NNnm

v" Missing N* with small couplings to nN &

YN , but large coupling to gggN : ¢ —
NNn/n/n"/w/d, pZr, pAK ..

Interference between N* and N*bar
bands in ¢y > NNz Dalitz plots may help to
distinguish some ambiguities in PWA of N

v Not only N*, but also A", 2%, E*
v' High statistics of charmonium @ BES III



ass (MeV)

Where are the QCD exotics
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Partial wave analysis

‘Holography
/Tasks: \

Event-wise ML fit to ail observables

O Map out the resonances
O Systematic determination
of resonance properties:

spin-parity,
resonance parameters,
production properties,

decay properties, ..

€ resonances tend to be
broad and plentiful,
leading to intricate
interference patterns, or
buried under a
background in the same

X2 )= £1275n £,1275) > nn
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simultaneously
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Event-wise efficiency correction

!

dynamic  angular

/ Tools: PWA
v Decompose to partial wave
amplitudes
v Make full use of data
v Handle the interference

k and in other waves.
B

\_ high sensitivity and accuracy

v Extract resonance properties with

~
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GPUPWA

N. Berger, B.J. Liu and J.K. Wang, J.Phys.Conf.Ser., 219, 042031 (2010)
http://gpupwa.sourceforge.net
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Sums on GPU
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Number of Events

Data parallelism in event-wise likelihood PWA fit



« Selected results of PWA at BESIIT

/ Osnis
— l/J —> TT"pp Covariant tensor amplitudes generated by FDC-PWA
NIM. A534 241
http://v-www.ihep.ac.cn/~wjx/
4 — . .
—]/1/), 1/) - Ypp Covariant tensor amplitudes, EPJ A26 125
—]/l/J — yYnm Covariant tensor amplitudes, EP) A16 537

—J/Y > yod

All these analyses using 2009 data sets * Accelerated by GPUPWA

(225 % 10° ] /1, 106 = 106 ')



Events / 40 MeV/c?

' - npp

CLEO-c: PRD 82 092002 (2010)

Interference is NOT considered

(o]
o

53]
o]

I
o

[
[

Events / 40 MeV/c?

- 1, R,(2100)
E 2, N(1440)
- 3, N(2300)
- 4, R,(2900)

L] TINL AT APWPORN Ml I o e e B

1.8 2.2 2.6 3.0

M (pp) (GeV/c?)

Events/ 0.1

200 E




(GeVieh

2
pr

M

Events/(32MeV/c?)

200

150

100

50
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of Y' -» np,n° - yy at BESIII

— N[1440)
— N(1520)

— H(1535)
—-—N{1650)

=,

Phys.Rev.Lett. 110 (2013) 022001

Resonance M(MeV/c2) T'(MeV/c?) AS ANy,y Sig
N(1440) 139075, 75; 340743715 725 4 1l5e
N(1520) 15107203t 1150 E0) 108 6 5.00
N(1535) 15357550 1207501, 494 4 9.30
N(1650) 16507z F11 150:§ét %é 82.1 4 12.20
N(1720) 1700753732 450727 T15°7 556 6 0.60
N(2300) 23007391007 340754 .0 1207 4 1500
N(2570) 25701090 250%3FS) 789 6 1L7o

|

—

— N34

— N(1720)
N(2300)

——N(2570)

2 New N* are found:
N(2300) 1/2+ and

N(2570) 5/2-
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Enhancement at M, ;threshold inj/{ — ypp

J/Y - ypp ¢ -]/, ]/t/J—pr
18— | T (| | Qo ' i
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Observed at BES2 Confirmed at BES3
Agree with spin zero expectation M = 1861+§’3+26 MeV /c?,T < 38 MeV /c? (90% CL)
= 1859%3, > MeV /c?,T < 30 MeV /c? (90% CL)

Many possibilities:
ordinary meson/pp bound state/multiquark/glueball/final state interaction (FSI)
Spin-parity analysis

is essential for determining place in the spectrum and possible nature



PWA of ]/1P - VP

’400
PWA of J/Y - ypp was first 08 f
performed oy i
The fit with a BW and S-wave FSI toof |
(I=0) factor can well describe pp gl 010 0 310 T
mass threshold structure. S cosé,
It is much better than that without % 3] ]
FSI effect (A2InL =5, 7.10) - " 250
Different FSI models & Model 200847

. 150F
dependent uncertainty _ ook
OF T S
-01-0 -OI.5 0.0 Ojﬁ IlO 0% -100 0 100
cos, q)p(o)

Spin parity, mass, width and branching ratio: Phys. Rev. Lett. 108, 112003 (2012)

JP¢ = 0~", > 6.80 better than other JP¢assignments,
M= 1832“9(315(115)+ 8(sys) + 19(model)MeV /c?,
I' =13 4+ 39(stat)*13(sys) + 4(model)MeV /c?, T < 76 MeV /c? (90% CL),

B(J/Y - yX)B(X - pp) = (9.0f2:‘{(stat)f%j8(sys) + 2.3(m0del)) x 107>
14



5 Threshold structure in 1/) - ypp

| e

Obviously different line % ;‘i'ﬁi(a) %
shape of ppbar mass S \ 9; sk
spectrum near threshold 2 200f
from that in J/¢ decays 20F \
Y BV R ¥
M(pp)(GeV/c?)

PWA results:
« Significance of X(ppbar)is >6.90.

 The production ratio R: | first measurement
R __BW > rX(pp)
B(J/v—yX(pp))
=(5.08 (stat)’}, (syst)£0.12(mod))%

()—1

« |tis suppressed compared with “12% rule”.
PRL 108,112003(2012)




M,e threshold structure inJ/y — ywe

25
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M(00) (GeV/c?) M?(yo) (GeV/e®)’
BESIT PRL 96(2006) 162002

For X(1810):

M =18 123?,, +18 MeV/c?
['=105+20+28 MeV/c’
Jre favors 0" over O-F and 2

J !y — yog (DOZI)
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PWA of | /¢ —» ywe at BESIIT

Phys.Rev. D87 (2013) 032008 . 6
Resonance J©°  M(MeV/e') [(MeV/e") Events AS  Andf  Significance ﬁ}e : lCJ
X{1810) o+t 1795 £ 7 1 1319 1 b
G L
fai1050) e 1944 172 G65+ 40 211 2 4o : 4_
foi 1] 1902 14 T15 + 45 100 2 13.90 _Eﬁ -
X .
n(2235) XI5 1 } 30 e
il -
phase spac 310 + 24 1 % ol
] L1

My nl)(GeV/c?)

X(1810) is confirmed with O+

or new state?
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Study of nn system

 f,(1710) was first observed in J/y . | PRL4s (982 4sp.
radiative decays to nn by Crystal Ball. LY i
« LQCD predicts ¢ | o4 bheonlslb |

0*+:1710+ 50+ 80

 Crystal Barrel Collaboration (2002) analyzed the three

final states OO0, nOmPand mPnnwith K-matrix formalism.
Found a 2*(~1870MeV), but no f,(1710).

« E835 (2006): ppbar->mnn, found f,(1500) and f,(1710).
« WAI102 and GAMS all identified f,(1710) in nn.



Evarts /20 Mavic?
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Evarts /20 Mavic?
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PWA of J/y — ynn @BESIII
(arXiv:1301.0053, to appear in PRD)
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f2(2340)  23E0+31+140 apFEIHEE (5 pp D AT L 1B ;
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Evarts | 20 Ma\/is”
cHEZEEEEBEHE

i ® f,(1710) and f,(2100) are dominant
scalars.

® f,(1500) exists (8.20).

g W ® Br of f4(1710) and f,(2100) are

TEEMESERSL .10x larger than that of f,(1500)

® f,'(1525) is the dominant tensor.

Evants /20 Maic®

Evarts | 20 Ma\/is”
oHEZEEEEREHE

Eveanis /20 Mavic®
T ETET

Ewents /20 Me\/is”
oHEnEENEEEEE
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PWA of ]/ - ynn @BESIIT: a case study
Efficiency, background treatment

P(&:a) = w(§a)e($) The probability to observe the event
T f dfw(f a)e($) characterized by the measurement ¢
w(E a) == (Z A )2 Differential cross section

N
N N w(§i a)e(§) andard likelihoo
P(fl, 62;---1€n'a)_DP(f-a)— i=1fd€w(€’a)6(f)_ll Standard likelihood

N

N
_ w (i, a) § (z)  The efficiency is included in the
Inl = ; In( [déw(, a)e(f)) * normalization.

The second term is dropped in the fit.

o' = j déw(é, a)e(é) = 2 w(&;, a) Observed total cross section
Ngen &

N N
InL = Z In( w(fu Z w(fu 0()

L[ déw(, a)e‘(f) i

et Likelihood is defined with signal PDF
| | | | | 19
Ls(data) = | | Ps(&)
L Le(data) Background subtraction

Ls(signal) =

Ls(background) -- using n sidebands



PWA of J/ - ynn @BESIII: a case study
Selection of partial wave components

Step 1: have a starting point, according to

1, Previous studies;

2, PDG list;

3, Some educated guess from the distributions;

« the component of largest contribution should be chosen as the reference for the
relative magnitude and relative phase.

We tested the following mesons listed in PDG 2012: f3(1270), fo(1370), f2(1430), fo(1500), f;(152.-3)__ f2(1565), f2(1640),
fo(1710), f2(1810), f2(1910), f2(1950), f2(2010), fo(2020), f1(2050), fo(2100), f2(2150), fo(2200), fr(2220), f2(2300),

£2(2300), f0(2330), f2(2340).

Step 2: add more components

1, Add one additional component out of the pool of candidates:;

2, Optimize the parameters. Check the significance for each component;
3, Repeat 1 and 2. Keep the most significant one in your solution;

Repeat 1,2,3, until there's no more significant component to add;

- all the components in the baseline fit are > 5 sigma
- all the possible extra components are < 5 sigma



PWA of J/i - ynn @BESIII: a case study
Systematic uncertainties in PWA

Resonance Mass(MeV /c?) Width(MeV/c?) B(J/1¢ — X — ~nn) Significance

fo(1500) 146871123 13675:1735, (16510357 090) x 107> 82«
fo(1710) 175946712 172410%52 (2357011 0%) x 1001 2500
fo(2100) 2081413125 27370 (113700 0 5%) x 107 1390
f2(1525) 15134573 75T12HI6 (3427 0BHLIT w107 1100
f2(1810) 1822123130 220152195 (5.401000152)x107° 640
f2(2340) 236213 1120 33412100 (5.607T0 0 20r) x 107° 760

Extra components [the major contribution to sys.err]
— The interference caused by the small component can be large

— For new observations, we quote the most conservative significance from the
alternative fits

Non-resonant contribution
Dynamical functions (in this analysis, BW forms)
Background treatment



Summary

* A lot of interesting results on hadron spectroscopy have been

obtained at BESIII.

« BESIII took 1.2 billion J/y events and 0.5 billion y' events.

BESIII Data-taking

Intesrated Luninosity
1900
AE0
pi L]
g oo |
E
g oo
:
i
ol
R n e a AR ARG TG R 5o AN SS I NE TSR R NGy AR EEERS TN guRanaag N T KKy
RN S S A R E S AR E RN E RSO S LRSS oSt FESEE oo EEET et ttteses:
B R R R
T 4260 (515 pb1) T T T T 4360 (523 pb1) IT

(world’s largest sample by 2x) 4390 (42 pb 1) world’s largest sample by 4x) 4390 (53 pb-1)
4230 (43 pb1)

4310 (44 pb1)

4420 (~40 pb™h

And we are right now collecting 3x more Y(4260) decays...

Look forward to
many new
results from
BESIII!
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Thank you



