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 Introduction

- Recent results of light hadron spectroscopy
»PWA of Jp—vywd
»PWA of JAp—ynn
»>PWA of p(3686)—p p m°
»>PWA of w(3686)—p pn
* Summary
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Scalar glueball candidates

- LQCD: 2 O m— | °
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- Experiments: { (1710), @)
f,(1790),X(1810);
the same resonance? J /P G |_ hadrons
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Introduction to Partial Wave Analysis(PWA)

o Construct amplitude A; for each possible partial wave, using covariant tensor am-
plitude approach:
A; = Apog X Propagator X Agecy (1)

eg. JIv -vX, X =Y +7Z,

— Aprody Adecay: the amplitudes on how X be produced and decays; Constructed
with orbital angular momentum covariant tensors, covariant spin wave func-
tions, operators and momenta of parent particles.

— Propagator:

1
M3 —sy z—iMxTx

usually i, =

B.S. Zou and D.V.Bugg, Eur. Phys. J. A 16, 537—547 (2003)



o Construct differential cross section:
do
I § A 2 9
dQ | i 3| ( )

eg. J/1 = ~vX, X — Pseudoscalar + Pseudoscalar,

d
%: ‘AO++—I—A2+++A4+++...|2 (3)

e Minimize the minus log likelihood function:
—InL = — Zﬂ:ln(d—a/a) (4)
— dS)

o BES: Event —based PWA framework.



> First studied by CB,
f,(1710) ;

»Crystal barrel(2002):

p p— nt°nn, f,(1500) found;
»>E835(2006): p p— t°nn,
found f (1500) and f (1710);
»WA102, GAMS: nn mode,
f,(1710);

‘BESIII:

»>A good lab;

»Good performance of Csl
crystal EMC;

» Low background.
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PWA of J/w—»ynn, n—>yy
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estimated by n sideband (blue shaded); low.

>BKG subtraction:

comal ] .
In L, signal— ]n I, data_]n I, sideband :




———
PWA Of J/ LIJ_’Ynn PRD 87, 092009(2013)
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»The best solution: f (1500), 1
XQ/NEH'":LT? .

f,(1710) ,f,(2100);
f,(1525),f,(1810),f,(2340)
phase space+¢n;
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>No significant evidence: T e
For the scalar: £ (1790) a) |

f (1370), f,(2020), f,(2200)
and f (2330);

For the tensor: the possible 600)
tesor f,(2010), f,(2150)

and fJ(2220) 4 [ 4 x>/ Npin=0.68
Change between with/without 2 ] ™ ]
adding them in global fit: one | = | I
resource of sys.error. S ‘

> ¢n background: impact from interference of ¢ tail considered.
An alternative fit without ¢n is taken as one resource of
SyS.error.
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Resonance Mass(MeV /¢?) Width(MeV /c?) B(J/i — vX — vnn) Significance

fo(1500) 1468735770 1361575, (L.651551000) x 1077 820
fo(1710) 1759467351 172410792 (2357015 03) x 1071 250 0

1(2100 2081413724 273+27+70 1.13T00940.64y  10=* 139 ¢
36 24 -23 0.10—0.28

f2(1525) 15134517, 75Tt (34270237320 % 107°  11.0 o
f2(1810) 1822750757 2207050, (5407067 555) x 1070 G40
f2(2340) 23627507550 3347500 (560N ETST) x 1077 T6 o

Dominant scalar: f (1710), f,(2100);

Tensor components: f',(1525),f,(1810),f,(2340).
No significant f (1370), f,(1790), f;(2220) in nn
mode ;

Br of f (1710) in J/y radiative decays : LQCD;



« Double OZI supress
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PRL 96, 162002(2006)
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To get the best solution: < 250: | N

>M , I" and J?C of X(1810); S - — B%f%ction (a)
>Other known mesons @ PDG; 5200 jli} e X(1810)
»Different J¥C of phase space; S - o Iﬂﬁgggg

> Different combinations of o B ER1 — = (2225)
additional mesons in PDG; = 1501 — - Phase-space
The best solution: § o Background
X(1810), f ,(2020), f,(1950), LLI

n(2225),phase space and BKG.

For systematic error:

>1,(1920), f,(2020), n(2225): I i
standard deviation from PDG; 0 2 25 | 3
Replaced by others of similar masses M(K*K 1 10)(GeV /02)

and same J¥C;

» Uncertainty of model dependence
of X(1810).
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- X(1810):

»M=179517(stat)**3 . (sys)+19(mod);
I'= 95t10(stat)*2' ,, (sys)+75(mod);
B(J/yp—->yX(1810)) X B(X(1810)->nd)
=(2.0010.08(stat)*?:45 _  (sys)t1.30(mod)) X104

» Confirmed @ BESIII, J*C¢ =o*+;
» Compare with f,(1710): no conclusion.
» Need further study;

»Search for X(1810) in other mode: J/yp—¢wd, ww¢,
do the couple channels analysis...
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Baryon spectroscopy
« NRCQM model

»“missing resonance problem”;

»Mass revesal problem:
N*(1535), N*(1440);

»Need experimental ¢
measurements...

e’ N, A, 2

‘J/lPalP N% A% H% % e P, A, L,

»Advantages: Isospin conservation, rich
production of hybrid baryons (qqqg) ...
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PWA of y(3686)—p pn
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- BKG: sidebands and
continuum data; low;

- Best solution: N(1535)

combined with an

interfering phase space;

» N(1535):
»M=1524+5"° , MeV/c?

»I'=130%%7_,,%5%_,  MeV/c?

‘D f) enhancement <30;

*Supressed compare with
“12% rule”:

O, — B((25) — npp)
P B(J /4 — npp)

Events/(25MeV/c?)

A
>
= o
Q G
3 @
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>
w
M (Gev/c?) cos(8,,)
PRD 88,032010(2013)
= (3.2 4+0.4)%
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PWA of w(3686)—p pm®
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PWA of w(3686)—p pm®

- Two body decay:

> p(3686)— p N*, N*—> pm° +c.c
— X%, X—>p 1_)

» Isospin conservation: A suppressed;

*  The best solution:

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

(J¥);
- No significant evidence.

» N(1885) and N(2065),p p
enhancement;

» The uncertainties from additional
possible resonances are considered.
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PWA Of LIJ(3686)_’P p"o PRL 110, 022001(2013)

B(y(3686)—p pn®)=(1.6510.03+0.15)x104

Resonance M(MeV/c?) TI'(MeV/c?) AS ANy, Sig.
N(1440) 1390111430 340738078, 725 4 1L.50

N(1520) 151053550 11555975, 198 6 5.00
N(1535) 153570703 12055075, 494 4 93¢
N(1650) 165073710 150721 821 4 1220
N(1720) 1700739732 4507009714 556 6 9.60
(Y2)* ~30-0 4
N(2570)5/2)2570" 10" 1 6

» 2 new resonances
»No significant N(1885) or N(2065)(<50)
» P presonance < 40



A,

Summary

- Light hadron spectroscopy: the recent
results are presented,
» PWA of JAp—vywd
» PWA of JAp—ynn
» PWA of y(3686)—p p m°
> PWA of p(3686)—p pn

« ~1 billion J/yp & 0.4 billion ¢’ events were
taken last year;

- More results are expected to come soon !

Thank you!
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>BG: n°3(sctv) +PHSP (3rd-order poly) ;
»B(J/p—>yX(1840))xB(X(1840)—3(t*r))

=(2.4410.36%°-6°_ __ )x1075 ;

-0.74

»>No n’ observed, B(n’ — 3(t*mw)) < 3.1 X 1075.




X(1840); J° unknown (this result)

* New decay mode

O X(1870); J* unknown (Ret. [13])
observed; 200

- 4
; - A X(1835); S = 0" (Ret. [4])
* M:X(1835) and %150-E B X(pP): =0 (Ret. [14])
X(p p), I :not; S +  X(1810); = 0° (Ret. [15))
T 1004 —.
- Can’t determine : = F ’I"‘ ]
a new or existing 50/ n's
state? - |
OFIIIIIIIIIIIIIIIIIII

1800 1850 1900 1950
* Further study Mass (MeV/c?)

about Spln Refl4]:PR L 106, 072002 (2011).
parlty Ref[13]: PRL 107, 182001 (2011).
Refl14]: PRL 108, 112003 (2012)
Ref[15]:PRD 87, 032008 (2013).



