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Hadrons: normal & exotic

 Hadrons are composed from 2 (meson) or 3
(baryon) quarks

Quark model

» QCD allows hadrons with N ,s#2, 3
— glueball : Nauarks = 0 (99, 999, -..)
— hybrid : Nguarks = 2 Or more + excited gluon

— Multiquark state : Ny, > 3
— molecule : bound state of more than 2 hadron§



A bit of history on exotics hunting

“The absence of exotics is one of the most obvious
features of QCD” — R. L. Jaffe, 2005

Deuteron = H state, O-Q)- bound state, ...

No solid signature of glueballs
* A pentaquark state appeared and disappeared

(“The story of pentaquark shows how poorly we
understand QCD” - F. Wilczek, 2005)

« Do we still have hope? — many XYZ states!



Outline

 Charmonium & XYZ states
 What BESIII/Bellell can do and cannot do
« What STCF can do

e Summary
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Charmonium spectroscopy

States below charm threshold are all observed now,

GeV A
still many missing states above charm threshold.
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Where are these states?

D, (2°*): mass ~ 3830 MeV should be narrow

3D, (27): only evidence in yy., at 3823 MeV, narrow
[no DD, below DD* threshold]

Where are the 2P, 3P spin-triplet states?

Where are the 35, 2P, 3P spin-singlets?

Can we identify F-wave states?

P-wave spin-triplets from S-wave E1 transition
P-wave spin-singlets from S-wave hadronic transition
'D, may be produced in h (2P) E1 transition



The XYZ states
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neutral X and Y

XY/Z states

Name JPC | I(MeV) Decay modes Experiments interpretation
X(3872) | 1**/2+| <1.2 | mrdhy, yJhy, DD*, ... BeIIe/CIi)_FH/E):g/BaBar/ DD* molecule?
X(3940) | 0% ~37 DD* (not DD, aJ/y) Belle n.’(?)
Y(3940) | 2% ~30 oJ/\y (not DD*) Belle/BaBar
Y(4140) | ?2?* ~11 oIy CDF & CMS CCSS?

(not Belle/LHCb)

X(4160) | 0** | ~140 D*D* (not DD, DD*) Belle n.”(?)
Y(4008) | 17 | ~220 nndhy Belle (not Babar) w(4040)?
Y(4260) | 1~ ~80 nrndhy BaBar/CLEO/Belle ccg hybrid?
X(4350) | ?** ~13 vy, oIy Belle ccss?
Y(4360) | 1 ~75 g (2S) BaBar/Belle
Y(4660) | 1~ ~50 g (2S), A A, (?) Belle/BaBar

charged Z
Z*(4430) | 222 | ~100 w(2S)n* Belle (not Babar) 4-quark?
Z*(4050) | ?7? | ~80 Yo T Belle (not Babar) 4-quark?
Z+(4250) | 27 | ~180 g Belle (not Babar) | 4-quark?
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BESIII: 5%1%%
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STCF topics

* Ne2('D,) production and decays
* Where is y4(2P)?

« Can we see X(3872)7

« Z ~2>ndly, nh,, my.

» Identify ccg hybrid state via e+e- > yn_
and vy, Cross section scan

» Other charmonium+XY/Z topics

15



If 1.,(1'D,)=X(3872), find it!

s(e+e- > ntrh (2P)) ~ 20 pb @Ecm=?? GeV
B(h.(2P)=>vn.,) ~ 3x10* [EL trans., Barnes’05]
B(n.,=2vh.) ~ (44-54)% [E1 trans., Fan’09]
B(h.=~ yn.) ~ 54% [E1 trans., BESIII’10]
eB(n.~hadrons) ~ 2% at BESIII [Yuping Guo’12]
Nobs=3x10-°xL (L is integrated luminosity in pb1)
L peak=10%%/cm?/s, 1 year running = 107pb-*=10ab*
N°bs=300/year; bkg is low for narrow h, & 1,

A BESIII-like detector OK; simulations neeSIGed



If y.((23P,)=X(3872), find it!

c(e+e- 2y(nS)y(mD)) ~ (3-7) nb for n>2, m>1
B(y=2vy’) ~ 3x10#4  [E1 trans., Barnes’05]
B(yx’.2vy’) ~ 1x10°  [EL1 trans., Barnes’05]
B(y’ o 2vdw) ~ 1x10*  [E1 trans., Barnes’05]
eB ~ (1-5)% at BESIII [Zhiging Liu’12]
Nobs=(1-10)x10-°xL (Lum. in pb1)

L peak=10%%/cm?/s, 1 year running = 107pb-*=10ab*
Nobs=(100-500)/year; bkg low for narrow y’, J/y
A BESIII-like detector OK; simulations neeged



Search for X(3872) in v decays

oc(e+e- 2y(nS)y(mD)) ~ (3-7) nb for n>2, m>1
B(y—2>vX) unknown

B(X=2>n*nJ/y) ~ 5% [my guess]

eB ~ 5%

Nobs=(10~20)xB(y—=>yX)xL (Lum. in pb)

L peak=10%%/cm?/s, 1 year running = 107pb-*=10ab*
One year data at a v peak will reach a sensitivity

of B(y—=2>yX)~0O(107) level

X(3872) would be extremely exotic if it cannot be
produced at 10- level in charmonium decays! :



L. ~2>ndly, Th,, Ty,

c(e+e- 2>mm+charmonium) ~ O(10) pb

ook for states In w+charmonium

eB ~ 3% for nnh, 2 wmyn,

eB ~ 5% for nnd/vy

eB ~ 2% for nry 2 nryd/y

L peak=10%%/cm?/s, 1 year running = 107pb-*=10ab*
Nobs=Q(10°)/year; enough for PWA

May also measure other charmonia at high energy



Heeg?7Me & Yo

o(e*e” DHye) ~ O(10-100) pb [277]
B(Hceg> M) ~2X(B(Heeg 7o) ~ 4Xx107

[in H, cc in spin-singlet! LQCD by Dudek’09]
Scan e+e-—2>yn. and vy, for exotic structures
eB ~ 10% for yn. and yy ., y+hadrons
L yeak=10%%/cm?/s, 1 year running = 107pb-*=10ab*
At 100 energy points above DD threshold
N°bs(yn,.)=0(40~400)/point/year at peak
NObs(yy .,)=0(20~200)/point/year at peak

20



Summary

We still do not quite understand strong
interaction at low energy; charmonium can help

STCF with L, ~10%%/cm?/s is needed for

pea
charmonium & charmoniumlike states study

A detector comparable to BESIII should work
for these topics [so not expensive!]

More MC studies needed to understand the
background, and to improve the sensitivity

Thanks a lot! 21



