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Outline

Status of charmonium(like) spectroscopy

BESIII experiment and data sets

Search for the h.(2P), X(3915), X(4013) at BESIII

Summary



Charmonium
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Charmonium spectroscopy

» Below threshold = Well established
s » Above threshold = Small progress
2'D,(4.21) 2°D,(4.21) 2°D;(4.22)
3'S (4.06 ) 1°F,(4.09) 1'F4(4.09) TF4(4.10) £°F,(4.09)
—1)(4040)| , \
— pro(s.gz)wxczap) 2015 BESII| ]
(3770) 1D,(3.84) [ (13D, )] Ds(3.85)
""" ey o
M(29) 2005 B
h.(1P) Xc1(1P) Xe2(1P)
Xco(lp)
- 1974 _
I
N(15) predicted, discovered
| | | | | | | | | | |
O-+ 1" 1+- O++ 1++ 2++ 2-+ 2" 3" 3+- 3++ 4++

Godfrey & Isgur, PRD32, 189 (1985)



Mass (GeV)

Charmonium spectroscopy

» Charmonium-like (XYZ) particles X(3872)
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Charmonium spectroscopy
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JPC=1+

Search for the h_(2P)

PHYSICAL REVIEW D 72, 054026 (2005)

Multiplet  State Expt. Input (NR) | Theor.
NR GI
2P x2(2°P») 3972 3979
Xl(z" ) 3925 3953
mass | h.(2'P) 3934 3956
M(D)+M(D*)~3879.9+0.2 MeV
Meson State  Mode Fthy (MeV)  Amps. ( GeV—l/z)
h.(3934) 2'P, DD* 87 3§, = —0.1847
Dy = —0.0851

Dominant decay channel is DD* final state




JPC=1+

Search for the h_(2P)

Dressed Cross section (pb)
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PRL118, 092002 (2017)
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» How to produce h.(2P) at BESIII? ete~2>m*m-h,(2P)

» How large is the cross section? ~50 — 80 pb

» Chance to hunt it via ete-2>m*t~(DD*) at BESIII
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Search for the h_(2P)
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» Study e*e-2>m*n D [D*] process, with the strategy of missing one D*

» The M(DD*) mass distribution are then obtained by countingthe D*
eventsin each M(DD*) bin

» Dataanalysisisunder progress. "



Study X(3915) at BESII|

PRL 94, 182002 (2005) Confirmedin
A e 275 M PRL 101, 082001 (2008)
30~ B> Kwl/y L T
: f Y(3940) 2 } |
S mol | | B
i E l i P }
] S-Wave BW resonance = { s

(=}

1 M=39431111£13 MeV
1 I'=87+22+26 MeV '
1 Significance >8c

2400 —

3880 4080 4280
M(oJAy) (MeV)

Events/ 10 (MeV/c?)
t
w © 8
c T L
g
or
f

11



PRL 94, 182002 (2005)
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Study X(3915) at BESII|

Further precise measurement
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» The overlap of two resonances: Y(3940) and X(3872)
> M[Y(3940)]=3919.1%3-8 5 ,42.0 MeV, TTY(3940)]=31+10_g+5 MeV
> M[X(3872)]=3873.0*1-8_, 5£1.3 MeV; significance 4.00 _
arXiv:0505037
B(X — ata—7%J/4)
— + +0.4+
BX = rin J/0) 0.80.3 (BABAR) & 1.0-0.40.3 (Belle) .




Events/10 MeV

Study X(3915) at BESII|

PRL 104, 092001 (2010)

694 b

M=3915+3 =12 MeV
'=17+10x3 MeV
Significance 7.70

PDG

PRD 86, 072002 (2012)
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Significance 7.60

JP=0%, % ,(2P)?

[Belle, V. Zhukova]



Events / 3 MeV/c?

Study X(3915) at BESII|

E1 radiative transition
P(4160)2>vx0(2P)/yX(3872) > ywl/y
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> Decay width 200 — 500 keV (~250 keV) BX —nn ' J/¢) _ 10
» Assume decay branching ratio ~10% B(X — mtn=J /1)

BESIII has high potential to hunt X(3915) and measure X(3872) decay
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Search for the X(4013) at BESII!

X (3872)

JPC=2++

DO PRD 86, 056004 (2012) X,(4013)
@ PRD 87, 076006 (2013)
-
@ ) [D*D*] Partner
*Q

jPC= 1++

D? — D™ “molecule”

. PRD 81, 014029 (2010)
Heavy Quark Spin Symmetry (HQSS)

MX2 — MX(3872) ~ MD* — MD ~ 140MeV
M[X,(4013)]~4013 MeV
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Search for the X(4013) at BESII!

X,(4013)

Feng-Kun Guo et al., arXiv:1504.00861.
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I'(X, = DD)= (124 0.3 F3)MeV.

sys(A)

['(Xy — DD*)+T'(Xy — D*D) = (294 0.5 T20)MeV.

o6 e+e->yX(3872)

—4— data

— Y(4260)

--=:= Phase Space
--- Linear

sys(A)

» Produce the X(3872) with
E1 radiative transition

» e+e-->yX(4013) similar?
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Search for the X(4013) at BESII!
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» Assume similar production cross section with X(3872)

» Possible x(2P) & x,(2P) candidate [arXiv:1201.4155]



Summary

» BESIIl has accumulated ~12 fb! data for the
study of XYZ particles

» Good chance to search for the missing
charmonium state, such as h (2P), %o »(2P)

» High potential to study the charmoniumlike
state, such as X(3915) and X(4013)
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Events / 50 MeV/c?

Events /0.2

Belle, Phys. Rev. D 95, 112003 (2017)
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