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charmonium: pre B-factory plans for
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charmonium: post B-factory era
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correct assignments “snap” into place

if you have to push hard, be careful ...
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not so simple ...

- 2Mp-

Mp+Mp-
g’ ’(13D4) established cC states
o 1 1 O 8 R P~ predicted, undiscovered

>15 charmonium-like states found that do not

fit into any of the unassigned charmonium levels -




what are they?
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17:00 [75] XYZ states as compact tetraquarks
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History

70 years ago

K-mesons quark
discovered -- gssociated production — strangeness — SU(3) -- model

Dec. 1947 < 16 years > Jan 1964




History

70 years ago

K-mesons quark
discovered -- gssociated production — strangeness — SU(3) -- model

Dec. 1947 < 16 years > Jan 1964

16 years ago

X(3872)

, -- molecule? — diquark? — molecule? — diquark? --
discovered

—digquark? — molecule? — digquark? -- molecule? --
Aug. 2003 < 16 years > today

7?7?
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The X(3872)
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mass and width

X(3872) & myo+rmpyx«o

are indistinguishable Mx(3872) can't be much

wider than T, ,
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Strongly coupled to D°D*O

B>K DOD*? JPC = 1 M
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X(3872) has to be a “molecule”

T

ndependently of the original mechanism for the
resonance, the strong coupling fo DD* in an S-wave
& small "BE" imply unambiguously that the X(3872)

must be either a molecule (BE<O) or a virtual (BE>0)
QD* state of size zl/ 21,,,|BE| 28 fim

PRD 76 094028

"scattering length”

Eric Braaten
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BE <0.3MeV

@

ball bearing-like
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Number of Candidates/ 5 MeV/c
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inescapable conclusion: QM mixture

-66-6-

produced via these components




QM mixture of DD* & a cc-like core

Specific model by
Takizawa & Takeuchi, PTEP 9, 093D01

X(3872)) =0.94/D°D™) +0.23

D*D"") -0.24|cc)



Probing the X(3872) in pp & pA

- at NICA and/or PANDA -

MultiPurpose Detector (MPD) The PANDA detector

3 stages of MPD commissioning

— Yoke Cryostat ECal 3-d stage
" : Forward-spectrometers

(optional ?)

Forward
spectrometer-B

1-st stage (2019)
Solenoid of 0.66T
“Barrel ECal”, =——
TPC, ZDC, FFD

2-nd stageé/
Inner Trackér,

‘ ) / & / \
EndCap (“Straw”) Tracker, )
Endcap ECal .




Near-threshold: pA>mt*l)/y + ...

PADVY +... DT/

PA>X(3872)+..2n) /v

X(3872)

Strong quenching
for A~40 nuclei??

P ——

—




But this won’t reveal
“the original mechanism
for the resonance”

“original mechanism” = cC-core? ... DD* molecule?

@ ks

CC-core = x4? ... diquark-diantiquark?

o
) Y/



The X(3915)
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confimed by BaBar
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2018: lower limit on [(X;4,c>wJ/Y)
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/ missing
mass

fully
reconstruct

Belle PRD 97, 012005
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seen in yy2>wl/y

BaBar
2012
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BaBar measurements determine JF¢=0*+*
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no sign of X(3915)> DD ?
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X.o Charmonium assignment for X(3915)?

44l
3P,
Xc1(33F’1)@
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M=3918 + 2 MV
— 3.
T 40 | [pom U 123927 +3 MeV
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g 2Mp
36 |
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2017: better x/, candidate found

K. Chilikin et al. (Belle) PRD 95, 092003 (2017)

18 Tl

16

14 X*(3860) - 5

12F M =3862MeV 0

10} I'=201""MeV

85‘ J? =0*" favored

N

: *

oft” S, N N )| Y H.__-

Ok Pt
4 4.5 S 55 6

M(DD) GeV

X(3915) vs X*(3860) as a x5, candidate scorecard
prediction | X(3915) | X*(3860)

Mass (MeV) <3890 3918 3862
Width (mev) >40 20 2001
[(X>DD) (MeV) >30 <1 ~200(?)
[(X>wl/P) (Mev) =0.1 >1 not seen



If X(3915) # x;,, what is it?

X(3915)2>wl/Y violates OZI-rule unless it’s a 4-quark state
Mass is near 2mg, threshold: M(X(3915)) = 2m;, -18 MeV

X(3915)—> DD decays are suppressed: [(X(3915)=>DD) < 1 MeV
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D.D
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DD

not a cusp, a triangle
singularity, or the like




Possibilities

D.-D, molecule?
Li & Voloshin, PRD 91, 114014

[cs][cS] tetraquark?
CC_:-gl uon hyb rid? Lebed & Polosa, PRD 93, 094024

oo

L=0 lﬁ_

N




X(3915) as a D.-D, molecule?

Li & Voloshin, PRD 91, 114014

what binds it?

“BE”=2Mp, — My39,:=18 MeV



0<0 m-exchange violates Parity

i2j+T
initial state
P=-1; J=0

" toconserve P j&m
should be in a P-wave
& not conserve J

0- O- O- vertices must be O



“BE”=2Mp, — My39,:=18 MeV




X(3915) as a cc-gluon hybrid?

% too light for 0** cc-hybrid?

9




3915 MeV is too light for a 0** hybrid

-- Lattice QCD calculation --

lightest

M-M, (MeV)

M (MeVv
0** hybrid - {MeV)
1500 @5 ﬁ D — mm ;4500
— H = — N
= = |
= ~500 MeV —

1000 o ¢ e i DD, - 4000
- R X(3915) :
p— ; DD
500 - = — = 13500

m_ =400 MeV
ol _ 13000
] 0—+ 1—— 2—+ 1—+ O++ 1+— 1++ 2++ 3+— 0+— 2+— |

Liu, et al (Had Spec Collab) JHEP07,126



cc-gluon 2 w J/Y is OZI suppressed

(-
a )2
no connecting quark lines (_]
C,” "~
g YATS
-\ '\Ij/l
C N~

[(X39;5 2w J/P) >1 MeV






X(3915) as a [cs][cs] tetraquark?

Lebed & Polosa, PRD 93, 094024

how would it decay?




[cs][C5]=>wl/Y enhanced;
>DD suppressed

g o) v
- <
= ()
S >
C > D
S
e N —
—s_/H!H\ —
Cc >

s & s have to annihilate



[cs[es]> nne?

“good diquark”
o
22

QC “good diantiquark”

OZ| allowed decay processes

> <) J/y

><@m

has a small (=3%) ss content

S wo vwo

Bf(X(3915)—n ) : o .
Expect: ——>>1 c
Bf(X(3915) ] /v o) ¢ 3 n
n has a large (=40%) ss content



X(3915)-2>n.n

Vinokurova et al (Belle) JHEP06,132  {wwmm plus erratum
20 ja) B%KI’]I’]C,' n->vy Belle h

: 5 | J L
I g (AT

3.8 39 4 4.1 3.8 39 4 4.1

b) B>Knng nommn®  gejle.

Events/5 MeV/c?

M1, 1), GeV/c® M, 1), GeV/c®
BB+ — KTX(3915)) x B(X —nne) < 47x107°  —> Bf (X —n.n)
B(B* — KX (3915)) x B(X — wJ/i) = 3.0102%x 1075 Bf(X—J/y o)

Bf(X(3915)—>n n) is not much larger than Bf (X(3915) - | /v o)
= bad for the QCD tetraquark picture



X(3915) as a [cs][cs] tetraquark



What is the X(3915)?

It is not the x/, charmonium state
Belle recently found a much better x/, candidate

It is not a threshold effect
18 MeV away from the nearest threshold (& a benign one at that)

It is not a good candidate for a D.D, molecule:
B.E. = 18 MeV, € needs a binding mechanism to produce this;
standard nuclear-physics-type forces do not work

It is not a ct-gluon hybrid:
unless current (m_=400 MeV) LQCD mass calcs are wrong by =500 MeV

If it is a [cs][cS] QCD tetraquark:
the X(3915)>nn.decay mode should be seen soon



What is the X(3915)?

It is not the x/, charmonium state
Belle recently found a much better x/,

It is not a threshold effect
18 MeV away from the neares

3915)->nn,. decay mode should be seen soon



to do list for the X(3915)

Separate JP¢ analyses for B>Kwl/YP & yy>wl/P signals

is a single state responsible for the peaks the two production channels?

Establish the levels of Bfs for X(3915)>DD and X(3915)~>nn.

or set stringent upper limits

Hadronic production of the X(3915)?

Search for Y(4260)->vX(3915)
|9wJ/L|J

analogous to Y(4260)->7vyX(3872)



X(3915), the forgotten particle

in 2011, BaBar declared it to be the x, the
PDG acquiesced, & people forgot about it

| | X(3915)

X(3872)




Thursday’s arXiv

1805.06276 [hep-ph]
Spectroscopy of the hidden-charm [gc][g¢] and [sc][3¢] tetraquarks

Muhammad Naeem Anwar,!*?'* Jacopo Ferretti,’*! and Elena Santopinto®:

"CAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,
Chinese Academy of Sciences, Beijing 100190, China
“University of Chinese Academy of Sciences, Beijing 100049, China
'INFN, Sezione di Genova, via Dodecaneso 33, 16146 Genova, Italy

State JFe M, (MeV) I' (MeV) Observing Process Experiment
29?77 X(3872) 1+ 3871.69 + 0.17 <17 B* 5 K*x =~ J/y  Belle

Z(3900) 1+ 3886.6 + 2.4 281+26 ee s w JiY BESIII

Y (4008) 17~ 4008 £ 40 226 + 44 e e” = mspn w J/Y  Belle

Z.(4020)* 1 40241+ 1.9 1345 ee’n w h, BESIII

X (4140) 1t 41468 £ 2.5 1945 vy = oJ /¢ CDF

Z.(4240)* 0 4239 £ 1879 220 =471 BY - K n y(2S) LHCb

Y (4260) 1 4230 £ 8 55+ 19 e'e” = mspn w J/Y BaBar

X (4274) 1+ 4273%)° 56714 B = J/¢K® CDF, LHCb

Y (4360) 1 4341 £8 102£9 e'e " msrn w Y(25)  Belle

Z.(4430)* 1t 4478113 181 + 31 B — Kn=(2S) Belle

X (4500) ot 4506715 92+ 29 BT = Jjy¢K™ LHCb

Y (4630) 463473 92738 eTe” = ATAS Belle

Y (4660) 17~ 4643 £ 9 72411 e e msrn w Y(25)  Belle

X (4700) ot 470437 120 + 50 BT = JjyéK™ LHCb
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