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Exotic charmonia
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Exotic charmonia: photoproduction
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The COMPASS experlment

Apparatus for Structure and

Spectroscopy)
— Is a fixed target experiment on a secondary
— beam of Super Proton Synchrotron at CERN

13 countries,
"’ 24 institutions,
=8 ~220 physicists

" -
pq'.' -
'''''
-~ 'y

1996 Proposal
2002-now - Physical data taking
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The COMPASS setup

variety of tracking detectors

to cope with different particle flux
from 0 =0 to 6 = 200 mrad with a
good azimuthal acceptance

calorimetry, ulD

u beam s

Configuration of the beam and target region
depends on the particular physics programme
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Muoproduction at COMPASS %

L § Ry —
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Effective y*N statistics accumulated by COMPASS is equivalent to about
L=14 pb of the integrated luminosity, when considering a real-photon beam
of about 100 GeV incident energy scattering off free nucleons
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More kinematics &
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Production kinematics &
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It seems, 7((3872)nt and Y(2S) are produced
via different mechanisms
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m-n mass spectrum &
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The shape of the rm-mass spectrum observed by COMPASS for (2S) is in
agreement with previous results while our result for X(3872) is in tension with
previous observations.
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Consistency checks &

We investigated many possible reactions which
could imitate the observed X(3872) signal:

V*N-=>¢(2S)mN’ - (J/Pmm-)m=N’
V*N-=>P(2S)N*— (J/Prrm-)(m=N’)
V*N—-X(3872)mrN’— (J/Yw)m=N’ = (J/Pmmmo)m=N’

V*N—= Xcu=N’ = (J/Py)m=N’ = (J/Ppete- )N’
v*N—=J/pmm-mm-N
(J/Pn), (J/WnNn’(958)), (J/Wd) subsystems in the final state
were also considered.

But all the hypotheses were disproved.
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f(3872) as a new state %

mx3872) = (3860.0x10.4) MeV/c?
rf(ggm) <51 MeV/c? (CL=90%)
Significance (including systematics) is 4.1o

C=-1(?)

counts/(0.02 GeV/c?)
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Absolute production rate
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Discussion

The )"('(3872) state, whose mass ‘tRolecule’ Tetraquark
is close to the X(3872) mass
could be treated within the

tetraquark model that predicts

L. Maiani, F. Piccinini, A. D. Polosa and V. Riquer, Phys. Rev. D71 (2005) 014028.
L. Maiani, F. Piccinini, A. D. Polosa and V. Riquer, Phys. Rev. D89 (2014) 114010.
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Model-dependent result
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Photoproduction results for

-exotic charmonia
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COMPASS run 2016-2017:
new opportunities

Years P, GeV/c Target

2002
2003
2004
2006
2007
2010
201 |
2016
2017
2021

COMPASS++/ AMBER

(Apparatus for Meson and Baryon Experimental
Research)

Hard reactions with muon beam, proton
radius, charmonia spectroscopy with low-
energy antiproton beam, physics with RF-

separated kaon beam etc...

COMPASS

COMPASS I
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Data presently used

Possibility to search for and study of

XYZ hadrons decaying to final states

with photons like J/PT1°, J/Pn, J/Ppw,
X.co,1,2 etc.

2.5 m long liquid hydrogen target
transparent for photons (0.27Xo)
surrounded by a recoil proton
detector;

3 electromagnetic calorimeters
covering a large aperture.

COMPASS is able to increase
statistics of photoproduced
charmonia to 30-50% only

19




Possibilities at other exps.
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SUMMARY.

Indeed exclusive photoproduction of exotic charmonia off a
nuclear target is a new opportunity to clarify nature of the XYZ
states.

Basing on 7 years of data taking with muon beam COMPASS

performed:
o first observation of exclusive photoproduction of the

X(3872)

e first search for exclusive photoproduction of the Z:(3900)*

New results from runs 2016-2017 for reactions with photons in
the final state are expected.

The next step in study of exotic charmonia photoproduction
could be performed using ultraperipheral hadron collisions at
LHC (especially at LHC-b) and electron-ion collisions at EIC.
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