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IT IS THE THEORY THAT DECIDES

WHAT WE CAN OBSERVE.

— Albert Einstein

23
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The dlffe re nt CO ntrlbUthnS Figure from Borsanyi et al. Nature 2021

Isospin-symmetric

O O O O O

Connected light Connected strange Connected charm Disconnected
633.7(2.1)_...(4.2) 53.393(89).,.,(68) 14.6(0)g12(syst -13.36(1.18)......(1.36)

stat syst stat syst stat syst

QED isospin breaking: valence . Strong-isospin breaking

Connected Disconnected

Connected -1.23(40).,..(31) Disconnected -0.55(15),..(10) 6.60(63).,..(53) -4.67(54)....(69)

stat syst stat syst stat syst stat syst

QED isospin breaking: sea

Bottom; higher-order;

: perturbative

0.11(4)

tot

Connected 037(21) (24) Disconnected _0'040(33)Stat(21)syst

stat

QED isospin breaking: mixed Finite-size effects

Isospin-symmetric
18.7(2.5),,,
Isospin-breaking

. 0.0(0.1
Connected  -0.0093(86),,,(95) Disconnected  0.011(24),,(14) O Do

3 /IIO-HVP (x1079 = 707.5(2 -3)stat(5-0)syst(5-5)tot




The different contributions

Figure from Borsanyi et al. Nature 2021
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QUASI-REAL LIGHT-BY-LIGHT SCATTERING AT THE LHC
IN ULTRA-PERIPHERAL COLLISIONS (ATLAS, CMS)
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NEW STATE X(6900)

[LHCb collaboration, 2020]
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e - This state is interpreted as possibly the

M g7, (MeV/c?) lightest fully-charmed tetraquark state. Ty MoV
m[X(6900)] = 6905 + 11 + 7 MeV/c2, The following quantum numbers are m|X(6900)|] = 6886 + 11 + 11 MeV/c?
considered for it in the literature on the

tetraquark spectra:
I'[X(6900)] = 80 + 19 + 33 MeV, JPC =0t 07+ 17+ 2+

and
I'[X(6900)] = 168 + 33 + 69 MeV.

and







PHYSICAL REVIEW D 106, L111902 (2022)

Two-photon decay of X(6900) from light-by-light scattering at the LHC
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VOLODYMYR BILOSHYTSKYT et al. PHYS. REV. D 106, L111902 (2022)

The X(6900) state with LHCb parameters is fitted to the ATLAS data for LbL scattering

B oo x| * X(6900) was embedded
—+— ATLAS data into SuperChic v3.5 at the
level of helicity amplitude
as a scalar (pseudoscalar)

exchange
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VOLODYMYR BILOSHYTSKYT et al. PHYS. REV. D 106, L111902 (2022)

67J:1159 [keV], model I

I'x—syy =
7 |45 [keV], model II

Two-photon decay width estimates

« Charmonium molecule structure — vector-meson dominance

J/Y
=

Ty, ~0.1..1keV

- Decay of diquark-antidiquark state : I'x,,, ~ 10keV




UPDATED FOR MORE NEW STATES

- CMS Collaboration (2022), di-J/y - ATLAS Collaboration (2022), di-J/y, J/y yw(2S)
v X(6600) 6.5

v X(6900) 9.40
v X(7200) 4.10 v X(6900) >50 v X(7200) 3.20

di-J/y Jhy w(2S)

Two-photon decay of fully-charmed tetraquarks from
light-by-light scattering at the LHC

Volodymyr Biloshytskyi'"*, Lucian Harland-Lang®, Bogdan Malaescu®, Viadimir
Pascalutsa'’, Kristof Schmieden*', and Matthias Schott*
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EPJ Web of Conferences 274, 06007 (2022) https://doi.org/10.1051/epjcont/202227406007
XV'"" Quark Confinement and the Hadron Spectrum

X-state nature  I'x(6600)—yy [K€V]  TI'x(6900)>yy [K€V]  I'x(7300)—yy [keV]
scalar 1.6+1.1 0.57+0.18 0.23+0.11
pseudoscalar 5.1+3.4 1.4+0.4 0.43+0.21




LBL TIMELINE

Project ZAV 7 (VS VS (PGa 2026 2027 2028 2029

Real LbL theory,
resonances Possible improvements of theory
and Superchic, anticipating the

Development and upgrade of Run-4 at the LHC
Superchic (MC generator)

X(6900) in X(6900) and new states in Run 3 and 4 at
existing data

ATLAS data taking (Run-3) Preparation and Run-4

Analysis of LbL observables using updated Superchic

Lattice QCD calculation of forward Lattice QCD calculation of LbL

LbL amplitudes in (2+1)-flavour QCD including the charm-quark
valence contribution

Data-driven dispersive evaluation,
interpretation of lattice results,
connection with experimental data

Complementary dispersive
evaluation, interpretation
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- Electromagnetic correction to the vacuum polarization via the Cottingham-like
formula involving the forward doubly-virtual light-by-light amplitude .
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The advantage in lattice calculations:

1
photon propagator splitting: = (

L ] - 1 A ~ 400 MeV -

2 N 2+ A2 separation scale
long-distance part short-distance part

- treated by coordinate-space methods * regulated by the lattice




COTTINGHAM-LIKE FORMULA VERIFICATION IN QED

v Verified in QED; compared with lattice QCD w/o gluons

AN X OO

[K&llén and Sabry, Dan. Mat. Pys. Medd. (1955)]
... many others

v The necessary counterterms, needed for renormalization, were quantified via OPE
and confirmed in perturbative calculation

o (e O A O 2O




v Verified in scalar QED; used for phenomenological model for charged pion loop contribution
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[Schwinger, “Particles, sources and fields” (1998)]
[Bijnens et al., PRD (2019)]

v Various important benchmark points were provided for the cross check with lattice

> Lattice results are reported in the publications of Julian Parrino and Dominik Erb
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