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Motivation

The media changes the properties of hadrons including the magnetic
field which we investigate.
Magnetic polarizability and hyperpolarizabilities

m are the fundamental quantities describing spin interactions of
quarks and the ability to form instantaneous dipoles;

m describe the distribution of quark currents inside a meson in an
external field;

m were measured on the lattice and calculated in theoretical
models.
The external magnetic field of hadronic scale can be used as the
probe of QCD properties.
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Introduction

In lattice quantum chromodynamics we calculate

m the ground state energies of the vector p* and p° mesons versus
the magnetic field value,

m their dipole polarizabilities and magnetic hyperpolarizabilities ,

m determine the polarization of dileptons which prevails in the
collisions.
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Motivation

Estimate the polarization of the emitted particles and dilepton
asymmetries

m The differential cross section for dilepton production:

do

_ 2
IVEd cos A(1 + Bcos<0)

Es—y1+Es— 1 —2Es,0

B
Esz:+1 + Esz:—1 + EsZ:O
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L Technical details

Technique for energy calculation

Calculate the propagators:

Z //\k+mq '

Calculate the correlation functions of p* on the lattice:
(Pa.u(X)Vitbu,d(X)Pua(V)ya.u(¥))a = = Tr1iDy 4(X, ¥)3 Dy u (v, X)),

D;1 = DJ1! where x = (na, nta), y = (n/a’ n;a)’n, n ch; =
{(m,n2,n3)|nj =0,1,..,N—1}
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LTechnical details

We obtain the correlation functions for different spin projections of the
p meson on the magnetic field axis:

Fi((O01(x)O2(y))a — (O2(x) O (y

N—r
=
>

N—r

where
Or =4 () 11tua(x), O2 =l ,(X)28bu,0(x),

Os = ¢L7U(X)V37/Ju,d(x)'
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LTechnical details

Calculate the correlation functions of p°:
(©a(X)711%a(X)Pa(¥)0a(Y) + Pu(X)itu(X)Du(Y)yu(y))a =

—TrlyiDy ' (%, y)Dy (v, X)] = Tr[viD, " (%, ¥)% Dy (v, X))
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L Correlators

Correlation functions

G(p, n) = ﬁ > (WA, n)T 1A, 1) (0,0)T245(0, 0))e "

neis
pPi = 27'l'k,'/(aN), ki = —N/27 ceey N/2.
We obtain the masses from the asymptotic behaviour of correlators

(10, n)T19(0, n)¥(0,0)T245(0,0)) 4 = > (0] O1|k) (k| OF|0) e~ ™F.
k

The main contribution comes from (0|0; |k) (k|O}|0)e~"Eo.
We set (p) = 0, so Ey = mg because E? — p? = m°.
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L Results

Energy of the p* meson with s, = 0 (Improved)
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o Results

The dipole magnetic polarizability of the p* meson for the spin
projection s; = 0.

V | m.(MeV) | a(fm) Bm(GeV~3) | x3/d.o.f.
18% | 574+7 | 0.105 | 0.03+0.01 6.895
18% | 395+6 | 0.115 | 0.028 + 0.006 0.527
184 541 +£3 | 0.115 | 0.027 £ 0.004 1.245
20% | 535+4 | 0.115 | 0.050 + 0.009 2.239
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L Results

Energy of p* meson with gs, = +1
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o Results

The dipole magnetic polarizability and g-factor of the p* meson
for the spin projection |s;| = 1.

V | m;(MeV) | a(fm) g-factor Bm(GeV~) | x2/d.o.f.
18% 574+7 | 0.105 | 248 +£0.19 | —0.049 £+ 0.010 2.66
18% 541 +3 | 0.115 | 226 £0.14 | —0.041 +0.006 2.32
204 535+4 | 0.115 | 219+£0.12 | —0.044 + 0.006 1.48
18% 395+6 | 0.115 | 212+ 0.13 | —0.039 £+ 0.006 1.49
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L Results

=
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L Results

Energy and magnetic moment of p* meson
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o Results

The tensor polarizability of the o™ meson.

ﬂSz:Jﬂ + BSz:—1 — 265220
BSZ:+1 + 652:71 + /632:0

ﬂtensor =

74 m,r(MeV) a(fm) Biensor
184 574+7 | 0.105 | 2.3+ 0.7
184 541+3 | 0115 | 25+ 0.5
20% 535+4 | 0.115 5+2
18% 395+6 | 0.115 | 27+£0.7
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L Results

Energy of the p° meson (new)
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Determination of 5, value from different fits (new)

power of field | (eB)2 GeV* | Sn(GeV ™) | 2M(GeV™’) | x2/d.o.f.
2 [0:0.05] 1.28 -~ -
4 [0:0.2] [0.86+0.16 | —3.12+ 0.94 10.9
6 [0:04] | 1.00+£0.18 | —5.56 + 1.64 75
8 [0:06] [1.09+£0.19 | —7.38+2.16 5.7
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Energy of the p° meson with s, = 0 (new)
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o Results

The values of the magnetic dipole polarizability of o° for the spin
projection s; = 0

V | m, | a(fm) | (eB)2,GeV* | Bn(GeV ™) | s2(GeV™") | x2/n
18% | 574 | 0.105 [0:0.7] | 0.56 +0.14 -15+06 1.6
187 [ 541 | 0.115 [0:05] | 0.75+0.15| —28+09| 33
20* [ 535 | 0.115 [0:04] [ 1.00+0.18 | —56+16| 7.5
187 [ 395 | 0.115 [0:05] | 079+025| —31+15] 159
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L Results

Energy of the p° meson with |s,| = 1
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o Results

We obtain

1) The energy of the )° meson with s, = +1 increases versus the
magnetic field value.

2) The energy of the p° meson with s, = 0 diminishes quickly
versus the magnetic field value.

The small energy is more profitable than high energy, so the
longitudinal polarization of the o° meson corresponding to s, = 0 has
to dominate in collisions.

Therefore the magnetic field favors longitudinal polarization of the pg
meson with respect to the direction of the external magnetic field
(Robust prediction).
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o Results

The values of the magnetic dipole polarizability of o° for the spin
projection |s,| = 1

V | m, | a(fm) | eB,GeV* Bm(GeV) | IM(GeV™) | x3/n
18% | 574 | 0.105 [0:1.1] | —0.097 £0.017 | 0.07 £0.02 | 0.22
18% [ 541 [ 0.115 | [0:1.1] | —0.071 £0.021 | 0.03+0.03
20% [ 535 [ 0.115 | [0:1.1] | —0.103+0.024 | 0.06 + 0.03 | 2.36
18% (395 [ 0.115 | [0:1.1] | —0.111+0.028 | 0.08+0.03 | 0.42
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The tensor polarizability of the o° meson.

Bs,=+1 + Bs,=—1 — 20s,=0
BSZ:H + 532:71 + 532:0

/Btensor —

V | m(MeV) | a(fm) Btensor
18* | 5747 [ 0.105 | —3.59+0.74
18% | 541 +3 [ 0.115 | —2.70 + 0.31
20| 535+4 | 0.115 | —2.79+0.29
18* | 395+6 | 0.115 | —3.17+0.66
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LConcluswons

Conclusions

The energy of the p° meson with s, = 41 increases versus the
magnetic field value.

The energy of the p° meson with s, = 0 diminishes quickly
versus the magnetic field value.

The magnetic dipole polarizability 3,, was obtained for the p°
meson with s, = 0.

The /3, value was improved for the p* meson with s, = 0.
Magnetic field favors longitudinal polarization of the po meson
with respect to the direction of the external magnetic field

(Robust prediction)
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Louiine

We plan to consider vorticity which has a relation to NICA experiment.
Work in progress.



Thank you for your attention!
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