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chemical potentials and then setting µu,d,s = 0, one can get
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χud
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11 = 0. (15)

Here we use b̂ ≡ √
2eB/3/T for brevity. Using Eq. 2,

the second-order fluctuations of and correlations among net
baryon number, electric charge and strangeness in the high-
temperature limit can then be expressed as follows
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χBS
11 = − χ

QS
11 . (21)

It can be observed that all these fluctuations and correlations
divided by eB scale with

√
eB/T . From above relations it

can also be found that
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2 = −χ
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3
, (22)

which is the same as the case at zero magnetic field. The
following relations also hold true at both eB = 0 and eB &= 0
in the free limit

χd
2 = χ s

2 , χud
11 = χus

11 = χus
11 = 0. (23)

Table 1 The second order fluctuations and correlations of B, Q and S
(u, d and s) divided by the magnetic field strength eB in the ideal gas
limit with

√
eB/T going to infinity

Quantity Value

χu
2 /eB 1/π2

χ
d/s/S
2 /eB 1/(2π2)

χud
11 /eB = χus

11 /eB = χds
11 /eB=0 0

χB
2 /eB 2/(9π2)

χ
Q
2 /eB 5/(9π2)

χ
BQ
11 /eB 1/(9π2)

χ
QS
11 /eB = −χBS

11 /eB = χS
2 /3eB 1/(6π2)

In Table 1 we also list the values of the above quantities
in the case of

√
eB/T going to infinity in the free limit.

For comparison we also list here the high-temperature lim-
its of various fluctuations and correlations of B, Q and S for
massless three flavor quark gas at eB = 0 [64]
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χ
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(24)

3 Lattice setup

The highly improved staggered quarks (HISQ) [70] and a
tree-level improved Symanzik gauge action, which have been
extensively used by the HotQCD collaboration [71], were
adopted in our current lattice simulations of N f = 2+1 QCD
in nonzero magnetic fields. The magnetic field is introduced
along the z direction, and is described by a fixed factor uµ(n)
of the U(1) field. uµ(n) can be expressed as follows in the
Landau gauge [19,72],

ux (nx , ny, nz, nτ ) =
{

exp[−iqa2BNxny] (nx = Nx − 1)

1 (otherwise)

uy(nx , ny, nz, nτ ) = exp[iqa2Bnx ],
uz(nx , ny, nz, nτ ) = ut (nx , ny, nz, nτ ) = 1. (25)

Here the lattice size is denoted as (Nx , Ny, Nz, Nτ ) and
coordinates as nµ = 0, · · · , Nµ − 1 (µ = x, y, z, τ ).
To satisfy the quantization for all the quarks in the system,
the greatest common divisor of the electric charge of all the
quarks, i.e. |qd | = |qs | = e/3 with e the elementary electric
charge, is chosen in our simulation. In practice, the strength
of the magnetic field eB is expressed as follows

eB = 6πNb

Nx Ny
a−2, (26)

where Nb ∈ Z is the number of magnetic fluxes through a
unit area in the x-y plane. The periodic boundary condition
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