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Overview
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State of the art

Analysis of the neutral and charged pion pole masses

>
>
» Linear sigma model with quarks (LSMq)
>
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Summary and perspectives



Why to study magnetic effects on the masses of pions?

1) Electromagnetic fields provide a powerful probe to explore the
properties of the QCD vacuum.



Why to study magnetic effects on the masses of pions?

2) Since the dynamics of chiral symmetry breaking is dominated by
pions, the lightest of all quark-antiquark bound states, it then
becomes important to explore how the pion properties like the pole
mass and screening masses are affected by the presence of
magnetic fields.

In this work we will study the effect of a constant magnetic field B
in the pole masses of neutral and charged pions in the LSMq.



From non-perturbative QCD to effective models and LQCD
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Since the determination of pole pion masses involves calculations
in the non-perturbative regime of QCD, we need to follow other
alternatives:

» Effective models: NJL, ChPT, LSMq
» LQCD
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NJL prescription
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NJL prescription

The pole mass is obtained by solving

1 —2GMy(m3,0) =0
Mo(kff, k1) = N_o(K*) + NG (kf, k1),

M=m—2G < i) >

(MFIR)
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NJL prescription

For the charged pion the same procedure follows, but we need to
be careful with the Schwinger phase
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LSMq Lagrangian and features
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my(v) = VAv2 — a2 =0 at VEV.
me(v) = gv.

my(v) = V3Av2 — 22

L — L+ h(o + v) in order to give the correct vacuum pion mass.
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Feynman rules for boson-boson interactions
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Feynman rules for boson-fermion interactions
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Relevant Feynman diagrams: pion case
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Relevant Feynman diagrams:

fermion case
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Relevant Feynman diagrams: sigma case

L= TG~
/ N\
i \
| \
\ 1 ’
' ' o —-
o S S o N
o o
v
, \
1 \
|7l'j |
\ 1
\ /
o
o o o

10



Self-energies

M? = m2 + N (My, My, M¢; v, B)
M2 = m? + N, (My, My, My; v, B)
M¢ = m¢ + Ne(My, My, Mg; v, B)

M2 = (\v? — %) + N (M, My, Ms; v, B)
M2 = (3\v? — 2%) + Ny (My, My, My; v, B)
M¢ = gv + N¢(My, My, Ms; v, B)
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Parameters

Parameters at zero magnetic field
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Feynman rules for the fermionic contribution to 77
(vertices and propagator)

Figure: mo-u quark vertex=gy>; mo-d quark vertex=-g°
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Neutral pion self-energy (fermion contribution)

Figure: Neutral pion self-energy
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Charged pion self-energy (fermion contribution)

Figure: Charged pion self-energy
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Analysis

fc B)=Tly— lim I
0(p||7pJ_7 ) 0 eB”IlO 0

For obtaining the neutral pion pole mass we solve

pg_pi_pg_mi_%fb(pgvpiapng) =0

p3=p3 =0

fr(py. k. B) =T — Jim Ty

B—0

For obtaining the charged pion pole mass we solve

pg_pg_(2k+1)eB_m72r_§}%f+(p87k7p§78) =0

p3=0,k=0
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Neutral pion pole masses for different g values, preliminary
results
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Figure: Neutral pion pole masses as a function of B for different values of g.
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Neutral pion pole mass
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Figure: Neutral pion pole mass as a function of B for g = 0.33.
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Charged pion pole mass
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Summary and perspectives
Summary:

» We have calculated the neutral and charged pion self-energies
in the LSMq.

» We have obtained preliminary results for the pole masses for
neutral and charged pions as a function of B
» We have compared our results with LQCD and NJL, and we
have found a qualitative agreement only when there is a
magnetic field dependence on the coupling g.
Perspectives:

» We need to complete the calculation in a full consistent way
with the LSMq only.

Mz = XN(v)* —(d)
Mz =3N(v)? — (d)?
Me=g'v
> We will study the case where T # 0.
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Thank You



Interplay between strong magnetic fields and QCD

> Magnetic catalysis at zero temperature. enhancement of the
condensate < gq > with B

P Inverse magnetic catalysis around T¢. decrease of the
condensate < gq > as a function of B near T¢

» Chiral magnetic effect. Creation of a current J which is
collinear to B as a consequence of the axial anomaly

» Electromagnetic fields provide a powerful probe to explore the
properties of the QCD vacuum.
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Pole and screening masses (B # 0, T = 0)

» Pole mass

=0

p3=p% =0

po — P1 — p3 — m> — Rf(pg, p1, P3, B)

P Screening mass B breaks Lorentz invariance and defines || and L
> Longitudinal

po —p1 —p5 —mi —Rf(p5,p7,p3,B)|, . =0
py=p =0
» Transverse
po — pL —p5 — ms —Rf(p5,p1,p5,B)|, . =0
Po:P3:0
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Pole and screening masses (B # 0, T = 0)

» Pole mass of the neutral pion

po — p1 — p3 — m> — Rf(pg, p1, p3, B)
» Pole mass of the charged pion

po — p1 — p3 — m> — Rf(p5, p1, p3, B)

2__

P3=

2__

P3=

p3 =0

p1=0
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Pole Mass
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Screening Mass

Figure: Debye mass (inverse of Debye length)
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Screening Mass

In QFT we don't see the screening from the potential like in the
previous example from classical electrodynamics, instead we pay
attention to correlation functions:

G(x) oc e MserX
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Pole and screening masses (definitions)
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Pole and screening masses (special cases)

> (i)T=0, B=0
up =u= 1
Mz0 pole = Mz0 scr|| = Mr0 ser, L
> (i) T0, B=0
uy = U” =u # 1
Mzo pole 7& Mzo ser, 1 = Mz scr ||

u < 1 in order to satisfy causality
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Pole and screening masses (special cases)

> (iii)B+0, T=0
up # uj| but u = 1

Mo pole = Mz0 scr || < Mz0 scr |

> (iv)B#£0, T+0
up < uj <1

M0 pole < M0 ser | < Myo ser 1
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Comparison with LQCD and the NJL model
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Relevant Feynman diagrams
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Important integrals and convenient change of variables
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Small magnetic field approximation
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Principal value prescription for evaluating contours 1

X Xg+d x




Typical contour of integration
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Neutral pion self-energy (fermion contribution)
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B — 0 limit of 77,
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B0 (47T / /
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Fermionic contribution for different g values
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Figure: 'Longitudinal’ SC mass as function of B for g = 2.75 (left).
"Longitudinal’ SC mass as function of B for different values of g.
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Fermionic contribution + Tadpoles
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Figure: 'Longitudinal” Screening mass as a function of B,
g =0.33,A=25.
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Fermionic contribution with ges+ as a function of B
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Figure: 'Longitudinal’ Screening mass as a function of B,
gerr(B) = 0.3 + 1.2 exp[—(7B)?].
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