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Debye mass

Magnetic Debye mass

Magnetic screening mass in the LSMq
Unifying our understanding. NJL <= LSMq
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William, Norberto and Ricardo showed results for the magnetic modification to the
pole mass for different hadrons
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LQCD and effective models results
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The Coulomb potential is modified by collective effects as
d3p efﬁ-?
V(r) = =
=0 Ghrm=o7

The position of the pole is called the Debye mass or the screening mass. Also the
potential can be written as

—mpr Q @ Bl - e T)
V(r) =e D -, e ) Vi ="
(r) @ogg/'

r £3)
where mp = (rp) ™"
Then, if we want to compute the screening mass at finite T, we need to solve the
equation
[p5 — B — N(po, B, T)]lpp=0 = 0
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Now, if we want to compute in general the screening mass at finite |eB|, we need to
solve the equation

[p5 — Po — P53 — m* —T(po, P, p3, |€B])]|py=0 = 0,

where 5% — p? + p3 and M(po, p1, p3, |eB]) should be computed according the
Lagrangian that we use.
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Renormalizable effective model to describe dynamics at low energies.

£= om0+ 20w + Lo+ 7) — (o2 4 72
20k 2 2 4

+ iy Dyt — (0 + insT - 7)),
I A0 .

where 7 = (71, 2, m3), the model has two species of quarks represented by an SU(2)

isospin doublet v, and o meson is a scalar included by means of an isospin singlet.
DH - 8u + l'le,bA;u

with
B
At = 5(0’ -y, x,0).

To allow for spontaneous symmetry breaking om0| o=0

0
o — 0o+ v. AL .‘_.L_._,/ .

As a consequence of SSB

2 2 2 2 2 2
m; =3 v —a°, mp=Av"—a", ms=gv.
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2072022 [T Workshop on EM effects in SIM i



9/27

Meson interactions in the LSMq. Dashed lines are used
to represent the neutral and charged pions, whereas double lines
represent the o.

""" < =-gr° ""“<5: V2gy® --v-\< :=V2gy°®
< i=gr® —<:= ~ig 7< =-ig

Quark-meson interactions in the LSMgq. Dashed lines
represent the neutral and charged pions, whereas the double
lines represent the 6. Solid lines represent the quarks. Thin solid
lines represent the d quark, and thick solid lines represent the u
quark.




Come back with the main topic. In order to obtain the screening mass for the
NEUTRAL PION, we need to solve the equation

[p5 — P& — p3 — m5 — N(po, P, p3, |eB])][py=0 = 0
v
C‘\jnamm, wmase
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Come back with the main topic. In order to obtain the screening mass for the
NEUTRAL PION, we need to solve the equation

[p5 — Po — P53 — ma — N(po, P, p3, |eB])]|py=0 = 0

(P2 — Pt — p3 — (A — a®) — M(po, P, Ps, |€B])] | o = O

v

k %
Vo = Vacuom spr.d-c.l-‘.ov\ volue
(C\namses as a ;wcho«q

DJ /e@/)
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Come back with the main topic. In order to obtain the screening mass for the
NEUTRAL PION, we need to solve the equation

[p5 — p1 — p3 — mz — N(po, pL, p3,|€B)]lpy=0 = 0
[P — PL — P53 — (A — a°) — M(po, P, p3, |€B])]|py=0 = 0
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In order to obtain the vev, we compute the effective potential up to 1-loop order.

VefF Vtree + V;Jr + Vl + Vﬂl.o + V; + Z Vfl
where

with the propagators given by

ds r‘s(pﬁ 7p§_ tan(lq¢ Bl s) 7m%+ie)

= - a7 Bls
Se(p) /0 COS(|qu|s)e af

x {(cos(|qu|s)+'yl'yzsin(|qu|s)sign(qu)) x (mf *Pu)

Dip) = [ e )
o <os(|q»Bls)

PL:|

cos(|qrBls)
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In order to obtain the vev, we compute the effective potential up to 1-loop order.

VefF Vtree + V7|1-+ + Vl + Vﬂl-O + Vol- + Z Vfl

where  \JACUUW + wotter vacoumtmatier
Kf’i’ﬁ S ey d*k
VE= 5/Wln[ D, (k)], VE = iN. @ In [sf (k )]
Introducing the vacuum stability conditions
1 dvvac dZvvac 5 )
— = =2 2mg.
2v dv v=yp ’ dv? v=yy &+ 2mo

Vvac _ (32 + m(% + 2 ()\ +Q 4 mg 3 /142
=V + vi—3 =~ +In{—=
2 4 6472 |2 mZ

mt [3 12 mt T3 12
i 3+ ()] romeate [3 e ()
A\
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Then, the effective potential is

2 2 2 4 2
gy (@ +m) o 83 o A4 A4 mo(w)|3 1
V(B) = 5 v S+ Vi v 3 2+In ()

Z 642
;-Hn (mgf‘(zm)) g+ In (m%‘(zvo))]
t [2eBI2¢ (% 2le B|) 3’"2(") ~ 2[eB| m(v) In(2r)
e (5) Z[<>

0 (319) - ron s (5)]

mg(vo)

6472

4
mf(VO)
+ 2N Zf: 1672
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N(B,q)=> MNi#(B,q) + N~ (B) + Mys(B) + Mo + Mo

with f l/ \

k m~
k+q [ 7
0 m°
.................... 0 0
—2 = LTI
q dk q q q
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) d*k . )
—iNg#(B,q) = —g° / 7(2W)4Tr[75:5f(k)75:5f(k + q)] + CC,
) d*k o
—Inﬂ.i = W(—zl)\)lDﬂi(k)

where the propagators are

ds r‘s(pﬁ 7p2 Mfm%nwe)

L A T L
X {(cos(|QfB|s)+71725in(|qu|5)5ig”(qu)) X (mf +p\|) ? } ’

cos(|arBls)

ds is(p} —p2 ta"(\qu\S)_m§+ie)

D; — e lapBTs .
(p) / cos(qwB]s)
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Boson contribution

vac B
M.+ e |

2 2 2 2
4%2{%'" (:Tg) +n (2|::B\)
- |qu|(In (r(1 4

2 2\qu|)) + '"(m)) - %}

Fermion contribution

Mo = NGF 407

Caw\pul-eé without any approximation
= V\oWer\m\lU
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We are ready to find the magnetic screening mass for the neutral pion by joining all
the results showed

[p5 — P& — p3 — m5 — N(po, P, p3, |€B])][p=0 = 0

... Hold your horses! We can include one more ingredient in the recipe. — Effective
coupling constants.

Aeff:A(1+r§)7 geff:g(1+r§)
p k+e+r t p 5 s
; ‘ @ () o
L <- N @ ¥
oy k s L
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Magnetic corrections to the boson self-coupling

4
—i6Arg = / %(fﬁ/\)iDr(k)(fﬂ)\) X iD,—(k + p+r)+ CC,

B _ A w o (lavB| + ma
= me "\ Zer) ~Y U 2eE '

Magnetic corrections to the boson-fermion coupling

e E I gy

d?s, d*t, d*k
5B __ 1L 1 . _ 5\ -
6771 = | T e (287 s () i o)

x (V2g7°) iD— (K, ko )e Tt mam ey cc,

gy Ts, = (241;4 (gw ) iSu(k + p) (gvs) iSu(k +r) (gvs) iDyo(k) + CC,

g7 T3 = / 2ny (—ig) iSu(k + p) (g75) iSu(k + r) (—ig) iDs (k) + CC.
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LSMq NJL
Where only the quark-antiquark pair Using random phase approximation

fluctuation is considered, we have
[-p1 — p3 — m% — (0, p, p3, [eB])] = O <
which can be rewritten as follows

2 2 2 H(O7PL7P3a|eBD
(=pL —p3 — m,r)(l - m)

Il
o

2F .
2 2 2 g n(07PL7P3»|eBD) 2i6
— —p5s —m)||1— =0 =
(=PL = p3 =) A —p—m 1—2Gf(po, ., ps, |eB|)
3 It is interpreted as an effective meson
93 propagator where the pole mass is obtained

=
2}

5 / C when p, and ps go to zero, and the
P — 7\ = screening mass is obtained when py goes to
- ‘?L '?3 - Wy zero and p, or ps is finite. Then, the
equation to solve is

| 1- 2Gr|(07 PL,P3, |eBD|: 3'\\
7A_N\
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