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Heavy lon Collisions

magnetic field lines

o

b) Snapshots of a central 2.76 TeV Pb+Pb collison. Blue and grey are
hadrons, red is the quark-gluon plasma
http://web.mit.edu/mithig/movies/LHCanmation.mov
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@ A constant “classical” magnetic field background has been studied since
the seminal work of Schwinger (Phys. Rev. 82, 664 (1951))

@ In most theoretical studies, the background magnetic field is idealized
as static and uniform

@ In HIC scenarios, specially for non-central collisions, strong magnetic
fields emerge in comparatively small regions of space, with spatial
anisotropies and fluctuations

@ We here propose a statistical model to study the physical effects of
such fluctuations
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The Schwinger propagator

J. Schwinger, Physical Review 82, 664 (1951)

@ The propagator for the BG magnetic field B = V x Agg

d*k
(2m)t

Se(x, x') = € ®sa¥X) / e =) g (k)

@ The Schwinger phase ®4,.(x, x') = f;/ dér (A, + 3Fu (& — X))

SF(k) — /OO Leir(kﬁfki%*szrie)
o cos(eBr)

X { [cos(eBr) + A2 sin(eBr)| (m+ k) + COS?GLBT)}

@ The metric tensor splits into two subspaces g** = gﬁ”’ + g/, such that
gl’l‘” =diag(1,0,0,—1) and g/ = diag(0,—1,—1,0)

k = k. +k
2 _ 42 2




An alternative representation physical Review D 107, 096014 (2023)

@ The propagator in terms of a single "master” integral and its derivatives

Se(k) = =i [(m+ k) Ay +9'9% (m+ k) Az + Ak, |

Ai(k,B) = / dre” (K —mP-tie)—i Btan(eBr)

0A

B) = ieB——~
.Az(k, ) 1e 0(ki)’

As(k,B) = Ay + (ieB)?

o(k3)?
@ Landau levels (x = k2 /eB)

[ 1 o (=1)" [L3(2x) — L7_4(2X)]
et

k, B)=ie ¥
Ak, B) = ie kﬁ—m2—2neB

n=1

@ The inverse propagator

2 i

5 (k) 0] [(m—Ky) As =712 (m— K)) A2 — Ask ]
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Inhomogeneus magnetic fields: Statistical model

J. Castano, M. Loewe, E. Munoz and J. Rojas, Phys. Rev. D 107, 096014 (2023)

Assumption: At initial stages prior to thermalization, classical ionic currents
exhibit stochastic fluctuations J%(x) + dJ%(x), acting as sources for classical
background “BG” gauge fields A5, (x) (in contrast with photons A#(x)).

O (Agg + 0A5g) = Jg(X) + 6J5(x)

@ Statistical properties
SALG(X)OAK (X)) = Agdj k0@ (x —x')

6 Ags(X) 0

[aAgG (x)]
N

dP [544s] = Ne™ ! T T D 54 ()]

@ The ensemble-average of over such fluctuations is defined by

O Asa) — / AP[SALJO(X; Asg + 5Agc)
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The Lagrangian

Physical Review D 107, 096014 (2023)

The Lagrangian for this model is a superposition of two terms

L =1 (i — e(Apg + 6Asc) — eA—m)y — %F,WF’“’ = Lreg + £NBG

Fermions immersed in the average BG

_ 1
Lrgg =¥ (if — eflgg — eA —m) ¢ — ZF’“’FW

Fermions interacting with the classical background noise (NBG),
represented by the spatial fluctuations dA%(x)

Lngg = ¥ (—€dAsa) ¥
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Connected 2k-point correlations and the Replica Method

@ The ensemble-average over the magnetic background fluctuations
with respect to its mean value Aj; + 6Ag,

G(xi, ..., Xok; Agg) = ("'53&1)) (i(gJ(iZk)) m’J:J:O

o CIearIy In Z[:// J, ABG] #In Z[J, J; ABG]
@ The Replica Method [Mézard and Parisi, (1991); Kardar, Parisi
and Zhang, (1986)]

Z"Apgg) — 1

" 2MAad] = I, =8

@ In our scenario, n-replicas of the original fermion fields are defined

$(x) > v3(x) 1<a<n
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The ensemble-averaged action

Physical Review D 107, 096014 (2023)

The statistical average

=1
leads to an effective fermion-fe:mion interaction
S[02, 4% Agg| = /d4X (Z V? (i) — eAgg — eA— m) p? — 411F“”FW>
e a

3
550 / a'x / d'y 3 3 BT (1) (x — y)

a,b j=1

Effective Fermion— Fermion interaction

In what follows, we shall first focus on the fermions in the classical BG
magnetic field B = &°B




Perturbation Theory physical Review D 107, 096014 (2023)

@ Dyson equation for the dressed propagator | Sy (k) = fSF (k) — Xa(k)

@ The self-energy diagram at first-order in A = e?Ap

.

iA(q):(iA)f(2ﬂ)3VISF(p+qPO 0)7= (a3 [3(7°do—m) A1 (o) ="+ (imeB) (m—o7° ) Az(0)]

@ Dressed propagator

Sa(q)=—iz"" % [(mﬂzyu )A1 (Q)+2z57'+2 (m+§;H)A2(q)+A3(q)§1L]

@ The momenta §* = (q°, z~'q), with an effective refractive index
v/ /¢ = z7'(q) due to magnetic fluctuations.

(PUC Physics)Fermions in a fluctuating magnetic backgroun:



Renormalization factors

Physical Review D 107, 096014 (2023)

@ Wavefunction renormalization factor and refractive index

. 3iA .Z1(Q0) v/ -
2@) =1+ 59 4y (q) 2@ — =7

@ Charge renormalization factor

q_im (E§72§3€‘3) «j4422 qO)D(q)

3iA A
1+ @y @D(g)

z3(q) =

@ Dressed propagator

Sa(@)=—iz () B2 [(m+, ) A1()+237'12 (m+7, ) A2(9)+As(9)d, |
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Refractive Index % — Z 1 Physical Review D 107, 096014 (2023)
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@ In the very weak field limit eB/m2 < 1,z,z3 — 1,and hence v/ /c — 1
@ Ultra-intense field eB/m? > 1 (LLL)

A(eB)e~%L/(eB)

1+
N 3 A(eB)e—%1/¢B , 4y /R —m?
satesle T L=

—q? /(eB)
4 rJgg—me 14 34080 T (e
r./qg—mz




The photon polarization tensor for A > 0

J. Castano and E. Mufoz Phys. Rev. D 109, 056007 (2024)

igr)? 4
n(p) = ! cg) / (ZWI)(4Tr{fy”iSA (k) v*iSa(k — p)} +c.c.

Fermion propagator (first-order in noise)

iS(p) = iSo(p) + A - iS1(p) + O(A?)
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Fermion propagator

J. Castafio and E. Muinoz Physical Review D 110, 056003 (2024)

@ Noiseless propagator in LLL (|g;B|/m? > 1)
e P /laB|
iS Y, TR om
1 O(p) lpﬁ—m2+16(p”+m)

@ Noise contribution

is1(p) =i (127 [01(p)(p + MO — ©2(p)1°0M) + Oa(p)in"#(p, + m)]

@ Spin projectors O = 1 [1 = sign(qrB)in'+2]

o)~ mP)e a8l el
1 - s 2 -
(pf — m?)2,/p§ — m? (pf — m?)\/p§ — m?
o207 /1Bl
O3(p) =

(of — )/ — P
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The photon polarization tensor for A > 0

J. Castano and E. Mufoz Phys. Rev. D 109, 056007 (2024)

@ At first order in noise A

2 3
o o .97]grBlA y
ina = iny +147Tiz1jr,.“

. _igFlarB| - . PR
Mg = =gz @ /2"t To(ef) <9|T -

Py

x(1—x

Zolpl) = / ox x(1 = x)pf - )
4m?
1 2m?/pf T i

= — log

[ — 4m? 11—
Ry I




The photon polarization tensor for A > 0

J. Castano and E. Mufoz Phys. Rev. D 109, 056007 (2024)

., ) d*k e~ kl/eB y y
o= 1 /( ) k2 ©1(k —p) | (M* + K - (py —k)(g)” —9g1")
O PR + K - nﬁ)}
v . d4k e kl/eB 3 v v
T = 161/ 2 7 o Oalk—p) (Kt + ke + ki 3L
y ) d*k e~ kl/eB 5 v v
wo= e o 7 Oalk =) (77 k- Py~ k(o —02)

+(kﬂ‘ - pﬁ‘)kﬁ’ + kﬁ(kl‘l’ — pﬁ)} .
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Noise-induced photon mass for A > 07?

J. Castano and E. Mufoz Phys. Rev. D 109, 056007 (2024)

@ Dyson equation for the noise-dressed photon propagator

(DX (p)] ™" = [D"(p)]
—1 gl“’

(P? + ie)

N

D§*(p) =

lim iM§” =0
pPo—0
p—0

|| n/,l/l/ «

po—0 4 — pp—0
p—0 =1 "p=0

lim T
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— 4ijgB| [ dyax (X +yZ—T1)gi”
m =
pPo—0

NS ™m R2 (27‘(‘)2 (X2+y2+1)3 /y2+1
o
- _ 1|qu‘ ynz
327rm”Il
4ilgBl [ ayox ¥ (g +25%)
lm TEY = i|qyB| lydx [ 3%
l;)o—}? mm  Jre (2m)2 (x2 + y2 +1)2\/y2 + 1
N
_ lquB| nz s
= (o +20508)
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Photon propagator with A > 0

J. Castafio and E. Muinoz Physical Review D 109, 056007 (2024)

@ Thus we obtain

v aem(qu) we 1 ny [N
s = = 69“ TggL T05% )
p—0

@ Photon propagator with noise

—ig|"” —igh” 3iM2 s sy

— +
PP M e P2 MT e (g2 4 MR ie) (p? + (Mﬁ M2 ) +ic)

b (p) =

@ Noise-induced masses (complex)

59aem (QfB) A .Qlem (QfB)ZA

M2 =i

ll 967 m 3r m




Conclusions

@ We studied the effects of white noise spatial fluctuations in an otherwise uniform
background magnetic field, over the QED fermion propagator

@ At first order in A, the propagator retains its free form, thus representing renormalized
quasi-particles with the same mass m’" = m, but propagating in a "dispersive medium” with
an index of refraction v/ /¢ = z~1, and effective charge &’ = zze, where z and z3 depend
on the average field and its noise

@ Low energy components in the propagator (long-wavelength) are more sensitive to the
spatial distribution of the magnetic fluctuations, and hence experience a higher degree of
decoherence, thus reducing v/ /¢ = z~'. In contrast, the high-energy Fourier modes are
less sensitive to magnetic fluctuations.

@ The photon propagator develops a complex mass that leads to damping in the dispersion
relation across the effective magnetized medium
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Anisotropic photon yield under magnetic fluctuations

J. Castano and E. Mufoz Phys. Rev. D 111, 076028 (2025)

@ Direct photons are commonly estimated as the sum of prompt photons
produced in the hard process at the collision instant, plus thermal
photons emitted from the soft, thermalized portion of the medium.

@ Nuclear matter undergoes several stages after the collision, from initial
color glass condensate to glasma, then a hydrodynamic QCD regime,
and finally hadronic gas.

@ The common picture is that of QGP as a nearly perfect hydrodynamic
fluid, but asymmetries in photon production rates have been
experimentally detected by the PHENIX Collaboration at the RHIC
(Phys. Rev. Lett. 109, 122302 (2012), Phys. Rev. C 94, 064901 (2016))
and by the ALICE Collaboration at the LHC (Phys. Lett. B 789, 308
(2019)).
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Anisotropic flow coefficients

X. Wang, I. Shovkovy, L. Yu, and M. Huang, Phys. Rev. D 102, 076010 (2020)
X. Wang and |. Shovkovy, Phys. Rev. D 109, 056008 (2024).

@ Angular distribution for the emission rate

d®R d®R 1 =
0 = =—Rp|[1+2 V,cos(n .
P Sy db: ~ praprdady ~ 2n 0 |1 22 vnees(nd)
@ Anisotropic flow coefficients
1% R
Vg = — d ng) —————.
" Ro Jo o cosl ¢)prdprd¢dy

27 3
R0:1/d¢ R
0

2 prdprdedy’




Anisotropic photon yield
X. Wang and |. Shovkovy, Phys. Rev. D 109, 056008 (2024)

J. Castano and E. Mufoz Phys. Rev. D 111, 076028 (2025)

@ Coordinates system p, = prcos$, p; =prsing, y = 3In %

‘cai #R ) v
@ Photon emission rate 552G = — 355 1m {9 MR"(p) }
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The photon polarization tensorat T >0and A > 0

J. Castano and E. Mufoz Phys. Rev. D 111, 076028 (2025)

k

3
N (p) = Z/ (Z l)(sTr v"iSa (k) “ISA(k—P)} +C.C.

25

The retarded polarization tensor is obtained by analytic continuation

N (% = w,p) = N (ivp — w + ie, p).
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The Emission Rate with magnetic noise

J. Castano and E. Mufoz Phys. Rev. D 111, 076028 (2025)

aBR{™ PR a®R2
prdprdody prdprdsbdy prdprdfbdy
The noiseless contribution

d*RY 2 e
proprdody =2 quf |q§§7|rl‘\*lcn8(m el <w - \/W) T

f=u,d

[nE(E9) - ne(E1)]

==X Y 3o (=E?) o ()

e EWE® |k _ tep)|

E® E®

Here we defined (for s =

/ 4m2 4m2
Ej‘f’_i +s2Z p2’ =
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The Emission Rate with magnetic noise

J. Castano and E. Munoz Phys. Rev.D 111, 076028 (2025)

d®RA ng(w)AN, 27 3
v B c 2.Q2 -3
- B2me~ 3B 0 | w — 4/ am? | {1 .
prdprdedy 3275 fgd gresmye s (w PEt mf) * mfj

Here, we define

s e(s1E§s>)9(szgf>)([Ef>] ~ am? [E©] +m;}){n,_—<E(f))_nF(EErs))}

51,50,5= W [£9)° ([E(j)]z_mg)a/z ke _ (hopo)

£ £

9 (s1 E(j)) 9 <ng(f)) [E(j)E(f) — ke(ks — pz)] {nF (E(;")) e (E(j))}

J =
,82,8=+ (s) =(s) (s)]2 2 | _k (ks—pz)
S1:%2:8 EPYE" [E7 ] -~ e

(PUC Physics)Fermions in a fluctuating magnetic backgroun:



Photon Emission Rate with magnetic noise

J. Castano s and E. Munoz Phys. Rev. D 111, 076028 (2025)

&R,/ (prdprdody)

&R, [ (prdprdédy)




Anisotropic flow coefficients with magnetic noise

J. Castano and E. Mufoz Phys. Rev. D 111, 076028 (2025)
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Total angular distribution for emitted photons in polar
coordinates

J. Castano and E. Munoz Phys. Rev. D 111, 076028 (2025)

w[MeV]

5 10 15 20 25

Normalized by Ro/2x, with v, (upto n =6), T = 0.2 MeV, B = 0.5m?. Left:
A = 0. Right: A = 10—3MeV~".
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Conclusions

@ Our results complement previous studies, based on the assumption of a
constant magnetic field background (Phys. Rev. D 102, 076010 (2020);
Phys. Rev. D. 109, 056008 (2024)), by incorporating the effects of
stochastic fluctuations.

@ The anisotropic flow coefficients are affected by the presence of
stochastic noise. Secondary lobules emerge in addition to the main
directions ¢ = w/2 and ¢ = 37/2.

@ The elliptic flow coefficient v» is weakly affected, whereas the
higher-order components v4 cos(4¢) and vg cos(6¢) are significantly
modified by stochastic noise.

@ Low-frequency photons are more affected by the magnetic noise effects.

@ Our results suggest that magnetic noise effects should be taken into
account in the theoretical analysis of experimental signals.

(PUC Physics)Fermions in a fluctuating magnetic backgroun:



Phenomenological scenario for the magnetic

fluctuations

@ Very strong magnetic fields B = V x Agg are generated locally
within a small spatial region L ~ /o

@ On average (B) = &3 B, but smaller transverse components By
and ¢ By, exist such that field fluctuations are estimated on the
order of (§B)? ~ (6Bx)? + (6By)?.

@ Therefore, by dimensional analysis

Ag ~ (6B)? L5 ~ (6B)? 55/2
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Further estimations

@ The fraction f of the geometrical cross-section ogeom, defined by a
circle with a radius of r{ + r. = 2R in a maximum peripheral
collision, and the cross-section oy, for a peripheral collision with
impact parameter b

f_ b :<Npan>2/3
Jgeom 2N

@ The nuclear radius ry = ryN'/3, where N is the number of
nucleons perion and ry ~ 1.25 fm.
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@ From the previous expressions

N, art 5/3
o w52 8 s ()

@ In peripheral heavy-ion collisions, the magnetic fluctuations in the
transverse plane |e §B| ~ m2 /4

@ For an Au+Au collision with N = 197, and if Npart/N = 1/2,
A= e’Ag ~2.6MeV!
@ For less central collisions with Npart/N = 1/8

A ~ 0.26 MeV~!
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Statistical mechanics of disordered magnets: Spin

glasses

a) Frustration b) Geometrical c)  Spinglass

g frustration frustration

Ferromagnetism | F |
Anti-ferromagnetism

/'\

&AF
/ \ ~

] w R
Random fields
percolation

. Ferrimagnetism Geometrical Arr \AF —
Disorder| Metamagnetism frustration AF( |

Spin glass

Ferromagnet Antiferromagnet Spin Glass

t t ¢ t vt wF ¥
t t ¢ L 2 R B W
t + 1 t 4t -« ¥

Periodically Frozen (Long range Ordered) Randomly Frozen
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The Sherrington-Kirkpatrick model: Thermodynamic

properties Phys. Rev. Lett. 35 (26), 1792 (1975)

@ For a given realization of the set of values of the couplings, the
Free Energy is

FIT,N,B;{J;j}] = —TlIn [Tre‘H[{Ui}ﬂ{Jij}]/T}
= Tin| 3 oS Fomt Tl

{oj==%}

= —TInZ[T,N,B;{J;}]

@ The above is a random variable (via the {J;}). The physical Free
Energy is the statistical average over the distribution of couplings

FIT,N,B] = F[T,N,B; {J;}] = T/dP[J,-j] In Z[T, N, B; {J;}]
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Parisi and the replica trick

Phys. Rev. Lett. 43(23), 1754 (1979)

@ Apply the basic identity

ZT,B; {Jj}] -1
n

In Z[T, B; {Jj}] = lim
n—0
@ The degrees of freedom o; — o, 1<a<n

J
eZa<r/> TU:U/_fzar

ZTB )] - [ [T e
Py

<//>

_ E e—m Za,b Z<i,/’>,<k,/>‘7 ‘7 ‘TkU/ T Zg 1
{of=%}
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Vertex corrections at O(A?)

@ Diagrams contributing to the 4-point vertex

P p-q P p p-q P
q+ ‘:'q Y
1 1 /’/ \V\
p' P-q P’ p' p+q P’
(a) (b)
P'fl ‘op
p+q | ptq
1p-p
—
P p'
(c)
fg = f ) 7' Se(p— )Y @7i Sk (P —q);
fop = f ;7 7' Se(P—q)Y @7i Sk (P’ +9);
fo = f q v Sk (p+9)¥ @7iSF (' —q);




Vertex corrections

Physical Review D 107, 096014 (2023)

[ = 2f (5 + 2 (p) + 4 (o) = A(r'v)(97')

@ Renormalized A
B=nton?(gi= o Dregft D (1-8) -0y
+(1—6§)(1—a§)33<+)+2(1733)(1762)J(+ f))
@ In terms of the integrals
Tep) = [ L5 ApAaAp+oq)

TNNep) = f gﬁquA1(p+Aq)A1(p+aq)

. a3
TNINpp) = [ @ As(p+ra) A (P +0q)




Vertex renormalization

Physical Review D 107, 096014 (2023)

6
eB/m?* eB/m?
4 — — 9 — =]
0 1 2 3 4 5 6 0 1 2 3 4 5 6
= 2 B
1 g
S0} — Q0
—~ —~
I I
<y < -2
S~— S~—
£ -6 E
—4
-8
—10
1 1.5 2 2.5 3 1. 1.5 2 2.5 3
po/m po/m
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Fermion self-energy and effective mass in a noisy

magnetic background
J. Castano and E. Mufoz Phys. Rev. D 110, 056003 (2024)

@ The fermion magnetic mass exhibits a leading double
logarithm (Tsai, PRD 10, 1342 (1974);Jancovici, PRD 187, 2275
(1969); Machet, Int. J. Mod. Phys. 31, 1650071 (2016); Ayala,
Castano, Mufoz, Loewe, PRD 104, 016006 (2021))

mg — M ~ agmm [In (eB/mz)]2

@ Is this behaviour modified by stochastic noise when radiative
corrections are included?
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Fermion self-energy and effective mass in a noisy

magnetic background
J. Castano and E. Mufoz Phys. Rev. D 110, 056003 (2024)

AT T T

Y

—iX(x, X)) = (—ie)>y*iS(x, x)y*D, (x — x') = D(x. x')Jﬂe-fﬂ'ﬂ*-X’) [-iZ(p)]
' ' ' (2n)*

ox e ieB . . 1
Schwinger phase D(x,x") = e’ Jodera, — e 2 i

T

k
“iS(k)y*D,,,(p — k
o ("D, (p

Translational-invariant self-energy — 12(/7) = (— ie)2 [

Noise-dressed Fermion propagator  iS(p) = iSy(p) + A - iS;(p) + O(A?)

Noise-dressed photon propagator ~ DHY(q) = Dé“'(q) +A- Dl%“'(q) + ()(A2)
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Fermion propagator

J. Castafio and E. Muinoz Physical Review D 110, 056003 (2024)

@ Fermion propagator (first-order in noise)
iS(p) =iSo(p) + A -iS;(p) + O(A?)

@ Noiseless propagator in LLL (|eB|/m? > 1)
e—Pi/eB

iSo(p) = 2i

.m(p” + m)O(T)

@ Noise contribution

isi(p) =i (57 ) [E1(p)(p + MO — €a(p)r %01

+93(P)17172(P|| + m)}
@ Spin projectors

0D = Z [1 £ sign(eB)iv'?]

N —
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Photon propagator

J. Castafno and E. Muioz Physical Review D 109, 056007 (2024)

@ Photon propagator with noise

o o .
-9 —ig} M2 5555

e+ —— — -
@ HiMEtie  ¢F ML tie (g2 MR +ie) (g +i (ME - M) +ie)

DH¥(q) =

@ Noise-induced masses

. Y- Qem (eB)2A
IMH = lM = —

967 m 3T m

@ At first-order in noise
D"(q) = D§"(q)+A-D{¥(q)+ O(A?)
@ Noise contribution

em(€B)?

v __ CGem(€D)"
b (@) 96 m(g? + i€)?

<599ﬁ‘” - 329" + 64655{{)
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Fermion self-energy and magnetic mass

J. Castafno and E. Muioz Phys. Rev.D 110, 056003 (2024)
@ The fermion self-energy with magnetic noise A > 0
Y(p,B,A) = T4(p,B)+ Zh(p,B) + O(A?)

@ The magnetic mass operator in the A — 0 limit (Phys. Rev. D 104,
016006 (2021)), B = |eB|/m?

Mp(2 = 0) = m+ Xo(p, B)|p =m = OM) + O* M)

2
M _ QenM[lop (T 2 -
Mg = e [m B~ (ve+iz)nB+ 3}+O(B )
) QemM T 5., T
My = ST B (1476 +i3 ) InB

- (2—%—”32—#;” +0(B™)




Self-energy and renormalization conditions

J. Castafno and E. Muioz Phys. Rev. D 110, 056003 (2024)

@ We define two counterterms
Z(S(p? B) = zO(pa B) + 5Z(P|| - m,yO) - 5m7

@ Those are fixed by the renormalization conditions

ad 0
A—=0* apH PH:m'YO’ ap\l ° pllfm’y
p=0 p=0
0
- 720([’7 B)
op, py=m
pL=
i (0B Ay mspo = T6P By _mopo




Fermion self-energy and magnetic mass with noise

J. Castano and E. Mufoz Phys. Rev. D 110, 056003 (2024)

@ The self energy is projected onto spin O™+ and P* = } (1£49)
particle/antiparticle subspaces

im HZaP)l = 30 3 [ELNoTPY)
p—0 o=1,4 A=+1

@ The fermion magnetic mass operator, for A > 0, possesses four
different eigenvalues depending on the spin o =1,/ and A = +
projections

MY (A) = m+ M) + £XY

@ The eigenvalues are complex, and hence we have

mg = ReM{™M(A)=m+ReMy)
reNi) = —2mMPN(a)




Fermion self-energy and magnetic mass with noise

J. Castano and E. Mufoz Phys. Rev. D 110, 056003 (2024)

@ The real parts correspond to the fermion magnetic mass, which
turns out to be noise-independent (in agreement with Phys. Rev.
D 104, 016006 (2021)), for B = |eB|/nm?

2
m) = m+aer“m{|n28—yeln8+7;}+0(8“)
™
) _ QemM | 2 2 4

@ The imaginary parts represent a Breit-Wigner resonance due to
the combination of the field and the magnetic noise

rH(A) = agmm (In B- 27”236/;% (3In(2) ¥ 2))
s
ra) = aemm(lnB —1- N{# (3In(2) iB))
Y
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Fermion magnetic mass and spectral width

J. Castano and E. Mufoz Phys. Rev. D 110, 056003 (2024)
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Fermion spectral density and spectral width

J. Castano and E. Mufoz Phys. Rev. D 110, 056003 (2024)

7D mAiA=0

The imaginary part determines a
spectral width in the spectral density

m%”)r(”*‘)/n

[P = (M) + [mgTed)

4}
2t
O i
s = —
—V/mkAa=0}
0} H ;
..... 5 ) m? :"i .
T . & |eB|/m?* = 10°]
R RN e /m i
al mA = 1072
2t §
0 il
0 0.5 1 2 2.5 3

In the limit of very strong magnetic fields

F(";) ~ [1n B]—l

mp

pA(p?) = 8(p* = mp)
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