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CONTEXT:

o Numerical simulations as well as theoretical predictions
suggest extremely large generation of magnetic fields
(~ 1018 — 10'@G) in non-central HIC (arXiv:1509.04073).

¢ Such a strong magnetic field can have significant influences
on the quark gluon plasma properties like transport and
thermodynamic properties and may affect the QCD phase
diagram.

o A typical perturbative approach to study the influence of
the background field in the formalism of QFT requires
evaluation of Feynman diagrams.
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< Algorithm:

» Theory with Interaction (coupling) : defined by Lqopr
» Order by order in coupling strength :

Lqep & O(e?) MA/Q/\AM

» Feynman Rules:

4
= [ TS (k) S+ )

¢ Background magnetic field modifies propagators!
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PROPAGATORS:
daL( ; ) 8L( 7)_
o E.O.M: 3+1 D analog of 8(1; 9 ;gjqﬂ =0
o Scalars: (0f — 07 — 02 — 83 +m?)p(z) =0

o Position space propagator: G(z,2') = G(z — 2/):

(0f =02 -0, — 02+ m*)G(z— ') = =6 (z — o)

¢ Fourier Transform:

d4p —ip-(z—a’
(54(1;—33/):/(27‘_)46 p-( )

4
o) = [ e "6l

© Momentum space propagator:
. i
iG(p) =

p2_m2
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o E.O.M for Fermions : (iv"0,, — ml4x4)) =0
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o E.O.M for Fermions : (iv"0,, — ml4x4)) =0

© Momentum space propagator:

_ i7upu +mlyxq
p2 _ m2

iSF(p)
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o E.O.M for Fermions : (iv"0,, — ml4x4)) =0

© Momentum space propagator:

’Y“p,u +mlyxa
p* —m?

iSp(p) =
© Fermion propagator with constant B along 2:

(=1)"Dp(w,p2;PL)
w? = pz —m? — 2n|qB]

S(w,pipL) = 2ie P1E Z
n=0

D, (W Pz; pJ_) (7 W — 7 Dz + m) [Ln(2£2pi)7>+
— Lo 1(26°p1)P_] +2(v1 - p1) Ly (20°p7)
1 )
Py = 3 (1 41 sgn(thlyZ)
1

ViaB|’

! =

L, (x) = Laguerre polynomial
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THE ORIGINAL WORK:

On Gauge Invariance and Vacuum Polarization

Julian Schwinger
Phys. Rev. 82, 664 - Published 1 June 1951

Article References Citing Articles (5,043) m

¢ Let us just compare the denominator of the propagator
with and without eB.

p, +ml
SF(p) — Y p,u 4x4

p? —m?
oo
. o —1)"Dp(w,ps;p1)
S ; ; =2 piéz ( a2
(w,pz;p1) = 2ie > w? — p2 —m?2 — 2n|qB|

n=0

o Pole of the propagator gives dispersion: eB = 0 is isotropic:

p2 :m2 %E27 |p|2 :mQ.
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EIGENVALUE PROBLEM:
¢ Solving Dirac Equation with eB # 0:

' HaU
"ot B

Hp=a -Ti+pm, @=v%7, =7

o Yoy (0 O‘i)
i = 0% =
gi 0 )44

1 0
5‘70‘( )
0 -1 4x4

o Only change with A = (0, Bz, 0) :
Pop—qA—>T=—iV—gA

o We can write plane wave solution as:

\I,:e—iEt< ¢ )
X/ ax1
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o Explicitly we have

X

<E¢ ) [ mo+5 Ty
Ex | E~ﬁ¢—mx

o So we get two coupled equations
(E—-m)p =
(E4+m)x =
o But they can be easily decoupled!
(E+m)(E—m)p=(7-

o-1I —m

Qi Qu
=
>

)

(10)
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o We only need to evaluate (¢ - II)2. Let us remind

9 .
T = —ig g4 (11)
0 0
1_ 9 2 .0 1 39
I Zaxl’H 52 qBx , 11 53 (12)
o
N\ 2
(& H) — (I)? - qBoy (13)
((I? —gBos)¢ = (B —m*)¢
(14)
0? .0 o

_ [—v2+2m3xé)+q%#w2—q3m%¢ (15)

oy
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¢ The trial solution:
6 = P2 f(g) (16)

o3 is 2 X 2 matrix. So f(x) must be 2 component vector.
Now we write f(x) in eigen basis of o3.

fa)=rio) () + @ () (17)

d?*F,

T Ty — qBx)*F, — (E* —m* — p? 4+ sqB)Fs = 0

o Now we change the variable.

e~ VBl (2 - ) (18)



¢ The final equation:

de?

where a; = ﬁ(E2 —m? — p? + sqB).
o Textbook by David J. Griffiths

We return now to the Schrodinger equation for the harmonic oscillator (Equa-
tion 2.39):

Things look a little cleaner if we introduce the dimensionless variable

mw
£= /—h—x, [2.55]

in terms of £, the Schrédinger equation reads

a2y

—(£2 —
dgl—(s K)y, [2.56]

2
{d —§2+a5}FS=O (19)
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o Textbook by David J. Griffiths

heven OF the series hqqq; the other one must be zero from the start). For physically
acceptable solutions, then, we must have

K=2n+1,

for some positive integer n, which is to say (referring to Equation 2.57) that the energy
must be of the form

1
E,=0n+ E)hw, forn =0,1,2,.... [2.67]

o aszﬁ(Ez—mz—pg—i—qu):Ql—i—l, 1>0.

E? = m?+p?—sqB+ (201+1)|¢B]|
P2 +m® + (20 +1) — s sgu(¢B)] [¢ B|
= p2+m? 4+ 2n|¢B]| (20)

¢ Landau Levels:

1
n=1[+ 3~ gsgn(qB)
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© Fermion propagator with constant B along 2:

o0
S(w,psipL) =20 710N

n=0

(=1)"Dp(w,p2;P1)
w? — p? —m? — 2n|qB]

(21)

Du(w,p2;p1) = (Vw — ¥*ps +m) [Ln (20793 )P4
— L1 (26p7)P-] +2(yL - pL) Ly 1 (20%p7)
1 )
Pi =5 (1 +isgn(gB)y'7’)
J— (22)

VlIaB|

¢ eB # 0 — Landau Quantization!
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TAKE HOME
o For eB # 0, the Fermion propagator is complicated with
sum over infinite Landau levels.
¢ eB brings anisotropy.
¢ Dispersion shows angular dependence:

w2 - p2 - [fg—l—gh(wv |p|,T) + fq(w7pzv |p2L)’7 eB’T)] =0

™
L4f -9, =0 — 0 =1
1.2 o ™ o ™
P E P E
10
Q
£ 08
~
+
3 06
04 (1,€2) = (0,0)
02 eB =30 m?
’ 0< gy <2m @

00 02 04 06 08 L0 12 14
[pl/mp

o arXiv: 2204.09646 (one loop HTL+LLL )
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Thank You
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