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Simple picture of CME
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chiral fermions,
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Simple cartoon of the CME

=P chiral fermions prefer to align their spin parallel to magnetic field
fermions move along the direction of B according to their chirality

(+ opposite charg_e)

NR 7£ ng <S> ~ B =2 imbalance in the number of the two chiral species results in a charge
sensitive electric current J
(p) ~ (ngr —nr)(s) =P The real, dynamical origin of the CME is the change of momentum

space topology in magnetic field (Berry-curvature)
J=0cE -+ C A /L5B
Consistent with Maxwell-Chern-Simons electrodynamics:
Js = #upsE+ CauB

1 Cy ~
L=--F"F, —A"J, + —20F"F,
4 4
See: . .
D. E. Kharzeev etal., Prog. Part. Nucl. Phys 88, 1 (2016) V X B-E-= J - CA (HB - V@ X E)
Kharzeev, Stephanov, Yee, PRD 95, 051901 (2016)

2
K. Landsteiner, Acta Phys. Pol. B 47, 2617 (2016) . — N — . _ e .
D. Kharzeev (edited by) etal., Lec. Notes in Phys., Volume 871 (2013) \ E P CAVH B J = _ZHB
A. Bzdak etal., arXiv:1906.00936 2r 3



How to measure CME in HIC?

What signs to look for?

» charge separation - dipole asymmetry in productlon
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» CMW - Cu+Au coll. (quadrupole moment of charge dlstr)

B
see: Burnier, Liao, Kharzeev, Yee PRL 107, 052303 (2011), A
Huang & Liao, PRL 110, 232302 (2013) Miaht not exist... au cu -1+ = 4
g _— » LER » g
E N e =
+ -

> other things:

CSL (“chiral soliton lattice” nonzero quark masses - anoumalous Hall current & B—Omega coupling;

K. Nishimura, aX:1711.02190

transition radiation as a probe of chiral anomaly - circularly polarized photons at given angle to the jet direction
Tuchin PRL 121, 182301 (2018)

Change in critical behaviour? (see Sogabe Noriyuki JHEP11(2018)108)

from experimental POV: background...



CME in cond. mat. systems - WSM
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Figures taken from: Lahdstenier, arXiv: 1610.04413 (2016)



CME in cond. mat. systems

» anom. conductivity —. B? term
2
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» possible pCME in graphene ?

check out: » Parity breaking “mass”: M = mgYs + myY3Ys.
A. J. Mizher etal. arXiv: 1803.05794 » Place the graphene on a Boron Nitride substrate - m3:

’—o
'S,
: -

» PCME Lagrangian [AJM, C. Villavicencio, A. Raya, IJMP B30, 1550257 (2015)]:

£ =i+ 40P + (A3 — s} — maP Pl



Phenomenology & introduction

1 — . — —
ZL = 4 wF™ Yo — eAryty _Aiuwyﬂysw
vector current J* = yy*yy  axial-vector current Jg‘ = YyH ysw

0, J% =0 (consistent anomaly!)

1 1
6’MJ5“ :ﬁE y B+@E5 . B5

(In order to keep the vector charge conservation

, L See for example: Landstenier, arXiv: 1610.04413 (2016)
intact, regularization is needed.)

Introduction of axial coupling: new transport phenomena

- fundamentally different nature compared to the usual electric transport: behave
differently with respect to parity-inversion and time-reversal transformations

— nonequ. effects can be taken into account (although axial field is an auxiliary quantity)



Anomaly in QED

See for example: Landstenier, arXiv: 1610.04413 (2016)

U(1) vector current: JH = U~yH P
U(1) axialvector current: JE = ﬁ7“75\11
(9“]“ =0 (consistent anomaly!)
1 1 1
0,Jt =——E-B+—E--B- —> ___F.
RE5 on2 6m2 0 ° 2772E B
9, J" = (E.-Bs +E;-B) — > —— (Vus) B
K 272 272
1 1
wo_
6,LLJ5 _ﬁ(E.B—FEB.BB) >27T2E°B

fermions coupled to gauge fields:

¥ maintaining gauge invariance
— costs the anomalous divergence of the axial current
v the anomaly comes from the UV behaviour of the fermionic propagator 3



Anomalous conductivities

> static (- steady state) current: universal
— given by the anomaly (1-loop)
- no further quantum corrections!

(U Uy )
» BUT relaxation dynamics: 9
0AL
> approximation: linear response G2 4P
— microscopic dynamics is not effected 'L
by the extarnal fields U
— gradient corrections to hydrodynamic fields
q1 + qz2, W q1, V
Tr Tr ONTrTr ~ V
2T AT 27 )] PR
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Linear response

CM E (also anom. Hall)

(JH) = (JF P M ppoco Ay + (JET TSN, AVASy + ...

~ axial imbalance x magnetic field

(J£) = (Jgjg)\A,AS:OAS,V + 2 (S5
1 v
+ 1 (JETLTE)

OAvAp+

CSE

AAs=

AAs=0 A5,VA5,p + ...

Neglecting the electric and axial magnetic fields When the axial and vector fields are
dynamical, the transport relations couple
together leading to collective excitations
like the chiral magnetic wave.

axial-vector potential A5 = (Asg,0)
vector potential A = (0,A)

10



AVV response function

As a consequence of local vector charge conservation,

the AVV vertex fulfils the following identities (Ward- P
Takahasi) : ¢
|
oWV _ o TPRV
(91 +q2) Uy =q1584yy =0
—_~ ez
Y% .
>, prgf“/v _jvab 1.0023 - _2712 [ g1~

Third equation: anomalous nonconservation of the axial-
vector charge

(JEJVJL) =T+ AVV vertex
@)= [ A0 s ()T (a0 a2)e™ )

J5(x) = [q1 0 Ku(@l)gv(élz)fﬁﬁgv(%,—m - 6]2)eix‘(‘11+‘12)
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AVV triangle

o (a1, q2) = —g : tr{v“iGC (p+aq1 + @)V iGH (p + 1) iG* (p)+
VG (p+ @1 + q2)vPyiGC (p+ )V iG (p)+
G (p+ 1+ 42)7" 7 IG (p+ 1)y iGA (p)+
+Y1GC (p+ qu + @2)7"iG (p+ g2)7"7 " iGC (p) +

R/A [do  p(w,p) G (p+ g1+ q2)7" G (p+ 42)7"7%iG" (p)+
¢ (p):/pro—w:I:z'0+

oo G (p+ qu + 2)7" G (p + 42)7"iG (p) }
—nFD(pO/T>
1 —npp(po/T

— {same terms with m=M>>
all other scales}
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AVV triangle

fpuy _ Z'ez
Avv(q17 QQ) - _7

p=0:
sensitivity to the g,—0 limit
(CME)

O=I
no such sensitivity (CSE)

i tr{v“iGC (p+ @1 + @)V iGH (p+ )V "G (p)+
VG (p+ @1 + q2)vPyiGC (p+ )V iG (p)+
G (p+ 1+ 42)7" 7 IG (p+ 1)y iGA (p)+
+Y1GC (p+ qu + @2)7"iG (p+ g2)7"7 " iGC (p) +
G (p + g1+ 42)7"iG (p + g2)7 7 iG (p)+

MG (p+ qu + 42)7" G (p + 42)7"7 "G (p) }

— {same terms with m=M>>
all other scales}
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AVV triangle

a1 T (a1, q2) = iG(p+q)q - TviG(p) = G(p+ q) — G(p)

2
ie . |
) tr{WZGC (0 + a1+ @2)7"7°G(p + @1) = G (p+ a1 + g2)7"7° G (p)
p

+G (p+ @1 + @)V GC (p 4 @)+
—"iG (0 + a1 + @27 G (p)+
G (p + @1 + a2)7" 7 iG (p)+
—*iG (p + g2)7"7°iG (p)+

G (p 4+ g1 + 42)7P7iGC (p) — YHiGT (p + 42)7"7 %G (p) }

— {same terms with m=M>>all other scales}
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AVV triangle

a1 L0 (41, g2) = iG(p+ q)q - TviG(p) = G(p + q) — G(p)

ie? , .
— Ty / trd vHiGY (p + q1 + @)’V G (p + 1) - G (0 + g1 + @)Y G (p)
D

VG (p 4+ a1 + @2)7" VG (p+ g1+
WiG (p+ 1 + ¢2)7"7° G (p)

VG (p+ q1 + q2)7°Y*iGA (p)
WiIGY (p + g2)7"7%iG (p)+

VG (p + 1 4 q2)7"7°iGC (p) |- v*iGT (p + q2)7" G (p) }

— {same terms with m=M>>all other scales}
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AVV triangle G +7°G(p) =°9(p)

GY(p+ a1 + q2)
= ie” 5, ~C A N A
G2 - TV (01, q2) = —— ftr{v“v 1G7 (p+qu + q2)4,1G" (P + q1)7" G (p)+
2 p -G~ (p+q1)
IS raTit — C N VYA
YV IGT (p+ g1+ q2)¢4,0G (p + ¢1)Y iG7 (p)+
G p+ o™+ q2) -G (p+aq)

#"G (0 + @1+ )1 G (P + 1)V IG! ().
p)-

G+ (p)
PG (p+ qu + q2)7"iGA (p + 42)4,1G" (p)+
G (p +q)gG™* (p) = e
_ RA R.A +7””y5iGR(p +q1+q2)ViIGY (p+ q2)¢.1G7 (p)+
C__G (];-Ai- Q)+G (p)’ ﬁ%o(p)
G (p+q)4G™"(p) = Y IGE (p+ g1 + @)y iG T (p + q2)¢2iGC (p?}
=-G“(p+q),
G (p+q)4G(p) =
= G°(p). —{m=M>q, q; g(p) # 0}
N— \? g
Q = —i—G'LWPOQIUQQp

2772
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Limiting cases of CME conductivity

2

qz2 — 0 percedes g9 — 0 ANOMALY J-= 26?145,013

u; first set to homogeneous

2
qi0 — 0 lastly: §>< ANOMALY

g0 — 0 percedes qo — 0
A, , first set to time independent d10 . d10

N,
7

qio + 0% qi0 + ¥

The g,,—0 ambiguity was pointed out by several authors (Fukushima, Kharzeev, Satow and
others, see: PRD 90, 014027) That is DIFFERENT from the ambiguity of constant AXIAL field!

See: Hou, Hui, Ren, JHEP 5, 46 (2011); Wu, Hou, Ren, Phys. Rev. D 96, 0960151(2017)



Limiting cases of CME conductivity

2
qo — 0 percedes gog — O ANOMALY J-= 6—A5,0B

. 272
u; first set to homogeneous

g0 — 0 percedes qo — 0
A, , first set to time independent

Vanishing static conductivity shows the inherently nonequilibrium nature of CME
remark: NO ambiguity for CSE conductivity

See: Hou, Hui, Ren, JHEP 5, 46 (2011); Wu, Hou, Ren, Phys. Rev. D 96, 0960151§017)



Limiting cases — constant A.,

J,V
For finite relaxation time the asymptotic 2/3 decays away

There is still retardation effect for short times

JlJstat

1.0

0 1 2 3 4 5 67T
B(t) 1+tanh(t/m)
By 2

T =5.0,1.0,0.2, 0.1, 0.01
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More about static conductivity

J = { f—;AiOB, homog.
0,

static
k
! |
Vg2 ,
' |
,_/’/A\ A
[ q1 ]
A / 2M?(1 = 2npp(po/T))
/d ptr {)’ )’SGA(P)V 8G{9 (kp)} 2nFD7€pO/T) e ./d4 [(po — i0)? iDpz M2]
topologically protected (?) PV-reg.: ~heavy fermions
fFor m=0 beyond the scales of
any interactions
2
\ € ijk /
N €
2
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More about static conductivity

O ~oi _
w2 ag VY,
e? . ( ) ) ) - seems to be robust
H—— [ tri~* ——0 , I —( ,P)+ . ..
2 Jp {7 T\ "¢ PP |7 5, 67 w0, P) against fermionic
0 .0 interactions
Al __GR : > ]_GR 7 + ) )
i ( opoC PP | ¥ g, G k0. P) _. Coleman-Hill-like non-
i5 0 : 9 renormalization theorem?
7' 2—G(po, p)v’ (——GA(po,p)) +
i, dpo
! ) )
+7'7° 2—G"(po, p)’ (——GR(po, p)) } (1 —2n(po)) . OGA
Opr Opo 62 /tI‘ {,YZ,YBGA(p),yj (p) } (_Qn/(po))
— {same with m = M > all other scales} + p Ipr
e ; ) .-
+ f tr{y 75g?4(p0,P)70GAM(PO,P))’](,)—G‘}/,(po,p)+ — contribution from the
P Pk regulator term only

i j a
~ ¥y g5 (po, P)Y’Ghi (po, p)yfa—GﬁZ(po, p)+ o )
Pk _, fermionic interactions

- ; . :
+ y’ﬂysgﬁ(po,p)a—pkG?LI(po,p)v’GiZ(po,p)y0+ could not change it!

,~ : ' _
—y ysgﬁ(po,p)a—mGﬁ(po,p)V’Gﬁ(po,p)yo} (1-27(po))

A
[ {26 on SR g (1 - 20m)
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More about static conductivity

Staring with the weak coupling expression

; 0G4
f d* ptr {7 v’ G*(p)y’ p (p)
Pk

conductivity from weak coupling

there is other contr. from vector vertex
/
} _anD (p()/T) ORis there?

T

Using Ward-identity to reformulate solely in terms of the propagator

Goy'Go = 0"Gy
I(p,p) =G (p)?G(p)G~'(p)
f & pte (G (0G)GI GG (G)G (G} (=27 (po))
p~p

Formula.bea.rs reparametrlzatlgn invariance: Go(0, p' (p)) = G(0,p)
no contributions from interactions?

f dptr {y° G5 (0.p) G4 (0.p)G5 9'GAG; G}
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AVV response function — constant B




AVV response function — constant B

MH, D. Hou, J. Liao, H. Ren: 1911.00933

J'(x) = fd4ql [d4QZAVj(QI )As0(q2) Uiy (q1.g2)e™44) =
. — weak coupling limit: the
_ /‘ ar’ f Bqhso(f, Q)T (1 - 1, q)e 9T conductivity can be given analytically.
. ’ — finite temperature contributions
are absent in the charge density
— for T=0 there are contributions

result of the retardation, but also
71=0  jnstantaneous response

Ez(t,q) = '[dqoelqotiejlkBl AVV(ql q2 Q)
—00 2 0q1k

74 (t,q) =26? {Bid(t) + 9(;) [QSin(qt) (B'+7(B-qQ)) - % (Sinq(ft) ) f(tT) (B -3'(B .EI))]}
)=tz fdmen(u)sin) -1~ 2 [ 70




AVV response function — constant B

MH, D. Hou, J. Liao, H. Ren: 1911.00933

T(ta) = [arsot+ma);— { B ( 5(r) + 9(;) [qsm(qT) i a@T (Sinq(;_]T) ) ; (TT)] .
+(B -G)Z]\ie(;ﬂ [qsin(qT) + 887- (Sinq(;ﬁ) ) f(TT)]}
Ji (ta I‘) = 26? {BiA5,0(t7 I‘) - %BiA5,0(t7 I') + =0

1 ~r i i
e fer’ /dr' [(T'33A5,0(t—r',r+r')) (B'+ By )+
0

A570(t — T’,, r+ I‘,) - A5,0(t, r+ I‘,)

,r/

— (81145,0(75—7“,,1'4-1',) + ) (BZ _BBﬁ,r’)H_

(@1 Aso(t =1 x+ 1) ('T) = As(t =" v +x)TF ('T)) (B' = Bi ) |}
>0
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Point-like A_ ,— constant B

MH, D. Hou, ]. Liao, H. Ren: 1911.00933
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For a centered
source:
p— A57

A5,0(I‘, t)
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+
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Quenched A, ,—constant B

J,V

MH, D. Hou, ]. Liao, H. Ren: 1911.00933

Sudden change in A, , - asymptotic current? Aso(t,r) =0(t)As (1)
~ Ax o(Q) p sinqTt _
Ti(t— 00,q) = B' -3 (B-@)+(B' -7 (B- q>>[df F(rT) | =
2 or \ qr
A : B-

= 5’(;((1) (Bz 4 (q2 ) ) F(q/T) Current is divergence free!
F(x)
1| T - 0 : current-dipole,
0.8} J = ilvr [dSr/ A5,0(I‘, B I‘)B x1'

47 2 (r")3

0.6 -

T - larger than any scale (even that of
spatial inhomogeneities: zero current

0.4+

0.2+
q~5T: cut-off,
0. 5 . s, ~ - w *  spatially localized current!
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Quenched A, ,—constant B

- MH, D. Hou, |. Liao, H. Ren: 1911.00933
Sudden change Iin A, - asymptotic current? As0(t,r) =0(t)As (1)
Ti As.0(q i sin qT
Tt~ co.q) -2V 5 G(BG) + (5-T(B q>>[df (227 571 | -
2 or \ gqr

::A5,0(CI) (Bz' _ ¢'(B-q)

5 = ) F(g/T)  cCurrent is divergence free!

for a localized source: Aso(q)=Vp-As

VD deI'J(t—> oo I') - A5 OBl f(RT)
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Vanishing long-time charge asymmetry

MH, D. Hou, J. Liao, H. Ren: 1911.00933

AQ = / ds f d*rB- J(t,1) = Already seen: long-time behavior of conductivity
is dipolar in space

= fd3q fdzrﬁia-f;‘(qo = 0,q)As0(qgo = 0,q)e T = Assuming that observation time is
long enough (t—00, compared to
X , the time-scales of the sources);
47r2 fd (lfd (1-(B-9)%) F(q/T)As0(0,q)e™" takeing into account all the
current through a large enough
g =(-qo, —q+ q||B) surface (area of S—) !

— 0! q = (qo. q)

With the long-time/large S assumption the , ~ i U
vanishing of the transported charge is robust A€ = _[d q qullBirAvv(CI,q )Aj(9)Aso(q’)
(i.e. no corrections from interactions) —00

Writing AQ in terms of the vertex function: . |
essentially the consequence of the local qHB,-Fg’év(q, q)=(g+ q’)ul"f\“\-/’v(q, q)=0
charge conservation -



Charge asymmetry and the interplay of many scales

MH, D. Hou, J. Liao, H. Ren: 1911.00933

Explore the charge separation but only Aso(t,q) o exp (_ﬁ ~ f_z)
in a finite time window ¢, ! I I t [ ’ ;T
Axial imbalance is parametrized by an nterplay of many scales.
impulse-like profile (R, T, fobs.)

A_Q AQ

Ct <
1.+ sl

0.5+

-0.5¢



Charge asymmetry and the interplay of many scales

~ y large enough source:
obs. . .

eff( NG ) lar ge R behaves like naive CME for
2V2t intermediate times

AQ(tobs., T, R) s < e_;% - £ small t (homogeneity limit).
cr AR ller si h |
) 5 smaller size or shorter pulse:
~ | (Rf7)" -1 . K™ lobs. + ﬁ((fobs./T)z) system quickly reaches the
~ V27 ((R/T)2+1)" T 7 vanishing of AQ within the
AQ A0 observation time window.
cr
large R
a0 I 2 3 4 5 6 1t
Ccr
smallt
W 0 R
-05} - 31




Gradient expansion

e’ — Expanding the current for g—0 up to
oJ(t,q) =J(t,q) — —=Aso(1,q)B =~ . . . :
1(t.q) =3(1.q) 272 s0(1,0) the first non-trivial contribution:

2 oot made(1+ 76T B(1 - L)) (B -] + O(a)

Still too complicated. Assume clear separation between the internal timescale and
temperature. With characteristic timescale of the source being z: two limiting cases

in 7/T where the deviation from the homogeneous current can be given in a
differential form: (send T either to O or )

2

5J(I q) N— (Clq B+C2(B q)q deA5Q(I+T q)T Cl CQ
T.->T | 1 1
2 T>rt | 5 | 2
R [(RY) ——2 (Ci1BV; + Ca(B - V) Vi) Aso(t,T) = L
2
:—4—71'2(C1B(VE5)+C2(BV)E5) atv % 6J(t, r) + O

The gradient correction can couple to vorticity, therefore it can lead to vortex formation.
32



Conclusions

> 4 “resumming” all gradients in the axial imbalance results in a
dipolar structure of the electric current

=» because of charge conservation the overall asymmetry caused
by the CME current is suppressed

=> The long time behavior is a result of many scales: for large
enough spatial size or short enough lifetime the usual CME
current is dominant

= The subleading terms in the axial imbalance gradients can
change the vorticity of the charge flow
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Take-home message

Local charge conservation
greatly affects the real-time chiral
magnetic response.

Charge separation can be
suppressed depending on the scales
of the system.




Future plans

> 4 full linear response analysis with axial currents
esmall-q expansion with non-homogeneous EM & axial fields

> 4 possible implementation into simulation frameworks
— to describe relaxation dynamics

> 4 hydrodynamic simulation with gradient terms taken into account

> 4 plasma modes with vorticity:
detailed analysis in dynamical situations
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Thank you for listening!

Questions? Comments? \
HOHhe>TdWVWELT!
check out 1911.00933

miklos.horvath@mail.ccnu.edu.cn
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Backup
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Maxwell-Chern-Simons

Only QED + 6-term:

1 - , e’
Lo = —ZFWF“ + 1yt (10, —eAy) Y + 63

]‘ 1% 2 ro
= Cuos = FuF"™ = JW Ay + ™ P0F,, Fa

Maxwell's equations get modified:

V-E=J"+25v0.-B

2
. e .
E—VXB:—J+2—2(0B—(V(9)XE)

T

imposing the anomalous Ward-identity:
2

€ vo ! s
1%#“3@JM=%%E@MWf¢
leading to:
1 L=
L=—F,, F' +yy" (z@M —-eA, - 75145,“) Y

4

" POF,, Fop
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Maxwell-Chern-Simons

QED + QCD with 6-term:

1 L= °
LQ,QCD:_ZFMVFM +77D’y’u (’L@M—GAM)@D-I- 3g7r2

0G,,GL”

imposing the anomalous Ward-identity considering both gauge fields:

leading to:

2 2
€ vo € rvo ! A 5
167T2 GILL IBFMVFaﬁ T 327T2 elu BGQ,MVGQ,QB = 8MJgL = 8/~Lwﬂylufy w
1 pv o 5 e’ pvap
L=—=Fu F* +yy" (i0, - eAy —7° As ) -0 —— " F,, Fop
4 167
2 2
e waB e” 0 L
HWE'I F/U/FCYB o 246 JCS
1 L 2

4 2 4
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Limiting cases — absent current

FOZ] _
6q1k AVV —

A A
=ie ftr{’yzv5GA(p)v oG~ (p )}( 2n’ (po)) + 2ie” ftr{v vy GHy (p)vjw#;m}gﬁ(p)(l—Zn(po)) =0

S 7 ~
Y R

_ . 2p"p )} —2n"(po) _2¢? ik pon’ (po) ~
ST /dpofdpp t {7 vm ( T (o= i07)2 = p? (o 107)2 2] = [dpp f Do o —i0) T -

- 2
:_e_ijkfd 2/d / 1 _e z‘jk/d 2/d " 5(p0—p)—5(p0+p):
€ 0 pp” | dpon (pc>)6pO o0 2 a2t O pp” | dpon (po) 2
. 9 B o . 9 B o . 9 B
=56t [dppn” () = =259 [apn'(p) = 25 e,
2 2 272
0 0
2ie? . . 2p% (p + M) 2M
B = 477 fdp 1-2n(p [dptr{ YA (p + M)~ (yk - ' =
O( ( 0)) (p ) (p0—20+)2—p2—M2 [(po—i0+)2—p2—M2]3

M?p?(1-2n(p i e i M?p?(1 -2n(p
fdpof ; (1 220(0) 50 ik - ]kfdp f ) (1= 2n(p))
[(po - i0%)2 - p? - M2T° [(po - i0%)2 - p? - M2]

M2 2
e
S |

./ (p + M?2)3/2 272

zyk 6
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AVV triangle G)® +7°G(p) =7 9(p)

9 o _ When only the Pauli-Villars term contributes:

0q1x

€

= 22 tr{y 7P (1 - QHFD(po/T))[

ignr (D + a1+ @2)¢,iG i (p + 1) iGa () + G (D + @1 + 42)7"iGR; (p + 42)4, 7927 () +

igar (P + a1+ @2) 4, iGa (P + 1)V iGay (p) + iGar (p + @1 + 42)7iG (0 + @2) 4, 931 (p) ]}=

1 1
[(po +i0+)2 —p? = M?)°  [(po —i0%)% = p? — M2]3]

%z‘eQ(—SiMQ)e“V”"qlaqu/(1 —2npp(po/T))
p

oo

] [y e — Y :
=— =" qoqp2mi | o [dy — A rvE
3 p 2 5/2 5o nt1)2 3
T 80 (y +1 N— (2+1)22+1+y> M
— = 2?6 d1092p R 3 16/ —Z—QWQG d1092p
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Limiting cases —constant A,

J’V

A; , is set first constant then homogeneous

B can be set to homogeneous with still non-trivial time-dependence

2

T :A50/.d7'§i(t+7',q1)6—{5(7')+
" 272

F3(x)

0.4

03F

0.2+

0.1

ol (2 ) )
1m0 €450 B'(t) -4 f°° drB'(t + 7)TF3(rT)
272 2 ’

There is an instantaneous response
(from PV regulator term!)

-0.1t

I 1 ! ! Il x
O.W 2. 2.5 3.
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Limiting cases — constant A.,

J’V

Magnetic field is homogeneous but time-dependent

Retardation is more pronounced for smaller temperatures

_J
us - B(0) - Cy J

= 0(t)e Y

) B(t)
0.8 By

J

ps - BO) - Cy
1
1+¢2/78 . . . . . .
0 1 2 3 4 5 6 7o
B(t) 1+tanh(t/7)
t By 2
> 3 —4 5 61 701 =5.0, 1.0, 0.2, 0.1, 0.01

7T = 5.0, 2.0, 1.0, 0.5, 0.1 "



Limiting cases — constant B

O 00 1
69 e?
dq1x "By =~ T2 /dposgﬂ(po)(l—2n(po))/dp5( —p* —m?) /dx
S J J

_|_

. 2
o Biw(moaso + eapw + (2% + 1p?) + Biw (pogao + (152 +1) ?)
Ox (po + q20 +907)2 — p? — g5 — 2qopr — M?

2
' P

+B , }
+ (po + q20 +i01)2 — p? — g3 — 2gopr — M2

Og¥

qi1= =0 m—)O aqlk

. agw
5 [ o
. s (C]zo Q2) < Daur

el]kBl
g1=0,m=00
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AVV response function

Backup on omega-q expression

T (w,q) =7, (w,q)As0(w,q)

2 2
o) - [are q)——z{sz L [B+7(®B-9)

w? —q
r 1. w-(2p-q)° 2p—q 2p +q .
+ |/ d T)| -1 -2 -2 B -7 (B -q
6[ p”FD(p/ )[q nw2_ (2p+q)2 (1)2— (2p_q)2 (,1)2— (2p+q)2 [ Q( q)]
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