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Overview of the talk

© Thermoelectric effect: Objective and Motivation in QGP
© A Brief Formalism: Kinetic theory
© Electric field induction in QGP

e Thermoelectric phenomena in peripheral Collision

© Summary
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Objective and Motivation

Thermoelectric/ Seebeck effect: Induction of electric field due to
thermal gradient.

Being made of electrically charged particles, QGP shows thermoelectric
phenomena.

How strong can an electromagnetic field be produced due to such
phenomena?

Is the field strong enough to interfere with QCD interaction and modify
the final state observable?
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A Brief Formalism: Kinetic theory

d3k ktkv
T = NZNN ——(f; f5
. d3k Kk
J* = qx NgN¢Nc WUUG — fa)- (1)
Conservation laws: 0, T"" = 0; 0" =0

Four Momentum: p* = (w, k)
Total single particle distribution function: f = f(x, k)

For a system, slightly out of equilibrium, f = figea + fdissis

1 .
ﬁdeal - wFp 1 a= 07 _17 +1
e T +a

To find fyisei, We use the Boltzmann Equation.
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Boltzmann equation and RTA

Relativistic Boltzmann equation (RBE) in presence of magnetic field can
be written as,

KAOLF + aFH ke, B = C(F) = —(u- k) &£ )

Relaxation time approximation (RTA): C(f) = LTS

Tc

J. L. Anderson and H. R. Witting, Physica 74, 466 (1974)

Depending on the dissipative force we considered an ansatz:

515:(5(5)25, with§:a1§+a2§T+a3ﬁT

3rd terms contribute when system cools down rapidly.
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Boltzmann equation and RTA

Solving the Boltzmann equation we obtain

1= a8+ PR (5. 97) (7 99)

Plugging it in the expression of current:

qigi d\k| (wi —bjh) (OT OT \710f°
Z k| - '+ T - haa H a

When the net current is zero (j/ = 0), we find the electric field induced

due to temperature gradient. Rearranging the above expression
ocE=LX
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Boltzmann equation and RTA

cE=LX
= E=(oc"lL)X
dT
Ex $ 00 dx
dT
= | E 050 a | - (2)
E, 0 0 S dT
dz
Loz
Thermoelectric coefficient matrix with Seebeck coefficient S = 2.
T
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Gubser flow

With cooling rate from Gubser flow (141) D: Transverse flow along with
longitudinal boost invariant flow.

T (GeV)g.2
0.1

S.S. Gubser, Phys. Rev. D 82 (2010) 085027.
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Understanding the Electric field vector

For numerical estimation of thermoelectric coefficients, we considered the
quasiparticle model by Gorenstein and Yang (Phys. Rev. D 52 (1995)
5206). For relaxation time, we use the expression for QCD matter from

Nucl. Phys. B 250 (1985) 666 by A. Hosoya and K. Kajantie.
1

TR = 51TaZlog(1/as)[110.12(2N;+1)]
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Electric field induction in isotropic QGP
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Space time profile of induced electric field

No longitudinal dependency because of boost invariant symmetry.
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Creation of external magnetic field

I Magnetic fields in non-central collisions
[Fukushima, Kharzeev, Warringa, McLerran '07-'08]

Reaction

z
plane,  /
I N/

X (defines ¥y)

Quarks and gluons

Strong transient magnetic field (eB ~ 15 m2) produced at the early stage
whcih can create momentum or pressure anisotropy.

% ﬁ 6ﬁ—|—q,(E—|—'XB> ﬁ:—(s—f"

wj Ok; TR
Where we introduced Lorentz force due to external magnetic field.
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BTE in presence of a magnetic field

Considering time-varying field:
B = Byexp (_%), E = Eyexp (—é)

oSO
Ansatz for 6f = (ki - Q) 5L, with

ﬁ = a1§+ CQE—I—CQ?T—I—OM@T—FO@( _,T.X é) —i—Oz@(ﬁT X é) +
ar7(VT x B) + ag(E x B) + ag(E x B) + a1o(E x B)
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Thermoelectric effect in a external magnetic field

E=(c"1L)X
_ dT
E, Se NB NB\ [ &
= |E|=(NB Sz NB| ||, (3)
E, NB NB Sg) \ 41
dz

Dimensionless magneto-Seebeck and Nernst coefficients:

(0'5 + U2H)L34 -+ (20'e0'H)L56

S — )
B T (02 4 30e0%)
NB — UH(Je + UH)I-34 - Ue(Ue + UH)L56
T(02+3aeaf_,) ’
NB — —0H(0e — on)L3s + 0e(0e — UH)L56.

4
T (02 + 30e02) )
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Electric field induction in anisotropic QGP
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Space time profile of induced electric field
Initial magnetic field eBy = 5m?2
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Magnitude Plot
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e Initial induced electric field could be as high as 0.9 m2

@ magnetic field introduce anisotropy in induce electric field.
@ Slower variation of ext. mag. field have less impact and therefore

relatively isotropic intensity of induced field.
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Summary and Conclusion

Thermoelectric Phenomena can induce Electromagnetic field in QGP.

Induce field could be strong enough, close to QCD energy scale.

(3+1) D hydrodynamic simulation can incorporate this phenomena to
estimate the effect in flow coefficients and other observable.

Magnetic field created in peripheral collisions not only introduce
anisotropy in the induced field also enhances its strength.
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Thank You
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