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Collective excitations-many-body systems

* Alarge number of interacting particles 2 small number of
almost-free quasiparticles (~ collective excitations)

* Dressed collective fermions

* (Anti-)Screened collective bosonic interactions
 Complex frequency poles of Green’s functions
* Medium-dependent charactristics
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Collective excitation- isotropic QGP
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EM probes of QGP

Leading order

Early stages of QGP evolution

Collective modes
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Evolution of momentum anisotropy
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\ | Expansion rate is much faster _

shear viscosity

Expansion rate and isotropization
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Weibel plasma instability
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Hard-Loop

Self-energies

_ . i _ 2 [dP Of(P) [ k'/
Gluon self-energy (LO): I/ (k) = —g f(zﬁ)ﬂ: . [51 +m_k_v+m+]
k, T = ()
. _gCr [ &p f(p) rvo+Vy
Quark self-energy (LO): Z(K) == /(2;;)3 pl @Kk +i0°
Cr = (N} =1)/(2N,) =12

Same forms, with:

f(p):{
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ZN:‘ng(p) + Nf[nq(p) + HE;([J)]
2ny(p) + N¢n,(p) + ng(p)]

f(p) = f(-p)

for the gluon self-energy integral,

for the quark self-energy integral,

Stanistaw Mrowczynski and
Markus H. Thoma
Phys. Rev. D 62, 2000




Momentum Anisotropic Distributions

* Deformed isotropic distributions fray(P) = fiso (%H(?; {a})) f(p) = f(—p)
* Spheroidal H, (¥ {E.0)) = /1 + & - 9)?
* Ellipsoidal He(i‘r;{@.:g.ﬁl.ﬁz}):\/1+§1(n1 V)S+ &(ny - V)
* Quadratic Hz(V;E") = \/v'E "
E(K):mgf jil [H(H].fﬁ)]z m—h:.r::ﬂ}* HU(K):mE’/ f:ﬂi [Ha(?rﬁ)]“‘[ | &?—lfir f“']
mﬁzg;;ﬁ l " dppfia(p/N) mp = _Zig ﬂmdp "dfi“‘;g &
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Spheroidal parameterization-1

Tensor decomposition: [17=ad"+BB"+yC"+ 5DV
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Spheroidal parameterization-2
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Spheroidal parameterization-3

R(a,b) =

S(a,b) =
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No unstable
fermionic modes

Bjorn Schenke and
Michael Strickland
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Ellipsoidal parameterization-1.1

w
2 p2r 1 i a= - —xcosbty ,
YUK = 24 [ dp [ da ! ! "
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Ellipsoidal parameterization-1.2
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p= (0 + )%+ 5(2a°0% — 20> + 20 + 2¢) + §%(a® - )2

(&)
5o

Oy

1
a+b

= a(b* — ¢*) + sa(a® — ¢*) ,

ab
a+b

ac
a+b

x o .

(8% + ¢2) + s(a? —CQ)] V1-a2,

= —b[(lf2 +¢*) + s(a® + 02)] V1—a?,

'(52 +¢*) + s(—a® + 2b* + c‘z)} V1—a?,

(1 + )% + s(a®V? — a®P + VP + c‘l)} .

I

—c[(52 + ) + s(—a® +b* + 2¢%) + $(* — a2)] V1—a?,

» = Ityp

PHYSICAL REVIEW D 94, 125001 (2016)

Quark self-energy in an ellipsoidally anisotropic quark-gluon plasma

Babak S. Kasmaei, Mohammad Nopoush, and Michael Strickland

Department of Physics, Kent State University, Kent, Qhio 44242, USA
(Received 27 August 2016; published 1 December 2016)

14




More efficient and general method-1

PHYSICAL REVIEW D 97, 054022 (2018)

For polar integration variable, define , — cosg =k - ¢

Ph ase VeIOC|ty I= ;/ k Parton self-energies for general momentum-space anisotropy

Babak S. Kasmaei and Michael Strickland
Department of Physics, Kent State University, Kent, Ohio 44242 USA
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More efficient and general method-2

PHYSICAL REVIEW D 97, 054022 (2018)

Parton self-energies for general momentum-space anisotropy

1

Re [E(Z)] = —/ EM —_— Babak S. Kasmaei and Michael Strickland
-1 T I—X _I_ f{}{ Department of Physics, Kent State University, Kent, Ohio 44242 USA
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Ellipsoidal parameterization-2.1

PHYSICAL REVIEW D 97, 054022 (2018)
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Ellipsoidal parameterization-2.2
Self-energy components (e
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Ellipsoidal parameterization-2.3
Quark modes-dispersion relations
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Ellipsoidal parameterization-2.4
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Gluon modes-dispersion relations
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Dilepton emission rate-shperoidal

dRm_ d3P1 d3P2 +-
d4 P :/(27r)3 (27)3 fq(Pl)fé(PQ)UqQUf;gl 5(4)(19—131 —p2)

- 41 o ( 2m,2) ( 4m,2)”2
ol =——(1+=L)(1-—+
1“9 3 M2 M? M?

Mauricio Martinez and Michael Strickland,
Phys. Rev. C 78, 2008.
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Dilepton yield: spheroidal anisotropy-1
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Dilepton yield: spheroidal anisotropy-1

dN/MdMdy [GeV 2]
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Dilepton emission: ellipsoidal anisotropy-1
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Dilepton emission: ellipsoidal anisotropy-2
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Babak S. Kasmaei and Michael Strickland 25
Department of Phvsics. Kent State Universitv. Kent. Ohio 44242 [USA



Dilepton emission: elllpsmdal anlsotropy -3

dN/(prdprdy) [GeV?]
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Real photon emission rate

dRhard dRann dRcom
=F
L d3q ( d3q + d3q )
dRsoft ? . P 8f (Q) AU
E d3q = 2(27_‘_)3]._[125(@) ZHlQL(Q) — _€2€3NC qq /p QVA (p)

A (p) = [A"L(P) = AS(P) + A (P pipea)
_Pa_za(P) PW_Z;(P)

Yo ()= sy M S

Bjorn Schenke and Michael Strickland
Phys. Rev. D 76, 2007.
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Real photon emission: spheroidal anisotropy-1
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Real photon emission: spheroidal anisotropy-2.1

@

—1n/s= l/4n
--—-MN/s = 2/4n
—-MN/s =3/4n
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Real photon emission: spheroidal anisotropy-2.2
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Real photon emission: weak anisotropy (viscous)-1
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Real photon emission: weak anisotropy (viscous)-2

2L¢D 1 0—15_ —Diagrammatic Approach
===Kinetic Approach
107 == AMY 2 — 2 parameterization

----- Ref. [7]

QGP 2 to 2 scattering equilibrium
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QGP 2 to 2 scattering viscous

C Shen, JF Paquet, U Heinz, C Gale - Phys. Rev. C91, 2015
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Real photon emission: ellipsoidal anisotropy- preliminary
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Outlook

Real photon yield and flow
ncluding hadronic EM production

nitial anisotropy in transverse plane

HF and energy loss in ellipsoidally anisotropic case



Extra Slide- Basis functions
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Extra Slide- analytic integrations

> G sSIn" b + D, cos™ ¢

Imaginary parts can be written in the form of l d¢ S A, s+ B o'

_ _ 2 gimed
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. T gime .
The integrals Ri.. = Ji"d¢ %5 can be calculated analytically.
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Ak 2E a’——am 0, V-2

[S(ﬂi ) —S(a-)]
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Extra Slide- dilepton
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Extra Slide- soft hadrons
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