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Heavy-ion collisions
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A interactions in the corona
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Core-Corona model for

The core, where the energy The corona, where the energy polarzation
density is high, can be modeled density is low, can be modeled as  Tremeseene

correction to the scalar
h r ni i sigma meson
as a QCD plasma. a hadronic gas ovosmtion for M T

Leading order contribution
to the self energy

_ ._ Propagator with
g - S O thermodynamic correction
4 N \ Spectral density
’
f \ Poles of the propagator
|
q q A—>—+pO—Pp——Pp— A Ssummy
s s P P

Then, we have to obtain the thermodynamic correction to the o
propagator.

Phys.Rev.D 109 (2024) 7, 074018
Physical Review C, 63(6), 065203.
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One-loop thermodynamic correction to the scalar
sigma meson

Considering the corona region as an baryonic gas, the one-loop
correction to the o propagator A* at finite temperature T and

baryonic chemical potential u can be written in the imaginary time
formalism as

1
s 1
w2+ p2+m2 +11 (1)

A (iw, p) =

where I is the o self energy at one loop as is depicted in the
Feynman diagram showed below.

N
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Explicity, the o self energy is

3
= Tzn:/(gﬂl)(sgin[(MN—K)(MN—(K—P))]

x  A(K)A(K - P). (2)
Where
P=(iw,p),
(T 3)
= (’wn: k)

Tho compute expresion (2) we use the standar methods of
sumation of frequencies which involve distributions functions and
the energy of the particles.

E = w/M,2\,+k2

E2=\/I\/I,2V+k2+p2—2pkcose (4)
. 1
ni(E)z EFu
eT +1
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Approximation for My > T
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We can make the change of variable §2 = M/2\/ + k2, £dé = kdk. s et
This new variable has the information of the nucleon mass and polrization
allow us to make the following approximations, R Te

correction to the scalar
sigma meson

Aproximation for My > T
El =~ \/é—' = ,f Leading order contribution
to the self energy

Propagator with
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E2 ~ \/é‘:2 -2 ’62 _ MI2\Ip cos O + p2 Spectral density

Poles of the propagator
p2 _ p2X2 Summary
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Leading order contribution to self energy
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Heavy-ion collisions

Core-Corona model for
polarization

Thermod i
x+1 2 co:e:l?onyrzn:hce scalar
MTPO (3X3 - X) |Og 1 + 6X2 + § sigma meson
X —

Leading order contribution

=
|

Aproximation for My > T

to the self energy

24+V3x2+1+1
5M7pox* lo ( XN
TPO g X2 —‘/3X2+1+1 thermodynamic correction
\/32—1 (6) Spectral density
X< +

Poles of the propagator

Propagator with

Summary

Where we have defined

2g2Mye M/ T sinh (£)
2

T

_ 0
x o= 0 (7)
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Propagator with thermodynamic correction

- 24V3x2+141
If we notice that XL < 0 and X+¥3+1+l g \when -1 < x < 1,
x-1 x2—V3x2+1+1

we can express the propagator as

1
A*(qo) = . . (8)
P — p? — mZ% — F(po, p) + inA(po, p)0(p? - p3)

XV Latin American
Symposium on High
Energy Physics

Introduction
Heavy-ion collisions
Core-Corona model for

polarization

Thermodynamic
correction to the scalar
sigma meson
Aproximation for My > T

Leading order contribution
to the self energy

Spectral density

Poles of the propagator

Summary

9/24



Where we have defined

F(po, p)

and

A(po, p)

M7po | (3x® - x) log ’

5Mtpox* log (|

X2+V3x2+1+1
x2—=V3x2+1+1

)

V3x2 +1

Mt po ((3x3 - x) -

’

5x*

V3x2 +1

1
ks ’)+6x2+—
x-1

)

3
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Spectral density

We can obtain the spectral density making the analytic
continuation and taking the imaginary part of the propagator,

po(po, p) = 2ImA™(qo + in, q). (11)

Then, it is easy to show that

po(po.p) = 2nZ(w(p)) [6(po— we(p)) —0(po+we(p))]
+ ﬁ(pO’ p)? (12)

with

A(po, p)O(p* — p§

0,p) = . 13
B = - Fonpe - ez )
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Poles of the propagator

Now, w(p) is the pole of

1

P;

and Z(wq(p)) the residue. Then

wes(p)? = p° —ml - F(ws(p).p) =0.

Explicity, this is

wo‘(p)2

X

p? + m? + M1 po

( ((3x3 — x) log ((i—j))

5x* log (i X2 +V3x2+1+1

x2-V3x2+1+1

)

V3x2+1

~p? = m ~ F(po, p)’

)

+6x%+ =

(15)

i)

(16)
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Summary

The discussion and results obtained can be summary as follows:

»

>

The RMF model can be used to calculated the o self energy.

We aproximate the propagator with HTL-like model wich has
the information of the large mass of the nucleons.

The spectral desity of the propagator has a similar behavior
as the HTL model.

The thermic o-boson propagator can be used to estimated
the A polarization contribution from the corona region.
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Different sets of couplings in the RMF model

For the interactions of nucleons and A in the RMF model, some

couplings are
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Traces of the Feynmann diagram
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II = 4TZ/ (2n )3g0_ [M2 + wy, +k2—w,,w kp Thermodynamic

correction to the scalar
sigma meson

X A(K)A(K - P) (17) A:; oximation for N:I ;;

It is convenient to separate the last expression into three integrals,

Spectral density

H1—4TZ/ (2r )3&; [/\/12 +w +k2] AK)A(K - P), Summary
d3k -]~ .
n

3 - .
=ty [ %gi [wnw) ACK)AK = P).
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Computation of I1;

The term [M2 +w? + k2] is the inverse of A(K), then

m = 4TZ/(ZZI)(3g(2,A(K—P)
- a1y [ Ehg i

282 [ d*k N N
= ?1 (27r)3 (1—n+(E1)—n_(E1)). (19)

Now we apply the approximations and omit the temperature
independent term to obtain

d3k 1 —n-& p=£&
_  _ng 2 =
m = 2g/(2ﬂ)3§(e T +er)

-2g° / dfé(c;)zs 6) V&2 — M2 cosh ( ) (20)
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Permormig the remaining integrals,

o 2g M u
m = —?MTKl(T)cosh(?), (21)

where Ki(x) is the modified Bessel function of second kind. Now,
if we consider that M >> T, then de Bessel function behaves as

M u
Kl(?)z\/geT\/;. (22)

2 2
m; = —\/_—3gM% T3/2 cosh (%) (23)

T2

Therefore
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Computation of Il

The expresion for I, is

Bk 5 2Ll x,x
M, = —4TZ":/ it [kp] AK)A(K - P). (24)
We use the following identity,

T D Aliwn = p H)A(i(wn ~w) + . k= p) =
n

1 [1—ﬁ+(E1)—ﬁ_(E2)_l—ﬁ_(El)—ﬁ+(E2) _

E1E2 iw— E1 - E2 iw+ E1 + E2 (25)
1 [A_(El) -A_(E2) A.(E1) - A, (E2)
E1E2 ia)+E1—E2 ia)—E1+E2 ’
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Now let us define

With

(n} +n?)

Ey Ex(po — AE*)’
(nl +n3)

Ey Ex(po+ AE*)’
(nt —n2)

Ey Ex(po+AE™)
(nd - )

Ey Ex(po— AE7)’

I = / dé (€2 - M2)é
I = / dé (& - M2)e
Iy = / dE (&2 — M2)é

ly = / dé (&2 — M2)¢

AE* = Ei + E;,
AE™ =E - E.

Then we can write

T (2n)?

4g3"/d(cose) 050 [=(ly = 1) = (I = 12)]

(28)
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At leading order, we can write

I,

(29)

X

(48x4 +26x2 + 1)

3x2 (x2+1)
(22x* +13x2 + 1) log (%3)

(2x2+1) (19x2 +5) log (

VIt3x24x—1 )
V1+3x2—x+1

(2 +1)(1+3:2)

(o (2)- s (%)

)
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Computation of I3

The expresion for I3 is

ek, L
I, = _472 / G 0wl AROAK=P). (30)
We use the following identity,
T D @nb(iws — p DA (wn ~ ) +p. k= 7) =
n

1-A_(E1) - A, (E2)

i [1 — A.(E1) - A_(E2)

E iw—E - E iw+Ey+ B }_ (31)
i [A_(E1)—A_(E2) A.(E1) - A.(E2)
) iu)+E1—E2 iw—E1+E2
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Now let us define

With

(ny+n2)
Ex(po — AE*)’
(nt +nf)
Ex(po + AE*)’
(n —n?)
Ex(po+AE™)
(nk - )
Ex(po - AE7)’

J1=/d§ Y.
o= [ de Jer M e
J3=/d§ 2 M2 ¢

= [ de Jer - e

AE* = Ei + E;,
AE™ =E - E.

Then we can write

I; =

~ (2n)2

485po / d(cos§) [=(J1 + Jo) + (J3 + Ja)]

(34)
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At leading order, we can write

M3 = Mrpo|(3x* - 1x) log

5M7 pox* Iog(

X —

X*+V3x2+1+1
x2-V3x2+1+1

)

V3x2+1

2
+6x%+ =
73
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