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The Quark Dyson—Schwinger equation

D#,,(p —q)

-1 -1y T'u(p,q)

S(p Sa(p) S(q)

@ One particle propagator in—medium

S7Y(p, ) = iTB + iva(pa + ip) + m+ X(p, 1)

o Self-energy term

0= [ e Dl — a1y ST (p.0)

Mateusz Cierniak Neutron star phenomenology using DSE



Munczek—Nemirovsky model (M.C., T.Klahn)

DSE models vBag (T.Klahn, T.Fischer, M.C.)

Munczek—Nemirovsky model (M.C., T.Klahn)

Mateusz Cierniak Neutron star phenomenology using DSE



DSE models Munczek—Nemirovsky model (M.C., T.Klahn)

vBag (T.Kldhn, T.Fischer, M.C.)

Quark DSE:
S7Yp, ) = iTB + iva(pa + ip) + m+ E(p, )

Interaction term:

4 a
E(p.n) = [ (558" Dol — 11" S(@T(p. )

General form of the propagator:

The MN truncation:

g2D"? (k) = 3n*n2677 5 (k)
Solution:
2B(p,
A(p, 1) = C(p, 1) = prostd
B* + mB3 + B2(4p% — m? — n?) — mB(4p% + m?* +2n%) — n’m? =0
TR

P =P+ (pa+ i)’
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DSE models
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DSE models

@ DSE results (m = 0), Nambu—Goldstone
phase

{A(p, n) = C(p,p) =2

B(p, 1) = £v/n? — 4p°

@ DSE results (m = 0), Wigner-Weyl phase

)

0.0 1.0 2.0 Alp, ) = C(p,p) = 3 (1 +y/1+ 2
" B(p.p) =0

3Cierniak, Klshn, Acta Phys.Polon.Supp. 10 (2017)-811
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DSE models

@ Scalar density

, h(p, 1) = 1/00 dpa Tr[S(p, 1)

it J_»

@ Vector (particle number) density

Alp, 1) = / N dpa Tr[—74S(p, 1]

—0o0

“Klshn et al., Phys.Rev.C 82 (2010) 035801
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vBag (T.Kldhn, T.Fischer, M.C.)

@ Pressure
3 , . , )
Eak)| PP g 4 P(,LL) = PO +/ dznv(z)
s ek 0
2 1o} T T TS |
. o Strategy 1 [4]:
= B=\/iP—45 Re(p’) <n/4
Y ™ P B=0 otherwise
o Strategy 2:
B= 4% (P cR)<i/4
B = Oth erWiSe 02 04 o8 s 1.0

“Klshn et al., Phys.Rev.C 82 (2010) 035801
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@ Quark DSE:
S p, p) = iFB + iva(pa + ip) + m+ Z(p, )

@ Interaction term:

Y (p, ) = / (;;?4g2Dpo(p— q)v”§5(q)r3(p, q)

@ General form of the propagator:
S~ (p, 1) = i7PA(p, 1) + i7aBaC(p, 1) + B(p, 1)

@ The truncation:
2 1 2 =2
g Dpcr(p - q) = 5p0726(/\ - p )
me

e Solution: [A(p, i) =1

16Nc B(q,n)
B(p,pn) = m+ f/\ (27r 7 "2A2 q#)+q26%€q,u)+32(q,#)

=2 8Nc PadaC(q,p)
PaC(p,p) = pa+ f/\ (2w Y qu)+4q44c2(qu)+52(qu)
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DSE models vBag (T.Klzhn, T.Fischer, M.C.)

The chiral bag

-100,

vBag EoS:
400 ® =+ Kunre,r(if)
E 3001 ® Pr(ur) = Pro r(uf) + 5 nke (1) — Byr
2 20 ® P=3Pr(ur)
g 100f © cr(ur) = ere,r(up) + B kg ¢ (17) + Byr
= c—/;--- o Q= >er(pr)
ot se e @ () = nrar(uf)

W [MeV]

®Cierniak, Klhn, Fischer, Bastian, Universe 4 (2018) 2, 30
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The (de)confinement bag

w . . . vBag EoS:
— § ; @ ur = p}+ Kunre r(1})
OF —mvx  Bi-isiemev 7 ¥\ o Ko 2 *
- = BMx-de Bl=150.0 MeV DY, © Prlur) = Pre.r(ip) + 3 nec r(17) — Bur
‘g 400 A Q
: p @ P9 =3 Pr(pf) + Byec
= g =M 7 ]
= 20 oo © cr(ur) = erc.r(uy) + S ne s(1F) + Byr
——— e @ @ = ¢r(ur) + Buc
I e ® nyr(ur) = nre.r(1f)
5 5 1000 1500
M [MeV]

6Kléihn, Fischer, Astrophys.J. 810 (2015) 2, 134
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Vector repulsion

10| — 7=y vBag EoS:
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DSE models

Mass—radius relation
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DSE models
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vBagat T #0

vBag EoS:
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Munczek—Nemirovsky model (M.C., T.Klzhn)
vBag (T.Klahn, T.Fischer, M.C.)
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Phase diagram
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DSE models

Phase diagram

I ———
-l (vBaz, u.= 0y
n, (Bazy =0)
I (vBaz, K, =—200 M=V
By (vBas, M =—200 M=V}
a, OVL,p =0)
—oom,, QUL =0

n,  (NIL, .= =200 MeV)

By (MIL, H=—100 MeV)

#
P11

8Klzhn, Fischer, Hempel, Astrophys.J. 836 (2017) 1,:8

Mateusz Cierniak Neutron star phenomenology using DSE



Munczek—Nemirovsky model (M.C., T.Klzhn)
vBag (T.Klahn, T.Fischer, M.C.)

DSE models

Phase diagram
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Conclusions

Conclusions and outlook

Dyson—Schwinger equations are a useful tool for deriving
dense matter properties for use in astrophysical studies

The NJL model can be derived as truncations of the QCD
DSE

DSE can be used to derive hadrons as bound states of quarks

So far no attempts have been made to study NS properties
using a consistent DSE—derived hadron matter model
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