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Introduction to in-medium FESR

Two current correlator I, (x —y) = i(0|TJ,(x)J} (y)|0)

Fourier transformation 11,..(q) = ¢.¢.11L(¢%) + (900" — 4,.q.)7r(q°)
Spectral function p(s) = %Imﬂ(s + i€)
P

Hadronic resonances

Resonances S0 — Hadronic continuum threshold
overlapping




Introduction to in-medium FESR

Two current correlator I, (x —y) = i(0|TJ,(x)J}(y)|0)
Fourier transformation 11,.,(9) = ¢.¢.11(¢*) + (9,.0" — ¢.0. )17 (q%)
: 1 :
Spectral function p(s) = ;ImH(S + i€)
P _
radronic resonances Resonances Sp—- Hadronic continuum threshold
overlapping
So(T) S

so(I") is considered as deconfinement order parameter



In-medium FESR and quark-hadron duality — Cauchy

M(w,p?) = I (w2, p?) + wII*(w?, p?) w? = s
s sV ImII"4 (s + i€, 0) + ds sV II9°P(5,0) = Res [s"VII°°"(s,p)]
0 T ’ 1s|=s0 271 ’ s=0 ’ p—0

Im s

Re s “paC-man” contour




In-medium FESR and quark-hadron duality —~ Cauchy

Alternative integration path wo = /S0

WOd_w n+1 had . d_w n+177QCD o n+117QCD
wW" T Im I (w-1€,0) + - w" TR (w,0) = Res [w" ' I%P(w, p)]

v 271 w=0 p—0

wo wo
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Operator Product Expansion (OPE) ——  gluon background

9P (2, ) = PP (2 — ) + 3 Crla — ) (2 2 On( 4 ) : |2

Wilson coefficients: short distance (UV) dynamics

Condensates: long distance (IR) information

Medium effects — IR modifications

I(p, E) = Moqon (p, v, 2) + Y Cu(p) (: On )(E) =

n>0

TaluapaF,uVJ"'



Operator mixing

Problems with the chiral limit:  In(—s/mZ) terms

Limits m., ms -0 do not commute

dk
(@) = ( Gigj ) — / 2n) Sji(k,v; G, =2) non-normal ordered condensates
— I(p, ) = Myqen(p, v, Z) + Y Cu(p,v) (On) (v, E)
n>0

* This replaces ln(—s/mg) — In(—s/v?%)
« pQCD + OPE is renormalizable

* Mixing must be medium-dependent
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Correlators AA, AP, PP

(QUT Ay () AL(0

Hadronic sector

Axial current

Propagator

PCAC

)19),  (QIT 0" Ay(x) AL(0)]€),

8“14“ = \/§ftm72T7T m—)

(QIT 9" A () 9" AL(0)[9)

Ur = \/fs/ft
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Correlators AA, AP, PP

(QUT Ay(2) AL(0)I),  (QUT 9" Ay () AL(0)IQ),  (QIT 0" Ay (x) 8 AL(0)I€)

QCD sector

: 7 : : “B
Axial current Ay =dyusu Quark chemical potential  Hq = 3
Propagator S,(p) = iyt mq)

-~ p? —m2 +iepo(po — )

2ol — p0))S (P — m2)

:(p—i_mCI) 2

p? —m2 + ie
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Feynman diagrams

Had SPNN—T LS

u
pQCD WWOW + radiative corrections
d
U U u
OPE O4 W\W@wa+ ww@w + W@m
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U U
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Main results

S
fq < Vo V50 04Gev  (Invacuum)

2 2

Considering the scattering term + chemical potential operator mixing

— No explicit dependence on chemical potential
(Silver Blaze behavior)

V50
2

fqg >

Apparently describes Color-Flavor-Locked phase — SU(3)...+r models for high «

1
— ~ Ha 9q) ~ m
3 fr o (qq)

* chromoelectric field vanishes
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Nucleon-Axial-nucleon correlator — Hadronic sector

I, (z,y,2) = — (O] T np(x) A, (y) 7 (2) |0)

Nucleon interpolating function

Nucleon field

nn(r) = AnYn(T)

‘ Current-nucleon coupling

Axial current

Au(y) = / &y Tp )T — 1)n (')

T,.(q) = G a(@)vuvs + Gr(a)7s 5
my

q
s Gr (QZ)ULW’YS

Mp

2m

N

P

Tn

ga = GA(O)
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Nucleon-Axial-nucleon correlator - QCD sector
HM<ZC, Y, Z) — _<O| Tnp(x)A,u(y) ﬁn(z) ‘O>
Nucleon interpolating function

p(z) = €% [u(z)" Cy* ub(z)] vuvs d°(z),

Axial current

o=

U d
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2.0

eB =1 . .
N e hadronic thresholds and current couplings

eB = 0.10GeV? |- > Nucleon-Nucleon correlator

17



1.3jI

1.2}

: 3
] 1 min(s;,
A — 4
481 ApAn
_ c =
_______ eB = 0.05GeV?
\~ NN | e eB = 0.10GeV?2 | ]

(commonly stablished g ~ 1)
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F. Canfora, M. Loewe, E. Mufioz, C.V

19



Skyrme model for layers Mod.Phys.Lett.A 38 (2023)

2
L= Z”UTE?MU UorU + ...

U — eiTgF(az)eiTgH(a;)eiTg,G(m)
(Euler angles)

Background classical solutions

ZT
1 (2mn\
Fo(z) = =
(@) Q(Ll)x
1 /2 z!
T
Ho(z) == | = | 22
@) =1 (7))
Go(z) =4 I, (27 — ) Ly > L1 > Ly
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The Lagrangian is expanded in quantum fluctuations

G(z) = Go(a” —2°) +n(x)/ fx

charged axial current

1 . .
A, = fr (5622% sin(2Ho)0,n + e~ 290 [0, Hy + 10, F sin(2Hp)] 77)

AA coorelator — non-symmetric and complicated structure

- “parallel” x°,x® coordinates behaves similar to the vacuum case
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Preliminary partial results
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Summary

* Interesting tool for exploring high density nuclear and QCD phenomena

High chemical potential —» apparently describes CSC

Hadronic threshold — diminishes with baryon density

Nucleon axial coupling constant — agrees with ga” ~1

Nuclear lasagna — at the moment provides consistent results

Outlook
* NN correlators at finite baryon chemical potential
« axial and vector axial coupling improved Gracies

* complete analysis of nuclear pasta
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