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Motivation:

Extreme magnetic fields in magnetars

B ~ 10" — 10" Gauss
0.01 — 0.1 GeV?

Nucleon Axial coupling — related with beta decay and Urca process

L G3|Vad’

. 92 mg(l +39,24) gA(BapB) ?




Outline

* Introduction to finite energy sum rules (FESR)
* Nucleon — Axial-current — Nucleon correlator
* Isolating the axial component

* Double FESR

* Nucleon — Nucleon correlator

* Results

 Summary and outlook
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The spectral function

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 _
radronie resonances Resonances s0 - Hadronic continuum threshold
overlapping
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The spectral function

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 + €)
P _
radronie resonances Resonances s0 - Hadronic continuum threshold
overlapping
So(T) S

so(T") is considered as deconfinement order parameter
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FESR Quark-hadron duality 11ad < 779¢P Im s

Cauchy’s theorem

1 50 N had . —1 N 17QCD
—/ ds s ImII" (s +i€) = 57— ds s 1197 (s)
™ Jo |s|=s0

271

Operator Product Expansion (OPE)

0| : Ogy, : |0
HQCD(S):HPQCD(S)+ZCQTL<S,M)< | 2 | >(:UJ)
S?’L
n>0
Ca,  Wilson coefficients (: Ogy, :) condensates f: MS subtraction scale
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FESR at finite magnetic fields and baryon density

Lorentz structures includes combination with 7, = Befw Uy = Guo

e New condensates

* New form factor structures -~ more FESR

Fermion propagators

G(z,z') = eiq¢(w’x/)S(x — ') 0 )
p=(p yULP 1, VP )

$) = L e L
G, m)]

— .
(p? —m? + ie) 7/19



Nucleon-Axial-nucleon correlator — Hadronic sector

(2, y,2) = =0 T np(x) A, (y) 12(2) [0) .,

Nucleon interpolating function

Nucleon field

nn(r) = AnYn(T)

Current-nucleon coupling Mp Tn
Axial current
ga = Ga(0)
) = [ @ )T D)
= Gl )95 + Cr(a)s 5t + G (4?0 s 5l
: 2frnN a 2mpy
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Nucleon-Axial-nucleon correlator - QCD sector
(2, y,2) = =0 T np(2) Au(y) 7 (2) 10) ud

Nucleon interpolating function

th(z) = € 1 (@) O @) 725 (). =\
/\F/\,_d

o=

Axial current
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Isolating the axial component

M, (p, pf) — / dhy dtz e~ @A L (0, y, 2)

(}7) + M) ~u(q) (p/ +myp)

(p? —mZ)(p? —m3)

— H}/;ad (pap/> — )\’n)\p

tr [IL,(p,0’) V] = —4i€ apsp®p’P1I(s, s, 1)

Ga(t) + Gr)(mn —myp)/my

(s —=m3)(s" —mg)

—) 1" (s, 8" 1) = Ay
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Double FESR

s?In(—s/A?) — s In(—s'/A?)
(2m)% (s — )

Sp Sn
/ —SImS/ i — Im 11" (s, 5", 1) j{ 7{ [1°9°P (s, s, 1)
0o 0o T 2mri 2mi

1
4874

[1°°°P (s, 5',0) = + regular terms

GAARAp 0(sn — mi)@(sp - m2) = [Si 9(3p — Sn) + 31?3 0(sn — SP)}

o A4 )‘?\f (vacuum)
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Magnetic field and baryon density

224 (p', p) = =S5 (0T, (a)Sy (p)

Gavy — (Gfél)v 90 Gfﬁv 9u3) + Gy + éAefm”

. . Oay,
Leading order, neglecting corrections < ;’L ) —) G =G% = a3
0

sy 0(sp — 5pn) + 55 0(sp — sp)  min[s), s3]

- — p
g4 = ST, ST,
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Nucleon-nucleon correlator

Hyn(g) = ’i/d4$6iqx<0TﬁN(x)ﬁN(O)\O>

3= s 2 4 Ly
N T T9274 T 3952 3 \44
A2y = =20tz + 162 ()
72 12

0.40-

gaA = 1.275

L1 . . .
0.24

L 1 L L L L 1 L L L
0.25 0.26

(—qq)'"? [GeV]

L 1 L L L
0.27

. ]
0.28
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Nucleon-Nucleon correlator - Selected in-medium FESR equations

83 5

)\2 — p SGZ
p = Toond T 39,8 %G+

2 2 , Sp 2 , Sp 2 2
3( uu) + ﬁeuedB + 6?(63,“3) [In(s,/8my) — 1]

4s S
2 2
+ 96;4 (eqB)? [8 In(s,/8my) — 9} + 2<uTu> 97T2 P (04) — 97:; (0y) — 7222 (04)
A2 5 1) + — (0. G e Bldorod) + (. B2 1 2 _ 1] (dd
2y = — <2y (dd) + o (0,G2) (dd) + 2 LyeaBldoiad) + 5 (euB)? [In(s,/m2) — 1] {dd)
kpDB sz ewB sp | 5 3
—)\2 — do1od Y P idd PR
2 487 o {dorzd) + 2472 (dd) <QQ>—2PB
For neutrons: p—n u < d
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Nucleon-Nucleon correlator - Inputs

(O)(pB) =~ (0|0]0) + (N|O|N) + ... linear in pp

Mixed approximation  (O)(B, pp) ~

(0)(0,0)
mq(B) FESR pion channel my
(qo12q) FESR (qq)

0,), (0,) Density only (asG?)

Mixed

Mixed

Mixed
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2.0

0.5
0.0

0.5

eB=0

eB = 0.05GeV? |
eB = 0.10GeV? |-

1.5

2.0

Results: hadronic thresholds

Sp > Sn
1 s3
= AT s N,

also A, and A,:
e decreases with pp
e increases with B
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Results: nucleon axial-vector coupling

T T T

1.3_‘I

1.2: \:' -~

eB=10
eB = 0.05 GeV?
eB = 0.10GeV? | |

0.1000 05 10

pPB/Po

(commonly stablished g ~ 1)

1.5 2.0
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Summary

* reproduce ga in nuclear matter
* No significant effect of the magnetic field at nuclear density

* gaincreases with magnetic field at higher values of baryon density

Outlook
* Excluded condensates and correlators — full description
* Higher values of baryon density and magnetic field
 Verify with other approaches (none yet)

* Heavy-ion collisions scenario
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Summary

* reproduce ga in nuclear matter
* No significant effect of the magnetic field at nuclear density

* gaincreases with magnetic field at higher values of baryon density

Outlook
* Excluded condensates and correlators — full description
* Higher values of baryon density and magnetic field

 Verify with other approaches (none yet)

« Heavy-ion collisions scenario GRAZIE!
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