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The meson fields

lets build a global U(2)g x U(2), invariant Lagrangian:

scalar and pseudoscalar fields
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vector and axial-vector fields
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The Lagrangian for the mesons

Ly =Tr [(D#m)T (DHo) —mPofo —x, (o*o)z] = (T [o’(o]f
+c (det &7 + det o)
1 1
= T (L U+ Ry RM] + Emer [Lul* + Ry RM]
1
+ ST [®7®] Tr [LuL? + RuRM] + hoTr [0T L4 L, 0+ R¥R, 0] + 23 Tr [0R, 07 L4]

— 208y (Tr{Lpu [L*, LT} + Tr{Ruu [R*, R"1})

— 2g3 (Tr{(8u Ry + Ou RuI{RY , RV} + Tr[(8p Ly + O Ly ]J{LH, LV })

+ g {TLH LY Ly L] + THRMRY R RUTY + es {Tr[L* L, LY L] + Tr[RM R, RV R}
+ ge Tr[R* RUITr[LY L] + g7 {Tr[R¥ RuITr[RY Ry] + Tr[LX L, Tr[LY L]} ,

spontaneous symmetry breaking, trace anomaly.

with the covariant derivative:
DH® = 0Fd — 1c1 (PRH — LH D)
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The mirror assignment

mirror assignment

Y1,R = Ur Y1R Y10 — UL Y1,
Yo r = UL Yo R, Yo, — Ur ¥

baryon Lagrangian

L = P1,1001 191, + P1,R2P1 RYLR + P2,10D2 12,1 + P2 R2P2 R R
—& (7/_11,L¢1/11,R aF 1/_11,R¢T¢1,L) — & (7/_12,L¢T7/}2,R I 1/_12,R¢¢2,L)
+mo (P2,09%1,r — P2,RY1,L — Y1,1%2,R + V1,RY2,1)

DY = 91 —1c R¥, DI, = Ol —ac L#, DY = 9" —1aR*, and D¥| = O — 1oL

arXiv:hep-ph/9805306v1
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mirror assignment

not just the nucleon N but also their chiral partners N*
chiral eigenstates are not equal to the mass eigenstates
= mass eigenstates have to be diagonalized

naive assignment (mo = 0):
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Further extensions and achievements

further modifications:

@ shift of the axial-vector fields with the corresponding pseudoscalar
fields

@ origin of the mg term:
glueball condensate Gy or tetraquark condensate g with
mg = aGy + bxo

resulting achievements (mg = bxo):

@ scattering length and decay width of the mesons can be described
within reasonable errors

@ 7N scattering is also in good agreement with experiment

@ at finite density (within a mean field approach), conditions for
nuclear matter are fullfilled

arXiv:1003.4934, arXiv:1105.5003v1, arXiv:0907.5084, arXiv:1103.3238
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CDW and implementation

Model is simplified to the very basic level:
@ most of the mesons beside o, 7 and w* are ignored

@ higher order interactions of vector mesons are ignored

(]

mp treated as a constant

(]

no aim (for the moment) to describe vacuum phenomenology

all calculations are done within a mean field approach

minimal Baryonic Lagrangian

&L = ondn + vadps — gD Pyt — 8P Paryw e
1, - oL 1, - N
_ 5@11/)1 (0 +0vys7 - T) b1 — §g21/)2 (o — 1957 - ) 12
+ mo (Y2591 — Pryse2) + Lu

arXiv:nucl-th/0608044v2
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The chiral density wave

Ansatz for the chiral density wave:

(o) ~ pcos(2 f x) , (mo) ~ psin(2 f x)

L =p1dr + P + mo (Y2591 — P1y5¢2)

2§1gmz_;1 [cos(2fx) + 1ysT3 sin(2fx)] 1 — %gy[;z [cos(2fx) — 1y573 sin(2fx)] 12
+ ...

=vpuds + Pds + mo (Y251 — P1ys5¢2)

1. - 1. -
- 521901111 exp (+12y53fx) 91 — ngwz exp (—12y573fx) 12
+ ...

exp(2at3) = cos(a) + v13 sin(a) and exp(zays73) = cos(a) + vys573 sin(a)

arXiv:1102.4049v1
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Towards the grand canonical potential

transformation of the fermion fields

1/_’1 — 1/_’1 exp[—Z’ysT:;ﬁ(], P — exP[_Z'Y5T3ﬁ<]1/’1
P2 — p exp+rysTafx], b2 — exp[+rysTaix]ie

) ’(;1 exp[+z'y57'32fx]1/J1 — 1/_111#1, 1/_12 exp[—z'ys7'32fx]1/12 — ’(;21/12
O Y1y — Yryuth, Voyuths — Yoyutpe
O g — Yrdin + YryvsTafhr, Yadhe — Yadhe — YomiysTaf e

= the explicit space dependence transformed to an additional
momentum dependence
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The mesonic Lagrangian

1 1 1
Ly :Eaﬂaa“a + 78M7?8“7? — ZFM}FW/
1 2 1 2 "
+ = m(a +72) — (0' + 72)? +h00+5mwwuw

Fuy = Opwy — Oy

within the mean field approximation:

Fu F* =0
wpwh = &3
o? + 72— 4,02
8,00M 0 + O, TOHR — 422
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Grand canonical potential

Q 22, L4 1 55 1 5.5
V:2f<p +Z)\gp—§mg0—egp—5mwwo

+> (272T)2 /d3p (\/ﬁz + my(p1)? — u*) © (u* - \/m)

with the short notation p* = pu — gwio

mean meson fields are obtained by minimizing Q

Loa/v) gLl oev) oL aw/v)
0= dp 7 0= O ! - of
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Condensate ¢ at finite ug and finite m;
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red line: homogeneous condensation

green line: inhomogeneous condensation

nuclear matter is possible

for moderate up crystalline phase is
realized

chiral symmetry is never restored,
indeed value increases

increase of g,,: inhomogeneous
phase is realized for higher ug

decrease of mg — 0: intermediate
homogeneous state disappears
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Dispersion relation and relative density
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4 = 1000 MeV, ¢ = 36.6 MeV, @y = 30.9 MeV, @ for densities far lower than the

masses of N and N* a finite number

f =183.7 MeV, and pp = p3 =0 .
of nucleons is present

9 E =P+ m(p1)?> k=1.4 @ for high ug only two different states
@ shape remains similar even for high are present
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Summary and Outlook

@ parity doublet model favors inhomogeneous condensation
@ crystalline phase has a strong parameter depends

@ chiral symmetry will not be restored for asymptotic large ug

@ extend to more realistic setup
@ calculations beyond mean field

@ test further inhomogeneous realizations beside the CDW
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