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Introduction

® Problem of nucleor bindjng centraf i nucleay phusics
* A, step : Talivde nuceoy matter: N/Z=4, >0

® Ewpirical Sofuration point

Q= 0465w 3 | A ARIm= 13m Y
E,=-46MeV g=2Ks k;.,:ggnwl
k = (260420)MV [ g2 O°E

I = k""*"w;lk{n

o o-t meanfield appraach of Walecka etal,

® "Realictic' NN- potentials + sophisticoted
mang—hbdj tedin ques

P *sas
* Role ol pion- dyvawics : 2= exchamge g

o Efective Cawval Held theory

Simple but realistic parometrization
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oIl (density)
Chiral Expansion of nuclear matter EQoS
ChPT Exponsion of energy perporticle

€ [E (k) n poweys ol Kg, modulo

LWP'EKP"“E‘““ -{»uﬁt,JnﬂﬂS {ﬂ[kﬁmﬂ
Kgo = 2my  (Smoll Seoles)

Basic inaredient for {inite density calculations

* Paticle-hole or m-medium nucleon propagatoy

(4M) | 5 = 2w 8 (M6l 6Lk )
nvacus medum - insertion (filled Ferm se

® Ovgomize v nuwber of medium - insertions
4 % Renormalization ol mucleon mass in vacuum
2 3 Mony- bou\y contr. from 2-body interaction
- 3 bOd‘j i
“» Pouli- b'.ntttmg on 2-body term
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UPTO FOURTH ORDER

¢ Kinetic energy O7(K)
e An-exchoange O IHE}

o itevated AM-exthow W
itevoted AT-exchawnge Of h adyustable
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iy ot t} E‘anH encodes
short-dis
E-—‘EE . | Equabionof siate. damomics
0‘1'1'-{.

10

=2 5
; 52!‘1#.\" ,J\_,_/ 3 Mp=135MeY
; | gnn=A22

-:|]-' - —— —— sl
’ h P ld“‘“—"i]

Chival Saturation Mechanism

® talie dal-ml Limit wp=0
2 ¢ realistic
Ellk,)= ﬂDH £+3£ puru:t neation

=$5( =) (42 +23}-*2‘+in2)--——'135'

moinly Paulp-blocking in ihvated Am- exchavge
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Further nuclear matter properties
o Single-padicle potential U(pky)
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- mowentum dependence boo strong: M (ki) 22.9M Y

- density of states ot Fevmi suvface wet well deserbed

= Criticol temperoture of Liguid-gos phase
trawmsition too gh ¢ T =255 MeV

Tsospin_properties
* Asymwmetry energy A(k): A,=38MY okv
but dowwward bewdivwg ot Q % 0.2 {.m';

» Neutron makter equadion of state En(K,) 2 (unbound?)
only rously agreement with realistic calc. of low densities,
"warealistic”! downward 'nthdﬁvg at 8, 02¢wm3

Missing lowy- ronge dynawic s

® Sdewe of Lutz etal, PLB4F4(2000)F :
Covtact wtevoction itevated with 4T-axchovge (2nd ovder
Problems evew move seveve !




INCLUSION OF wNA-DYNAMICS

o Al1222)-resonawnce : pmmmml- w low enevyyy TN~ scalt,
21 -axthange with A-excit.: tsoscalor cewtval NN-oftvast
® ™MnSS- Sphﬂmg A=292MeV: small scole tﬁml:hm"ph to k;

4 11 b I b

* Two-body terms

subtrocted dispersion velatiown 1o isolote long-romge comp.

4E3
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{ — 5 | Baencodes oll unresolved
E(k) = Bz + B3 | slyort~distance n\jﬂumcs B~ 0

® Three- 't.-ﬂ'l:"nﬂ ferms

repulsive l.t'=

o aHroctive
3N-covtoct
w&tmﬂmn
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o plus irreducible 2y - exchavge with no deltas
(velokively swall)



Nudlear matter saturation curve
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Real single-particle potential U(pk,)
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o P-dependence substantially improved by wNA~ dyv.

® vealistic eflective mass at Fevmi surface p=kqo
M* (o) = 0.88M

e Hugawholtz -vav-Hove theorewm exadly fulfilled

Tan(k)+ Uk K) = E (k) + Jg B?JEET



Landau parameter : {,,(k,r]-:-;’ﬂ‘; a%g.kd pl;

 determines e{{»uﬂul N-mass (density 0} statec)

? ﬁﬁ?,_f: - otljusted short-range
£ ~ 1 povaweters dvop out

- puye lt:-ng-— ange
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4 | = semi empirical volue
|._'=I:E,___,_,J, STRE P : h| -D'}s-iml":‘h{k*ﬂ-} <0

l g liii » 3 |
0 100 150 2K 250 HH3
k, MeV]

;[L“SMS m&_- qu'tir.lt pﬂ‘ll&hﬁﬁhW[p.k*}

» width ol hole or purticle states

oy
1 {* 1
. 1 h 3
1 e tpelf
£ of 3 1 near Formi surlace
= i e 3
3 L] " .
nf E 3
t 1/ Cor| ™™ 5
: /
-:II:IE— /'n//.‘,; h._- hFh
_n,[:ll:lI . I5II:|l S .ll:lﬂ: B .EJIEII - Izll:ﬂ' = IE.':'I-El‘I I 3|:I|'|:'I i I:EEII:II - I-‘l-lglﬂn". - 450

o completely poxometer free: only itevated 4m-exchonge
® W0, Kio) =24 MV veolistic value
® Luttingers theorem exactly fulfilled



Nuclear encrgy density functional

o nuclear sdructuve colculotions

E[?.T] E’Elklrl‘*'(t"gfkt)qﬁ-m + (Tl K (R)+...
d \)/.\ T j * "Skyrme"- moss
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Fimte temperatuves
e [ree enevay pevpovticle F(9T)

B (k1) — [4+exp FEIET™ ijiten
relofed to density

A=

£ ¢ liguid -gas phase
] ".‘E:ﬂsﬂ-?uh

{ » entical point
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® improved dewsity of stales at Fevmi surfoce
= thermal excitations

® “ewpurical" T, = (16.630.9)MeV from heawy ion collisions
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ASYMMETRY ENERGY

® isospin-asymmetvic nuclear matter

l E[kﬁk“ = Elk{-] + SEA““}*.“.J kpm=k+[~‘1i'3]ﬁ3

B = < o ot sotuvohion
55]:- —-- mﬂ"auuet Eﬁtﬁ : tlﬂ“ﬂ“\__}
1 A=3HMY
7 enctorious
1 downward
T bendd
i glimine
i e R TR S L
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L — ] lta ]
0F | o e A = . Ennol GSTEEME\'I".
4 B 71 with Urbana
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7 20F :
= AN A i < o downwovd
w” 15 = bunding elvmnated
10f ;
st -;
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o [fm”] (neutrow density)

® Tmproved isospwn properties from nclusion
of cairal WNA-dynamics ¥
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Spin_stability

® Ewergy per particle of spin-polarized

nucleay matter

EFQL(M,HJ =E{k+) + "]zS“(’r)J km:k;{'ﬁ”?]ﬁ

o Spm-asymmetry eneray Sk )>0 must be positive

Sk} [Mev]
5

20

=F A= and itevated

a0 b AR - exclndng e nﬂj
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® Spm-isospin_stabitiby: e[
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T-exchange dynamics




A2

Isovector Single-particle potential

o different mean-fields for protows awd neutrons

W isospin-asymmetric nuclear malf ey

Ul = Uylokg T; S0zt

prediction:
U, (Lo Kye) = 404-MeV

w good agreewment

With ophical potewtial

o (densiby)

o Geweralized Hugewholtz-vawn-Hove +heorew

z K BU{P.L‘}
Ul = 2A(1- gt + o= 5 S8
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Londau parameters

® Interaction of quasi-nucleons at Fevmi suvface
(1) fd 0200 2, <R Vese| P
= folk 1+ Go(k)T; T+ {o)TT,+ Golkg) BT |

o -ﬁhl Fiq'l - - Emgsad
iF,‘II’IPll:k{. -- e + -I.ETMS‘
ntR
e =2k ~. “mediom
-@ﬂ '=“ - - : mdM.H
® A1~ owmd
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Am-Qxen,
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/ - | spin-instobility

=0 1&'43' 150 EI:I-'I".:I EEICI :IIE 350
k MVl Fermy momentom

® golem,) =[ﬂ3+ﬁ£§+ﬂ}{ml=1ﬂ‘b{mt (ewmp.: 1.64n)

¢ Londou telations to compy stbility K awnd asymmetry
eneray A(ke) exactly Luldilled
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Landau para meters:

Chiral NA-dynamics included

b 3
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Mﬁ] 2 f _ | | . * k‘“
(B B0 100 150 200 250 240 350
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o) =0.204m? ) e addihional shovt-ramge
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9olUyo) =245 4m® | empirical A
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A-hyperons in nuclear medium

o Spectroscopy of A-hypernuclet:
A-nucleus potenhiol = holf as deep as N-nucleus pet.
A ~spinorbit interaction extremely swoll

® Leading long-ramge AN-interaction from K-exchomge
and 2w -axfhowmar with intermediate 3-hyperons

A A A A
-‘ - . -
‘l ) ‘\ f" ik
& : B *'I" E
F - & L
- a L & -
A A A AT Poull blockmy

A-nuclear mean-field (7,=0)

N &atser, W. Weise’ o - - -]
PRCH,045203 | tti’to!i &nh.
(2005) -o: _1 =1}
- represents oll
3| | shovt-dictance
i‘: =20 b ] dﬁm\“its :
: sh
_ap-t ; : : TE*
o 0,08 0.1 0,15 0.25

p [tm™] HE&%‘:};]
= - ,5 - -2 8.1 Mw
WU (o) (2"&2 39,84 1.5)MoV

¢ swall mass S?U'H'i. 'ﬂ%- MI- Mﬁ,: 1+ MQU {iauﬂg melﬂq"tlg
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A-nuclear spin-ovbit coupling

®S _p__-d%pwnu’c povt of A-sel{eneryy in weakly
inhomogeneous nucleay motter

% = 4 S Uy o9
¢ Spwm-orbid Hamiltonian Htﬁun.tsmw];r%@_ L

® Ttevated 4T-exchonge with intermedinte 5= hyperons
gevevates "wyong- Sqﬂ 5pm—m—ba{' terochion

T-(0+9/2) 5-(1-9/2) = xq -1+, 5 P 4vom energy denom,
® decomposition: long + shnr't rause pieces

uﬁl! [k"‘] = U'ME m{']lznﬂ CILE U.m; [H{J

. | e L shell model

3C MV in"g/9,
-. Cancellation between

e s

% l { (model-independent)
= 2 long- ronge terms
| owmd short- range

contributions

D.II'.'lE o1 0.15 0.2 0.25
o fim™)

Uais Uso) = (248 Coe =163 +1.6)MeVfm2
e [Shur‘t i Zns  Pouli {-l\'l

® Lowg-romge Spn-ovbit couplivig from ttevuted 4r=exch,
not a velohvistic effect Lmu.m Mgt
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SUMMARY +0UTLOOK

® Chval Expansion of nucleay makey EQoS
Ely) = 3 K7 fu (sl Bl

e Satuvation Lyom Pali-blocking on
iterated I -exchange
Proolem: single- paxticle + 1sospin properties

® Substawhal mprovement by neludivy wNA~dynam,

Ml[kl'.ﬂ\f ={]-EEMJ Tl:.="15- MEVJ A“"I-{j; Eﬂ{_h“‘hi-li
® TNA-dyvamics guarawniees gpiﬂ—s*ubimtj

® Landau porameters:§, g, forg0 o !
quasi-particle intevoction ot Fermi surface

¢ A-Wperons 1n nuclear medium:
potentiol depth W, awnd spwn-ovbit coupl. Uy,

® Upﬂ.h questions:
-anavsmu. [higher ovders
S-4A6MeV smull number , needs finetuning

- Ralu'z tow of covtluct couplivgs B, B, ..
to realistic NN-potewtials [tﬂr GLCD)

Lesson: Good mhmhnn olowe 1s msu{-{-lumt

all lSi'_Mt} ewpivica! nucleay maltey pw.rhes



