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F�GIHKJ LIMKN8O	LIMKPRQTS LUJ VXW�MINYL[Z�LXP\LKNYMT]^LIV_S P�M�W`LaJ Q b H`c�P`W�S WY]`LXP^]

d

M\e8fTe:GTW\S P`Z&]�gILh]

d

c b fIcTVKe P`GIHIJ LIcKP b P`GIHIJ LIcKP-Q`cKN`H`LKW<MKH`]TS P^Z

MIODc�P`ZIW^]8M�J J3P`GTHKJ LIcKP\WRS P`W�S V�L�]�gIL[P\GTH�J LKG�W�i�j3W�S P\Z k3MKNY]\NYLIL b

lKcIHImncKNnk3MINY]�NYLIL b lIcIHIm b oKc�Z�cUJ S GIfIcIpq]^L�H\gXPTS rIG\LKWIs�fIcT]�g_]�gIL

LIrTGKS J S fXN`S G�OtW\gIMKu\L M�P^V8]\gKLhcIu`]TS ODMXJKO	LIMKP-QTS LaJ V�Q\cIN v rTG\MIWTS b w

u�MINx]TS H�J LKWRS W:c�fI]`M�S P^LIVUi yULKH\L�P`]KJ eUszMqP^L

d

O�LT]�gIcTV{gIMTW|fILIL�P

VXLIp`LaJ cKu\LIV

d

gKLKNYL p^MKN\S cTGTW W^cUJ G�]�S cKP\W cKQ ]�gIL}k�l~cIN_k	lao

LIrTG�M�]TS cKP`W MINYL H`cIO�fUS P\LTV S PqM[W`GIu\L�N`u\cIW�S ]TS cKP J LIM�V�S P`Z[]`cqM

Q�GTNY]�gIL�N J c

d

L�N\S P\Z cTQ ]�gILqP`GIHIJ LIMINhL�P`LKN^Z�eKi/•<Ph]`cKu�cTQ8]`gXS WIs

c�P^L1MXJ W^c&ZTLXP^L�NYM�]`LIW V�LI]`MKS J LTV|P`GIHKJ LIMIN b W^]�NYGTH`]\G�NYL8uINYcIu�LKN ] S LIW

v L�P`LKN^Z�e:W\u\L�H`]�NYMUsKLUJ LKH\]�NxcIODMTZKP`LT]TS H u NYcTu�LKNY]TS LIWIs i i i w MTW-W\gIc

d

P

Q\cIN&W^cTO�LR€hZRS WYcT]`cIu�LIW\i •3gILIW`L�MIHTgXS LKp^LKO	LXP^]TW MKNYLRv Q`cKN<]�gIL

J c

d

LIW^] b J e�S P`Z�W^]`M\]`LIW1c�PIJ eKw�c�P1]�gIL|W^MIODL|Q`cTc�]TS P\Z MTW P`GIHIJ LIMIN

W\gILaJ J b O	c�V�LaJTNYLKW`G�J ]`W i

•3gIL_P`GIHKJ LTMKN|W\gILaJ J�ODcTV�LaJ3LKW`W`LXP^]TS MXJ J e{W^]^MKN�]\W|QTNxcIO
HKJ cTW^LIV

W\gILaJ J W"v ]�gIL:mTP`c

d

P�O	MTZ�S H1P`GTO�fIL�N^W M�]1‚�s ƒ�s ‚X„/s ‚Uƒ�s …X„/s ƒa‚�s i i w3S P

cKNYV�LKN8]`c�W^L�u�MINYM�]`Lq]�gIL[g�G�ZTLqO	c�V�LaJ/W\u�MIH\LnS P^]`c�M�P�S P^]`LKNY]

H\cINYL MKP^VnMnP`GTO�fKLKN�cIQ�p^MXJ L�P�H`L@P`GIHKJ LTc�P`W i�•�gIL@J M�]`]`L�N MKNYL

V�S W^]�N\S f�G\]`LTV†S P‡MXJ J�u�cIW^W�S faJ Lˆu�MINY]TS ]TS cKP\W‰cTp^L�N MŠJ S O"S ]`LIV

P\G�O"fIL�NhcIQ|W\gKLaJ J b ODcTV�LaJzW�S P`ZUJ L b u\MKN�]TS HIJ LqcIN\fXS ]`MXJ W\i�j3W�S P`Z�M�P

LKQ�Q\LKH\]TS p^L&Q\cIN`H`Las M�VI‹^GTW^]`LIV&]`c"M-ZKS pYLXP�O	MTW\W�N^LKZKS cKPKs\]�gXS W

MKuTuINYc\MKH\g‰gIMTW~NYLKW`G�J ]`LTV+S P MKP cIp`L�N

d

gILaJ O"S P\Z W^GIH�H\LIW`W S P

H\cTO�u\MKN\S P^Z ]�gILIcINYLT]TS H^MXJ NYLIW`GXJ ]\W

d

S ]�g VKM�]^MIi ŒzGTN\S P`Z�]�gIL[J MTW^]

VXLKH\M�V�Las4]�gKL•V�S O	L�P\W�S cKP�WŽcIQŽ]�gIL•H`MXJ H`G�J M�]TS c�P`W•gTMTp^L

S P\HTNYLTMIWYLIV>fTe4M�]4J LIMTW^]}]

d

c�cINYV�L�N^W‘cTQ�O�MTZ�P�S ]\G\V�L‰M�P^V

H\cXJ J L�H^]TS p^L:LKQ�Q\LKH\]\W1S PhP`GTH�J LXSUM

d

M\e8Q�NYcIO‘HKJ cTW^LIV�W\gILaJ J W1gIMTp^L

fKLTLXP1NYL�uTNYcTVXGTH\LTV�v LXi ZIi ’x“ ”UN`w%iK•UP-cKN^V�LKN<]`c:ZTcRfILTeTc�P^V|O	MTW\W

–U„_]`cq—a„ M[€&c�P^]`L b ”�MKN\J cqW\gILaJ J b O	c�V�LaJ MIu�uINxc�MIHTg

d

S ]\gnQ`MIN

NYLIMIHTgXS P\Z}H\MTu\M�fXS J S ]TS LIWtgIMIWtfKLTLXP_VUL�pYLaJ cIu�LTV4v NYL�W`G�J ]\W_MINYL

W\gIc

d

PtQ`cIN{]�gIL oKM S W^cT]`cIu�LIW\w i&j�ut]^c˜P^c

d

s"]�g S W_O	LTVaS G�O

gKLTMIpxe b O	MTW`W�NYLKZKS cKP

d

MIW|W^LUJ LKH\]TS p^LnZKNxcIGIP`V_Q�cINRO	LTM�P b QIS LaJ V

O	LI]�gIc�VXW-f�G\]�]�gILhW\gILUJ J ODcTV�LUJXS W H\cTO"S P\Z<]`c-ZINYMTW\u

d

S ]�g&]`gIL

O	LIMKP�QTS LaJ V�s�O	L�NYZ�S P`Z"]�gILhfILKW^]	cIQ"fKc�]�g

d

cKNTJ V�W\i
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MEAN FIELD
+CORRELATIONS

Self-consistent

COUPLING LOCAL CORRELATIONS TO 
THE GLOBAL MEAN - FIELDS

DEFORMED
SHELL-MODEL

Not self-consistent

HARTREE- FOCK
HARTREE-FOCK-
BOGOLIUBOV

RPA
GCM
TDHF
PROJECTION
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�

�������	��
���
��	�����	����
������������ �"!$#&%

')(	*�+�,.-/+�,101*2,.- 3547698�:�;=<?>

@ ACBED F=FHG ICJLKHM N JPOHKQG GSRPTVU�WHKYXLJ Z [�IHX�\^] _�` a�` _Eb?` _Qa�` cSbd` a&_

AYRLM ef_Sg h AEXfKjidKQG G�KEJLklAEW$G D JPOHKHMnmlIHX RPTCFYG KHAHXoM&AVklA�RLKHAHX

kVOHKpXfKEBED IER.ICm

b
N JfklAYW&D G D kLqYr s?OHKCqoAHXfKptCXLKHMQD FlklKHM^WCqokVOHK

JPtHOHKYXPD FlASGuJPOHKQG G2UuIVMYKQG�kVOHAPk�ACtHtCXfIPv�D UuAPklKHJ kVOHK RPTCFYG KHAHX

tVIVklK&RLkCD AYGuWCqwA^OEAHXLU2IYRVD F IHJPFCD G G AVklIEX)klI^i�O&D FVOwAwJLkVXfIERlB

JPtED R N IEXlWSD kxklKEX U AERlM A)FPKYRlkVXPD mPTVBCASG&klKEXLU AHXfK

ACMYMYKHMSr s OEK)IHXfMSKEXPD RlByICmytHXfIVklIYRzZ/RLKETPkVXfIERVh�KSRLKYXLBYD KEJ.i�D G G

JLkVXfIERPBSG q{MYKYtPK&RLM|IER kVOHK}mCD G G D RlB�IHm�RlKHTVkPX~IYR Z tCXfICklIERPh

IEXPW&D kLA&G J kVOYXfIHTVBCO}kVOHK}JLKSG m N KYRlKEXLBVq5•u€|FlIHXlXfKYFlkCD IERPry•

kLqYtHD FLA&G KHvYACU	tYG K‚D J5D G G TCJLkPX~ACkLKHMƒD R�kVOHK‚FLAVJLK1IEm{kVOHK

XfKQG ACkCD „LK"IHXfMYKYXPD RlB=ICm…kVOHK.e~B †ˆ‡ ‰ AYRLMo_YM Šˆ‡ ‰ tHXfIHklIER	IEXPW&D klAYG J

D R	kVOHKy‹�WyRPTCFYG K&D&ACJ�AxmPTHRVFlkCD IER…ICm.RLKETPkVXfIERxRLTCU	WEKEXlr&s?O&D J

KEmVmPKEFPk�MSXfACJLkCD FPAYG G qxFCOVAYRlBCKEJ	klOHKztHXfIVklIER	IHFCFPTVtVAVkCD IER i�OHKYR

UuIC„VD RlB�AHidAVq=mVXfICUjkVOHK Œ JLklAERlMHAEXfM Œ U2ACBYD F…RPTVU	WHKYXfJPr

•Hq JLkPTPMEq&D RlB=JPO&D mlkPJ�D R

JVD RPB&G K N tlAEX~kCD FEG K=KYRlKEXLB D KEJ D R

G D BHOCk…RlTHFEG K&D `HD kui?ACJ9JPOHIHi�R

kVOHAPk9klOHK.RLKETPkVXfIER UuACBYD F

RlTCU	WEKEXLJuAVk�[ ] a�` _&byFlAER

WHKxFVOHAERPBCKCM}D RlkLI=[ ] gd` efg XfKHJPtVKYFlkCD „LKQG q r

s?O&D J…D J D R	ACBEXfKCKEU2K&Rlk i�D kVO=kVOHK.FPOHAERLBCKEJuIYWEJLK&XL„LKCM D R9kVOHK"IHXfMYKYXPD RPB…IHm�JPOHKQG G J	mlIEX�RLKETPkVXfIER N

XPD FCOjG D BEOCkŽRlTHFHG K&D AYRLMwJLKCKEU	JzklIŽIEXPD BYD RlAVklK�mVXfIHU kVOHK�JLkVXfIERPB AVklkVXfACFLkCD „LK�tHXfIVklIER N RLKETPkVXfIYR

D RlklKEXfAEFlkCD IYR�WEKCklidKHK&R�JltED R N IEXPW&D k�tPAHXfkCRLKYXLJH`�D RLM&THFlKHMjkVOYXfICTCBHO�kVOHK

s.st .t
mCZ Xlh�KEmPmVKEFPkCD „LK

mlIHXlFPKErQs�O&D J tVAHXfkCD FVTEG AEX UuKYFVOCAERCD JlU O&D RlkPJ klI.AERxIC„LKYXfA&G GQU2ICMQD mHD FlAVkVD IERxICm.JLklAERlMYAHXfMp„LA&G TPKEJ

ICm�FEG ICJLKHMzJPOHKQG G JPr

H A RM O N I C  O SC.
+  S PI N  OR B I T
+  CEN T RIF U G A L

N = 4 s

d

g

3s1/2
2d 3/2

2d 5/2
1g 7/2

1g 9/2

1g 7/2

2d 3/2

3s1/2

2d 5/2

1g 9/2

N = 4

D IF FU SE
SU RFA C E-

N EU T RO N  RI C H
+ SPIN -O R BI T

ŝ.l̂a 2l̂b

•f•P‘�’/•l“Q•�”ˆ• –ˆ—C˜ • ™ š�›f’/‘~• œl˜ •�•P–/•L’ —f•

ž ŸP &¡fŸP¢
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ACBEDGFIH�JKFLD'MIN9HEO5PRQES�S	DENKTIU D�PVU JVMEBWQEPKU FKPXBEYWP5Y�Z [\YIQ�PV]EDED'J5Y_^E`EU a'D�Z U JbD NLH_`�JKU OLQ

a�U OIOKD�TRD�JbN7MEBED�JbHWS	D�JbYEc'A\BED5OLH�Z Z HE[&U JL^9OWU ^W`ETRD?^'U dbD�PeY�J$HWdLD'TbdKU D�[�HWO+Y JI`KS$]ED'T�HEO

PRQ�S	S	DENITfQ TLDWYgZ U PbYWNWU H'JLP FWBEYETfYEFLNLD�TIU PIU JL^ NIB�D�JI`WF�Z DWY�T h S	Y�JRQG]�HKa�Q�MWTRHE]�Z D�S+i�^KH'U Jb^

YgZ ZINIBED9[�YIQ9OKTRHWS"NLB�D5U JKU NWU Y'Z U PbHWPIM�U J F'Z YEPLPIU OWU FIYKNWU H�JePIFWBEDES	D?HWO7JL`EF�Z DWH'JLPEi�U J+jRk�lgm

]EQ n&D'U PLD'JW]ED'Tb^ i�NLHoTRD'FLD�JbNpa�U PIFI`WPLPIU H�JIPpH�J�FKTIU NWU FbY�Z h MIH'U JbNpPRQES�S	DWNKTIU DEP�U J

PbNI`Ka�Q'U JL^?JI`WF�Z DEYET h MKBEQEPKU FKP NKTRY'JLPKU NWU H�JLPIc

q
JL`WSe]�D�T HWO$TRD'FLD�JbN�YEFWB�U D�dbD'S D�JbNIP	HEdbD'T

NKBEDVZ YEPRN$r?QEDWY�TbP�FIHWdbD'TLs

t
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