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Introdrrctl-on

Thl-s mamral is a supplementary guJ-de, fo-r the partlcle + triaxial roto!

conDuter codes present"d";t;;-il;'Halnds-on_ Nu"lear structure Theory l{orkshop

ln iune, L992 and tot""it'i'oJy " 
it* tt"or chanses fron the oak Ridge (August '

1991) version. rt is 
"i;t";?;-;;; 

-tntention "that the novice $i11 be able to

eet started using these 
"'"J*'f"t"ifllenif 

y,wittt.this msnual and llttle otherwise

ilrect guldance. For 
""".i-".f"it.- "?a.s'a.scrrlia 

here, an extensive set of

connents and descrtpti;;l ;";;P";1"i"- t"" ut ro"na ti tht t"ty beginnlng of

the program. tt."t 
"ott""i" "tt 

rtpti"ted here and forn the bulk of thls manual '

AddiEional I'nformgtton tl"t"tor"g iow these- prolr"ns t'ork' the physlcal mesning

of the moder Pareneters ;i;;;;3tl;ns to.r rinaine reasonable lnttlal values are

Drovlded here, along ti;h 
-";;;l-t 

input flles 
":tl;:";t 

references' After a little

"xoerience 
using these 

""a"" 
i"a lnterpretlng th"lr rts"lts' tt ts hoPed that the

erstwhlle novlce will itoa ttt"t the connents rtrltten lnto the codes are

sufflclently detal-Ieil tti-""tpf"l" that thls nanual quickly becones unnecessary'

General feetures of the cotrPuter codeg

Two dtfferent sets of Partlcle-rotor gocl-es are descrlbed here' The flrst

besins wlth a woods-saxo'n;;t:;;;;i;t;io" or-tit Jeforned mean field' while the

selond uses 
" 

r'r"artrtJ"o""-"iii-"itilotenttal ' rn each case the calculetlons

proceed as follows:

1. At a fixed defornation (selected by th€- user)' the schr6dinger equation

describing trte singre-p"a'r1"itr)' ttiit" r"'th" dtiott"i fteld is solved' creating

a set of singl€-particre energles. anl elgellul:tlons (Nllsson states)' The user

must specify whether the calcrilatlon is to Ut aoi" tor proton or neutron orbitals

(not both) accordltrg tJ tit 
-fat"tfty 

of the odd partlcle'

Z. Fron the Nilsson states generated in steP 1' the user selects a set fron

which the Palticle * ;;;;;- s?rong coupll"g- b""i" states will be constructed '

wtthin this 
".t 

oe rlrilll" tiiilh" ' iu 
--ttt" 

slnsle Partlcle matrix elenents

needed for the partrcJ.-!- i ioio, Hanrltonlan and the Mr/E2 caLcurations are

conDuted, lncruding '#, 
''i;-:"*>'-::"j 

T;;ptcallv' selecting 5 such states

above and below the ftJti fti"i ls sufflclent to ensure numerlcal convergence '

but as nany as 15 can il-tti"iita' Note that -these 
codes treat' even nultlpoles

only in the deforned ti.ia'jil".-, 
"o 

octu?ole defornatlon), so there is no nlxing

betneen posltlve 
""a "!ilti""- 

pltity o-trirt"ls ' Thus ' the user rust sPecify the

parity of the orbitars"tTl-t tit"f""a for -later 
use' There is no restrictlon to

unlque parlty states (htgh J-shells) ln these codes'

3. Fron the singre partrcle energres conput€d ln step 2, the residual paiflng

inreractton r" .r."".i Ji.-iir-ii.lis "ppto*rJ.Jott. 
ttrls' lrnplles ttrat for each

deforned single -partrcrt'"i"i" 

" 

ittt 
-cuasip"rtr"tt 

energy and the Palring factors

u and v are cooPuted, 1;;;;"' J"git-p"itrtrt-ttttrgris ' the Ferr.i -level 
r and

the pairlng gaP A' If tt'i" t"lt"f"iion is nade by adipttng a standard value for

the pairrns strensEn ;;;;;;;;i"i :T-::"i 
Levil and the Pairins saP are

deriveil quantlties, 
"iJ "tt 

lnput Paranettt" ' 
-itt" 

blocking effect 13 roughly

included bv requirlng;L;; ;;;;;"pond to the' odd nunber of Particles' z or N'

(Alternatlvel"y ' I an'r i"*"'tt i"p* dlrectly' ) Next' uslng the Nilsson states

selected ln step z <oi lo""- 
""u""t 

of th"""j' the partlcle + triaxlal rotor



Hamil tonian matr ix is constructed and diagonal  Lzed for a selected range of  values
for  the  to ta l  sp in  I ,  in  the  1-quas lpar t i c le  s t rong coup l lng  bas is .  The user  must
provide sone informat ion about the core energy spectrum (moments of  inert ia)  ,  for
example,  by speci fy ing the energy of  the f i rst  2* state in the ef fect ive even-
e v e n  c o r e .  V a r i o u s  a n g u l a r  m o m e n t u m  e x p e c t a t i o n  v a l u e s  ( e . g . ,  < I . J > / l t l >  a r e
calculated from the energy eigenvectors.

4.  Electromagnet ic matr l -x elements,  both diagonal  and of f -d iagonal ,  are
calculated from the eigenvectors of  the part lc le + rotor Hamil tonian generated
in step 3.  The diagonal  matr ix elements are dlsplayed as the stat ic moments
(electr ic quadrupole moment Q",  and the magnet ic dipole moment p),  in uni ts of
e -barn  and nuc lear  magnetons  (pn) ,  respec t ive ly .  Note  tha t  the  e lec t r i c
quadrupole moment is the spectroscopic moment,  which is dtrect ly observable in
exper iments,  and not just  the intr insic noment Qo. The of f -d iagonal  matr ix
e l e m e n t s  a r e  d i s p l a y e d  a s  B ( E 2  )  

' s  a n d  B ( M 1 - )  ' s  (  i n  ( e b ) 2 ,  a n d  ( p n ) z  ,
r e s P e c t i v e l y ) ,  a n d  a s  l - r a y  p a r t l a l  t r a n s i t l o n  r a t e s ,  T ( E 2 )  a n d  T ( M 1 ) .
Furthermore , for rnixed E2/ML transitl-ons, the nixlng ratio 6 (F,2/lt1-) is computed.
A11 the transi t ion rate calculat ions use the computed 7-ray energies when needed.

For the l . Ioods -Saxon version of  the part lc le + rotor package of  computer
codes, the fo l lowing programs perforrn the steps out l ined above:

Step 1:  SWGMMA
Step 2 :  WSDCUP
Step 3:  ASYRWS
Step 4:  PROBAWS

The f irst program, SI,IGAMMA, is the same progran al so described at this workshop
f or cranking appl  icat ions .  A suf  f  lc lent ly detal led descr ipt ion of  SWGAI, IMA is
given here so that th is discussion remal-ns sel f  -contained, but the reader is
remlnded that addl t ional  notes have been prepared and distr ibuted at  th is
workshop by Rarnon LJyss

For the Modlf ied Osci l lator versLon of  th is model,  the fo l lowing programs perform
the steps descr lbed above:

Step 1 and Step 2: GAI.IPN
Step 3 :  ASHMO
Step 4: PROBAI,IO

Since these two packages of codes are only dlfferent inplernentations of the same
basic model,  many strong simi lar i t les necessar i ly  exist  between the versions, and
the structures of  the ASn and PROBA programs are part icular ly c lose. Even so,
some important differences remain, mainly due to the dlfferent choices made in
SIJGAMI{A and GAI{PN for the basis states of the single -particle orbitals . A more
detai led descr ipt ion is given below for each of  these programs, and their
s in i lar i t ies and di f ferences should become qui te c lear .  In ei ther version,
however, the most important parameters that must be assigned by the user are the
deformat ion  coord ina tes  and the  core  energy  spec t rum ( i .e . ,  moments  o f  iner t ia ) .
Since the general  considerat ions for  determinlng reasonable values for these
parameters are the same for ei ther the Woods-Saxon or the Modif ied Osci l lator
version, some guidel ines and suggest ions are now given, fo l lowed by some general



corf fnents about Cor io l is  at tenuat ion and the recoi l  terms.

Selectirrg the defornation paraneters ard core monents of i-nertia

Clear ly,  the choice of  the shape parameters ls crucial  in th is model,  and
they must chosen careful ly and with c lear Just i f icat ion.  General ly,  these could
be taken ei ther f ron exper iment or theory,  and in some cases ean be extracted
from a TRS database. A1so, a number of  tabulat ions exist  in the l i terature that
ei ther give deformat lon parameters direct ly,  or  the intr inslc quadrupole moment
or some related quant i ty (especial ly for  even-even nuclei) .  Among the wel l -known
tabu la t ions  are :

P.  M611er  and J .  R .  N ix ,  A tomlc  Data  and Nuc lear  Data  Tab les  26  (1981)  165.  Th is
reference includes computed masses and lntr inslc moments Qo for over 4000 nuclei .
These are computed with the fo lded-Yukawa potent ia l .

R .  Bengtsson e t  81 . ,  ADNDT 35 (1985)  15 ,  wh lch  g lves  pred ic ted  ground s ra te
deformat ions for even-even nuclel  f rom Sm to Pt ln terms of  the Modif ied
O s c i l l a t o r  p o t e n t i a l  ( r z ,  e 4  p a r a m e t e r s ) .

W.  Nazarewicz  e t  a l .  Nuc l .  Phys .  A51-2  (1990)  61 ,  wh lch  g ives  pred ic ted  bandhead
deformat ions for odd-proton rare-earth nuclei  (Eu -  Au) in the Woods-Saxon
poten t ia l .  For  some nuc le i ,  s ign i f i can t ly  d i f fe ren t  de format ions  are  expec ted  fo r
certain conf igurat ions (shape coexistence) .

S .  Raman e t  41 . ,  ADNDT 36 (L987 )  L ,  wh ich  is  a  compi la t ion  o f  2+  energ ies  o f
even-even nuclel  and intr insic quadrupole moments Qs der ived from from a var iety
of  exper imental  measurements.

Thus, obtaining est imates for  the deforrnat ion parameters may require
converting between the e and p parameterizations and/or derlving them from Qo.
For  ax ia l l y  synmet r ic  de format ions  tha t  a re  no t  too  la rge  ( i .e . ,  -O.2  s  Fz  <  0 .4 ,
a n d  - 0 . 0 5  s  9 c  <  0 . 1 5 ,  o r  s o ) ,  t h e  n e c e s s a r y  r e l a t i o n s  a r e

e 2  s '  o , 9  A a F . z  o  . ! 2 2 p 3  +  o

e 4  t  - 0 . 8 5 2 9 a  +  0 . 1 4 L p | n  +

. L 5 4 9 r 9 o  o . 1 9 g p l o

O . l - 2 2 | z | a  +  O , 2 g 5 p Z

0, d 
tr*te2(L

and

+ 1
2

ez)

Q o  d  
# z N F ,  

( 1  +  0 . 3 6 F " )



In the expressions for Qo, the contr lbutions from the hexadecapole terms (ca and

g,) have been ignored. i 'urther discussion of these points can be f ound in R '

Beng tsson  e t  a l ]  ,  Phys ica  Scr ip ta  39  (1989) ,  Lg6 ,  and  R '  I ' I '  Hasse  and  W'  D '

Myers, Geometrical Reiat ionships of l{acroscopic Nuclear Physics (springer verlag,

1 9 8 8 ) .

Excluding well  -deforned axial ly synmetric rotors ,  the predicted values for

the gamma deformation are more probllrnatic, and are usually not appropriate for

a part icre-rotor analysis. For example, the gamma defornation predicted from TRS

calcurations in general cannot be expected to be direct ly appl icable to the

part icle + rotoi rnodel, because of the very dlf ferent treatments of the

col lect ive rotat lons (even when 1 l les wi th in the "co l lect ive sector f '  o f  the

cranklng rnodel ) .  Nonetheless , when signif  icant tr laxial i ty ory- sof tness is

expected from TRS maps, the part icle-rotor user should be part icularly careful

to look for dist inct ive features in the experimental data that may signal the

importance of the 1 degree of freedom. such dtst inct ive features may include

signature splitting in lnergies and Bl't1 /BEz ratios, 'anomalous" static bandhead

moments, unexpected yrare binds or low spin states, etc. rn those cases where the

neighboring even-even nuclel are r.""on"bly well known and the quasi-gamna band

appears at row energy, the tr iaxial i ty parameter. can be estimated from the r igld

tr iaxial rotor nodel .  r f  the rat io of t-he core 2* energies is denoted by x, thi-s

g ives

T '  *  " tcs in
t f f i l ' r  ,  x - E (2i)

E  Q ; '

However,  recal l  that  the spectrum of an even-even tr iaxial  rotor is symrnetr ic

a b o u t ? - 3 0 o , i . e . , a " p r o l a t i s h " r o t o r w i t h 1 - + 2 O " a n d a n " o b l a t i s h " r o t o r w i t h

1:F40o have the same energy spectrun, and thus the ratio of 2+ energies alone

cannot dist inguish between the two al ternatLves. The E2 propert ies are very

different thorigh, and the energy spectra as well as E2 properties in the odd-A

nucleus are usual ly str ik ln gLi '  d l i ferent.  Thus ,  'y  can be est imated from the

energy spectrgm of the netltrboring even-even nucleus, but generally it is

ul t inately t reated as a parameter t -"  be f i t ted to the propert ies of  the odd-A

nucleus .  Frequent ly,  the propert ies of  the odd-A nucleus depend very sensi t ively

on the gamma defornation.
The second crucial parameter that the user must supply is the energy of the

2r* 
"a* 

in the ef fect ive core.  For the t r laxlal  case, the 3 moments of  inert ia

are ass*med to be related by a hydrodynamical expression, and thus an overall

moment of inertia pararneter is deternined by the energy of the 2r* core state '

of  course, th is energy is strongly coupled to the assumed deformat ion (and also

to the proton and neutron pairing g"p" ) . In those apPlications where the

deformat ion is supposed to ref lect  
- th;  

observable propert ies of  a neighbor ing

even-even nucleus,-  the physical  zr*  energy can be used to est imate the core

moments of  inert ia.  How..rJr ,  th is 
-general ly 

underest imates the ef  f  ect i -ve core

moments of inertia. one reason why this estimate can only be rough is because the

physical  even-even nucleus almost never obeys the r ig id rotor energy law very

wel l  above spin G or so.  rnstead ,  a Eradual  increase in the moment of  inert ia is

alruost always observed and thus r."rrlt" in a varying moment of inertia' rf Ehe

ground band of an even-even rotor must be approximated with a fixed moment of

inert ia (r ig id eore approximat ion),  then the ef fect ive core 2r* energy must be



less than the energy of^ the physica l  core s tate,  typ ica l ly  about  L57" less.  Aconvenient compilat ion of 
"*p*irentar 

energies in even-"r"r i  nuclei can be foundin  M.  Saka i ,  ADNDT 31  (1984 i  3gg .

""ri'"r3"rl"l?3*::";it.:,:Ht"? ?ff:i],|:"o 
fron the deformarion, and a rough

E  ( 2 ; )  - 122s
7

9'  ,q,7

(MeV)

(To the accuracy of, thls. estinete, p 
".9 

e probably should be usedinterchangably. ) hhrs estlnate ."n b.'s.i""t"d. rn erther verslon of the AsyRprogran. More sophlsticated estlmates can b_e_ foSrd elsewhere (e.g., ln R.i::fl::'1":l:, 1"ii".:';.-Jfi;"lll';.lll 
'i6eq 

277 , ""a i"-.i.'i.lo'p",,vr'g
CoDents on the recoil tena and CorlolLs atternratlon

T'lxe recoil ternparricle + rotor ,"".i ifi."1ff3'"":i:.."r,..?.r1."" "i::."i:1":1"inj".".1,,r.t1."f!treated as one-body or tso _b-ody op"r.aor". 
-it 

they are a.."a.a-J". two_bodyoperators, then therr natrrx ereients are aerlvea uy irr""ra'.,g--"-Iirii.. 
""a 

otinternedrate states (rncludr"g l -q"""lp"iii-"i e_ as werr as l-qp states) andsu-nnlng appropr ls te ly ,  as g iven tn i : .  Osnes et  aI  . ,  Nucl  .  phys.  A253 (1975)  45.If they ere treated as 
-one_body op"r"aor=, 

-aten 
the single_particle Eat,.lxelenents ere nultipl-ief 

.of -gf,.'"";'.--.';-; wv,) pairing facrors as for thecoriolls terns' An explicii- disc.r"-"ior, litnis point, and sone justification forthe la t rer  nethod is  oresented in  L.  Bennoui- "a ' " r . ,  Nucl  .  phys.  A465 (1987)  35.These two procedures are not equLvalent when palrlng is lncluded, an<l whichnethod ls "correcti seens to be as nuch 
" 

,"it", of phllosophy as physics (atreast as long as the slnple scs ai""tr."I i i-p"rtrrrg is used)-. rn ih! presentprograms, both options are avail"able, but the ir"_u"a], t.""Ir","a 
-r"qiii". 

"*.r"
conputatlon in wsDCUp or,cA!{fN. Also, a 

"r"ti, 
.or,"t.nt 'core contrlbution- thatarises ln the ryo-body_.:I::a1.". Uj"-U"" 

"lgiected 
here, and this roakes thecalculatlon of the angular nomentu' expectJtlon values (tabuleted for theperticle-rotor energy etgenvect-ors) 

"pp.o*ir"t". 
Thls neglect does not affect theexcltation energies at 

. 
itl . . rr""riy, 

'."ri"r,i- 

"*p"rr"oce 
with these codes has

f :!}t J :: :|3;,. i:"1:: "*:lf.t":t'"' 
1-i'.r,. "1 i,, .pi r """, 

- 
iJ -" " .-i.- 

-"i"!1., 
o"" -

The Eost fanous diffr.culty wlth the partrcre + rotor nodel is that thecoriolis coupr' ing betueen Ntlsso'n 
"i"i."-'"rl""'seens 

too large, especr.arly forunlque parity orbitals. The exact ."""or i"t-aiis is st'l ' not c.ear, althoughnany possible causes have been proposed. (i;;.;r, it trust be recognlzed that ina partlcular calcuration, 
,th"r--"-re i""y ;;t p""sr.bre renedles ertrhln the noderthat nay or nay not be physlcally j""irri"t. ' ior exanple, shrfring the Fernilevel or changing the deio-rnatl; 

"iii-;";;iiy i"ti".."": ;;.-;;;?;,,0..r".r,Nllsson states ' ) Two "ad tro"" appro".t." ."rl-an"a are connonry enproyed rrhensuch dlfflculties arlse and cannot t. o".i."r. by ,reasonable neanJ". rottrapproaches introduce an eddi tr onal p.t.r.."i 
-.d. 

n"" r rlli.- 
"T.ii 5-"""1 iir.". i."other than to reduce the coupling r"a"..i 

-ii" -'iisson 
states. one approach is tonultlplv all ofr-draeonar natrri.r.i.il"-ily 

"il ""."."""rr""}"1iJii1L, <rl,while the other ratsles the 1u1,- i-#;i-p"i,ri", ,.".o. to sone poyer eta (?).



Thus,  l :1 .0 and 4:L.0 correspond to no at tenuat lon of  these matr ix  e lements.  Both
options are avai lable in these codes, and both should be avoided i f  at al l
poss ib le.  In  those cases when an at tenuat ion seems just i f ied,  f  =  O.7 and q = 5
have been commonly used.

The cornments bui l t  into each computer code are given next, along with
sample input f i les and a few addit ional remarks.



The Woods - Saxon programs :

C
c
C PROGMM SWGAMMA
c
c

NAI,IELI ST
*  /DYNAI{C/  BETA2,BETA4,GAI . IM,ECUTB,TZ, IN,NMAXP,NMAXN,  IZNAK,
* IENDD
* /TNTDAT/ NPRTNT, rPRrNT, LCOUNT, JSIGN, IPLOT, LAI, ICUT, NAZWTS ,
* IDYSK , N}IAXN , IZNAK, IDIM, IAUTO , ILGAUS , IFONLY, NET

C
c
C NPRINT - THE NTJMBER OF THE MATRIX ELEMENTS IN AIIXILIARY
C PRINT (PREFERABLY O, HUE,HUE).
,C

C IPRINT . THE NWBER OF LINE PRINTOUT FOR SINGLE PARTICLE
c SPECTRUM (FOUR LEVELS pER ONE LINE).
C
c rDYSK - rF (rDYSK.EQ.O) OUTPUT ON THE MAGNETTC TAPE
C IF (IDYSK.NE.O) OUTPUT ON THE PERMANENT FILE
c
c IPLOT - rF (IPLOT.EQ.o) TLLUSTRATTVE PLOTS ARE NOT
C PRINTED.
c
c  Js rGN -  rF  (NE. ( -9 ) )  WRITE OUTPUT (S .p .  ENERGTES AND
c I.IAVE FITNCTIONS) ON TAPE NW (:10)
C IF JSIGN--8 WAVE FI,'NCTIONS ARE NOT RECORDED
c
c LcoLlNT - THE NWBER OF THE ACTUAL SET OF DATA ( TNCREASED
c BY 2 AT A GIVEN DEFORMATTON)
c
C ILGAUS - THE NUMBER OF POINTS IN THE NTJMERICAL INTEGMTION
c ovER Fr (MAX. - 40)
c
C I-A},ICUT - THE },IN(IMI.JM DIFFERENCE BETWEEN I.A},TBDA AND I.AI{BDAI.
C IN THE INTEGRATION OF THE MATRIX ELEMENTS
c (MAXIML'M - 2*NMAX+1)
c
C IFONLY . IF .EQ.O BOTH NEUTRONS AND PROTONS
c IF .EQ.l  NEUTRONS ONLY
c rF .EQ. 2 PROTONS ONLY
c IF . EQ. 3 AI]XILrARY PLOTS ONLY
C
C ECUTB - PARAI'IETER OF THE BASIS CUT OFF (IN MEV).
G REASONABLE CHOICE IS 1-OO. TO 150. BUT IT MUST
C BE CAREFI.]LLY TESTED BEFORE CALCUI..ATION.
C
C IN THIS VERSION ECUTB WILL BE TAKEN AS A STARTING
C VALUE MODIFIED IN SUCH A WAY THAT THE TOTAL
C NI'MBER OF BASIS STATES IS AS CLOSE TO IDIM AS



C
c
C
C
C
C
c
C
c
c
C
C
C
c
C
c
c .
C
C
c
c
c
C
C
C
C
c
c
c
c
c
C
c
c
c
c
c
C
c
c
c
c
c
c
c
C
c
c
c
c
C
C

ID IM

I N P U

NAZWI S

POSSIBLE.

THE NTIMBER OF LOWEST LYING BASIS STATES

D A T A  S

rF (NAZWTS . EQ. 0 )
rF (NAZlrrs . EQ. 1- )
rF (NAZr{rS . EQ. 2 )
rF (NAZLTTS . EQ. 3 )
rF  (NAZI , I rS.EQ.4)
rF (NAZI , t rS.EQ.5)

E C O N D  R E C O R D

LIAHLBORN PAMI{ETERS,
ROST PARAI'{ETERS,
cHEPt RNOV PAIIIU,IETERS , F \t .
oPTIMIZED PARAI'{ETERS , ?,2 ta'^ ' '

I]NIVERSAL PARAMETERS
PARAI{ETERS READ IN THE FORMAT

FORIIAT( 7 (F7 .4,  3X) )

THE PARAI'{ETERS READ ARE VO , XAPPA, XI-AM, ROC , ROSO , AOC , AOSO

MAXIMT]M NI'UBER OF THE HARMONIC OSCILI.ATOR SHELLS
(FOR PROTONS ) ,

MAXIMW NTJI'TBER OF THE HARI'TONIC OSCILI^ATOR SHELLS
(FoR NEUTR0NS).

(N-Nl) .LT.ILS MATRTX ELEMENTS ARE RETAINED.
(FoR NEUTRONS).

PROTON NTJMBER A-IZ*IN

NEI]:TRON NI]MBER A-IZ*IN

HOM0_FACC:t41 . /A**(L. /3 . ) .

rZNAK.EQ. (0,1 ,2)  -  THREE KINDS OF BETA4
PARAI{ETRI SATION

IF ( IEND . NE . 0 ) STOP ,'END OF INPUT DATA"

IF ( IAUTO.EQ. 1) IZ DETERMINES NttN( AND IDDrM
AUTOMATICALLY

IF .EQ.O DEFORMATIONS DEFINED BY THE READ STMT.
IF .GT.O THE NET-TH ROW OF THE DEFORMATIONS

PREPARED BY THE LDPMIN.PROGRAM WILL
BE USED

IF . LT . O THE 'RECTANGUI.AR' DEFORMATIONS DEFINED
AS X:BETA2*COS(30+GAMMA) AND
Y:BETA2*SIN(30+GAMMA) ARE DEFINED BY
THE READ STMT. (X '- BETA2 , Y ; -Qtrflffi)
ATTENTION: ONE HAS TO DEFINE X AND Y
FOR EACH MESH-POINT SEPARATELY ( r.E.

NMAXP

NMA}N

ILS

I Z

IN

FACC

IZNAK

IENDD

IAUTO

NET



C
c
c
C
c

YOU CANNOT TAKE ADVANTAGE OF NO
REPEATING PREVIOUSLY DEFINED VARIABLE
I^IHEN NAMELIST IS USED) .

Now a few notes relevant for  the part ic le + rotor user:
Note that the input parameters are read through a NAI,IELI ST directed READ
statement,  and furthermore that most of  the parameters are automat ical ly set  to
standard values which do not need to be changed. At minlmum, the user must
speci fy the proton and neutron numbers of  the nucleus of  lnterest  (  IZ and IN) the
def ormat ion coordinates,  (BETA2, GAI, IM and BETA4) ,  and whether the calculat ion is
to be made for protons or neutrons (  IFONLY - 2 or l - ,  respect ively)  .  For the
part ic le *  rotor appl lcat l -ons,  only the proton or the neutron calculat ions should
be made here,  and not both.  Also,  certain technlcal  paraneters must be selected
that control the nunber of basls states and the maximum osciLlator number N.
Slandard values for these can (and should) be chosen by settlng IAUTO-I. More
than one calculat ion can be done wlth the same input f l le (e.9. ,  more than one
deformat ion),  by set t ing IENDD-0 in the DWAMC l lst ,  and then repeat ing th is card
for  each des i red  de format ion .  Then fo r  the  las t  ca lcu la t lon ,  se t  IENDD- I .

**  fmportant restr ict ion:  Note that for  part ic le + rotor appl icat ions,  only one
60"  sec tor  in  the  (F , t )  p lane is  d is t inc t  ( the  o thers  s inp ly  cor respond to
permututations of the labels on the nuclear axes). However, SWGAI{MA treats the
intr insic x-axis as the quant izat ion axl-s,  whi le the part ic le + rotor codes use
the intr insic z-axis.  In order to match the requirements of  these di f ferent
codes, only one part icular 50" sector can be used ln SI{GAi l l {A for  later part ic le
+ rotor appl icat ions.  In part icular,  the shape paraneters must be chosen so that

BETA2
GAIIM G -L2O. f or axially s)nnmetric prolate shapes
-L2O. < GAI, IM < -  90 .  f  or  "prolat ish" t r iaxial  shapes
+30 .
GAI ' IM -  +50. f  or  axlal ly symnetr ic oblate shapes.

Note that GAIIM - - 90 . ls NOT ALLOWED, and ls not equivalent to GAI'{M - *30 .

A  sample  input  f l l e  (named,  € .8 . ,  IR1,79SWG.DAT)  tha t  cou ld  be  appropr ia te
f o r  p r o l a t e  s t a t e s  l n  1 7 e l r  i s :

$TNTDAT TFONLY-2 rAUTO-L $END
$DYNAMC BETA2-O .26 , BETA4:-O . 004 , GAI{M- -LzO . , IZ:77 , IN:102 $END

INPUT FILE FOR SWGAMMA, FOR L79TX
************************************************************
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c**** PROGRAM WSDCUP
C
C VERSION: JULY, 1991
c
C DISTRIBUTED AT THE OAK RIDGE THEORY WORKSHOP, AUG 1991, FOR USE
c lrrTH oTHER WOODS-SAXON CODES SIAIGATIMT\ (WHICH CALCUI^ATES THE
c DEFORMED STNGLE PARTTCLE ORBITALS IETGEIWALUES AND EIGENVECTORS J
c AND PRECEDES WSDCUP), ASRWS (DIAGONALIZES THE PARTICLE + ROTOR
c HAMTLTONIAI{) AND PROBAWS (CALCUT-ATES t7L/82 MAIRIX ELEMENTS FROM
c THE PARTICLE + ROTOR EIGENVECTORS)
C
C
C WSDCUP CALCULATES GENERALTZED DECOUPLING FACTORS FOR TRIN(IAL
c RoroR + PARTICLE MODEL (NUCL. pHyS. A307 (1978) 189) rN THE BASrS
c A NZ I-AMBDA SrGMA>. PHASES AS IN FttNNY HILLS WOODS-SAXON, OR
C FOLDED YI,JKAWA OF NIX ET AL. GENERATES OUTPUT FILE L7 FOR USE BY
C PROGRAM ASN,WS.
c
C THE MATRIX ELEMENTS ARE FROM THE TABLE OF BOISSON AND PIEPENBRING
c [NUCL PHYS A168 ( 1_971) 38s ] OF L+ gDENOTED RP ) L- (RU) AND S+ ( Sp ) .
C S- IS OBTAINED BY REVERSING THE SIGN OF THE ARGU,TENTS IS.
c L- (RM) SIMII^ARLY REQUIRES REVERSED SIGN 0F THE ARGU{ENT L.
c ASm. coNJ /N NZ LAM SIG) - (-1)**(N-L/2-SrG) A NZ -L-A,M -SIc>,

C NOTE THAT BOISSON AI{D P. FORGET SIGN CHANGE FOR NEGATIVE I^A},I.
C
C**** THE ORIGINAL VERSION CODED IN LI]ND IN AUGUST,1983, BY GEORG A.
C LEANDER, OAK RIDGE.
C**** THIS IS A VERSION FOR VA)( BY LEANDER, OAK RIDGE, DECEMBER, ].983.
c INPUT uNrT (FrLE3) SHOULD BE THE OUTPUT FILE FROM THE WOODS-SAXON
C CODE OF DUDEK AND NAZAREWTCZ.
c THE BASIS STATES OF THAT CODE COME IN BLOCKS WITH OMEGA:L/2,
c -3/2, 5/2, -7/2, . . .  AS ASSWED BELOW, PROVTDED THAT GAI{M/\ IS rN
C THE INTERVAL .120 .LE. GAMMA .LT. -90 OR +30 .LE. GAI,IMI\ .LE. 50.
c
C ** NOTE THAT GAI,IMI\ - -90 IS IMPROPER, AND GIVES INCORRECT RESULTS! **
C
C FIJRTHERMORE, THE I.IOODS.SAXON INPUT SHOT'LD BE IFONLY * 1 OR 2
c (NEUTRON OR PROTON ORBITALS ONLY) . THE CODE ASI'RI.IS SHOULD HAVE
C PAIRING INPUT APPROPRIATE TO WOODS.SAXON.
c THE CODE PROBAWS CAN ONLY DERM THE MACROSCOPIC CORE QUADRUPOLE
C MOMENTS (QO AI{D Q2) BECAUSE THE SINGLE PARTICLE QUADRUPOLE MATRIX
C ELEMENTS ON FILE L7 ARE SET EOUAL TO ZERO,
c
c****
c
C MODIFICATIONS BY PAUL SEI'{MES, FEBRUARY 1.991
C
C MAIN CHANGE: IREC INCORPORATED SO THAT J+J-, JZ**2, ETC CAN BE
C TREATED AS TWO BODY OPERATORS WITH APPROPRIATE
C PAIRING FACTORS IN ASYRWS

1 1



C
C
c
c
c
c
c
c
C
c
C
c
c
c
c

THE BASIC TWO.BODY TREATMENT OF THE RECOIL TERMS IS GIVEN IN
NUCL. PHYS. A253 (L975) 45; NorE, HOI^IEVER, THAT THE KR0NECKER
DELTAS IN THEIR EQ'N L4 SHOULD BE REMOVED

IF  IREC E 1,  THEN MATRIX ELEMENTS JPLUS(FINAL, INITIAL) ,
JMINUS(F, I) AND JZ(F, I)  ARE COMPUTED AND PASSED
ON TO ASHWS,  WITH F INAL -1 , ID IM,  IN IT IAL  -1 ,NU.
THIS ALLOWS A FULL TWO BODY TREATMENT OF THE TERMS
JX**2 , ETC , INCLUDING 1- AT.ID 3.QUASIPARTICLE
INTERMEDIATE STATES AND PROPER PAIRING FACTORS

: o, THEN THE RECOTL MATRIX ELEMENTS (J+J+, ETC) ARE
TREATED AS ONE - BODY OPEMTORS

IF  IREC

c***********************************************************************
C
C
C
c
c
C
c
C
c
C
c
c
c
C
c
c
C
c
c
c
C
C
C
c
C
C
c
c
c
c
C
C
c
c
c
c

DESCRIPTION OF THE INPUT

CARD l- :  FILE3, FILEl7 (FREE FORMAT)
FILE3 CONTAINS THE DEFORMED S . P. INFO FROM SWGA}{MA
FILE]-7 IS THE OUTPUT FILE TO BE PASSED TO ASN.WS

2: IPKT, ISKIP (FREE FORMAT)
IPKT: THE NLTUBER oF DATA SETS (oF A cIvEN

DEFORMATION AND PARITY) TO BE READ FROM FILE3
ISKIP: THE FIRST ISKIP DATA SETS ARE NOT USED

3: IREC (FREE TORMAT)
IREC - 1: ADDITIONAL CALCUATIONS ARE MADE SO THAT A

TI.IO-BODY TREATMENT OF THE RECOIL TERMS IS
POSSIBLE IN ASffi.WS; THE ONE-BODY TREATMENT
CAI'I STILL BE SELECTED IN ASN.I^TS

IREC - O: ADDITIONAL CALCULATIONS ARE NOT MADE, SO
ONLY THE ONE-BODY TREATMENT OF THE RECOIL TERMS
IS POSSIBLE IN ASN.WS

4 :  I P A R ,  N U ,  ( L E V E L ( J )  ,  J - l , N U )  F O R M A T :  A 1  , T 2 , 1 5 1 3
IPAR..  '+ '  OR ' - '  

,  THE PARITY OF THE DEFORMED SINGLE
PARTICLE ORBITALS RETAINED FOR THE PARTICLE

. ROTOR CALCUI.A,TIONS

NU: THE NI.IUBER OF ORBITALS RETAINED FOR THE PARTICLE
ROTOR CALCUI.A.TIONS , NU . LE. 15

LEVEL(J): THE ORBITAL Nul,tBERS, ASSIGNED BY cOtNTING
"FROM THE BOTTOM UP", IE, BY INCREASING ENERGY
FOR THE PARITY CONSIDERED

NOTE: EACH DEFORMATION SET NEEDS A CARD HERE, EVEN IF
THAT SET IS SKIPPED.
IF SKIPPED EG, + 1 ]- IS OK

L2



c
c
c
c
c
C
c
C
c
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

EMIN, EMAX F0RMAT i 2FL0.5
THE WAVE FT]NCTIONS ARE PRINTED FOR S . P . ORBITALS

WITH ENERGIES ( IN MEV) T,IITHIN THE INTERVAL
( EMIN, EMAX)

NOTE: EACH DEFORI,IATION SET NEEDS A CARD HERE, EVEN IF
THAT SET IS SKIPPED. THUS, FOR DEFORMATION
SETS A, B, C , CARDS L ,2 ,3 ARE FOLLOWED BY
4 A ,  5 A  , 4 8  , 5 8  , 4 C ,  5 C  .

A sample lnput f i le
for the prolate states ln

, SI.IGIO . DAT' ,  'WSD17 . DAT'
t 0
0

- 1 1  L 4  l s  t 6  L 7  1 8  1 9  2 0
- 1 0 .  + 0 . 5 0

input f i le for WSDCUP

(n^amed ,  e .9.  ,  IR1-79I^ISD. DAT) that  could be appropr iate
" olr generated by IRL79SI.IG . DAT ls :

F I L E 3  i  F r L E l 7
I P K T ,  I S K I P
IREC

2L 22 23  24  ipar  ,  DU, leve l  (  j  )  ,  J : l  ,  nu
emln, emax (for WSDCUPT)

**************************************************************

Note  tha t  the  f i le  f rom SWCAMMA is  named here  ( 'SWGI0.DAT' ) ,  as  we l l  as  the
output f i le from this code ( 'WSD17 . DAT' ) . Recall that on a VA)( free format
character data should be enclosed wlth apostrophes. These f i le names must
correspond to the f i les assigned elsewhere; in the case of the SWGAI,IMA output,
th is f i le is assigned most convenient ly ln the conmand f i le (shown later) .  Note
that s ince IREC-O ls selected here,  IREC-O must be selected in ASYRWS. I f
however,  IREC:I  is  chosen here,  then IREC-O can st i l l  be selected in ASW.WS. The
fourth l ine of  input data (  -11 L4 15 1-6 .  .  .  )  speei f les that  l t  negat ive par i ty
orbi ta ls are to be selected for the calculat ions,  and these are the 14th,  L5th,
16 th ,  . .  e tc .  o rb i ta ls ,  counted  f rom the  bo t tom up.  From the  pr in ted  ou tpu t  o f
SWGAMUA , lt 'L4 has an energy of -7 .0824 MeV, and ls the 29t}:. orbital overall ,
count ing f rom the bottom up. Slni lar ly,  #24- has an energy of  +0.L942 MeV and is
the 48th orbi ta l  overal l  .  Since Z-77 for I r ,  the proton Fermi level  should l ie
close to orbl ta l  l l39 overal l  (correspondng to (Z+L)/z) ,  and this happens to be
the  20 th  pos i t i ve  par l t y  o rb l ta l ,  wh ich  has  an  energy  o f  -2 .8L72 MeV.  Th is
select ion of  orbi ta ls should include al l  the negat ive par i ty orbi ta ls wi th in
about 3 MeV of the Fermi level, and should be quite sufficient for describing the
low-ly ing negat ive par i ty states in L79Tr (  i f  th is deformat ion,  etc .  is
appropr iate )  .
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C||lftt||{H|||||t||t{|||tt|t|||t|||t|||t{|lt{|#{|||||l||t||||IH|||||tt#ltt|#|||H|#tHt|tt|||l|||t|t||||HtI||HtI|||||
clt#lfll{ttHl#lt tftftftHtlHf##tftftHttt
c{t#ttlflflflttltf PRocRAI'{ ASyRr.rs ##lflHftHfttttiltttttttt
C
C VERSION: JULY, 1991
C
C DISTRIBUTED AT THE OAK RIDGE THEORY WORKSHOP, AUG 1991, FOR USE
c wrTH orHER wooDs-sAxoN coDES SWGA}.IM/\ (CALCULATES THE DEFORMED
c s. P. oRBTTALS IETGENVALUES AND EIGENVECTORSJ), WSDCUP (COMPUTES
c THE S. P. MATRTX ELEMENTS [EG, <J+>, ETCJ NEEDED FOR ASYRI^IS), AND
C PROBAWS (CALCUI^ATES vII/82 MATRIX ELEMENTS FROM THE PARTICLE +
c RoToR EIGENVECTORS GENERATED By ASYRWS).
C
C ASYRWS DIAGONALIZES THE PARTICLE + TRIN(IAL RoToR HAI{ILToNIAN
C IN THE STRONG COUPLING BASIS, WITH THE SINGLE-PARTICLE MATRIX
C ELEMENTS EXPRESSED IN DEFORMED SCHEI{E. ORIGINAL PROGRAI'{ DESCRIBED
c rN NUCL. PHYS . A307 ( 1-978 ) 1-89 . THrS VERSTON ACCEPTS rNpUT FROM
c I.IsDcup (wooDs-sAxoN P0TENTTAL).
C
C SINGLE.PARTICLE ENERGIES AND VARIOUS MATRIX ELEMENTS CALCUIATED
c rN wsDcuP ARE READ FROM FrLEl-7. ouTpuT REQUTRED FOR "TRANSTTTON
C PROBABILITY PROGRAI{" (PROBAWS) IIRITTEN ON FILE18
C
c***********************************************************************
C
C MODIFICATIONS BY PAUL SEMMES, FEBRUARY 1991
c
C INCLUDING: 0PTIONAL TWo BoDY TREATMENT 0F RECOIL TERMS (J+J-,
C JZ**2, ETC), WITH APPROPRIATE PAIRING FACTORS
C K.TRI]NCATION
c EXTENSIONS TO HIGH SPIN ( ISPIN .LE.  L29)
C VARIOUS ${GUI.AR MOMENTIJI-{ EXPECTATION VALUES CALCUIIA,TED
C FOR ENERGY EIGEI{VECTORS
c
C THE BASIC TWO-BODY TREATMENT OF THE RECOIL TERI{S IS DESCRIBED IN
c NUCL. PHYS . A253 (L975) 45. HOLTEVER, NOTE THAT THE KRONECKER
C DELTAS IN THEIR EQ'N L4 SHOULD BE OMITTED. ALSO, NOTE THAT A
C SMALL, CONSTANT "CORE CONTRIBUTION" THAT ARISES IN THE TWO.BODY
C TREATMENT OF THE RECOIL TERMS HAS BEEN OI.TITTED IN THIS PROGRAM.
C THIS DOES NOT AFFECT EXCITATION ENERGIES, BUT CAII CAUSE SMALL
c ERRORS rN THE EXPECTATTON VALUES <r.J>, ETC. (rN THE SUBROUTTNE
c "ExpEcT" ) ESPECIALLY NEAR BAI,,IDHEADS.
c
c NOTE THAT THERE IS NO VMI OPTION IN THIS VERSION; THE I^IOODS-SAXoN
C DEFORMED S.P. STATES ARE ! i lRITTEN IN A,NZ,LA.I*!,OMEGA> BASIS, NOT
c THE A,L, J,OMEGA> BASrS AS rN THE MODIFIED OSCILI^ATOR VERSTON.
C
ctHf#{flf{tlfll{t tftuuttguftftuuut#tf
c{H||tlH|{tt|##|||t]||f||I|l|{t#lt{|{|{H||t|HtIt|flf##l|#|||||HH|lH|I|{||t#|t{|#{H|IH|||l||H|
C
C INPUT DATA (ENERGIES IN MEV):
c
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'c 1. FrLE17, FrLElg (FREE FORI,IAT)
C FILE17 WAS IIRITTEN BY WSDCUP CONTAINS VARIOUS S . P. MATRIX
C ELEMENTS NEEDED HERE (EG, J+, J-, ETC)
C FILE18 : NAME OF THE OUTPUT FILE, NEEDED FOR PRoBA
c
c 2. IPKT, ISKIP (FREE FORTIAT)
C IPKT: NWBER OF DATA SETS (OF GIVEN DEFORMATION AND PARITY)
C TO BE READ FROM FILEl7
C ISKIP: THE FIRST ISKIP POINTS ARE NoT USED
C
c 3. rREC (FREE FORMAT)
c IREC-I: TREAT THE REcoIL TERMS (J+J-, J+J+, ETc) AS Two-
C BODY OPERATORS , IE, CONSTRUCT THEM FROM MATRIX
C ELEMENTS OF J*, J., JZ ST'MMED OVER A COMPLETE SET
C OF INTERMEDIATE STATES (INCLUDING 1. AND 3-QUASI-
c PARTTCLE STATES) EACH I{rTH ITS CORRECT pArRrNG
C FACTOR
C IREC:O: TREAT THESE TERMS AS ONE.BODY OPERATORS, AS IN
C NPA3O7, 189, I^IITH SINGLE PARTICLE MATRIX
C ELEMENTS MULTIPLIED BY lru'+W'
C
C *** RECOMMENDATION: THE IREC-O OPTION IS SUGCESTED. THE TI./o
C *** APPROACHES SEEM TO GIVE VERY SIMII.AR
C *** RESULTS, AND THE ONE-BODY IREATMENT IS
C *** SIMPLER. NOTE THAT IF YOU USE IREC-I HERE,
C *** IREC-I MUST HAVE BEEN SELECTED IN WSDCUP,
c
C 4. Z, AA, IMII{,  ISPIN, KMAX, E2PLUS, E2PLT'R (TREE FORMAT)
C Z: PROTON NWBER OF THE ODD NUCLEUS , MAY BE EVEN OR ODD.
C AA: MASS NI,ruBER oF THE oDD NUcLEus
c
C IMIN : MINIMUM SPIN coNs IDERED I s TITIN/2

' c ISPIN: I{AXIMUM SPIN C0NSTDERED IS ISPIN/2
c ***  ISPIN .LE.  L2g ***
c *** ( ISprN- IrqIN)/2 . LE. 19
C KI,IAX: l{AX K ALLOTIED (FOR TRUNCATION;
C KMAX - ISPIN :) NO TRITNCATION)
C  * * *  K I , I N (  -  . . . 1 3 ,  L 7 , 2 L ,  . . .  K M A X . L E .  Z g  * * *
c
C E2PLUS: THE MOMENTS OF INERTIA ARE ASSUI{ED TO VARY ACCORDING
C TO THE FORMUIA
c J(K) :  4B*EpS2**2*(SIN(GAMMA+2K*YI/3))**2
C A. E2PLUS-0
c (cRoDzINS' REIATION)
C B.  E2PLUS .  GT.  O
c THrs ENERGy FoR THE Lownsr Ez+ oF coRE RoroR
C C.  E2PLUS .  LT.  O
C
C E2PLUR: FOR E2PLI]R .GT. O AND E2PLUS .GT. O THE GAMMA ANGLE
C IS CALCUI^A,TED TO GIVE THE SECOND 2+ ENERGY OF THE
c coRE EQUAL TO E2PLUR
C (NOTE THAT THE CORE GAT'TMA THUS BECOMES DIFFERENT
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C FROM THE GAI{MA OF THE S..P. ENERGIES. THIS OPTION
c rs NoT RECoMMENDED. )
C
c 5.  cNo,  GNl ,  rpArR,  cHSr,  ETA (FREE FORMAT)
C THE PAIRING STRENGTH PARAMETER IS
C G*A - GNO +/- cNl*(N-Z)/A ; (PR0T0NS/NEUTRONS)
c wrTH SQRT(rPArR*Z)/SQRT(rPArR*N) ORBTTALS TNCLUDED ABOVE
C AND BELOI,I THE FERMI LEVEL IN THE PAIRING CALCUI.ATIONS
C
C STANDARD VALUES FOR WOODS.SAXON POTENTIAL, ALL WITH
c rPAIR : (Z OR N)/4, WHICHEVER IS ODD
c (J .  PHYS G6 (1980)  447) :
c
c RANGE rN Z GN0(PROTONS) cNl(p) GN0(NEUTRONS) CNI(N)
C
C Z
c  5 0  -  z ,  5 0  <  z  <  8 8  L 7  . g  0 . 1 7 6 * A  1 9 . 9 5  0 . 0 7 9 * A
c  8 8  -  2 , 8 8  < Z  1 3 . 3  0 . 2 L 7 * A  1 g . 3  0 . 0 9 4 * A
c
c rF IPAIR-99 OR 98 THEN DELTA-GN1/SQRT(AA)
C STANDARD: cN1 - l-2.
C IF IPAIR:99, THE FERMI LEVEL IS SET EQUAL TO GNO IN MEV
C IF IPAIR:98, THE FERMI LEVEL IS SET ON TOP OF THE
c ( (z  oR N)/2 + 1)  LEVEL
C CHSI, ETA: CORIOLIS ATTENUATION PAMI,TETER
C ALL OFF-DIAGONAL S.P. MATRIX ELEMENTS ARE MULTIPLIED BY CHSI.
c ETA rS AD HOC POWER ON (tru+W) (U AND V PAIR FACTORS)
c (BtrT ETA DOES NOT AFFECT PAIRING FACTORS IN THE TWO BODY
c TERMS rF rREC . EQ. L )
c
C *** NOTE THAT THE ANGUI.AR MOMENTIIM EXPECTATION VALUES (COMPUTED
C *** IN SUBROUTINE EXPECT, AFTER ENERGY DIAGONALIZATION) ARE
C *** CALCUI..A,TED CORRECTLY EVEN IF CHSI . NE. 1 . , IE, THE SCALING
C *** OF THE S.P. MATRIX ELEMENTS (<J+>, ETC) BY CHSI IS REMOVED
C *** IN "EXPECT". HOWEVER, TF ETA .NE. 1,  THE ATTENUATION OF
C *** THESE MATRIX ELEMENTS IS NOT REMOVED, BUT REMAINS IN THE
C *** COMPUTED EXPECTATION VALUES <I.J>, ETC.
c
C *** RECOMI'TENDATION: AVOID CORIOLIS ATTEMJATION IF POSSIBLE,
C *** BUT IF YOU MUST ATTENUATE USE CHSI.
C *** CHSI APPROX O.7 IS COMMON.
c
c  6 .  rpARl ,  Ny Ic ,  (LEVELZ(J  ) , J - l  ,NYIC)  FORMAT(AI ,12 ,1513)
C IPARI: PARITY CONSIDERED, "*" OR r' - t '

C NYIC: NUMBER OF ORBITALS CONSIDERED IN THE PARTICLE-ROTOR
C CALCTII.ATION, NU . LE . 1.5
C LEVEL2(J): "NUMBERS" ON THE ORBITALS INCLUDED (CALCULATED
C FROM THE "BOTTOM" AND FOR THE PARITY "IPAR"
C CF. INPUT CARD 7 FOR WSDCUP THE SET OF ORBITALS IN
c LEVEL2(J) MUST BE A SUBSET (OFTEN THE FULL SET) OF
c oRBTTALS LEVEL(J) IN WSDCUP
c
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C
c
C
c
C
c
c
c
C
c
C
C
c * *
C
C*************************************************:t*********************

A sarnple input f  i le (garned, € .8. ,  IR179ASY. DAT) that could be appropriate
for the prolate states ln 17slr generated by IR179SWG. DAT and IRL79WSD. DAT is :

, WSD]"7 . DAT " ASY18 . DAT' FILET7 , FILE].8
1 , 0  l p k t , t s k i p
O IREC
7 7  , L 7 9  , L  , 2 5  , 2 5  , 0 .  1 _ 0 0 , 0 . 0 0  Z , A A ,  r M I N ,  r s p r N , K M A X ,  E 2 P L U S  ,  E 2 p L t  R
L 7  . 9 ,  3 1 .  5 0 ,  1 9 ,  1 .  0 ,  1 . 0 GNO , GNl ,  IPAIR, CHSI , ETA
-1 -L  L4  15  16  L l  18  19  2A  2L  22  23  24  l pa r ,ny l c , l eve l t ( J ) ,  j : l , ny i c

3  3  3  3  3  3  3  3  3  3  3  3  3  3  2  2  2  2  2  2  n a n t ( j ) ,  j : 1 , 2 0
2  2  2  3  3  3  3  3  3  3  2  2  2  2  2  2  2  2  2  2  n o u t ( j ) ,  j : 1 , 2 0

L234567 890L234s578901 234s57 890L234567 890L234s578901 234s57 890L234s67 890
SAMPLE INPUT FILE FOR ASN,WS

************:k*************************************************

Note  f i r s t  tha t  the  lnpu t  f i l e 'WSD17.DAT 'co r responds  to  the  ou tpu t  f i l e
f rom IR179WSD. DAT; the f t le ASY]"8 . DAT w111 contain the results of this code
needed for PROBAWS. A1so, note that this f l le specif les the one-body treatment
of  the recoi l  terms ( IREC-0) ,  and uses the ent l re  set  of  Ni lsson orb i ta ls
selected ln  IR179WSD.DAT. Calculat ions f rom I -L/z  to  25/2 wi l l  be nade ( I I { IN:1,
II IAX:25 ) ,  although others could have been specif ied, e .  g. ,  29/2 to 55/2 by
IMIN:29,  I I IA] ( :55.  No Cor lo l ls  at tenuat ion ls  requested (CHSI: I .0 ,  ETA:I .0) ,  and
the "standard" pairing parameters have been selected, so that the pai-ring
strength G is lnput and I and A wil l  be derlved. Also, the last few l ines
(beginning wi thL234567 . . . )  are not  read,  but  are inc luded here for  convenience.

7.  NANTJ(r) ,  r :1 ,20 (FREE FORI{AT)
NUMBER OF STATES TO BE CALCUU,TED FOR I:IMIN/2, nqAx/z
AND TO BE IIRITTEN TO FILBl8, AI{D THUS PASSED ON TO PROBAWS.
PROBAWS CI]RRENTLY ALLOI^IS UP TO 50 STATES TOTAL.
(FOR SMALL VALUES OF ISPIN, THE I,AST NUMBERS ARE REDI.]NDANT)

********?k* NAI{T(J) . LE. 10 *************?k*

8 .  NoUTJ( I ) ,  r :1 ,20  (FREE TORMAT)
NLIMBER OF STATES AT SPIN I:IMIN,/2, ItqPJf'/z
FOR WHICH THE WAVE-FI'NCTIONS ARE PRINTED

( N O U T J ( r )  . L E .  N A N T J ( r ) )

NOTE: NoNE OF THBSE CARDS ARE REPEATED, EVEN IF IPKT .cT. 1 **
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c|f|||ll|l|||||{||||Ht##|||f||||||||||#l|#|t#IHtIHt||l|l|##lH||HH|l|ltlHHfl|||||||##lt||##|t||{|||{||t#||
clllHHHllllfll tHHHHt{HHHf#tf
clflf{flflt'tHHf pRocRAr'I pRoBAr.rs lflf#lllt{fll#lflflf
c
C VERSION: JULY, 1991
C
C DISTRIBUTED AT THE OAK RIDGE THEORY WORKSHOP, AUG 1991, FOR
c usE I^IrTH OTHER I^IOODS-SAXON CODES, SWGAI{MA (CALCUL-ATES THE
c DEFORMED S . P. ORBITALS I EIGENVALUES AND EIGENVECTORS J ) ,
c wsDcuP (cALcuI^ATEs THE S.P. MATRTX ELEMENTS), Al.tD ASYRWS
c (DrAcoNALrzEs THE PARTICLE + ROTOR HAMILTONIAN).
c
C***** PROBAI.IS CALCUI..ATES ML/82 MATRIX ELEMENTS IN THE PARTICLE-ROTOR
C FORMALISM, FROM THE ENERGY EIGENVECTORS SUPPLIED BY ASN.WS.
C BOTH DIAGONAL AI{D OFF.DIAGONAL MATRIX ELEMENTS ARE CALCUI.A,TED
C (IE, STATIC MOMENTS Al. lD TRANSITION RATES, MIXING RATIOS, ETC).
C NOTE THAT SPECTROSCOPIC FACTORS ARE NOT AVAII^ABLE IN THIS
C VERSION.
c
C ORGIGINAL PROGRAM I.IAS PART OF THE PARTICLE-ROTOR PACKAGE
c DESCRTBED rN NUCL PHYS A307 ( 1978 ) 1_89 AI.ID USED A MODTFTED
C OSCILI.A.TOR POTENTIAL. THIS VERSION INCORPORATES NUMEROUS
c CHANGES REQUTRED FOR THE WOODS - SN(ON CODES .
C
C MODIFICATIONS BY PAUL SEMMES, FEBRUARY 1991
C
C INCLUDING: K TRI]NCATION
C EXTENSION TO HIGH SPINS
c CALCUI^A,TION OF Q0,Q2 MACROSCOPIC MOMENTS FROM
C THE T.TOODS-SAXON BETA PAIUU'TETERIZATION
c
c#lHHftHHHl {Ht#####{Ht{Ht
c#|tlf{t##{l#{t|HHt|tt|{HHf#||lt|t#{t{|lf|||||ftf{|tt{ftftttt|t|HHt{||ftHt##t|t}lf||||###t||t
c
c INPUT OF STNGLE-PARTTCLE QUANTTTTES FROM WSDCUP ON FrLE17
c INPUT OF PARTICLE-ROTOR QUAI.TTITIES FROM ASYRWS ON FrLE18
C
C INPUT DATA (PARTLY OVERI^A,PPING WITH ASffi.WS):
c
c 1.  FILE17,  FILEl8 (FREE FORMAT)
c FILEl7 : OUTPIII FILE FROM WSDCUP,
C CONTAINS S. P. MATRIX ELEUENTS
c FILEl8 : OUTPUT FILE FROM ASffi.WS,
C CONTAINS ODD.A WAVE FI'NCTIONS
C
c  2 .  r P K T , r S K I P  ( F R E E F O R I { A T )
C IPKT: NT]MBER OF DATA SETS (OF GIVEN DEFORMATION AND PARITY)
C TO BE READ FROM FILE]"7
c ISKIP: THE FIRST ISKIP SETS (oN FILE17) ARE NOT USED
c
c 3. z, AA (FREE FORI,IAT)
C 2.. PROTON NI,'MBER OF THE ODD-MASS NUCLEUS
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c (THE PROGRAI,I DETERMINES WHETHER Z OR N IS ODD)
C AA: MASS NI.]MBER OF THE ODD NUCLEUS
C
c 4. cuToFF, csFAc, cR (FREE FORMAT)
c CUTOFF: ENERGY CUTOFF IN keV FOR TRANS . PROB. AND MOMENTS
C GSFAC: SCALING FACTOR OF THE INTERNAL SPIN G.FACTOR
c  G S ( E F F )  :  G S F A C * G S ( F R E E ) ;
c  ( S T A N D A R D :  ( 0 . 5  . L E .  G S F A C  . L E .  0 . 7 0 )
C GR : G-FACTOR FOR CORE;
C IF GR<O ON INPUT THEN STANDARD VALUE, GR- ZfttA, CHOSEN
C
C NOTE THAT IMIN, ISPIN & KMAX ARE ALL READ FROM FILE18
c IMIN:  MINIMLIM SPIN CONSIDERED IS I tq IN/2
C I SPIN : I"IAXIMUM SPIN CONS IDERED I S TSPIN/Z
C KMAX : I{N(IMIUM K CONSIDERED (K TRITNCATION)
C
C ** NOTE: NONE OF THESE CARDS ARE REPEATED, EVEN IF IPKT .GT. 1 **
c
c***********************************************************************

A sample input f  i le (na_med ,  e .  E.  ,  IR179PR. DAT) that  could be appropr iate
fo r  the  pro la te  s ta tes  ln  l7s l r  genera ted  by  IR179SWG.DAT,  IR179WSD.DAT and
IRl79ASY. DAT i -s :

' w s D 1 7 . D A T '  
,  

' A S y 1 8 . D A T '  F I L E 1 T ,  F I L E I 8
1 0  ipk r ,  i sk ip

7 7  L 7 9  z , a a
5OOO .  O.  70  .1  .  CUTOFF,  GSFAC,  GR

SAMPLE INPUT FILE FOR PROBAI,IS
***********************************?t*******************

Again,  note that  the lnput f i les are appropr lately named. A11 states passed
on from ASRWS (determined there by nant(  j ) )  and within 5000 keV wi l l  be used
here for the ML/82 calculat ions.  The spin g-factor (gr)  has been set ar 7O7" of
the free g" value, and the core g-factor gn wil l be set to the standard value of
Z /AA (s ince  cR <  0  was se lec ted) .
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A11 these programs (with the input f l les given above) could be run with the
fo l lowing s impl i f ied conmand f i le :

$ SET VERIFY
$ SET DEF I youraccr . subdir ]
$ DELETE RLJNWS . LoG;>t
$ ASS IcN RL]NI.IS . LOc SYS$OUTPUT
$ !
$ ! RUN SWGAI,IMA:
$ t
$ ASSIGN IRl79SWG. DAT FOR$read
$ ASSIGN swg10.DAT FOR010
$ ASSIGN IRl79SWG.OUT FOR$PRINT IFOR PRINT YNT
$ RUN SWGAI,IM/\
$ !
$ t RlrN WSDCUP:
$ !
$ ASSTcN IRl79I,ISD. DAT FOR005
$ ASS IGN IR179WSD . OUT FOR$PRINT ! FOR pRrNT ytry

$ RrrN wsDcuP
$ !
$ ! RI]N ASYRWS
$ !
$ ASSTcN rR17gASY.DAT FOR005
$ ASSIGN IRl79ASY.OUT FoR$print IFOR print,  XXX Yyy
$ Rr,rN ASYRWS
$ !
$ ! RrrN PROBAWS
$ !
$ ASSTGN rRtTgPR.DAT FOR005
$ ASSIGN IRl79PR.OUT FoR$print fFOR print,  XXX YYY
$ RI]N PROBAI^IS

Of course, eventual ly the default directory should be set ($ SET DEF
Iyouracct .  suMir ]  )  appropriately for your VAX directory !  Note that the output
file name from SIIGAMMA (and contalning the information needed for WSDCUP) is
assigned ln this .  COM fl le ,  and is then used inside the f i le IR179WSD. DAT. The
other output f i les passed direct ly fron one program to another are named inside
the data f i les. The output f i les assigned as FOR$PRINT contain the printed outpur
for us humans to look at !
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The Modi f ied Osci l la tor  Programs:

C************)k**********************************************************

c#lHt|||fIt|t|HtIHtl||fIt{||||f#It#{f##|t#|t|tlt|HHt{Ht{||H|#1f|f|tI||t||I||HHt{|||||||I|||lf
c####tf#lHHHt
ctftHttt{f#lllltHt
c#{t#tHftHt#tHt
clflllflflfltlt#lllf VERS IoN : ruLY , LeeL
clfll#lHllt#lHt# #{t#{t{Ht#{t##{HHt{ftHHHl
c||||||||lt||||||l|||||||||lf||||||#{|l|||{|####||||{|#lt#If|l#||||{|###|t|||H|l|#|t
C*** ORIGINAL PROGRAI{ DESCRIBED IN NUCL PHYS A3O7 (1978) 189 ****
c AND PITYSTCA SCRTPTA I (1973) L7 *
C *
C PLEASE REPORT ERRORS, INCONSISTENCIES OR PROBLEMS To: *

*C
C INGEMAR RAGNARSSON PAUL SEMMES *
C DEPT OF MATH PHYSICS OR PHYSICS DEPT, BOX 5051. *
C LTH, BOX 118 TENNESSEE TECH . I ]NIV. *
C 5-22100 LI]ND, SWEDEN COOKEVILLE, TN 38505 USA *
c *
c *
c***********************************************************************
C
C  V E R S I O N :  J U L Y , 1 9 9 1
c
C DISTRIBUTED AT THE OAK RIDGE THEORY WORKSHOP, AUG 1991, FOR USE
c WITH OTHER MODTFTED-OSCTLL-ATOR CODES ASI'RMO (DTAGONALTZES THE
c PARTICLE + TRIAXTAL ROTOR HAMILTONIAIT) AND PROBAMO (CALCULATES
c tIL/82 MATRIX ELEMENTS FROM THE ENERGY EIGET\WECTORS OF ASI'RUO)
c
c
C GAMPN CALCT]I.ATES OF SINGLE.PARTICLE ENERGIES AND VARIOUS MATRIX
c ELEMENTS IN A MODIFIED OSCILI^A,TOR (NILSSON) POTENTIAL.
C PROGRAM MAINLY DESIGNED TO PROVIDE INPUT FOR SUBSEQUENT ODD-A
C AI{D ODD-ODD PARTICLE-ROTOR CALCUI.ATIONS
c
c s I N G L E - P A R T I c L E T R A N s F o R M A T I o N : 7 | I 1 J o m e g a ) b a s i s >
C /N L lanbda sigma) basis IIRITTEN ON FILE2 (NEEDED FOR ODD-ODD
c cALcuLATroNs wrrH A PRoToN-NEUTRON RESTDUAL TNTERACTTON)
c
c DATA FOR VMI CALCIII^A,TIONS ( rN ASnMO/ASnPN) IIRTTTEN ON FILE16
c DATA FOR PART-ROTOR PROGMMS (ASYRPN AND PROBA) WRTTTEN ON FILE17
C
C ALSO POSSIBLE TO CALCUI.ATE ENERGIES IN A CRAI{KED POTENTIAL
c (oMRoT .NE. 0)
C
C****************************************************************)k******
C
c DESCRIPTION OF THE INPUT DATA (FREE FORMAT ITNLESS SPECIFIED):
C
C CARD 1.  F ILE2,  F ILE] .6 ,  F ILE l7
c oUTPUT FILES TO BE USED FOR SUBSEQUENT APPLICATIONS

PROGRAM GAMPN
]t tt# tt tt ##{t # #tHHt # IHHHI
tf 1t#||tHt tt|| # #IIIf tf rt ###tI
ll | | # tf | | I I tt # lt | | | | I t r H I It # l | #
{ f lt lt ]t # # { | # # I t { t I | | f I t I | { | | | t t
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C
C
C
C
c
C
C
c
c
C
c
C
c
C
c
C
c
C
C
C
C
C
C
C
C
c
C
c
c
C
c
C
c * *
c ***
c ***
c ***
c ***
c ***
c ***
c
c
c
C
C
C
c
C
c
C
C
c
c

(RECALL THAT ON A VAX FREE FORMAT CHARACTER
DATA MUST BE ENCLOSED [rrTH APOSTROPHES )

FILE2 CONTAINS THE S . P. WAVE FI'NCTIONS IN THE
I tt, l, I-AI,IBDA, SIGMA> BASIS NEEDED FOR Vpn CALCUI^A.TIONS

FILE16 CONTAINS THE S . P . WAVEFT'NCTIONS NEEDED FOR THE VMI
OPTION IN ASN.

FILE17 CONTAINS THE USUAL OUTPUT NEEDED FOR ASN., IE,
SINGLE PARTICLE MATRIX ELEMENTS LIKE <j+>, ( j-) ,  etc

2.  ISTRCH, ICORR, IREC
I STRCH-O : CALCUL-A,TION IN SPHERI CAL COORDINATES

(DEF PARAT{ DELTA2, GAMMAD, DELTA4, DELTA6)
ISTRCH:I : CALCUL-ATION IN STRETCHED COORDINATES (STANDARD)

( DEF PAMI{ EPS 2 , GA}IMA , EPS4 , EPS 6 )
(NOTE THAT THE SHAPES GENERATED ARE DIFFE.
RENT IN THE TWO CASES; FTIRTHERMORE THE
L:TS AND L*L TERMS ARE SOMEI.IHAT DIFFERENT
LIITH L DEF rN STRETCHED OR SPHER COORDINATES )

ICORR-O: NORMAL CALCUL^A,TION OF J+/J-/JZ/J+J_, ETC, IE,
APPROXTMATE r.rrTH J+/J - /JZ ( STRETCHED)

ICORR:I : INCLIIDE CORRECTION TERMS FOR J+/J-/JZ FROM THE
STRETCHED BASrS (SEE APPENDIX,  NUCL pHyS A307,189)
AND CONSTRUCT CORRECTED J+J- , JZz, ETC FROM THESE

IREC - 0: USUAL TREATMENT OF JXz, JYz, JZ2 IN ASYR, IE, AS
ONE.BODY OPERATORS LIITH lru' + W' PAIRING FACTORS

IREC : 1: "RECOIL" TERMS JXz, JY2, JZz ARE TREATED AS TWO-
BODY OPERATORS IN ASYRMO -) MORE j+ , j_, jz
MATRIX ELEMENTS MUST BE CALCUIATED HERE (FOR THE
SIIMS OVER INTERMEDIATE STATES IN ASYRMO)

RECOMMENDATIONS: FOR NORMAL DEFORMATIONS, THE DIFFERENCES BETWEEN
THE STRETCHED AI.ID PHYSICAL J+, J_, jz OPERATORS
ARE NEGLIGIBLE --) ICORR:0 IS STANDARD.

SIMII.ARLY, THE SIMPLER ONE.BODY TREATMENT OF
THE RECOIL TERM SEEMS QUITE ADEQUATE
IS STAI.IDARD . (NOTE THAT IF IREC-I I S SELECTED
HERE, IREC:O CAN STILL BE CHOSEN IN ASN.MO . )

3 . NIG}fY, NNEUPR
NKAI{Y .LE. 0: SAI,IE KAPPA AND MY FOR ALL N-SHELLS
NIG}fY . GT. 1 : DIFFERENT KAPPA AND }TY FOR DIFFERENT N. SHELLS

( sEE CARD 3 BELOW)
FoR NIGI'{Y .cT. 1:(NKAI'IY-l) .cE. MAX(NPROT,NNEUTR); (CARD 9)

(NKAlrY- 1) . LE. 10
NNEUPR-I: CALCULATION FOR PROTONS
NNEUPR-- 1 : CALCUI^ATION FOR NEUTRONS
NNEUPR:2: CALCUI^ATION FOR PROTONS AND NEUTRONS (FOR ODD-ODD)

4 .  KAPPAP( I ) ,  I ' fYP( I ) ,  KAppAN( r ) ,  lm{ ( I )
OMITTED IF Nl(AlfY .LE. 1; OTHERTIISE NlGlfY CARDS NEEDED
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c KAPPAP AND MYP (KAPPAN AND I,m{) VALUES OF L.S AND L*t<z
c C0UPLING PARAMETERS FOR PROTONS (NEUTRONS ) FOR THE
C DIFFERENT SHELLS, N:0 ,L,2,3,  .  .  .  ,  (NKAI{Y- l )
c
C 4A. NKAI'{YL
C NUMBER OF N-SHELLS LIITH KAPPA AND MY L-DEPENDENT
c
c CARDS 3B-3C REPEATED NKAI"fYL TIMES (OMIT FOR NKAMYL:0):
C 48 .  NSHELL
C N QUANTUM NUMBER FOR SHELLS WITH L-DEPENDENCE
C  4 C .  K A P P A P ( N , L ) ,  I ' f Y P ( N , L ) ,  K A P P A N ( N , L ) ,  I " f f i * I ( N , L )
C  L : 0 , 2 ,  .  .  O R  L : 1 ,  3 ,  .  .  ( N - N S H E L L )
c
C *** FOR NSTAIi IDARD' '  KAPPA'S & MU 'S, SEE NUCL PHYS A436 (1985) L4 ***
C
C 5 . KAPPAP, MYP, KAPPAN, Ivrnil
C THIS CARD MAY NEVER BE OMITTED BUT IS DI]MMY FOR NKAMY .GT. 1
C FOR NKAI{Y . LE. 1 USED AS CARDS 3 BUT REFERRING TO ALL SHELLS
C
c 6.  NUU, IPKT, NOYES, ITRAT{S
C NI'IU: NI,]MBER OF OSCILI^A.TOR SHELLS COUPLED, NITU-4 STAND VALUE
c (REDIINDANT FOR EPS4:EPS6:OMROT-0 AND TSTRCH:I_ BECAUSE
C THE N-SHELLS ARE PT'RE IN THIS CASE)
C IPKT: NUMBER OF DEFORMATIONS, CF. CARD 9 BELOW
C NOYES:T IN PART-ROT CALCUI^A,TIONS
c (FoR NOYES-O ONLY SINGLE PARTICLE ENERGIES BUT NO
C I.IAVE-FT'NCTIONS OR MATRIX ELEMENTS ARE CALCUI-ATED)
c ITRANS: coNTRoLS oPTIoN oF TRANFORMING THE LEVELP(J) AND
c LEVELN(K) PROTON AND NEUTRON ORBITALS TO THE
C A ,L, LA.tl , S Icl,IA> BAS I S ( NEEDED IF SUBSEQUENT Vpn
C CALCUI^A.TIONS ARE DESIRED, OUTPUT TO FILE2)
C ITRANS-0: NO SUCH TRANSFOMATION
C ITRANS-I : WAVEFUNCTIONS ARE TRANSFORMED, BUT NOT PRINTED
C ITRANS-2 : I.I. F. , S ARE TRANSFORMED AND PRINTED OUT
c
C 7. EMIN, EMAX
c FoR ENERGTES BETWEEN EMrN AND EMAX (IN OSCILI-ATOR ITNITS) THE
C WAVE-FI'NCTIONS ARE PRINTED
C
C  8 a .  I P A R P ,  N O R B P ,  ( L E V E L P ( J ) , J : l , N O R B P )  F O R M A T ( A 1 , I 2 , 1 5 I 3 )
C IPARP: PARITY CONSIDERED FOR PROTONS, rf +rr OR 'r - ' '

c NORBP: NUMBER OF PROTON ORBITALS CONS IDERED IN THE
C PARTICLE-ROTOR CALCULATION, NORBP .LE. T5
C LEVELP(J): "NUUBERS" ON THE ORBITALS INCLUDED
c (CALCUIATED FROM THE "BOTTOM" AND FOR THE PARITY "IpARp")
C
c 8b .  TPARN,NORBN,(LEVEIN(J) ,J : l ,NORBN)
C AI',IALOGOUS TO 7 a BUT FOR NEUTRONS
c
c  9 .  z , A
C Z: PROTON NWBER; A: MASS NUMBER
c FoR z AND/OR N:A-Z PARTICLES (Z AND A EVEN), THE MICROSCOpIC
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C
c
c
c
c
C
C
c
C
C
C
C
C
c
c
C

c
C
c
c
c
C
c
c***********************************************************************

Thls program GAI,IPN provides the slngle -particle energies , wave functions
and matr ix elements needed f  or  the odd-A part lc le + rotor codes ASRMO and
PROBAMO, but has been designed so that it can also be used with a set odd-odd
codes that are not descr ibed here.  Sorne of  the opt ions presented above are
important for  the odd-odd appl lcat ions,  but are not needed for the odd-A
calculat ions.  fn part icular,  FILE2 ( input card L),  ITRANS (card 6) and NSHELP,
NSHELN (card 10 )  are used only for  odd-odd appl l -cat lons .

The t r iax ia l  nod i f ied  osc l l la to r  po ten t ia l  l s  d lscussed indeta i l  in  S .  E .
Larsson,Phys ica  Scr ip ta  8  (L973)  17 ,  inc lud tng  the  de f in i t ions  o f  the  osc i l la to r
frequencies and the stretched coordinates as used in th is program. For quadrupole
deforrnat ions only (e and 'y) ,  uslng the stretched coordinates removes the coupl ing
between N shel ls exact ly,  which is an obvious slmpl l f icat ion for  numerical
calculat ions .  I f  h igher mult ipoles are included (e, , ,  for  example )  not  a l l
coupl lngs between N-shel ls are removed, but they are reduced, again improving
numerical  convergence. Thus, the stretched coordinate system general ly should be
adopted ( ISTRCH:I) .  However,  the physical  angular momentum operators ( j* ,  etc.  )
are somewhat more conpllcated in the stretched coordinate system, than in the

unstretched. For moderate defornat lons ,  the matr ix elements of  the physical

angular momentum operators are nearly identical to the matrix elements of the

stretched operators (obtained siruply by replacing the spher ical  angles 0,  /  wi th
their  stretched counterparts) .  This approximat ion is made i f  ICORR:0 is selected,

and the additional corrections are carried through if ICORR-I. For most

appl icat ions,  ISTRCH-I-  is  is  reeommended and ICORR:0 ls fu l ly  sat isfactory.  The

user should note that  i f  spectroscopic factors are to be calculated in PROBAIIO,

then the spher ical  coordinates rmrst  be selected here,  and the deformat ion
p a r a m e t e r s  a r e  d e n o t e d  6 2 , ' l t ,  a n d  6 4  ( l n s t e a d  o f  c z , ' 1  ,  a n d  e , r i  n o t e  t h a t  €  a n d

QUADRUPOLE MOMENTS Q0 AND Q2 ARE CALCUI-ATED (WITH A SHARP
FERMr SURFACE). AN ASy-IIMETRY PARAI'{ETER GAl,It!\ CORRESPONDTNG
TO THE MATTER DISTRIBUTION IS THEN DEDUCED

10.  IPKT CARDS:
Eps2, cAllMA, EPS4, EPS6, OMROT, NPROT, NNEUTR, NSHELP, NSHELN

( rsrRcH :  1)
OR

DELTA2 , GAMMAD, DELTA4, DELTA6 , O}TROT, NPROT, NNE1ITR, NSHELP, NSHELN
( rsTRcH -  0)

FOI]R DEFORMATION PARAI{ETERS
(EPS5 (DELTA6) IS NOT DEFINED TO HAVE THE CORRECT
TRANSFORI'{ATION PROPERTIES FOR GAIYTMI\ .NE. O AND SHOULD
ONLY BE USED FOR SMALL GAT.{I{A, SAY GA.[{MA .LE. 15)

OMROT: ROTATIONAL FREQUENCY (-0 IN PART-ROTOR CALC)
NPROT: NLIMBER OF OSCILLATOR SHELLS INCLUDED FOR PROTONS
NNEUTR: NUMBER OF OSCILLA,TOR SHELLS INCLUDED FOR NEUTRONS

MAX NWBER OF SHELLS IN PRESENT VERSION: 10
NSHELP,NSHELN:USED IN THE TRANSFORMATION TO /t{,L,I.A,M, SIG>

BASIS IF THE N-SHELLS ARE PURE. NSHELP IS THEN THE
N-SHELL FOR THE LEVELP(J) PROTON ORBTTALS, NSHELN
FOR THE LEVELN(K) NEIITRON ORBITALS
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ez ate used interchangably) .  I f  only quadrupole deformat ions are considered (62,
and ' fe,  or  e2, and 1),  then there is an exact correspondence between the shapes
of the potent ia l  generated by the stretched and unstretched coordinates,  and
ident ical  calculat ions can be made with ei ther (as long as suf f ic ient  N-shel ls
are included in the unstretched calculat ion).  The (exact)  re lat ions between the
stretched and unstretched shape parameters for  th is cese are given in J.  phys .
G 14 (1988) L2OL. However,  as soon as hlgher mult ipoles are lncluded in the shape
parameter izat ion,  there is no longer an exact correspondence between the two
p o t e n t i a l s .

**  A note on the shape parameter izat ion:  In th is code and the fol lowing part ic le
+  r o t o r  c o d e s ,  t h e r e  l s  n o  r e s t r l - c t i o n  t o  a  p a r t i c u l a r  6 0 "  s e c t o r  i n  t h e  ( c ,  T )
p lane.  The same shape can be  ob ta ined w i th  d i f fe ren t  (c ,  

" )  
parameter iza t ions ,

and general ly these dl f fer  only by the label lng on the intr insic axes. For
e x a m p l e ,  a n  a x i a l l y  s y n m e t r i c  o b l a t e  s h a p e  c a n  b e  d e s c r i b e d  b y  c :  - 0 . 2 0 ,  ? : 0 o ,
o r  b y  e  -  * 0 . 2 0 , ' I  :  6 0 " .  [ M o r e  g e n e r a l l y ,  t h e  s h a p e  d e s c r i b e d  b y  ( e  ,  " y )  c a n  a l s o
b e  o b t a i n e d  w i t h  ( - e , 6 0 " - r ) . J  I n  t h e  f o r m e r  c a s e ,  t h e  i n t r i n s i c  z - a x i s  i s  t h e
synmetry axis,  and O wi l l  be a good quantum number for  the s ingle-part ic le
o r b i t a l s ,  i . € . ,  t h e  ( j " >  m a t r i x  i s  d i a g o n a l .  I n  t h e  l a t t e r  c a s e ,  t h e  z - a x i s  i s
not the s)rmmetry axis , so the (j"> matrix is not diagonal , and the single -
par t i c le  mat r ix  e lements  w i l l  a l l  look  very  cornp l i ca ted .  S tn l la r l y ,  the  par t i c le
+ rotor eigenfunct ions wi l l  look much more compl icated in the lat ter  case, but
a l l  energ ies ,  ML/82 mat r ix  e lements ,  e tc .  w i l l  be  comple te ly  ident ica l .  C lear ly ,
the wave functions are simpler to understand and interpret if the oblate nuclear
s h a p e  i s  d e s c r i b e d  b y  t h e  € :  - 0 . 2 O ,  1 -  0 "  p a r a m e t e r i z a t i o n .  F o r  t h i s  r e a s o n ,
i t  is  convenient to adopt the fo l lowing convent ion for  descr ib ing nuclear shapes:

for axial ly symmetr ic prolate shapes
for  "p ro la t i sh"  t r iax ia l  shapes
for  "ob la t i sh"  t r iax ia l  shapes
for axially sy.mmetric oblate shapes

Note that th is convent ion is a matter of  convenience only,  and is not required
by  th is  o r  the  fo l low ing  Mod i f ied  Osc i l la to r  par t i c le  +  ro to r  codes .

Other than specifying the deformation, the most funportant parameters that
the user must provlde are the rc' s and p t s that determine the strengths of the .0, . s
and .A ' I  terms in the nodi f ied osci l lator potent ia l  .  The safest  (and reconmended)
approach is to adopt a ' rstandard'  set  of  N-dependent rc 's and p'  s ,  and not t ry to
adjust  then to f i t  your part icular appl icat lon.  A lot  of  nuclear physics lore is
bui l t  into these parameters,  and whi le a "s l lght  adJustment of  the s ingle
part ic le energies" of ten seems to improve the qual i ty of  a part icular
calculat ion,  usual ly such adjustments are not unique, and the desired
improvements can be achieved by other means whlch are far more justif ied
physically. The parameter NKAIfYL (card 4a) allows a very flexible adjusrmenr of
the s ingle-part ic le energles,  but  i ts use is NOT recommended here.  The "standard
setn of rc and ,, parameters recommended here and llsted in the sample input f i le
be low,  a re  g iven in  T .  Bengtsson and I .  Ragnarsson,  Nuc l .  Phys .  A436 (L985)  L4 .
An "improved set" for the proton parameters in the A = 1-30 region has been
proposed by  J .  Y .  Zhang e t  a l  . ,  Phys .  Rev .  C39 ( l -989)  7L4,  and some ev idence
exists that the standard set needs to be funproved in the actinide region (R.
Bengtsson,  e t  a l ,  Phys ica  Scr ip ta  39  (1989)  195) .  Note  tha t  bo th  p roron  and

2 5



neutron parameters are required, and GAI ' IPN selects the appropr iate set  according
to the value of  NNEUPR ( input card 3).  Siml lar ly,  NNEUPR controls whether card
8a or  8b  is  used to  se lec t  the  N i lsson orb i ta ls  tha t  a re  re ta ined fo r  genera t ing
the single-part ic le matr ix elernents needed by ASH. and PROBA (and construct ing
the strong coupl ing basis states there).  For the odd-A part ic le + rotor
appl icat ions,  e i ther the proton (NNEUPR-I)  or  the neutron (NNEUPR--1)
calculat ions should be made, but not both.

A sample input f  i le (named ,  o .8.  ,  GAl, t IR. DAT) that  could be appropiate for
the negat ive par i ty states of  17elr  is  g iven below:

'  for002 .  dat  "  for016 .  dat  "  for017 .  dat ' f l l e 2 ,  f i l e l - 5 ,  f i l e 1 7
1  , 0 , 1
9 , L
0 .  1 2 0 ,  0 .  0 0 ,  0 .  1 2 0 ,  0 .  0 0
0 .  1 2 0 , 0 . 0 0  , 0  . L 2 o , 0 . 0 0
0 . 1 0 5  , 0  . 0 0 , 0 .  1 - 0 5 , 0 . 0 0
0 . 0 9 0 , 0 .  3 0 , 0 . 0 9 0  , 0  . 2 5
0  . 0 6 5 , 0 .  5 7  , O  . 0 7 0 , 0 . 3 9
0 . 0 5 0 , 0 .  5 5  , o  . 0 6 2  , o  . 4 3
0  . 0 5 4  , o  . 6 9  , O  . O 5 2 ,  0  .  3 4
0 . 0 5 4  , o  . 6 9  , 0  . 0 6 2  , O  . 2 5
0 . 0 5 4 , 0 . 6 9 , 0 . 0 5 2 , O . 2 6
0
0 . 0 5 4  , o  . 6 9  , O  . 0 6 2  , O  . 2 6
0 , 1 -  , 1  , 0
5 . 5 , 7 . 0
- 1 1  1 4  1 5  L 6  L 7  1 8  1 - 9  2 0  2 L  2 2  2 3  2 4  2 5
+  7  2 3  2 4  2 5  2 6  2 7  2 9  3 2  2 8  2 9  3 0  3 t  3 2
7 8 , 1 8 0

ISTRCH, ICORR, i rec
NKAMY, NNEUPR

,STANDARD' KAPPA, MU'S PROTON AND NEUTRON, N-O
IGPPA(PROT) ,l '{t (PROT) ,KAppAl{(NEUT) ,MU(NEUT) N:l
KAPPAP, MUP, KAPPN, MUN N-2
KAPPAP, MUP, KAPPN, MUN N-3

N:4
N-5
N:6
N:7
N-8

NI(A}TTL

NUU, IPKT, NOYES , ITRANS
EMIN, EMAX
IPARP, NORBITP, LEVELP
IPARN, NORBITN, LEVELN
z , A

o  . 2 4 0 , 0 0 .  ,  0 . 0 0 , 0 .  , 0 . 0 0 0 0 , 8 , 9 , 0 , 0
o .  1 9 0  , 2 0  . ,  0 . 0 0 , 0 .  , 0 . 0 0 0 0  , 7  , 7 , 0 , 0
( LAST CARD : EPS , GAI,IMA , EPS4 , EPSS , OIIROT , NPROT , NNEUTR , NSHELP , NSHELN )
L234567 890I234s 5 7 I 90L234s67 890L234567 890
SAMPLE INPUT FILE FOR GAI,IPN
***************************************************************

No te  tha t  g  osc i l l a to r  she l l s  (N-0  ,L ,2 ,  .  . .  , 8 )  a re  inc luded  in  the
calculat ion, even though the orbitals of interest are from the N:5 shel l  and no
coupling between the N-shells is present (because NUU-0 prevents i t ,  but there
is none any$tay since ISTRCH-I and only quadrupole deformations are included).
Even so, i t  is important to include enough N-shells to generate a suff icient
mrmber of single-part icle energies for the BCS calculat ion done in ASn. Both
posit ive and negative parity calculat ions are done by the code, even though only
the negative parity states are retained for ASn.. The slngle-part icle energies
of the posit ive pari ty states are needed for the later BCS calculat ion ( i f  I  and
A are derived). Also note that the maximum N-shell  actual ly used in the
diagonalization is specif ied by NPROT or NNEUTR in 'card 10", and this has been
set to NPROT:8 to ensure suff icient posit ive pari ty states are generated. Two
cards with deformations, etc. are shown, but only the f irst ls read since IPKT:I-.
Mul t ip le  ca lcu lat ions ( i .e . ,  for  d i f ferent  deformat ions)  could be selected wi th
IPKT
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Final ly, oo card 8a, 11" negatlve parity orbitals are selected, and these are the
1-4th, 15th, .  .  .  24th negative parity Nl lsson orbltals generated at this
deformation, and counted "from the bottom up" ( i  .e .  ,  by increasing energy) .
Generally, a sufficient number of orbitals should be included to ensure numerical
convergence in ASH., and typically 5 above and 5 below the Fermi level are more
than enough. A maximum of 15 is allowed.
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C|t{f|H||H|l||t|tlf|||fI||Ht||lHt||#||l|{t||||lt|tlf##lt{|ltl|l|l|lt|||flt||lflt|t||#|H|||#|||t|||t{t
c#tHl#tf###tl
ctftHHHHH|#ll
c#lllllt##lllt'#

PROGRA}{ ASYRMO

C
C VERSION: JULY 1997
C
C DISTRIBUTED AT THE OAK RIDGE THEORY T{ORKSHOP, AUG L99L, FOR
c usE I.lrTH oTHER MODTFIED OSCTLLATOR CODES, GAI-{PN (CALCUL^ATES
C THE DEFORMED SINGLE PARTICLE ORBITALS, THEIR EIGETWALUES,
C EIGENVECTORS , AND THE S . P. MATRIX ELEI{ENTS NEEDED FOR ASN.MO ,
c EG, <J+>, ETC) AND PROBAMO (COMPUTES THE yrl/82 MATRTX ELEMENTS
c FROM THE PARTTCLE + ROTOR ETGENVECTORS GENERATED rN ASYRMO).
c
c
C ASYRMO DIAGONALIZES THE PARTICLE + TRIAXIAL ROTOR HAMILTONIAN
C IN THE STRONG COUPLING BASIS, $IITH THE S. P. MATRIX ELEMENTS
C EXPRESSED IN DEFORMED SCHEME. ORIGINAL PROGRAI{ DESCRIBED IN
c NUCL. pHyS. 4307 (1978) 189. THrS VERSTON ACCEPTS rNPUT FROM
c cAtIpN (MODTFTED OSCTLI^ATOR POTENTTAL) .
c
C SINGLE.PARTICLE ENERGIES AND VARIOUS MATRIX ELEMENTS AS
C CALCUI.ATED IN GAMPN ARE READ FROM FILES 1-5 AND L7 . OUPUT DATA
C FOR IITL/E2 MATRIX ELEMENTS, ETC (PROBAI'TO) IIRITTEN ON FILE18
C
C)k**********************************************************************

c
C NT]MEROUS MODIFICATIONS FROM THE ORIGINAL DESCRIPTION HAVE BEEN
C MADE, INCLUDING:
C OPTIONAL TWO-BODY TREATMENT OF THE RECOIL TERMS
C K.TRIJNCTATION
c EXTENSTONS TO HIGH-SPIN (BrrT STILL ONLY l-QP STATES)
C VARIOUS ANGUI^AR MOMENTUM EXPECTATION VALUES CALCULATED
C FOR THE ENERGY EIGETWECTORS
c POSSIBLE VMI (VARIABLE MOMENT OF INERTIA) TREATMENT OF
c EVEN-EVEN CORE SPECTRUM (BY AUSTYN GRIFFITHS)
c
c THE BASIC fii lO-BODY TREATMENT OF THE RECOIL TERMS (J+J-, JZ**z, ETC)
c rs DESCRIBED rN NUCL pHyS A253 (L975) 45. HOI.IEVER, NOTE THAT THE
c KRONECKER DELTAS IN THEIR EQN L4 SHOULD BE OI''ITTED. ALSO, NOTE THAT
C A SMALL, CONSTANT NCORE CONTRIBUTION" THAT ARISES IN THE TWO-BODY
C TREATMENT HAS BEEN OMITTED HERE. THIS DOES NOT AFFECT EXCITATION
C ENERGIES, BUT CAN CAUSE SMALL ERRORS IN THE EXPECTATION VALUES
c <I.j>, ETC (IN THE SUBROUTINE IEXPECT") ESPECIALLY NEAR BANDHEADS.
c
C THE VMI TREATMENT FOR THE CORE ENERGY SPECTRI'M IS INCORPORATED
c By THE METHOD OF MJCL PHYS A253 (1975) 23L. THE \rMr CORE
c PARAI,IETERTZATTON rS ALSO cMN THERE (INCLUDING TRIAXIAL SHAPES),
C AND FOR N(IALLY SYMMETRIC SHAPES, THIS IS EQUIVALENT TO THE USUAL
c METHODS (PHYS REV 178 (1"969) 1-854)
c
c***********************************************************************

#tt####ttIf###tftt#
# | | tt | | | | tt I t | | tHl # {t # tf
{t { f I t ]t # {Ht I f It # # ## { t
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C
C INPUT DATA (ENERGIES IN MEV):
C
c 1.  FrLE16,  FrLE17,  FrLE18 (FREE FORMAT)
C FILEl5 , FILEIT I.IERE IIRITTEN BY GAI,IPN AND ARE INPUT FILES .
c THESE CONTAIN THE S. P. LTAVEFUNCTIONS (FILE16 , NEEDED
c HERE IF THE VMI OPTTON rS EXERCISED) AND VARTOUS S. p.
C QUANTITIES NEEDED HERE (Ec, MATRIX ELEMENTS of j+ ETC)
C FILE18 : NAI,IE OF THE OUTPUT FILE, NEEDED FOR PROBAMO
c
c 2.  IPKT, ISKrP (FREE FORMAT)
C IPKT: NUMBER OF DATA SETS (OF GIVEN DEFORMATION AND PARITY)
C TO BE READ FROM FILE17
c ISKIP: THE FIRST ISKIP SETS ARE NOT USED
C
c 3 . rsTRcH, rREc (FREE FORMAT)
C ISTRCH-0: CALCUI^A,TION IN SPHERICAL COORDINATES
c ( DEF PARAM DELTA2 , cAl'tMAD, DELTA4 , DELTAS )
C ISTRCH:I : CALCUI^A,TION IN STRETCHED COORDINATES ( STANDARD)
c ( DEF pARAl,t EPS2 , GAMMA , EpS4 , EpS6 )
C
C IREC:I :  TREAT THE RECOIL TERUS (J+J-,  J+J+ ,  JZ2, ETC) AS
C TT.IO BODY TERMS , IE, CONSTRUCT THEM FROM MATRIX
C ELEMENTS OF J+, J., JZ ST'MMED OVER A COMPLETE SET
C OF INTERMEDIATE STATES (INCLUDING l-QP AND 3-QP
c STATES ) , EACH TERM WITH ITS CORRECT PAIRING FACTOR
C IREC:O: TREAT THESE TERMS AS ONE-BODY OPERATORS, AS IN
C NPA3O7, ],89 I.IITH SINGLE PARTICLE MATRIX ELEMENTS
C MULTIPLIED BY W'+VV'
C
C *** RECOMMENDATION: THE IREC-0 OPTION IS SUGGESTED. THE TWO
C *** APPROACHES SEEM TO GIVE VERY SIMILAR
C *** RESULTS, AND THE ONE-BODY TREATMENT IS
C *** SIMPLER. NOTE THAT IF YOU USE IREC:I HERE,
C *** IREC-I MUST HAVE BEEN SELECTED IN GAMPN.
C
c 4 . vMI , NMIN, NMAX, IARCUT, A0O, STrFF ( FREE FORMAT)
C VMf-l : CALCULATION OF CORE STATES WITH VMI
C NMIN, NMAX : MINIMTIM/MAXIMUM N-SHELL IN DEFORMED S . P.
C T.TAVEFT]NCTIONS
c IARCUT: NLIMBER OF CORE STATES INCLUDED FOR EACH (CORE) SPIN
C A0O,STIFF : VMI PARAMETERS (MEV AND MEV**3)
C AOO-L/(2 'kJ0) ,  STIFF-C:L/(2 ' IJ1)
C I,THERE JO AND C ARE THE VMI PARAI,TETERS OF
c MARTSCOTTT ET AL, pHyS REV 178 (L969) 1864.
C ALSO, JO AND J1 ARE THE USUAL HARRIS PARAI.{ETERS,
c OBTAINED BY FITTING J(MOM OF INERTIA) vs. hw**2
C SOFTNES S:L/ (2*STIFF:I*THETA_00**3 )
c
C STANDARD: VMI:O. FOR MOST APPLICATIONS, THE RIGID ROTOR CORE
C IS SUFFICIENT.
C
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c 5.  z ,  AA,  IMIN,  ISPIN,  KMAX, E2PLUS, E2pLl rR (FREE FORMAT)
C Z: PROTON NI.IMBER OF THE ODD-MASS NUCLEUS, MAY BE EVEN OR ODD.
C AA : MAS S NLfiBER OF THE ODD NUCLEUS
c
C IMIN: MINIMLIM SPIN CONSIDERED IS IVIIN/2
c I SPIN : I{AXIMUM SPIN CONS IDERED I S ISPIN/Z
c  * * *  I S P I N  . L E .  L 2 g  * * *

c *** ( I SPIN_ IIttN) /2 . LE . 19
C
C KMAX: ltAX K ALLOWED (FoR TRLTNCATION;
c KI'{AX - ISPIN -) NO TRUNCATION)
C  * * *  K M A X  -  . . . 1 3 ,  1 7 , 2 I ,  . . .  K M A X  . L E .  2 9  * * *
C
C E2PLUS : THE MOMENTS OF INERTIA ARE ASST]MED TO VARY ACCORDING
C TO THE FORMULA
c J(K) -  4B*EPS2**2* (  SIN(GAIIMA+2K*PI/3))**2
C A. E2PLUS:0 :) (HBAR) rv,tz/B r L225/A ** (7 /3 ) (MEV)
c (cRoDzINs, RELATION)
C B. E2PLUS .GT. O :> THE B.VALUE IS FIXED TO GIVE
C THIS ENERGY FOR THE LOIIEST 2+ OF CORE ROTOR
C C. E2PLUS .  LT.  O
C
C E2PLLIR: FOR E2PLUR . cT. 0 AND E2PLUS . cT. 0 THE GAlvtl,l\ ANGLE
C IS CALCUI-ATED TO GIVE THE SECOND 2+ ENERGY OF THE
c coRE EQUAL TO E2PLLR
c (NoTE THAT THE CORE GAI{MA THUS BECOMES DIFFERENT
C FROM THE GAI,TMA OF THE S..P. ENERGIES. THIS OPTION
c IS NOT RECOMMENDED. )
c
c 6.  GNo,  cN1,  IPAIR,  CHSr,  ETA (FREE FORMAT)
C THE PAIRING STRENGTH PARAMETER IS
c G*A : cNO +/ - cNl* (N-Z) /A ; ( PRoTONSAEUTRoNS )
c I.IITH SQRT( IPAIR?IZ )/SQRT( IPAIR:kN) ORBITALS INCLUDED ABOVE
C AI,ID BELOW THE FERMI LEVEL IN THE PAIRING CALCUI^ATIONS
C
C STANDARD: cNO :  19.2,  GNl  E 7 .4 ,  IPAIR -  15
c (NUCL PHYS A1,31 (1959)  1)
c  r F  ( z  . L T .  6 0  o R  N  . L T .  6 0 ) :
C  GN0-22 .O,  GNI - -8 .0 ,  IPAIR-5
c  ( 8 .  c .  P H Y S  S C R T P T A  2 9  ( 1 _ 9 8 4 )  . . .
C
c rF rpAIR-99 oR GN0-0. THEN DELTA:GN1_/SQRT(AA)
C STANDARD: cN1 E L2.
C IF fPAIR:99, THE FERMI LEVEL IS SET EQUAL TO GNO IN MEV
C IF GNO:0., THE FERMI LEVEL IS SET ON TOP OF THE
c (z oR N)/2 + I LEVEL
C
C CHSI, ETA: CORIOLIS ATTENUATION PARAMETER
c ALL (OFF-DTAGONAL) S. P. MATRTX ELEMENTS ARE lruLTrpLrED By cHSr
c ETA rS AD HOC POWER ON (Iru+W) (U AND V PAIR FACTORS)
C (BUT ETA DOES NOT AFFECT THE PAIRING FACTORS IN THE TWO-BODY
C TERMS IF IREC : 1- )
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c
C *** NOTE THAT THE ANGUI^A,R },IOMENTUM EXPECTATION VALUES (COMPUTED
C *** IN THE SUBROUTINE "EXPECT", AFTER THE ENERGY DIAGONALIZATION)
C *** AITE CALCUIA,TED CORRECTLY EVEN IF CHSI .NE. 1, IE, THE SCALING
C *** OF THE S.P. MATRIX ELEMENTS (<J+>, ETC) BY CHSI IS REMOVED
C *** IN "EXPECTX. HOWEVER, IF ETA .NE. L, THE ATTENUATION OF
C *** THESE MATRIX ELEMENTS IS NOT REMOVED, BUT REMAINS IN THE
C *** COMPUTED EXPECTATION VALUES <I .P, ETC.
c
C *** RECOMMENDATION: AVOID CORIOLIS ATTENUATION IF POSSIBLE,
C *** BUT IF YOU MUST ATTENUATE, USE CHSI.
c *** cHsI APPROX O .7 IS COMMON.
C
C
C 7 .  IPAR1 ,  NYIC,  (LEVEL2(J ) ,J - l ,NYIC)  FORMAT(AI  ,12 ,1 -513)
C IPAR1 : PARITY CONS IDERED , '*" OR r' - ,f
C NYIC: NI]MBER OF ORBITALS CONSIDERED IN THE PARTICLE.ROToR
c CALCUI^A,TION, NU . LE . 1_5
C LEVEL2 ( J ) : "NLJMBERS o ON THE ORBITALS INCLUDED ( CALCUL-ATED
C FROM THE "BOTTOM" AND FOR THE PARITY '' IPAR"
C CF. INPUT CARD 7 FOR GAI,IPN THE SET OF ORBITALS IN
c LEVEL2(J) MUST BE A SUBSET (OFTEN THE FTILL SET) OF
c 0RBITALS LEVEL(J) IN GAI-iPN
c
c 8.  NANTJ(I ) ,  I -L ,2O (FREE FORMAT)
C NIfiBER OF STATES TO BE CALCULATED FOR I:IMIN/2 , . . . , TytAX/z
C AND TO BE IIRITTEN TO FILE18, Al.lD THUS PASSED ON TO PROBAI'{O.
C PROBAUO CI]RRENTLY ALLOWS UP TO 60 STATES TOTAL.
C (FOR SMALL VALUES OF ISPIN, THE I-AST NU'IBERS ARE REDI]NDANT)
c ********** NANT(J) .LE. 10 ***************
c
c  9 .  NOUTJ( I ) ,  I : L ,2O (TREEFORI , IAT)
c NUMBER OF STATES AT SPIN T-Iu7IN/2, TI[AX/2
C FOR IIHICH THE WAVE-FTJNCTIONS ARE PRINTED
c  ( N o u r J ( r )  . L E .  N A N T J ( r ) )
C
c 10.  IpouT,rpouT(r)  T:L,2o (FREE FORTIAT)
C IPOUT . NE. 0 : CORE STATES PRINTED
C IPOIIT(I) :NUMBER OF STATES AT SPIN T:2, 3, ,  20
C FOR IIHICH THE CORE TRIAXIAL ROTOR WAVE.FI'NCTIONS ARE PRINTED
c
C :K* NOTE : NONE OF THESE CARDS ARE REPEATED, EVEN IF IPKT . GT. 1 **
c
c***********************************************************************
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A sample  input  f i l e  (e .9 . ,  named ASYIR.DAT)  tha t  cou ld  be  appropr ia te  fo r
17elr with the GAMPN input f i le GAl,tIR. DAT is shown below:

, FOROTS . DAT' ' FOROl7 . DAT ' ' FOROl8 . DAT '

1 , 0
1 _ , o
1  ,  5 , 5 ,  8 , 0 . 0 1 8 8 3 6 5  , O  . 0 0 2 6 6 2 8
7 7  , L 7 9  , L , 2 9  , 2 9 , 0 . 1 1 _ 0 , 0 . 0
L 9  . 2 , 7  . 4 , 1 5 , 1  . 0 ,  1  . 0
- 1 1  L 4  l s  1 6  L 7  l _ 8  1 9  2 0  2 L  2 2  2 3  2 4

1 1 3 3 3 2 2 2 2 2 2 2 2 3
1 1 2 2 2 2 2 2 2 2 2 2 2 3
1 2 1 1 0 1 0  L  0 1 _  0 1 0 1

L23 45 67 89 0123 45 67 89 0L234s 67 89 0L234s 6 7 I 9 0
SAI,TPLE INPUT FILE FOR ASN.MO
***************************************************************

First, note that the input f l les from GAMPN have the same names as in
GAMIR.DAT. Also,  VMf-1 indicates that the VMI opt ion is to be used, and so the
rest  of  the input on the fourth l ine is lmportant.  Since the Ni lsson states of
interest have only components with N-5, NMfN-NMIU{-S is selected. The VMI
parameters A00 and STfFF were der ived from the Harr is parameters Jo and J1, which
were determined from a f i t  of  the moment of  inert ia in the core ( taken as t toPt)

v s .  ( h r ) z .  ( S e e  M .  J .  A .  d e  V o i g t  e t  8 1  .  ,  R e v .  M o d .  P h y s .  5 5  ( 1 9 8 3  )  g 4 g  f o r
d e f i n i t i o n s  a n d  e x a m p l e s ,  a n d  s e e  M .  A .  J .  M a r i s c o t t l -  e t  8 1 . ,  P h y s .  R e v .  L 7 8
(L969) L864 for the or lg inal  VMI discussion and i ts relat ion to the Harr is
parameters.  In the case of  180Pt,  the Harr is plot  is  not l inear at  low spins due
to shape coexistence ef fects,  and the parameters used here were der ived from the
higher spin region, R:5 to 16.)  Some care must be used when the VMI opt ion is
used,  espec ia l l y  in  reg ions  where  shape coex is tence is  suspec ted .  For  most
appl icat ions,  the r ig id rotor core is fu l ly  suf f ic ient ,  and thus VMI:O should be
selected. Also note that  using the VMI i rnpl ies a one-body treatnent for  the
reco i l  te rm,  bu t  i t  i s  s t i l l  poss ib le  to  de f ine  (and use)  the  Cor io l i s
a t tenuat ion  op t ion  w l th  e i ther  chs i  ( f )  o r  e ta  ( r l ) .  Ne i ther  i s  used here ,  and
general ly,  Cor io l is  at tenuat ion should be avoided as much as possible.  Note that
the  same se t  o f  N i l sson orb i ta ls  se lec ted  ln  GAMIR.DAT 1s  a lso  se lec ted  here ,  bu t
o n l y a  s u b s e t  o f  G A I { P N ' s  o r b i t a l s  i s  r e q u i r e d h e r e ,  n o t n e c e s s a r i l y  t h e  f u l l  s e t .
Final ly,  note that  the "standard" BCS treatment of  pair ing is used here,  wi th GNO
and GNl set  at  their  reconnended values.

F I L E l 5 ,  F I L E ] - 7 ,  F I L E l 8
I P K T ,  I S K I P
ISTRCH,  IREC
vMI ,  NMIN, NMAX, IARCUT, A00, STIFF
z,  AA,  IMIN,  I  SPIN,  KMAX,  E2PLUS,  E2PLUR
GNO,  GN1 ,  IPAIR,  CHSI  ,  ETA
rPARI_ ,  NYIC,  (  LEVEL2 (  J  ) ,  J : l ,  NYrC )

3 1 1 1 1 1 1 N A N T ( J )
3  1  1  1  I  1  1  NouT(J)
0 1_ 0 1 0 0 0 rPotrT(r)
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ctt|t|||t|tl|l|{HtIt|fIH|lt{||t|Ht|H|I||HHf|||t||{fItIt{Ht||l||||t|tlH|||]t|f||l|{H|||lt]t||#|tl|||##tttttt|Ht||
cltlt#lHt'ltlftl +tHnut*tt++tttt
clllHttflllllltt PRoGRAI{ PRoBAT'ro lllllltHltHllllHltf
C
C VERSION: JULY, L99I
c
C DISTRIBUTED AT THE OAK RIDGE THEORY I^TORKSHOP, AUG 1991, FOR
c usE wrTH oTHER MODIFTED-OSCTLI^A,TOR CODES, cAI'IpN (CALCUI^ATES
C THE DEFORMED SINGLE PARTICLE ORBITALS, THEIR EIGEI{VALUES,
C EIGENVECTORS , AND THE S . P . MATRIX ELEMENTS NEEDED I-ATER, EG,
C <J+>, ETC), AND ASY-RMO (DIAGONALIZES THE PARTICLE + TRIAXIAL
c RoToR HAMILTONIAN).
c
ctHHHl{llttt{l #tf*tt#+tut+tttfclHHH||t{|#||{tl|]tlt#{Ht|H||t{t{fIH|IH|lt||||]flHH|||||#lt||l||t|tttt|tHf|Httf||Itt|t|||l|#||t|||t|t||ttt||#
c
c***** PROBAHO CALCUT^ATES MI/82 MATRTX ELEMENTS IN THE PARTTCLE-ROTOR
C FORMAILISM FROM THE ENERGY EIGENVECTORS SUPPLIED BY ASY.RMO.
C BOTH DIAGONAL AND OFF.DIAGONAL MATRIX ELEUENTS ARE CALCUI^ATED
C ( IE,  STATIC MOMENTS, TRANSITION RATES, MIXING RATIOS, ETC).
C
C SPECTROSCOPIC FACTORS FOR SINGLE NUCLEON TMI{SFER REACTIONS
C CAN ALSO BE CALCUI.J.TED, AS WELL AS THE HYPERFINE ANOMALIES
C (DUE TO THE DISTRIBUTION OF MAGNETIZATION INSIDE THE NUCLEUS;
c sEE PHYS REv L23 (1951)  1325)
c
c***********************************************************************
C
C INPUT OF SINGLE.PARTICLE QUAI{TITIES FROM GAMPN ON FILE17
c rNPUT OF PARTTCLE-ROTOR QUANTTTTES FRoM ASnMO ON FrLE]"8
c
c INPUT DATA (pARTLy OVERL^APPING WITH ASffi.MO):
c
c CARD 1. FrLE17, FrLElg (FREE FORMAT)
c FILEl7: OUTPUT FILE FROM cAtIpN,
C CONTAINS S. P. MATRIX ELEMENTS
C FILE]-8 : OUTPUT FILE FROM ASn.Mo,
C CONTAINS ODD-A T.TAVE FT'NCTIONS
c
c 2. IPKT, ISKIP (FREE FORMAT)
C IPKT: NUMBER OF DATA SETS (OF GIVEN DEFORMATION AND PARITY)
C TO BE READ FROM FILEl7
c ISKIP:  THE FIRST ISKIP SETS (oN FILEIT)  ARE NoT USED
c
c 3. ISTRCH (FREE FORMAT)
C ISTRCH:O: CALCUIATION IN SPHERIcAL cooRDINATEs
C (DEF PARAM DELTA2, GAMMAD, DELTA4, DELTAS)
C ISTRCH:I: CALCULATION IN STRETCHED CoORDINATES (STANDARD)
c (DEF PARAM EpS2, GAMMA, EpS4, EpS5)
c
c 4. z, AA (FREE TORMAT)
c Z: THE PROTON NUMBER oF THE ODD-MASS NUCLEUS
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c
C

c  5 .  ISPEC,  CUTOFF,  IQ ,  GSFAC,  cR (FREE FORMAT)
C ISPEC: CONTROLS CALCUI-ATION OF SPECTROSCOPIC FACTORS;
C I SPEC:O . NO SPEC . FACTORS CALCT'I-ATED
c rsPEC:l - cALcuI^A,TE sPEc. FAcroR rF rsrRCH-O ALS0
C
C CUTOFF: ENERGY CUTOFF IN KeV FOR TRAI{S . PROB. AND MOMENTS
C
c rQ:0 - MACROSCOPIC CALC 0F QUADRUPOLE MOMENTS FOR CORE
c (FROM A HOMOGENOUS SHARP SURFACE BODY)
C IQ:1 . THE CORE QUADR MOMENTS ARE CALCUU.TED FROM THE SINGLE
C PARTICLE MOMENTS ASSWING A SHARP FERMI SURFACE
C FOR ODD-NEUTRON NUCLEUS, IQ-O MUST BE USED
C
C GSFAC: SCALING FACTOR OF THE INTERNAL SPIN G.FACTOR

GS(EFF)  :  GSFAC:kGS(FREE)  ;
(STANDARD:  (0 .5  .LT .  csFAc  .LT .  1 .0 ) )

C GR : G.FACTOR FOR CORE;
c IF GR<O ON INPIIT THEN STANDARD VALUE, GR: Z/M, CHOSEN
c
C NOTE THAT IMIN, ISPIN & KMA)( ARE ALL READ FROM FILEl8
c IMIN : MINIMUM SPIN C0NSIDERED IS IMIN/2
C ISPIN' I{ tU(IMttM SPIN CONSIDERED IS ISPIN/2
c KMAX : MAXIMIUM K CONSIDERED (K TRttNcATIoN)
c
C  6 .  B S 2 ( S - S T A T E ) ,  B S 4 ( S - S T A T E ) ,  B S 2 ( P . S T A T E ) ,  B S 4 ( P - S T A T E )
c (FREE FORMAT)
C THE FACTORS OF R**2 AND R**4 FOR THE SPIN.OPERATOR
C LIHEN CALCUU.TING THE HYPERFINE ANOMALY.
C GIVEN FOR ELECTRONIC S- AND P-STATE
C IF (BS2(I) .EQ. O) NO CALCUI^A.TION OF HYPERFINE ANOMALIES
c
c***********************************************************************

.  _^A sample lnput f i le ( e .g .  ,  named PROBIR. DAT) that could be appropriare
for 17err with the previous input f i les ls shown below:

, FOROl7 . DAT' 'FOROTS . DAT'
1 , 0
1
7 7  , L 7 9
0 , 2 3 0 0 . , 0 , 0 . 5 0 , - l - .

FILE17 ,  FILEl8
ipk t ,  i sk ip
i s r t ch
Z , A A
I SPEC , CUTOFF , IQ , GSFAC , cR

0 . 0 0 0 0 ,  0 . 0 0 0 , 0 . 0 0 0 ,  0 . 0 0 0  B S 2 , B S 4  ( F O R  S - S T A T E ) ,  B S 2 , B S 4 ( p - S T A T E )
SAUPLE INPUT FILE FOR PROBAMO
**************************************************************************

Note that the input files from GAMPN and ASffi.MO are named appropriately.
Al l  states passed on by ASff iMO ( determined there by nanr ( j  )  )  and within 2300
keV of the lowest state wil l  be included here in the YIL/E2 calculat ions.
Spectroscopic  factors are not  requested here (  ISPEC-O),  and could not  be
calculated at this point an)ryay with ISTRCH-I . In PROBAI,IO, the core E2 moments



can bd obtalned ei ther f rom the "macroscopic '  nuclear shape (def ined by thei
deformat ion parameters ,  and using a sharp surface )  or  microscopical ly,  by summing
up the single part ic le ruatr lx elements gzz and gzo generated in GAMPN. (The
microscopic def in i t ion can be used only l f  the proton orbi ta ls were generated in
GAI ' {PN,  i .e . ,  i f  th is  ca lcu la t ion  is  fo r  an  odd-Z nuc leus . )  Genera l l y ,  these two
def in i t ions  g ive  s iml la r ,  bu t  no t  lden t ica l  resu l ts .  I t  i s  recommended here  to
use the  macroscop ic  mornents  ( IQ:0)  as  se lec ted  here .  A lso ,  ISTRCH is  impor tan t
here ,  because the  macroscop ic  moments  a re  ca lcu la ted  s l igh t ly  d i f fe ren t ly  fo r
stretched and unstretched coordinates.  Note that the spin g-factor (g")  has been
chosen at  602 of  the f ree value (502 or TOL is standard),  and the standard
es t imate  fo r  the  core  g- fac to r  i s  se lec ted  w i th  gn  <  0  (s tandard  es t imate :  BR -

Z/A).  Final ly,  no calculat ion of  the hyperf ine anomal ies is requested (and this
i s  s t a n d a r d ) .
******************************************************************************

A11 these programs (wi th the input f i les given above) could be run with the
fo l low ing  s imp l i f ied  conmand f i le :

SET VERIFY
SET DEF I  youracct  .  subdir  ]
DELETE RLJNMO. LOG;:t
ASSTcN RrrNl,IO. LOG SYS$OUTPUT

THIS DCL RESIDES IN "  I  semmes .  ornl  ]RIINMO. COM"
RT]N GAMPN:

$
$
$
$
$ !
$ !
$ !
$
$
$
$ !
$ !
$ !
$
$
$
$ !
$ !
$ !
$
$

ASSIGN GAMIR. DAT FOROO5
ASS rcN GAttrR . OUT FOR$PRTNT IFOR PRINT YYY

GAMPN

RUN ASN.MO

ASSIGN ASYIR.DAT FOROOs
ASSIGN ASYIR. OUT FOR$print

RUN ASN.MO

RI]N PROBAI,TO

IFOR print, XXX Ynf

ASSIGN PROBIR.DAT FOROOs
ASSIGN PROBIR. OUT FoR$print IFOR print,  XXX YW

Of course ,  eventual ly the defaul t  d i rectory should be set (  $ SET DEF

Iyouracc t .subd i r ] )  appropr ia te ly  fo r  your  VAX d i rec to ry !  Note  tha t  a l l  the  da ta
f i les that  the user must set  up are assigned as FOR005, and al l  the pr inted
output f i les are assigned as FOR$PRINT. The other input f i les that  are generated
by the programs are speci f ied lnside the data f i les.

RtJN
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Final remarks

This manual was wri t ten wi th the intent of  providing a novi-ce user
essent ia l ly  a l l  the basic informat ion needed to use these cornputer codes wisely
and to understand the main features of  the part ic le + rotor model,  warts and al l .
Before leaving you to your future happy comput ing exper iences (or perhaps the
wart  medicine),  i t  is  important to emphasize a few fundamental  restr ict ions of
t h i s  m o d e l :

1 .  T h e  b a s i s  s t a t e s  a r e  r e s t r i c t e d  t o  1  q u a s i p a r t i e l e  *  a  c o l l e c t i v e  r o t o r  c o r e .
Th is  mode l ,  in  i t s  p resent  fo rm,  cannot  be  app l ied  to  h igh-sp in  s ta tes  where
a l ignment  o f  "core  nuc leons"  takes  p lace .  The necessary  3 -qp  s ta tes  are  s imp ly
not included here.

2 .  The under ly ing core is assumed to be r igtd,  in the sense that a stat ic
de formed shape must  be  a  su f f i c ien t ly  rea l i s t i c  descr ip t ion  o f  the  mean f ie ld
exper ienced by the unpaired part ic le.  A non-r ig id core energy spectrurn can be
accomodated in the Modif ied Oscl l lator version through the VMI opt ion,  but th is
does not give a fu l1y consistent descr ipt ion of  the changing propert ies of  the
c o r e  b e c a u s e  o t h e r  p o s s i b l e  v a r i a t i o n s  ( e . g . ,  s h a p e ,  p a i r i n g  f i e l d ,  e t c . )  a r e  n o t
included. No shape vibrat lons are included, and only a s ingle f ixed shape can
be t rea ted  (no  shape coex is tence) .

Keeping these restr ict ions in mind wi l l  help ensure the f ru i t fu l  use of  these
codes, and may lead to improved formulat i -ons of  the model.

Good Luck!
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Tennessee Technological University
Department  of  Physics
Box 5051 . Cookevi l le, TN 38S0S . O15-972-3489

l iareh 3,  1993

Dr. Andrew Stuchbery
Department of Nuclear Physics
Australian National University, GPO Box 4
Canberra ACT 260L, Australia

Hello Andrew,

Enclosed is a manual that describes the particle * triaxial rotor programs.
The programs and sample input files have been sent by email, so you should have
them by now. There are two different packages of prograos, one that uses the
Modified Oscillator Potential, and another that uses the l{oods-Saxon. For the
most part, these two sets are very sinilar in terms of what can be calculated and
the way the input and output is struetured, but some technical differences remain
because the single part icle basis used to describe the Nilsson orbitals is
different in the two cases . Al so , due to the structure of the cod.e SWGAI,IMA,
there is a particular choice for the p and y defornations that must be made for
par t ic le- rotor  appl icat ions ( i .e . ,  a  par t icu lar  60"  sector  of  the B,-y  p lane that
is  used to represent  the "co l lect ive sector" ) .  The modi f ied osc i l la tor  codes are
not restr icted l ike that, but recal l  that a part icle-rotor rnodel assumes a
col lect ive rotor core, so i t  is not direct ly possible to rnake a calculat ion with
these programs that would eorrespond to a cranking description ',ou;side the
col lect ive sector". The restr ict ions on p and 'y in the Woods-Saxon programs is
described on Page 10 of the manual. Finally, the bulk of the manual is just a
reprint of the documentation found at the beginning of each program, so even if
the manual is eaten by the dog essentially all the information is given in the
comnents inside the programs. Good luck!

Regards ,

?rl).
Paul Sernmes


