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Fresco, Xfresco and Sfresco

e Whatis FRESCO?

Program developed by lan Thompson since 1983, to perform coupled-reaction
channels calculations in nuclear physics.

o Some general features:

0 Multi-platform (Windows, Linux, Unix, VAX)

0 Treats many direct reaction models: elastic scattering (optical model), transfer,
inelastic excitation to bound and unbound states, etc

0 Can be run in text mode and graphical mode (XFRESCOinterface)

0 FRESCOand XFRESCOcan be freely downloaded at
http://ww. fresco. org. uk/

0 SFRESCO. Extension of Fresco, to provide x* searches of potential and
coupling parameters.
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Optical model calculations with Fresco

Essential ingredients of an OM calculation:

e Physical:
e ldentify projectile and target (mass, spin, etc)
e Incident energy

e Parametrization of the optical potential

e Numerical:
e Radial step for numerical integration (HCM in fresco)
e Maximum radius R for integration (RMATCH)

e Maximum angular momentum L. (JTMAX)

RMATCH and JTMAX are linked by: kR, (1 — 2n/kRy) =~ Ly + 1/2
(L,=grazing angular momentum)
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Elastic scattering: optical model

Effective potential: U(R) = Unuc(R) + Ucoul(R)

e Coulomb potential: charge sphere distribution

Z1Zoe> R2 _
o= { (- f) rre

2 .
212y it R > R.

o Nuclear potential (complex): Woods-Saxon parametrization

Vo Wo
1+ exp (£fo)

Unuc(R) =V (r) +iW(r) = —

Typically: Ro = ro(Ay > + A}/?)

0 ro=reduced radius (ro ~ 1.1 — 1.4 fm)

0 Ap,A:: projectile, target masses (amu)
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Elastic scattering: effective potential

Effective potential: U(R) = Unuc(R) + Ucour(R)

T T T T | T T T T ! T T T T T T T T
58, ;-
40~ z,2,€R o+ Ni -
i E=25 MeV T
S 20 =
g I E=10 MeV |
@

§ i
8 -20 — Nuclear + Coulomb B
o — - Nuclear (imaginary) .
*§ _40 — Nuclear (Real) _
T i
60 ]
L V=191.5 MeV, W=23.5 MeV, M= 1.37 fm, a=0.56 fm |

- 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

80O 5 10 15 20
R (fm)

TRIUMF Summer Institute 4-15 August 2008 — 24 / 156



OM example: *He+°3Ni

Input example: 4he58ni _el0.in

4he58ni _el10.in: 4He + 58N elastic scattering Ecn=10.0 MV
NAMELI ST
&FRESCO hcm=0. 1 rnmat ch=25.0 jt nax=30

thm n=1.0 t hmax=180.0 thinc=2.0

smat s=2 xst abl =1

el ab=10.7 /

&STATES j p=0. 0 bandp=1 ep=0.0 cpot=1 jt=0.0 bandt=1 et=0.0 /
&partition /

&POT kp=1 at=58 rc=1.4 /
&POT kp=1 type=1

pl=191.5 p2=1. 37 p3=0.56 p4=23.5 p5=1. 37 p6=0.56 /
&pot /

&overlap /
&coupling /

&PARTI TI ON nanmep=" ALPHA" massp=4 zp=2 nanet =" 58N’ masst=58 zt =28 nex=1 /
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Elastic scattering example

&FRESCO hcm=0. 1 rmat ch=25.0 jt max=30
General variables t hm n=1. 00 t hnax=180. 00 t hi nc=2. 00
smat s=2 xstabl =1

el ab=10.7 /

&PARTI TI ON nanmep=" ALPHA" massp=4 zp=2 nanet =" 58N’ nmasst=58 zt =28

Mass partitions nex=1 /
&STATES j p=0. 0 bandp=1 ep=0.0 cpot=1 jt=0.0 bandt=1 et=0.0 /

& states &partition /
&POT kp=1 itt=F at=58 rc=1.4 /
Potentials &POT kp=1 type=1
pl=191.5 p2=1. 37 p3=0.56 p4=23.5 p5=1. 37 p6=0.56 /
&pot /
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Elastic scattering example

Essential input variables: FRESCO namelist

&FRESCO hcm=0. 1 rmat ch=25.0 jt max=30
t hm n=1. 00 t hmax=180. 00 t hi nc=2. 00
smat s=2 xst abl =1
el ab=10.7 /

o hcm step for integration of radial equations.

e rmat ch: matching radius (for R > RMATCH asymptotic behaviour is assumed)
o el ab: laboratory energy

e | t max: maximum total angular momentum (projectile+target+relative)

e Snmat s: trace variable
smat s=2 — print elastic S-matrix

e Xst bl : trace variable
xst bl =1 — print cross sections
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Elastic scattering with Fresco

Essential input variables: partitions and states

&PARTI TI ON nanmep=" ALPHA" massp=4 zp=2 nanet =" 58N’ nasst=58 zt =28
nex=1 /

e nanep / nanet : projectile / target name

e Massp / masst : projectile / target mass (amu)
e zZp/zt: projectile / target charge

e nex: number of (pairs) of states in this partition

&STATES j p=0. 0 bandp=1 ep=0.0 cpot=1 jt=0.0 bandt=1 et=0.0 /

e | p/]t: projectile /target spins
e bandp /bandt : projectile / target parities (+ 1)

e cpot : index of potential for this pair of states.
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Elastic scattering with fresco

&POT kp=1 type=0 ap=0 at=58 rc=1.4 /
&POT kp=1 type=1 shape=0

pl=191.5 p2=1. 37 p3=0.56 p4=23.5 pb5=1. 37 p6=0.56 /
&pot /

o kp: index to identify this potential

e ap, at: projectile and target mass, for conversion from reduced to physical radii:
}%::'r(ap1/3-+—a$1/3)

e type, shape: potential cathegory and shape: =
[0 type=0: Coulomb potential
shape=0: uniform charge sphere
0 type=1: volume nuclear potential
shape=0: Woods-Saxon shape
e rC: reduced radius for charge distribution
e p1, p2, p3: Vo, 7o, ao (real part)
o p4, p5, p6: Wy, r;, a; (imaginary part)
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Xfresco interface

General variables:

File Edit Run Options Ahout
Integration | Trace | CC, iterations. .. | Paritions | Potentials |Overlaps |Couplings |
Integration Jinterval
Radial step: HCM 0.1 JMAIN (=J1: 1]
Matching radius: RMATCH 25.0 dMAR (=.13): 40
Intervals for M-L kernelsls (RINTF): 0.5 []Use absend 0
Step size for ML range: HML 0 [ Include anly incaming channel far J<JMIM
Jint Is ..
Center for ML range: CENTRE 0 | ervas
ML range: RRL 0 Meat-side / Far-side analysis
_ _ | Elastic channel  + || Usual cross sections »
Step size for 2N distance: HRM 0
kin. radius for 2N distance: RMIN 0 Angular range
hax. radius for 2N distance: RMM 0 THAIN 1.00
THRAAX 180.00
State radius for s.p. states: RSP n x
THIMC 2.00 -
[TUse Coupled Coulomb w.f.
Incoming channel
Energy intervals: ELAB | 10.7 0 0 0 MLAE: |0 o 0
Incoming plane waves are present in parition (PEL) 1 = with excitation pair (EXL) 1 =
Especified energies refer to (LINy | projectile = | for padition (LAB) |1 = in excitation pair (LEX) 1 =

Ok
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Optical model with XFRESCO

Partitions & states:

File Edit Run Options

Integration ‘Trace |CC, iterations... EPar‘[itinnsj

Potentials |Overlaps |Coup|ings |

About

Projectile Target
: : @-value: 00000 | [JPWF
Mucleus A z Mucleus A Do nat print xsec
ALPHA |4 2 | [ssni 58 28 | posuates | O forthis partiion
[NEX<0]
Frojectile hass z Target Mass z G walue PWE x5ec? Feadstates

Excited states for selected partition
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Optical model with XFRESCO

Potentials:

File Edit Run Options

Integration ‘Trace |cc, iterations. . | Partitions | Potentials

Fot. Index  patential
(kP)

Overlaps |Coup|ings |

About

Farameters

&dd

Type : |1 -Central potential, volume |v| Tmf_\';m ;:'_23;”:') 3_35{5&':'5 Iup:?l Insert
ABE shape |0 -Woods-Saxon| |v| pe#) pS () pB fan a @

Dprevinus |23.5 ”1.3? ”D_EB | L] IE

| kP | Type [shape| it | p1-vo | pz-r0 | pa-ao pa-w piri | peai | p7 | Addprev |

1 0 0 F 0 o 1.4

0] 4
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Useful output information in OM calculations

Useful output files:

o Main output file (stdout)

o fort. 201 : Elastic scattering angular distribution

0 thmax > 0: relative to Rutherford.

0 thmax < 0: absolute units (mb/sr).
e fort.7: Elastic S-matrix (real part, imaginary part, angular momentum)

e fort.56: Fusion (absorption), reaction and inelastic cross section for each angular
momentum
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Elastic scattering: optical model

Dynamical effects:

« 71 >> 1: Rutherford scattering: o(0) oc 1/sin*(0/2)

*He+"®Ni at E=5, 10.7, 25 and 50 MeV

Elab n k A= 1/]€ 2&0
(MeV) (fm=Y)  (fm)  (fm)
S 7.95 0.920 1.087 17.2
10.7 5.62 1.34 0.746 8.06
25 3.55 2.06 0.485 3.44
50 251 291 0.343 1.69

e 1> 1: Fresnel scattering (rainbow)

o 1 < 1: Fraunhofer scattering (oscillatory behaviour):
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Elastic scattering: energy dependence

*He+>®Ni @ E=5 MeV
O e A

do/dQ (mb/sr)
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