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Road to Heaven or Tears in HaAVen? wome reshuseccspon

Eikonal->S-matrix ->optical potential
single folding vs phenomenological vs. double folding

* n-target,core-target

* 9Be, 1?C most used targets

* Test: energy dependence of o
 Phenomenological vs ab-initio
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FIG. 1. Neutron-target cross sections as a function of the neu-
tron incident energy. Top figure: °Be target. Dotted and dot-dashed
curves are the elastic and reaction cross sections, respectively. Full
curve is their sum. Data points from Ref. [18]. Center and bottom
figure: 28Si target with JLM potential and optical potential from
Table I, respectively. Same notation as above. Data points from
Ref. [18].

sorptive, and diffractive one neutron breakup cross sections
from the halo orbital in !'Be calculated from Eqgs. (2.3) and
(2.8) on the same targets and with the same n-target JLM
optical potentials as Fig. 1. The initial state parameters used
for the bound neutron in the ground state and core excited
states of 'Be, discussed in the following, are given in Table
II. We have used the same single particle assignments and
spectroscopic factors as in [6]. In the case of core excited
states, each separation energy is the sum of the given state
excitation energy plus the neutron separation energy in !'Be.
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FIG. 2. Neutron breakup cross sections from !'Be as a function
of the incident energy per nucleon. Top figure: °Be target. Dotted
and dot-dashed curves are the diffractive and absorptive breakup
cross sections, respectively, from the halo orbital alone. Full curve
is their sum. The full triangle symbol at 40A MeV is datum from
Ref.[19], at 60A MeV from Ref. [21]. The open circles at the same
energies are our total breakup cross sections including contributions
from core states as given in Tables III and IV. Bottom figure: *$Si
target. Dashed line is the Coulomb breakup, dot-dashed line is the
absorption cross section. Close dotted line is the sum of diffractive
breakup and Coulomb breakup. The full curve is their sum. Core
excited state contributions are included. Long dotted curve is the
total breakup from the !'Be halo orbital alone. Data points from
Ref. [22]: the full squares are the data corresponding to neutrons
detected in coincidence with the '°Be core, due to Coulomb
breakup and diffraction; the lower solid triangles are the data for
absorption and the upper inverted triangles are the inclusive data.
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Breakup (knockout) eikonal formulae

Finally following the derivation in [74] the EBU eikonal
cross section in the no-recoil approximation is

dogpy / 2 2
= [ d°b¢ |S b
ak ¢ |Scr (be) |

Including kinematics x/dzrcu 11— S, (b 160 (Feny . 1) 12

(24)

and the NEB formula [27,28]
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What really matters:

w(r)

0-4 T T T T T T T T T T T T T T T I T T I T
— GF

- ws |<"'oro>
03 —
02} —
0.1 / —

[

0 1 I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 LA—«l I -l L I |
0 1 2 3 4 5 6 7 8 9

10

(10 fm)

bP ctP_nt

10

| T
B0 53AMeV

— stripping
— diffraction
— P ct x10

10



* Only the imaginary part of V_, optical potential enters in the
calculations of |S_,|?

*In 1- |S,.|?% (stripping) again only the imaginary part of V,,

* In |1-S,.|%both real and imaginary. However this term (elastic
breakup) is usually << than the stripping term.

* Look for the best W, ., giving the best |S (nt,ct) |2 eo— GR(nt,ct)

e Fitting elastic angular distributions might be a bit of overwork in particular
as at the energies we are intersted in >100AMeV 6®; 1 >> 6°;




N+N  The Glauber reaction cross section is given by d.f. 1

x1(b) = _Eanl1/db1/dep(bl —b,z)/dzlpr(bl,zl)-

(0,0]
OR = 27T/ bdb(1 — |Syn (D)), (D
0
where The double folding (5) for WNN is conceptually
|Syn(b)? = 21 ® (2) wrong because the interaction acts only to first
is the probability that the nucleus-nucleus (N N) scattering is order, infact it was originally introduced for the

elastic for a given impact parameter b. REAL part. Eq.(4) with a phenomenological W™
The imaginary part of the eikonal phase shift is given by is in principle more accurate.

1
xi(b) = — [ dzW"¥(b,2)
hv PHYSICAL REVIEW C, VOLUME 62, 034608

]' n
i / dz / dey W™ (rp — 1)p(ry), () Scatterings of complex nuclei in the Glauber model
where W™V is negative defined as B. Abu-Ibrahim* and Y. Suzuki
s.f. NN / nN /
W35 () = | dbyW" (b1 —b,2) | dzip(b1,21). (4) iy
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s.f. W (r) = —3hvay, p(r) (6)
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TABLE 1. Parameters of proton-'2C profile functions used in
the present calculations, see Eq. (9). The total and reaction cross

sections, o7 and oy, calculated by the profile functions are also
shown.

T, (MeV) op (mb) o (mb) o (fm*) B (fm?) a

800 341 249 52.89 19702 —0.111682
—18.78 1.0735 0.0149455

398 285 221 32.303 28 B 0.0867
—3.740 0.5204 04212

340 283 213 320 20 0.1
—34], 04 0.28
200 215 215 31.947 2214 0:127

—4.51 0.827 0.8852
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FIG. 2. (Color online) Fitted elastic-scattering angular distribu-
tions for n + °Be with the dispersive optical model, the AB potential,
and the Dave and Gould (DG) potential [19]. The experimental data
are from Refs. [6,8,19,37-42]. For display purposes, the fits and data
have been successively scaled by a further factor of 30 for each higher
neutron energy. Curves and data are labeled by the neutron laboratory
energy in MeV.



Total experimental and calculated cross sections. Lower blue symbols for °Be, upper red
symbols for 2C. The optical model calculations are given by the orange and cyan dashed
lines, respectively. The solid green line is a calculation made with a DOM potential
obtained for '2C and applied to °Be. DOM calculations (LHS) curtesy of Mack Atkinson
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Phenomenological potentials n+°Be,12C
Imane Moumene & A.B. PRC108. 044609 (2023)

J
Ela.b VR Té{ aR wsur chl
(MeV) (MeV) (fm) (fm) (MeV) (MeV)
20< Ejqp <40 31.304 — 0.145E,; 43 1.647 — 0.005(E; 4, — 5) 0.3-0.0001E; 45 1.65 + 0.365E)45 5.6 — 0.005(E;4p — 20)
40< Ejqp <111 ? ? ? 16.25 — 0.05(Ejqb — 40) 5.5 — 0.01(Ejqp — 40)
12:7 4.8

111< Ejqp <160 » » 0.288
160 < Ejap <200 ” »

200 < Ejqp <215 » »
215 < Ejqp <500 0 »

12.7 — 0.025(Eias — 160) 4.8 — 0.025(Ejas — 160)
» 11.7 + 0.02(E;qp — 200) 3.8 + 0.02(E;qp — 200)

”

TABLE I: Energy-dependent optical-model parameters for the (AB) potential for n+°Be. r{=1.3 fm, a’=0.3 fm at
all energies.

Elab VR T(i)% aR weur Wvol
(MeV) (MeV) (fm) (fm) (MeV) (MeV) 10 0 10 20 30 40 50 60
0 g -~P_bﬂ\ T
160 < Erqp <200 31.304 — 0.145E145 1.647 — 0.005(E1ap — 5) 0.288 12.7 — 0.025(Eras — 160) 4.8 — 0.025(E1qp — 160) _ S
200 < Epqp <215 ” ” ” 11.7 3.8 37 ~ @]
215 < Eyqp <220 0 n " i : <. LI
220 < Eiqp < 500 2 0.1 z 11.7 + 0.02(E;,p — 220) 3.8 + 0.02(E;,, — 220) 2 .
Bf . 208p N
\\
TABLE II: Energy-dependent optical-model parameters of the potential n-2C for E;,;, >160MeV. At lower energies, g -
the parametrization is the same as for Be on Table . g A
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Relativistic energies: Above 200 MeV both Ws and Wv increse contrary to es. 10 s

Fig. 7.29. Energy dependence of the strength of the volume and surface absorptions in the p-2**Pb

tem. Th ares represent “‘empirical strengths” deduced from the empirical moments
C Mahaux & R. Sartor’ ADV' NUCL. pHYS. VOL' 20’ ( 1 99 1) — E{;W“;nd [:3]s:.uogi)shenomenological optical-model potentials (Fin+ 89). The curves represent

the parametrization (7.46d)-(7.46f).
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Total cross section for n-12C scattering obtained using different target densities =~ NCSM
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Ab initio no-core shell-model description of 1%-14C isotopes
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T-matrix folding vs G-matrix folding
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2nergies (122, 160, 200, and 300 MeV). Experimental data from
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Let us look at the future: most experiments will be at realtivistic enegies.
For theoreticians is that bad or good?

At relativistic energy the optical limit is reached

* The optical potential should be purely imaginary

* Reaction cross section dominates

 How important is to fit elastic angular distributions?...Is it important at all?
* These seem all good news for theoreticians

» Typically increasing the energy the surface term dominates the imaginary
potential for light targets

* However at relativistic energies due to the opening of new channels (m,p...)
a phenomenological potential requires the increase of the volume term



p+12C 300MeV
H.O. Meyers et al., PRC31.1569 (1985), Okamoto et al., PRC81.054604(2008)

1000 | " @ p+12C PRC31 data 300MeV
= pot PRC31.1569
= mypot ri=0.8fm, ai=0.55fm
M. Vorabbi et al.
E — KD
1~
e
=
g
% n
5 0.001 —
=
E
1e-06 [—




PHYSICAL REVIEW C VOLUME 31, NUMBER 4 ' APRIL 1985

Large-angle proton-nucleus scattering shows no evidence for intermediate A states

H. O. Meyer and P. Schwandt
Indiana University Cyclotron Facility and Physics Department, Indiana University,
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It has been suggested that the discrepancy between data for large-angle proton-nucleus elastic scattering at
200 MeV and standard optical model interpretations can be explained by the formation of intermediate A
isobars. To test this hypothesis we have carried out a measurement of the elastic scattering cross section
for 300 MeV protons from !2C for momentum transfers up to 6.8 fm~1. Although the energy was chosen
to match the resonance energy for A production, no need for corrections to a simple optical model, and
thus no experimental evidence for intermediate A isobars, was found.
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T. Aumann, C. Barbieri, D. Bazin et al. Progress in Particle and Nuclear Physics 118 (2021) 103847

Gade-plot: reduction of S.F.
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Fig. 2. Compilation of the ratios Ry of the measured and calculated inclusive one-nucleon-removal cross sections for each of the labeled projectile
nuclei. Rg is displayed as a function of AS, a measure of the asymmetry of the neutron and proton Fermi surfaces. The red (blue) points are
for neutron(proton)-removal cases. The solid (black) squares, deduced from electron-induced proton knockout data, are identical to the earlier
compilations of [44,45].

Source: The figure is adapted and updated from Ref. [46] - courtesy of ].A. Tostevin (2016); the added data points for 240, 3°Ne, **Na, 36S and 7Co
were then preliminary based on the now-published Refs. [47-51].
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Fig. 3. Experimental and calculated cross section momentum distribution for the
breakup reaction of (a) *0 and (b) 6C induced reactions.
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Fig. 4 Proton breakup 30 T =
momentum distributions in the L NEB o =22.10mb
n-Core reference frame for the L EBU 6°%=11.09mb
reaction *Be(1#0,13 N, )X at 53 — NEB 6"°=20.11mb
A.MeV. Red and orange curves 25— stC .. m
are from the STC and eikonal r — ' EBUG" "=10.24mb
models respectively. Full lines F g
for NEB, dashed lines for EBU 20— -
g L 4
= L 4
E 151 -
=
% L 4
3 N 4
10— —
s |
; | 1 |
0—2 1 0 1 2

k,(fm™)

From PRL.108.252501: EIK: 17mb, TC 11mb

Fig. 2 NEB (stripping) neutron
momentum distributions in the
n-Core reference frame for the
reaction ?Be(!40,13 0, )X at 53
A.MeV incident energy. The full
red curve represents the STC
model result, the blue long
dashed curve is obtained by
setting the strength of the n-T
optical potential constant and
equal to the value at 53 MeV, the
green short dashed curve is
obtained by setting the real part
of the n-T potential equal to
zero. The orange thin full curve
shows the standard eikonal
calculation, while the brown
double-dotted-dashed curve
shows the eikonal results in
which the kinematics cutoff has
been implemented. See text for
more details

Fig. 3 Same reaction and same
notation as in Fig. 2 but for EBU
(diffraction) neutron momentum
distributions in the n-Core
reference frame. See text for
more details

Recent results for knockout: 140(-n)+9Be, 53AMeV WS initial wf
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d.f. gives 30-40% larger knockout G than s.f.
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Conclusions

* We have derived excellent n+°Be, n+12C phenomenological optical
potentials up to 500MeV, cross checked vs DOM and n+°Be also vs
JLM.

* Also excellent single folding P ( C)-T OP validated for 12C +12C,
12C+9Be.

* Dominance of surface absorption (r; decreases with energy).
e s.f. less ambigous than d.f. (needs to fix only OP parameters)
* d.f. needs 6, 5,, Ay Ayp...+density+in medium corrections +...77

 Extra bonus? n+2C surface dominated...a symptom of 3body
repulsion at short range?



