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Basic theory: (a) One-body scattering
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(b) Eikonal Waves
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(c) S-matrices (“Survival” Amplitudes)
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(d) Immediate application:
Probing nuclear structure

Ex: Elastic scattering as a probe
of nuclear densities

S/ oguth

Need optical potentials:
1. Fit fo data -phenomenology

2. Theory, eg. “tpp”
Ray, PRC 20 (1979) 1957
Hussein, Rego, Bertulani, Phys. Rep. 5 (1991) 279
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Breakup Reactions (two-body): (a) elastic

Fixed: . Hussein, McVoy, NPA 445, 124 (1985)
IXed: Interaction
adiabatic region Hencken, Bertsch, Esbensen, PRC 54 (1996) 3043

> Elastic:

including breakup effects
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(b) Diffraction Dissociation:
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(c) Stripping:
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Momentum Distributions: (a) Stripping

C scatters elastically
and C+n breaks up: ‘
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Momentum Distributions

Serber model:
PR 72 (1947) 1008 SC (bC)
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(b) Diffraction dissociation

C and n scatters elastically:

Project onto continuum CM
and relative coordinates:
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Applications: (a) Longitudinal Momentum Dist. (LMD)
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LMD: Orbital Alignment
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LMD: Black-Disk Model

“Wounded” wavefunction
Hansen, PRL 77, 1016 (1996)
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(b) Transverse Momentum Distribution (TMD)
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TMD: final state elastic core-target scattering
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Coulomb and medium effects in knockout reactions

TMD: final state core-target Coulomb scattering
Karakoc, Bertulani, to be published
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Medium effects in o\
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e = single-particle energies

Eo = E on-shell Pk)=1 if > k
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In real calculations: N
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— Solve self-consistently

(Brueckner theory)



Geometric approximation + LDA

Bertulani, Phys. Rep. (1991), JPG 27, L67 (2001)
Bertulani, De Conti, PRC 81, 064603 (2010)

dkd’k, 2q
4ty 13)(4mks,. 13) k

g2Pauli
4

Oy (q )

Ty (E) = f(

Qi =4 -2(Q, +Q, - Q) = analytic




90

I |'_}\ LI I I 1 ) 1 LI
p = po/4 /]
\\ ’l
ol NN T Free .
\\ ,
— \ Brueckner o
'CE) - \\ ----------- Phenom. /. | A
< 301 I
/ 40
L | / -
20 i \"""‘"‘*&'-’_' ’; . J/ _
1 | L1 11 I 1 1 1 1 L1 11
100 1000 —~ 30
Erop (MeV) 5
e
b
Bertulani, De Conti, 20
PRC 81, 064603 (2010)
10

20

Medium effects in oy

P

E =100 MeV

Free

— - — - Brueckner
Phenom.




200 -

gBe(1SC114C) —

Free
160 >\ = - Pauli -
RN — - — - Brueckner
a - OO\ Phenom. -
é 120
b
80 -
Q)
40 B 1 1 1 L1 1 11 I 1 1 I— %J
10 20 50 100 200 500 =
Elab (MeV/nucleon) el
E
N
Q.
<4
C b
n b ©

Bertulani, De Conti, PRC 81, 064603 (2010)

Medium effects in
knockout reactions
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12¢(240,230)X @ 920 MeV/u 12¢(33Mg,32Mg)X @ 898 MeV/u
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Brueckner calculations are limited by the pion production threshold, and should only be
valid for projectile nucleon energies below 300 MeV.

33Mg,(3/27)) = o |2 Meg(39)® v2ps )

+ as**Mg(2]) v2sy/9) + asz[**Mg(3)x v1fz/2)
C?S; = o? is the spectroscopic factor + ay[32Mg(gs) & vids)s)




Counts

‘Be(1°0,“N)X @ 56 MeV/u

12C(17C,16B)X @ 35 MeV/u

400 T T T 71 T T 1 T T T T T T T T 80 T T T T T T
- _3d 0 | 30 | | | | 1 | I I I
. : LI LR R 'L. o — Ful_l ] 3 — I-'u]_]
330 320 Free ] T | Free
- ) -= Fullno C ] ~=-= Fullno C
300 - - Freeno C 1 & | Freeltllc::- C
300 ¢ _ 1 ®F transverse / =
250 - A 3
C ' 280 i
C i\ 18
200 — v & -] E 40 ++ + —
150 4 ;, - +
F £ : . +
100 - E E }f" 4 20| /f .' -
50 - s o // longitudinal - ++++ *++
i ]
oL I Bl 1/| PN T T S A T T N W IO O O ! | L1 §|\f‘1~-& ™ 0 . o | ! | ] | . '_.‘fjﬂ-_
-400 -300 -200 -100 0 300 600 -400 -200 0 200 400 600
p, (MeVic) P_ (MeV/e)

Data: Jeppesen et al, NPA 739, 57 (2004)

Data: Lecouey et al, PLB 672, 6 (2009)

Medium effects and Coulomb distortion do
not have an impact on the extraction of
spectroscopic factors.

Medium corrections change the x-sections
by about 3% but, the Coulomb corrections
has a huge effect which is almost 54%.
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