Peripheral collisions
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Density contour plots for the ** Ca+'#'Sn collision at Elab=170 MeV and b=3.7 fin.
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%+ probing single particle aspects and nucleon-nucleon correlations
% transition from quasi elastic to deep inelastic processes
% connection with other reaction channels (near and sub-barrier fusion)

% population of neutron-rich nuclei
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time-dependent density functional theory
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Sub-barrier transfer reactions Multi-nucleon transfer
study of nucleon-nucleon correlations study of secondary processes
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Reaction Q-value

-

Consider the T(,X)R reaction:

The Q-value of the reaction is defined as the difference

In mass energies of the products and reactants, i.e. P

Qgg = [mp +m; — (M, + mg)] - c? o—
. . .- . . . oy - . mp’ Vp

If Q is positive, the reaction is exoergic while if Q is

negative, the reaction is endoergic. before

https://www.nndc.bnl.gov/qcalc/
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Reaction Q-value
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Consider the T(,X)R reaction:

The Q-value of the reaction is defined as the difference
In mass energies of the products and reactants, i.e.

Qgg = [mp + my — (my + mp)] - c?

If Q is positive, the reaction is exoergic while is Q is
negative, the reaction is endoergic.

before

e@‘ @ http://nuclear.lu.se/database/masses/ L~ ” @ Q-value calculator x

Datei Bearbeiten Ansicht Favoriten Extras 7

116Sn + Ni — Ni + *Sn

BE.(1)=988680.497 = 2 986 keV
BE.(2)=526841574 £ 1420 keV
BE.(3)=545258 806 £ 1436 keV
BE)=971571.272 £3.165 keV

[ Q-value: 1308.007 keV |
Uncertainty: 4.797 keV (1gnoring correlations)

Threshold: 0 keV
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Reaction Q-value

neutron transfer

4
Consider the T(p,X)R reaction: 10 ‘ T T T
i 500 MeV ]
o _ 10° b )
The Q-value of the reaction is defined as the difference 2 : :
In mass energies of the products and reactants, i.e. 5 10°L i
e} - ]
Qgg = [mp+mt_(mx+mR)]'C2 O 0! __ _:
If Q is positive, the reaction is exoergic while is Q is H ﬁ H”
negative, the reaction is endoergic. 1 S L L
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11650 — 60Nj @ Elab =430, 460, 500 MeV 1 L L | L (hp 1
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E..=147,156,170 MeV | V(R = 159 MeV
cm c(Riny) Mass [amul]
(60N 58Ni) | (BONi,%°Ni) | (6°Ni,%Ni) | (6°Ni6*Ni) | (6°Ni,62Ni) (60N, 63Ni) | (6°Ni,84Ni)
-2n -1n On +1n +2n +3n +4n
-4,12MeV | -4.44MeV | O0MeV | -1.74 MeV | +1.31 MeV | -2.15 MeV | -0.24 MeV
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Reaction Q-value

proton transfer

Consider the T(,X)R reaction:

The Q-value of the reaction is defined as the difference

In mass energies of the products and reactants, i.e. P

Qgg = [mp + m¢ — (my + mp)] - 2 o——
. . .- . . . oy - . mp’ Vp

If Q is positive, the reaction is exoergic while is Q is

negative, the reaction is endoergic. before

The Q-value of the reaction will change for proton transfer
due to the rearrangement of nuclear charge.

ZpZe (Zp—z)(Z +2)

Qopt = Qgg —E" = Qgg —e?

T Tf
Z,7.e? (Z — Z)(Zt +2)r; 0.72 - Z,Z Ocm
Qopt = Qgg — pT. [1 _p ZpZy é nehE Ecml Z[Sin_lTJr 1]
0 =0 2E ., . (z,—2)Z+2) 7y
opt = ¥gg — N e
[sin‘1 HCT’" + 1] ZpZy Ty

(Zp — Z)(Zt + 2)
7,7,

Qopt ~ Qgg —Ecm 1-
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Reaction Q-value W ?

The population in the (N,Z) plane is governed by Q,
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Reaction Q-value
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- e | 400, 208y, The population in the (N,Z) plane is governed by Q,

E,,p=R35 MeV

500 600 700 800 -
M [Chennels] E -2n | -1n | On 1n 2n 3n 4n on 6n n 8n
T 477 | 374 | 230 | 172 | 63 | 39 | +35 | +49 | +105 | +108 | +154
144
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|
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Cl 11 | +16 | +72  +59 | +70 | +46 | +54 | +26 | +23 | 27 | -31
+23.4 '
S 148 | +53  +104 ' +70 | +81 | +39 | +46 | -05 | 11 | -70 | -81
+31.7 ' '
P w41 | +38 470 | 26 | +22 | 20 | -a0 | -02 | -122 | -185 | -214
+40.3 '
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Sub-barrier transfer reactions

A smooth transition between quasi-elastic and deep inelastic processes

N 60— — [
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Below the barrier Q-values gets very narrow and without deep inelastic components
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From quasi-elastic to deep-inelastic regi
0Zr + 208Pp at E = 560 MeV (PRISMA) vl
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D. Montanari et al.; Phys. Rev. Lett 113, 052501 (2014)



Transfer studies at energies below the Coulo

v" only a few reaction channels are open
one reduces uncertainties with nuclear potentials
v Q-value distributions get much narrower
one can probe nucleon correlations close to the ground state

but
1. angular distributions are backward peaked
projectile-like particles have low kinetic energy
2. acomplete identification of final reaction products in A,Z and Q-values becomes difficult
3. cross sections get very small (need for high efficiency)

solutions:

- use Recoil Mass Separator
- use Magnetic Spectrometers with inverse kinematics
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Prisma spectrometer

PRISMA: a large acceptance
magnetic spectrometer
Q=80msr; Bpg,=12Tm
AA/A ~ 1/200 _ T o
Energy acceptance ~ £20%
i



g (mb)

Target MCP

Quadrupole magnet

Istituto Nazionale
di Fisica Nucleare

(

- About 80 msr acceptance
- Position sensitive detector systems 2
- Time of flight measurements
- Trajectory reconstruction

- Up to nuclei with A = 140
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A0 ﬁ-D. B 5[) . 80 50
58Nj 4 208Ph MASS NUMBER  Corradi. Phys. Rev. C 66. 02,606 (2002)
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S. Kalkal et al., Phys. Rev. C83 (2011) 054607



one probes transfer and fusion
in an overlapping region of
energies and angular momenta
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Transfer reactions with weakly bound n

7Li + 209B]
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4He

breakup threshold energy:
Qbreakup = '2467 MeV
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-2n -1n +1n +2n -1p +1p
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Structure and thresholds
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Li 1500 |

7Li + 209B;
¢
1000 _
breakup threshold energy: 500 |
Qo = 2467 MeV e measured
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Dasgupta et al., Phys. Rev. Lett. 82 (1999) 1395



breakup threshold energy:
Qpreakup = ~2.467 MeV

B T\
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216Rn
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Ecm/V C(Rfu)

Fusion of weakly bound ’Li + 29°Bi suppressed relative
to single-barrier calculation in contrast to 180 + 198pt

Dasgupta et al., Phys. Rev. C70, 024606 (2004)
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Back

60° wedge detectors
Micron semiconductor Ltd

Large angular coverage (0.83 &t sr)

Detectors with high pixellation
(512 pixels)




1. energy conservation:

Q= (El + E, + Erecoil) — Epeam

measured  from momentum known
conservation

2. momentum conservation (3-body breakup)
Pyeam = Py + Py + Precoir

- 2
|Precoil|

2+ Myecoil

Erecoil =

10!

100
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"Li + 299Bi — 8Be + 2%Pb  Q,, = 13.457 MeV
—5Li +21Bi Qg = -3.175 MeV
—OLi+ 219Bi Qg = -2.645 MeV

Q [MeV]
8Be—4He+%*He Qyg = +0.092 MeV
SLi—*He+!H Qg = +1.965 MeV

6 j—4He+2H Qgg =-1.474 MeV F(\ih 6; E 5 ].[



7Li+208pp
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Li+2%7PDb
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7Li + 207Ph — 8Be + 206T| Q,
—5Li +29Ph Q
—6Li+ 28Ph Q

9.766 MeV | 8Be—*He+*He Q,, = +0.092 MeV
-1.610 MeV | SLi—*He+!H Qg = +1.965 MeV

0.118 MeV | SLi—*He+?H Qg = -1.474 MeV F(\ih | Ef = ].[
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stable nuclei

more
neutrons

dripline nuclei

/) —.— continuum
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Reactions with halo nuclei

Momentum distribution of 11Lij

gorfdp, [arb]

der/dp, [ord ]

o

P, EMev/e)

11 Li
(neutron-rich)

— SHe distribution from éHe

simlar to Goldhaber model

Li distribution from ILi (very narrow !)

uncertainty principle
Ap-AX > h

small — large

wider distribution is similar to Goldhaber model

i+ C — SLi + X at 800 AMeV
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