Chart of the Nuclides s N

T Cluan o the Nustides pocsens i graphic fren ol hpanens T2 W
nucks with atomic number, Z. and ncutron numbee. N
Fach paschde i sepresentod by 3 bon oolored

accondiag 1o o prodoeninent decay made 20 Ca
Magic numbers (N or 7 = 2, 8, 20, 24 L
50, 82 and 126 asc imdicatad by a
rectangh an the char. They
correspond 1o major doswd

shells and show regioms

o preater euclen

banding enerpy '

Color Key

W Stable

¥ Spontancous
[

B Alpha particle
emission

The
Nuc

leus:-

(1-10) x 1C

ncu
10" m

PI’O(OI’I

n

v o oo Ko Hesromved oo

MIOBE NSCrMTinS
fatetie

strong

field

quark

<10 "m

electromagnetic

heavy ion

nuclear reactions
PO



https://upload.wikimedia.org/wikipedia/commons/5/5f/Hans_Bethe.jpg

SI1S-18 UNILAC

.} .. RELATIVISTIC {LOW ENERGY
: COULOMB # | COULOMB EXCITATION
1 EXCITATION i




Count rate estimate

Reaction rate [s1] = luminosity - cross section [cm?]

= projectiles [s1] - target nuclei [cm™] - cross section [cm?]

beam structure:

accelerator current: 1 pnA consists of 6-10° projectiles [s]

target thickness: 1 mg/cm?

6-10%23.1073[g/cm?]

= target nuclei [cm™?]

Atarget [g]

Aurger | targetnuclei | projectiles | luminosity [s* cm]
200 3-10'8 [cm~2] | 6-10°[s] 18-10%" [st cm™?]
100 6-1018 [cm?] ) 36-10%7 [s't cm?]
50 12-1018 [cm] 72-10%" [s cm2]

5ms
50 Hz [ ] [ 1 [ ] [ ] [

[ duty factor: 25%




Coulomb excitation: particle identifica
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COUNTS

Doppler shift correction

208pp + 164Dy at 978 MeV

: “Dy("Pb,“"Pb)
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164Dy target nucleus measured with PPAC (64Dy target excitation)
index 1=projectile (2°2Pb) index 2=target nucleus (154Dy)

Vo, = 0.04634-(1+ A/ A)*JE, . /A (50.02746)

V, =2-V,,-C0S Y,

cos4,, =c0s 9, -cos Y, +sinJ, -sin G, -cos(goy — (pz)

COINC CORR cos(p, —¢,) =COS@, -COS@, +Sing, -sin g,
+SUPPR.
oo Eo, 1-v,-cosd,
20 30 40 50 60 =
E J1-V2
ENERGY (keV) ’ 2

D. Schwalm et al. Nucl.Phys. A192 (1972), 449



The reorientation effect ‘1!1
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The excitation cross section is a

target direct measure of the EX matrix elements.
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Quadrupole deformation in 182,184, s;ti

‘W182 \-V183 Wi1s4 5 y W187 WI188 | W189 W190
17y 3E+17y AR 21372h 69.4d 115m 30.0m
0+ m- i 0+ ‘ 3- 0+ (3129) [
26.3 143 30.67 3 I p- p- B
Tal82 Tal86 | Tal87 | Tal88
11443 d 51d 87h 494m 10.5m
2+ » | o ) (7124 23 1 1 6
90083 |5 B- B B p-
[EiarEa HE175 Qo N i o B s a i A sia b II Hf181 | Hf182 | Hf183 | Hf184 | Hf185 | Hf186
2.0E15y 70d 42304 9EG y 1.067 h 4120 35m
o+ 52 - L 0+ 112- e | 6 0+ 0+
Rt EC 2 1 27.297 13.620 35100 [i5 B B B p-
T T T
D-U | l l
0.1+
> ‘
- O Spherlcal Transitional Deformed
AL <<O
~ c >
3 LLl )
.‘\_“ -
~e -03F -
G > —>
04| Deformation
-0.5
prolate
_06 | | 1 1
0 5 10 15 20

Spin [

R. Kulessa et al., Phys. Lett. B218 (1989), 421



Alignment of i,5,, protons in 2422
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W. Spreng et al., Phys. Rev. Lett. 51 (1983), 1522



particle—detector .
114,116Sn—>8Nji at 3.6MeV/u

E,=1300, 1294 MeV
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counts

O-transfer reactions
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H.J.Wollersheim, C. Fleischmann et al., Nucl. Phys. A556 (1993), 261



-
o
-
a
-
-1

' 226
+ 04ORa
P I’
+' p)
N —
= Sty
=
g LT
S 2
o
(@]

™M,

208py _s 226R g
Eyp = 4.7 AMeV

150 < 9, < 45
00 < Qrap = 3600

150 200 250 300 350 400
energy [keV]

226Ra target broken after 8 hours

H.J.Wollersheim, C. Fleischmann et al., Nucl. Phys. A556 (1993), 261



Radial distribution of EWF

Electron conversion

o>
r

@, bound state electron (0}* free particle electron

+** For an electromagnetic transition internal conversion can occur instead of emission of gamma radiation.

>

In this case the transition energy Q = E, will be transferred to an electron of the atomic shell.

E -B T, kinetic energy of the electron
e Y e T
B,: binding energy of the electron

internal conversion is important for:

i 2 L+5/2
- heavy nuclei ~ Z3 s(_L 2mec
- high multipolarities E¢ or M a (EL) o< Z L+1 E

- small transition energies
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A3, = 200
target — Mini-Orange: 19 cm
Mini-Orange — Si detector: 6 cm

Doppler correction for projectile excitation:

T, =y-Te-{1—31-\/1+2mec2/Te-c05961}+mec2-(y—1)

c0s6,, = cos9;cos9, + sind;sind,cos(p, — ¢1) -
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Electron spectroscopy

T 12‘ T
ELECTRON i i
TRAJECTORY Bwr . “Mgﬂ%XaAnf%Dy y
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resolution of the spectrometer AP /3
including Doppler correction (T)E N
as calculated for a point source 0.4
scattering in the target (1) 0.004
beam optics (i) 0.11
evaporation of neutrons (iii) G.08
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L. Handschug et al.; NIM 161 (1979) 117



Nuclear structure
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Coulomb excitation of the K = 8 isomer

» 178Hf + 130Te at 560, 590, 620 MeV
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H. Xie et al.; Phys. Rev. C48 (1993), 2517
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- Spectroscopy of binary and ternary fissi
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Neutron Evaporation
' and Gamma Decay

y

The origin of fragment spins and their alignment

4" — 2" transitions
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Open problems

Coulomb excitation of isomeric states in deformed nuclei

Nuclear structure of 208Ph

Studies in the 19Sn region (Magda Gorska)

Search for diabolic pair transfer at higher angular momentum states

Mini Orange devices from Johan van Klinken are with Torsten Kroll (TU Darmstadt)
10 radioactive targets (0.3 mg/cm?) from LMU Miinchen stored in Mainz (C. Dullmann)

235U (1 mg = 80 BQ), 2*’Np (1 mg = 26 kBq), ?*?Pu (1 mg = 145 kBq) (area = 0.2 cm?)
226Ra material
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