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1. REX-ISOLDE
(and why coulexŀƴŀƭȅǎƛǎ ƛǎ ƛƴ ŦŀŎǘ ŜŀǎƛŜǊ ǘƘŜƴ ǿƛǘƘ ǎǘŀōƭŜ ōŜŀƳ ŜȄǇŜǊƛƳŜƴǘǎ Χύ

1. FIRST EXAMPLE : 74Zn
2. SECOND EXAMPLE : 80Rb



A.E. Kavka et aL /Nuclear Physics A 593 (1995) 177-211

-Stable beam, high intensity, pure

-Many transitions and states are ñlinkedò

-Constraints from other experiments

-Normalization governed by 

ñincoming beam intensityò

-yields normalized to (ex. 2+1Ÿ0+1)
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-Radioactive beam, low intensity, not pure

-Few (1 ...) transition(s)

-NO constraints from other experiments

-Normalization CANNOT be governed by 

ñincoming beam intensityò

-yields normalized to Target Excitation

(known matrix element(s) !)

Typical REX-ISOLDE experiment ...

from GOSIA point of view much ñsimplerò

-relative measurement (no absolute efficiencies)

-straightforward particle detector geometry

-many Germanium detectors

-few constraints, thus limited information ...



Two examples of GOSIA at REX-ISOLDE

1/ 74Zn on 120Sn @ 2.87 MeV/u

GOSIA1 suffices

2/ 80Rb on 108Pd @ 2.79 MeV/u

GOSIA2 !!!



OP,GOSI
LEVE
1,1,0,0.
2,1,2,0.606
3,1,4,1.420
0,0,0,0
ME
2,0,0,0,0 !BE2
1,2,0.448,0.3,0.6
2,2,0.0,0.0,0.0
2,3,0.658,0.,0.8
0,0,0,0,0
EXPT
1,30,74
-50,120,200,50,3,1,0,0,360,0,1 
CONT
PRT,
16,1
20,1
0,0
END,

1420 keV

606 keV 2+

1+

4+

74Zn

E2/M1

E2/M1

At 2.89 MeV/u on a 2.3 mg/cm2 120Sn target

First example : 74Zn on 120Sn at 2.87 MeV/u
[ŀōƻǊŀǘƻǊȅ ŀƴƎƭŜǎ Ґ нфΦмɕ -роΦоɕ όΗύ bƻ ǇǊŜǾƛƻǳǎ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ƴƻ ŎƻƴǎǘǊŀƛƴǘǎ Χ

No M1 M.E. considered !



OP,YIEL
0
5,3 ! energies and multipolarities
0.1,0.2,0.3,0.4,0.5
1
0.09578,0.0125,0.00397,0.001837,0.001047
2
0.9711,0.07632,0.01812,0.006912,0.003429
7
0.1447,0.0226,0.0081,0.00402,0.00237
24 ! number of detectors per experiment
1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1
поΦрΣ όΧύ ΣмнпΦо Η нп ǘƘŜǘŀ ŀƴƎƭŜǎ
нмΦуΣ όΧύ ΣнноΦм Η нп ǇƘƛ ŀƴƎƭŜǎ
2,1 ! normalisation transition
1   ! data sets see also op,raw
100000,100000
1,1 ! Normalisation of several datasets
4   ! Gamma Yields
0,0 ! Branching Ratios
0,0 ! Lifetime
0,0 ! Mixing Ratios
0,0 ! known matrix elements

8 clusters, 3 crystals/cluster

= 24 crystals with (, ) angular coordinates
(for Doppler Correction)



OP,RAW
1
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
-34.1848,19.6087,-4.7348,0.49443,-0.01931,0,0,-999.
1
24
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24
0 

ln

a0 = -31.01
a1 = 19.61
a2 = -4.73
a3 = 0.49
a4 = -0.019

Total MINBALL efficiency 
(8 clusters, 24 crystals)



OP,INTG
7 9 172.5 223.2 16.4 53.3
170 180 190 200 210 220 230
16 20 25 30 35 40 45 50 55
7
170 180 190 200 210 220 230
24.55 24.82 24.98 25.14 25.23 25.33 25.40
15,15

The target chamber in the center of MINIBALL
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First example : 74Zn on 120Sn at 2.87 MeV/u
[ŀōƻǊŀǘƻǊȅ ŀƴƎƭŜǎ Ґ нфΦмɕ -роΦоɕ όΗύ

Zn

Sn

Laboratory angles for the projectile = нфΦмɕ -уоΦуɕ (!)

OP,INTG
11,14,168.5,212.4,29.1,83.8 
165 170 175 180 185 190 195 200 205 210 214
28 30 35 40 45 50 55 60 65 70 75 80 83 85
11
165. 170. 175. 180. 185. 190. 195. 200. 205. 210. 215.
19.12 19.15 19.16 19.16 19.16 19.16 19.15 19.15 19.13 19.10 19.08
15,15 
OP,CORR



First example : 74Zn on 120Sn at 2.87 MeV/u
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NZn

NSn

Yzn(21
+Ҧл1

+)/Ysn(21
+Ҧл1

+)  = NZn/NSn

Straightforward calculation of Yields (OP,INTG)
No Minimization required !



First example : 74Zn on 120Sn at 2.87 MeV/u
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NZn

NSn

Yzn(21
+Ҧл1

+)[B(E2),Q(2+1)]/Ysn(21
+Ҧл1

+)[B(E2),Q(2+1)]= NZn/NSn

Straightforward calculation of Yields (OP,INTG)
No Minimization required !

Yzn(41
+Ҧн1

+)/Ysn(21
+Ҧл1

+)  :

Influence of the (41
+Ҧн1

+) transition on 
the calculated (21

+Ҧл1
+) Yield is <0.5% !

(with vibrational B(E2,4-2))



First example : 74Zn on 120Sn at 2.87 MeV/u
[ŀōƻǊŀǘƻǊȅ ŀƴƎƭŜǎ Ґ нфΦмɕ -роΦоɕ όΗύ

ERROR on Matrix Elements

YZn(21
+Ҧл1

+)/YSn(21
+Ҧл1

+)  = NZn ҕ NZn / NSnҕ NZn

M.E.(E2) B(E2)
Error due to beam contamination and statistics



First example : 74Zn on 120Sn at 2.87 MeV/u
[ŀōƻǊŀǘƻǊȅ ŀƴƎƭŜǎ Ґ нфΦмɕ -роΦоɕ όΗύ

DIAGONAL MATRIX ELEMENT !?

Zn

Sn

CƻǳƭŘ ōŜ ŘƻƴŜ Χ ōǳǘ άǎȅǎǘŜƳŀǘƛŎέ ŜǊǊƻǊ ŘǳŜ ǘƻ Χ
Fixed ME(2,2)=0 eb
Doppler correction of beam de-excitation filters 

out the correct amount of projectile excitation
(same for the target)

B(E2) depends on quadrupole moment (ME(2,2))
Χ ŀŘŘƛǘƛƻƴŀƭ ƭƛŦŜǘƛƳŜ ƳŜŀǎǳǊŜƳŜƴǘ ǘƻ ƎŜǘ ǉǳŀŘΦƳƻƳ Η



Second example : 80Rb on 108Pd at 2.79 MeV/u
[ŀōƻǊŀǘƻǊȅ ŀƴƎƭŜǎ Ґ мсΦпɕ -роΦоɕ όΗύhƴƭȅ 5ƻǇǇƭŜǊ /ƻǊǊŜŎǘŜŘ ȅƛŜƭŘǎ Χ

Isobaric beam contaminant ... !

OP,GOSI
LEVE
1,1,1,0.000
2,-1,2,0.175
3,1,3,0.376
0,0,0,0
ME
1,0,0,0,0
1,2,0.062,0,2
2,3,0.005,0,2
2,0,0,0,0 
1,3,0.694,0.,2.
0,0,0,0,0
EXPT
1,37,80
-46,108,200,30,3,1,0,0,360,0,1
CONT
END,

376 keV

175 keV (2-)

(1+)

(3+)

80Rb

E1/M2

E1/M2

M1/E2

At 2.79 MeV/u on a 2.0 mg/cm2 108Pd target

Low spin structure poorly known (from high spin studies)
Χ ƴƻ ŎƻƴǎǘǊŀƛƴǘǎ ƻƴ ƳŀǘǊƛȄ ŜƭŜƳŜƴǘǎ ΦΦΦ Η
/ƻƳǇƭƛŎŀǘŜŘ ƴǳŎƭŜǳǎΣ ƘƛƎƘƭȅ ŎƻƭƭŜŎǘƛǾŜΣ Χ

376 keV

175 keV (2+)

(1+)

(3+)

E2/M1

E2/M1

E2/M1

OR

Experiment 2006


