LOW ENERGY COULEX atIBEXDE and GOSIA2

Jarno Van de Walle
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Fig. 6. Gamma-ray spectrum from the 82Se+2%Pb experiment, measured in the 55° Ge detector, corresponding
to scattering angles 113° < 8¢ < 136°.
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Typical REX-ISOLDE experiment ...

from GOSI A point of view much
-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

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

GOSIA2 11!



First example “Zn on'?%Sn at 2.87 MeV/u
[F 02N 02NE -py@DODBAOHOH pDOME LNBEGAZ2dzA YSI adNBYS)

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,

No M1 M.E. considered !

1420 key 4+
E2/M1
606 keVy 2+
E2/M1
v 1+
74Zn

At 2.89 MeV/u on a 2.3 mg/cthi?°Sn target




OPYIEL

0

5,3 I 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
1,111111111111,1,1,1,1,1,1,11,11,1
no®dp> 6X0 IMHn®o H Hn 0 ,
HMPY S 6X0 SHHo®M H Hn LKA |y3f Sla
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 withd(¢) angular coordinates
(for Doppler Correction)



OP,RAW
1

-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,6:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0999.
-34.1848,19.60874.7348,0.494430.01931,0,0999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0:999.
-34.1848,19.60874.7348,0.494430.01931,0,0999.

1
24

Total MINBALL efficiency
(8 clusters, 24 crystals)

Ina=ioa.[ln(E)]i

- \/\/ithout add-back

= = \\ith add-back

10

€ag and € ap

PR PSR T (NS TN SN AT TN SN U T S T T T
0 200 400 600 800 1000 1200 1400

E [keV]
a,=-31.01
a, = 19.61
a,=-4.73
a;=0.49
a, =-0.019

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



OPR,INTG

791725 223.26.4 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 MINIBA




First example ?4Zn on'2°Sn at 2.87 MeV/u
[ F 02N> 02NB -pyDDEAOHUH

E.e [MeV]

Evse [MeV]

“Znon ™Sn Simulation with an
1 2.8TMeVu isotrapic distribution
160

140 vt 3,,= 46.6°-83.0r
120 52 i‘*@,‘_}g whoas [_P“:‘ﬁ_‘:t'm

100 T f

80 e

= : B TR e =
U g, 27321217 O A
20F (Target) IR (P e

a ||||||||||||||J_||||J_|;'|"|.j_'".;':|'.'-|-.'|J_|
25 30 35 &0 45 50 55

expearimeantal
Rutherford Scattering

(Projectile)




First example ?4Zn on'2°Sn at 2.87 MeV/u *™E "Znon ™sn simulation with an
- .'. o A v 2 p e 2. B8TMe\ isotropic distributi
[ F02N}FG2NE -pyDODBAO0OHOH o oopie aEirbuan
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it o
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First example ?4Zn on'2°Sn at 2.87 MeV/u *™E "Znon ™sn simulation with an
- .'. o A v 2 p e 2. B8TMe\ isotropic distributi
[ F02N}FG2NE -pyDODBAO0OHOH o oopie aEirbuan
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First example ““Zn on'?%Sn at 2.87 MeV/u *E - “Znon ®Sn simulation with an
- .'. S A v 2 p e 2.87MeV! isotrapic distributi
[ F 02N 02NBE -pYyDPDBEAOHUH o otropie aetThuien

; 140 . Hm: 4_66:_\83{];

2 bl (Projectile)

Hg 100 o L ; FrT v

W g . Y]
60 S o
” HE-Sh

B = 73.2°-121.7°

20 ﬂargﬂt] ]
i | a P T T N T T T T T T T T T O T o e a1
0.35 25 30 35 & 45 50 55
200

0.3

5 20 7 74 120 Lo experimental
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&
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First example ““Zn on'?%Sn at 2.87 MeV/u
[ 602N} 02NB -pyg@DEAOHOH

E.e [MeV]

OPR,INTG

11,14,168.5,212.29.1,83.8

165170 175 180 185 190 195 200 205 210 214

28 30 3540 45 50 55 60 65 70 75 80 83 85

11

165. 170. 175. 180. 185. 190. 195. 200. 205. 210. 215.
19.12 19.1519.16 19.16 19.16 19.16 19.15 19.15 19.13 19.10 19.08
15,15

“Znon ™Sn simulation with an
2.B87TMe\u isatropic distribution

_ 3,,= 46.6°-83.0r

— [ Projactie)
8., = 7321217 7 SN
(Target) .

PO T TN T [N T T TN T N T T N NN T T T N i e I ]
25 30 35 &0 a5 T 3

expearimeantal

OP,CORR 160 Rutherford Scattering
o 140
180:— $ = 120 (Projectile)
160~ : i E 100
C L] =
140— [ q
C . s LT
120 Target ' \
o 100 l ' 2
> == o Projectile
e~ !
50:_ \' 2 i3 ® b TR 'alﬁ -mln 45 50 '5;5
E o % [_}
40 .. } o LAB
BB ol XL T i 8
o 1 8
002020 80 184 700 iZ0 740 760 180
Laboratory angles for the projectiler=th dwe @Yy ¢
O; a5 The mean scattering angle must be positive if the projectile is detected. A negative sign should

be given with the true value of the projectile scattering angle it the recoiling target nucleus has been
detected to ensure the selection of the proper kinematics. Note that by definition #p 45 1= always
positive, the sign heing only used by the code to zet appropriate flags.



First example ““Zn on'?%Sn at 2.87 MeV/u
[ 02N} 02NBE -pYgDODEAOHOH PPME

1000

800

600

400

counts

200

N7n

Yzn(2Thn MYsn(3Thy") = N /Ng,

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

IIII 11 I 1 1 1 III|IIIIIII III|III|I 11 I 1 1 II
200 400 600 800 1000 1200 1400 1600 1800 2000

E [keV]



First example ““Zn on'?%Sn at 2.87 MeV/u
[ 02N} 02NBE -pYgDODEAOHOH PPME

counts

S Nz, Yzn(2ThnAIB(E2),Q(2)]/Ysn(Z Thn)[B(E2),Q(2+1)E N,/ Ng,
3““;_ Straightforward calculation of Yields (OP,INTG)
F No Minimization required !

0

IIII 11 I 1 1 1 III|IIIIIII III|III|I 11 I 1 1 II
200 400 600 800 1000 1200 1400 1600 1800 2000

E [keV]
1500 —

Tt 3 Yzn(4Th)/Ysn(3ThyY)
ﬂ 1000 :_ "Zn2°=0° 34{:;—
E i o0 ki‘ 5, Influence of the (4ThH,*) transition on
O 500 K ' » | the calculated (2Tn") Yield is <0.5% !

n _’A\ v (with vibrational B(E2;2))

0 ; e "




First example “Zn on'?%Sn at 2.87 MeV/u
[ 02N} 02NBE -pYgDODEAOHOH PPME

ERROR on Matrix Elements

Yo (2,7 TH O {2, Thy*) = N,b AN,/ Ng(B AN,

AM.E.(E2)- AB(E2) Error due to beam contamination and statistics



First example ““Zn on'?%Sn at 2.87 MeV/u
[ 02N} 02NBE -pYgDODEAOHOH PPME

DIAGONAL MATRIX ELEMENT !? , W gonmsn  spdationwithan
>Q@dzZ R 0S R2YyS X 0dzi qa a 878U () A ©@repicdsPINPINE N
= Fixed ME(2,2):O eb 8., = 46.6°-83.0°

{Projectile)

= Doppler correction of beam dexcitation filters
out the correct amount of projectile excitation
(same for the target)

—=B(E2) depends on quadrupole moment (ME(2,2))\
X FRRAGAZ2YLFE fAFSGAYS YSI adNB

8., =73.2:121 7 7 SN
[T et % 3 S

experimental

0,28 - —e—FULL 160 Rutherford Scattering
——=CM1 Lo
—=CM2 o : (Projactila)
i
— 0,24 (statistical error only) =
_0 -
o, ul
C»\rl 0,20
+D“ .
\LIﬁJJ | u.n.‘i 30 358 40 45 50 5I5
@ 0,16 []LAE
0,12

-0,5




Second example®®Rb on'%Pd at 2.79 MeV/u

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,

80Rb

376 keV (3+)

E1/M2| | M1/E2
175 keVy (2-)

E1/M2

vy (1+)

OR

A ~ Ve ~ N

376 keV (3+)

E2/M1| | E2/M1
175 keVy | (2+)

)l

E2/M1

\ A 4 (1+)

Low spin structure poorly knowifrdm high spin studi€s
X y2 O02yaidNYAydga 2y YI (NJ
[ 2YLX AOF GSR ydzOf Sdzas KA IK

At 2.79 MeV/u on a 2.0 mg/chi%8Pd target

Experiment 2006



