VIS PARIS @ VAMOS

¢ Physics program based on fusion reactions for PARIS @ GANIL / SPIRAL2

m Jacobi shape transitions :

» Shape phase diagrams of hot nuclei:

= Hot GDR studies in neutron rich nuclei:
= Tsospin mixing at finite temperature:

m Onset of multifragmentation:

m Reaction dynamics:

= Heavy-ion radiative capture:

140X (5AMeV) +
1325 (5AMeV) +
“Ti (4MeV) +
64Nli (10AMeV) +
160 (7AMeV) +

12C (2AMeV) +

%%Kr (9AMeV) + 24Mg -> 120Cd*

48Tj -> 198Cd*
12C -y 142Rg*
24Mg -> 68Se*
687N -> 132Ce*
197 Ay -> 213Fp*

12C -> 24Mg*

Heavy-ion analyzer mandatory with increasing I, ., and decreasing ¢'s

E.g. - Cross section determination

- Removal of y-background caused by other channels (fission)

-> Tagging of the mechanism

—> Evaporation residue (A, Z, v, 9, ¢) identification
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A fusion-ER analyzer for PARLS

Do we have the suited tools ?

¢ Tasks of the HI device for O° operation

—
- Discrimination between all open reaction channels ) .—»

(fusion-evaporation, fission, Coulomb excitation, ...)
- Efficient selection of fusion-ERs
- Powerful beam rejection !

¢ Beam/ER separation according to v and/or magnetic rigidity Bo = Av/Q

Unusual kinematics:

Velocity filter @ LISE3 Bo selection @ VAMOS - symmetric reactions
$2~10msr LECUTSR - inverse kinematics
ho prompt y-spectroscopy prompt v's possible
. . Key question :
in vacuum in gas —
: Is sufficient beam
Velocity x versatile, various kinematics possible rejection achievable
Bo (A, ZV,9,0) for A~150 @ 2AMeV via B or Bp
new device at highva]cZ:Z:m 5
Ch.Schmitt
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The VAriable V\Ode Spectrometer

v’ Standard Q,Q,Dp 0ptics (ullanhiotan et al., NIMA593(2008)343

- QP's for focalisation -> acceptance
- D for dispersion in Bp = Av/Q

v NEW Gas-filled mode (schmitt et al., in preparation)
- vacuum/gas separation, He filling ~Imbar, beam dump

v Focal plane (FP) detection system

- drift chambers (DCs) and/or SeDs
- Ionisation chamber (IC)

- Si wall

- Plastic scintillator

¢ Observables :

(x, y) from DCs or SeDs — (Bp, ¥, @, path 2) } A/Q

T,; from RF-SeD, RF-Si or SeD-Si 1. velocity vector v

AE from DCs or IC } Z. A)

E,.s from Si and/or Plastic ' — Selection and/or Identification

of the fusion ERs
* large Q2 and p acceptance
* accurate (v, 9, ¢) info
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Vacuum / Gas-filled magnets

( Behind the target: wide Q4 distribution
RN Magnetic dipole: dispersion in Bp=Av/Q

{vacuum)

~ion
V' Qg iq distribution transported along vacuum section
v’ Bp for beam and ER overlap

v’ Q dispersion

7 e Poor beam rejection (sufficient ?)
MAGNETIC FIELD . . . . "

REGION e Limited transmission ( )
(with gas) -

[T e Precise identification AA/A~150

- - - = -

ion
Due to ion-gas molecule collisions :

v Qgqs reaches a narrow distribution

V <Q>g~ vZ3 ile. Bp ~A - separator
Paul et al., NIM A 277 (1989) 418 v Qgqs and v focusing

e Powerful beam rejection if Ap.qm # Agr
e High transmission
e Crude identification AA/A~40
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VAMQOS for PARIS (1)

Beam rejection and transmission in vacuum/gas

Calculations: Flagship experiment of PARLS, 10%pps, 1mg/cm? target thickness, particular ER channel ~ 100mb

94Kr (430MeV) + 48Ca -> 142Ba* 94Kr (900MeV) + 26Mg -> 120Cd*

10"

10
10°
10°
10

3

10

¢ Beam onto the
detector in both cases

beam

M

¢ 94Kpr + 48Cq feasible
at all with high I, ?

10

10"
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|| AR 8
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VAMQOS for PARLS (2)

Beam rejection and transmission in vacuum/gas

Previous experiments :

¢ VAMOS in vacuum mode : :; B2Kr
2Ky (4.1AMeV) + 27Al (0.5mg/cm?) 4.
-1, .. ~ 106pps (beam time T) 10:;
- mask on part of the detectors (efficiency |) bl
:::% II:I.l4I I ‘D.GX.;”D.SI I1I I I1.2I I I1.4.
¢ Gas-filled RITU separator :
54Fe (3.3AMeV) + 54Fe (1.1mg/cm?)
78Kr (4.3AMeV) + 96Ru (0.5mg/cm?) - Limit ~ reached @ RITU
36Ar (2.9AMeV) + 40Ca (1.0mg/cm?)
40Ca (3.0AMeV) + 49Ca (1.0mg/cm?) > Go beyond @ VAMOS due to larger dispersion ?

54Fe (3.6AMeV) + 38Ni (1.0mg/cm?)
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VAMQOS

Beam rejection and transmission in vacuum/gas

¢ Vacuum spectrometer .
132Sn (5AMeV) + 12C

-

beam particles

ER particles
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¢ Gas-filled separator :
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Conclusions

@ Challenging kinematics addressed by PARIS physics for ER measurements @ O°

v , vacuum or gas-filled, as a powerful separator
(large acceptance, large dispersion, accurate v)

v Feasibility to be evaluated on basis (entrance channel, system size, E)
vacuum mode: asym direct, sym and inverse at high E
gas-filled mode: asym direct, sym to inverse (except low E for very inverse)

v' Alternatives :
- VAMOS at 8> 0°
- Kracow ~ecoil Filter Detector (= very welcome in G2 1)
- other ideas ...

@ (Unequaled) gain in sensitivity achievable with a ER analyzer

v' Tagging based on y's or light particles difficult, namely with RIBs

v" Accurate Doppler correction
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Charge equilibration

Image size = compromise Q focusing vs. multiple angular scattering
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Charge equilibration

Achievable mass resolution at very low pressure ?
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Fig. 2. Measured focal-plane position spectra for **Ac recoils with an incident energy of E = 14.5 MeV measured with HECK at different
pressurcs. The hatched areas denote the satellite peaks mentioned in the text
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Fig, 3. Position spectra calculated as described in the text for *'“Ac ions with an incident cnergy of £ = 14.5 MeV along the focsl planc of

the gas-filled separator. Note the shift in position of the mean value towards smaller g-values due to energy loss in the gas,
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-> Peaks attributed to reactions on C and F
-> In real experiment, (Ca+Sm) ER v¥'s should clearly be seen with My =2 gate
-> VAMOS mandatory here to have the desired ER in coincidence
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RITU vs. VAMOS

Influence of the dispersion on focal plane pesition

»10° 142Xe (3.5AMeV) + 74Ge

Beam

1 1 I 1 1 1 1 I f:. 1 1 ] I 1 -: 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-300 -200 -100 0 100 200 300
Focal Plane Position (mm)
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Limitation of the vacuum mode

Difficult operation close to O°
(fusion but also direct, (in)elatics collisions with heavy beam in inverse kinematics)

1= If BPlbeam = BPproduct * direct beam reaches the focal plane
\m==p Particularly important @ high and SPIRAL2 beam intensities

Ex: Fusion around the barrier from SPIRAL2 LoI's :
from kinematics

Magnetic rigidity Bp « A/Q v

from parameterisation

gE FC6AMeV) + Pon| g1 Kr (SAMeV) + “’Nd
ERU 10 B : N 1.
eam rejection not
105é‘ 105; .
achievable for
10° 10°E N
~ symmeftric
10 ok . . .
inverse kinematics
.. ERs " s
i el I ] reactions
10" %6 0.8 1 1.2 14 16 1.8 102
Bp/(Bp)nominal
g UF “Kr (5AMeV) + *Mg| g w0'f H2Xe (3.5AMeV) + Ge
g 5107;—
106% 105; . .
3 ol Alternatives:
10‘%— 104; o . .
o oE W= ? active finger ?
0E 102 F
10 10%
1 ;_ 1 ;f
10 e N e L e e 1.4 15 18
Bp/(Bp)nominal Bp/(Bp)nominal

PARIS Collaboration Meeting, Cracow, October 2009 Ch.Schmitt



Achievement of the gas-filled mode

Test case: VAMOS filled with He at 1mbar

from kinematics
Magnetic rigidity : Bp < A/Q - v

from parameterisation

[TC (6AMeV) + Psn|  ,0F 2Kr (5AMeV) + “\Nd
E10E
Q105;—
°F {\ v Asym direct kinematics: ok
1032—
e v Sym kinematics: ok Il
(.SPIRAL2)
- AN
' ‘o.lslﬁl i }ﬁ —35 L T R I ¥ R vy v' Gain in collection eff|C|enCY
Bp/(Bp)nominal Bp/(Bp)nominal
§OF | e eaMey)+ vy S F 13X (35AMeY) + “Ge
10 5107§_
3106__ "’106_
10°E 10°
it oF A gas-mode would
wk 0t definitively extend
10 10
i3 x 13 today's VAMOS
0 oy /\ capabilities
L T R B ¥ R ¥ R YR I 7 RS R ¥ S ¥ S N
Bp/(Bp)nominal Bp/(Bp)nominal
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