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adioactive 'on eams (reminder)

Projectile Fragmentation

In flight :
GANIL, GSI, RIKEN, MSU

" Thin production High energies of projectiles
ghe ‘ (~100MeV/u),

« Relativistic Coulomb excitation
* Fragmentation

ISOI

Isotope / isob

I 5 OL : ::::::;i;.: : separator
CERN, TRIUMF, GANIL-SPIRALZ2

* Energy around the Coulomb barrier
« Posible use of fusion evaporation reactions

Radioactive ion beam




RIB application in studies of extreme high spins

Spiral2 Dayl-Phase2 LoI, A.Maj (Krakow), A.Leoni (Milano) et al.

Study of collective modes of excitations in neutron rich Ba isotopes
via fusion-evaporation reactions

Reaction:
RIB: 9Kr (370MeV)+ 48Ca — 138Ba (CN), L., ~ 90 h

Setup:
U y-ray detectors PARIS (27), EXOGAM2/AGATA
a



Evaporation Residues separation technique with VAMOS at O0°

i‘“"‘i . Bpg=1.4 T-m
E: %zd"‘ec.l- p:D.S mbar

40Ca (196 MeV) + 150S5m — 190pp*
C.Schmitt et al., NIM A621 (2010) 558



Unfavorable case of inverse kinematics reactions

v/c (rec) ~ 7%

>Kr (430MeV)+ %Ca - 2Ba (CN) " 1oy

Ch.Schmitt




ecoil ilter etector - an alternative solution

evap.
residues

L

Time of Flight

is a HI detector that
measures evaporation
residues in coincidence with
y-rays detected in a Ge array

technique is
applied to select evaporation
residues in event-by-event
mode



EUROBALL and RFD (Strasbourg 1999-2003)

\ 3 S—— - y 14 S o e y —
! = ¥ y g ) N Y 2
. : ki . y . “,&( ; \ t) e
. i3 ¢ /i ¥ 2 g Ny
. ) . L 0 P -\ N U
> \ 4 . % ; / .' ‘» i uy 4
’ | N Y AT AN -
- S < ¢ ; 4 RS S\ \ e
, w 1 - & N (L A e ) ™
\ 2 ».4V & w ‘,"' . 5’ E .
. & ’ =i | DX - N e 4 3
/ <~ VA _
.. 4 4 \ / y
3
- ¢ y ”

' i

| —

T
.

[ Target chamber RFD }




GASP and RFD (Legnaro 2009-2012)

K T %

b

« All (40) Ge-ACS
detectors remained in




RFD 3D view




HI Detection Technique

@ 18 individual detectors HV feedthrough

@ ToF = 50 -700 ns A
electrode ﬁ‘

@ v/c= 0.5 -7%

target
chamber

d=1350 mm
A= 1.6° -6.7°
1000 mm




HI Detection Technique

Mylar 500 nm Al 20 nm
Secondary Electron Emissiol
recoil

>3 MeV foil cylil
- U (kV) elec

PolycrysiallinesCV DD
- i | B

PM fatigue effect due to
high count rate (MHz)

electron trajectories equipotential lines
t<ons




Measurement with a continuous beam

possible if the recoil and the
projectile deposit different
energies in a foil

feasible only at low intensity
beams (T << 1pnA)

may not work with a
polycrystalline CVDD

106MeV O + *Si,

DC beam




Improvement of y-spectra by a coincident recoil detection

92 MeV 0 + 0.4 mg/cm? 208Pb 68 MeV 180 + 0.8 mg/cm? 30Si

2000 Pp xrays singles y
mean velocity correction

—recoil

true velocity correction
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Heavy systems: * Large recoil velocity:

v’ fission background reduction v reduction of the Doppler broadening
v’ low ER cross sections ¢ ~ 0.1 mbarn



Gamma-ray energy resolution

Centroid = 1332.37 keV

FWHM = 11.63984 ke¥

G. Jaworski



Gamma-ray energy resolution

FWHM = 2.4 keV @ 1.3 MeV

Centroid = 1332.5 ke¥ GASP + RFD

FWHM = B.58635 ka¥

_ AGATA + RFD
Centroid = 1332 47 kaV
FWHM = 3.13711 ke¥

ok

Simulations: G. Jaworski



Estimation of a short lifetime
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68MeV “O + 0.8mg/cm’® *Si;
Recoil transit time ~ 0. 4 ps

b Prabel Ay bl 1
ﬂS"SC; 3110 keV

E(}
A
" TA+B
Ey E

Energy of a y-ray emitted in a target (B)
is not sufficiently Doppler corrected

A level lifetime can be expressed by
number of decays in vacuum (A) relative
to a total y-line intensity (A+B)

T range :



RFD G4 simulations for the Spiral2 D1P2 experiment

90Kr(48Ca, 8n)!30Ba MeV
Target: 48Ca, 1mg/cm?
RIB at 388 MeV

point-like beam

Hecoils




Efficiency
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Individual element size and position

foil diameter = 50 mm 55 mm 62.5 mm 67.5 mm
inner ring theta= 2.9 deg 2.9 deg 3.2deg 3.45deg
middle ring theta= 5.1 deg 5.1deg 5.65 deg 6.0 deg
outer ring theta= 5.69 deg 5.9 deg 6.55 deg 7.0 deg

D=4m




Possible projectile-ER separation by ToF at 4m

Tofav = 145.11 ns Tofav =239.23 ns
o =0.28 ns o=542ns
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v/c~9 % v/c ~ 6 %



Estimation of radioactivity deposition

Number of ions fransmitted

*RFD cone
beam: 99.97%
recoils: 82.28%

starget chamber

beam: 99.98% |
recoils: 82.7% [\

beam: 97.57%
recoils: 53.69%
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Further improvements

Realistic RIB profile
True detector geometry

Inclusion of compeeting reaction channels

Entries 99004
Mean 5.541
RMS 10.5

CASCADE-GEMINI

fusion-evaporation

fission

50
theta [ang]



Simple logics of the Trigger & the DAQ system

beam-pulse cut of f VME blocks

RFD -+ Lin.Gate
T gate

> QDC mmmm——— AE/dX

L

CFD
N l y-recoil
'%

RF

y-prompt

A 4



Connection to a digital triggerless DAQ
(AGATA, EXOGAM, PARIS)

AGATA Demonstrator

pulse

6TS

Time stamp

Data
Synch.

Tracking

Doppler
correction




Conclusion

* Recoil Filter Detector - a good solution
for inverse kinematics reactions with RIB

* Projectile, fission rejection
* High efficiency for ER
* Doppler broadening minimization

* Negligible radioactivity deposition



