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Recoil Filter Detector

O Coincidence of ER and y-rays

O ToF technigue allows to deduce
actual velocity of a single recoil

o Doppler correction

o Filtering out unwanted
reaction channels:

scattered beam, fission, Coulex,

W.Meczynski et al, NIM A580, 1310 (2007)

R 200- 400 ns

fusion-evaporation reacf/oﬂ

evap.
residues

—

Time of Flight
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GALILEO(25) + NWALL/PARIS + RFD

J.Kotufa

[ LoT LNL PAC; setup available in 2016



GALILEO(35) + RFD

GALILEO-RFD interface

IFJ PAN/ INFN Milano

0 Compatible with the
EUCLIDES chamber

0 LoI presented at LNL PAC meeting Feb.2016
O setup available in 2017
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Recoil detection efficiency

w
(8]

w
(@)

n
(§)]

n
(@)

—
(&)}

~
S
—_—
>~
Q
<
A
=
Y
Y
(4N]
/A
([
(a4

1,5 mg/cm2
e 1 mg/cm2

—e—0,5 mg/cm2 T8 0 12 14 16 18 20 22 24
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distance from target [m] 128 MeV 26Mg + 198p¢
O Optimal distance 1.4 m




Reduction of Doppler broadening

M. Matejska-Minda et al. Acta Phys. Pol. B44 501 (2013)
and PhD thesis (2014), PRC in preparation

“As, gate: 442 keV
i ‘
«—R F 400 ng —— | %mean velocity correctioﬂ

v/c=0.027

10 keV FwHm)
|‘£

ounts/1000

2,7 rv/c [%]
42 |

N
4

I N Y—Y—recoil
()

5 keV FwHm)
®©

830 850 870 890 ° 1080 1100 1120
Energy[keV

overall GASP spectrum

GASP+RFD, LNL 2009 Qesein )

325 (95MeV) +%0Ca —"?Kr(CN)




Determination of short lifetimes- DSAM

ground state ftrans.

high-spin_trans.
1=72(30)fs

4\
I!I'1

@
| I

Gamma ray energy [ke

Emission in vacuum- Emission in target-
.good correction” .wrong correction”

O lifetime range depends on target thickness

QO 10-1000 femtosecond
femtosecon 0caP:s, 3p)°As g




Supression of the fission background

- "Mg (128 MeV) + "Pt(1,5mglcm’)

O\ 224Th o | GEMINI++

GEANT IV

$

ER
£=32.94%

.
:
éi&ﬂ
:

fission frag.
g=0,76% G, oeg(219229Th,...)~ 10mb
Otiss™ 250mb (967%)

d Simulations -
M.Krzysiek, M.Ciemata




Experimental result

f’t gl_a-rays

198Pt(26Mg XN )219,220Th

Pt Coulex
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Although i ~ 0.1 pnA, we could 5w
also see all known transitions W 198P1’(26M9,0(2 /7) 218Rq

from 218Ra (o < 0.1 mb) Hear;;gh;?pe nucleus

GASP+RFD, LNL 2009 Qesein )




New insight into octupole deformation with RIB

Simplex

Q Reflection asymmeftric o partners
shapes

d Alternative parity bands

[ Expected octupole-
quadrupole transition at
HS




Investigation of the octupole deformation in actinides

0 1980-1990

d Beams : C, O, N
d Targets: Pb, Bi
0 Max.Spin J~207

?.u




Investigation of the octupole deformation in actinides

1

0 RIB COULEX at ISOLDE

Gaffney et al., Nature 497, 199 (2013)
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HS in actinides at reach with RIB ?

RIB: 90-92Rp

Aratohinumber (Z)




SPES LOTI, LNL 2014

RIB: 90-92Rp

Aratohinumber (Z)

| High spin y-ray spectroscopy of heavy,
v=s0 | octupole deformed Ac and Fr nucler
produced in fusion-evaporation reactions
with the intense A~90 Rb radioactive
beams at SPES
(AGATA/GALILEO+ RFD)




High spin states: 30Te(°?Rb, 4n)?18Ac

— — 2098i(13C,4n)218Ac

130Te(92Rb,4n)25Ac

Ofission = 75-95%

Q
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e
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e
Q
Q
“
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n
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-
o

RFD (GALILEO, AGATA) E, = 375MeV,
1 Fission supression v/ic > 4%
1 Doppler correction

\NuSplIn »




Outline of a scientific program

Q Rotational bands and deformation in A=(40-70)
nucler (lifetimes)

O HS around 1%°Sn (optional- with NW)

Q Ultra HS in A~130 (Ba) region via inverse
kinematics reactions (proof of principle)

U HS & octupole deformation in transactinides
Q Warm rotation in tfransuranides (with PARIS) -




Collaboration™®

P.Bednarczyk, M.Ciemata, A.Czermak, B.Fent, B.Fornal, J.6Grebosz,
t.Iskra, M.Jastrzgb, M.Kmiecik, W.Krolas, M.Krzysiek, A.Maj, J.Styczen,
B.Wasilewska, M.Zieblinski,

Institute of Nuclear Physies PAN, Krakéw, Poland,
M.Matejska-Minda, P.Napiorkowski, M.Palacz,
HIL, University of Warsaw, Poland,

6. de Angelis, D.R.Napoli, J.Valiente, 6.Jaworski
LNL, Legnare, ZLialy,

D.Mengoni, F.Recchia,

INFN sezione di Padova, Paceva, Lialy,
A.Bracco, S.Brambilla, 6.Benzoni, F.Camera, F.Crespi, S.Leoni, B.Million.
O.Wieland
Universita degli Stuedli and ZINIFN sezione di Milano, Zialy
J.F. Smith, K.Spohr,..
University of ihe West of Scotland, Paisley, UK

*Call for LOIs- 2™ half 2016, proposals- 2017




Summary of RFD advantages

High efficiency for ER

Background- projectile and fissionrejection
Doppler broadening minimization

Estimation of lifetimes in the fs Fange
Possibility to couple with other ancillary devices :
EUCLIDES, (NWALL) , PARIS, plunger,..

nt RTR (SPFS)
Al I N W’ \V I

I

o Negligible radioactivity deposition
o Not sensitive to any’kind of residual radiation




Improvement of y-spectra by a coincident
recoil detection (with )

92 MeV 160 + 0.4 mg/cm? 206Pb

2000-Pb X-rays
1500- WWMW Wﬂw
1000; W\W

500;

0-

1200-
800::Th X-rays
400::

Y-ray energy (keV)
Heavy systems:

v’ fission background reduction
v’ Jow cross sections o ~ 0.1 mbarn

68 MeV 80 + 0.8 mg/cm? 305/

400

singles y
mean velocity correction

Y- recoil
true velocity correction
1

L45keV |

. W u
NN ‘ML’MWUWW
1400 1600

y-ray energy (keV)

Large recoil velocity:
v’ reduction of the Doppler broadening

NuSpIn




Estimation of a short lifetime based on the
recoil velocity measurement

_-IIIIIIII-
R=T/T[1-exp(-T/T)]

' .--IIIIIIII'A'
_ EEEa

* R
I

68MeV *O + 0.8mg/cm’ *°Si;

. MWJ%&W wrw

“So: 3110 keV v~ 40 fs *  Energy of a y-ray emitted in a target (B)

3020 3060 3140 3180

. is not sufficiently Doppler corrected
Ti; 3013 keV

A level lifetime can be expressed by
j 4 number of decays in vacuum (A) relative
Ca; 5219 ke¥ to a total y-line intensity (A+B)
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