Detection of ultra rare alpha decays of
super heavy n
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d of interest: full fusion reactions with heavy ions , synthesis of
= >110)
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| = chance for relatively higher cross sections of the product
er investigation (it follows from < Pb + Ca)
theless, cross section ~units/parts of picobarn -> intense
S, sensitive detection system, good separation

' clotron U 400 + gas filled recoil separator (separation by the
,_+—- r‘ ‘erence in magnetic rigidity. Gas<- smaller std. of equilibrium
__:;;.:-charge -> higher efficiency)

— "= Duration of experiments typically months — /2 year

_ » special high active materials for targets production (242244py,
245,248Cm, 243Am, 249Cf)

e In collaboration with LLNL ( USA, CA)/ Dubna-Livermore
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Table 1
40+ Technical parameters of the DGFRS
L)
201 o) Dipole ) .
o Bending radius p 1.8m
Maximum magnetic flux density B 17T
0 T T v v Bending angle 23°
60 -40 -20 . 0 20 40 60 Inclination of pole edges 26°
Position (mm) Gap 60 mm
Dispersion 7.5mm per 1% of B
. Comparison of measured horizontal (circles) and Horizontal acceptance +3° per T s
al (squares) focal-plane position spectra in the reaction Vertical acceptance +2¢
F20%Pb—2%2No+2n to the calculations of the ANA-
I code (lines). Quadrupoles
Yoke length 3lcm
Aperture radius 10cm
Maximum field gradient 13T/m
Distances"
Target-Dipole T4cm
Dipole-First quadrupole 88cm
Quadrupole-Quadrupole 100cm
Quadrupole-TOF system 122cm
TOF system-PSD array 18cm
Diameter of target spot 9mm
Others
Pressure of hydrogen 0.7-1 Torr
= A - A Pressure of pentane 1.2-1.7Torr
TNA NNA (=£ <201 NanarMatar Typical target thickness 0.2-0.5 mgjem’
TR PLV|Y IR Vvl VU0 O Mylar window thickness 0.5-1.0 pm

“The distances correspond to the middles of the dipole,



Detecting Module of DGFRS

Silicon “veto™ detector

0y

Silicon position-sensitive

detector array
120 X 40 mm?2
Exy L.
Low-pressure multiwire
proportional chambers

Pentane ~ 1.5 Torr

Focal Plane Silicon Position Sensitive Detector Array




real-time search of recoil-alpha time-
energy-position correlated sequences




Sum Amplifier
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E1<E <E2
.m=10001b
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If n =4, m=1 (the first alpha particle stops cyclotron beam) and K~1000,
n=4/(1000)41 =4/1.0e+09= 4x10-8



Apj'r c2lion 1N the experiment @Lmed to...

HEssynthesis of' element Z=115

- Hazigr] _n 23ISAm + *°Ca ->115 + 3,4n...

- Ava_r'% intensity of 48Ca ions at the target
1 pmcA (18)

- Hﬂ gy 248, 253 MeV, beam dose ~ 9.0E+18

g s <real-time» technique was applied
== = _fF'our decay chains were obtained

= (63 - 3n de - excitation channel + one was attributed to 4n)
_' ¢ Recently, results were confirmed in chemical experiment

with long-lived isotope 268Db extraction)




243Am n 48Ca

a) R l 10.4 MeV R l 11.0 MeV R l o1Mev | 00 R l 12.2 MeV
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: Ols o Ols Ols _ ‘_T,.—-'———‘ i
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- 23.6 mm 18.1 mm

268 268 268 267
Db Db Db Db
= = X = ae R S E. =253 MeV
=X L.
SF SF SF ™ SF
205 MeV[150+55] 200 MeV[14s+52] ) 140 MeV 206 MeV[170+36] !
28.69 h 23.54 h 16.80 h 105.96 min
18.2 mm 23.2 mm 17.8 mm 17.9 mm

1) Energies of events detected by both the focal-plane and side detectors. 2) Energies of events detected by side detectors only.
Chemical experiment ( isolation of Group V elements ) confirms 268Db properties:

half life T,, = 16*'° h - 32+11
Formation cross section of 115 =278, .pb - 4.2%6

Additionally: average neutron multiplicity per fission act 4.2 was measured

Phys. Rev. C (2005) /in print/, && “Mendeleev communications” N1 Jan-Feb. (2005) pp.1-4
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Detection a recoil-alpha correlated sequences in a real-time e“mmarv

mode provides a radical suppression of background events,
when ultra rare alpha decays are detected.

The detection system of the DGFRS was successfully applied
in the reactions aimed to synthesis of 112-118 elements. The
mentioned system allows to detect events with cross sections
down to units of 1037 cm2.

Losses in the total experiment efficiency are in fact units of
percents up to incoming beam intensities about 1pucA (48Ca)




