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Hs - Element 108

Transactinide —
group VIII element

2"%Hs is double magic nucleus
with closed deformed shell
at Z=108, N=162

Forms volatile tetroxide —
HsO, — very high yield of
chemical separation!

First synthesized at GSI
; New data -
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Confirmation of synthesis of 277112
S. Hofmann et al., Z. Phys. A354, 229 (1996)
Ch. E. Dullmann et al., Nature 418, 859 (2002)

Hs-chemistry
May 2001

SHIP @ GSI
Feb 1996

Hassium:
Chemistry
possible!
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Doubly Magic Nucleus 2Hs
J. Dvorak et al., Phys. Rev Lett. 97, 242501 (2006)

26Mg + 248Cm mmp 274Hg* wmp 269Hg 2%

269HS 271HS

8.91-9.03

July 2008 at FLNR: Gop-ods o one
Decay properties for 2/°Hs 18-922 1§ 867.8.92 M 9.23_ 2,

confirmed!

5 new isotopes discovered!
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26Mg + 248Cm ) 274HS* ‘269’3/(’€1HS

N
Q=-82,2 MeV

} B -Q=44,7 MeV
B =126,9 MeV

™~
. + 238 wmp 274Hg* wemp 269,2«’,21HS
\ 7"\
Q = - 116,7 MeV

} B-Q=42,4 MeV
B= 159,1 MeV

-~

1403 + 226Rg == 274{|s* mmp 2692202781g
\ 7"\

Q =-153,9 MeV
B = 187,0 MeV

} B -Q=233,1MeV
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4n-channel Excitation functions (2/°Hs)

OpvRr — Gcapt*PCN*Wsur
D e—
Ocn

Ocny ~ Poy — asymmetry

Above the barrier:
Oevr ™M

Below the barrier:

) Oevr ~ (Bgass — Q) ~ Q-value
From Ch. E. Dullmann

Z.H. Liu and J.-D. Bao, Physical Review C 74, 057602 (2006)
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Experim_ental setUp:
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226Ra(8Ca, xn)?’**Hs: experimental details

Beam: 48Ca @ 0.7-1.1 puA (typical intensities)

Target: 234 pg/cm? 2?°Ra0 (1st experiment)

Targetwheelarea: 36 cm? 362 ug/cm? 2?°Ra0 (2nd experiment)
Backing: 1.5 um Ti

Detector: detection efficiency: g, = 87%

(03

£SF = 100%

energy resolution: 50-110 keV (FWHM, a-particles, FPD)
130-310 keV (FWHM, a-particles, side)

position resolution: 1.1-1.9 mm (a-particles, FPD)
0.6-1.6 mm (SF, FPD)
2.0-3.5 mm (a-particles, E, > 3 MeV, side)
3.4-5.8 mm (a-particles, E, < 3 MeV, side)

Separator efficiency: €ocrrs — (40%5)%

Yu.Ts. Oganessian et al., to be published




Target thickness Epeam (MeV) E* (MeV) Beam dose
(mg/cm?) 1018
0.23 228.5 34.2-38.1 2.9
0.36 3.3

0.23 233.5 38.0-42.5 3.0
036 11

0. 36 240 5 44. O 48.1
=15, e 13, e = e
16.33 mm 14.45 mm 25.84 mm
Hs 270 | 8-940 [2.278+6.662] MeV Hs 270 | 9-009 MeV Hs 270 | 8-991 MeV
str 11 6.4194s AE=150kev Str7 8.1642s AE=85kev  str10 7.3538 s AE=81keV
13.75 mm 13.84 mm 25.59 mm
S0 266 | 193.9 [170.6+23.3] MeV S9266| 168.6 MeV S0266| 196.3 [123.1+73.2] MeV
Sg' 0.1629 s g 0.2450 s g 0.3081 s
16.70 mm 14.32 mm 25.66 mm
ER: 11.461 MeV ER: 11.356 MeV ER: 11.537 MeV
23.53 mm 31.40 mm 23.32 mm
Hs 270 | 9.024 [1.132+7.892] MeV Hs 270 | 9-133 MeV Hs 270 | 8-923 [1.442+7.481] Me
str 7 9.7087 s AE=134kev Str8 31.9395s AE=109kev Str4 1.8538 s AE=287 keV
30.24 mm
>187.9 [166.3+>21.6] MeV Sq 266 148.7 MeV Sq266| 1652 Mev
0.0708 s | 0.7517 s =~ | 0919% s

24.10 mm 29.98 mm 23.42 mm
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Hassium chemistry experiment at GSI
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Hs production and separation
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target wheel UNILAC GSI Darmstadt

| 2y

- Y |
Target: 238U,0q4 (1.8 mg/cm?, 1.6 mg/cm?, 1.5 mg/cm?)
238U o (1.0 mg/cm? each)

__ , Beam: 3°S> @ 256.4 MeV (lab) (I, ~ 350 pnA)
Recoil chamber and oven  Detector: 2 x 32 PIPS diodes (AE = 50 keV FWHM)
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Experimental setup

“COMPACT"

Liquid PTFE capillary
nitrogen Quartz wool
cooling Oven plug

2 X 32 PIPS diodes 600°°C

Cu beam

Membrane dump

pump

Recaoll 2381

Drying system chamber target Be window

Overall efficiency 50 %
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Thermochromatography

Longitudinal negative temperature gradient is
established along the thermochromatography
(TC) column

Yield [%]

Different species borne by carrier gas are
slowed down and deposited at different
positions (temperatures) in TC column
according to their volatilities

From the adsorption temperature T, the value
of the adsorption enthalpy AH_,_ can be _
evaluated Distance [cm]

Temperature [°C]

Standard sublimation enthalpy AH_ ,, can be
evaluated based on the empirical correlation | S

Gas flow TC column
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“COMPACT"
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Hs-chemistry - May 2008 - Results

86Q + 238 wmp 274Hs*

E* =51+3 MeV

9.02 3%

Random rates:
At=300s (%7Sg: T,;, =805)
8.0 MeV < E, < 10.0 MeV
Eg > 15 MeV

decay chain E* = 38 MeV E* =51 MeV
o oL oL oL 7.08-:104 3.12-10°3
oo SF 4.61-103 1.67-10°3
o-SF 1.6-1072 4.6-102

AN

268HS
0.5s*

9.58*

26589
9s 16s

8.85 8.69

274Hg*
CN
269Hg 270Hg 271Hg
9.7s 23 s* 4 s*
8.95,9.13 8.88 9.13, 9.30

F

G (4n) =0,8"2°,, pb
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2I0Hs summary of experiments:

26Mg + 248Cm: 365 + 238(J- 48Cq + 226Rg"

270Hs 270Hsg 270Hs

23 s* Sich 76s
8.88+0.05 9.02%005 9.02+0.08

*logigTy,=aZ (Q - E)2+b Z +c

A. Parkhomenko, A. Sobiczewski
Acta Physica Polonica 36, No. 10 (2005)
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Excitation function: 238U(3°S, xn)?/4*Hs

———***Hs (HIVAP)
—— 7 Hs (HIVAP)
*°Hs (Liu et al.))

271

——'Hs (HIVAP)

T
20

GEVR (4n) - 018+2’6-0,7 pb

(Errors and limits corresponds to 68% confidence level)

Paper in preparation
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Excitation function: ?*8Cm(%°Mg, xn)’4*Hs

E, ./ MeV
120 1256 130 1356 140 145
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J. Dvorak et al., Phys. Rev. Lett. 100, 132503, 2008
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Excitation function: %?°Ra(*®Ca, xn)?“*Hs @ FLNR

GEVR (4n) - 813+6’7-3,7 pb
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Preliminary

Calculations: V. Zagrebaev, W. Greiner, Phys. Rev. C 78, 034610, 2008
Exp. Data: Yu.Ts. Oganessian et al., to be published
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