LI\QU Measuring Masses with Zz104 Spiral2. 7%
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Peter G. Thirolf, LMU Munich

Outline:

- Motivation of (S)HE mass measurements
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- Feasibility considerations

- Conclusion
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LI\ﬁU Mass Measurements of (S)HE Spiral2. %
«MLL

SHE: stabilized by shell effects
understanding fission barriers:
-> precise binding energies needed
-> contribution to fundamental
kno
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- so far: (S)HE masses from a decay chains to known masses
- odd nuclides: decay often to excited daughter levels
- direct mass measurements:

unambiguous data independent of nuclear level schemes

- high precision Penning trap mass measurements
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LMU SPIRAL 2 @ GANIL Spiral2. 41
e MLL

exploit synergies of S3 and DESIR:
- high intensity stable primary beams
- highly efficient S3 separator for fusion products
- experimental infrastructure at DESIR: mass measurements

Peter G. Thirolf, LMU Miinchen DESIR Workshop, Leuven, May 26-28, 2010



LI\ﬁU Coupling between S3 and DESIR
« MLL
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LMU Status of MLLTRAP SpiaT2.
«MLL

- 7T trap magnet, identical to
SHIPTRAP, JYFLTRAP

Status:
- operational with Am/m~5-10-8
(without systematic errors)

\
- systematic effects on B field studied k
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LI\ﬂU Temperature and Pressure Stabilization” @2+

« MLL

Temperature stabilization: Pressure stabilization:
- blow war'r.n.air'.in’ro magnet bore - stabilize He reservoir pressure
- PID stabilization: goal # + 10 mK via controlled valve in helium

exhaust line
- goal: + 0.2 mbar
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(work in progress)

diploma work: K. Krug (2010)
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Ll\ﬂU Quadrupole beam deflector Spiral2. 47

o« MLL
- electrostatic 4-way beam bender in injection line

- enables use of multiple ion sources
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diploma work: E. Gartzke (2009)
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L“ﬂu Multi-Passage Spectrometer (MPS) Sviai2#t
«MLL

prerequisite for future use of trap with highly charged ions:
q/A separator

MW =1 -
q = 5+ \\ / P : i T :
\ / - fast cycling magnet: 0 -1.2 T in 50 ms
Y (laminated yoke: 0.5 mm, SigmaPhi)
4= - round pole tip (diam. 250 mm)
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LI\gU Multi-Reflection TOF Spectrometer Spizil#f
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LMU First direct Transuranium Mass Spirald.
.MLL Measurement: at SHIPTRAP
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« MLL

> 206-208ph(48Ca,2n) 252-254Nlo (Z=102):

252-254NJo Mass Measurements

- B, = 4.55 MeV/u
-E* =22 MeV
- Tpeam= 6-10%2 pps

@ SHIPTRAP

Mean time of flight (us)

o
o
1

Spirai2

fos]
(=]
| '

isotope| T,,,(gs) T,,,(isomer) O

59No | 2.44(4) s [110(10) ms | 1.8 b

253No | 162(15) min| 715(30) s | 10pb  w e
252NO 51(10) S 266(2) ms 400 nb Excitation frequency — 850,012 (Hz)

accuracy:
Am/m ~ 5-10-8 - 107
(Am~13-30 keV)

- production: 01 atom/sec.

- ¢(Shiptrap) ~ 1-2%

- ca. 1 ion/min. detected behind trap

> present limit:

255 p: 209Bi(%8Ca,2n) at 4.55 MeV/u:
o~ 200 nb

> 0.3 ions/s detected in front of SHIPTRAP

> ~ 10 ion/hour detected behind trap (May 2010)

Peter G. Thirolf, LMU Miinchen

M. Block et al., Nature 463 (2010) 785
M. Dworschak et al., subm. to PRC

DESIR Workshop, Leuven, May 26-28, 2010



LI\ﬁU Updated Mass Evaluation Spiral. 7%
« MLL

- before: No masses indirectly via Q, values from decay spectroscopy
- new Nobelium masses: ‘primary’ nuclides in mass evaluation
- including new SHIPTRAP results:
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Rf masses: ~ factor 2 less accurate than No
M. Dworschak et al., PRC in print
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LI\ﬂU Candidates for measurements Spiral2. 7%
« MLL with Z>104 @ MLLTRAP

> Sg-isotopes (Z=106):
K. Gregorich et al. (PRC 2006):

238U(305i,xn)?%8x5g 10 - 40 pb
B. STf‘@'Cher‘ eT a' (2007): Laboratory Frame Beam Energy (MeV)
208Pb(54cr"1n)26159 . 20(1) nb . 1.20261125 _130 135 140 145 21:22

103;

> Db, Rf isotopes (Z=105,104):
i) Nagame et al. (JNRS 2002):
248Cm(180,5n)?°'Rf (94 MeV): 13(3) nb
248Cm(1°F Bn)?%2Db (106 MeV): 1.3(4) nb

102;

Cross Section (pb)

10’

30 35 40 45 50 55 60 65

i) Gates et al. (PRC 2008) Jeieten Freor e
238U(%°Mg,3n)*CIRf ~ 28 pb
238U(26Mg.4nY2¢0Rf :  180(80) pb  (133.0 MeV)
238J(%°Mg,5n)?°°Rf : 1.56(50) nb (138.5 MeV)
238(%°Mg,6n)>>8Rf :  0.77(20) nb (144.5 MeV)

Peter G. Thirolf, LMU Miinchen DESIR Workshop, Leuven, May 26-28, 2010



LI\ﬁU Production of Light Rf Isotopes

S

« MLL

iii) Dragojevic et al. (PRC 2008):

208Ph(50Tj,2n)2%6Rf :  15.7(2) nb
—> 208Pp(%0Tj 1n)257Rf :  43(10) nb
100 Fr—r——r—+——r—+——r———r——r—
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crucial:
optimized target thickness

(Epoan= 239.0 MeV)

230.5 MeV)

DESIR Workshop, Leuven, May 26-28, 2010



LI\ﬁU Candidates: Rf isotopes (Z=104) Spial2#F
«MLL

> 257RF:
reaction : 0Ti + 208Pp (40 nb)
- S3transmission : 50-607%
- farget: PbS (for high beam intensity)
- gas cell efficiency: ~ 10%-30%
- drawback : °Ti beam needs development (expected: 1-10 ppA)

> 299Rf:
reaction : 2°Mg + 238U (1.5 nb)
- S3 transmission: ~ 15%
- target: UO, (will be tested)
- 26Mg: high intensity (>10 ppA), available in 2013

- clear preference for 25’Rf (via °°Ti reaction)

Peter 6. Thirolf, LMU Miinchen DESIR Workshop, Leuven, May 26-28, 2010
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«MLL

Candidate: 297Rf

p.*ra'

Z
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Neutron number
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LI\ﬁU 257Rf: connecting a decay chains Spiral2. 4%

e MLL
decay chains: even Z, odd N:
- gs 2> gs a decay not favored 2;92[7’&}&3 AME Tke
- knowledge on level schemes required [keV]
dQ, =20 keV
264HS 265Hsm )
40 90# a from gs/isomer
5Q, = 20 keV
5Q, = 15 keV
260Sg | *°*Sg new (SHIP) data on 261Sg decay:
40 | (75#) B. Streicher et al. ,
5Q, = 30 keV (to be subm. to EPJ (2010))
5Q, = 17 keV
256Rf 257Rf p
17.6
0Q, =20 keV
Qa / 3Q, = 15 keV
Z
252N | 253N0 | 254N0o
13 8.8 18

measured by SHIPTRAP
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LI\ﬁU Decay Properties of 257Rf Spiral2. 47

« MLL
Qian et al. (PRC 2009): 208Pp (0T} )7 Rf
- isomer in 2°’Rf:  160(40) us -
- - g
(1. (257Rf) > 4 1 S) ~1130 high-K isomer
1/2 =t
/ ICE A o
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0 1/2+ gs o \
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29 us 164s 670ms | *'S |72
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N / N Lr 257
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« MLL

Yield Considerations Spiral2. 7%

Example: (from: P. Greenlees et al., S3 LoI 2009)

target: 238U, 0.25mg/cm?
S3 transmission: 30%
primary beam intensity: 10 ppA
a decay events detected at focal plane (¢=0.55):
10nb > 23460 events/week detected
- ~ 43000 events/week at focal plane

257Rf : - S3 transmission: € ~ 0.5
- gas cell stopping: € ~ 0.3
- 40 nb: ~ 84000/week after gas cell

- assume transport/bunching efficiency ~ 15%
> 10000/week at trap : ~ 1/min. at trap

transport efficiency to MLLTRAP to be studied

Peter G. Thirolf, LMU Miinchen DESIR Workshop, Leuven, May 26-28, 2010



LI\QU Conclusion Spivai2
«MLL

> coupling between S3 and DESIR can be exploited for program
on precise nuclear mass measurements of heavy elements

> high primary beam intensities, large separator efficiency:
isotopes with Z&104 within reach for Penning trap studies
using MLLTRAP@DESIR

> candidate: 2°’Rf (0~ 40 nb)

» staged approach:
- day-1: commissioning with known Nobelium isotopes:

206-208Pp(48Cq,2n)?%2-2%4No . 0.4- 1.8 pb

- beam development: OTi
- day-2: 208Pb(%0Ti,1n)?57Rf : ~40 nb

Peter 6. Thirolf, LMU Miinchen DESIR Workshop, Leuven, May 26-28, 2010
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