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ISOLTRAP beam times throughout 2017:

Precision Mass Measurements at N = 82 (IS574) and N = 28 (1S490)

Nuclear deformation in the A=700 region (1S490)

Q(B-) value for isotopes with A = 88

TISD with MR-TOF MS
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Neutron number

S, (Z,N) = B(Z,N+2) — B(Z, N)

M. Audi et al., Chinese Phys. C 41, 030003 (2017).
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Neutron number

S, (Z,N) = B(Z,N+2) — B(Z, N)

M. Audi et al., Chinese Phys. C 41, 030003 (2017).
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S, (Z,N) = B(Z,N+2) — B(Z, N)

M. Audi et al., Chinese Phys. C 41, 030003 (2017); T. R. Rodriguez, Phys. Rev. C 90, 034306 (2014)



Introduction - Techniques

Mean time of flight / us

M. Kénig et al., IIMS. 142, 95 (1995); S. Eliseev, Phys. Rev. Lett. 110, 082501
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Introduction - Techniques

Multi-Reflection Time-Of-Flight Mass
Spectrometry (MR-TOF MS)

R. N. Wolf et al., IJMS 313, 8 (2012); F.Wienholtz et al., Nature 489, 346 (2013)

Events / 4 ns

13.7980  13.7985 13.7990 13.7995  13.8000
time-of-flight / ms



Precision mass measurements at N=82 and N=28



Precision mass spectrometry of 131.132Cd
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MR-TOF MS allows first mass
measurement of 132Cd.
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1. High-quality cadmium beams:

 UC, target

* neutron converter
e quartz insert

* RILIS ion source

2. Low background
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Counts / a.u.

Precision mass spectrometry of 131.132Cd
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Counts / a.u.
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Precision mass spectrometry of 131.132Cd
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Counts / a.u.

Precision mass spectrometry of 131.132Cd
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Precision mass spectrometry of 131.132Cd
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S. George et al., Phys. Rev. Lett. 98, 162501 (2007); D. Atanasov et al., PRL 115, 232501 (2015);



Precision mass spectrometry of 48Ar

UC, target with cold plasma: a challenge for the MR-TOF MS sensitivity.

Rich spectrum of masses with
325160+ being the most abundant
peak at A = 48 identified by TOF-ICR

4880+ ﬂ
103;

Counts / (3.2 ns)
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Precision mass spectrometry of 48Ar

UC, target with cold plasma: a challenge for the MR-TOF MS sensitivity.

Rich spectrum of masses with
325160+ being the most abundant

peak at A = 48 identified by TOF-ICR
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Precision mass spectrometry of 48Ar
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Precision mass measurements at A=100

—e— AME 2012
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* Fourth campaign at ISOLTRAP in the A = 100 region during the last 5 years.

M. Wang et al., Chinese Physics C 36, 1603 (2012). V. Manea, PhD thesis (2014). A. de Roubin, Phys. Rev. C 96, 014310 (2017)

TITAN: R. Klawitter et al., Phys. Rev. C 93, 045807 (2016).

17



Precision measurements of 98Kr

98 196 2 . . .
| Mo Hg™ | 1. Uniformly distributed background
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Precision measurements of 2°Kr

« 9Kr expected yield was in the order of the observed background
» Switching to doubly-charged ions ->reduction of contamination
 Tune HRS separator for doubly-charge ions

e Check yields with ®°Kr?* and °’Kr2* isotopes

Singly-charge A = 99

T T T1TT1

107

Events / (0.8 ns)
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Time of flight / ms



Precision measurements of 2°Kr

« 9Kr expected yield was in the order of the observed background
» Switching to doubly-charged ions ->reduction of contamination

 Tune HRS separator for doubly-charge ions

« Check yields with °Kr?* and °’Kr?* isotopes Singly-charge A = 48
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Precision measurements of 2°Kr

» Reduction in contamination when switching to doubly-charged ions
 Tune HRS separator for doubly-charge ions

e Check yields with ®°Kr?* and °’Kr2* isotopes

» Observed *8Hg* Doubly-charge A = 99
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High-precision mass measurements by using PI-ICR
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Mean time of flight / pus

88Rb — 88Sr Q-value measurements

Understand and control the systematic

uncertainty of the PI-ICR technique

Determine a well-known Q-value by using

PIl-ICR and compare to already

established techniques (TOF-ICR and/or

MR-TOF MS)
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88Rb — 88Sr Q-value measurements
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88Rb — 88Sr Q-value measurements

Q=R —1)x (mdaughter — M)

5314 . , . |
« Consistent results ] l X
between each 5312 1 ]
measurement techniques  _ c=18keV| [c=0.66keV| |o=0.13keV
< 5310- ]
« The uncertainty reached %
by PI-ICR improves the 5308 - -
accepted values in the e (Rb - Sr)
literature 5306 1 t — AME2016 |-
MR-TOF MS TOF-ICR PI-ICR
25

M. Audi et al., Chinese Phys. C 41, 030003 (2017); J. Karthein, master thesis 2017; J. Karthein et al. in prep.



Isomer separation in 147/:129Cd with PI-ICR

1274smCd, 1S-574

Fil X pos. = -177.16 (3.91)

Fil Y pos. =-277.29 (5.79)

Fit X FWHM = 37.17 (4.42)
(449}

 The PI-ICR technigue allowed fast /
and optimal separation of the \
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Trap center
04 L X :_l
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cadmium isotopes.
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e Preliminary results confirm the

Measurement time: 209 ms

Further details at Poster #10 of J. Karthein

J. Karthein, master thesis 2017; J. Karthein et al. in prep.



Isomer separation in 1%7-129Cd with PI-ICR

R. Dunlop et al. PRC 93 062801(R) (2016)
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J. Karthein, master thesis 2017; J. Karthein et al. in prep.
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Yield studies of neutron-rich titanium and scandium
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Z. Meisel et al., Phys. Rev. C 93, 035805 (2015). G. Audi et al., Chinese Phys. C 41, No. 3 (2017). 28
M.Mougeot et al., article submitted.



Titanium isotopes

Beam gate opened for 5 us

48 H 49 H 50 — 51 H 52 H 53 H - =z
22 TI 26| 22 TI 27| 22 Tl 28| 22 TI 29| 22 TI 30| 22 TI 31 39005 .":.:_:',_
-‘\"Tlr lr‘e ; (2% Abun ‘ Msggz%.:aiu.al M;if?gﬂg‘!in Mszﬂ:‘s:;?:?:ﬁum E 8005_ -::-:::-"::.'
O - Smitdie
= - v;‘:'
O'700F SO
. . - Tndgries
« Target material: tantalum foil 600 2
« Observed laser On-Off effects 5008 48T+ -=E27 .
. . 400F A
« Enhancement factor determined to be inthe 5.t A
order of 120 on 48T 200¢ Laser
L 100F 2.+ |onisation
e Other masses of titanium were not observed of sEe ,

) ) | 1 ) - . L
16.6834 16.6836 16.6838
Time of flight / ms

Beam gate opened for 1 ms

A 'a . .
£ 0 Surface lonisation
18796.992 cm-L D 40
A '“a 30
13158.274 cmL £ 2
Ny & 10
25317.810 cm?
15,6835 16.684 16.6845 29

Time of flight / ms



Scandium isotopes

e Surface ionised stable scandium was 7 ry

observed 18796.992 cm-! 12358.465 cm-1

» Oxide sideband showed factor 3 higher 13888.310 e 1 15936.600 cmt

yield compared to atomic scandium
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Scandium isotopes

Ti Ca Sc K
« Laser enhancement by a factor 50-60 <
* No effect from lasers seen on oxide = 12 Surface ionisation
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Yields of scandium
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2017 In short

« First time measurements of 132Cd, 48Ar and °8Kr completed by using MR-TOF MS
 TOF-ICR measurements of 31Cd confirm the MR-TOF MS value

» Precise determination of the excitation energy of the isomers in 27:123Cd

» Successful determination Q(®8Rb-88Sr) with uncertainty of 0.13 keV

» First yield measurements of Scandium isotopes at ISOLDE
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Events / a.u.

Additional tests to confirm °8Kr observation

MR-TOF MS measurements of °8Kr

Release curve %7Kr*

Charge exchange in the Cooler-Buncher

trap for 9Kr*
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Yield ions / uC
22223323373

Precision measurements of 2°Kr

Comparison of yield for singly- and doubly-charged ions as
detected after the MR-TOF
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Precision mass spectrometry of 131.132Cd
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Mean time of flight / us
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Penning trap confirms and improves
the MR-TOF mass of 131Cd from 2014.
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* Fourth campaign at ISOLTRAP in the A = 100 region during the last 5 years.
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* Fourth campaign at ISOLTRAP in the A = 100 region during the last 5 years.

 Beyond-mean-field calculations show that the Kr configurations don’t mix
strongly in the ground state.
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