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lon Traps at Rare Isotope Beam Facilities
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FRIB — Facility for Rare Isotope Beams

World-Leading Next-generation Rare Isotope Beam Facility
»80Zr was LEBIT’s last at NSCL

» LEBIT
= FRIB will produce ~1000 NEW E
isotopes at useful rates (4500 l =i
available for study) NSCL o |
* Higher-energy primary beams (200 MeV/ u P BearAden s
for uranium) - = ’

« Ultimate primary beam power of 400 kW

Space for future expansion
of the science program
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Need for Rare Isotope Mass Measurements

Relative mass uncertainty AME20: Huang et al., Chin. Phys. C 45, 030002 (2021)
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Rare Isotope Production at the NSCL and
Delivery to LEBIT

« ™ Fast continuous beam ¢ Primary *Mo beam
_—» Slow continuous beam / Species of interest
» ~ Slow bunched beam / Stable reference ion

lon source

-

Coupled
cyclotrons

A1900 Fragment Separator Dipole magnet

mass separator

Be target

Advanced Cryogenic
Gas Stopper

LEBIT Facility

Time-of-flight ion cyclotron resonance

Cooler and Buncher

9.4 T Penning Trap OfﬂiSne lon
Mass Spectrometer oace
5 4 5 240 1z 5 45 o6 Ringle et al. NIM A 604, 536 (2009) Schwarz et al. NIM A 816, 131 (2016)
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LEBIT Experiment

Ringle et al., Int. J. Mass Spectrom. 349, 87 (2013) Ringle et al. NIM A 604, 536 (2009)
Schwarz et al. NIM A 816, 131 (2016) 94T Penning Trap

Off-line lon sources RFQ cooler (TOF-ICR, PI-ICR)
& buncher k.

|-

Rare
isotope beam
(On-line source)

7TSIPT
(Narrowband FT-ICR)
Hamaker et al. Hyp. Int. 240, 34 (2019)
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Phase Imaging lon Cyclotron Resonance (PI-ICR)
Demonstrated increase over TOF-ICR

« Mass measurement precision of rare, short-lived isotopes is limited by
half life (resolving power) and production rate (statistics)

« PI-ICR" can achieve a significantly higher resolving power than TOF-ICR, yielding the
same mass precision with fewer ions.

» Measures the phase accumulation of ions in the trap as opposed to the time of flight.
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PI-ICR at LEBIT

= Fully commissioned and functional

* Timing resolution and jitter of NI FPGA currently not
good enough

» Using delay in 2-channel AFG for critical timing

* What do others do?

= First measurements of rare isotopes performed
» Checking for common sources of systematics

= Fully integrate into LEBIT control system

 Tie-in to CS archiver so that data files are written out
just like original TOF-ICR files

» Event-by-event publishing of data to DIM variables for
real-time visualization in MM

» Python-based visualization and analysis tools
created

 Need to move to CS++ (probably prior to
successor) to get everything tied together.

* Scott Campbell coming to GSI in Fall for 3
months
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Single lon Penning Trap (SIPT)
Towards Ultimate Sensitivity

« Motivation: expand reach on the nuclear chart by
allowing measurements of ions with very low
production rates

. Traditional methods — destructive methods, require = 100
IoNs

« FT-ICR method — nondestructive method, allows a
complete measurement with only a few ions

A path towards exotic nuclei
« 100Sn and "8Ni considered “holy grails” for nuclear
structure studies
 100Sn: Heaviest N=Z doubly-magic
 "8Ni: Most neutron-rich doubly-magic

» Expected rates <1 ion per minute with first FRIB beams to
LEBIT

SIPT will allow measurements that are otherwise impossible due to low rates.
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Narrowband FT-ICR Detection
Complete Mass Measurements with Only One lon

FT-ICR Enables high-precision mass
Fourier Transform lon Cyclotron Resonance ;
measurements of rare isotopes
produced at low rates.
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SIPT & PI-ICR: CS Hardware
Integration/Changes

= Function Generators (Keysight 33509)
* Burst mode
* Toggle output
* Multi-channel delays for precision timing

= Power Supplies
* Homebrew and ISEG (controlled by PLC)

* Stahl Electronics — Low Noise Voltage Supply (RS-485)

= Cryogenic Level Monitor
« Oxford LM211S (SIPT)
* Cryomagnetics LM510 (LEBIT)

= Temperature Monitor (Lakeshore Model 218)

=" FFT
+ Stanfordresearch-SRE-Audieo-Analyzer(too slow)
* NI PXI-5922 scope card

= More Timing channels controllable through MM
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CS at LEBIT - Structure

Cli?nt LEBIT control MMS8 Qt le Monltor
PC's panels parameter scan dim variable
N and acquisition | | monitoring and plotting
N HV Platform
OPC j PI-ICR Node
interface | LEBIT /
i Server
OPC server
and LabVIEW 3887 Services Hardware
) Server PC .
Shared Variables V2012 on Win 10 Devices
RS232/485, GRIB,
PLC System € > TCP/IP
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LEBIT Control Panels

used to display and change DIM variables

 Written in Qt 6 using C++ dim interface
VPF LEBITCentralCommand M‘

Help File

HV Bias Offset=-51.3V

HV1 Bias = -1432.2V

HV Bias Offset @

HV2 Bias = -78.4V
I

I

I
_avl - 1ey— TOFICR
GV + ST :GV Penning Trap

Beamline Panels

B

Panel Set OK Mon OK
] ®
O O
(s ] @ O
Vacuum Panels e o
[ LEBIT Line Vacuum ] /// o o
4
[ SIPT Line Vacuum ] LERILET, . .
| JTICR. e e
enning lrap
oerpaneis e o
Cleaning andiss ] o L
[ _spirT | @ o
' MM Computer : EIBACH-WIN7 MM Status : aborted MM File Name : I:\projects\lebit\DATA\currentMM8data\tmp1_Feb221755062017 .dat
— — = — /}
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Mass Measure (MMS8)

* MMS8 developed using Qt 6 — tested on MacOS & Windows 10
e Scripting capabilities — tested with Python

* Some minor visual bugs, but fully functional

 FT-ICR supported

* Future functionality — visualization of PI-ICR?
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5 ; ™ SEL ACT | Mak Clear 2 7 Fix b Seas s
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Eva 8.3.0.5 - Status?

e 00 M Eva 8.207 o
Z SEL ACT Mark Clear | 2 | Fj e
7 B A R AT MU i o ke 8
[81:TOF Spectrum [liBirge-ratio for TOFerr at Channel [BETOF spectrum at scan-channel 1 [ <TOF> vs fit at scan-channel 1
x [us] 74.5 /3730 Marker list: x[ 3995043 /9 Marker list x [us] Marker list; x [#] Marker list:
v Ipl 4.0 ¥ [pus] : 0.81 y [pCts) ¥ [pTof Time] ) O HH Fit multiple files
0.560° 480 175 File Species A Q StartTime EndTime TEx #scans  Counts
Eh = = All % 1K39 39 1 31-Oct-2012 17:40:41 01-Nov-2012 00:09:... var 390 104...
- o Info: o Info: . Info
. BirgeRat: 0.00 o ons: 144 » mean: 0.00 1 121031003 _k39.dat 1K39 39 1 31-Oct-2012 17:40:41 31-Oct-2012 18:12:12 1.000 30 7868
BirgeErr: 0.07 0. error: 0.1 us inner: 0.00
T T R 0 s 319 4o o s | Mean TOF: 19.1us e om oW T Tl s | outer: 0.00 2 121031004 _k39.dat 1K39 39 1 31-Oct-2012 18:12:32 31-Oct-2012 18:34:10 0.200 30 8109
a0 Rec. time error: BirgeRat: -42.00
. AFG7-SetFrequency pCATTImelofifight no #Fit pieanter 0 40 3 121031_005_k39.dat 1K39 39 1 31-Oct-2012 18:34:31 31-Oct-2012 19:05:59 1.000 30 8553
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340 o H: : 0.05 C: -6.0 XiA2]
esliyes i) uiLs) R 5 121031.007_k39.dat 1K39 39 1 31-Oct-2012 19:33:20 31-Oct-2012 20:04:49 1.000 30 8959
0. error: 0.0 us 1.00 50,01 124
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aso 100 " Add files Remove selected file Cancel
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* General purpose TOF-ICR analysis

* Eva 8 based on Qt 6 — tested on MacOS & Windows 10

* Multiple fit functionality and no-doubles function

* Important bugfix: start and end time in .ft2 and .log file were the same

Future functionality — PI-ICR, FT-ICR (EvaFFT developed as stopgap)?
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QtDimSave

r - — - - T c ? P
&s QtDimSave 1.10.1 - = &s SIPT_CRYOLevel_LN2 properties
File
[C] 10DegDefY_Mon o DimService Value Min Value Max Value | SIPT_CRYOLevel LN2 150
E :Egi_zx?&lz:?e | |13 FuaPIR Mon 0001 Se-5 0001 Recordstarted:  01-02-201709:24:16 |
B AFGZ:adFrequency 14 FVBPIR_Mon 0.0041 0.0037 8 Lastvalue recored:  99.1 at 22-02-2017 15:01:02
[] AFG2_actOutputEnabled 15 FVCPIR_Mon 0.0032 0.003 0.0033 Min recorded value: 5.3 at 14-02-2017 16:06:49 100
AF . ¥ .43:
E Ang_Zic:t::a:ye 16 G2-v2003 2500 2492 2572 Max recorded value: 101.1 at 14022017 16:48:33 | || s
[} AFGZ:nomAmpIitude 17 HV1Platform_Mon 143224 142401 1439.56 3
E AFG2_nomDCOffset 18 HV2Platform_Mon 78.3886 769232 79.8537 50
AFG2_nomFrequency . 120
[F] AFG2_nomOutputEnabled 19 HVBiasOffset_ Mon -51.2819 -56.1657 -46.3982
[] AFG2_nomPhase 20 LASPIR_Mon 0.001 0.001 0.0014 100
E :Egg-ﬂﬁg?&ﬁt“de 21 LEBIT_CRYOLevel... 100 726 100 . 2,° o > o o
_act set Y5 Yo 7 “ip 2
[] AFG3_actFrequency 22 LEBIT_CRYOLevel.. 100.3 -319 109.7 5 3 o 11“06‘ 194'05' *1003' jf'og' 215}01'
[7] AFG3_actOutputEnabled 23 PTIPEN_Mon 13e8 13e8 1667 . s ° Ui P o> kS Rt 2
Eﬁigi—;_‘r‘;:ase 24 PTIPR Mon 0.001 0.001 9 0 Time
_birthday |
[7] AFG3_nomAmplitude 25 PT2PEN_Mon 6.8e-9 6.3e-9 1le-6 20 |
E AFG3_nomDCOffset 26 PT2PIR_Mon 0.001 0.001 0.001 0 min max Coordinates: 2017-02-11 12:56:05 73.845
AFG3_nomFrequency 27 SIPT_CRYOLevel_.. 1011 6 1011 5 e 0615
[] AFG3_nomOutputEnabled - il b : N o0z 1002 ;?:: w0z 202 [ Autoscae x (121,703 09,613 g Max temp stored data 10000 |2
[] AFG3_nomPhase P2 SIPT_CRYOLeve 991 164 101 |‘ Autoscaley |0 150 [ Log? Min length of teinterval 60 =
[] AFG4_actAmplitude 29 SIPTBenderPEN_.. 1.4e-8 0 5 S———— in length of update interval s
[7] AFG4_actDCOffset Y T QTG c ey Coordinates: ~ 2017-02-11 17:15:00 69.9875 0l Min datapoints per file 100 3
[C] AFGA_actFrequency [7] High Level Alarm  1e+20 300 < Weit tine to vite 500 s
o — =R |
: L Man 0 - Ar— hance st
Y x : Send Email to:  eibach@nsd.msu.edu
Filter Filter [¥] Autoscale y |0 [ auto resend
Ino alarms| m server connected| \Litﬂt-cs.inu'anet.nsd.msu.edu:2505||Waiting...| e

* Logging and Saving of Dim service values
e Based on Qt 5.7 —tested on Windows 10

Alarm handling and email notification
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Summary and Outlook

= _LEBIT has been a happy CS user for the last 20 years
= | ast upgrade of LEBIT CS was in 2013

= Need to upgrade to CS++ in the near future
» Windows 10 end-of-life currently scheduled for October 14, 2025
* Most likely we’ll be forced to upgrade to the next lab standard (Windows 117?)

= Fully support move away from LabVIEW
» Want to upgrade to CS++ first for plenty of buffer
* FRIB coming online means LEBIT has plenty of life left in it

= Excited to see what comes next!

Many thanks to Holger and Dennis
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