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Data Lifecycles 

5
1. The Major Facilities Data Lifecycle in a Nutshell. https://doi.org/10.5281/zenodo.5550224  

CI Compass Data Lifecycle Model1 

MagLab Data Lifecycle Model 
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development 
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2. Data 
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processing 5. Dissemination 

Scientists 
 
Educators 
 
Public 
 
Etc. 



Fourier Transform Ion Cyclotron Resonance Mass Spectrometry 

1. Florida Department of Environmental Protection. https://www.floridastateparks.org/parks-and-trails/suwannee-river-wilderness-trail  
2. Khatchadourian, R. Deepwater Horizon’s Lasting Damage. The New Yorker (2011). 
3. Smith, L. M.; Agar, J. N.; Chamot-Rooke, J.; Danis, P. O.; Ge, Y.; Loo, J. A.; Paša-Tolić, L.; Tsybin, Y. O.; Kelleher, N. L.; THE CONSORTIUM FOR TOP-DOWN 
PROTEOMICS. The Human Proteoform Project: Defining the Human Proteome. Science Advances 2021, 7 (46), eabk0734. https://doi.org/10.1126/sciadv.abk0734. 

Proteoforms 

FT-ICR MS has great utility in studying… 

The molecularly distinct products 
of a single gene 

Persistent organic 
pollutants 

Dissolved organic 
matter 

PFAS in aqueous film-
forming foam 

DOM in natural 
waterways 



Fourier Transform Ion Cyclotron Resonance Mass Spectrometry 

+++Ionization1 Ion Routing and 
Manipulation2 

Ion Cyclotron Resonance 

1. Electrospray Ionization. https://nationalmaglab.org/user-facilities/icr/techniques/ionization-techniques/esi/ 
2. Fulvio314. Wikimedia Commons. https://commons.wikimedia.org/wiki/File:Mass_spectrometer_quadrupole.JPG 
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Fourier Transform Ion Cyclotron Resonance Mass Spectrometry 
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Marshall and Guan, Rapid Commun. Mass Spectrom. 1996, 10, 1819-1823. 
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Advantages of High Magnetic Field

Swift Isolation
Resolving Power



Advantages of High Magnetic Field

Mass Accuracy
Dynamic Range
Peak (Non)Coalescence
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Marshall and Guan, Rapid Commun. Mass Spectrom. 1996, 10, 1819-1823. 



Eclipse-21 T FT-ICR System 

Slide Credit: John Quinn 

ICR Cell 

21 T Magnet 



Orbitrap Tribrid Architecture 

1. Thermo Scientific  Orbitrap Eclipse  Tribrid  Mass Spectrometer: https://www.thermofisher.com/order/catalog/product/FSN04-10000 

The Orbitrap Eclipse 
“tribrid” front end 
contains three mass 
analyzers. The ICR 
analyzer on the back 
end creates a unique 
“quadbrid” instrument. 



21 T FT-ICR System 



21 T FT-ICR System 

Ion routing quadrupoles 
transmit ions ~2 m into 
the ICR cell inside the 21 
T superconducting 
electromagnet. 
 
A series of pumping 
stages decreases 
pressure to the ultrahigh 
vacuum region (<10-11 
Torr). 

Decreasing Pressure

Ion Path 



21 T FT-ICR System 

The Data Station 
PC – the only 
interface that a 
typical user has to 
the system. 



Eclipse-ICR System Architecture 

FTPC1 

Orbitrap  
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Power PC 
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Backplane 2 
(FT-ICR Optics) 

 

LAN Hub FTPC2 

NI PXI Chassis 
• Digitizer 

• Arbitrary waveform 
generator 

External 
Components 

1. FlatBuffers Docs. https://flatbuffers.dev/ 

Data Station 
PC 

LAN (TCP/IP) using FlatBuffers1 
High-speed serial bus (HSSB) 

CONNECTION TYPES 
Underlined names indicate “custom” components that 
are not part of the typical consumer architecture. 

.Dat files  

OT IT, QMF ICR 

.Raw files  
Amplified 

Analog ICR 
Signal 

PCIe 



Transient 
Processing 

 
FFT 

Data Processing 

Thermo .Raw 
file .Dat file First (?) storage  

architecture 

Predator 
Analysis 

Thermo 
Workflows 

mzML 
Conversion 

Custom 
workflows 

Calibration 

frequency† m/z 

†: Simulated 



ICR Data Management Map 



Shortcomings of the Existing Architecture 
Enabling FAIR data and metadata 

• Missing metadata 
• Facilitating machine actionability 

Handling large and increasing data volumes and 
densities 

• Exacerbated by new instrument developments 
• As the amount of archived data grows, the potential 

for data mining increases 
Information Assurance 

• New Information Assurance guidance focusing on 
data management and curation 

• We want enable user access and facilitate ML and HPC 
– but this introduces security concerns 



Information Assurance 

A draft of the revised NSF Research 
Infrastructure Guide was (released January 
6th) outline the need for an Information 
Assurance (IA) program and the importance 
of integrating IA with data management and 
curation efforts. 
 
All new CI for handling data generated by RI 
must consider IA to address the evolving 
threat landscape. 
 
We believe this is particularly important for 
well-annotated FAIR data, which could be 
easily reused by data thieves. 

Research 
Infrastructure 
Office



Future Solutions 

 … 
 … 
 … 

ICR Database 
21 T FT-ICR 

Data 
Transfer 

Access for Project 
Collaborators 

Cloud-based Analysis 
and Visualization 

High-speed Access for 
HPC and ML Applications 

Missing 
Metadata 

 
… 



Future Solutions 

 … 
 … 
 … 

ICR Database Additional software components 
on DS PC/FTPC2 could transfer 
data after analysis is complete or 
stream it in real time to ensure 
data is catalogued, indexed, 
immediately available, and has 
integrity. 

The “missing metadata” needs to be 
provided by users, but a very low 
activation barrier is needed for 
compliance. A standalone GUI 
application or web-based form 

could provide ease-of-use. 
 … 
 … 
 … 



Data Ingestion Prototype 



Data Ingestion Prototype 



Thank you ! 
 

David Butcher 

dbutcher@magnet.fsu.edu 


