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What is BASE?

e Baryon Antibaryon Symmetry Experiment

* Principal Investigator: Dr. Stefan Ulmer

* Small group

What do we measure?

Fundamental properties of protons and antiprotons:
* charge/mass ratio
* g-factor

Why do we measure?

CPT symmetry says they should be the same! Is that
the case? Let’s measure these properties to very high
precision to find out!

Could a difference explain matter/antimatter
imbalance?
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HOW does BASE test CPT? Principle of a Penning Trap

magnetic field electrostatic field

* Trap individual low energy protons and antiprotons in a -
Penning Trap

B
* Magnetic & Electrostatic fields trap particle radially
and axially
* Measure cyclotron frequency and Larmor frequency
(Continuous Stern-Gerlach Effect) i

Fundamental Properties Tested: (a) (b)

MASS/CHARGE: Free Cyclotron Frequency
MAGNETIC MOMENT: Cyclotron Frequency &
Larmor Frequency (Spin Precession)

LIFETIME: How long can we trap, lower limit on
lifetime

modified cyclotron motion superposition

correction

endcap

/f 3 y magnetron motion axial motion

BASE measured lifetime of pbar > 10.2 a with a confidence level of 68% 2 5 o o
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BASE Multi-Penning Trap

Reservoir Trap
used for storing particles

PRECISION TRAP

used for the determination of the cyclotron
and the Larmor frequency ANALYSIS TRAP

used for the spin state analysis
of the praton or antiproton

Store Particles

Measure Charge/Mass
Have stored
particles for Current precision of
405 days! ~107-12 (ppt)

Measure Magnetic Moment

Antibaryon Baryon Symmetry Experiment

Current precision of ~107-9 (ppb)
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High precision #Sensitive to environmental fluctuations

* Need to keep track of stability in temperature, pressure, vacuum, etc.
* Can alter data significantly! — R —
* Robust data logger needed -

)
£

Small Experimental Zone:
* Keep datalogger on one computer

BASE uses a LabVIEW data logger,
written by the experimentalists
themselves.
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Example: Temperature dependency of axial frequency in Penning Trap

Amplitude (scaled)
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Purpose of logger: Where can improvements be made to reduce environmental fluctuations?
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My work at BASE: Rewrite Data Logger

Old Logger Limitations:

e Same tasks for each instrument (Read Data, Plot Data, Save to File) but limited
reuse of code.

* No encapsulation. If bug or error, don’t know from where. Example: Memory
leak

* Inserting new instrument -> write new code for every aspect

New Logger Solutions:
* LabVIEW Object Oriented Programming
* Create classes: File, Graph, Instrument, etc.

* Each instrument inherits from a parent Instrument class and overrides Measure
Data-function.

This allows for good reuse of common functions and encapsulates the code (e.g.
if error with file writing, only need to look at File-class)

* |nserting new instrument -> only write new Measure Data function
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Measurement

CLASS HIERARCHY Data members:

Logger Graph Arrays
i Instrument [OBJECT] Contains two 2D-arrays: Real
_ Fl!e File [OBJECT] Time (RT) and Long Time Trend
C.0nta|n5 a file path & Logger Graphs [OBJECT] (LTT). Columns in the array
fllfe.re.fnum. HaS.VIS to Logger Graph Arrays [OBJECT] represents dat'a channel. LTT
initialize and write to Logger Errors [OBJECT] performs moving averages to

file.

keep array size constant. The
arrays are sent to Logger Graphs
“Plot.vi”.

Measurement Config [CLUSTER]

Logger Errors

Contains error Instrument
indicators for config, Abstract class. Each
device and file. device will inherit and
override the “Measure
Data.vi”
Temp. probe Flowmeter Baratron Etc.
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Front Panel Block Diagram




Quter Loop

DAQ Loop
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outer loop

Structure:

1. Measure?

2. If true, enter inner loop

3. Gather data, plot, write to file
4. Repeat 3. until exit

This diagram the same for all
devices! LabVIEW knows which
instrument is being wired into
the functions and dynamically
calls the right version of
Measure Data.vi

measurement?
Go to 1.

Parameters

Measure?

o &
n

TF ¥

Measure?

Abort?

Measure?
True -
Mo Error =
inner loop
write to file] close
had 1 ) A
HMEW
MEAZ. .I? x

Logger Errors.lvclass e
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in case of automatic exit of loop, always put measure to false when

Abort VIT

exiting dagq loop m

% == Bool (strict) §

P (]

Value

[Wait for Measure? to turn on|

a a I

TF ...... c [

[Called when Abort? has been pressed to reset all front panel controls|
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Overriding Measure Data.vi examples

Instrument parent class (empty)

Instrurnent in

[ Mo Error Vt

Instrument out

error in (no error)

Wire the error cluster across even in the "Mo Error”

case so that warnings get propagated.

Data reading

error out

Baratron

Override

Override

Helium Levelmeter

@)
1/6’/77 .
%

Baratren in

Baratron out

=F+ [VISA Baratron

errorin (no error)

& < VISAName 5

& < VISAName 3]

VISA Baratron b
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Levelmeter in

Levelmeter out

VISA Levelmeter Downstream

Heating Current Up/Down

- 1Vl Upstream

lﬁ =5 DigNum (strict) ,Er'

5 = VisAName 5]

IVI Dewar

| Value o)

Heating Current Dewar

errorin (no error)

Initialized data array

Data reading

& = DigNum (strict) §
cD

Value ¥

,,,,,, error out

Temperature Probe

PT100in PT100 out
T || CED
L e — =
Initialized data array
M=
Data
error in (no error)
H error out
=
vl -
DAQ Assistant
data b
53
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Results

* Adding new instruments is much quicker
* Troubleshooting is much quicker
 Can still customize every function if need be, due to inheritance



Backup



LabVIEW: A Graphical Programming Language

1. Easy to learn and use
* Good for quickly setting up measurements etc.

2. Dataflow Language. Data is passed through a set of instructions.
* Analogy: Electrical signals being sent through a circuit

) o £ | 2017
20 Array O
Array Index Array
i ]|12=Z
I:b’ H Bundle Example of LabVIEW code to plot a 2D-array
folz: 2

L

Image: https://knowledge.ni.com/KnowledgeArticleDetails?id=kA00Z0000004BQISA2
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