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The Cyclotron Institute recently built TAMUTRAP, a Penning Trap
designed to perform low-energy precision experiments in nuclear beta
decay as a method to explore the weak interaction. In this project, we
installed the world’s largest Penning trap and commissioned it by
performing mass measurements of several known, stable isotopes.
Through the mass measurements, we sought to optimize operation of
TAMUTRAP to ensure proper ion manipulation before the complications
of the planned β-decay experiment which will use short-lived radioactive
ions.

INTRODUCTION

Experimental Setup:

Precision Mass Measurement Technique: 
I.  Beam Optimization:
▪ Optimize ion transmission through the

TAMUTRAP beamline
▪ Optimize the timing cycle
▪ Eliminate background noise counts
▪ Scan for and optimize the magnetron frequency

and amplitude
▪ Scan for and optimize the cyclotron frequency

and amplitude for each isotope

II.  Time-of-Flight Measurement Technique:
▪ Trap ions in the Penning trap
▪ Excite the magnetron motion with RF → increases 

the magnetron radius
▪ Apply cyclotron excitation→ couples both radial

motions
• Eject ions from trap
▪ Measure time-of-flight with the micro-channel

plate (MCP) detector
▪ Calculate the mass by comparing the measured 

cyclotron frequency with that of 39K

Isobaric Purification: 
I. Magnetron excitation→ increases the radial energy
II. First cyclotron excitation  → centers a specific mass
III. Second cyclotron excitation→ couples the two radial motions

EXPERIMENTAL METHOD

𝒂𝜷𝝂: The Angular Correlation Parameter:

𝑑𝑊 𝜃 ~ 1 + 𝒂𝜷𝝂
𝑣𝛽

𝑐
𝑐𝑜𝑠𝜃

The Penning Trap:
A Penning trap is a type of ion trap which spatially confines particles in a
small volume by means of a homogenous magnetic field and a
quadrupolar electric field. TAMUTRAP is composed of 6 electrodes and a
ring electrode inserted in a solenoid of 7T strength, which together
create both radial and axial confinement.

Penning Trap Eigenmotions:
Three eigenmotions result from the magnetic and electric fields in a
Penning trap. There is one axial frequency, 𝜔𝑧 , and two radial
frequencies, 𝜔+ and 𝜔−, the latter of which combine to form 𝜔𝑐 , the
pure cyclotron frequency in a homogenous magnetic field.

𝜔𝑐=
𝑞𝐵

𝑚
𝜔+ +𝜔− = 𝜔𝑐

BACKGROUND AND MOTIVATION

Upon optimizing the transmission of each isotope through the beamline
and Penning trap itself, we scanned each isotope around its calculated
resonance frequency, 𝑓𝑐, to find the experimental cyclotron frequency
from the time-of-flight graph.

Comparing the measured resonance frequency of each isotope against
39K as a reference, we calculated each mass from the relation:
𝑀𝑥=

𝑓ref

𝑓𝑥
𝑀ref −𝑚𝑒 +𝑚𝑒 . We measured the mass of each isotope to within

80 ppb, in agreement with the accepted Atomic Mass Evaluation (AME)
values.

RESULTS

TAMUTRAP successfully demonstrated its ability to manipulate ion
motion through its precision mass measurements of four isotopes to
less than 10-7 fractional mass uncertainty. With the beamline, timing
cycle, and trap voltages optimized for ion transmission and trapping,
TAMUTRAP is prepared for beta decay studies to commence. The system
has been characterized and is able to trap ions of varying masses,
isobarically separate them, and increase the orbital radius of trapped
ions, all of which are essential to its future program.

CONCLUSIONS
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Fig. 11 . TAMUTRAP: The world’s largest Penning trap

Fig. 6. TAMUTRAP facility layout

TAMUTRAP will study the β-delayed proton
decays of a number of nuclei to test the V-A
form of the weak interaction. To do this, it
will measure the value of 𝑎𝛽𝜈 , which is equal

to 1 in the standard model. If TAMUTRAP
finds that 𝑎𝛽𝜈< 1, that would be an

indication of new physics in the form of a
thus far unseen scalar current.

Fig. 5. X-Z plane view of ion motionFig. 4. The eigenmotions

Fig. 7. Cut view of TAMUTRAP with ion motion (not to scale)

Fig. 3. The ring electrode, where ions are 
excited in TOF-ICR

Fig. 2. Electric and magnetic field lines in a 
Penning trap

Fig. 10. The TAMUTRAP facility

Figs. 8,9. Optimizing the amplitude (top) and 
frequency (bottom) for 87Rb 

Isotope
Mass [amu] Mass difference

AME This work [keV]
23Na 22.989 769 28 22.989 769 1(5) 0.2 ± 0.4

85Rb 84.911 789 75 84.911 785(4) 4 ± 4

87Rb 86.909 180 53 86.909 180(5) 0 ± 5

133Cs 132.905 451 97 132.905 455(10) 3 ± 10

Fig. 1. Nuclear beta decay

Figs. 12, 13. Fitted Rubidium time-of-flight graphs


