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Primary goal of the TAMU-TRAP facility is to test the Standard Model (SM) for a
possible admixture of a scalar (S) or tensor (T) type of interaction in T = 2 superallowed
β− delayed proton emitters. This information will be inferred from the shape of the
proton energy spectrum. The main component of the facility are an RFQ cooler/buncher
for cooling and bunching the ions, a Penning trap system with two cylindrical Penning
traps. Additional goals for this system are mass measurements, lifetime measurements,
and ft−values. A brief overview of the TAMU-TRAP set-up and T-REX upgrade facility
will be presented.

1. Introduction

The Standard Model (SM) in particle
physics [1] describes accurately all observa-
tions in particle physics. It is comprised of
the standard electroweak theory [2, 3] which
couples the electromagnetic and the weak in-
teraction, and the theory of strong interac-
tion. This far ranging theory lacks however,
a deeper and more satisfactorily explanation
for many desired facts. The open questions
includes the number of free parameters in the
SM, the hierarchy of the fundamental fermion
masses, the number of three particle genera-
tion, origin of parity (P) violation and com-
bined charge symmetry (C) and parity (CP)
violation.

Over the years many experiments, ranging
from the low energy scale of nuclear β− decay
to the very higher energies at colliders have
put the SM to the test, search, for possible
deviation which could point out in which di-
rection the model has to be extended. Several
important properties of the weak interactions,
such as parity violation [4] and the well known
V-A structure of the interaction [5] were dis-
covered in nuclear β−decay. Also today, pre-
cision measurements in nuclear and neutron
β−decay continued to be an efficient tool to
search for new physics beyond the standard
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electroweak model [6]. All experiments car-
ried out till now can be explained by a time-
reversal-invariant pure V −A interaction with
maximal violation of parity. Nevertheless, ex-
perimental error bars still leave sufficient room
for the possible existence of other types of
weak interaction in β−decay.

For allowed beta-decays the most general
Lorentz invariant Hamiltonian for a four-
fermion interaction allows for the existence
of scalar (S), vector (V), axial-vector (A), ten-
sor (T) and pseudoscalar (P) type contribu-
tions and makes an a priori assumptions
about the parity and time-reversal properties
of these [8, 9]:

Hβ =
GF√
2
Vud

∑
i

(ψ̄pOiψ̄n)[ψ̄eOi(Ci+C
′

iγ5)ψν ]

+ h.c (1)

Here i = S, V, T,A, P and Oiare the re-
spective operators, while Ci and C

′

i are, re-
spectively, the parity-conserving and parity-
violating coupling constants for the different
interactions. These coupling constants might
in general be complex, and invariance under
time reversal requires all couplings be rela-
tively real. The SM corresponds to CV =
C

′

V = 1 and CA = C
′

A, all other coupling
constants being zero. The pseudoscalar con-
tribution vanishes to lowest order for β−decay
since OP = γ5 couples large to small compo-
nents of the nuclear wave functions and thus
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the hadronic matrix element with OP in the
above Hamiltonian is very small.

Which of the other interactions actually do
occur in Nature, as well as their properties
with respect to the P− and T−operations, can
be investigated by measuring ft−values [10,
11] for well-chosen transitions or by mea-
suring different types of correlations between
the spin and momentum vectors of the parti-
cles involved in β−decay (i.e. the spin J of
the nucleus, the spin σ and momentum pe

of the β−particle and the momentum pν of
the (anti)neutrino). Such experiments yield
the so-called correlation coefficients that de-
pend only on the nuclear matrix elements for
the observed β−transition and on the weak-
interaction coupling constants.

Jackson et al [9] used the Hamiltonian in
Eqn. 1 with final-state Coulomb corrections to
predict observables. They obtained the decay
rate for spin-polarized nuclei which described
the distribution in lepton direction, electron
polarization, and electron energy (only the
terms relevant to this article are included be-
low):

dΓ

dEedΩe dΩν
∝ 1 + aβν

pe· pν

Ee Eν
+ bf

me

Ee
+ ...

(2)
The β − ν angular correlation coefficient aβν
in the relation shown above are experimentally
determined and depends on the coefficients Ci

and C
′

i . bf is the Fierz interference term. For
pure Fermi (F) transition and pure Gamow-
Teller (GT) transitions, this dependence can
be approximated as

a
F

βν
' 1− |CS |2 + |C ′

S |2

|CV |2
,

a
GT

βν
' −1

3

[
1− |CT |2 + |C ′

T |2

|CA|2

]
. (3)

In the SM, i.e., in the absence of S- and T-

type interactions, a
F

βν
= 1 and a

GT

βν
= − 0.333.

Any admixture of S to V interaction in such a

pure Fermi decay would result in a
F

βν
< 1. The

measurement of aβν therefore yields informa-
tion about the interactions involved. However,

FIG. 1: Differential recoil energy spectrum for
a=1 (pure V interaction) and a=-1 (pure S inter-
action) [12]

the neutrino cannot be detected directly in
such an experiment, and the aβν angular cor-
relation has to be inferred from other observ-
ables. From properties of the general Hamilto-
nian of weak interaction and of the Dirac ma-
trices, it can be shown that V interaction takes
place only between a particle and antiparticle
with opposite helicities, while in the case of S
interaction it takes place only between a par-
ticle and antiparticle with the same helicities.
Therefore, in superallowed 0+ − 0+ Fermi de-
cay, where β and neutrino spins have to be
coupled to zero, a particle and antiparticle will
be emitted preferably into the same directions
for V interaction and into the opposite direc-
tions for S interaction. This will lead to a
relatively large energy of the recoil ion for V
interaction and a relatively small recoil energy
for S interaction (Fig.1)

2. Scientific motivation

The aim of the TAMU-TRAP facility is to
improve the limits on S− interactions by mea-
suring aβν in 0+ − 0+ (T = 2) β−delayed
proton decays. Eqn. 2 applies to these decays
equally well. In case of β−delayed proton de-
cays, following the β−decay, the daughter nu-
clei is in a proton-unbound excited state. This
results in a significant probability of a proton
being emitted from the daughter nucleus. As
mentioned earlier, If the β and ν tend to go off
in the same direction (Vector interaction) then
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FIG. 2: Intrinsic shapes of the beta delayed
proton group from 32Ar 0+ → 0+ for Vec-
tor (unshaded curve) and Scalar (light-shaded
curve) interactions [13]

their momentum can cancel with the result
that the daughter nucleus recoils with less en-
ergy. The two cases lead to significantly differ-
ent shapes for the proton energy spectrum. A
vector interaction leads to a relatively flat dis-
tribution whereas a scalar leads to one peaked
at the proton’s rest-frame energy. It is in this
way that the shape of the Doppler-broadened
proton is sensitive to aβν . The energy spec-
trum for the two types of interactions is shown
in Fig.2 [13].

TAMU-TRAP will increase the sensitivity
to aβ ν over the result in Ref. [13] and re-
duce backgrounds by observing the β and pro-
ton in a coincidence measurement. TAMU-
TRAP experiment will use a cylindrical Pen-
ning trap to store the radioactive ions. The
ions will decay at the centre of the trap which
will have double-sided Si-strip annular detec-
tors on either side to observe both the pro-
tons and the β’s. These two particles will
be separated by their different Larmor radii
and energy signals in the DSSSDs, allowing
us to observe cases where the beta was emit-
ted on the same side as the proton as well as
the opposite side. The T = 2 nuclei are espe-
cially interesting because a recent comparison

of isospin-mixing corrections by I.Towner [14]
indicate a systematic dependence with isospin
with the type of model used (either a Woods-
Saxon plus Coulomb potential or a Hartree-
Fock calculation). To test the calculations
and add new cases from which Vud may be ex-
tracted requires measurements of the ft value
to the sub-percent precision. For β−delayed
proton emitters, this corresponds to measur-
ing the proton and γ branching ratios from
the 0+ state as well as the lifetime, all to
sub-percent level. A proof-of-principle mea-
surement on 32Ar has been demonstrated and
we plan to refine these measurements with the
Penning trap system. The program will con-
tinue measuring a number of other T = 2 nu-
clei.

3. TAMU-TRAP facility at T-
REX upgrade project

T-REX is the major upgrade project at
Texas A & M University. It is described in
detail in Ref. [15]. The idea behind T-REX is
to re-commission the old 88” K150 cyclotron
and couple it to the existing superconduct-
ing K500 cyclotron via light ion and heavy-
ion guide system. This will open up the pos-
sibility to run two RIBs in parallel and can
re-accelerate beams of radioactive ions. The
Institute carries out a program of basic re-
search and education in both nuclear physics
and nuclear chemistry. It encompasses exper-
imental and theoretical work in nuclear struc-
ture, nuclear astrophysics, fundamental inter-
actions, nuclear dynamics and atomic physics.
Fig.3 shows schematic layout of the present
and upgrade (T-REX) facility. Fig.4 describes
the part of the upgrade project as related to
TAMU-TRAP facility.

Primary beam from the re-commissioned
K150 cyclotron will be impinged on the gas
target, producing RIB’s in inverse kinematics
by in-flight method. Reaction product of in-
terest will be separated using a large-bore 7T
field superconducting solenoid (BigSol). The
high energy radioactive beams with wide en-
ergy spread at the exit of the BigSol will
be converted into low energy ions using a
gas catcher. The low energy radioactive
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FIG. 3: Layout of Cyclotron Institute research facility.

FIG. 4: Layout of TAMU-TRAP facility coupled to T-REX upgrade project
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beams will be extracted from the gas catcher
with upto 30-40% of efficiency to a switch-
yard section (which consists radio frequency
quadrupoles). After leaving the switch-yard
section the radioactive ion beam will be ac-
celerated upto 10-15 keV and then direct the
beam to one of : the ECR charge-breeder and
then to the K500 cyclotron for re-acceleration,
the ortho-TOF (for diagnosing the extracted
beam constituents) or up through the roof
plank to TAMU-TRAP facility. The layout of
the TAMU-TRAP facility is shown in Fig.4.
Simulation of this system have been carried
out using SIMION [16]. Beam will be directed
with the help of einzel lens and deflector to
radio frequency quadrupole (RFQ) for cooling
and bunching the ions.

Ions will be cooled and bunched with a gas
filled segmented RFQ. The RFQ buncher will
be 85 cm long consisting of four rods. The
rods are divided longitudinally into 28 seg-
ments. The diameter of the rod is 14 mm and
the distance between opposite rods is 12 mm
(see Fig. 5). The RFQ will be operated at
room temperature with q = 0.5 and gas (He)
pressure typically 1×10−2 mbar. the longi-
tudinal electric field of 0.1 V/cm is applied
to first 25 segments of the system, and ions
will be accumulated at the end of the RFQ by
forming a deeper potential on the final three
segments of the system. It takes less than
600 µs for the ions to accumulate in the poten-
tial well and come to equilibrium. Extraction
from the RFQ is improved by not only low-
ering the potential on the last electrode (28th

segment), but at the same time increasing the
potential on the 26th electrode. This effec-
tively kicks the ions out and minimizes the
time spread of the bunched ions. Bunched
beam will be further guided using einzel lens
and deflector into the Penning trap system
which is located in a superconducting mag-
net that delivers a field of 7 T. Beam entering
the Penning trap system will have a spread
in time as well as energy. Typically, SIMION
calculations for A = 50 amu, f = 1MHz and
Vpp = 90 V indicate a time spread on the or-
der of 1.5µs−2.5µ s (FWHM) and an energy
spread of 5 eV (FWHM).

FIG. 5: Photo of the assembled RFQ buncher.

The TAMU-TRAP Penning trap sys-
tem [17] incorporates two cylindrical Penning
traps within a large-bore (210 mm diameter)
superconducting solenoidal magnet having a
field strength of 7 T. The first trap will be
used optionally to further purify the incom-
ing ion beam. The second measurement trap
employs five electrodes with an inner radius
of 90 mm, which will be the largest of any ex-
isting Penning trap. The geometry was cal-
culated from first principles. Using electro-
static techniques, an analytic description of
a cylindrical, five electrode Penning trap of
any electrode dimensions including gaps be-
tween electrodes, with endcaps of arbitrary
voltage (to approximate detectors) was deter-
mined. Expanding the resulting potential at
the trap center in Legendre polynomials and
identifying the quadrupole term, the geometry
was made both tunable and orthogonal. The
cross sectional view of the trap design includ-
ing the resulting field lines is shown in Fig.6.

FIG. 6: Cross-sectional view of the measurement
trap with field lines [17].
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FIG. 7: Current progress towards completion of the TAMU-TRAP facility

4. Current Status of the TAMU-
TRAP facility

Fig. 7 shows the current progress of the
TAMU-TRAP beam line that has been de-
scribed. Geometrical optimization in SIMION
and mechanical design using Autodesk inven-
tor has been completed for the entire beam
line up to the entrance of the Penning trap
system. Mechanical drawings have been final-
ized and submitted to different sources for fab-
rication, including our in-house machine shop.
Fabrication has been completed on several
einzel lenses, beam steerer, and all elements
composing the RFQ. A custom beam support
and mounting table has been designed and in-
stalled using extruded aluminum profiles. In
addition to beam line hardware, progress has
been made on several critical systems. A pres-
sure maintenance controller for the gas filled
RFQ has been characterized, and many of
the high-voltage electronics have been speci-
fied and tested. Electronics for the RFQ have

been developed and tested. The immediate
outlook for the TAMU-TRAP facility involves
continued assembly of the beam line and its
constituent elements.
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