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The System The Hamiltonian

* we investigate the resonant motion of neutral spin-1/2-
particles in a magnetic guide Taylor expansion of the magnetic guide around field minimum * aneutral particle couples only through its magnetic moment to the
magentic field
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« magentic field of a straight current carrying wire B~ ey N V2p? FARy=yE 24 =3y * due to its translational invariance along the z-axis a two-dimensional
superimposed by an external homogeneous bias field B, B B description of the system is sufficient (plain waves in z-direction)
. in ordeliltodalvif 1z(l‘hlr(lle of zbero ﬁell‘djyarallel to the wire * Py ... distance from the wire to the field minimum H= L|: 2y pte bg (xa _— ‘)Jrﬂa }
a so-cafled fotie lield can be apphie « consider only the leading (quadrupole) term ML 2 ' 2
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By - Y B « there are no bound solutions of the Hamiltonian H
wire « energies and decay widths of the resonance states are obtained by employing
«— « translation invariance along the z-axis the complex scaling method together with the linear variational principle
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Symmetries Resonance Energies and Decay Widths
[ Pauli spin matrices
« the system exhibits a wealth of symmetries, both unitary and
antiunita: T conventional time reversal - _ U . .
Y . . A without [offe field (y=0) a regular distribution of the Resonance positions at 4 different Ioffe field strengths y
* symmetry properties change depending on whether there is an resonance positions is observed
¢ 1 Toffe field lied " I, coordinate exchange (x<>y) C o
external fofie Tield applied or no ’ « systematic increase of the life times (decrease of the 10°
* Aszz'Sz 18 conserve'd in both cases: quantum number m S, | oy»-0, 6,50, 5,0, decay widths) with increaing loffe field strength 1072
* Z, is also conserved in both cases: quantum number K -> lifetime of the energetically lowest resonance decreases — 10
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Symmetries for y =0 2 x 7?70y 0y70x 6,70, exponentially with growing y N
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Yy = 0.P)|8y = Pyoy|X. = P, Pyo. > symr;leltiyistrucn?re glvres rise to.a - Splitting of the degeneracies 107 k=1 =1
1S PyloySe | PoPLS: PlyS; two-fold d egenemcy of any energy leve 5 3 i - ]6 5
degenerate pair of states « the presence of a loffe field leads to a energetical o -
o TPbyoy Iheo- ry splitting between formally degenerate pairs of states 0
‘E,m,K) and =, |E,m,k)=|E,~m,~x) 107 .
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« degenerate states posses opposite k¥ and m 3 10
i =0 3
Symmetries for y = 0 quantum numbers -
energetical splitting 10 r=2 =4
‘ . |PyySa| Pil,s; ‘ ’ » symmetry group simplifies due to the presence of between | E,m,x 107 k=1 =1
the Toffe field and  |E,—m,—x 2 2
‘TP;, TPo. | TP Pyl S5 |11,y 5 - no symmetry related degeneracies occur
A,-Expectation Value and Resonance Positions Quasi-Bound States vs. Adiabatic Approximation
Dependence of the resonance energy on the A,-eigenvalue Unitary transformation of the Hamiltonian Hamiltonian in the adiabatic approximation
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subspace grows linearly with ' Z g L\ Vita ite l}/z g 21 op~ p
increasing modulus of m
« pyramid-like distribution 3 « diagonalizes the spin-field interaction term « projection of the spin onto the local field direction
« y=0:degenerate pairs of states are w « additional off-diagonal terms occur which involve is assumed to be conserved = scalar potential
located opposite to each other negative powers of p
« y#0: alternating pattern of states - coupling between the bound and unbound Comparison
with different k eigenvalues solution takes place near the center of the guide
-> for sufficient high angular momenta the wavefunction E
Dependence of the decay width on the A -eigenvalue s loc_a_l ized far away from the Cer,lter, O_f the guide Byq e
- transitions to unbound states are inhibited Eqb -----
04 ; ; . . . i-
’ i « exponentially decreasing decay width > states are quasi-bound
"""" increasing lifetime) with A . . .
( . & ) Hamiltonian describing quasibound states
increasing modulus of the A -
. v
eigenvalue > » extremely well agreement between quasi-bound
) 1l e my 7 extremely g q
. global decregse of the decay widths H,= 5 7a—pz+?+ A +pt+ - \/ o + I and exact resonance energies
if loffe field is present PNV TP (7 P ) » with increasing strength of the loffe field the
adiabatic approximation also begins to work well




