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Abstract: We show here that a chiral transfer of states does not necessarily rely on a dynamical loop enclosing an 
exceptional point but can also be obtained by simple parameter loops along a straight line in the vicinity of an 
exceptional point. 

 
 

In the newly emerging field of non-
Hermitian physics a special focus 
has been placed on non-Hermitian 
branch points, also called 
exceptional points (EP). This is 
because the intertwined Riemann 
sheets around these EPs [1,2] lead 
to a variety of counterintuitive 
physical phenomena especially 
when two parameters of the 
physical system are dynamically 
steered along a closed loop around 
the EP. Due to the breakdown of 
the adiabatic theorem induced 
through the non-Hermiticity, such a 
dynamical loop leads to a chiral 
mode conversion, i.e. for virtually 
all input configurations the final 
state at the end of the loop depends 
solely on the direction in which the 
loop is traversed. This appealing 
feature has meanwhile been tested in various experimental works, for example in a microwave waveguide [3], in cavity 
optomechanics [4] or in ferromagnetic [5] and in optical waveguides [6].  
 
Lately, the question has been raised in which way it is really necessary to go around in a loop that encloses the EP to obtain 
the desired chirality. First attempts to loosen the concept of a strict encircling have shown the possibility of shifting the loop 
slightly away from the EP [7] or how chirality depends on the starting points on the loop [5]. Here we now provide the 
minimal requirement that closed parameter loops in the vicinity of an exceptional point must satisfy in order to result in a 
chiral state exchange. Specifically, we show that the critical feature for a loop to produce a chiral state transfer is to traverse 
the line where the imaginary parts of the two eigenvalues that merge at the EP are the same (ℑ𝜆# = ℑ𝜆%). In this way it is, 
e.g., sufficient to execute a single parameter variation back and forth across this line of crossing imaginary parts (see Fig.1) 
to obtain a chiral state conversion. The interesting feature of this loop is that it encloses no area at all and thus also not the 
EP, which can be at a certain distance away. 
 
In my talk I will discuss the general protocol for how to obtain a chiral state transfer and its fully analytical solutions that 
substantially reduce the complexity of experimental efforts to produce a chiral state conversion.    
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Fig. 1: Dynamical state evolution of the Schrödinger equation 𝑖𝜕(𝜓(𝑡) = 𝐻(𝑡)𝜓(𝑡) modeling a generic 
non-Hermitian system consisting of two coupled harmonic modes where 𝛿 is the detuning, 𝜅 the 
coupling and 𝑔 the gain/loss parameter. The closed loops are parametrized as 𝑔 = 1,  𝜅 = 𝑔 + 1/2, 
𝛿(𝑡) = ±𝐿	sin	(2𝜋𝑡/𝑇) with 𝐿 = 1 and 𝑇 = 50. The plot shows the projection of the numerical solution 
(black line) onto the real part of the eigenvalue spectrum for an initial state subject to loss (𝜓%) or to 
gain (𝜓#). The color coding of the Riemann surfaces corresponds to the imaginary part of the 
eigenvalues where blue and orange are related to a negative and positive imaginary part, respectively. 
In (a) the detuning 𝛿 is negative at the beginning and the final states for both initial states turn out to be 
𝜓(𝑇) = 𝜓% whereas in (b) the detuning 𝛿 is positive at first resulting in 𝜓(𝑇) = 𝜓# evidently showing 
chirality in a loop of a single dynamical parameter. 
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