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          L
asing is based on the process of op-

tical gain. Once this gain provided 

through external pumping surpasses 

the loss in a resonator, lasing sets in 

and a coherent beam of laser light is 

emitted. Thus, loss is a natural adver-

sary of lasing, at least in common lasers. A 

striking amendment to this rule is reported 

on page 328 of this issue by Peng et al. ( 1), 

who report an onset of lasing in a pair of 

coupled resonators when the total loss of 

the system is increased.

This special feature is pos-

sible because of the non-Her-

mitian nature of the system 

designed by Peng et al., a prop-

erty related to the Hamiltonian 

description that physicists use 

to calculate the time evolu-

tion of a system. When such a 

Hamiltonian is Hermitian, it 

means that the total energy is 

conserved, leading to real ei-

genvalues for the energy (as, for 

example, the energy of electrons 

in an atom). However, many re-

alistic systems do not conserve 

energy. The corresponding gain 

and loss processes can be mod-

eled through Hamiltonians that 

are non-Hermitian and which 

will generally have complex ei-

genvalues. A particular exam-

ple is a laser, which features an 

amplifying medium (through 

optical gain) and radiates out a coherent 

laser beam (causing loss).

The physics that follows from such 

non-Hermitian properties shows several 

counterintuitive features, especially near 

so-called “exceptional points” (EPs) in 

parameter space, where two complex ei-

genvalues coalesce in both their real and 

imaginary parts. Recently, a specific subset 

of non-Hermitian systems with a so-called 

parity-time (PT) symmetry have surfaced 

for which the gain and the loss are carefully 

balanced so that the eigenvalues end up on 

the real axis ( 2). For such cases, surprising 

experimental results, such as loss-induced 

transparency ( 3), unidirectional invisibil-

ity ( 4), and optical isolation ( 5) have been 

demonstrated.

These PT-symmetric systems are, how-

ever, only a subset of the general class of 

non-Hermitian systems for which the ei-

genvalues reside in the complex plane. In 

particular, for systems operating near the 

lasing threshold, theoretical proposals in-

dicate phenomena occurring near an EP, 

such as coherent perfect absorption of light 

( 6) and the loss-induced onset of lasing ( 7) 

studied here. To venture experimentally 

through the vicinity of the EP, typically 

two independent parameters are necessary. 

Such parameters are accessible by coupling 

whispering gallery mode resonators, which 

efficiently trap light via total internal reflec-

tion at the rim of a convex shape made from 

a dielectric material (such as silica). When 

two spectrally identical optical resonators 

couple, they form a “photonic molecule,” 

in that individual modes undergo a mode 

splitting similar to the transition for elec-

tronic levels when atoms form molecules 

( 8,  9). In the optical domain, individual tun-

ing of the resonators is necessary to achieve 

degenerate modes and coupling between 

both resonators ( 5). The two independent 

parameters are the coupling strength, as 

determined by the distance between the 

two resonators, and the loss added by an 

absorptive nanotip probe in the vicinity of 

one of the resonator’s evanescent field. Tun-

ing of these two parameters allows the sys-

tem to approach the EP.

Peng et al. used coupled whispering gal-

lery mode resonators as a convenient plat-

form to study several of the fascinating 

phenomena arising in the vicinity of an EP 

( 7). When they brought two resonators near 

each other, the individual resonance modes 

split and supermodes formed with slightly 

detuned resonance frequencies (see the fig-

ure). When additional loss was induced by 

the optically absorbing nanotip, the reso-

nance frequencies, given by the real part of 

the eigenvalues, lost their detuning when 

passing the EP. At this point, the imaginary 

parts of the eigenvalues, which describe 

the loss or gain of the mode, acquired a 

detuning at the EP that resulted in one of 

the two resonant modes experiencing less 

loss than the other. This imbalance is a di-

rect consequence of the field distributions 

of the modes no longer being equally dis-

tributed between both resonators. Rather, 

with increasing nanotip loss, each mode 

is increasingly concentrated in one of the 

resonators alone.

To show the most striking effect result-

ing from this mode rearrangement at an EP, 

Peng et al. took advantage of silica microto-

roids’ ability to provide Raman gain when 

pumped by an appropriately offset pump 

laser ( 10). With this additional feature, the 

In optical pumping, less can be more

An odd laser at a loss. (A) Two coupled microresonators initially exhibit no lasing. (B) By increasing the loss in one microresonator 

through coupling to a nanotip (in silver), the other microresonator can suddenly start to lase (the light is coupled to the optical 

waveguides shown in blue). Peng et al. show how these effects are caused by the non-Hermitian nature of the system.
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two coupled resonators were operated near 

the lasing regime. When adding loss by the 

nanotip, the detuning in the imaginary part 

of the eigenvalues reduced the loss of the 

mode in the resonator without the nanotip 

up to the point where the lasing threshold 

was reached, and the coupled system expe-

rienced a loss-induced onset of lasing.

The observation and control of an EP for 

a laser opens the way toward many further 

studies such as on self-pulsation effects in 

the temporal dynamics of the laser ( 11). A 

way to explore the fascinating topological 

aspects of EPs is to encircle them in the 

two-dimensional parameter space, param-

eterized by the nanotip-induced loss and 

the coupling strength. In passive resona-

tors, a curious mode exchange and the ac-

cumulation of a geometric phase have been 

observed for this situation ( 12). How these 

phenomena translate to the lasing regime, 

where nonlinear mode interactions also 

play a role, is still an open question that 

may occupy both theorists and experimen-

talists in the years ahead.

Even beyond lasing, non-Hermitian sys-

tems can be found in many other contexts. 

In optical sensing, EPs can enhance single-

particle detection ( 13), and in optomechani-

cal systems, they can enable applications 

such as a phonon laser ( 14). Similar non-

Hermitian concepts have even been applied 

to finance, where non-Hermitian Hamilto-

nians are used to describe stochastic finan-

cial instruments with striking effects that 

just wait to be explored.        ■ 

REFERENCES

 1. B. Peng et al., Science 346, 328 (2014).

 2. C. M. Bender, S. Boettcher, Phys. Rev. Lett. 80, 5243 

(1998).  

 3. A. Guo et al., Phys. Rev. Lett. 103, 093902 (2009).  

 4. A. Regensburger et al., Nature 488, 167 (2012).  

 5. B. Peng et al., Nat. Phys. 10, 394 (2014).  

 6. Y. D. Chong, L. Ge, A. D. Stone, Phys. Rev. Lett. 106, 093902 

(2011).  

 7. M. Liertzer et al., Phys. Rev. Lett. 108, 173901 (2012).  

 8. S. Preu et al., Opt Exp. 16, 7336 (2008).  

 9. S. V. Boriskina, Opt. Lett. 31, 338 (2006).  

 10. L. Yang, T. Carmon, B. Min, S. M. Spillane, K. J. Vahala, Appl. 

Phys. Lett. 86, 091114 (2005).  

 11. H. Wenzel, U. Bandelow, H.-J. Wünsche, J. Rehberg, IEEE J. 

Quantum Electron. 32, 69 (1996).  

 12. C. Dembowski et al., Phys. Rev. Lett. 86, 787 (2001).  

 13. J. Wiersig, Phys. Rev. Lett. 112, 203901 (2014).  

 14. H. Jing et al., Phys. Rev. Lett. 113, 053604 (2014).  

10.1126/science.1260707P
H

O
T

O
: 

N
A

S
A

/
IR

IS

          T
he Sun’s atmosphere is a dramatic 

and dynamically changing one. The 

physical domains encountered as the 

atmosphere is explored from the 

Sun’s surface to the outer corona 

differ widely. The region where the 

differences are more notable is the inter-

face region, where the plasma charac-

teristics change from optically thick to 

optically thin and the regime goes from gas-

dominated to magnetic-dominated. NASA’s 

Interface Region Imaging Spectrograph 

(IRIS) ( 1– 5) is now observing this elusive 

region. The first results from the mission 

are showing a world of twisted magnetic 

fields throughout the region, “bombs” 

exploding at regular intervals, evidence 

of particle acceleration causing heating 

in coronal loops, and small jets and loops 

appearing at cool temperatures. These re-

sults are providing important input into 

how the solar atmosphere is created and 

maintained and how the solar wind is 

formed.

Looking closer at the Sun

By Louise K. Harra 

The space-based IRIS telescope provides a new window to 
view the solar atmosphere
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The Sun is the largest object in the solar 

system, providing the heat and light that al-

lows us to survive. It is a middle-aged star 

that produces energy through nuclear fu-

sion of hydrogen to helium at its core. The 

enormous energies propagate through the 

interior of the Sun by radiation and convec-

tion. In the convection zone, the churning 

hot plasma creates magnetic fields. Our first 

view of the energy escaping the Sun is at the 

surface (the photosphere). Here, evidence of 

the convection that occurs in the interior is 

seen—the magnetic fields that appear help to 

form the heliosphere within which the plan-

ets are shrouded. The heliosphere drives the 

solar wind that flows past our planet, and is 

the source of large explosions that can affect 

our delicate Earth environment.

The magnetic fields are the source of the 

“coronal heating problem”: As you move 

away from the Sun’s surface (and farther 

from the heat source in the core), the tem-

Mullard Space Science Laboratory, University College London, 
Holmbury St. Mary, Dorking, Surrey RH5 6NT, UK. E-mail: 
l.harra@ucl.ac.uk

Opening a new window. An explosion observed by the IRIS spacecraft on 9 May 2014, 

revealing the complexity of the interface region between the photosphere and corona.

“The observation and control 
of an exceptional point for a 
laser opens the way toward 
many further studies...” 
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