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The Initial black hole masses are
36" M, and 29" M.,

and the final black hole mass is
627, M.,

with 3.0722 M,c? radiated
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Figure 1 Trend in the information-carrying capacity of a single line (wire or optical fibre) with time and
technology. (WDM: wavelength-division multiplexing; ETDM: electronic time-division multiplexing). Reproduced
with permission from Kimerling, L. C. Opt. Photon. News 9, 19 (1998). Copyright (1998) 0SA.
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Figure 1| Perovskite crystal structure and associated tolerance and octahedral factors. a, Cubic perovskite crystal structure. For photovoltaically
interesting perovskites, the large cation A is usually the methylammonium ion (CH;NH3), the small cation B is Pb and the anion X is a halogen ion
(usually I, but both Cl and Br are also of interest). For CH;NH,Pbl;, the cubic phase forms only at temperatures above 330 K due to a low t factor (0.83).
b, Calculated t and p factors for 12 halide perovskites. The corresponding formamidinium (NH,CH=NH,) based halides are expected to have intermediate
values between those of the methylammonium (MA) and ethylammonium (EA; CH3CH2N_H3) compounds shown.
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Quantum Chemistry on
a photonic quantum computer

——-

e

Precise calculations of molecular properties from 1st-principles
set great problems for large systems because their conventional
computational cost increases exponentially with size. Quantum

computing offers an alternative, and here the H, potential
energy curve Is calculated using the latest photonic quantum

computer technology. Nature Chem. 2, 106 (2010).
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Figure 2 | SEM and microscope images of the fabricated device. a, Top- ﬁlﬁ JE}JE'GZ‘F-—‘V I J 751 )\

view SEM image of the ring coupled to the waveguide with a close-up view of

the coupling region. b, Top-view microscope image of the ring resonator

after the metal contacts are formed. The metal contact on the central NatU e PhOtOn . 2, 242 (2008)
p-doped region of the ring goes over the ring with a 1-um-thick silicon

dioxide layer between the metal and the ring. ™~
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Ultrafast all-optical switching by
single photons
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Figure 1| A single-photon all-optical switch. a, A single control photon incident on the QD-cavity device determines whether a signal photon of different
colour is scattered. b, Energy-level diagram of the strongly coupled QD-cavity system up to the second manifold of the anharmonic Jaynes-Cummings
ladder. A single control photon on the upper polariton transition (UP) to the first manifold (|g} — |1, + ) changes the scattering rate of a second signal

photon resonant with a transition from the first to the second manifold (|1, +} — |2, +}). ¢, Set-up for the demonstration of ultrafast single-photon switch

operation. The relative delay between signal and control pulses is adjusted by a continuous delay stage. In addition, a discrete delay line, corresponding to a
time delay of ~5 ns, can be added to the path of the signal pulse using a fibre switch. The photons back-scattered from the QD-cavity system are detected

by an avalanche photodiode (APD) in single-photon counting mode.
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Orientation Control of Hemispherical Janus Particles and Metal
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ABSTRACT: Asymmetric-shaped particles (the Janus par-
ticle) are difficult to be arranged in a uniform orientation on a
solid substrate. This difficulty prevents further modification of Transfef to Substrate  Film- Dﬂpﬂﬁﬂlm
the selective surface of the particles for fabrication of the Janus

particles with anisotropy of the shape and surface. We
I_Fllrn Flip

successfully arranged hemispherical particles in a uniform
orientation at the air—water interface. The particles were
arranged on the solid substrate in a uniform orientation by

transferring the particle film onto the substrate. This .l:“‘;‘t"{\l et N
arrangement enabled the fabricaion of the Janus particles "‘1“"

with anisotropy of the shape and surface by selective

deposition of a film on either the equatorial plane or the \_‘/ \""_J

spherical surface. Additionally, we demonstrated the function

of the microscopic Kretschmann geometry for excitation of the surface plasmon polaritons of a thin metal film on the 4
plane of a single hemispherical particle.
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Superlens

v

Evanescent wave amplitude

Distance from object

The principle of evanescent wave refocusing.
The exponentially decaying wave from the
object on the left grows exponentially within
the planar negative-index lens (blue curve). On
the other side of the lens, it decays again until it
has reached its original value at the image plane.
These components of the object are lost in the
absence of the negative-index lens (red curve).

Quartz Cr

ttettttt

365 nm lllumination

Fig. 1. Optical superlensing experiment. The
embedded objects are inscribed onto the 50-
nm-thicdk chrome (Cr); at left is an aray of 60-
nm-wide slots of 120 nm pitch, separated from
the 35-nm-thick silver film by a 40-nm PMMA
spacer layer. The image of the object is recorded
by the photoresist on the other side of the silver
superlens.

cusing. Fang et al. show
that evanescent wave
refocusing can be used to
create the optical image
(center) of a lithographi-
cally written object (top)
with subwavelength reso-
lution. Without the lens,
the image resolution is
much lower (bottom).
Scale bar, 2 um.
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Fig. 3. A point charge located near the cloaked
sphere. We assume that R, << A, the near-field
limit, and plot the electric displacement field. The
Fig. 2. A ray-tracing program has been used to calculate ray trajectories in the cloak, assuming that  field is excluded from the cloaked region, but
R, > L.The rays essentially following the Poynting vector. (A) A two-dimensional (2D) cross section of ~ emerges from the cloaking sphere undisturbed.
rays striking our system, diverted within the annulus of cloaking material contained within R, <r <R,  We plot field lines closer together near the sphere
to emerge on the far side undeviated from their original course. (B) A 3D view of the same process.  to emphasize the screening effect.

Science 312, 1780 (2006)




EDFIIHDBITEERETHM?

20091k iff ZERFFE KPP KL Y
1206089 {EH =4t
1206064 St FIE




Split-Ring Resonator (SRR)

- Split-Ring Resonator (SRR) MY A VKX B ZIZ DT
AR, IAMOBEDENER TOEBRERIRIETOEDEITE
DEHZBIET

SRR&(E- -

- YA L THIBL, BFED
BliRBMO<TAo0KEWINT S

- EEMOSRRD KES1E2cm X 2cmd
EHRIZ E ﬁ"chmd)éJE@'JJO
1/10*5?20)7:%3

N4

SRRIZEDEH

fEEL DBEICEDNA TN



— N —8
H >R

B D B EME (negative refractive index materials : NIM) D 451

- BIGE, HFGH, IRBARIRILK ODRENF(EFR)IZED
= F R Y& (Left handed materials : LHM)EBFEIE NS

& H
H -

E BOEHFRE
F|BO2XETTITN
\l k KA NDHDEBE
E$$ OREMERALT,
ek REASHMCABE
- E @ ZADEFELR

RTES.

kK E5ER
X 7

S3E Xk [1] A

DB DA EAHEIZED

2% XK [2]



B S0RFEMEIZONT

BORFEEHFONE i
FEREBHEUNETRITNITESLL n= \/g\/;
FERe
-EHEOMEEEENR)LIE -EREIIAIRMEE TE
- | €Re
O—L>Y-EFTIL a FIL—T - ETIL
175 R 32 I, BARICIIEDFERZLDOYE

EHBA. B0 B |
(R E A E QYVE (RN T éffj E‘ﬁib;ff?iﬂﬁ?%ﬁ %




=1 _
B HEOBHITEPYHIZDOINT
T DRESI - L CRDREE - Bl ES

LOBETEDACEAHES
-BEEMNE EETAMVY— (Pendry 1996)
- BHEEMNE SRR (Pendry 1999)

N DONEEEZHEAEHLESD
_ET.EDEITRELDOBEN
(=Y (W=

(Smith 2000, Shelby 2001)




BHE SRRIZOWT

SRRD BRI (DSRRIZEE IZFEISHAS A S

QMBI >TERINTENSD

@) T DR E(split) &> TER
MY DO LETFTIZEES

@5 Rl T ERBIDY) Y
DR - A>T —C

BT IRDEE > aq4)L L

B®SRRIZLCHIREIFRELT
/5\6355

GOHIRE KR f LRCE KD
BigIZHEIET 5

1
LCHIRERRD HIRERE | =

Zﬂ\/ﬁ




B R SRRIZDWT
@D SRRIZHLIGHEE I A ST
(@ SRRANHMBL . IS [F R # 0D EHE FZF R IR
@ HISEDIRENFL TRENELS
@ FEREZE D FE B, AN NS B R 3+ i THE N0
® U53—R -0 vEDERINSBHEDEE u, b RE<CEIL
|

3 HRe Him

: CDFEEITEE
i MNEIZE>TNS




de B
B SRRIZDULNVT

>

YE &
EFDEFNEBHZITHLTILELTLSIELRFL

Wiz H

O

O

=15 E
SRRIZTA7OEMNhioH1N

il

L—DD'RF"THB

[ RF—DDHAFIEZE

SEICHIEHTES




H—9Fhoh
FICEE., ZRDMZE
7T TEIESES

RIFRIZTF/FPTF T
o fifERKVE
INSTE R — )UIZHZ BN

Oscillating
current source

dipole source

dipole source

Figure 1 Antennas amplifying and redirecting emission. a, An oscillating point source (left) is not an efficient
radiator, but when that current source is wired to a half-wavelength antenna (right), emission from the coupled
system is amplified and redirected into the dipolar mode of the antenna. b, Likewise, the emission from a single
fluorescent molecule (leff) can be amplified and redirected by coupling to the optical antenna at the tip of a near-
field probe (right). Mote that by coupling the molecule to a highly directional antenna, the coupled system acquires
the directionality of the antenna.
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Nature Photon. 5, 514(2011)

Figure1| Scattering and forces acting on small
dipolar and multipolar particles. a, For small
dipolar particles, scattering is isotropic. There

is a net force on the particle in the forwards
direction — the same direction of the incoming
beam — due to the conservation of total
momentum. b, Interference between multipolar
fields in multipolar particles can strongly focus
the scattering in the forwards direction when

in the presence of a highly collimated beam (a
plane wave). Owing to momentum conservation,
the total forwards force reduces. ¢, As the angle
between the beams increases, the traditional
radiation force goes to zero with the cosine of
the angle 6, whereas the contribution to the
force coming from the strongly focused forwards
scattering remains finite. Above a given angle,
there is an optical pulling force that acts against
the photon stream.
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Figure 4 | Tailoring the properties of the object. a, Ordinary optical
elements, such as lenses and prisms, can be designed to enhance the
forwards scattering such that the electromagnetic momentum of the
Figure 3 | Tailoring interactions with other objects. a, Conventional incident beam is less than that of the emergent beam. b, Analogously, small
telescope. Although the ‘total’ mechanical action of the light on the system  subwavelength particles can be designed to scatter strongly forwards in

is a pushing force, the effect on the secondary mirror is readily seentobea  such a way that the overall optical force points in a direction opposite to
pulling force. b, Microscopic equivalent of a. When a plane wave illuminates  that of the incident beam.

a set of particles, the total force acting on the system’s centre of mass is

along the beam. However, it is possible to create a force on some of the

particles that acts in a direction opposite to that of the beam propagation.

Nature Photon. 7, 24(2013)
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Terahertz imaging makes it possible to image objects that are hidden beneath clothes or inside bags and shoes, for
example. This capability is making the technology of great interest for applications in homeland security.

2OyE—T4RY

A teraheriz image of floppy disk, taken by the QA1000 terahertz-imaging system from the US firm Picometrix.
The technology is proving useful in quality assurance applications for detecting flaws in objects that are hard to
spot by other imaging means.
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Shaking photons out of the vacuum

BRI S —)LENER Nature 479, 376 (2011)
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World’s most powerful laser will pull apart vacuum of space

\ ‘ 2 Ghost particles normally annihilate
a :
\‘

each other 100 quickly 0 be detecled ~— ¢

1 Ten lasers combine to

make super laser : ;
Laser creates ntense electrical field that

pulis ghost particles apart so they stay in
existence long enough to be detected




Schwinger limit Wiki
From Wikipedia, the free encyclopedia

In guantum electrodyramics (QED), the Schwinger limit is 2 scale abowe which the electrormagretic fisld is
expected to become monlinear, The limit was first derived inorne of QEC's earliest theoretical sucoesses by
Fritz Sauter in 1931 1 ard discussed further by Werrer Heisernberg and his student Hars Euler. ™1 The limit,
bowener, is commonly mamed in the literaturel! for Julian schwinger, who derived the leading ronlinear
corrections to the fields and caloculated the production rate of electror—positron pairs ina strong electric
field 1 The lirvit iz typically reported a5 a maximum electric field before nonlinearity for the vacuum of
_micd®

Bs =~ h

where m. is the mass of the electron, gis the speed of light inwacuum, g. is the elementary charge, and #is
the reduced Planck constant.

~ 1.3 x 10" V/m,

In s vacuum, the classical Maewell's equations are perfectly linear differential egustions, This implies — by
the superposition principle — that the sum of any two solutions to Maosell's eguations is vet another solution
to Meeowell's eguations. For exarmple, two beams of light pointed toward each otber should sirmply add
together their electric fields and pass right through each other. Thus Mesowell's eguations predict the

A Feynman diagram (bar diagram) for &

phioton-photon zcattering; ane photon
zoatters from the transient wacuum
charge fluctuations of the other

irmpossibility of amy but trivial elastic photor-photon scattering In GIED, however, mormelastic photore photon scattering becomes possible when the
cornbired energy is large erough to create virtual electrorm positron pairs spontarnecusly, illustrated by the Feyvnman diagram in the figure on the right.

J. Schwinger, "On Gauge Invariance and Vacuum Polarization",

Phys. Rev. 82, 664 (1951).
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BEZERDIEDESZFHL-EFE(1983)
17 299 792 4585y D1 DB N EBELZ FEEHAITREOES
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Hydrogen Spectroscopy

High Precision Measurements

for Fundamental Physics

15-2S Spectroscopy
Team

Research
Publications
Positions

1S-3S Spectroscopy
Team

Contact

Hansch Group Home

Welcome to the hydrogen spectroscopy
project

We are part of Prof. T.W. Hansch's Group and located at the Max-
Planck-Institute of Quantum Optics in Garching near Munich, Germany.

Precision spectroscopy of atomic hydrogen has motivated advances in
nonlinear laser spectroscopy and optical frequency metrology over
more than three decades, including the laser frequency comb
technique highlighted in the citation for the 2005 Nobel Prize in
physics. Past spectroscopic measurements of the ultraviolet 15-25
two-photon resonance in hydrogen and deuterium in our laboratory
have led to new tests of quantum electrodynamic theory, and they
have yielded accurate values of the Rydberg constant, the rms charge
radius of the proton, and the structure radius of the deuteron. In
addition, our measurements were among the first laboratory
experiments to set stringent limits to possible slow variations of
fundamental constants.

http://www.mpg.mpg.de/~abeyer/hydrogen/index.php/H1s2s/1s2s

The Lamb Shift (BZET#H1E)

According to the hvdrogen Shrodinger eguation solution, the energy
levels of the hydrogen electron should depend only on the principal

uantum number 0 In 1951, Willis Lamb discoverad that this was not so
- that the 2p(1/2) state is slightly lower than the 25(1/2) state

resulting in a slight shift of the corresponding spectral line (the Lamb

shift).
_— 25y (1=}
[t might seem that such a tiny effect would 4 2
be desmed insignificant, but in this case that 437210 ey
shift probed the depths of cur understanding '
of electromagnetic theory. 2py (=1

http://hyperphysics.phy-astr.gsu.edu/hbase/qﬁantum/lamb.html
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Figure 2 A schematic of the solar-powered laser design. A high-performance 1.3-m? Fresnel lens collects the light

and a highly efficient, broad-absorption-band chromium-doped Nd:YAG ceramic laser gain medium enables most
of the Sun’s wide spectrum to be captured.

Fresnel lens

Mg+H,0 — MgO+H,+86kcal
H,+O,/2 — H,O+57.8kcal

MgO — Mg+ O
4000K

BT K XEiZE

Figure 1 The test-bed centre at Chitose airport in Hokkaido.
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Fig. 1. The photon flux spectrum of solar radiation reaching Earth’s surface (plotted
in black) (66) and the transmission spectra of a natural photosynthetic organism,
the cyanobacterium Synechocystis PCC 6803 (green dot-dashed line) and of crys-
talline silicon [red dashed line, redrawn with permission from (67)]. The transmis-
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Figure 1 The absorption of a photon in a silicon nanocrystal excites an electron from the valence band (VB) to the
conduction band (CB). a, Photons with energy less than the bandgap, E, are not absorbed. b, The excess energy from
photons with more energy than the bandgap is lost as heat. ¢, The quantum-cutting process transfers some of this
extra energy to a second nanocrystal, allowing it to be used to generate another photon by photoluminescence (PL).
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