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Precision metrology: Matter waves vs. Nuclear transitions

Precision test of the
gravitational redshift | 4

H. Mdller, A. Peters and S. Chu,
Nature 463, 926 (2010)

| b jep,+hk)

1 0_1 .
Travelling clock?”
102
Mossbauer®
102
104 - -

Bloch oscillations2? (this analysis) H-maser®

[ |
Bloch oscillations?3 (this analysis)

Redshift accuracy
S

o
5

Cs interferometer?. 10 (this analysis)

10 108 10" 10" 108 105 107

Distance (m)

=D <=
hk, hk,
T ty+2T B |92, P + hiky + k)
Time |91, P,

A¢ = jwcd T  With ©.=10% s, the
Compton frequency of
the atoms

Matter waves are quantum clocks operating

A¢meas _1=7 .10—9

Ag,

Ralf Rohlsberger | Evolution of Complexity Workshop, Argonne | 11. — 13. Oct. 2010 | Page 2

at a frequency 10%> Hz




An Optical Frequency Reference Based on the ??°Th Nucleus
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Rellergert et al.,

Constraining the Evolution of the Fundamental Constants with a Solid-
State Optical Frequency Reference Based on the ?°Th Nucleus,

Phys. Rev. Lett. 104, 200802 (2010)

Question: Can excitation by hard x-rays help to efficiently populate
the 7.6 eV level ? <P
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Nonlinear optics with hard x-rays
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A new process that emerges at high photon Energy [eV]

degeneracies: Stimulated emission
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Stimulated Raman scattering

Raman scattering B. D. Patterson, SLAC Technical
glajf>=0 Note SLAC-TN-10-026 (2010)

(l)2

stimulated Raman scattering

o>

Stimulated Raman scattering outweighs
the spontaneous Raman scattering when
the incident photon flux contains more
than one photon per mode.

— Boosting the sensitivity of the Raman signal !!

Question: Can this scheme be converted into a high-resolution, scanning
spectroscopy at x-ray energies ?

Requirements for nonlinear spectroscopies with x-rays:

Multicolor XFEL sources
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Spontaneous parametric down conversion

Momentum Conservation

Spontaneous
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Downconversion
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,parametric’ means:
The state of the crystal
is left unchanged in
the process

A nonlinear crystal
splits incoming
photons into pairs of
undistinguishable
photons of lower
energy

W as) = ﬁ([vm h), +|h),[v).)  These two photons are entangled !

Measurement of the state of photon A determines the state of photon B
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Spontaneous parametric down conversion of x-rays

Experiments reported (selection):

P. Eisenberger and S. McCall, Phys. Rev. Lett. 26, 684 (1971),
Y. Yoda et al., J. Synchrotron Rad. 5, 980 (1998),
B. W. Adams et al., J. Synchrotron Rad. 7, 81 (2000).

Efficiency of PDC at x-ray energies is low

Max. 0.01 s at third generation sources, up to 100 s at XFELs

Experiments with nonclassical states of x-rays

Requirements:
e A deterministic source of single photons

e A source of high-intensity entangled pairs of photons.
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Generation of Nonclassical states of Light in the X-ray regime

QUANTUM OPTICS

Enhanced quantum light generation

The use of a specially designed cavity to enhance the intensity of femtosecond ultraviolet pulses dramatically
increases the rate at which non-classical states of light can be produced.

R. Jason Jones

number of quantum networking
Aprotocols, such as quantum
teleportation and secret sharing, _"”f"’_” wr,_,_// wr,_,
require the use of multiphoton entangled
states of light'. Such exotic quantum states UV femtosecond pulse train
are often produced from spontaneous
parametric down-conversion (SPDC)
in a nonlinear crystal. In this scheme,

the crystal splits a single photon into N;';:'sr;:f"
multiple pairs of entanegled photons of

NATURE PHOTONICS | VOL 4 | MARCH 2010 | www.nature.com/naturephotonics

Compare with XFEL
oscillator (XFELO)

Kwang-Je Kim, Yuri Shvydko et al.

Ralf Rohlsberg




Entangled states between photons and atoms
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Nuclear y-ray Superradiance and the Collective Lamb Shift

Temporal and spectral response of >’Fe nuclei embedded in a planar cavity,
coherently excited with 14.4 keV x-rays
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RR, K. Schlage, B. Sahoo, S. Couet and R.
Riffer, Science 328, 1248 (2010)
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Superradiance as a probe of photonic (de)localization

Excitation of light-harvesting complexes

Entanglement is related to the extent

Chlorosome light-harvesting antenna complex

of delocalization of the electronic .................
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Reaction centre

Photosynthetic machinery of green sulfur bacteria

Observation of superradiant

emission suggests that M. Sarovar, A. Ishizaki,G. R. Fleming, B. Whaley,
entangled states persist for the Nature Physics 6, 462—467 (2010).
lifetime of the excited state G. D. Scholes, Nature Physics 6, 402 (2010)

Learning from such systems can help in designing more efficient artificial
light harvesting systems, i.e., solar cells.

L

Ralf Roéhlsberger | Evolution of Complexity Workshop, Argonne | 11. —13. Oct. 2010 | Page 11 E,E‘S‘;



	Nonlinear X-ray Optics and                    Extreme Metrology

