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Why Solid Hydrogen?

What is Solid Hydrogen?

How to prepare Solid Hydrogen crystal.

How good is it?
High-Resolution Raman Spectroscopy

Nonlinear Optics in Solid Hydrogen
Arbitrary & Efficient Parametric Raman Sideband Generation

• Slow Light in a Transparent Medium

Possible Resonant EIT System in Solid Hydrogen

Outline of the Talk
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How  to reali ze ‘High Density” and 
“ Narrow Raman Width” ,  Simultaneously ?

Solid Hydrogen – Quantum Crystal
Molecular Crystal with Quantized Vibrational-Rotational Motion

# Vibrational Quantum number

# Ground Vibrational State; v=0

# First Excited State ; v=1

Hopping Interaction Between Sites
Eigen-State
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“ No Degeneracy”

“ N-Fold Degeneracy”

Raman tansition
from the ground state

Ground State
Vibron with k=0

Bloch State: Vibron

v=1

v=0

(1)

(1) (1)

(N)

(a) (b)

k=0, v=1, J=0

k=0, v=0, J=0



Slow Light in Solid Hydrogen (KITP Quantum Optics Miniprogram 7/24/02)

Dr. Khozu Hakuta, University of Electro-Communications, Tokyo 3

����������	�

����������������������� ����� � ����	���!

Growth Temperature 14 K

Pressurized at 30 atm 
Para-Hydrogen   > 99.9 %

Cell Length: 1 cm

Journal of Low Temp. Phys. 111, 497 (1998)

Pumping

"�#�$�%�&�'�(*)�#�+�,�&�-/.�#�+�01)2'�%43�-�'�%�5

Growth Temperature  4~5 K

Substrate: Sapphire

Thickness    < 500 µµm
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Raman Detuning  δω [MHz]

HWHM = 5.1 MHz  ( 5.7 K ) Q1(0) Raman Transition

Resolution < 1 MHz

Raman Shift  ~4150 cm-1
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Black Dots: Experimental Observations

Red Curves: Theoretical Fitting through Vibron-Phonon Interaction
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Green: Pump Beam

Red: Stokes Beam

Blue: Anti-Stokes Beam

Traditional Traditional 
PhasematchingPhasematching
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Phys. Rev. Lett. 79, 209 (1997)

Phil. Trans. R. Soc. Lond A 355, 2405 (1997)

| a >


| b >

ρab


ρab: negligible dephasing

Large Coherence Large Nonlinearity

Maximum Conversion Length Phase Slip Length

“Maximum Conversion within One Coherence Length”

Parametric Process without Conventional Phasematching
Restrictions

Highly Controlled “Large Coherence”
Arbitrary & Efficient Frequency Modulation

3
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Nonlinear Optics with Large Coherence

- EIT Nonlinear Optics: Frequency Converter -

Large ρab in Dark State
# Narrow Raman width
# Gas phase low density system 
# Reasonably large Raman frequency

Extension to High Density Solid Medium
New Freedoms:
# Far-off resonance system   “Broad bandwidth”
# Short interaction length 
# Can manipulate boundary conditions

Key Point:
Must keep the “ Narrow Raman Width”

Resonant Raman Scheme

|a>
ρab

|b>
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Broadband
Multimode

300 cm -1
10 THz Large Coherence ρρab

738738nm 10106644nm
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Parametric Raman Sideband Spectrum

Phys. Rev. Lett. 85, 2474 (2000)
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Sideband  Copying  of  Incoherent  Light :
- Spectrum Copying -

Incoherent
Light Source

Large Coherence
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Phys. Rev. A 65, 025801 (2002)
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Efficient & Arbitrary Sideband Generation:
Quantum Efficiency  vs Coherence Preparation
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Efficient & Arbitrary Sideband Generation:
Quantum Efficiency  vs Fluorescence Intensity

Sideband  Copying  of  Incoherent  Light :
- Spectrum Copying -

Incoherent
Light Source

Large Coherence

738738 nm 10641064 nm

ρρab
a

b

4149 cm-1

Observed
1.0

0.8

0.6

0.4

0.2

0.0

26x10
3
 2220181614

Wavenumber   [cm -1]

HL

In
te

ns
ity

  (
ar

b.
)

1770cm -1

Phys. Rev. A 65, 025801 (2002)
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Large Coherence

738 738 nm 1064 1064 nm

ρρab
a

b

Femtosecond
Laser Pulse

Subfemtosecond
Laser Pulse

Phys. Rev. A 60, 1562 (1999)

| a >


| b >

ρab


Large Coherence with Strong Coupling

Small Coherence with Strong Coupling: EIT

Highly Controlled “Large Coherence”
Arbitrary & Efficient Frequency Converter
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Electromagnetically Induced Transparency(EIT):
Strong Coupling in a Resonant Λ-System
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Vibron Raman System in Solid Hydrogen

Propagation Normal Mode: Dark State Mode & Bright State Mode

Experimental Demonstration  
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• Fiber mode can be tailored via     
Electromagnetically Induced 
Transparency (EIT) 

• Group velocity of the fiber mode
vg=[dβ/dω]-1 ~ 44 m/s.

Evanescent-like field interacts with EIT Atoms / 
Molecules
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Why Solid Hydrogen?
It is a Solid that meets both high-density and single-molecular nature.

How good is it?
• High resolution Raman spectroscopy

It shows an extremely narrow width of 5 MHz..

Nonlinear Optics in Solid Hydrogen
It works as an efficient and arbitrary “Quantum Crystal Modulator”.

Slow Light
• It slows down the pulse speed of light even in a transparent condition.

Is it extendable?
It may also work as a resonant EIT medium.

Summary

Funding Support
� ��� ��� � � 	 
 	 ��� 
 � � � 
 ��	 � ��� � 
 � � � � � � ��� � � 
�� � 	 � � � ��� � ��� �


