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Ben Larson (2000), ERL science
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3-D Studies of Structure
Orientation of crystals and
Stress and strain in crystals
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High Pressure: Materials, Engineering, Geological and 
Space Sciences.

J. B. Parise, H.- K. Mao, and R. Hemley
at ERL Workshop (2000)   
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Wang &Zhao, Science, 312 (2006) 1149;  Sun et al., Science, 312 (2006) 1199.
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• Examples:  folding/unfolding of proteins & RNA; assembly of fibers; 
polymer collapse upon solvent changes; conformational changes 
upon ligand binding; monomer/multimer association.

• Microfabricated laminar flow cells access microsecond equilibration 
mixing times.

• Data acquisition entirely limited by source brilliance. The ERL will 
extend time scales from present milliseconds to microseconds.

Thanks to Lois Pollack

Cornell Univ.
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1. Obtaining good crystals is rate limiting. Easier to obtain 
microcrystals. Radiation limits crystals to >~(20µm)3.

2. Single image sufficient to determine orientation matrix.

3. Plate microcrystals in random orientations onto 
ultrathin film support.

4. Scan film w/microbeam, recording diffraction images.

5. ERL microbeam intensity and low divergence allows 
this to be done with micron-sized crystals.

ERL enables new crystallographic method

?

Structural biology:
more flux through microcrystals
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phase contrast

Kirz (1995): 0.05µm
protein in 10µm ice

• Phase contrast is 104 - 106 higher 
than absorption contrast for protein in 
water at hard x-rays energies
• Required dose reduced due to 
phase contrast 

In general, phase 
contrast requires more 
coherent x-ray beams

9

Refraction index:   n = 1 Refraction index:   n = 1 −− δδ −− iiββ

ρ(x,y)

Phase contrast: more coherent beams 
(e.g. more like a plane wave)
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13 Hz bandwidth
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• Run cavity with lowest 
possible bandwidth for ERL.

• But frequency stabilization 
becomes very critical.
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σσσσA/A ≈≈≈≈ 1·10 - 4

σσσσϕϕϕϕ ≈≈≈≈ 0.02 deg 

• Run cavity with lowest 
possible bandwidth for ERL.

• But frequency stabilization 
becomes very critical.
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�� � 	� �' � ���	�� � # ������ � 	� �' � ���	�� � # ������ � 	� �' � ���	�� � # ������ � 	� �' � ���	�� � # ����

�, � � �� �� �	
� �� �� 
�	�����
� 	�
�� �	�
��; . � � �� 	����	�" � � �� �< �� �� =
� ��
�� 	���� �	� ������ 	���� �� �	�
��; . � � �� 	����	�" � ���� � ��� - 
��=
�� �� ����
� ��
����� 
� ��� � �; . � � �� 	����	�> ��*��=
� ��
���� 	�� ���� ���� ��
�� �; ? ' . !. � � �� 	����	�" � � �� 	����- � �	� 
���=
�" 
�� � ��: �� : ����
���� �	�
��; " 
� ��� � ������ �� ��� � ���
�� �� : � �� =
�" � �� �� 	�� �� �	�
��
� �
� 	�
�� �����
�	�� ��� � �; " 
� ��� � ������ �� ���@ ����� =
�- �� �� �� �
	� �� �" 
� ��� � ������ �� ��� �����( ' � �� 	����	� �� 
� ���A �� 	
� �� 
�	� 
� � �
��
� ���� ���� ����
�� �
�� �	�
�� � �� �� �	� ���� ���� �B

� � ��' ( ) ��� ����� ��	�� � ��� ��� 
� �� 	����	� �	
�
�: ��� ��� �� 
�	� ���	�
�� �
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Two Japanese institutes, KEK and JAEA, proposed each
own ERL-based synchrotron light source.

KEK 5GeV ERLKEK 5GeV ERL
at Tsukuba siteat Tsukuba site

650m240m

JAEA Naka (East)
JAEA Naka (West)

6GeV-ERL

JAEA 6GeV ERLJAEA 6GeV ERL
at Naka siteat Naka site
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Leonardo da Vinci
(1452-1519)
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