






�V �A �L �E �N �T�I �N� �L�I �N �K�e�t� �a�l�. �P �R �X � �Q �U �A �N �T �U �M�3�,�0 �2 �0 �3 �4 �8� �( �2 �0 �2 �2�)

�[ �9�] � �M�. � �B�.� �P�l �e �n�i �o� �a �n �d� �P�. � �L�. � �K �n�i �g �h�t�, � �T �h �e� �q �u �a �n�t �u �m�-�j �u �m �p
�a �p �p�r �o �a �c �h� �t �o� �d�i �s�s�i �p �a�t�i �v �e� �d �y �n �a �m�i �c�s� �i �n� �q �u �a �n�t �u �m� �o �p�t�i �c�s�,�R �e �v�.
�M �o �d�.� �P �h �y�s�.�7 �0�,� �1 �0 �1� �( �1 �9 �9 �8�)�.

�[ �1 �0�] � �K�.� �J �a �c �o �b�s�,�Q �u �a �n�t �u �m � �M �e �a�s �u�r �e �m �e �n�t� �T �h �e �o�r �y� �a �n �d� �I�t �s � �A �p �p�l�i�-
�c �a�t�i �o �n�s�( �C �a �m �b�r�i �d �g �e � �U �n�i �v �e�r�s�i�t �y� �P�r �e�s�s�, � �C �a �m �b�r�i �d �g �e�,� �2 �0 �1 �4�)�.

�[ �1 �1�] � �A�.� �J�. � �D �a�l �e �y�, � �Q �u �a �n�t �u �m� �t�r �a�j �e �c�t �o�r�i �e�s� �a �n �d� �o �p �e �n � �m �a �n �y�- �b �o �d �y
�q �u �a �n�t �u �m� �s �y�s�t �e �m�s�,�A �d �v�.� �P �h �y�s�.�6 �3�,� �7 �7� �( �2 �0 �1 �4�)�.

�[ �1 �2�]� �J�. � �Z �h �a �n �g�, � �Y�.�- �x�. � �L�i �u�, � �R�.�- �B�. � �W �u�, � �K�.� �J �a �c �o �b�s�,� �a �n �d� �F�. � �N �o�r�i�,
�Q �u �a �n�t �u �m� �f �e �e �d �b �a �c �k�:� �t �h �e �o�r �y�,� �e �x �p �e�r�i �m �e �n�t �s�,� �a �n �d� �a �p �p�l�i �c �a�t�i �o �n�s�,
�P �h �y�s�. � �R �e �p�.�6 �7 �9�,� �1� �( �2 �0 �1 �7�)�.

�[ �1 �3�] � �L�. � �K�. � �T �h �o �m�s �e �n�,� �S�. � �M �a �n �c�i �n�i�,� �a �n �d � �H�. � �M�. � �W�i �s �e �m �a �n�,� �S �p�i �n
�s �q �u �e �e �z�i �n �g� �v�i �a� �q �u �a �n�t �u �m� �f �e �e �d �b �a �c �k�,�P �h �y�s�. � �R �e �v�. � �A�6 �5�,� �0 �6 �1 �8 �0 �1
�( �2 �0 �0 �2�)�.

�[ �1 �4�] � �C�.� �S �a �y�r�i �n�,� �I�. � �D �o�t �s �e �n �k �o�, � �X�. � �Z �h �o �u�, � �B�.� �P �e �a �u �d �e �c �e�r�f�, � �T�. � �R �y �b �a�r�-
�c �z �y �k�,� �S�. � �G�l �e �y �z �e�s�,� �P�. � �R �o �u �c �h �o �n�, � �M�. � �M�i�r�r �a �h�i �m�i�, � �H�. � �A �m�i �n�i�,
�M�. � �B�r �u �n �e�,� �J�.�- �M�. � �R �a�i �m �o �n �d�,� �a �n �d� �S�. � �H �a�r �o �c �h �e�, � �R �e �a�l�-�t�i �m �e
�q �u �a �n�t �u �m� �f �e �e �d �b �a �c �k� �p�r �e �p �a�r �e�s� �a �n �d� �s�t �a �b�i�l�i �z �e�s� �p �h �o�t �o �n� �n �u �m �b �e�r
�s�t �a�t �e�s�,�N �a�t �u�r �e�4 �7 �7�,� �7 �3� �( �2 �0 �1 �1�)�.

�[ �1 �5�] � �D�. � �V�i�t �a�l�i�, � �P�. � �T �o �m �b �e�s�i�,� �a �n �d � �G�.� �J�. � �M�i�l �b �u�r �n�, � �C �o �n�t�r �o�l�l�i �n �g� �t �h �e
�D �e �c �o �h �e�r �e �n �c �e� �o�f� �a�  � �M �e�t �e�r  �� �v�i �a� �S�t�r �o �b �o�s �c �o �p�i �c� �F �e �e �d �b �a �c �k�,
�P �h �y�s�. � �R �e �v�. � �L �e�t�t�.�7 �9�,� �2 �4 �4 �2� �( �1 �9 �9 �7�)�.

�[ �1 �6�]� �J�. � �W�a �n �g�, � �H�. � �M�. � �W�i �s �e �m �a �n�,� �a �n �d � �G�.� �J�. � �M�i�l �b �u�r �n�, � �D �y �n �a �m�i �c �a�l
�c�r �e �a�t�i �o �n� �o�f� �e �n�t �a �n �g�l �e �m �e �n�t� �b �y� �h �o �m �o �d �y �n �e�- �m �e �d�i �a�t �e �d� �f �e �e �d�-
�b �a �c �k�,�P �h �y�s�. �R �e �v�. �A�7 �1�,� �0 �4 �2 �3 �0 �9� �( �2 �0 �0 �5�)�.

�[ �1 �7�]� �J�.�- �G�. � �L�i�,� �J�. � �Z �o �u�, � �B�.� �S �h �a �o�,� �a �n �d� �J�.�- �F�. � �C �a�i�,� �S�t �e �a �d �y� �a�t �o �m�i �c
�e �n�t �a �n �g�l �e �m �e �n�t � �w�i�t �h� �d�i û� �e�r �e �n�t� �q �u �a �n�t �u �m� �f �e �e �d �b �a �c �k�s�,�P �h �y�s�.
�R �e �v�. � �A�7 �7�,� �0 �1 �2 �3 �3 �9� �( �2 �0 �0 �8�)�.

�[ �1 �8�]� �S�. � �G �o �p �a�l �a �k�r�i �s �h �n �a �n�, � �B�. � �L�. � �L �e �v�,� �a �n �d� �P�. � �M�. � �G �o�l �d �b �a�r�t�, � �E �m �e�r�-
�g �e �n�t� �c�r �y�s�t �a�l�l�i �n�i�t �y� �a �n �d� �f�r �u�s�t�r �a�t�i �o �n � �w�i�t �h � �B �o�s �e  � �E�i �n�s�t �e�i �n� �c �o �n�-
�d �e �n�s �a�t �e�s� �i �n � �m �u�l�t�i �m �o �d �e� �c �a �v�i�t�i �e�s�,�N �a�t�.� �P �h �y�s�.�5�,� �8 �4 �5� �( �2 �0 �0 �9�)�.

�[ �1 �9�]� �S�. � �G �o �p �a�l �a �k�r�i �s �h �n �a �n�, � �B�. � �L�. � �L �e �v�,� �a �n �d� �P�. � �M�. � �G �o�l �d �b �a�r�t�, � �A�t �o �m�-
�l�i �g �h�t� �c�r �y�s�t �a�l�l�i �z �a�t�i �o �n� �o�f � �B �o�s �e�- �E�i �n�s�t �e�i �n� �c �o �n �d �e �n�s �a�t �e�s� �i �n � �m �u�l�-
�t�i �m �o �d �e� �c �a �v�i�t�i �e�s�:� �n �o �n �e �q �u�i�l�i �b�r�i �u �m� �c�l �a�s�s�i �c �a�l� �a �n �d� �q �u �a �n�t �u �m
�p �h �a�s �e� �t�r �a �n�s�i�t�i �o �n�s�,� �e �m �e�r �g �e �n�t� �l �a�t�t�i �c �e�s�,� �s �u �p �e�r�s �o�l�i �d�i�t �y�,� �a �n �d
�f�r �u�s�t�r �a�t�i �o �n�,�P �h �y�s�. � �R �e �v�. � �A�8 �2�,� �0 �4 �3 �6 �1 �2� �( �2 �0 �1 �0�)�.

�[ �2 �0�]� �S�. � �G �o �p �a�l �a �k�r�i �s �h �n �a �n�, � �B�. � �L�. � �L �e �v�,� �a �n �d� �P�. � �M�. � �G �o�l �d �b �a�r�t�,� �F�r �u�s�t�r �a�-
�t�i �o �n� �a �n �d � �G�l �a�s�s�i �n �e�s�s� �i �n� �S �p�i �n � �M �o �d �e�l �s � �w�i�t �h � �C �a �v�i�t �y�- �M �e �d�i �a�t �e �d
�I �n�t �e�r �a �c�t�i �o �n�s�,�P �h �y�s�. � �R �e �v�. � �L �e�t�t�.�1 �0 �7�,� �2 �7 �7 �2 �0 �1� �( �2 �0 �1 �1�)�.

�[ �2 �1�] � �A�. � �T�. � �B�l �a �c �k�, � �H�. � �W�. � �C �h �a �n�,� �a �n �d � �V�. � �V �u�l �e�t�i�´�c�, � �O �b�s �e�r �v �a�-
�t�i �o �n� �o�f � �C �o�l�l �e �c�t�i �v �e� �F�r�i �c�t�i �o �n� �F �o�r �c �e�s� �d �u �e� �t �o� �S �p �a�t�i �a�l� �S �e�l�f�-
�O�r �g �a �n�i �z �a�t�i �o �n� �o�f � �A�t �o �m�s�:� �F�r �o �m � �R �a �y�l �e�i �g �h� �t �o � �B�r �a �g �g� �S �c �a�t�t �e�r�-
�i �n �g�,�P �h �y�s�. �R �e �v�. �L �e�t�t�.�9 �1�,� �2 �0 �3 �0 �0 �1� �( �2 �0 �0 �3�)�.

�[ �2 �2�] � �H�. � �R�i�t �s �c �h�,� �P�. � �D �o �m �o �k �o�s�,� �F�. � �B�r �e �n �n �e �c �k �e�,� �a �n �d� �T�. � �E�s�s�l�i �n �g �e�r�,
�C �o�l �d� �a�t �o �m�s� �i �n� �c �a �v�i�t �y�- �g �e �n �e�r �a�t �e �d� �d �y �n �a �m�i �c �a�l� �o �p�t�i �c �a�l� �p �o�t �e �n�-
�t�i �a�l �s�,�R �e �v�. � �M �o �d�.� �P �h �y�s�.�8 �5�,� �5 �5 �3� �( �2 �0 �1 �3�)�.

�[ �2 �3�] � �A�.� �J�. � �K �o�l�l �á�r�, � �A�. � �T�.� �P �a �p �a �g �e �o�r �g �e�, � �K�. � �B �a �u �m �a �n �n�, � �M�. � �A�.
�A�r �m �e �n�,� �a �n �d � �B�. � �L�. � �L �e �v�, � �A �n� �a �d�j �u�s�t �a �b�l �e�-�l �e �n �g�t �h� �c �a �v�i�t �y� �a �n �d
�B �o�s �e  � �E�i �n�s�t �e�i �n� �c �o �n �d �e �n�s �a�t �e� �a �p �p �a�r �a�t �u�s� �f �o�r � �m �u�l�t�i �m �o �d �e� �c �a �v�i�t �y
�Q �E �D�,�N �e �w� �J�.� �P �h �y�s�.�1 �7�,� �0 �4 �3 �0 �1 �2� �( �2 �0 �1 �5�)�.

�[ �2 �4�] � �A�.� �J�. � �K �o�l�l �á�r�, � �A�. � �T�.� �P �a �p �a �g �e �o�r �g �e�, � �V�. � �D�. � �V�a�i �d �y �a�, � �Y�. � �G �u �o�,
�J�. � �K �e �e�l�i �n �g�,� �a �n �d � �B�. � �L�. � �L �e �v�,� �S �u �p �e�r �m �o �d �e�- �d �e �n�s�i�t �y�- �w �a �v �e�-
�p �o�l �a�r�i�t �o �n� �c �o �n �d �e �n�s �a�t�i �o �n � �w�i�t �h� �a � �B �o�s �e  � �E�i �n�s�t �e�i �n� �c �o �n �d �e �n�s �a�t �e
�i �n� �a � �m �u�l�t�i �m �o �d �e� �c �a �v�i�t �y�,�N �a�t�. � �C �o �m �m �u �n�.�8�,� �1� �( �2 �0 �1 �7�)�.

�[ �2 �5�] � �V�. � �D�. � �V�a�i �d �y �a�, � �Y�. � �G �u �o�, � �R�. � �M�. � �K�r �o �e �z �e�, � �K�. � �E�. � �B �a�l�l �a �n�t�i �n �e�, � �A�.� �J�.
�K �o�l�l �á�r�,� �J�. � �K �e �e�l�i �n �g�,� �a �n �d � �B�. � �L�. � �L �e �v�, � �T �u �n �a �b�l �e�- �R �a �n �g �e�,� �P �h �o�t �o �n�-
�M �e �d�i �a�t �e �d � �A�t �o �m�i �c� �I �n�t �e�r �a �c�t�i �o �n�s� �i �n � �M �u�l�t�i �m �o �d �e � �C �a �v�i�t �y � �Q �E �D�,
�P �h �y�s�. � �R �e �v�. � �X�8�,� �0 �1 �1 �0 �0 �2� �( �2 �0 �1 �8�)�.

�[ �2 �6�]� �F�. � �M�i �v �e �h �v �a�r�,� �F�.� �P�i �a �z �z �a�, � �T�. � �D �o �n �n �e�r�,� �a �n �d � �H�. � �R�i�t �s �c �h�, � �C �a �v�i�t �y
�Q �E �D � �w�i�t �h� �q �u �a �n�t �u �m� �g �a�s �e�s�:� �n �e �w� �p �a�r �a �d�i �g �m�s� �i �n � �m �a �n �y�- �b �o �d �y
�p �h �y�s�i �c�s�,�A �d �v�.� �P �h �y�s�.�7 �0�,�1� �( �2 �0 �2 �1�)�.

�[ �2 �7�] � �A�. � �W�i �c �k �e �n �b�r �o �c �k�, � �M�. � �H �e �m �m �e�r�l�i �n �g�, � �G�. � �R�. � �M�. � �R �o �b �b�, � �C�.
�E �m �a�r �y�,� �a �n �d� �F�. � �R �e �n �z �o �n�i�, � �C �o�l�l �e �c�t�i �v �e� �s�t�r �o �n �g� �c �o �u �p�l�i �n �g� �i �n
�m �u�l�t�i �m �o �d �e� �c �a �v�i�t �y � �Q �E �D�,�P �h �y�s�. �R �e �v�. �A�8 �7�,� �0 �4 �3 �8 �1 �7� �( �2 �0 �1 �3�)�.

�[ �2 �8�] � �B�.� �P�. � �M �a�r�s �h�, � �Y�. � �G �u �o�, � �R�. � �M�. � �K�r �o �e �z �e�,� �S�. � �G �o �p �a�l �a �k�r�i �s �h �n �a �n�,
�S�. � �G �a �n �g �u�l�i�,� �J�. � �K �e �e�l�i �n �g�,� �a �n �d � �B�. � �L�. � �L �e �v�, � �E �n �h �a �n �c�i �n �g � �A�s�s �o �c�i �a�-
�t�i �v �e � �M �e �m �o�r �y � �R �e �c �a�l�l� �a �n �d� �S�t �o�r �a �g �e � �C �a �p �a �c�i�t �y � �U�s�i �n �g � �C �o �n�f �o �c �a�l
�C �a �v�i�t �y � �Q �E �D�,�P �h �y�s�. �R �e �v�. �X�1 �1�,� �0 �2 �1 �0 �4 �8� �( �2 �0 �2 �1�)�.

�[ �2 �9�] � �V�. � �T �o�r �g �g�l �e�r�,� �P�. � �A �u �m �a �n �n�, � �H�. � �R�i�t �s �c �h�,� �a �n �d � �W�. � �L �e �c �h �n �e�r�, � �A
�q �u �a �n�t �u �m � �N�- �q �u �e �e �n�s� �s �o�l �v �e�r�,�Q �u �a �n�t �u �m�3�,� �1 �4 �9� �( �2 �0 �1 �9�)�.

�[ �3 �0�] � �K�. � �B �a �u �m �a �n �n�, � �C�. � �G �u �e�r�l�i �n�,� �F�. � �B�r �e �n �n �e �c �k �e�,� �a �n �d� �T�. � �E�s�s�l�i �n �g �e�r�,
�D�i �c �k �e� �q �u �a �n�t �u �m� �p �h �a�s �e� �t�r �a �n�s�i�t�i �o �n � �w�i�t �h� �a� �s �u �p �e�r û� �u�i �d� �g �a�s� �i �n� �a �n
�o �p�t�i �c �a�l� �c �a �v�i�t �y�,�N �a�t �u�r �e�4 �6 �4�,� �1 �3 �0 �1� �( �2 �0 �1 �0�)�.

�[ �3 �1�]� �F�.� �F �e�r�r�i�, � �R�. � �R �o�s �a�- �M �e �d�i �n �a�,� �F�.� �F�i �n �g �e�r�, � �N�. � �D �o �g�r �a�, � �M�.� �S �o�r�i�-
�e �n�t �e�, � �O�. � �Z�i�l �b �e�r �b �e�r �g�, � �T�. � �D �o �n �n �e�r�,� �a �n �d� �T�. � �E�s�s�l�i �n �g �e�r�, � �E �m �e�r �g�i �n �g
�D�i �s�s�i �p �a�t�i �v �e� �P �h �a�s �e�s� �i �n� �a� �S �u �p �e�r�r �a �d�i �a �n�t � �Q �u �a �n�t �u �m � �G �a�s � �W�i�t �h
�T �u �n �a �b�l �e � �D �e �c �a �y�,�P �h �y�s�. �R �e �v�. �X�1 �1�,� �0 �4 �1 �0 �4 �6� �( �2 �0 �2 �1�)�.

�[ �3 �2�]� �S�.� �J�. � �M �a�s�s �o �n� �a �n �d� �S�.� �P �a�r �k�i �n�s�, � �R �a �p�i �d� �P�r �o �d �u �c�t�i �o �n� �o�f � �M �a �n �y�-
�B �o �d �y � �E �n�t �a �n �g�l �e �m �e �n�t� �i �n� �S �p�i �n�- �1 � �A�t �o �m�s� �v�i �a � �C �a �v�i�t �y � �O �u�t �p �u�t
�P �h �o�t �o �n � �C �o �u �n�t�i �n �g�,�P �h �y�s�. �R �e �v�. �L �e�t�t�.�1 �2 �2�,� �1 �0 �3 �6 �0 �1� �( �2 �0 �1 �9�)�.

�[ �3 �3�]� �S�.� �P�. � �K �e�l�l �y�, � �A�. � �M�. � �R �e �y�,� �a �n �d� �J�. � �M �a�r�i �n �o�, � �E û� �e �c�t� �o�f � �A �c�t�i �v �e
�P �h �o�t �o �n�s� �o �n � �D �y �n �a �m�i �c �a�l� �F�r �u�s�t�r �a�t�i �o �n� �i �n � �C �a �v�i�t �y � �Q �E �D�,�P �h �y�s�.
�R �e �v�. � �L �e�t�t�.�1 �2 �6�,� �1 �3 �3 �6 �0 �3� �( �2 �0 �2 �1�)�.

�[ �3 �4�]� �S�.� �S �c �h �m�i �d�t� �a �n �d� �J�. � �K �o �c �h�, � �C�i�r �c �u�i�t � �Q �E �D� �l �a�t�t�i �c �e�s�:� �t �o �w �a�r �d�s
�q �u �a �n�t �u �m� �s�i �m �u�l �a�t�i �o �n � �w�i�t �h� �s �u �p �e�r �c �o �n �d �u �c�t�i �n �g� �c�i�r �c �u�i�t �s�,�A �n �n�.
�P �h �y�s�.�5 �2 �5�,� �3 �9 �5� �( �2 �0 �1 �3�)�.

�[ �3 �5�] � �C�. � �N �o �h� �a �n �d � �D�. � �G�. � �A �n �g �e�l �a �k�i �s�, � �Q �u �a �n�t �u �m� �s�i �m �u�l �a�t�i �o �n�s� �a �n �d
�m �a �n �y�- �b �o �d �y� �p �h �y�s�i �c�s � �w�i�t �h� �l�i �g �h�t�,�R �e �p�.� �P�r �o �g�.� �P �h �y�s�.�8 �0�,
�0 �1 �6 �4 �0 �1� �( �2 �0 �1 �6�)�.

�[ �3 �6�] � �A�. � �B�l �a�i �s�, � �A�. � �L�. � �G�r�i �m�s �m �o�,� �S�. � �M�. � �G�i�r �v�i �n�,� �a �n �d � �A�. � �W�a�l�l�r �a û��,
�C�i�r �c �u�i�t� �q �u �a �n�t �u �m� �e�l �e �c�t�r �o �d �y �n �a �m�i �c�s�,�R �e �v�. � �M �o �d�.� �P �h �y�s�.�9 �3�,
�0 �2 �5 �0 �0 �5� �( �2 �0 �2 �1�)�.

�[ �3 �7�]� �S�.� �F�l �a �n �n�i �g �a �n�,� �F�. � �D �a �m �a �n �e�t�,� �a �n �d � �A�.� �J�. � �D �a�l �e �y�, � �M �a �n �y�- �b �o �d �y
�q �u �a �n�t �u �m� �s�t �a�t �e� �d�i û� �u�s�i �o �n� �f �o�r� �n �o �n�- �M �a�r �k �o �v�i �a �n� �d �y �n �a �m�i �c�s� �i �n
�s�t�r �o �n �g�l �y� �i �n�t �e�r �a �c�t�i �n �g� �s �y�s�t �e �m�s�,�a�r �X�i �v�: �2 �1 �0 �8�. �0 �6 �2 �2 �4 �v �2�[ �q �u �a �n�t�-
�p �h�]� �( �2 �0 �2 �1�)�.

�[ �3 �8�] � �R�. � �G�. � �L �e �n �a� �a �n �d � �A�.� �J�. � �D �a�l �e �y�, � �D�i �s�s�i �p �a�t�i �v �e� �d �y �n �a �m�i �c�s� �a �n �d
�c �o �o�l�i �n �g� �r �a�t �e�s� �o�f� �t�r �a �p �p �e �d� �i �m �p �u�r�i�t �y� �a�t �o �m�s� �i �m �m �e�r�s �e �d� �i �n� �a
�r �e�s �e�r �v �o�i�r� �g �a�s�,�P �h �y�s�. � �R �e �v�. � �A�1 �0 �1�,� �0 �3 �3 �6 �1 �2� �( �2 �0 �2 �0�)�.

�[ �3 �9�]� �I�.� �d �e � �V�e �g �a�, � �D�.� �P �o�r�r �a�s�,� �a �n �d� �J�.� �I�. � �C�i�r �a �c�, � �M �a�t�t �e�r�- �W�a �v �e� �E �m�i �s�-
�s�i �o �n� �i �n � �O �p�t�i �c �a�l � �L �a�t�t�i �c �e�s�:� �S�i �n �g�l �e� �P �a�r�t�i �c�l �e� �a �n �d � �C �o�l�l �e �c�t�i �v �e
�E û� �e �c�t �s�,�P �h �y�s�. �R �e �v�. �L �e�t�t�.�1 �0 �1�,� �2 �6 �0 �4 �0 �4� �( �2 �0 �0 �8�)�.

�[ �4 �0�] � �C�. � �N �a �v �a�r�r �e�t �e�- �B �e �n�l�l �o �c �h�,� �I�.� �d �e � �V�e �g �a�, � �D�.� �P �o�r�r �a�s�,� �a �n �d
�J�.� �I�. � �C�i�r �a �c�,� �S�i �m �u�l �a�t�i �n �g� �q �u �a �n�t �u �m�- �o �p�t�i �c �a�l� �p �h �e �n �o �m �e �n �a � �w�i�t �h
�c �o�l �d� �a�t �o �m�s� �i �n� �o �p�t�i �c �a�l� �l �a�t�t�i �c �e�s�,�N �e �w� �J�.� �P �h �y�s�.�1 �3�,� �0 �2 �3 �0 �2 �4
�( �2 �0 �1 �1�)�.

�[ �4 �1�] � �K�.� �S �a �n�t �h �o�s �h�, � �O�. � �B�i�t�t �o �n�, � �L�. � �C �h �u �n�t �o �n �o �v�,� �a �n �d � �G�. � �H �a�r �a �n�, � �V�a �c�-
�u �u �m � �R �a �b�i� �s �p�l�i�t�t�i �n �g� �i �n� �a� �p�l �a�s �m �o �n�i �c� �c �a �v�i�t �y� �a�t� �t �h �e� �s�i �n �g�l �e
�q �u �a �n�t �u �m� �e �m�i�t�t �e�r� �l�i �m�i�t�,�N �a�t�. � �C �o �m �m �u �n�.�7�,� �n �c �o �m �m�s �1 �1 �8 �2 �3
�( �2 �0 �1 �6�)�.

�[ �4 �2�]� �S�.� �F�r �a �n �k �e�,� �S�. � �H �u �g �h �e�s�, � �M�. � �K�. � �D �e �z�f �o �u�l�i�, � �P�. � �T�. � �K�r�i �s�t �e �n�s �e �n�, � �K�.
�B �u�s �c �h�, � �A�. � �K �n �o�r�r�,� �a �n �d � �M�. � �R�i �c �h�t �e�r�, � �Q �u �a �n�t�i �z �a�t�i �o �n� �o�f � �Q �u �a�s�i�-
�n �o�r �m �a�l � �M �o �d �e�s� �f �o�r � �O �p �e �n � �C �a �v�i�t�i �e�s� �a �n �d� �P�l �a�s �m �o �n�i �c � �C �a �v�i�t �y
�Q �u �a �n�t �u �m� �E�l �e �c�t�r �o �d �y �n �a �m�i �c�s�,�P �h �y�s�. � �R �e �v�. � �L �e�t�t�.�1 �2 �2�,� �2 �1 �3 �9 �0 �1
�( �2 �0 �1 �9�)�.

�[ �4 �3�] � �N�. � �M �e �g�i �e�r�, � �W�. � �T�.� �S�t�r �u �n �z�,� �a �n �d � �K�. � �L �u �o �m �a�, � �C �o �n�t�i �n �u �o �u�s� �q �u �a �n�-
�t �u �m � �m �e �a�s �u�r �e �m �e �n�t� �f �o�r� �g �e �n �e�r �a�l � �G �a �u�s�s�i �a �n� �u �n�r �a �v �e�l�i �n �g�s� �c �a �n
�e �x�i �s�t�,�P �h �y�s�. � �R �e �v�. � �R �e�s�.�2�,� �0 �4 �3 �3 �7 �6� �( �2 �0 �2 �0�)�.

�[ �4 �4�]�S�. � �K�r �ö �n �k �e� �a �n �d � �W�. � �T�.� �S�t�r �u �n �z�, � �N �o �n�- �M �a�r �k �o �v�i �a �n� �q �u �a �n�t �u �m� �t�r �a�-
�j �e �c�t �o�r�i �e�s�,� �i �n�s�t�r �u �m �e �n�t �s� �a �n �d� �t�i �m �e�- �c �o �n�t�i �n �u �o �u�s � �m �e �a�s �u�r �e �m �e �n�t �s�,
�J�.� �P �h �y�s�. � �A�: � �M �a�t �h�. � �T �h �e �o�r�.�4 �5�,� �0 �5 �5 �3 �0 �5� �( �2 �0 �1 �2�)�.

�0 �2 �0 �3 �4 �8�- �1 �4
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[ 4 5]  H.  M.  Wis e m a n a n d J.  M.  G a m b ett a, P ur e- St at e  Q u a nt u m
Tr aj e ct ori es f or  G e n er al  N o n- M ar k o vi a n S yst e ms  D o  N ot
E xist, P h ys.  R e v.  L ett. 1 0 1 , 1 4 0 4 0 1 ( 2 0 0 8).

[ 4 6]  A. I m a m o gl u, St o c h asti c  w a v e-f u n cti o n a p pr o a c h t o n o n-
M ar k o vi a n s yst e ms, P h ys.  R e v.  A 5 0 , 3 6 5 0 ( 1 9 9 4).

[ 4 7]  B. J.  D alt o n, S.  M.  B ar n ett, a n d  B.  M.  G arr a w a y,  T h e or y
of ps e u d o m o d es i n q u a nt u m o pti c al pr o c ess es, P h ys.  R e v.
A 6 4 , 0 5 3 8 1 3 ( 2 0 0 1).

[ 4 8]  B.  M.  G arr a w a y,  N o n p ert ur b ati v e d e c a y of a n at o mi c
s yst e m i n a c a vit y, P h ys. R e v. A 5 5 , 2 2 9 0 ( 1 9 9 7).

[ 4 9]  G. Pl e as a n c e,  B.  M.  G arr a w a y, a n d F. P etr u c ci o n e,  G e n-
er ali z e d t h e or y of ps e u d o m o d es f or e x a ct d es cri pti o ns of
n o n- M ar k o vi a n q u a nt u m pr o c ess es, P h ys.  R e v.  R es. 2 ,
0 4 3 0 5 8 ( 2 0 2 0).

[ 5 0]  L.  M a z z ol a, S.  M a nis c al c o, J. Piil o,  K.- A. S u o mi n e n, a n d
B.  M.  G arr a w a y, Ps e u d o m o d es as a n e ff e cti v e d es cri pti o n
of  m e m or y: n o n- M ar k o vi a n d y n a mi cs of t w o-st at e s ys-
t e ms i n str u ct ur e d r es er v oirs, P h ys. R e v. A 8 0 , 0 1 2 1 0 4
( 2 0 0 9).

[ 5 1]  H.  Ya n g,  H.  Mi a o, a n d  Y.  C h e n,  N o n a di a b ati c eli mi n ati o n
of a u xili ar y  m o d es i n c o nti n u o us q u a nt u m  m e as ur e m e nts,
P h ys.  R e v.  A 8 5 , 0 4 0 1 0 1 ( 2 0 1 2).

[ 5 2]  H.- P.  Br e u er,  G e n ui n e q u a nt u m tr aj e ct ori es f or n o n-
M ar k o vi a n pr o c ess es, P h ys. R e v. A 7 0 , 0 1 2 1 0 6 ( 2 0 0 4).

[ 5 3]  A.  B ar c hi elli,  C. P ell e gri ni, a n d F. P etr u c ci o n e, St o c h as-
ti c S c hr ö di n g er e q u ati o ns  wit h c ol o ur e d n ois e, E ur o p h ys.
L ett. 9 1 , 2 4 0 0 1 ( 2 0 1 0).

[ 5 4]  Y.  G u o,  R.  M.  Kr o e z e,  V.  D.  Vai d y a, J.  K e eli n g, a n d
B.  L.  L e v, Si g n- C h a n gi n g P h ot o n- M e di at e d  At o m I nt er-
a cti o ns i n  M ulti m o d e  C a vit y  Q u a nt u m  El e ctr o d y n a mi cs,
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