
'ƌĂĚƵĂƚĞ�^ƚƵĚŝĞƐ�WƌŽŐƌĂŵ 
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ 

zĂůĞ�^ĐŚŽŽů�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ��Θ��ƉƉůŝĞĚ�^ĐŝĞŶĐĞ 
ϭϱ�WƌŽƐƉĞĐƚ�^ƚƌĞĞƚ� 

EĞǁ�,ĂǀĞŶ͕��d�Ϭϲϱϭϭ�h͘^͘�͘ 
ŚƩƉƐ͗ͬͬĂƉƉůŝĞĚƉŚǇƐŝĐƐ͘ǇĂůĞ͘ĞĚƵͬ 



���&RQWHPSRUDU\� VFLHQFH� DQG� HQJLQHHULQJ� DUH� EHFRPLQJ��
LQFUHDVLQJO\�LQWHUGLVFLSOLQDU\� 
 
���7UDGLWLRQDO� ERXQGDULHV� EHWZHHQ� ILHOGV� KDYH� EOXUUHG�� DQG�
QHZ�DUHDV��VXFK�DV�QDQRWHFKQRORJ\�DQG�DUWLILFLDOO\�VWUXFWXUHG�
PDWHULDOV�� DUH� FRQVWDQWO\� HPHUJLQJ�� $SSOLHG� 3K\VLFV�
FRPELQHV�XQGHUVWDQGLQJ�WKH�ODZV�RI�QDWXUH�DW�D�IXQGDPHQWDO�
OHYHO� ZLWK� D� � IRFXV� RQ� WHFKQRORJLFDO� DSSOLFDWLRQV� WR� SURYLGH��
VROXWLRQV�WR�LPSRUWDQW�VRFLHWDO�SUREOHPV��$V�VXFK��LW�SURYLGHV�
DQ� HVVHQWLDO� OLQN� EHWZHHQ� SK\VLFV� DQG� HQJLQHHULQJ�� 7KH�
UDQJH� RI� SKHQRPHQD�� PDWHULDOV�� GHYLFHV� DQG� V\VWHPV�
EHQHILWLQJ�IURP�UHVHDUFK� LQ�DSSOLHG�SK\VLFV� LV�XQPDWFKHG� LQ�
LWV�VFRSH�DQG�LPSRUWDQFH� 
 
���5HVHDUFK� LQ� $SSOLHG� 3K\VLFV� VSDQV� WKUHH� EURDG� DUHDV� RI�
LQWHUHVW�� QRYHO�PDWHULDOV�� RSWLFDO� DQG� QDQRSKRWRQLF� SK\VLFV��
DQG� TXDQWXP� LQIRUPDWLRQ� SURFHVVLQJ�� HPSKDVL]LQJ� ERWK�
IXQGDPHQWDO� LVVXHV� DQG� WKH� SUDFWLFDO� DSSOLFDWLRQ� RI� WKHVH�
FRQFHSWV� DQG� WHFKQLTXHV� WR� WHFKQRORJ\��*UDGXDWH� VWXGHQWV�
GHYHORS� WKHLU� RZQ� FRXUVH� RI� VWXG\� DQG� UHVHDUFK� ZLWK� WKH�
JXLGDQFH�DQG�DGYLFH�RI�IDFXOW\�PHPEHUV�LQ�WKH�DUHDV�RI�WKHLU�
UHVHDUFK� LQWHUHVWV�� 7KH� EDODQFH� EHWZHHQ� IXQGDPHQWDO�
VFLHQFH� DQG� DSSOLFDWLRQ� PDNHV� RXU� SURJUDP� KLJKO\� LQWHU-
GLVFLSOLQDU\�� KDYLQJ� VWURQJ� FROODERUDWLRQV� ZLWK� 3K\VLFV� DQG�
&KHPLVWU\��DV�ZHOO�DV�(OHFWULFDO��0HFKDQLFDO��&KHPLFDO��DQG�
%LRPHGLFDO� (QJLQHHULQJ�� 2XU� JUDGXDWHV� KDYH� EHFRPH�
OHDGHUV� LQ� D� ZLGH� YDULHW\� RI� ILHOGV� VSDQQLQJ� DFDGHPLD��
LQGXVWU\��DQG�JRYHUQPHQW�VHUYLFH� 
 
 

 
���7KH�$SSOLHG�3K\VLFV�IDFXOW\�DUH�HQJDJHG�LQ�D�EURDG�UDQJH�RI�
UHVHDUFK� SURJUDPV�� LQFOXGLQJ� WRSLFV� VXFK� DV� TXDQWXP�
LQIRUPDWLRQ� DQG� TXDQWXP� FRPSXWLQJ�� RSWLFDO� SK\VLFV� DQG�
QDQRSKRWRQLFV��DQG�FRPSOH[�PDWHULDOV� 
 
���$SSOLHG�3K\VLFV�IDFXOW\�DUH�DOVR�FHQWUDO�WR�WKH�<DOH�4XDQWXP�
,QVWLWXWH� �<4,��� ZKLFK� IDFLOLWDWHV� UHVHDUFK� DQG� WHDFKLQJ� RI�
TXDQWXP�VFLHQFH� RQ� FDPSXV�DQG� KRVWV� VHPLQDUV��ZRUNVKRSV�
DQG�YLVLWRUV�IURP�DURXQG�WKH�ZRUOG��PDNLQJ�<DOH�DQ�LQWHOOHFWXDO�
KXE� RI� WKH� TXDQWXP� LQIRUPDWLRQ� UHYROXWLRQ�� 2XU� IDFXOW\� DOVR�
SOD\� D� FHQWUDO� UROH� LQ� WKH� <DOH� ,QVWLWXWH� IRU� 1DQRVFLHQFH� DQG�
4XDQWXP� (QJLQHHULQJ� �<,14(��� WKDW� EULQJV� WRJHWKHU�
UHVHDUFKHUV� LQ� WKH� SK\VLFDO� VFLHQFHV� DQG� HQJLQHHULQJ� ZLWK�
WKRVH� LQ� WKH� PHGLFDO� DQG� ELRORJLFDO� UHVHDUFK� FRPPXQLWLHV�
WKURXJK�QDQRVFDOH�UHVHDUFK�DQG�DSSOLFDWLRQV� 
 
���$GGLWLRQDOO\�� ZH� KDYH� IDFXOW\� DSSRLQWHG� LQ� WKH� (QHUJ\�
6FLHQFHV� ,QVWLWXWH�� D� <DOH�:HVW�&DPSXV� LQVWLWXWH� IRFXVLQJ� RQ�
WKH� HPHUJLQJ� FKDOOHQJHV� IDFLQJ� WKH� HQYLURQPHQW� DQG� HQHUJ\�
VHFWRUV�� WKURXJK� QHZ� PDWHULDOV� IRU� HQHUJ\� SURGXFWLRQ� DQG�
VWRUDJH�DV�ZHOO�DV� LQQRYDWLRQV� LQ�VRODU�HQHUJ\�DQG�DOWHUQDWLYH�
IXHOV�� 
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Cooling sound waves with light involves converting acoustic energy into optical  
energy, which blueshifts the light.  
(Image credit: Eric Kittlaus, Ph. D. and Nils Otterstrom — Rakich Group) 

Array of transmons and resonators by Chris Axline, Ph. D., from Schoelkopf Group 
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ƌĞƐĞĂƌĐŚ� ĚƵƌŝŶŐ� ƚŚĞ� ĮƌƐƚ� ǇĞĂƌ͘� 'ƌĂĚƵĂƚĞ� ƐƚƵĚĞŶƚƐ� ŝŶ�
�ƉƉůŝĞĚ� WŚǇƐŝĐƐ� ĂƌĞ� ŶŽƌŵĂůůǇ� ƌĞƋƵŝƌĞĚ� ƚŽ� ƚĂŬĞ� ĐĞƌƚĂŝŶ�
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ůĂŶŐƵĂŐĞ�ƌĞƋƵŝƌĞŵĞŶƚ͘ 
 
&ŝƌƐƚ� ǇĞĂƌ� ĨĞůůŽǁƐŚŝƉƐ͗��ůů�ĮƌƐƚ� ǇĞĂƌ�WŚ͘�͘� ƐƚƵĚĞŶƚƐ�ĂƌĞ�
ĮŶĂŶĐŝĂůůǇ�ƐƵƉƉŽƌƚĞĚ�ďǇ�ƚŚĞ�ĚĞƉĂƌƚŵĞŶƚ͘ 
 
dĞĂĐŚŝŶŐ͗�dĞĂĐŚŝŶŐ�ĞǆƉĞƌŝĞŶĐĞ�ŝƐ�ƌĞŐĂƌĚĞĚ�ĂƐ�ĂŶ�ŝŶƚĞŐƌĂů�
ƉĂƌƚ�ŽĨ�ƚŚĞ�ŐƌĂĚƵĂƚĞ�ƚƌĂŝŶŝŶŐ�ƉƌŽŐƌĂŵ�Ăƚ�zĂůĞ�hŶŝǀĞƌƐŝƚǇ͘�
�ůů� �ƉƉůŝĞĚ� WŚǇƐŝĐƐ� ƐƚƵĚĞŶƚƐ� ĂƌĞ� ƌĞƋƵŝƌĞĚ� ƚŽ� ƐĞƌǀĞ� ĂƐ� Ă�
dĞĂĐŚŝŶŐ� &ĞůůŽǁ� ;d&Ϳ� ĨŽƌ� ƚǁŽ� ƐĞŵĞƐƚĞƌƐ͕� ƚǇƉŝĐĂůůǇ� ĚƵƌŝŶŐ�
ǇĞĂƌ� ƚǁŽ͕� ĂŶĚ�ŚĂǀĞ�ŽƉƉŽƌƚƵŶŝƟĞƐ� ĨŽƌ� ĨƵƌƚŚĞƌ� ƚĞĂĐŚŝŶŐ� ŝĨ�
ĚĞƐŝƌĞĚ͘� 
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ŵƵƐƚ� ƉĂƐƐ� ĂŶ� �ƌĞĂ� �ǆĂŵŝŶĂƟŽŶ� ǁŚŽƐĞ� ƉƵƌƉŽƐĞ� ŝƐ� ƚŽ�
ĞŶƐƵƌĞ� ƚŚĂƚ� ƚŚĞ� ƐƚƵĚĞŶƚ� ŚĂƐ� ĂĐŚŝĞǀĞĚ� ďŽƚŚ� ƚŚĞ� ďƌĞĂĚƚŚ�
ĂŶĚ�ĚĞƉƚŚ�ŽĨ�ŬŶŽǁůĞĚŐĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ƚŽ�Ă�zĂůĞ�WŚ͘�͘� 
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ƐƚƵĚŝĞƐ 
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Ph.D. students have access to 
extensive cleanroom facilities 
and characterization tools. 
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