
arbeitsberichte     225

quA NT u M PH ySICS A ND BIOLO Gy – 
A SeA RCH fOR COM MON GROu ND
K. BIRGIT TA W HA L ey 

K. Birgitta Whaley is Professor of Chemistry, Director of the Berkeley quantum Informa-
tion and Computation Center at the university of California, Berkeley, and faculty  Scientist 
at the Lawrence Berkeley National Laboratory. She obtained her undergraduate degree 
at Oxford university (1978), was a Kennedy fellow at Harvard university (1978–79), and 
obtained her Ph.D. in Chemical Physics at the university of Chicago (1984). This was 
 followed by two years of postdoctoral work in Israel (Tel Aviv and Hebrew universities), 
after which she moved to Berkeley as Assistant Professor (1986). Her research is focused 
on quantum information and quantum computation, the control and simulation of com-
plex quantum systems, and quantum effects in biological systems. She is a fellow of the 
American Physical Society and a former Chair of the Division of Chemical Physics. Her 
professional honors include Bergmann and Sloan foundation fellowships, an Alexander 
von Humboldt research award, and a Professorship at the Miller Institute for Basic 
 Research in Science in Berkeley. Service activities include advisory committees for the 
National Academy of Sciences and the Perimeter Institute for Theoretical Physics. 
–  Address: Department of Chemistry, university of California at Berkeley, 406 Latimer 
Hall #1460, Berkeley, CA 94720-1460, uSA. e-mail: whaley@berkeley.edu

In quantum physics and chemistry we usually assume that physical phenomena are 
 fundamentally described by quantum mechanics. We also assume that an understanding 
of biology on the molecular level requires analysis of the microscopic physical and chemical 
phenomena responsible for biological form and function. yet quantum mechanical 
 phenomena usually appear to be unrelated, even irrelevant, to biology. To scientists for 
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whom classical kinetics and energetics generally suffice, the signature quantum effects 
such as the coherent wave behavior of particles and entanglement due to non-local 
 correlations often seem quite counterintuitive.

This apparent separation between quantum dynamics and the (assumed) classical 
 dynamics of biological systems raises profound questions for both physical science and 
biology. Such questions become prominent as novel experimental methods probe biological 
phenomena on extremely short time scales and reveal unexpected quantum mechanical 
features. The motivation for my Wiko project was to define and study these questions 
and their ramifications. Looking back on the project, I should say first that it was a great 
pleasure to work on these topics in a focus Group on quantum Biology together with my 
fellow fellow Atac Imamoglu and two of our Life Sciences fellows, Akihito Ishizaki and 
Alipasha vaziri. 

Before I came to Berlin, my work in quantum Biology addressed the relevance of 
quantum dynamics to electronic energy transfer in the early stages of photosynthesis. 
I  focused on the extent to which quantum effects are mechanistic components of the 
 relevant molecular processes and was able to uncover questions about the relevance of 
observable quantum dynamics to biological function. These studies were primarily con-
cerned with reconciling experimental observations with modern quantum dynamical 
theories. In my year at Wiko, my interests broadened and diversified in several respects. 
On the one hand, I began to analyze two broad issues of quantum photosynthesis: first, 
the use of quantum phenomena in biology as paradigms of open quantum systems; and 
second, the relevance of such quantum phenomena to evolution. At the same time, 
prompted by readings and discussion with other fellows, I also considered whether there 
might be other biological phenomena in which quantum mechanics plays a significant 
dynamical or functional role and what the underlying requirements might be.

The first Initiative: Open quantum Systems 

Any critical manifestation of quantum dynamical behavior in biological function raises 
questions about both the quantum physics of complex systems and the differences  between 
quantum and classical behavior. Biological systems have revealed examples of so-called 
open quantum systems in which non-trivial quantum effects can be preserved for signifi-
cantly long times, despite interactions with an environment that would normally remove 
all dynamic quantum features. Whereas in quantum physics we usually make a sharp 
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distinction between the quantum system and its environment, this distinction is blurred 
in open quantum systems: the system and its environment are often intercalated or over-
lapping. The question how such an open quantum system can maintain signature 
 quantum dynamical features is an inversion of the more traditional question of how 
quantum behavior is lost when zooming out from atoms and molecules to biological 
units. The study of open quantum systems in biology has provided new insight into the 
boundary between quantum and classical behavior. 

The Second Initiative: Large-Scale questions that Address quantum effects in evolution

In this area I formulated two questions: How has photosynthetic machinery evolved to be 
so efficient? And can we use studies of natural genetic variation and experimental evolu-
tion to investigate quantum processes in photosynthesis? I arrived at these questions after 
extensive discussion with my biology colleagues at Wiko, in particular with my peer 
 fellows Jack Werren and Sonia Sultan. Thinking about these issues and discussing them 
with my Wiko colleagues has introduced me to a new area that I think is enriched by dif-
ferent disciplinary perspectives on the roles of “how” and “why” questions in scientific 
enquiry.

I also became interested in bird navigation and neuronal communication. Both of 
these areas might involve quantum coherent dynamics. Atac Imamoglu and I discussed 
how to probe the quantum effects in the way birds sense the earth’s magnetic field and use 
it to navigate. Alipasha vaziri and I discussed the dynamics of ion channel transport and 
neuronal stimuli. Inevitably we came to consider the relationship between physical func-
tion and mental function. This led to fascinating interdisciplinary discussions with other 
fellows and Wiko associates, most notably (to me) with Wiko Advisory Board member 
and Art Historian David freedberg, when he visited in late May. 

To explore these topics in our focus Group, Atac Imamoglu and I convened a  two-day 
seminar in early May on “quantum Coherent effects in Biology”. Our goal was to bring 
together quantum physicists, chemical physicists, and evolutionary biologists, in order to 
discuss both the nature and role of quantum mechanical effects in biological systems. The 
primary emphasis of this meeting was quantum coherence in photosynthesis; a secondary 
emphasis was the role of coherent electron-spin dynamics in avian navigation. We also 
had lively discussions devoted to the more general question of when and where quantum 
effects may be seen in biology and what conditions would be required for this. Some of 



228    Wissenschaftskolleg zu Berlin  jahrbuch 2012/2013

the seminar participants are now working on a joint manuscript summarizing our discus-
sions of photosynthesis. In addition to this manuscript, Atac Imamoglu, Akihito Ishizaki, 
and I have begun work on a paper describing a quantum measurement interpretation of 
the common light-induced biological processes. 

My primary goal as a fellow at Wiko was to study the overlap between quantum 
physics and biology and to explore the opportunities that this might create for new under-
standing in each of these areas. Although my time at Wiko was relatively short (only five 
and a half months) it was highly stimulating in all respects: my interests in quantum 
 biology grew and matured, I learned from and with the other fellows, and I thoroughly 
enjoyed the musical and artistic side of Wiko. The lively intellectual environment of the 
fellows’ community at Wiko is highly conducive to pursuing new, potentially significant 
ideas, to exploring potential links between seemingly disparate fields, and to thinking 
more deeply about our academic and artistic disciplines. 

No less important to me was my stay in Berlin, which offered me many artistic and 
intellectual riches. Some of these were anticipated while others were unexpected: all 
 revealed a Berlin of great cultural heritage that is also characterized by a vibrant 
 contemporary life. I was particularly moved by the thoughtful analysis and remembrance 
of the past that is evident in so many places. Walking through the city, observing and 
 listening to its voices, seeing how different neighborhoods have changed, understanding 
how the past is being addressed to inform both the present and the future: these months 
have made me appreciate my links to Germany in a deeper sense than before. I would like 
to thank the entire Wiko staff for making this wonderful opportunity possible.


	2012_Al_Azm_Sadik_J._Arbeitsbericht
	2012_Andre_Mark_Arbeitsbericht
	2012_Askew_Kelly_M._Arbeitsbericht
	2012_Barrett_Rowan_D._H._Arbeitsbericht
	2012_Bentley_Gillian_Arbeitsbericht
	2012_Boullata_Kamal_Arbeitsbericht
	2012_Boyarin_Daniel_Arbeitsbericht
	2012_Brendel_Alfred_Arbeitsbericht
	2012_Buchstein_Hubertus_Arbeitsbericht
	2012_Burucúa_José_Emilio_Arbeitsbericht
	2012_Costa_Jim_Arbeitsbericht
	2012_Foley_William_A._Arbeitsbericht
	2012_Fowden_Garth_Arbeitsbericht
	2012_Gardey_Delphine_Arbeitsbericht
	2012_Grethlein_Jonas_Arbeitsbericht
	2012_Gronenborn_Angela_M._Arbeitsbericht
	2012_Haltern_Ulrich_Arbeitsbericht
	2012_Imamoglu_Atac_Arbeitsbericht
	2012_Kogut_Bruce_Arbeitsbericht
	2012_Koos_Marianne_Arbeitsbericht
	2012_Lafont_Cristina_Arbeitsbericht
	2012_Lambra_Shakti_Arbeitsbericht
	2012_Lifschitz_Avi_S._Arbeitsbericht
	2012_Makdisi_Ussama_Arbeitsbericht
	2012_Masel_Joanna_Arbeitsbericht
	2012_Moretti_Franco_Arbeitsbericht
	2012_Mulsow_Martin_Arbeitsbericht
	2012_Nichols_Johanna_Arbeitsbericht
	2012_Peters_Anne_Arbeitsbericht
	2012_Plesu_Andrei_G._Arbeitsbericht
	2012_Pörksen_Uwe_Arbeitsbericht
	2012_Portnov_Andrii_Arbeitsbericht
	2012_Reid_Anthony_J._S._Arbeitsbericht
	2012_Russo_Alessandra_Arbeitsbericht
	2012_Seibt_Gustav_Arbeitsbericht
	2012_Sharma_Suresh_Arbeitsbericht
	2012_Squire_Michael_Arbeitsbericht
	2012_Stadler_Tanja_Arbeitsbericht
	2012_Steiner_Ulrich_K._Arbeitsbericht
	2012_Sultan_Sonia_E._Arbeitsbericht
	2012_Trivers_Robert_L._Arbeitsbericht
	2012_Werren_John_H._Arbeitsbericht
	2012_Whaley_K._Birgitta_Arbeitsbericht
	2012_Yaari_Menahem_Arbeitsbericht
	2012_Yang_Lian_Arbeitsbericht
	2012_Zeitlin_Froma_I._Arbeitsbericht



