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 (Max-Plan
k-Institut f�ur Quantenoptik, Gar
hing, Germany)Quantum Information Theory: Appli
ations and 
hallengesAbstra
t: Quantum Me
hani
s 
an be used to des
ribe a large variety of exoti
phenomena that appear in the mi
ros
opi
 world. During the last years it hasbeen re
ognized that those phenomena may be used to pro
ess and transmitinformation in a 
ompletely di�erent way as the one that is used nowadays. Inparti
ular, one 
an devise new 
ommuni
ation proto
ols whi
h are se
ure againsteavesdropping, or numeri
al algorithm to solve 
ertain problems that are mu
hmore eÆ
ient that the existing ones. Thus, a lot of e�ort has been put intothe development of a new multidis
iplinary �eld, the so{
alled Quantum In-formation S
ien
e, whi
h should be able to build quantum 
ommuni
ation and
omputational devi
es, as well as to establish the 
orresponding mathemati
alframework. In this talk I will �rst review the most important 
on
epts in thisnew �eld, the appli
ations, as well as the experimental situation. Then I willmention some of its most important theoreti
al 
hallenges. Spe
i�
ally, I willshow how the mathemati
al te
hniques that have been developed during the lastyears in this 
ontext 
an be used and extended to des
ribe many-body systemsin an eÆ
ient way. Those systems are very hard to des
ribe for a large numberof parti
les, N , due to the exponential growth of the number of parameters withN . The te
hniques and results presented here have appli
ations in other �eldsof Physi
s and Chemistry.
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