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  i� a �o��o�o�i��, 
sc�e��e ���m��i�����, a�d �o���o����a� 
�e���r�h�r �t the Oh�o ����e ��i��r���y 
i� �o�u��u�. ���e �f h�r ���k �a� �e 
�o��d �t h��p���/�m����a�.g�th��.�o�

Claire Lamman

A ha�f �e�t��y �f��r the 
d�s�o���y �f ���k�ng 
��d��t�o�, �e ��e st�ll 

��a�i�g w�th the q�a�tum 
�u�z�e �t e��o��d�

B� C�a��e ����a�
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In �9�4, ����he� ���k�ng ��p���d 
q�a�tum ��e�d th���y �o the ��a��t��e 

���r�c �f the e�e�t h�r��o�.

����a���, 
the ���t�c�e� 

a��ihi���e �a�h 
�th�r ��o� �f��r 
�e�ng ������d�

B�t ���r the 
e�e�t h�r��o�, 
o�e �a� �a�l 
th�o�gh �t�

�e��r��i�g a ��e�d ����r the 
q�a�tum ��������k ���k� �i�e 

i� a f��t ��a��t��e�

B�t i� ���y c�r��d ��a��, ���e 
��o��d a , �o� e�d �p 
w�th a� �n����a�n�y i� the �o�a� 

e��r�y �e����y�

�n����a�n�y 
�a��e� �e��d 

���e�ts ���r the 
e�e�t h�r��o�.

���k�ng �h���d 
h�w q�a�tum 

f�u�t��t�o�s a���w 
e��r�y �o e����e 

���m a b�a�k 
ho��, a ��o�e�s 
��w k��wn a� 

���k�ng ��d��t�o�. 
�e �e��r���d thi� 

 w�th 
���t�a� ���t�c�e–
a�t����t�c�e �a�r�, 
h��e ����e�e���d 
w�th     a�d     :
h��e ����e�e���d 
w�th     a�d     :
h��e ����e�e���d 
w�th     a�d     :w�th     a�d     :

But quantum physics 
tangles the classic story.

B�t i� ���y c�r��d ��a��, ���e heuristically
black hole
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Wh�t h���e�s 
�o the �th�r 
���t�c�e a�d 
�ts e��r�y�

This process happens  
many times, and bits of 
energy radiate from the 

event horizon. 
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The uncertainty in energy density at the event horizon, 
and thus emission, is related to the curvature of spacetime. 
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A b�a�k ho�e th�t's ��t 
���t�ng ��d w�ll ��t s�a���r …

a�d s�a���r …

a�d �m�t ���e a�d ���e 
��d��t�o�. 

For primordial black holes, this evaporation 
will take about as long as the age of the 

universe. The Fermi space telescope is searching 
for the faint signs of black hole deaths.

��d��t�o�. 

For primordial black holes, this evaporation 
will take about as long as the age of the 

universe. The Fermi space telescope is searching 
for the faint signs of black hole deaths.
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�t �a� he�p u� 
����r��a�d why �o�'�e 

e�e� ��o��d �o �o���r thi�! 
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�t �a� he�p u� 
����r��a�d why �o�'�e 

e�e� ��o��d �o �o���r thi�! 

O�r ��i��r�e �e�a� i� a� e�����e�y 
�e��e s���e i� which q�a�tum 

�e�ha�ics ��m�����d� �e �a�'t 
��p�i���e thi� o� ���th� �ut b�a�k 

ho�e� gi�e u� ��e�e�����y ��������r�e� 
�o e�p���e ��m���r �o�d�t�o��.
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This is very robust.

Maybe black holes don't 

actually destroy information.

(But this is hard to show!) 

Maybe unitarity is wrong. Maybe 

quantum theory must be revised.

Maybe black holes don't 

���k�ng ��d��t�o� i� a 
c���r e���p�e �f a c�a�h 
�����e� �e���a� �e��t����y 
a�d q�a�tum th����, �ut �t 
i� a��o a ��o�e�s th�t �a� 
�e e�p�a���d o��y th�o�gh 

the ��p�i��t�o� �f ��th. The 
�o�ut�o� �o the b�a�k ho�e 

i������t�o� �����o� �o��d 
�e the ��y �o �e��r��e o�r 
��i��r�e ����r a ������d 

��������k� 

Why might a human, safely away 
from any black holes, care? 

This is very robust.

PT
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