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G2 = h0| O(x1)O(x2) |0i

Why Entanglement? Why the gluonic field of 
a quark?

because         is an entangled stateG2 6= 0 |0i

We can explore the dynamics of any gauge 
theory by coupling it to external charges

If we want to know how the charge excites 
the fields, we obtain this information with 
correlators

hTrF 2(x)i
hTµ⌫(x)i

Or, we can calculate the entanglement pattern

In a QFT we are interested in calculating 
correlators

In recent years, it is useful to calculate directly 
the state’s entanglement 
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Motivation 
We calculate the first correction to the entanglement entropy of the gluonic 
field induced by an infinitely massive static quark

-

Lewkowycz and Maldacena got the exact result for the entanglement 
entropy, valid for all      and    , using localization 
We use geometric tools of the AdS/CFT correspondence
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Quarks in the AdS/CFT correspondence

In the collection of  N D3-branes, which give rise to a non-abelian theory, we want to add 
degrees of freedom which transform in the fundamental representation of the group

Macroscopic string with one end 
point at 

 Isolated quark with mass 

U(N)

m ! 1

String tip at               corresponds to the quark

String body encodes the gluonic field profile induced by the quark 

z = 0

z = 0 and z ! 1



Ryu-Takayanagi prescription
[Ryu-Takayanagi, 2006]
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Ryu and Takayanagi established a prescription to calculate the entanglement entropy of a 
CFT in a time-independent state, using only geometric tools provided by AdS/CFT 
correspondence

The entangling surface         can be extended inside the 
bulk with the surface       ,  in such a way that                    is 
fulfilled and whose area is minimal
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The string as a probe

PROBE STRING

We calculate the first correction induced by a quark, beyond the entanglement of the vacuum 

We choose a spherical entangling surface,  whose RT surface is a spherical cap
Consider the quark at the origin of field theory, which corresponds to a vertical macroscopic 
string hanging down from  
The AdS metric,      , is modified by the string to   

z = 0

G G0 = G+ �G

⌃
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B
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The perturbation

[D’Hoker,  Freedman, Mathur, Matusis y Rastelli, 1999]
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The perturbation

Energy-momentum tensor of the string 
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Using the static gauge,  the static string embedding, and varying 
the action, we obtain the only non-zero components of stress 
tensor  

[D’Hoker,  Freedman, Mathur, Matusis y Rastelli, 1999]

hence 

hmn(z, x) =


2
5

2⇡↵0

Z
dz

0
dt

0⇥Gmn;z0z0 + Gmn;t0t0
⇤

�SMin =
1

4G(5)
N

Z
d3w

p
�

2
Tmn
Min(�G)mn

hmn(x) = 

2
5

Z
d

5
x

0p
G Gmn;p0q0(x, x

0)T p0q0(x0)

T

tt = T

zz =
1

2⇡↵0
z

5

L

5
�

3(~x)



The perturbation

Energy-momentum tensor of the string 
Euclidean propagator
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Conclusions and perspectives

With Karch-Chang’s double integral formula we approached to the result         . Including 
the necessary regularization term, which contributes with            , our final result is                                                                      

The result does not depend on the radius of the entanglement surface. This is expected by 
conformal invariance

The usual area law term is canceled between             and    

Our result is completely in agreement with the limit              ,                of the result reported 
by  Lewkowycz and Maldacena         

Our result tests the validity of Karch-Chang’s formula, and it also tests the calculation 
technique provided by Lewkowycz and Maldacena


We intend to extend this for a static quark with finite mass.

It would be interesting (but difficult) to explore the entanglement pattern for a quark in 
motion
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