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Roadmap

- Introduction and past results from Flux Tube Entanglement Entropy (FTE?)

- Entanglement radius: an intrinsic “thickness” of the vibrating flux tube that can
be measured through entanglement

- Preliminary finite temperature results



What is Flux Tube Entanglement Entropy?

- FTE?is the entanglement solely attributable to the color flux tube between a
qq pair

- FTE? answers the question “How much of a region’s entanglement is due to
the flux tube, and not the vacuum?”

- The flux tube’s contribution to the EE is isolated through vacuum subtraction

- Can be realized on the lattice using the replica trick and Polyakov loop

correlators



What is Flux Tube Entanglement Entropy?
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FTE? possibilities

- Can study different gauge groups, entangling regions V, temperatures, etc




FTE? properties

- Finite, nonzero continuum limit

i
- Splits into two components following the string model  .§ 1; h—
- Internal: Due to color degrees of freedom inside flux " \%
tube 0.6

- Vibrational: Due to mechanical vibrations of flux tube ' ao,




Internal Entropy

- Entanglement for every boundary crossing
- <F>*In(Nc), where <F> is expected number of boundary crossings

F=2
§=0 S = 2in2



The Entanglement Radius



Lattice Setup: A = Half-slab
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Internal Entropy
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Entanglement Radius
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Flux tube only seems to contribute to
EE when center deeper inside region
A than &+vo ~0.2

¢, has stable, non-zero continuum
limit

What is the meaning of this offset?

12



Entanglement Radius

- Full boundary crossing
- F=2
- F*In(Nc) entropy contribution

VS.

Partial boundary crossing
- F=?

If F =0, could explain offset
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Entanglement Radius
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Entanglement Radius
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Entanglement Radius
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Entanglement Radius
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Entanglement Radius

0.30;
15 T s, , 0.25!
q=2 0.20
o 10 q=3 < s ) ) ) { { } { }
S © 0.15
L S Z
0.5 JW30.10
0.05!
0.0 B , 0.00
-3 -2 -1 0 1 2 3 -
T 0.8 1.0 1.2 1.4

Loy



Entanglement Radius

2.5}
e
y «g‘%&l\iuﬂ i,
’ 4*10 *
I, £ SUQ)
150 2w & = SUQ3)
(S *d . . SU@)
Q) 4? ®
2 ates . SUG)
. e
Ale
0.5/ n,
2;..
l
0.0~ el f""“‘wm«
20  -15  -10  -05 0.0 0.5 1.0
X

EoNoo

0.4

0.3}

0.2¢

0.1

0.0t

2.0

29

3.0

35

4.0

4.5

5.0

19



Finite Temperature
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Finite Temperature (0.8 Tc) A
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Finite Temperature (0.8 Tc)
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Entanglement radius at finite temperature
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Deconfinement
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Deconfinement
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Conclusions

- Vacuum subtraction creates a UV-finite entanglement measure

- Flux tube largely behaves like a thin string with modifications

- Internal entropy follows <F>*In Nc when F counts full boundary crossings

- Entanglement radius has continuum limit, is consistent across multiple ways of
measuring it

- The flux tube still behaves as an effective string with entanglement radius at finite
temperature

- Deconfinement produces much smaller flux tube entanglement

26



Future Directions

- FTE? with adjoint quarks
- FTE? with static baryons

- Making sense of topological nature :
Of & 0.5 ;
- Further extensions of FTE? (3+1, ' -

dynamical quarks)
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Backup



The Decay Length
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Decay Length vs Intrinsic Width
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UV-finite Entanglement Entropy
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Finite Entanglement Entropy (Scaling Study) )\
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Takeaway: FTE? has finite non-zero continuum limit for x < 0
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Reduced Density Matrix in Lattice Field Theory
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Reduced Density Matrix squared
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Reduced Density Matrix squared
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Polyakov Lines

ta

><V




Polyakov Lines: Reduced Density Matrix
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Polyakov Lines: Reduced Density Matrix squared
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String Model Expectations (Vibrational)

- Cut string into small pieces of size €
- Numerically calculate entropy taking L/e to infinity
- Splits into cutoff scaling and string proportion terms

1
52 = 1 log(L/€) + finite contributions
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Entropy String Length Dependence )\ T
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Takeaway: Present length scaling term, other finite contributions small/absent. 40
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Entropy Location along the String Dependence )\
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Takeaway: Finite contributions small/absent from vibrational entropy. 41



