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Entanglement

- A fundamental propery of quantum systems
- Entanglement measures give precise wayto @

quantify quantum correlations \
- For QFTs applications in \
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- In QFTs, Replica trick [Calabrese, Cardy; hep-th/0405152]
tl‘(pix) = Z(f, T)/Zf different BCs in tfor Aand B in Z(é, r)
- Entanglement entropy can be defined with Z and path integrals
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EE and Thermodynamics

- At finite T EE gets contribution from the thermal entropy of A
- Can this contribution be isolated?

- Consider 0,Sgr and express 0, as
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- So, at small correlation lengths, 5 | |
and large 7, the ¢ derivative of |

entanglement entropy L, | <
approaches the thermal entorpy
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EE on the lattice

- 00, in 0y)SEg need to be discretized
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Results

- O(4) scalar field theory in d=3 at finite T'and
- Wish to test connection between 0,Sgg and S
- Set r = 2 and take 9, in the relation between

&logZ and w

0.20 k=1.2, j3=0.2 o
o T/my=0.408 .
1 §2 10gZ(€, 2) f< A T/moi0.34 S
A - —2 Ny(n(2 Ny, i) — n(Ng, 1)) 0.5 & Timo-0.252 i
T/mg=0.227 ° 2
0.10+ ® T/my=0.204 ° A
- Can be thought of as placing 9,5z - Rl
in the Maxwell relation of $ and o s s B ¥
Ore g § % -
. . 0i2 Oi5 1l
- Both sides computable on the lattice Eran(E
- Match well up to &(p) /¢ < 0.5 R -
corresponding to [ic DT .
- Holds longer for high T 12 Timeoass -
T/mo=0.227 ® =
. N% 04 © Tim=0204 _ ® = s
- Can use 0,S5gg to estimate S ¢ ° . 2T
in the applicable regime 02" T I
® [ ® :
Ot i i i
0 0.2 04 0.6

pimg

Outlook

- The connection between 0,Sgr and § at ¢ </ should hold for
general QFTS
- Repeat our approach for pure Yang-Mills and QCD

- Comparison of results possible
- Could other thermodynamic quantities be derived from S?
- Phase transitions could be studied and critical behavior could be
extracted with entanglement entropy




