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Entanglement entropy of half space in general QFTs
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Renormalization group (RG) flow

ER/NEHE D RG eq: free scalar dld&A = —2g, (g2 = m—)

. Wilsonjit< b & & DIt T(cutoff) BEFIZUVHI S IR\ S

integrate
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IS

Renormalization group (RG) flow

. Wilsoniit< D 2 ADITTERRIFUVD S IR\ S

integrate
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. da. m2
%IKE/J\&‘}% FZPfE MEE D cutoff A dependence ? igz B F)
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RG flow and monotonicity of EE in free scalar

- BlE UTERANZ—2ZZ25 (BOBEEB THELR)

Jky=A gd—1 =1y ] o gd—1
G Vo [MIEA d7K log Go (k) or Va1 J a™k J ﬁe—sGo—l(k“)
M2(A) 12 | @

12 . (2r)d-1

1UMAA) S
where G;'(k) = k* + m* and

M?*(A) or M*(A) is a reference scale for EE (or free energy).

v For each k, mode, EE must be nonnegative for |k | < A:

we choose M? = Gy 1(A) = A* + m% (CUtoff CEEANDFSH0ICTE B L S ()

(For proper time reqg., it does not matter; we may choose M = A.)

I hAOEY JcBEAEDS DHARF a5 Hcentral chargez 5% %

dlog A
(~EHFOBERE)
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RG flow and monotonicity of EE in free scalar

Ford=1,

ds 1 1 1 .
— (hard cutoff reg.), —e~% (proper time reg.)
dlogA 6 142, 6

(& = mz/Az)

v Both coincides with the expectation in the UV/IR limit:
S —0as g, — o :IR (massive) limit — No d.o.f. left

1 .
S — - as g, » 0 : UV (massless) limit — reproduces the

central charge ¢, =% of the Gaussian f.p. CFT

2
v They decrease monotonically as A \, ( & a7 > 0)
d(log A)?

ds . i =
A hieffectiveZicentral chargez 5% % ! 9 /16
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RG flow and monotonicity of EE in free scalar

Ford> 1,

s 1 Q 1

—2 d—1
= V. A for hard cutoft reg.
dlogA 6 Qnd-1d-1) “"  1+g ( 2
@) .
@ _1 %o -V, Alems (for proper time reg.)
dlog A 6 (4,;)—
(& = m*/A\?)

2

RG flowTdDmonotonicity (d > )2 >0 Zmlicd hVER - /&

d*S 1 Q.

- Vi A d+1-— >zo g, >0
dlog A2 6 2nd-1d-1) ! 1+g2< 1 +g, (820)

2
a7 —1 " -V, A le g2(d—1+2g2)20
d(log A)?> 6 (4n)T

M= |
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Wilson-Fisher fixed point and e expansion

In d < 4, scalar field theory has a nontrivial IR fixed

point a.k.a. Wilson-Fisher fixed point.
In particular, when d =4 — ¢, the IR f.p. becomes weakly

coupled
—Analytically tractable using linearized RG egs.
84
}l \\)~__a/ g, = m*/A?
IR f.p. g, = A/

UV f.p. 12/16



EE in interacting ¢* scalar theory

For convenience, we choose the hard cutoff reg.

The reference scale should be chosen
s.t. (EE for mode k))=0 at |k | = A as in free theory.

3
I = SAG242(0, A)

Voo (N a7k G710, k)
S =— J log —lo
12 | @t G-1(0, )

Using RG eq., to the 1st order In ¢, the eff. central chg is

ds V, A*€ Q,_. 1 € ,
= —— | + 0(e”),
dlog A 12 Qo> <2—-¢e) \ 1+t 6
hys _ _ 2 2
where gl =m3 /A~ 13/16



RG flow and monotonicity of EE In

interacting ¢* scalar theory
Vicinity of the IR Wilson-Fisher f.p.

ds Vo A€ Q. (

dlogA 12 (2o <2 —¢)
Vicinity of the UV Gaussian f.p. A
ds Vy, N Q_

I +— + 0
I8

— X 2
d log A 12 27)2=€(2 — €)
HEMNMIUVOADIRK D KE L
2[5 IERG eq. Z= 2[ElE S TETETES .

&
sz VZ €A2_€ £21 —€
d(log A)? 12 (2r)*—c

) + 0(e?) > 0 fEhIC RSN/ |
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Pros and cons
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