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| ntroduction

Interesting to explore holography with reduced symmetries
Generalizations of AAS/CFT to nonrelativistic systems

— holographic condensed matter, ...
[Son; Balasubramanian,McGreevy; Adams et al; Herzog et alddtena et al; . ].

— Phases of gauge/string theory with non-relativistic sytnies
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| ntroduction

Generalizations of AAS/CFT to nonrelativistic systems
— holographic condensed matter, ...

[Son; Balasubramanian,McGreevy; Adams et al; Herzog et alddtena et al; . ].

— Phases of gauge/string theory with non-relativistic sytnies

Sometimes qualitative features of some of these phasestifrem
gravity/string descriptions can be distilled to give isting, perhaps
unexpected insights for field theories.

Present context: entanglement entropy.
> Useful tool to characterize phases of matter.
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|ntroduction, summary

[Nonrelativistic ADS/CFT: qualitative features of gravihases— insights for gauge theories.]

Present contextentanglement entrogn various quantum field
theories showgeading divergences area law (Bombelli et al; Srednicki, .. ..)

Ryu-Takayanagi bulk prescription for EE:
minimal surface area in gravity dual.
Gravity systems with “hyperscaling violation
— area law deviations.
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|ntroduction, summary

[Nonrelativistic ADS/CFT: qualitative features of gravihases— insights for gauge theories.]

Present contextentanglement entrogn various quantum field
theories showgeading divergences area law (Bombelli et al; Srednicki, .. ..)

Ryu-Takayanagi bulk prescription for EE: e
minimal surface area in gravity dual. -
Gravity systems with “hyperscaling violation” l —
— area law deviations. e

e String theory realizations> AdS plane waves, dual to strongly
coupled CFTs with uniform energy-momentum dengity, .

e 4d Super Yang-Mills CFTs witld’, . — logarithmic deviation from
area law for holographic EE firte part grows asog /, large for fixed cutofj.
Stronger area law deviations in some strongly coupled 3€kMSs.

e Similarly, nonconformal brane plane wave states: stronglypled
gauge theories witll’, .. EE/"""¢ has interesting structure.
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Holography and Lifshitz scaling

Lifshitz: ¢, z;-translations,x;-rotations, scalingt — \*t, x; — \z;
[z: dynamical exponent]. (smaller than Galilean symmetres. boosts broken)

Landau-Ginzburg action (free = 2 Lifshitz): S = [ d3z((0:¢)? — k(V?p)?).

daz?—i—er

2 . Kachru,Liu,Mulligan; Taylor

. . . 2
Lifshitz spacetime: ds? = — 4 +
[z=1:AdS] Solution to 4-dim gravity withA < 0 and massive gauge fieldl ~ f—ﬁ

[Lifshitz-attractors, Einstein-Maxwell-scalar the@jesGubser,Rocha; Kachru,Trivedi et al, ] . .
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Holography, hyperscaling violation

da:,% —;er ) |

r

More general gravity phases: ds? = r29/d( — %2 +

0 = hyperscaling violation exponent d = “boundary” spatial dim<;).
Conformal to Lifshitz (dynamical exponenj.
Arise in effective gravity+vector+scalar (Einstein-MaaNvscalar)
theories (Gubser,Rocha; Trivedi et al; Kiritsis et al, ). .

Black holes:  entropy-temperature relation & ~ 7(4=9)/z,
Thermodynamics- space dimi.rr = d — 8: actual space ig-dim.

0 =d — 1. entanglement entropy log!, logarithmic behaviour

(grows for fixed UV cutoff)y Gravitational duals of hidden Fermi surfaces?
(Ogawa, Takayanagi,Ugajin; Huijse,Sachdev,Swingle)

Various aspects of holography with hyperscaling violati@mchru et al)

Energy conditions: (d—6)(d(z—1)—6) >0, (z—1)(d+z—#6)> 0.

d—1 <60 < d:. entanglement entropy shows area law violations.

Gauge/string realizations?
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Non-relativistic AdS/CF'T

4-dim N'=4 superconformal Yang-Mills theory
dual to IIB string theory onAdSs x S°.
[ds? = & (—2datdz— + da? + dr?) + R2dQ2,  R*~ g2, Na'?]
Large N limit — classical gravity description useful.

A fairly traditional way to obtain non-relativistic quamtufield theory
IS to usdightcone variables:{~ = time), and study the system with

nonzero lightcone momentunfe.g. p.p* =0 — p_ = ﬁp? ].

For instancezT-DLCQ of relativisticN'=4 SYM —

z = 2 nonrelativistic (Galilean) 2+1-dim system.
DLCQ ..+ of AdS5 in lightcone coordinates — nonrelativistic,
Schrodinger (Galilean) symmetriescoldbergerBarbon et alMaldacena et 3l
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Lifshitz, string theory

Lifshitz: ¢, z;-translations,x;-rotations, scalingg — \*t, x; — \z;
[z: dynamical exponent]. (smaller than Galilean symmetres. boosts broken)
d:(;?—I—er

r2

ey . 2
Lifshitz spacetime: d3421 = —% + . Kachru,Liu,Mulligan; Taylor

[z=1:AdS] Solution to 4-dim gravity withA < 0 and massive gauge field ~ 4%

,)nZ

Gauge/string construction far= 2 Lifshitz [Balasubramanian,KN

+_
relativistic /=4 SYM = PLER, . — 2 non-rel (Galilean) 2+1-dim system.

Gauge coupling?.,,(z1) = ¢®(= ™) varying in lightlike z* -direction —
breaksz T -shift reducing to 2+1-dim Lifshitz symmetries.

Bulk: AdS + gyy[~ 0] &ldimredn o — 9| jfshitz.
Kaluza-Kleinz"-reduction of non-normalizable null deformations of
AdS5 x S°: g, sourced by lightlike scalagilaton®(z+)) [z~ = time].

2 2, 2
[ds% — f—j[—2dm+d$_ + dx? + dr?] + #r0(dzT)? — dst = ——(dx4) + dmi:;dr ]

r

More generalyg, . sourced by axion-dilaton, fluxg®onos,Gauntlett; ethl
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SYM, T, #0. AdS planewaves

+_
[RelativisticN:4 sym Z—PECR - — 9 non-rel (Galilean) 2+1-dim system

+_
LightconeAdSs ~——2LC%,

z = 2 non-rel Schrodinger (Galilean) symmetﬂies

ConsiderN'=4 SYM with uniform lightcone momentum densify, . .
At large NV, we expect the gravity dual to this excited state to be some
normalizable deformation oddS5 x S°, with g, nonzero.
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SYM, T, #0. AdS planewaves

+_
z DLCQ> z = 2 non-rel (Galilean) 2+1-dim system

| RelativisticA'=4 SYM

+_
Lightcone AdSs v DLCQ. . — 2 hon-rel Schrodinger (Galilean) symmetﬂies

ConsiderN'=4 SYM with uniform lightcone momentum densify, . .
At large NV, we expect the gravity dual to this excited state to be some
normalizable deformation oddS5 x S°, with g, nonzero.

Can identify this precisely: AdSs plane wave [4dS + g, 4],
ds? = & [—2datde— + da? + dr?] + R*Qr?(dzt)? + R?d02
Arises In gravity/5-form sector (5-dim part solveg v = — % g )-

Holographic boundary stress tensor ustgS/C F'T rules gives
T,y ~ Q — uniform lightcone momentum density.
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SYM, T, #0. AdS planewaves

AdS5 plane wave: ds2 = f—j[—deerx_ +dx? 4 dr?] + R2Qr?(dzt)? + R2d02

e AdS analogs of plane-wavesddS + g . Supersymmetric.
Likely o'-exact string backgrounds due to lightlike nature.

e Boundary energy-momentum density . > 0 (null energy conditiop.

e Can be realized as “zero temperature”, highly boosted @osdaling
limit of boostedAdS Schwarzschild black 3-branesgh).

— ra _\2 r2
ds? = %2 [ — 2dzTdz™ + Qr* (dzt + %dm )7+ dx%] + r2(1d—r§r4)'

Boost\? = i—? . asrg — 0, QQ = fixzed, recoverAdSs plane wave.
0

Simple excited pure states=4 SYM CFT (no entropy density)
limit of thermal state,\ — oo, T'— 0, with Q ~ \?>T* fixed.

e Generalize tcddSp plane wavde.g. states in M2-, M5- CFTSs):
ds? = B [—2datdr~ + da? + dr?] + R2QrP=3(dz*)2 + R2d0?

Bulk 1 -dimensional reduction?
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AdS plane wave, hyperscaling violation

ds? = I [—2datda— + da? + dr?) + R*Qr(dz™)? + R2d03
AdS plane wave:Q ~ lightcone-momentum densi,+ [R* ~ g2 ,, Na'?].

Dimensionally reduce 10-dim metric &* and onz*-circle:

4-dim Einstein metrigz— = #): ds% - BVQ (—5%24 + dx% + dr2) ,

r

Electric gauge fieldd = —%, scalare® ~ r. Nontrivial IR scalesR, Q.

d = “boundary” spatial dim<;).

2 dx?+dr?
d82:7“29/d(—d§z—|—z—2). _ : : :
r r 0 = hyperscaling violation exponent

Hyperscaling violating spacetimetective Einstein-Maxwell-dilaton theories)
Thermodynamics reflects effective space diin- 6) [e.g. S ~ T(d-0)/=],

Above: d=2, 0 =1, 2=3 (desy=d—06=1).

[Dp-branesSS—p reduction— d=p, z=1, 0 #0 (Dong,Harrison,Kachru,Torroba,Wa)]g
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AdS plane wave, hyperscaling violation

ds? = I [—2dztdz= + da? + dr?] + R*QrP—3(dat)? + R%d0?
AdSp plane waveD = d + 3, @ lightcone-momentum densityD — 1)-dim.

—|—dac2—|—dr )

Dim’nal redn: ds2, = B2AEQVPT

“boundary” spatial dimensiod = D — 3, 60 = 5 , zZ= % + 2.

In particular, for the conformal branes of M-theory:
M2-brane stacks— AdS, deformations,d =1, z =3, 0
Mb5-brane stacks— AdS7 deformations,d =4, z =4, 0 =

| Ot

l\D l\:>|+—L

| General dim'nal reduction: [ dPz+/—g(P) (R(P) — 2A) =
fd33+dD_1x /_g(D—l) (R(D_l)—#A6_2¢/(D_3)—#(a(b)2—#62(D_2)¢/(D_3)F3V)

(recall effective gravity+vector+scalar theoriesg. Trivedi et al, Kiritsis et al, Takayanagi et)]al

Summary so far:AdS plane waves dual to simple pure excited CFT
states.z-dim. redn— gravity backgrounds, hyperscaling violation.
AdS5 plane wave— 6 = d — 1.
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Entanglement, hyperscaling violation

Entanglement entropy for subsystem 8,4 = —trp4 log p 4, with partial tracep 4 = trpgp.

e Ryu-Takayanagi bulk prescription:
find bulk surface bounding with minimal area.
EE4 o« area of bulk minimal surface boundint

[E.g.: SYM CFT ground state, strip with widfhbndry areal?:

ordinary timet slice in bulk AdSs — Sa ~ g—i(g—; - #?—22) :

with leading divergence reflecting area lgombelli et al; Srednicki, . . .)
[e = SYM UV cutoff], and finite cutoff-independent part.]

e Hyperscaling violating bulk metricgs? = »20/4( — ;?;f n dw%gdﬂ)

with 6 =d —1 — logarithmic violation of area law
Gravitational dual of Fermi surfaceg®gawa, Takayanagi,Ugajin; Huijse,Sachdev,Swingle)

o AdS plane waveis? = f—j[—zda:+dx— +dx? +dr?] + R?2Qr? (dxt)? 4+ R2d03Z.

Dual to CFT pure excited state, energy-momentum defisity.
AdSs plane wave: — T — dim.redn. — d=2, 6 =1, z=3.
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AdS planewaves, holog. EE

AdSs plane wave: ds? = f—j[—deera:_ + dx? + dr?] + R?Qr?(dz™)? + R2dQ2.

+_dim.redn.
o AdSs plane wave ———0

hyperscaling violatioms? = »20/d( —

dt2 4 d:c%—l—dT'Q)

,r,z 7.2

4-dim N =4 SYM CFT in these pure excited statgs.. ~ Q) exhibits
logarithmic behaviour of holog. entanglement entrofyarea law)

Holographic EESE = area of bulk minimal surface bounding A.
Subsystem A = strip ir;-plane, widthi (possibly wrapping:*+-direction),
lying on constz~ slice (= constant time-slice (4-dim)).

Logarithmic behaviour of EE: 5S4 = R */_ L Llog

[This uses only 5-d spacetime: also applies to varibis1 SYM CFTs.]
Other AdSp plane waves, entanglement different (not log).

Null entanglement entropy: perhaps somewhat mysteriousee
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AdS planewaves, holo. EE

AdSs plane wave:  ds? = f—j [—2dxTdz™ + dz? + dr?] + R?Qr?(dz™)?
[EE for subsystem AS 4 = —trpalogpa, partial trace oveA-complementp, = trgp.]

Consider entanglement entropy with spacelike (not nut)rsl:
consider spacelike subsystems* > 0 > Az, strip, width).

Non-static spacetime: use covariant Higkbeny,Rangamani, Takayanpgi

HEE ~ area of bulk extremal surface boundidg
(stationary point of area functional; if several surfacastechoose minimal area)

Two choices for subsystem depending on energytlux direction:

Case A Case B

L (spacelike subsystem:
A leading divergence
F{E] ]| is area law~ ¥2 ).
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AdS planewaves, holo. EE

AdSs plane wave:  ds? = £ [~2dztda~ + da? + dr?] + R2Qr2(dz+)?

Simple excited pure states.M=4 SYM CFT: T, . = const.

Case A Case B
oL spacelike subsystem:
leading divergence
F{E] ]| ] is area law~ Y2 .

Case A: width direction isz;. Strip along energy flux.

Finite piece N2V5,/Q log(1Q'/*), grows with size.

Less thanV2T3V51 (thermal entropy) larger than— N2 % (CFT ground state)
Heuristically,size increases, entanglement increases
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AdS planewaves, holo. EE

AdSs plane wave:  ds? = £ [~2dztda~ + da? + dr?] + R2Qr2(dz+)?

Simple excited pure states.M=4 SYM CFT: T, . = const.

Case A Case B

oL spacelike subsystem:
leading divergence
F{E] ]| ] is area law~ Y2 .

Case A: width direction isz;. Strip along energy flux.

Finite piece N2V5,/Q log(1Q'/*), grows with size.

Less thanV2T3V51 (thermal entropy) larger than— N2 % (CFT ground state)
Heuristically,size increases, entanglement increases

Case B: width alongxs (and flux). Strip orthogonal to energy flux.

Phase transitianS4 ~ constant (saturated) beyohd~ Q—1/4
(no connected surfacézt > 0 > Az~ ; disconnected surfaces for large

correlation lengthv Q—1/4. Largel: entanglement saturation
(Analysing regulatedddS plane wave (with horizon) vindicates this.)
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AdS planewaves, holo. EE

AdSs plane wave:  ds? = f—; [—2dxTdz™ + dz? + dr?] + R?Qr?(dz™)?

To understand phase transition better, consider regulatéyg plane
wave: boosted black D3-braiengh.
ds? = L [ — 2dztdx™ + Qr (dx+ -+ %dw‘)Q -+ dx?] — dr*

r r2(1—r§r4)'

Boost\? = i—? . asrg — 0, QQ = fixzed, recoverAdSs plane wave.
0

For smallrg, the scal&) dominates, so phase transition persists
(no connected extremal surface for large size with spaeslibsystem)

Connected extremal surface for Case B can be found by scaling
towards horizon, and towards double zero of surface equétrbich
gives Iarge size) [becomes disconnected surfaceAdS plane wave limit]
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AdS,.1 planewaves, EE

Uniformize notation with nonconformal case: redefiGe— QGd“

Rd—l'
[Q = & (D3), Q= &5 (M2), Q— % (M5)]

ds? = B (—2dxtdr— + da? + dr?) + Geripd=2(0,+)2 1 R240)?2
r v R

Plane wave excited states: EB' (strip along flux direction)
_d d—1
+/QVy_ol?72 /& [+:d<4, —:d>4];

Gat1

VQVN log(IQY*) (3), VQLVIVN3/2 m2), —/Q% VN3 (ms).

3d, 4d: finite entanglement grows with widthiarge for fixed cutoff)

[spacelike strip subsystereading divergence is area lawyz (4d), 1 (3d)]
[Strip L flux: phase transition.]

[EEf " scaling estimates— approximate-, S/ for largeQ, I from EE area functionl

d=1 V,_ Va_
[Ground state EE:S4 ~ gd+1 (oF=% —ca752)]
[ Temperature parametersrgd ~ G%Os4 (D3), r§ ~ Giiez (M2), rg ~ Giiee (M5)
A= 00, epp1 =0, with 22FL = Q = fixed. BoundaryT; = Q.]

[Gs ~ GroRY5, Gar ~ GriRy[y s, With Rbg ~ gs NIt RS, ~ NI, R3 o ~ NI3]
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Nonconformal brane plane waves

(Recall Dp-brane phases$izhaki,Maldacena,Sonnenschein,Yankieloyicz

— +32 _ —
dszt — r(7T—P)/2 d$ﬁ+ G10Qp _(dz™) ‘f‘R](g? p)/2 dr? ‘f‘R](g? p)/2r(p—3)/2dﬂg_p

RT-P/2 RT-P)/Z o (T=P)/2 (T—p)/2
@ RpPN P5F 2 (p—3)/2 7T—p 2 5— (7—p)/2
© :gs(rf—p) , Gy n ~ gsar , Ry ¥~ gy No'? 7P~ gs Na P72,

[g++-deformation obtained from double scaling limit of boosldgick Dp-branes

2
rt P = (Upa!)""P ~ Grogpt1; A — 00,79 — 0, with 2241 = @, fixed]

Strongly coupled Yang-Mills theories with constant enefigy 77, . .

Dimensionally reducing o§%~? andz ™, Einstein metric
ds2, = e~*/2ds?, gives hyperscaling violating metrics with

2 _6p+T7 2(p—6 .
0 = %, Z = %5) (Singh.
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D-brane plane waves, EE

(T—p)/2 G10Q (dz1)? (7T—p)/2  dr> (7T—p)/2 (p—
2 _ 2 10 p p 3)/2 2
dsse = go=orz )t go=n7z sz T r-p7z T r(P=32d0g_

RT-PN 2P ~3)/2  pT— 5— 7—p)/2
6@:93(r$—p> ’ g%/MNQSO‘/(p ) , Rp pNQ%/MNO‘/ pNgsNO/( p)/2,

_ A2 :
[707P = (Uoa!)™P ~ Groept1; A — 00,70 — 0, With 2t =, fixed.

Strongly coupled Yang-Mills theories with constant endltgy 77 + ]
Ground stateryu-Takayanagi, Barbon-Fuertes

Vi Vi_o 2 uNY 5-»p
Sa = Negs (€)% — calNepp (DR, Negple) = N2 (St ) ™7

Plane wave excited states: leading divergence as above.
Scaling estimates from entanglement entropy area furadtion

7—p
R it Vo_1v/Q RITP _
I~ B Sﬁmz € o (3—pp)1\/G—10 r(3fp)/2 (strip along flux)
2 *

T %

EEf’im}te: 1 V- 1\/_N (Q%M )2(5 p) \/ ) Vp—1/@Q

3—p [(p—3)/2 [P—3 p [(p—3)/2

[involves dimensionless comblnatleﬁT\//; andNeff(l)]
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D-brane plane waves, EE

Plane wave excited states: leading divergen¢er f(e) j 2 as for ground states ( area law).

mite. VNegs @ Vp1V@ N\ 5p
EESinite. 3_f];‘ Z(I;;»—lzs)/Q ’ Neff(l) _ NQ(Q;;]\_% ) p

D2-M2: V1\/_\/_\/ Nl)l/g (D2);  ViVIv/Q VN3/2 (M2).
lIA regime of validity (msy) for turning pointr, gives

1< g, Nipz < N%°, and SOV3/2 « 20 < N2, Thus

SL25u97 ety free 3d SYM (UV) and M2 (IRYRG-consistent)

D4-M5: VB\/_ \/N2 gYM (D4); —/QY2 VN3 (M5).
The finite parts for D4-sugra and M5-phases are actually same
expression: D4 is wrapped M%f; = gsls = g%-,,) and
Vi=V3Ri1, Qps = QusR11. lIA 1« M < N2/3,

D1: l\/_\/ Nl2)1/2

Strip orthogonal to flux: indications of phase transitioc@strained
however by IIA regime of validity.
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NS5-brane plane waves

NS5-branes in certain decoupling limits dual to nonlocdirs-
“little string” theories(seibery

Plane wave excited states in little string theors$or D-branes previously)
14
ds?, = —2dxTdr~ + QL(d$+)2 + dy? + Na’i—f + No'd)3

Dilaton e?® = g2 ¢

g1 -deformation lightlike, likelya/-exact, supersymmetric.

[Finite temp NS5-branes (incl asymptotic flat space)
r2 / /
ds? = —(1= 1)t + (1+ 88°) (e +72d%) + T, v, % = 3 (14 78)

- o
Define Iightcone coordinatés= % \}}’” x5 = & \;5 , and lightlike boost:* — \Tlg*

with r2 = Giou. ThentakeX — oo, gs — 0, with 98” = Q fixed]

[NSE-pIane wave solution can be checked independently fr8ANIS egn of motioﬂ.
[Dim.redn. onS3, T, gives metric distinct from hyperscaling violating fan]ily

Appears distinct from Hagedorn temperature limtidacena,Strominggr
and other double scaling limite.(g. Giveon Kutasoy.
Explore?
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AdS null defmns + iInhomogeneities

Most general family of (staticidS plane waves:

ds? = %(—Qdaﬁd:c— + dx?) + gy [r, x)(de)? + 6%2 + dQz
e AdS analogs of plane-wavestdS + g . Supersymmetric.
Likely o'-exact string backgrounds due to lightlike nature.

e Restricting to normalizable modes (near boundary), thesgeneral
lightcone states in SYM with inhomogeneities: nonzerotlighe
momentum density’, , varying spatially (frozen in lightcone time).

e Static normalizable backgrounds: genericajly, vanishes at
specific locii in the interior, even if positive definite ndaundary {.e.
T, > 0). Effectively ahorizon: time-like Killing vectoro_ — null.

e Onz™-dimensional reduction, this means string modes winding
aroundz " -circle become light in the vicinity of, . = 0 locii. New
stringy physics beyond the gravity approximation: new ap@s in

SYM with low anomalous dimensions.

Similar inhomogenous solutions exist for asymptoticalifghitz solutions too.
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Lifshitz singularities, string theory

Mild singularities present in Lifshitz spacetimes? = — 4 + d‘”?;‘“”Q :

curvature invariants finite, diverging tidal forcesras+» oo (interior).
Expect that these are zero temperature limits of Lifshigbklholes
with regular horizons: however zero temperature limit glag

Singularities also reflected in above string constructexigbiting
exact Lifshitz symmetriegiorowitz,way: origins? resolution?

Silverstein et alin the Lifshitz-string constructions ¢dartnoll,Polchinski,Silverstein, Tong
metric tidal force calculation in IR of string constructipossibly incomplete:

sources modify string scattering.]

String constructions involvingldS null deformations?
ds? = L [—2dwtde= + de2] + #r0(dat)? + 4 4 d02, B(aT).

Balasubramanian,KN: Donos Gauntlett; et al
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Lifsnitz singularities, string theory
ds? = Ly [~2datde— + de2] + £(049)2(dzt)2 + 95 4+ d02Z,  P(xt) dilaton.
e Holographic stress tens@hwad,Das KN, Trivedi vanishes identically:
THY ~ KM — KRMY — 3R + G — 20H POV D + ghHY (0D)?
Dual CFT deformed by ®(z*)O(z). Assuming modifications arise dueddz ) variation,

(T,v) = O uncorrected: lightlike=> no nonzero contractions involving; ®.

Confusing: source for bulk fiele> generically expect response.

® Coord transfm:ds? = ﬁ[ef(m+)(—2dx+dy_ +da?) + dw?], ()% - f" = 3(9)2.

This lies in general family ofAidS-deformations (also 5-form)
ds%, o = B (Guu (a)datdz? + dw?) + R2dOZ, & = d(ah),

solutions if R, = 20,®0,®, 0@ =0,(v/—§§**0,®) =0. (DasKN,Trivedietd)

Potential singularitiegroincare horizomw — ). RapcpRABCP diverges.
Null solutions: invariants vanish, no nonzero contractidiverging tidal forces asy — oco.

Fefferman-Graham expansiods? = d$22 + =3[90, (z") + wig?, (a#) + .. |dwtdz”

Above solutions constrained;,, = 0, n. > 0, consistent with holographic RGkenderis et al).
e Maybe mild bulk singularity required to encode Lifshitz imolary

conditions in theseldS/C F'T-based constructions?
(IR singularities in Lifshitz field theory?)
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Conclusions, questions

e AdS plane waves— dim’nal redux — hyperscaling violation.
Dual to 4-d SYM CFT (or more exotic 3d CFT) excited state With, .

e Some of these lead to logarithmic (or stronger) deviatidns o
entanglement entropy holographically relative to area law

e AdS plane waves: simple excited pure states. Entanglememmntr
can be studied explicitly for strip subsystems, resulteddmn strip
direction w.r.t. energy flux. Strip orthogonal to flux: phassnsition.

e Nonconformal Dp-brane plane waves, dual to strongly caliéM
states withl’, . . Finite part of entanglement consistent with checks.

e NS5-brane plane waves, little string excited states.

Entanglement entropy area law deviations from field theory?
What are these materials? ... ...
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