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Abstract: | will discuss a holographic model whose low-energy physics may be used to build a margina Fermi liquid. The model has severa
interesting features, including (i.) it is embedded in string theory and we possess a Lagrangian description of the field theory, (ii.) it exhibits a
first-order transition between the non-Fermi liquid phase and a normal Fermi liquid phase, and (iii.) the model involves a lattice of heavy defects
interacting with a sea of propagating fields.
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© [Some] Motivation: heavy fermion systems.

@ Review: use of AdS/CFT to model non-Fermi liquids, lattice
setups, &c

Holographic lattices: generalities.
The D3/D5 lattice
The M2/M2 lattice and the semi-holographic MFL.

Open questions.

©0 00
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Some motivation: heavy fermions - |

irsa:

T (K)

Features:

@ Non-Fermi liquid phase
related to..
@ Existence of quantum critical

point (QCP).

@ Phase transitions may
reorganize Fermi surface:

FL/NFL

@ Inherent lattice structure:
rare earth defects embedded

nosboswleman, Schofield]

in sea of free electrons.
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Non-Fermi liquid phase:

@ Good fit for dynamical spin susceptibility (e.g., CeCug_, Au,),

1
w+ ak?+ T2Zf(2)

\:

@ Anomalous thermodynamics, electrical transport:
cy ~cl.c grows near B = B.. ppc x T.

Marginal Fermi liquid:

1
el — VFk'| — Q& In w

XxXF—o—
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Some motivation: heavy fermions - |

Features:

@ Non-Fermi liquid phase
related to..

@ Existence of quantum critical
point (QCP).

@ Phase transitions may
reorganize Fermi surface:

FL/NFL

@ Inherent lattice structure:
rare earth defects embedded
in sea of free electrons.

T (K)
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Some motivation: heavy fermions - |l

Non-Fermi liquid phase:

@ Good fit for dynamical spin susceptibility (e.g., CeCug_, Au,),

1
Wt —+ Clk?‘ = T2 zf(%)

\:

@ Anomalous thermodynamics, electrical transport:
cy ~cl.c grows near B = B.. ppc ox T.

Marginal Fermi liquid:

1
w — veky + awinw
=] 1

X0
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What about holography?

Lots of attempts to model condensed matter phenomena with

gravitational duals.

©@ NFL: charged fermion in near-extremal AdS-RN background.

T ! - 1 1 TE L- = I
|Cubrovic. et al|], |Faulkner, et all.

© QCP: adjust charge density, magnetic field for fundamental

flavour [KJ, et al], [Evans, et 2l], holographic superfluid [igbal, et al];

multi-traces [Faulkner, et al].
© Probe brane models realize lattice configutations, FL/NFL

transitions [Kachru. Karch. Yaidal.

Page 8/81

Pirsa: 11040083



What about holography?

Lots of attempts to model condensed matter phenomena with
gravitational duals.

@ NFL: charged fermion in near-extremal AdS-RN background.

|Cubrovic, et al|, [Faulkner, et all.
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Semi-holographic theories

One way to get NFL: semi-holographic [Fzulkner Polchinski].

Idea: mix free fermion with fermion in large N (0 +1)-d CFT
L= Lgee + Lor1 + guWy
. conduction electron, V: locally critical fermion (from AdS»)

Ag—0 G—0ah)—

-.-'.'—VFki :

Go = (W Wx) = 5(X' —x) x {

dicf™>" T>0
T2A-1f(£) T >0.
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Semi- holograph[c theories - ||

Large N = compute susceptibility via

Three interesting features:
Q@ For A < 1.Gg dominates Go_l at small w/T: NFL.
© For T > 0, matches NFL susceptibility with z = 2/(2A — 1).
© For A=1.T =0: Gy — cwlnw which would give..
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Seml holographlc theorles -1

. — e — T ana

Three interesting features:
Q@ For A < 1.Gg dominates Gﬂ._l at small w/T: NFL.
© For T > 0, matches NFL susceptibility with z = 2/(2A — 1).

© For A=1.T =0: Gg — cwlInw which would give..
1

Gl — VFk:i —g‘?‘{:m'ln.;"

X~
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Ingredients

Necessary components:
@ Free propagating fermions (these are easy to get).

© Locally critical fermions in large N CFT (harder)
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Ingredients

Necessary components:
© Free propagating fermions (these are easy to get).

@ Locally critical fermions in large N CFT (harder)

One way to get locally critical

W's is via AdS, dual.
— % . F F F
AdS

a+1
AdS> arises in deep IR for
low- T finite density systems,
eg. AdS-RN [Faulkner, et al],

probe branes [KJ, et al].

I ——_—E

[Also get the propagating v''s
from near AdS, . ; fluctuations]
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- R 8 — L e — | — T — ] L

Three interesting features:
Q@ For A < 1.Gy dominates Gﬂ_1 at small w/ T: NFL.
© For T > 0, matches NFL susceptibility with z = 2/(2A — 1).

© For A=1.T7T =0: Gg — cwlInw which would give..
1

w— vk — g?cwinw’
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Ingredients

Necessary components:
© Free propagating fermions (these are easy to get).

© Locally critical fermions in large N CFT (harder)
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Ingredients

Necessary components:
© Free propagating fermions (these are easy to get).

@ Locally critical fermions in large N CFT (harder)

One way to get locally critical
W's is via AdS, dual.

AdS |
AdS> arises in deep IR for
low- T finite density systems,
eg AdS-RN [Fauikner, et ai],
probe branes [KJ, et al].
s  AdS

[Also get the propagating v''s
from near AdSy.; fluctuations]
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Also: DC resistivity

One-loop bulk calculation for AdS-RN [Faulkner, et al],

For A < 1, gives p ~ T2A1,

Gives p ~ T for marginal Fermi liquid!
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Also: DC resistivity

One-loop bulk calculation for AdS-RN [Faulkner, et al],

For A <1, gives p ~ T2A1

Gives p ~ T for marginal Fermi liquid!
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Comparison with heavy fermions
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Comparison with heavy fermions

© NFL phase, anomalous transport? ¢
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Comparison with heavy fermions

© NFL phase, anomalous transport? v
@ Related to quantum criticality: v
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Comparison with heavy fermions

© NFL phase, anomalous transport?
@ Related to quantum criticality: v
© FL/NFL transition: x

@ Underlying lattice structure: x

Pirsa: 11040083 Page 23/81



Comparison with heavy fermions

© NFL phase, anomalous transport? ¢
@ Related to quantum criticality: v
© FL/NFL transition: x

© Underlying lattice structure: x

A few more issues:

@ A determined by field theory; what As are natural?
@ AdS-RN has lots of low— T instabilities.
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Comparison with heavy fermions

© NFL phase, anomalous transport? v
@ Related to quantum criticality: v
© FL/NFL transition: x

© Underlying lattice structure: x

A few more issues:

@ AdS-RN has lots of low— T instabilities.
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But: problems with AdS- RN

j mEE’E 5 B
For example, scalar condensation: mIR > =g T

@ mip < map in IR = condensation at low T
@ Charged condensate: superfluid [Hartnoll, Herzog, Horowitz]

o Neutral condensate possible for small m? [igbal, et al].
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Comparison with heavy fermions

© NFL phase, anomalous transport? v
@ Related to quantum criticality: v
© FL/NFL transition: x
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Ingredients

Necessary components:
© Free propagating fermions (these are easy to get).

© Locally critical fermions in large N CFT (harder)

One way to get locally critical
W's is via AdS» dual.

AdS> arises in deep IR for
low- T finite density systems,
e.g. AdS-RN [Faulkner, et all,

probe branes [KJ, et al].

[Also get the propagating v''s
from near AdS,.; fluctuations]
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Comparison with heavy fermions

© NFL phase, anomalous transport?
@ Related to quantum criticality: v
© FL/NFL transition: x

Q@ Underlying lattice structure: x

A few more issues:

@ AdS-RN has lots of low— T instabilities.
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But: probh_ems with AdS-RN

. 2 gy mR3, 5.
For example, scalar condensation: myp RS — e —T°¢

® mip < mip in IR = condensation at low T
@ Charged condensate: superfluid [Hartnoll, Herzog, Horowitz]

@ Neutral condensate possible for small m? [igbal, et ai].
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But: problems with AdS-RN

2 o
. o mp wmR,, 55
For example, scalar condensation: my, R5 — da—1) 9T €

° mfR = m%l_— in IR = condensation at low T

e Neutral condensate possible for small m? [igbal, et all.

BUT: in general Einstein-Maxwell setup, we could pick few
charged scalars so maybe no superfluid instability.
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But: problgms with AdS-RN

2 #,
. 2 pp  mMRG, 2 2
For example, scalar condensation: mp RS = d1) —T¢

@ mip < mip in IR = condensation at low T
@ Charged condensate: superfluid [Hartnoll, Herzog, Horowitz]

o Neutral condensate possible for small m? [igbal, et al.

BUT: in general Einstein-Maxwell setup, we could pick few
charged scalars so maybe no superfluid instability.

BUT AGAIN: in most holographic examples we understand
(coming from SUGRA compactifications), lots of SUSY, light

charged scalars.
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Plan for tc_zrday

In lieu of shortcomings listed above, goals for today:

1. New class of non-Fermi liquids from holography:
@ Obtain stable locally critical CFT via string theory.
@ Use holography to write down Lagrangian for MFL.

@ Fix allowed choices for A by stringy embedding.

2. Realize FL/NFL transitions by tuning control parameters.

3. Connect to lattice models for heavy fermions.
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Plan for today

In lieu of shortcomings listed above, goals for today:

1. New class of non-Fermi liquids from holography:
@ Obtain stable locally critical CFT via string theory.
@ Use holography to write down Lagrangian for MFL.

@ Fix allowed choices for A by stringy embedding.

2. Realize FL/NFL transitions by tuning control parameters.
3. Connect to lattice models for heavy fermions.

Simultaneously realize goals in same model.
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Plan for today

In lieu of shortcomings listed above, goals for today:

1. New class of non-Fermi liquids from holography:
@ Obtain stable locally critical CFT via string theory.
@ Use holography to write down Lagrangian for MFL.

@ Fix allowed choices for A by stringy embedding.

2. Realize FL/NFL transitions by tuning control parameters.
3. Connect to lattice models for heavy fermions.
Simultaneously realize goals in same model.

NoOTE: (2), (3) already realized with probe brane lattices

Ty~ [ L i e "I
|Kachru, Karch, Yaida]
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Kondo lattice - |

[ ] L ] L 2 F
L] - - L
[ ] L ] L 2 L
L] - L ] -
& L ] & L ]

Pirsa: 11040083

Lattice of
heavy
defects

Propagating
electrons

| ocalized spin d.o.f,

H~Y i o
Also interactions with
itinerant electrons

(hopping, &c).

Tune J to QCP.
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Kondo lattice - ||

L] L ] @ &
- - - -
L 2 - L 2 -
& L] - L 3
- - - a
L ] t ] L ] L ]
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Lattice of
charged
defects

Propagating
electrons

Propagating
gauge field
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SUSY large N Kondo

- - » «—— | aftice of
Charged
. . ® 4-"""_--- SLUSY
defects
L ) L 3 [ ]
e Propagating
— glectrons
» - [ ]

—~— Propagating

f_ie-{d :
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gauge

Holographic setup:

Consider N > 1.
with localized
hypermultiplets.

O(N?) bath,
O(N) lattice.
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The D3/D5 system

[IB brane SetuUp [Camino, Parades, Ramallo]

g I 2 1 &£ 5 6 F 8 9%
ND3 | X X X X
NI EX - ¢ - & X XX X

where - indicates a lattice direction.

In usual holographic limits with N ~ O(1), get |IB strings on
AdSs x S plus D5 branes wrapping AdS> x S* cycles.

Field theory: N’ = 4 SYM plus lattice fermions. Up to 8 SUSYSs.
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The D3/D5 system

IIB brane SEtUp [Camino, Parades, Ramallo]
g —1 2 1 45 & & S 9
ND3 | X X X X

N5 X - "X X X X X

where - Indicates a lattice direction.

In usual holographic limits with N ~ O(1), get |IB strings on
AdSs x S° plus D5 branes wrapping AdS> x S* cycles.

Field theory: N' = 4 SYM plus lattice fermions. Up to 8 SUSYSs.

AsIDE: Naive slipping mode instability stabilized by mixing with
AdS> gauge field via WZ term, Ts f PG A F.
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D3 /D5 - spectrum

Brane embedding: wrap S* at constant #, 27a’F = cosfdt A dr
— with ges = df? + sin® fges

System preserves SO(5)int X SO(3)aas

Some AdS-> fields and dual operator spectrum:

field | SO(5)im  SO(3)ads A
= —F—1 3 ]

(Ax%)s | | 1 Fra2t)

Slipping mode/AdS, A dual to ~ v X

Fermionic superpartners have A, = [+ 1/2 + Z by SUSY.
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The D3/D5 system

lIB brane Setup [Camino, Parades, Ramallo]

g & 2 34 5 6 -8 %9
ND3 | X X X X
MDA X - - = X X R X X

where - Iindicates a lattice direction.

In usual holographic limits with N ~ O(1), get |IB strings on
AdSs x S° plus D5 branes wrapping AdS> x S* cycles.

Field theory: N' = 4 SYM plus lattice fermions. Up to 8 SUSYSs.

AsIDE: Naive slipping mode instability stabilized by mixing with
AdS> gauge field via WZ term, Ts f Pl[C4] A F.
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D3/D5 - spectrum

Brane embedding: wrap S* at constant #, 27a’F = cosfdt A dr
— with ges = df#? + sin® fges

System preserves SO(5)int X SO(3)ags

Some AdS»> fields and dual operator spectrum:

field | SO(B)it SO(3)aas A
e | 3 I
(A.x%)+ | | 1 +2+2

Slipping mode/AdS, A dual to ~ v X

Fermionic superpartners have Ay = [+ 1/2 + Z by SUSY.
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D3 /D5 - spectrum

Brane embedding: wrap S* at constant #, 27a’F = cosfdt A dr
— with ges = df? - sin® fgea

System preserves SO(5)int X SO(3)aas

Some AdS> fields and dual operator spectrum:

field SO(S)iﬂt 50(3)3&5 A
x! I 3 /
(A.x%). | 1 | +2+2

Slipping mode/AdS, A dual to ~ X
Fermionic superpartners have A, = [+ 1/2 + Z by SUSY.

BAD: No A =1 in spectrum.
s 1000k xOOD: New way of getting AdS;; stable in probe limit Ny <olis



D3/D5 - transitions

System also has a FL phase: consider D5/D5 lattice.

NFL phase: Gapped, FL phase:

~ bdy

hor

First-order transition; order parameter: v'v>. Holographic glass.
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Comparison with goals

Let's compare!

1. New class of non-Fermi liquids from holography:
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Let's compare!

1. New class of non-Fermi liquids from holography: v

2. Realize FL/NFL transitions: v
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Comparison with goals

Let's compare!
1. New class of non-Fermi liquids from holography: v

2. Realize FL/NFL transitions: v

3. Connect to lattice models:
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Comparison with goals

Let's compare!

1. New class of non-Fermi liquids from holography: v
2. Realize FL/NFL transitions: v

3. Connect to lattice models: v

(4.) Get MFL (i.e. A = 1) with stringy embedding:
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Comparison with goals

Let's compare!

1. New class of non-Fermi liquids from holography: v
2. Realize FL/NFL transitions: v

3. Connect to lattice models: v

(4.) Get MFL (i.e. A = 1) with stringy embedding: x
— Didn’'t work because SUSY protects dimensions to be 1 /2 +7Z.
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Aside: AdS, from probe branes without lattice

Also get AdS, from flavour at nonzero density.
AdS, .1 —AdS>; “holographic RG flow™ for open string metric.
Similar two-point functions as for charged fields in AdS-RN.

Also get superfluid instabilities (e.g. p-wave [Ammon. et 2l]),
neutral instabilities at nonzero B (e.g. holographic BKT [kJ. et al]).
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Let's compare!

1. New class of non-Fermi liquids from holography: v
2. Realize FL/NFL transitions: v
3. Connect to lattice models: v

(4.) Get MFL (i.e. A = 1) with stringy embedding: x
— Didn’'t work because SUSY protects dimensions to be 1/2 +~ 7.
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Aside: AdS, from probe branes without lattice

Also get AdS, from flavour at nonzero density.
AdS,.1 —AdS> “holographic RG flow” for open string metric.
Similar two-point functions as for charged fields in AdS-RN.

Also get superfluid instabilities (e.g. p-wave [Ammon. et al]),
neutral instabilities at nonzero B (e.g. holographic BKT [KJ. et al]).
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Aside: AdS, from_pr_obe branes without IaEice

Also get AdS, from flavour at nonzero density.
AdS .1 —AdS> “holographic RG flow” for open string metric.
Similar two-point functions as for charged fields in AdS-RN.

Also get superfluid instabilities (e.g. p-wave [Ammon. =t 2l]),
neutral instabilities at nonzero B (e.g. holographic BKT [KJ. et al]).

BuT: no SUSY, no lattice, unclear how to get pure Fermi liquids.
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2-+1d lattice — D2/D2 system

Consider another lattice in lIA:

|6 & 2 3 4 5 6 T 8 9
ND2 | X X X
NeD2{ X = = X X

@ 4 ND system = scalars, fermions at lattice sites
@ Up to 8 SUSYs again.

@ Field theory: N =8 SYM & fundamental hypers.

@ 8 SUSYs +SO(5) = Coulomb branch metric not renormalized
bevond 1-loop.

Manifest global symmetry in theory: SO(5) x U(1)3z x U(1)12.

9
e — E Uj (I'Ug + Ag + Z I'”'*':bm) Wi
Page 55/81
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RG flow to M2/M2 system

N = 8 SYM not conformal — flows to fixed point.
Captured by uplift to M-theory:

0 3 4 5 6 & 8 9 1o

N M2
Ng M2

=3
XX X
== =

@ For N> 1, Nf ~ O(1), get M-theory on AdSs x S’ plus M2
probes wrapping AdS, x S cycles.
@ Global symmetry enhanced: SO(5) — SO(6)

irsa: 11040083
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Compute spectrum by analyzing fluctuations of M2 embedding:
— No A,, on M2: only geometric fluctuations.

field | SO(6) U(1)sa Ul A
vi | 6 ] 0

N | D | ]
I et ok

@ To match to field thy: consider SO(5) C SO(6)
@ Thisgives6 -5+ 1.

Under SO(5), flavour scalars neutral, flavour v''s a 4.

Claim: the 5 is dual to v®L,v with A; =

M=
D | et
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Pi

IIIII

M2/M2 - spectrum

Compute spectrum by analyzing fluctuations of M2 embedding:
— No A, on M2: only geometric fluctuations.

field | SO(6) U(l)sa U(L)n A
y | 6 / 0

N | S |

-|

g b b

@ To match to field thy: consider SO(5) C SO(6)
@ Thisgivesb —+5+-1.

Under SO(5), flavour scalars neutral, flavour ¢''s a 4.

Claim: the 5 is dual to ¢ d)f34s with A; =

ml
IS | b

NoOTE: flavour fields have dimensions [¢] = £,
—» Interpretation: ¥'T™®,,1" dominates ©iDgv

1=

: 11040083
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2-+1d lattice — D2/D2 system

Consider another lattice in lIA:

0 - = 3 &£ 5 6 T 8 9
ND2 | X X X
NeD2 [ X = = X X

@ 4 ND system = scalars, fermions at lattice sites
@ Up to 8 SUSYs again.

@ Field theory: N =8 SYM & fundamental hypers.

@ 8 SUSYs +50(5) = Coulomb branch metric not renormalized
bevond 1-loop.

Manifest global symmetry in theory: SO(5) x U(1)3s x U(1)12.

9
L gefoct = E Ly ("()0 + Ag + Z rmq)m) Uj 7 ---
Page 59/81
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M2/M2 - spectrum

Compute spectrum by analyzing fluctuations of M2 embedding:
— No A,, on M2: only geometric fluctuations.

field | SO(6) U(l)ss U(l)z A

y' | 6 / 0

N | S | =
N et ok

@ To match to field thy: consider SO(5) C SO(6)
@ Thisgives6 —+5+-1.

Under SO(5), flavour scalars neutral, flavour ¢'’s a 4.

1
2

Claim: the 5 is dual to v®L,2 with A; =

[5 | e

irsa: 11040083 Page 60/81



Compute spectrum by analyzing fluctuations of M2 embedding:
— No A,, on M2: only geometric fluctuations.

field | SO(6) U(l)ss U(l)z A
Wy 1 / +1  5-—1
y' 6 / 0 s+1

@ To match to field thy: consider SO(5) C SO(6)
@ Thisgives6 —5+1.

Under SO(5), flavour scalars neutral, flavour v''s a 4.

Claim: the 5 is dual to ¢ (bfmr_ with A; =

y 1
_E_

MI

NoTE: flavour fields have dimensions [¢] =

1 . ——%
3 [ 9=
— Interpretation: ¥'T™®,,1> dominates ¢:iDyt
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What about the fermionic spectrum? Rather than analyzing
fermionic part of M2 action [Grisaru. Knutt]

Sy ~ /d3§ vV —Plglv(1 — Ty D2,

use SUSY:
@ Superpartners of slipping modes: A; = % + 1.
@ Transform as 4 of SO(5).
e (Candidate operator: r_-'dbé‘ifﬂtq + h.c.
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Comparison with goals

Let's compare again!

1. New class of non-Fermi liquids from holography:
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Comparison with goals

Let's compare again!
1. New class of non-Fermi liquids from holography: v
2. Realize FL/NFL transitions: v

3. Connect to lattice models: v
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Comparison with goals

Let's compare again!

1. New class of non-Fermi liquids from holography: v
2. Realize FL/NFL transitions: v

3. Connect to lattice models: v

(4.) Get MFL (i.e. A = 1) with stringy embedding: v

— superpartner of half-integer A bosonic operator.
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Beyond holography?

So far we found these results in the probe regime N > Ny,
neglecting O(N¢/N) effects.

Question: do we need the probe/holographic limits to get MFL?
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Beyond holography?

So far we found these results in the probe regime N > N,
neglecting O(N¢/N) effects.

Question: do we need the probe/holographic limits to get MFL?

Two ways to answer: (work in progress)
© In field theory, use non-renorm. thms plus IR dual

© In holography, consider Veneziano limit N¢ /N ~ O(1).
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Dual description: ABJM

IR fixed point of N' = 8 SYM also described by ABJM at k = 1.
o Recall: N =6 U(N), x U(N)_, Chern-Simons matter theory
@ SUSY enhanced to N =8 for k =1.2.
o Matter: A;. B;; SO(6) R-symmetry also rotates A's, B's

Engineer ABJM with |IB brane setup: [Hanany, Witten], [ABJM]
NS (1,k)
@ N D3s along 0126
N D3
@ NS along 012345
@ (1.k) along
1 012(3.7]4[4. 8][5. 9]0

@ 6 direction compact

Lifts to N M2s probing C*/Z; — C* for k = 1.
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Beyond holography?

So far we found these results in the probe regime N > N,
neglecting O(N¢/N) effects.

Question: do we need the probe/holographic limits to get MFL?

Two ways to answer: (work in progress)
© In field theory, use non-renorm. thms plus IR dual

© In holography, consider Veneziano limit N¢ /N ~ O(1).

irsa: 11040083 Page 69/81



Dual description: ABJM

IR fixed point of N' = 8 SYM also described by ABJM at kK = 1.
@ Recall: N =6 U(N), x U(N)_, Chern-Simons matter theory
@ SUSY enhanced to N =8 for k =1.2.
e Matter: A;. B;; SO(6) R-symmetry also rotates A's, B's
Engineer ABJM with |IB brane setup: [Hanzany, Witten], [ABJM]

NS (1,k)
@ N D3s along 0126
n @ NS along 012345
@ (1.k) along
—— 5 0123.7]g[4.8]4[5. 9o

@ 6 direction compact

Lifts to N M2s probing C*/Z, — C* for k = 1.
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Flavoured ABJM

Many ways to add flavour to ABJM. M2/M2: [Ammon. et al].
@ In lIB, add Nf D3s along 0346.
@ D3s split on NS, (1. k): add flavour to both U(N)s.

@ k=1, N> 1: lifts to M2 probes on AdS,; x S’ — same
embedding studied above.

Manifest global symmetry of ABJM: SU(4) x U(1).
— M2 probe preserves SU(2) x U(1) x U(1) x U(1)2.

irsa: 11040083 Page 71/81



Dual description: ABJM

irsa: 11040083

IR fixed point of N' = 8 SYM also described by ABJM at kK = 1.
o Recall: N =6 U(N), x U(N)_, Chern-Simons matter theory
@ SUSY enhanced to N =8 for k =1.2.
@ Matter: A;. B;; SO(6) R-symmetry also rotates A's, B's
Engineer ABJM with |IB brane setup: [Hanany, Witten], [ABIM]

NS (1,k)
@ N D3s along 0126
N D3
@ NS along 012345
@ (1.k) along
— 012[3. 7]4[4. 8]4[5.9]s

@ 6 direction compact

Lifts to N M2s probing C*/Z; — C* for k = 1.
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Many ways to add flavour to ABJM. M2/M2: [Ammon. et 2l].
e In lIB, add Nf D3s along 0346.
@ D3s split on NS, (1. k): add flavour to both U(N)s.

@ k=1, N> 1: lifts to M2 probes on AdSs x S’ — same
embedding studied above.

Manifest global symmetry of ABIJM: SU(4) x U(1).
— M2 probe preserves SU(2) x U(1) x U(1) x U(1);2.
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F[av?grei ;_ﬂ\BJ_M

Many ways to add flavour to ABJM. M2/M2: [Ammon. et al].
@ In lIB, add Nf D3s along 0346.
@ D3s split on NS, (1. k): add flavour to both U(N)s.

@ k=1, N> 1: lifts to M2 probes on AdS; x S’ — same
embedding studied above.

Manifest global symmetry of ABJM: SU(4) x U(1).
— M2 probe preserves SU(2) x U(1) x U(1) x U(1)12.
— Enhanced to SO(6) x U(1) x U(1)12 for k = 1.
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Fla\foursd ABJM

Many ways to add flavour to ABJM. M2/M2: [Ammon. et al].
e In IIB, add N¢ D3s along 0346.
@ D3s split on NS, (1. k): add flavour to both U(N)s.

@ k=1 N> 1: lifts to M2 probes on AdS,; x S’ — same
embedding studied above.

Manifest global symmetry of ABJM: SU(4) x U(1).
— M2 probe preserves SU(2) x U(1) x U(1) x U(1)12.
— Enhanced to SO(6) x U(1) x U(1)12 for k = 1.

ADVANTAGES: ABJM description gives extra “knob”, k.
Also: CSM useful to describe IR dynamics.
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In M-theory and probe limits (N > 1. k> < N. Nf ~ O(1)),
bosonic spectrum:
— slipping modes decompose as 2= 1. ;1,2 1_;,52 x 1g

field | SU(2) U(1), U(l)zs U(1)12 A
W 1 0 / +1 21
& 2 0 0 5+2
4; 1 0 / g= !
i.e. spectrum k-independent.
Candidates: ~ :__*1A1(A382)‘f1 o ... s__'lAlBg(Asz)fﬁ g .. .

— Consistent with free field dimensions.

Get A = 1 fermion for all k, v A10:q5 + . ..
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lI1A description

Also get holographic description for k> > N, N/k > 1:
@ lIA strings on AdS, x CP3
@ M2 probes — D2 probes wrapping AdS, x St

Same spectrum as for M-theory limit!
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lIA description

Also get holographic description for k> > N, N/k > 1:
e IIA strings on AdS; x CP?
@ M2 probes — D2 probes wrapping AdS, x St

Same spectrum as for M-theory limit!

NOTE: Gauge field mixes with slipping mode; these are the #;.
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Remaining questions

Lots of interesting questions to answer:
© Do lattice d.o.f. induce local criticality for bulk fields?
@ Alternatively, does the IR theory flow to z = 17
© What does bulk geometry look like for N ~ N7
Q@ Does k > N theory yield a weakly coupled MFL?
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Remaining questions

Lots of interesting questions to answer:
© Do lattice d.o.f. induce local criticality for bulk fields?
© Alternatively, does the IR theory flow to z = 17
© What does bulk geometry look like for N ~ N?
Q@ Does k > N theory yield a weakly coupled MFL?

Today, we looked at holographic lattice models which give (among
other things)

@ New holographic NFL phases

@ Lagrangian description of MFL

e NFL/FL transitions

@ Stabilize AdS> with SUSY (in probe limit)
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