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Abstract: <p>I will discuss how holographic and effective& nbsp;field theory methods could shed light on important& nbsp;open questions in low
energy condensed matter systems.& nbsp;l will focus on the study of the vibrational degrees of freedom,& nbsp;i.e. "phonons’, in liquids, solids and
disordered systems like glasses.& nbsp;Building intuition from the holographic systems | will tackle the& nbsp;problem of the low frequency elastic
response in liquids and the& nbsp;universal emergence of the boson peak in ordered crystals and& nbsp;amorphous solids.</p>
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"MY GANG"

<

Martin Ammon Oriol Pujolas Sean Gray
(University of Jena) (UAB, Barcelona) (University of Jena)

Lasma Alberte Amadeo Jimenez
(Imperial College) (IFT)

Nick Poovuttikul Tomas Andrade
(Iceland University) (UB Barcelona)

Victor Cancer Castillo Sasha Krikun Sabastion Renalxpatal
(UAB, Barcelona) (Leiden University) (1AP, Paris)
Alex Buchel Sebastian Grieninger Ke Yang
(Perimeter Institute) (University of Jena) (SCUT, China)
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_ CONDENSED
MATTER
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LONG TERM TARGET

CLASSIFY AND UNDERSTAND DIFFERENT PHASES OF MATTER
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The Debye model

1) A periodic lattice

Configuration in k-space

2) Plane waves @ =0k

3) Cutoff frequency @
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VDOS

STEPS : (k)= Vk :_ Density of states in
P o Momentum space
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HOUSTON WE HAVE A PROBLEM

GLASSES .. [ | AMORPHOUS SOLIDS
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ACTUALLY MORE THAN 1 ...

Oxide glasses, molecular glasses, polymers,
molecular crystals, colloidal glasses, etc ....
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Solved ??
J

heterogeneous elasticity theory
[Schirmacher and co-workers] Local inversion

Symmetry breaking
[Zaccone and co-workers]
randomly-distributed
soft anharmonic modes
[Gurevich, Shober and co-workers] Phonon-saddle transition
[Parisi and co-workers]

Density fluctuations _ _
Of glass structures Broadening/lowering of the

[Gotze and co-workers] lowest van Hove singularity
[Schirmacher, Taraskin and co-workers]

ALL THE MODELS AT HAND RELY
ON THE ASSUMPTION OF DISORDER
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BUT BOO

OBSERVATION OF THE BP
IN ORDERED SINGLE CRYSTALS
WITH NO DISORDER !!!

Role of Disorder in the Thermodynamics and Atomic Dynamics of
Glasses

A.l. Chumakov, G. Monaco, A. Fontana, A. Bosak, R. P. Hermann, D. Bessas, B. Wehinger, W. A. Crichton, M
Krisch, R. Ruffer, G. Baldi, G. Carinl Jr., G. Carini, G. D'’Angelo, E. Gllioli, G. Tripodo, M. Zanatta, B. Winkler, V
Milman, K. Refson, M. T. Dove, N. Dubrovinskaia, L. Dubrovinsky, R. Keding, and Y. Z. Yue

Phys. Rev. Lett. 112, 025502 = Published 15 January 2014

Glassy Dynamics versus Thermodynamics: The Case of 2-Adamantanone

D. Szewczyk! A. Jezowskif, G. A Vdovichenko?, A. I. Krivchikov!, F. J. Bermejol, J. LI. Tamarit'$, L. C. Pardo$, and
J. W. Taylor!

Glassy anomalies in the heat capacity of an ordered 2-
bromobenzophenone single crystal

L

Andrzej Jezowski, Mikhail A. Strzhemechny, Alexander |. Krivchikov, Nadezhda A. Davydova, Daria Szewczyk,

Stepan G. Stepanian, Lyubov M. Buravtseva, and Olesia O. Romantsova
Phys. Rev. B 97, 201201(R) = Published 23 May 2018
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PLUS:

Role of Disorder in the Thermodynamics and Atomic Dynamics of Glasses

A.1. Chumakov,"” G. Monaco,™ A. Fontana,™ A. Bosak,' R. P. Hermann,*” D. Bessas,*>" B. Wehinger,'
W. A. Crichton,"* M. Krisch,' R. Riiffer,' G. Baldi,® G. Carini Jr.,” G. Carini,® G. D’Angelo,® E. Gilioli,’
G. Tripodo.” M. Zanatta,”™™ B. Winkler."” V. Milman."" K. Refson.'* M. T. Dove,"” N. Dubrovinskaia,'
L. l)uhm\inxl«'i\'.iS R. I\Lcdénp.m and Y.Z. Yue'™®

------------------
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HOLOGRAPHY
General ‘ o m

_ SOLID STATE
PHYSICS

Relativity

Robert M. Wald

Use a dual description in terms of different d.o.f.
where the theory is EASIER
and the computations are doable
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BREAKING TRANSLATIONS

B 1 .
@ T = — T £
Tf'('[

TARGET

1 . [Vegh, 2012]
_ s MAS (L By s Bigies ) _
Trel [MB, Pujolas et Al.]

LORENTZ VIOLATING HOLOGRAPHIC MASSIVE GRAVITY

Hy + 57—[(;];’) ———  EXPLICIT BREAKING

(O(Z)) # 0/ —= SSB : PHONONS, ELASTICITY
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HOLOGRAPHIC PHONONS

Re[w]/T (l)rg([lw]!T
0.35/ '

[MB et al., PRL 2018] .
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LONGITUDINAL PHONONS

[MB, M.Ammon et Al., in progress]

Re[w/
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1 €+ p 264 p
2 2
C = Cp + 5 [Nicolis et Al. 2017]
2 [Hartnoll et Al. 2018]
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And if you compute the heat capacity...

Cv

104

When phonons
Stop to propagate...

100

Debye
0.01
P,
4 T/
hadit /" 0.001 0.010  0.100 1 T
/ _ /:__i__*\'
Anomaly typical of glasses and amorphous materials ... "\
=
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THE IDEA

. 9
w=uvk —1Dk"

W=v Kk

PROPAGATION DIFFUSION

elasticity - viscosity

mobrh!;e_dgd
0.08 E ‘I/uﬂe Regel crossover i
i - Extendons (E)
Hints: s
3 0.06 &
§ 2 4
L & : /e _
=" P& - = 1
Holography JonicE J SN2
= a e .
[MB etAI] 0.02 ooy . § 1
Diffusons (D) .
" "
80

0.00 -
0 20 40 60

Diffusons, .... o (meV)
[Allen et Al. 1999] S A e e R e o Gl
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WheredoesD 4
come from ? [a\ /4

In holography it comes from the presence of the horizon !!
Finite temperature effects

It can come from disorder [Beltukov & Parshin, PRB]
in disordered materials and amorphous solids

It can come from anharmonic interactions [Landau & Rumer, 1936]
In ordered crystals !!

NO NEED OF DISORDER
Just of diffusive damping !
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Starting from the principles
+ ext Newton's L
P U; = v] g 17 -} ]( 1:( ? (I') Elae::oz';:a;::s

el /
Oij = 045 T 04

Y
N

P M
Elastic term DISSIPATION
Viscous term
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The Green Function
'1

02 o(q) —w?—iwlpp(g)

Grr(gw) =

e Qrr(q)=crrq T'rr(q) = Drr4q?,

’ ‘)
WrT=Cr14q— fDL.'/‘ q

1 L |, 2(d-—1)
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The (analytic) VDOS

From the Green Functions ...

‘)a’.‘ ‘4D x 7

g(w) = ———— da’ Im {2 G+ (g.w) + G (q.w)}.
o) = gz | da*Im{2G1(0.0) + Gula.)

(5)

Discretizing the integral ...

W | ATy .
g(w) = - - IIIL{ , = {j licm + Dyw (P(z) —w(—=z)+ (1l +qp +2) =14 qgp - 1))
3TN W \/1_[7’1 + iDL w)(ick + Dyw) Ry w )
i {(] | f']\/ - ’_Bc'i F2iDpw (W(y) = v(=y) + (14 qp +y)=¥(1+qp -g,v')')] } (6)

) . 'fu,.‘ - | )’"J-'u.‘
I = — 3 l '
with \/W Y V/2ic2+2Dw
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The general picture

9(w)/w’
i Damping

6| . Contribution

Debye Level
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Elastic modulus dependence

g(w)lou2

0.03}

0.02

0.01f
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Elastic modulus dependence
a(w)lw?
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Iotfe-Regel frequencies

wip = ¢t p/(®Dy1)

[Shintani & Tanaka 2008]
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Density dependence

g(w)/w?
I e
0.30} glwpp)
—p = 0.8 2| prz
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CONCLUSIONS

INSPIRED FROM THE HOLOGRAPHIC RESULTS

WE BUILT A SIMPLE MODEL EXPLAINING
FROM FIRST PRINCIPLES AND IN ANALYTIC WAY
THE UNIVERSAL EMERGENCE OF THE BOSON PEAK
IN AMORPHOUS AND DISORDERED SOLIDS AND ALSO
IN ORDERED CRYSTALS

NO ASSUMPTIONS ON THE MICROSCOPIC IS NEEDED
NO DISORDER IS NEEDED
EFT 2.0

HOLOGRAPHY IS TRYE USEFUL
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HOUSTON WE HAVE A PROBLEM

GLASSES o, | ] AMORPHOUS SOLIDS
| | \/f: DISORDERED SYSTEMS
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WHAT ABOUT LIQUIDS ?
AND.... WHAT IS ALIQUID ?
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ARE LIQUIDS AND SOLIDS
REALLY DIFFERENT ?

NOT IF Ww > wWp = -

Proved in several experiments !!

High-frequency longitudinal and transverse dynamics in water

1270 K
—~ 300 K
8
o L T
g L T L
T L
G
- T
o
>
-
wn
=
w
'_ & o - L P | PR S
< .0.50 -0.25  0.00 0.25 0.50
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THAT'S IT 7?7 NO !

Experiments by Noirez's group in Paris

(@) water 3% e=0.125mm

(b)1 0’ Water at 21.5°C e=0.125mm y=3%

|

>
c ]l G'(Pa)
(U -
B o M
7y 1 0
5 ’: 107
E 1w

o~ G"(Pa
w 1 2 !I|l{li|||lll||‘l(“|”ll”h!”

t(s) 10" 1 ~ o(rad/s)
1
10° 10 10°

LIQUIDS SUPPORT PROPAGATING SHEAR WAVES ALSO AT LOW FREQUENCIES !!!
LIQUIDS BEHAVE LIKE ELASTIC SOLIDS ALSO AT LOW FREQUENCY !!!
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LiquidsvsSolids & /.. 1

[MB & Trachenko, 2018]
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OBSERVED
IN PLASMAS

f (Hz)

[Ohta et Al.,2000]
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[Nosenko et Al.,2006]
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QUASIHYDRODYNAMICS

[Lucas, Grozdanov, Povoottikul ,'18]
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Imf ]
Re[w]
@
@ o
Re[w]
5 g
2 S g
1 o
: 05~ 1.0 15 20 25 3.0
- i =
-2 T -
=3 - e

(©)

8{0) + 8; Jp) = — —

Imjw]
Re[w]
hs
Q —-——> 0
Im[w]
- A s i k
0.6 1.0 1.6 20 2.5 3.0
=0.5
—1.0--—-..\
\
15 !
)
I
,)_u./

Page 39/45



CHIRAL MAGNETIC WAVES

[Landsteiner et Al,"14] [Stephanov et Al,'15]

KB p ; kB p,
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CONCLUSIONS PART 11

K-gap dispersion relation can explain the misterious experiments

o Can be obtained directly from Navier-Stokes via Maxwell interpolation

o "Quasihydodynamics" , Israel-Stewart, GB, etc... [Grozdanov et Al 2018]

o It is much more general: plasma, hydro, Keldish-Schwinger,
Holography, anomalous transport, Sine-Gordon

MB et Al t ,
Equation ... [MB et Al, to appear]

o It has been observed in plasmas;
Can it be observed in chiral magnetic waves ?
Next march: experiments in liquid at ISIS Oxford (stay tuned)
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QUASIHYDRODYNAMICS

[Lucas, Grozdanov, Povoottikul ,'18]
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CONCLUSIONS PART 11

K-gap dispersion relation can explain the misterious experiments

o Can be obtained directly from Navier-Stokes via Maxwell interpolation

o "Quasihydodynamics" , Israel-Stewart, GB, etc... [Grozdanov et Al 2018]

o It is much more general: plasma, hydro, Keldish-Schwinger,
Holography, anomalous transport, Sine-Gordon

MB et Al t ,
Equation ... [MB et Al, to appear]

o It has been observed in plasmas;
Can it be observed in chiral magnetic waves ?
Next march: experiments in liquid at ISIS Oxford (stay tuned)
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STICK IT T0
YOUR A._RXIV!

THEGRUMPYSCIENTIST. COM

INSTABILITY
DEPRESSION
MENTAL ILLNESS
In academia

o thegrumpyscientist

STAY GRUMPY,
STAY SCIENTIST

GRUMPINESS

RAISE
AWARENESS
P\ |
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