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0.1 nm 1 nm 10 nm > 100 nm

Molecular Magnets: Physics and Applications, edited by J. Bartolomé, F. Luis, and J. F. Ferndndez, Springer Verlag (Berlin,
Heidelberg, 2014)
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* Mesoscopic size
* Monodisperse

* Chemical design

0.1 nm 1 nm 10 nm > 100 nm

Molecular Magnets: Physics and Applications, edited by J. Bartolomé, F. Luis, and J. F. Fernandez, Springer Verlag (Berlin,
Heidelberg, 2014)
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R. Sessoli, D. Gatteschi, A. Caneschi and M. A. Novak, Nature
365, 141 (1993); F. Hartmann-Boutron, P. Politi and J. Villain,
Int- J. Mod. Phys. 10, 2577 (1996).
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Energy

Alkg ~ 102K

A/kB ~ 1010 K ———
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H ~ —DS2 + AS;H C(S¢ + S;)

R. Sessoli, D. Gatteschi, A. Caneschi and M. A. Novak, Nature
365, 141 (1993); F. Hartmann-Boutron, P. Politi and J. Villain,
Int- J. Mod. Phys. 10, 2577 (1996).
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fields

Afkg = 1010 K
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Lattice vibrations:
termal bath T

Modulation of the magnetic anisotropy

N

Spin-phonon interaction

Magnetic relaxation

Master equation for spin level populations P,

25+1 2S5+1
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Characteristic time scale t(T,H)
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Off-equilibrium for T > t,, |
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H. A. Kramers, Physica 7, 284 (1940)

J. Villain, F. Hartman-Boutron, R. Sessoli and A. Rettori,
EPL 27, 159 (1994)
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R. Sessoli et al, Nature 365, 141 (1993)
50 ———
—=— 21 =0.1 Hz |
A w02r=1Hz
—e o2r=9 Hz
B —x of2r =90 Hz
: equilibrium

Single-molecule magnets

N
o
I
© o o =
N o © O

reduced ac susceptibility
o
N

o
o

0.2
10* 10° 10% 10" 10° 10" 10* 10° 10°
T

v' (emu/mol Oe)
S
B

N
o

10
10’
10°
10"

10

1,=210%s

0.0 0.1 0.2 0.3 04
UT (K"



INMA

INSTITUTO DE NANOCIENCIA
Y MATERIALES DE ARAGON

Single-molecule magnets
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J. R. Friedman, M. P. Sarachik, J. Tejada and R. Ziolo, Phys. Rev. Lett. 76, 3830 (1996); J. M. Hernandez, X. X. Zhang, F. Luis, J.
Bartolomé, J. Tejada and R. Ziolo, Europhys. Lett. 35, 301 (1996); L. Thomas, F. Lionti, R. Ballou, D. Gatteschi, R. Sessoli and B.
Barbara, Nature 383, 145 (1996)
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Ground state tunneling
Landau-Zener experiments
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A magnetic Schrodinger cat

F. Luis, F. L. Mettes, J. Tejada, D. Gatteschi, and L. J. de Jongh, Phys. Rev. Lett. 85, 4377 (2000)
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A magnetic Schrodinger cat
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E. Burzuri et al, Phys. Rev. Lett. 111, 057201 (2013)



INMA

INSTITUTO DE NANOCIENCIA
Y MATERIALES DE ARAGON

(a
SOF m 133Hz
—_ - @ 333Hz
o 40- A e33Hz
= - & 13331 \\,
5 30+ ¢ 5333Hz "
£ bk 13333 Hz g
o ZD_—
= 10}
ol S P i, ’°:='-.=|.
0 2 4 °

7K)

1
I+
(000]

\o)

I+

N
=

® Experiments
—— S-mixing

N
o

® Experiment
—— S-mixing model |

v'(emu/mol Oe)

1800202 06 08 10 12 14
#H, (T)

E. Burzuri et al, Phys. Rev. Lett. 111, 057201 (2013)



INMA

INSTITUTO DE NANOCIENCIA
Y MATERIALES DE ARAGON

Ground state can be predicted from symmetry
considerations

J. M. Luttinger and L. Tisza, Phys. Rev. 70, 954 (1946)
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Ising model under transverse magnetic field
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R. B. Stinchcombe, J. Phys. C 6, 2459 (1973); S. Sachdev, Quantum Phase Transitions (Cambridge

University Press, Cambridge, England, 1999)
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dipolar ferromagnetic order in Feg
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T, = 540 mK . 4

J.F. Ferndndez et al, PRB 62, 55 (2000) libri ;
X. Martinez-Hidalgo, E. M. Chudnovsky, and A. No equilibrium for T, ~ u/12 > T,

Aharony, Europhys. Lett. 55, 273 (2001)

High anisotropy barriers: U = 20 K
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Quantum annealing
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E. Burzuri, F. Luis, B. Barbara, R. Ballou, E. Ressouche, O. Montero, J. Campo, and S.
Maegawa, Phys. Rev. Lett. 107, 097203 (2011)
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Figure I
Development of Permanent Magnets in the 1900°s
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Figure I
Development of Permanent Magnets in the 1900°s
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Molecular analogues
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D. Anderson, HDD opportunities
& challenges, Seagate (2013)
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A il MMannlnleta/ Nat‘ulfe 468, 417 (2010)
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The challenge: enhance T,

Ferromagnetic
Mn cluster (2007)
5$=12

Mn,, (1993)
5=10
T,~3K

C. Milios et al, J. Am. Chem. Soc. 129,
2754 (2007)
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Ferromagnetic
Mn cluster (2007)
$=12

Mn,, (1993)
§=10
T,~3K

Lanthanide single ion magnets

J. van den Broek and L. C. van der Marel, Physica 29, 948 (1963); C. Milios et al, J. Am. Chem. Soc. 129,
N. Ishikawa et al, J. Am. Chem. Soc. 125, 8694 (2003); M. AlIDamen 2754 (2007)
et al, J. Am. Chem. Soc. 130, 8874 (2008); ...
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A. Abragam and B. Bleaney, EPR
of transition ions, Dover (New
York 1970); J. D. Rinehart and J.
R. Long, Chem. Sci. 2, 2078
(2011)

Lanthanide single-ion magnets
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A. Abragam and B. Bleaney, EPR
of transition ions, Dover (New
York 1970); J. D. Rinehart and J.
R. Long, Chem. Sci. 2, 2078
(2011)

) Lanthanide single-ion magnets

High magnetic moment Strong magnetic anisotropy
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F. Luis et al, Phys Rev B 82, 060403 (2010)
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K. R. Meihaus and J. R. Long, J. Am. Chem. Soc. 135, 17952 (2013)
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Linear coordination with “oblate” magnetic
orbitals (e.g. Dy3*)

Coordination design

~ | £52)
[~ | £ 7/2)
~ | £ 92
|~ | 1/2)

:

Energy / cm~"
g

~ | £ 192

'l 1 L L L
—10 —5 0 5 10
Magnetic moment / 3

Dysprocenium

17=2-~ e e e
o] 7=2-~75K

200 Oels S I

Hysteresis above liquid
nitrogen temperatures
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Linear coordination with “oblate” magnetic
orbitals (e.g. Dy3*)

Coordination design

2000 |- A
~ | £5) :
|~ | £ 7/2)
~ £ 92
|~ 11172

:

Energy / cm~"
g

~ | £ 13/2)
500 |

O-Nlj:15/= 1 1 L 1 L

—10 —5 0 5 10
Magnetic moment / 3

Dysprocenium

£ ;| Model and tune key
= ﬂ molecular vibrations
= ' ' 20T

S

~ Ll 10T ‘

1)

3 51 . . .

I | Vibrational “windows”
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Frequency (cm™)
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Linear coordination with “oblate” magnetic

Coordination design

orbitals (e.g. Dy3*) 2500
2000 - - i
~ | £572) '
T 1500 }~ | =7/2) 4
5 ~ 192
B 000 L~ £ ]
5
~ | 4 13/2)
500 |- 4
L L bbbt bbb bbbl b
. —10 -5 0 5 10
Dysprocenium Magnetic moment / 3
— —
o 10000 - '
5 .| Model and tune key 1000
o ﬂ molecular vibrations 100
= 20T 104
= :
~ 10T ‘ 0.1 H=0
% ‘ | 0.01;
e — Vibrational “windows”  1E-3{
g . . L 0T 1E-4-!
a [ . 1E-5-

100 200 300 400 500 600 00 01 0_'-311K?;3 04 05
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4. Quantum ) '
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R. P. Feynman, Int. J. Theoret. Phys. 21,
467 (1982)

D. Deutsch, Proc. Royal Soc. A 400, 97
(1985)

* Process information using quantum laws

* Bit &> Qubit




Quantum paralelism

D. Deutsch, Proc. R. Soc. Lond. A 400, 97 (1985).



Quantum paralelism

D. Deutsch, Proc. R. Soc. Lond. A 400, 97 (1985).
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Quantum paralelism

D. Deutsch, Proc. R. Soc. Lond. A 400, 97 (1985).
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Prime number factorization Fast database searching

Classical t oc eN = Quantum t oc NP

Classical t «c N

U

P. W. Shor, in Proc. Symp. Foundations of Computer
Science, IEEE Computer Society Press, 124 (1994) Quantum t oc \/N

Quantum digital simulators

L. K. Grover,Phys. Rev. Lett. 79, 325

e 3 (1997)

Classical t oc eV
U

Quantum toc N

0.67 nm

C=

J. I. Cirac & P. Zoller, Nature Phys.
8 264 (2012)
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D. P. Di Vincenzo, Fortschr. Phys. 48, 771 (2000)

e Two well-defined states + initialization
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AV

D. P. Di Vincenzo, Fortschr. Phys. 48, 771 (2000)

* Two well-defined states + initialization
* External control of the wave function
* Sufficiently high quantum coherence T,Q; >> 1 (> 100)




1 kb
INSTITUTO DE NANOCIENCIA ;
Y MATERIALES DE ARAGON : l

D. P. Di Vincenzo, Fortschr. Phys. 48, 771 (2000) D. P. Di Vincenzo, Phys. Rev. A 51, 1015 (1995)
m

* Two well-defined states + initialization
e External control of the wave function

* Sufficiently high quantum coherence T,Q; >> 1 (> 100)
* Scalability: wire up = 2 qubits
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R. J. Schoelkopf & S. M. Girvin, Nature 451, 664—-669 (2008)

n Spin e Spin Molecular Atom/ Rydberg { Charge qubit ;l
'ﬂ 'ﬂ agnet molecule atom —tis

Magnetic moment
1073 ug 1 e 2 1 10 107 103 10% Debye
0.1Hz 100 Hz 10 kHz 100 kHz 10 MHz 100 MHz

Hours
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Quantum supremacy: NISQs era

Surface QEC
code (>25 qubits
per logical qubit)

Shor code: 108
Tra n S m o n ® Data qubit ® Z-syndrome q u b its

€ Quantum bus ® X-syndrome
\, Two-qubit gate direction

J. A. Schreier et al, Phys. Rev. B 77, 180502(R) (2008) A. Fowler, Phys. Rev. A 86, 032324 (2012)
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R. J. Schoelkopf & S. M. Girvin, Nature 451, 664—-669 (2008)

n Spin [ e Spin Molecular Atom/ Rydberg Charge qubit

g |

U \

agnet molecule atom

Magnetic moment
1073 ug 1 e 2 1 10 107 103 10% Debye
0.1Hz 100 Hz 10 kHz 100 kHz 10 MHz 100 MHz

Hours
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Electronina B
. . dc
maghnetic field A
S=%
g=2 ‘

‘1>EH> T [ 26GHYT

hwq19= gugBy. =

0) = ‘T> il‘ C13K/T
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Electron in a iot In resonance: ® = ®y,
sl B, B.e
magnetic field ~

A 0>
—>

S5=%

g=2

AT

I_I_I 11>

‘1> = ‘J/>
\O)%cos(%j\0>+e"¢‘” sir{%j\ 1)
Ok _ gup(1|SBy]0)

‘O>E‘T> 2 h

I 1. Rabi, Phys. Rev. B 51, 652 (1937) b (t) = gk ’; Bac |

~ 13 MHz/mT




Relaxation

Tl —>cos , \0 )+e"sin ﬁ

2




Dephasing

[1>

0) > cos(?j\ 0)+ M sin(?)‘ 1)

1 1 1

-1 — ~
Tdecoherence — 2T1 + T2 ~ T2
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31p+ jn Sj
B. E. Kane, Nature 393, 133 (1998)

Si conduction band

31P ° °

Ay Si #7L —Hf- __
+ - F

T,. =500 ms
T,,=30s

NV- in diamond

F. Jelezko et al., Phys. Rev. Lett. 92, 076401 (2004)
G. De Lange et al., Science 330, 60 (2010)

T, = 20-30 s
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Molecular spin
TS DE aocEn ‘ qubits

A. Gaita-Arino, F. Luis, S. Hill, E. Coronado, Nature Chem.
11, 301-309 (2019).

7\

\ / \ /

Single ion magnets \\ / \\ /
P
n 1\@y 1,

Some appealing properties
e Simples (1 magnetic ion)
e Weak spin-spin interactions

e Magnetically soluble




I NVI/\ Beating
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1000
| Ohaae
b ! |
i ’ ) [VO(B-C,S,).I*
H I
(PPh,),[V(CsSs)s]
100 - J. M. Zadrozny et al, ACS C.-J. Yu et al, JACS
‘ \L> [ Cent. Sci. 1, 488 (2015) 138, 14678 (2016)
—~~
D [
2
Cr,Ni =

(PPh,),[Cu(mnt),]

S=1/2 '
g=2 L ¢ -

A. Ardavan et al, Phys. Rev. Lett. 98, 1 '
057201 (2007); C. J. Wedge et al. Ph 2006 2008 2010 2012 2014 2016

Rev. Lett. 108, 107204 (2012). Year

[ EE X 8 R
EmTea=x

K. Bader et al, Nat. Commun.
5, 5304 (2014).
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Molecular spin
TS DE aocEn ‘ qubits

A. Gaita-Arino, F. Luis, S. Hill, E. Coronado, Nature Chem.
11, 301-309 (2019).

7\

\ / \ /

Single ion magnets \\ / \\ /
P
n 1\@y 1,

Some appealing properties

e Simples (1 magnetic ion)

e Weak spin-spin interactions
e Magnetically soluble

e Tunable
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H=B;0, + B,O, + B,O; +

0% Elk(K)

Off-diagonal terms

.02 ]=0

Quantum tunnel
splitting

6 5 4 3 2 1 0
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M. AlDamen et al, Inorg. Chem. 48, 3467 (2009)

20

](b)

154

10 1

1 A=9.5 GHz

Energy (GHz)

=104

-151

= . \ '
100 00 0.1 0.2 0.3

1 10
T(K) Magnetic field (tesla)
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INSTITUTO DE NANOCIENCIA | . q u b Its
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M. AIDamen et al, Inorg. Chem. 48, 3467 (2009)

20

1(b)

154

1 A=9.5 GHz

Energy (GHz)

=104

151
0.1 1 10 100 *te o1 o2 o
T(K) Magnetic field (tesla)
5 709mT | 118mT | 165mT
80f & | - s
oL 235mT -

p—
S))
e
—
o
o B§rn

50F L €

TZOC OB & @ _'
% ﬂa ?’%ﬁg%ﬂ

'|:|92

2.0
—10 010100101001010010

By, = By (M) M. Shiddiq et al, Nature 531, 348 (2016)
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[Ni(Megtren)Cl](ClO,)

Ni(ll) S =1

Orthorhombic: D D'< D

Tuning the gap:

proper coordination

[Ni-Imdipa]-(NCS)

Lower symmetry

Axial: E E'<E

M. Rubin et al, Chem. Sci. 12,
5123 (2021)

[1) [1)
/

N
H=BO} + B2O;? .
|0) |0}
24
220
20 |

180
— —~ 16
N N
I I
g 140 S—?,
< = 12 -
~N ~
ﬂ% 5

100 Nosr

Field parallel to z-axis 4+ Field || z
60 - © Experimental O Experimental
Powder Field at magic angle
1 1 1 " 1 1 1 0 1 1 1 L 1 1 1 L 1
2 1 0 1 2 3 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

toH (T)
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Spectroscopic addressing

ek

S. Carretta et al, Appl. Phys. Lett. 118,
240501 (2021)
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INSTITUTO DE NANOCIENCIA ) Y q u a ntu m gate
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N 40 i
L
Q 20 i
< !
> 0 _
(@) i
L
O -20 i
c
LLI
40 i
H = g1pupHS1 + g204pHS2 — ]515 g
= :
Control  Target Control  Target = S| | W aTEeE
©
L s
Q g
= 3 u H= 470 mT
o o . .
< S 0 400 _ 800
L?J) ' i t (ns) '
0 400 800
oM (mT)

F. Luis et al, Phys. Rev. Lett. 107, 117203 (2011);
D. Aguila et al., JACS 136, 14215 (2014)




Energy (GHz)

cw EPR signal (a.u.)
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o o o
o N N

o
N
I

©
I
—

Internal states:

qubits = qudits

M. Jenkins et al, Phys. Rev. B 95, 064423 (2017)

Three qubits



I N\/I/\ Universality: a

INSTITUTO DE NANOCIENCIA A m O I ecu Ia I N ISQ

Y MATERIALES DE ARAGON
M. Jenkins et al, Phys. Rev. B 95, 064423 (2017)

Gdo.o1Yo.99W30 -
S=7/2

1(|)0 . 3(I)O l 5(I)O . 0
tD (ns)

UoH= 07T = 50
8_
71 40
6_
5. 30«
41 20 = .
31 Three qubits
2 10
" e

1234567 8 0 Universal set of operations
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[ErCeEr]

Quantum error correction

in @ molecular NISQ

) H H )
‘0> U H Ephase H
0) S H H O »
l ] | ]
Encoding Decoding
E. Macaluso et al, Chem. Sci. 11, Error
10337 (2020} correction

1111)

Three different &

coupled qubits

-

[101)
[011)

[110)
1100)

|010)

|000)

1001) =

I
T,=1us

0.0 0z 04 06 08 14
H (kDe)

10 - oc.o;ooooooo;-coooo ®eccccse
>
ot
o]
© [ ssverasseeseones o
e 0.98 . ..7’ <y

T 096 bee,, 0.5

™ 0.04 "‘-ff;..

0.92 . ]
0 02 04
0.7 ! (b) CTps) ,
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NUCLEAR SPIN IIII» ENCODES LOGIC QUBIT STATES

&b

YES = ERROR!!
NO = OK!!

ELECTRONIC SPIN l» DETECTS ERRORS

— |+1/2,_5/2>

— |1 =3

|+1/z 1/,

— |+1/2 +3/2
e |+ 1/, + 5/,

)
)
— |41/, 4+ 1)
)
)

Error detection and correction
through electronic spin

— | o 5/,

)

— =1y, +3/z)
> jﬂm, = +1 (error)
)=

| =12+,
AVAVA' ( )Iab>= a|— 1o —Y) + Bl— Yo + 1) WA

|_ 1/ 1/
‘l Qubits encoded 1 \i\m, = —1 (error)| Fast RF pulses to
— |1/, —3/2)={ within nuclear levels ) manipulate nuclear
transitions

|~ 1/2 = %/2)

A single molecule can perform as

a logical qubit with embedded
error correction

R. Hussain et al. J. Am. Chem. Soc. 140 (2018)
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Tuneable and interconectable

Well-established protocols and
technologies for control & read-out

Challenging for large-scale
computing

L
‘&ty E-4_ Il.

8 12 16
Initial state

o N b O o
WT,;

@

Tuneable small and reproducible

Multiply connected qubits/qudits
in each molecular unit

Specific algorithms save resources

Control, read-out & wire up
multiple molecules
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transitions

|-6,-3/2)
~ |-6,-1/2)
>~ |-6,+1/2)

di/dV (uS)
©
S

1.914 -
1.89+

|-6,+3/2)

| " Nuclear spin
- read-out

L

50 0
B (mT)

50

R. Vincent et al, Nature 488, 357 (2012)

read-out
"0' & "“dOt..““_l‘ .‘
source |||||||:|||| drain

electrode electrode

()

6> 167 HF
terbium = N
= N

electronic nuclear
spin spin

Electrical modulation of the hyperfine

interaction B
A init probe
Il —T T ———_ 1§
MW
Bos| & = -
> A o v o
Lo Sy I P B
2,,5 %o g K
S 02 a> of *»
0.0 | 1 1 | L
io.s— = -
3= [
3504—;?2.3"?.’-. ’k:* - .’o“,’q.:‘.*
S0z W% 4 i . Wb
0.0 T T T T T
00 05 10 15 20 25 3.0

Coherent control

S. Thiele et al, Science 344, 1135 (2014)
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Phone number = name??

Nuclear spin = state??

Visibility
=
N

0.4

- (b)
Cd "

o --q:p;? m,=-1/2
0

100 200

,Ap\ﬁ\‘\i[:)

m,=+1/2

100 200
T (ns)

C. Godfrin et al, Phys. Rev. Lett. 119, 187702 (2017)
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A. Blais, R.-S. Huang, A. Wallraff, S. Girvin, & R. Schoelkopf,
Phys. Rev. A 69, 062320 (2004)
A. Wallraff et al., Nature (London) 431, 162 (2004).

Light-matter interaction in a
chip

@ "%

1) ) 28] |g> >+
o) E ? —[—z ™ ot

Cavidad Qubit

g T,>>1 “Strong coupling”
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A. Blais, R.-S. Huang, A. Wallraff, S. Girvin, & R. -— ¥ e
Schoelkopf, Phys. Rev. A 69, 062320 (2004)
A. Wallraff et al., Nature (London) 431, 162 (2004).

Light-matter interaction in a
chip

¥

H =how.(n+1/2) + hT“’aZ+hg(a+a" +a ot)

008 1

* Read-out

| |
| |
| |
006 | | l
| \

0.04 1

Microwave transmission

* Effective couplings

0.02

6.02 6.03 6.04 6.05 6.06 6.07
Frequency (GHz)

g T,>>1 “Strong coupling”



| I\[\/I/\ A scalable architecture for QC with
ST DE NANocIENG molecular spins

11—
N

Pl s

M. Jenkins et al., Dalton Transactions 45, 16682 (2016)
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1—-

- O_

L i

o

100

-
o

[y

—

Transmission (a.u.)

o
-

1.52 O)(GHZ) 1.54

M. Jenkins et al., Dalton Transactions 45, 16682 (2016)



| I\M/\ A scalable architecture for QC with
ST DE NANocIENG molecular spins

M. Jenkins et al., Dalton Transactions 45, 16682 (2016)
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Opportunity
Up to 100 qubits in a chip

Challenge
Can the spin-photon coupling g >> 1/T,?

M. Jenkins et al., Dalton Transactions 45, 16682 (2016)
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Nanoscale constriction Microwave magnetic field (simulation)

- 2w

-10 5 0 5 10
y (km)

Enhances current density and microwave magnetic field

M. Jenkins et al, New J. Phys. 15, 095007 (2013)
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DPPH, S=1/2 Cogupling per spin (Hz)

—— 800
® Experiment
theory: h=0 3 7
theory: h =15 nm
theory: h =150 nm 5 600
E fg 5
] 3 400
E = 4
y ]
[ 3 200
102 10 10° 10! 102 103 )
w(um)
103 enhanced coupling near 1 0
nanoconstrictions
g,T,~ 0.001-0.01 0

|. Gimeno et al, ACS Nano 14, 8707 (2020)



Sapphire (Al,O3) el NS Nb

g, ~ ngJMBJbﬁ
h

R. H. Dicke, Phys. Rev. 93, 99 (1954)
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B(mT)

-
o
T

Transmission (a.u.)

1.0

0.5

0.0 L - - - -
0 20 40 60 80 100
H(mT)

M. Mergenthaler et al, Phys. Rev. Lett. 119, 147701 (2017).
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[ N
cavity 1 JgUg s in. 0 e
—_— eff = .7'[ — hwr zTBmW(T}')(BLQJS;- + e le]Sj)
|j=1 |

J. Roman, F. Luis and D. Zueco,
Phys Rev Lett (2021), in press

Fet Exp. from [30)]

T } T T
2.5 3.0 3.5 4.0
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W. F. Giauque and D. P. MacDougall, Phys Rev 43, 768 (1933)

Isotropic paramagnet

H=0

. S, = RIn(25+1)

m . .
$ Isothermal magnetization

>
Q.
O
-’E- H>0
LL] S,, << R In(25+1)
5,
& ‘ Adiabatic o
=> demagnetization

0

S, constant

~
T, T (K) T

T, <<T,



I NVI/\ Magnetic coolers for very low
e A temperatures

Gd: low anisotropy & high spin
AS, =R(In8) 1
Large entropy content per spin: magnetic cooler g
%64 |
Pure Gd o ? ° 0.1}
T.~ 300K oo *° :
® o
_ T
i “Fragmenting” ® ©
Gadolinium 2\
Gdw,,
T.<0.02K
1t
g
o
O N
0.01

M. J. Martinez-Pérez O. Montero, M. Evangelisti, F. Luis, J. Sesé, S. Cardona-
Serra, and E. Coronado, Adv. Mater. 24, 4301 (2012)
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| On chip refrigeration

M. Evangelisti et al., Angew. Chem. Int. Ed. :
50, 6606 (2011); G. Lorusso, M. Evangelisti et al, Adv. Mater. 25, 40
2984 (2013); L. X. Chang et al, Chem. Commun. 49, 1055 (2013). I

N froh helat ca'pacitly |
¢ from magnetization |
O direct measurement |

w
(@]

-AS_(Jkg'K')
3 8

Record MCE for T< 4.2 K -
. 0
127, A AB =TT
A ABO=3T
—~ 8 R
< . A AB=1T
I\E AA‘AA
A _
< 4 YN A aa,
L AAOAAOAA
0 N 1 B AAA A 1 Rl
0 5 10 15 20
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M. Evangelisti et al., Angew. Chem. Int. Ed. —

50, 6606 (2011); G. Lorusso, M. Evangelisti et al, Adv. Mater. 25,
2984 (2013); L. X. Chang et al, Chem. Commun. 49, 1055 (2013).

N froh helat cabacitI}/ |
Y¢ from magnetization |
O direct measurement |

D
o

w
o

-AS_ (Jkg'K")
S

-
o

ecord MCE forT<4.2 K
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Quantum physics at the mesoscopic scale
= quantum relaxation, multipartite
entanglement, non-equilibrium QPTs,
control of magnetic order by g-light, ...

= : e Co oF AoHT) =

Lanthanide-free permanent
magnets = enhance T

Magnetic recording: High potential of
miniaturization = enhance T,



http://en.wikipedia.org/wiki/Image:HDDspin.JPG
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Solid candidates to realice basic units of a
quantum computer + potential for scaling
up = proof-of-concept implementations

»

\ _ﬁ L. | "
. . . . . &%g
Best coolers in the liquid Helium region yggb R b,
o '
and below = devices a4

Molecular

Ma_gnets
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