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How Big/Small is an Exabyte?

All words spoken by humans
Exabyte = 20

All US research libraries
Petabyte = 2°°
Terabyte = 240 EAGEIENIGENEG B OeInY

€Ty At 10 meters of books on shelf
| picture

\Y(SeelngcerZUl 1 computer 3.5 diskette

Kilobyte = 21"

I computer card




*»Discrete quantum system can be thermalized by a finite bath
"Glemer and M1chel Europhys1cs Letters 2006
LLLLL . e lantum
systems: almost any subsystem in interaction with a large enough bath
will reach an equilibrium state and remain close to i1t for almost all times
¢ Linden, Popescu, Short, Winger, PRE 2009
¢ For sufficiently large times the ensemble is for all practical purpose
indistinguishable from a canonical density operator
**Reimann, New J. Physics 2010
¢ Different processes coupled to the same noise source can have
different decoherence rates (stronger noise can have faster decoherence)

*» As long as finite bath drives system toward a quantum-typicality

wate,
|decoherence for spin 2 bath goes as 0‘”2 -Nbath/2
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K - microstate




MOTIVATION :

PHYSICS

Locking electron spins into magnetic resonance
by electron-nuclear feedback

lvo T Vink, Katja C Nowack, Frank H L Koppens, Jeroen Danon, Yuli V Nazarov
and Lieven M K Vandersypen Nat Phys 5(10):764-768 (2009)

PRL 103, 046601 (2009) PHYSICAL REVIEW LETTERS 24 TOLY 2089

Multiple Nuclear Polarization States in a Double Quantum Dot

J. Danon, L. T. Vink, F. H. L. Koppens, K. C. Nowack, L. M. K. Vandersypen, and Yu. V. Nazarov
Kavli Institute of NanoScience, Delft University of Technology, 2628 CJ Delft, The Netherlands
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MOTIVATION :

Computational Science
V(D) = e |W(0))

2 difficulties:
(1 Minus sign problem (phase)

@ Size of vector 2M*N

M spins
spin bath (V)




MOTIVATION :

EXxascale Supercomputers
V() = e |W(0))

2 difficulties:
(1 Minus sign problem (phase)

@ Size of matrix 2M*N

2011 1 PB M+N=50
2015 5PB M+N=52

2018 16 PB M+N=54

M spins
spin bath (V)
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‘ExaGiga’byte 2°%
« Motivation iy

« Methoa

« V.V, Dobrovitski and H. De Raedt, Phys. Rev. E 67, 0¢
= Vleasure expectation values of spin comp
= Measure quantum purity: P(t) = Tr(o?)
= [Vleasure entropy: S(t)=-p(t) Inp(1)
= Vleasure thermalization: 0(t)=|;

» Spin /2 coupled to special spin pains

Exabyte =20 |1

2 2t R




H =Hs + Hp + Hsp,

h O
H|F(1)) = iy ¥ (7))

p(H) =Trg [ps+8(0)],

(S&o) =Tr [




St=Leke  oLosfeke ol | |WU@E) =e ™ (0))

{e{z,y,z}

f — z
H = wodSn,+n,+1

X - bath

a o | )
O y - bath

M=1 spins
spin bath (V)



W(1)) = e "™ |W(0))

Unitary transformation

(e

M=1 spins
spin bath (V)




W(t)) = e |W(0))

H =FIHE,

X - bath

i z
 H = woSy, 1N, +1

+5N, +,+1 {Z Z =2 Z T et R (OB P (Sirw)%}

21 =042=0 Bt =0
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. ( T o er) Block M=1 SpiHS
San el Diagonal  spin bath (V)



7 (p(0) @ pp(0)) 7]

_Ppe—*'W‘P}, (0(0) ® p5(0)) PpemfP;]

-e—i";fl’t (p(o) ®§B(O)) eiﬁf] ]

(|Cl|2 e—i';z;’l fp(o)et'ﬁlf) e (lcz |2 e—fﬂgfp(o)efﬂgf) v s (lCZNB |2 e—iﬂzNg fp(o)et.ﬁz{vgf)

lc1% p1(8) + |2 p2(6) + -+ - + |cowg [P pons () .




(Icll2 e~H tp(O)e"ﬁ”) + (Icz 2 e_"%‘p(O)e"ﬂz‘) +-- 4+ (lCZNB [ =72l p(0)e'” s “)

c1% p1(8) + |2 () + -+ - + |cowg 7 pons () .

» Only requires storage for 2x2 matrices, for any N,

» Requires solution of 2Vz different TDSE to get solution




(|Cl|2 e—i?'l(] fp(o)ei‘?‘{lf) e (|CZ I2 e-f‘?‘{gfp(o)eiﬁgf) s s (|62NB |2 e—iﬁzNB :p(O)eiﬂzNBt)

lc11% p1(8) + |2 p2(6) + -+ - + |eowg [* pong () .

If Symmetry in Hamiltonian (not necessiaryly in initial bath vector)

p;(¢) are identical for j € {i,---,{ + k|




N,!
/]-Nx,mx = ( Nx ) X

Ne/2—=mye | (N2 —m ) (NoJ2 + my)l

mads + miK5 ) cos(Qp m t)| + W2
<Sé(f)>: NN, 1 . ez AN, [( 22 y Zgz ( g, )] 0

ity

Sum only over N,+1 for each x-bath or y-bath



H = Hs+ Hgp,

New Journal of Physics

The open-access journal for physics

Hs = a)()SZ,

v v
Hyp=g1S) LK+ ) 1,

k=1 =1

No bath dynamics:
X Tot and Jy‘l‘ot
conserved

P = Trp*

allt One Bath
Two Baths

Quantum frustration of dissipation by a spin bath

D D Bhaktavatsala Rao!, Heiner Kohler?

and Fernando Sols’

! Department of Physics, Indian Institute of Technology Kanpur,

Kanpur 208016, India

2 Department of Physics, University of Duisburg-Essen,

D-47057 Duisburg, Germany

3 Departamento de Fisica de Materiales, Universidad Complutense de Madrid,
E-28040 Madrid, Spain

E-mail: f.sols@fis.ucm.es

New Journal of Physics 10 (2008) 115017 (17pp)

N/2
p(t) = @ml/’mzz_N/zpmlmg(t)

_Final result
P(t) — 5 = 5 exp(—Ng*1?/8)
8

= N2g4t4 I — oC
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1-bath: x-bath

0.1

0

2-body, 3-body, N-
body interactions




__1-bath: _x-bath

— Asymptotic
ee N=300 J,=1
=m N=200 J,=1
44 N=60 J,=1
++ N=60=10%6 J,(1.5,.5,1.1,.9,1.03,.97,1.01,.99,1.001,.999)
<< N=30 J,=1
N= 60=10%6 J,(1.01,1.001,6*1.0,0.99,0.999)

Different Randomness




2P (t)-1

1-bath:

— Asymptotic
*+ N=300 Only J, All Start Down
© N=200 Only J, All Start Down
++ N=200 + 4*25 J,=0 J,(1,-1,.1,-.1)
++ N=200 + 4*25 J,=0 J,,(1,-1,.1,-.1)
N=300=5"60 J,=1 J,(0,1,-1,.1,-.1)
4 vv N=300=5"60 J,=1 J,,(0,1,-1,.1,-.1)
++ N=300=5"60 J,=1 J,(0,.1,-.1,.01,-.01)
++ N=300=5"60 J,=1 J,,(0,.1,-.1,.01,-.01)

small ¢

x-bath

— Asymptotic for 2P(t)-1

ee N=300 Only J,

== N=200 Only J,

44 N=60 Only J,

<<« N=300nly J,

vv N= 30 S=R

++ N=200 +4*25 J,=0 J,(1,-1,.1,-.1)

+4 N=200 +4*25 J,=0 J,(1,-1,.1,-.1)
N=300=5"60 J,=1 J,(0,1,~1,.1,-.1)

vv N=300=5*60 J,=1 J,(0,1,-1,.1,-.1)
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2-bath: x,y-bath

0.2 - - - |

2-body, 3-body, N-body
interactions

S

2-body interactions e

fii +— N=32
| -+ N=64 -

2512 ~ 1154




— Asymptotic = 16/ (t* J,” N)°
+ -+ N,=300 X-Bath ONLY

o—e N=300
-6 =-u N=90
10" r |. .N=60

— Asymptotic = 16/ (t2 J: N)2

+—+ N=60+2*15=90 J,(0,1,-1)
7 N=60+2*15=90 J,(0,1,-1)
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t — oo [Two Baths




2-bath:

X

A Raana SWNNEEC

— Asymptotic = 16/ (* J,” N)*
e—e N=300 o=0 = Start Down
=—s N=150 0=0 = Start Down
+—+ N=150 a=0.1°
»— N=150 a=1°
<« < N=150 a=2’
v—v N=150 a=5"

N=150 a=10’
++ N=150 0=20°
= N=150 0=45"
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. | +— N= 8 S=DR
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- |~ N=32 S=DR
~—— N=64 S=DR




(1)) = e |W(0))

Decoherence and Thermalization
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« Different baths (any interactions) have different
asymptotic forms for the quantum purity

= One —bath : exponentialin N, ., 2

= IwWo-baths : power law.in N, . 2
« Algorithm requires storage 2", rather than

2V*N= (sum over 2V different 2V systems)
AlllBatns are. NOTr the same
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