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“ Shortcuts to adiabaticity” 1is known as a method accelerating adiabatic
dynamics. | found, after studying many applications, that the method is very general and can be
applied to any dynamical systems including quantum, classical, and statistical systems. The
Hamiltonian of the system is separated into two parts, and each can be interpreted as the energy of
the system and the generator of the time evolution.

As one of the main achievement, we found that the Lax formalism for classical nonlinear integrable
systems is shown to be equivalent to shortcuts to adiabaticity. This equivalence gives nontrivial
solutions of quantum and classical dynamics. The most important point is that we found not only
specific solutions but also several series of solutions exhaustively.



¢ X C—19, F-19—1, Z—19, CK—19 (dm)
1. WFZEBHAA S 4075 5

B ROHENTE £ S E 208 CHEMICEERFREETH 523, "Shortcuts to Adiabaticity”
(STA) & XiTns., WrElisfEl s 2 i3 2 FiE2Y 2010 FIRE SN, FFIEBRBORER
(2014 ) CIESERDPHCHEEEZEDDL LI ICR->TEY, BIDEHR~DICHNER G

G T TOIL TV e, BIFERER L. 2012 4E505 2013 4E1200 1 T STA S E T s RO )7

BIZELoTHELND ZEERL, ZEAE RSO EIT o1, ZRIEFAE) )7 5% O PR

REFT =— U T ~DISHICT TEMEZR R ~DISH RS D L oEmn e snd Lo

2725 T,

2. WHFED HK

BEROBMIERO T izoWT, B0 GENGREZ L6252 812k-o
TR« W RBRZ 155 2 & BN RE A BRI IGH L TR KRB BAH
Bl 2 EEBLS 5 Z LN YHIOER B TH D,

RIE(CTEOM —RIEIE, FEtt - ZEEOHE, PECROICH, &7 ==V 7, &17
TF LB, LD B oD AEAED TR Z B LTz,

3. WHEDTTIE

STA TR ERCRITIG U T S £ S ERFIFIEDFAET Do WFFEFHE DR Tl iod
BROFIEIER LTWER, ZRICZEZEDLRVIEEZTT05, TS EIERRICSE
SERFHEEEET L LOENODOBREZ TS Z LICEREB <, £ LTEN L O
NHEBRMEEAZ R L, BINZ—RICOWTHTERMAEE5 & &bz, BRI HIER
BFRC, ZERAEROBNTE) ~DT 4 — Ky 7 #2179,

4. WFIERE

STA ODFEICHONWT I FE I FAFEVIGHAFIRE L, ZORE. B0 I8 7ok
EEHLTWDAZ AR L, ZHIEETRICHEDS T IR0 D FERIC @A SN S,
B R XN DD SR L FICET 5,

) SO RIS BB OB /1% RI1T STAIC L AN RETH 5, RORRRIFE & 0k 4
HNINVRET VIR AF—E NI ERE L DL EHIROREZEE I L W) AT
DEWRLHOETHL-o TS, STA KD EZNLOEEEDEIL TR ZENTES, N
VR =T X RX —[EHAEE 5 2 DE0y LIRIEE L S B A HIETEIC Yy E 5 Z LR TE
5, HEHTEIZ MR MIRAAHECTH Y . BuiRBE il > TRHREBS T oD (5. D

(1) (@) ZOX DRI ETIFERORR LT HM R0 IFRICHLEHTE 5,
HRIZ DUV TCId Hamilton—Jacobi DEERAZIEIE L, FHTLVMEHEEZER L7 Gaz6)), i
X EFEOHIEIIE DA RGBSR & FRIR S D,

WL RS R & OBMR B )R E KT B RN IR AR 4 SR D Lax R & R O
EhEHLoTWAHI EERIL, TRIC L - Tl - & 7815 RICEVTIEA B 72 Hil4E11E % 15
HZEITEPI LT Gase) (8)), 7m& x21E, KdV FRRRIC k> ToRk &b VU hoRT v
YV DFR, BOHEKY TR > Ttk s b Fi 5%, FRGERICE~Tiddashn b
BIAE ORI ETHD, Lax BRITMOBEEREEZ - Tk, ZhEaHNn5HEINET
W BILTWZEREOND & L OICHa A BEICED LB TED, ZOZEITEZ
TWARWD FCTHOMBFELRNI EHERLTEY, FREORMBENMRITI-E D Z &L
FOEEND S,

WRFEN NS NIV =T U E2GRIT D LD BEXTIE, INLRICET D0 ) =054 DEF
FFRICEMT 2 S FRE AT 22 AT ADEHLMINTE 5, T2, ROFFH
FEJRATHE=R I3 AT D ZEH OBBF T A S, BRI STZ O DAL LIZHr SRS L - TS
dohsd GEX4), o, MEREEREORIZIE T DHEEOKE L FEME D AWV REOHI L
DERIZ OV T HIRATZ Gw3(9), BFBCR—ROBE~DISHR, EFERICBT 2P E
DEHL DBR LITHOWTHIEZ MR T THY . —HOMRIZBUERREM T TH D,

MR FHE~DIGH: BF 7 =2— U v I ~DISHEREICW L O DOZR O 21T - 172,
Pl & O T EIE O EL. GRS (7)) ChlEEZ W= fkidEkis: Gt (1)) Thd, —
A RS O DIITILE N LA TH D . Bl EFiE OBFFEHE L 72 D,



%%71/%&m@ﬁﬁ BV FLIZRDONIN =T B ERBILSE L FETH D
B, ZOHBELREY SIMEZAWTHRT 220N TES GELM@W), o, 720 FRITH
H%memﬁiz—%%ﬁﬁéﬁbwiﬁéﬁ L BB BN G S D Z & Z2an LTz Gie
32(5)),

LD X 95 720858 %LLT[E%ﬁ®ﬁW%%®FWLJm_OwT — %R - AR R AR
ERLHZ L] EW) BIIZOWTIE, BRI — Y - @%ﬁ%L#ﬁfﬁé&womm
B, 2L, T &), #iliE FIRE L2 Y0o BEMRIL, 5o -4 Bk
B 72 RIS L C & IRE O BAR R 22 il 2 SB35 = &J&wom&&%_ﬁﬁmﬁia
25, KEEDRIIH L COMMIIELNZN, WALE LTUIEFEEMT RS ENE0,

5. FrpRERLE
Ceskims) G111, 2 TExRH V)

(1) Kazutaka Takahashi

Hamiltonian engineering for adiabatic quantum computation: Lessons from shortcuts to
adiabaticity

Journal of the Physical Society of Japan 88, 061002 (2019)

JPS]J Special Topics: Quantum Annealing: Recent Development and Future Perspectives

(2). Kohji Nishimura and Kazutaka Takahashi
Counterdiabatic Hamiltonians for multistate Landau-Zener problem
SciPost Physics 5, 029 (2018)

(3). Hirohiko Shimada, Kazutaka Takahashi, and Hiroaki T. Ueda
Quantum interactions of topological solitons from electrodynamics
Physical Review B 97, 224424 (2018)

(4). Kazutaka Takahashi

Shortcuts to adiabaticity applied to nonequilibrium entropy production: An information
geometry viewpoint

New Journal of Physics 19, 115007 (2017)

Focus on Shortcuts to Adiabaticity

(5). Tomoyuki Obuchi, Sei Suzuki, and Kazutaka Takahashi

Complex semiclassical analysis of the Loschmidt amplitude and dynamical quantum phase
transitions

Physical Review B 95, 174305 (2017)

(6). Manaka Okuyama and Kazutaka Takahashi

Quantum—classical correspondence of shortcuts to adiabaticity
Journal of the Physical Society of Japan 86, 043002 (2017)
JPSJ Editors’ Choice

(7). Kazutaka Takahashi
Shortcuts to adiabaticity for quantum annealing
Physical Review A 95, 012309 (2017)

(8). Manaka Okuyama and Kazutaka Takahashi
From classical nonlinear integrable systems to quantum shortcuts to adiabaticity
Physical Review Letters 117, 070401 (2016)

(9). Kazutaka Takahashi and Masayuki Ohzeki
Conflict between fastest relaxation of a Markov process and detailed balance condition
Physical Review E 93, 012129 (2016)

(10). Kazutaka Takahashi
Unitary deformations of counterdiabatic driving
Physical Review A 91, 042115 (2015)




(11). Kazutaka Takahashi
Fast—forward scaling in a finite—dimensional Hilbert space
Physical Review A 89, 042113 (2014)

(FxyR) (Bt 20 1)

(). B

[HIBE O RIED & R D8 1 OB BRI | (#k)

FEWFAIFZE S « iTHEMS BFZE2 2018 FE VAR O W BRaE — M 4 & B m i —
O R 7 IR B 50T, U, 2018 4F 12 H 26 AH-12 H 28 A)

(2). Kazutaka Takahashi
“Structures of quantum, classical, and statistical dynamics” (3B%F)

International workshop on quantum information, quantum computing and quantum control
(b#ER2:, E¥E, December 19-21, 2017)

(3). =i FnE

[N B o 5 1 & FE T B AR
H A B4 2017 AEFKTR RS
CHTFR, B, 201749 H 21-24 A)

(4). Kazutaka Takahashi
“Quantum-classical correspondence of shortcuts to adiabaticity” (GBFF)

Workshop on quantum control
(OIST, March 21-23, 2017)

(5). EiE
[FOAREEEZAWEEBEST ==V VT AT 2 — VO
H A B 4Y 2016 AEFKTR RS

(IR K, &I, 20164E9 A 13-16 H)

(6). Kazutaka Takahashi
“Hamiltonian engineering for many—-body quantum systems by shortcuts to adiabaticity”
(G%&$k)

Workshop on theory and practice of adiabatic quantum computers and quantum simulation
(ICTP, Trieste, August 22-26, 2016)

(7). =i

B IR BE D 3 72 il #E1{5E-Shor teuts to Adiabaticity—] (#B4%)
ZERFWES ) oLy vr=s A —8 I —

ZEAF, 20164E7 A 22 H

(8). EtE FnZ, Bl HE

[ W2 RE O filiH & KdV e

H AR ELE R 71 BER RS

(HAb=EpE R, iR, 2016 453  19-22 H)

(9). Kazutaka Takahashi
“Optimization of Markov process violates detailed balance condition” (¥B%F)
(Institute of Statistical Mathematics, Tachikawa, March 9-10, 2016)

(10). Kazutaka Takahashi

“Shortcuts to adiabaticity for nonlinear systems” ($8%F)
Workshop on quantum control

(0Osaka, February 25-26, 2016)

(11). Kazutaka Takahashi

“Optimization of Markov process violates detailed balance condition” (¥B%F)
Breaking and beyond detailed balance condition—expanding to machine learning—
(BBDBC2015)

(Kyoto, December 21, 22, 2015)

(12). Kazutaka Takahashi




“How to find shortcuts to adiabaticity” (&%)
Workshop on physics (Russian)
(Uzbekistan, October, 2015)

(13). mEff Fnz

[Shortcuts to adiabaticity] (FBFF)

FEWHFTE S T2 7R ORRIZ X 0 5 & 7EROFRR
(FETEWELZMEIERT, HUER 2015 42 7 H 13-16 H)

(14). Kazutaka Takahashi
“How to find shortcuts to adiabaticity” (¥B%F)

Adiabatic Quantum Computing
(Zurich, Switzerland, 201546 H 29 H-7 A 2 H).

(15). =t fnZk, KB B5Z

MMarkov B2 D l & FEM-D D H VORI
H AR ELE 25 70 [BIFER RS

(BFgm KR, HA(, 201543 A 21-24 H)

(16). Kazutaka Takahashi

“Quantum brachistochrone” (#H%%F)
OIST Mini Symposium: Quantum Control of Light and Matter
(Okinawa, January 14-16, 2015)

(17). EH FnZ, Leticia F. Cugliandolo

BT OWN) AN BT 2 17 = > F OB B
H A B4 2014 4EFKTR RS

(FhER R, B, 201449 A 7-10 H)

(18). Kazutaka Takahashi

“How to find shortcuts to adiabaticity — Brachistochrone problem in quantum systems”
YITP Workshop on Quantum Information Physics (YQIP2014)

(Kyoto, August 4-7, 2014)

(19). Kazutaka Takahashi
“How to find shortcuts to adiabaticity — Brachistochrone problem in quantum systems”
(FFF)
Shortcuts To Adiabaticity 2014
(Shanghai, July 1-4, 2014)

(20). Kazutaka Takahashi

“Counterdiabatic driving from quantum brachistochrone equations” (¥3%F)
Mini-workshop on real-time dynamics of quantum many-body systems

(Tokyo, May 20, 2014)

(H#E) Gt1h)
BN, FARSR [FHERE - AR L < D ZARE) 398 ~X— ALFEHR 2017 4 A

(PEZE M PEME]
ORI (Gt o )

ZAFR
T
MR
FHYE -
iR
HHRAAE -
E N7 DRI -

ORI (G0 )

L FR
FHE



FERIE
TEHA
iR
B4
EWNA DR -

(& k)
R D= D
http://www. qa. iir. titech. ac. jp/ ktaka/index. html

&«

6. WFIERLR

(D) WF7Esr
WFFE o E K4
n—<FR4
A& 7ERE R4
HUEE

L Z 2
WHsEEE S (841) -

(2) FE 7
WH5EHH % K4
n—vFRA

KB IC X D0F%EIE, PR DA L FEICBWTEET 2 b DT, ZD7D, WD EMROMIERR D AFKEFIC
SWTIE, EOERFEFICES GO TR TONFEERICHET S RALEMEL, MEEEACREENET,



