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IN\LY TS h—
Development of Quantum Learning Architecture

» Understanding and mitigating Barren Plateau phenomena (vanishing gradients of cost function)
» Designing problem-inspired and/or problem-agnostic ansatz with near-term devices

Definition 1 (Barren plateau) | U(@) = ULUI(QZ)UR

Consider the VQA cost funcion C () = (1|U (8)" OU (6) |¢), where
) € C?" is a n-qubit quantum state, U (@) is unitary and O is S
hermitian. This cost exhibits a barren plateau if

DINIES

0C(0) ] 0C(0) ]
EBwuniform dist. (96(’ ) — O) VONuniform dist. 86(, ) =0 (b_n) '0 UR Ul (0[) UL

holds for some 6; € @ and b > 1.

|
N

C(®) = Tr |0U(©)pU"(0)|

e Barren Plateau with hardware-efficient and
symmetry-preserving ansatzes

e Relation between Barren Plateau and ansatz
expressibility
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Aiming at application-specific optimization of quantum circuit and gate with microwave pulses

QML Algorithm —( Quantum Circuit ——p Circuit Optimization
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Research Topics: Software
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Pseudo Quantum Memory

Parametrized QML technique to approximate the by a shorter efficient circuit U
| Lengthy Trial circuit |

0) 4 e ) -10)
| circuitV v u(o) - e Store parameters 0

% | o Load the target state | {J,) at any time

= Quantum pseudo-memory
- with Stop-and-Resume capability

Store o

Other circuit that
uses | ) B

10) 4 U1(6) H|Uy)

Feasibility to execute complex, lengthy circuit with NISQ machine by repeating the step multiple times

10) El H H ]—I- o oo Potentialforovercoming the limitations in
: NISQ circuit design

S

DB % @ = Under experiment with the time evolution
$ $ I I ; of Ising model Hamiltonian
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Charged Particle Tracking

Find tracks by solving an
optimization problem of Triplet
the “triplet” combination

Ry(61)

Ry(62)

Ry(63)

RyY(64)
’I. Triplet #N Rv(6s)

Quantum Gate

Quantum Annealing

D-Wave Quantum Annealer

» 2048 superconducting qubits MNrtiplets Nrviptets Nrriplets
» Sparse qubit connection..
parse g H = 2 hs; + 2 2 Jii8:5;
l J>1

1000

10y~ U(0)

Looking for the lowest
energy state by slowly

(Wl H ) ‘_I /

SAENENENEN

“ | modifying the Hamiltonian
é - 'c“\\‘ - 0
£ -1100 “\..,\ — 5; -;
S ———__ Parameter Update
-1200 TR - 1
0 500 1000 1500 R - 1 \
ime seconds) | N Optimize parameters 0 such that the state 71\
>90% tracking efficiency ' | y) has the approximated lowest energy *.|
. . -1000 -500 0 500 1000 | lé
at HL-LHC condition

m) Actively being explored for future application!



Quantum Circuit Optimization

AQCEL optimization protocol for quantum circuit:

Removal of redundant qubit controls

Identification of repeated sets of gates Removal of <

redundant gates | 1
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