Quantum computing and
quantum machine learning
at High Energy Physics

Students: Supervisors:

Maria Gabriela Jordao Oliveira Miguel Romao
Miguel Cacador Peixoto Nuno Castro




R
"/ \\ )Y, ‘.,//, N0 5". s,‘i N “'
VL)

:“’l '\/ \\/

0
>
WOORY

.,,ff' WO AT AT Q\,\‘
PSS
\;\./ NI\ \\(,/‘ \1 ’?\Ii' \Y

W !.

NS NGRS
(Ceessny
’*\‘;' i \ / \‘/ N\ \ﬂ‘ \11 ,;-'\I' ’1‘
oM

A

K %)
SRR R




e It'sanew technology

e Few papers published, especially in HEP

“Well, your quantum computer is broken in
every way possible simultaneously.”




NMachine Learning

How do we move from classical ML to Quantum ML?
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11 Variational Circuit




11 Variational

A VQC Pipeline in a Nutshell:

e Data Embedding
Converting the classical information, a numerical
vector, to the quantum space with a preparation of a
fixed initial quantum state.

One of the ways of doing this is using Angle Embedding
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11 Variational Circuit

Quantum Circuit

A linear transformation U(w), parameterized by a set
of learnable parameters w, is applied to the initial
quantum state.




11 Variational

Measurement
A measurement of the expectation value of the Pauli Z
operator is performed in one of the qubits of the final state.




11 Variational Classifier
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 Quantum Noise in NISQ Era

Ideal Quantum Computer
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 Quantum Noise in NISQ Era
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1.4 How does it performin HEP?




1.4 How does it performin HEP?

Simulated QC
AUC :0.86 +- 0.04
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1.4 How does it performin HEP?

Real QC, ibm_nairobi
AUC:0.79 +- 0.06
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QPE algorithm N
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1. Initialization - An elgenstatelof the target Hamiltonian is prepared ///‘M/&h“;,M;‘,’::,‘.,&:“,“W W \
and Hadamard gates are applied.
2. Phase Kickback - The k' qubit of the counting register is used as

the control for a controlled U2 gate acting on the state register.
Mathematically,
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3. Inverse Fourier transform - permits to obtain the fractional digits
of the phase through a measurement in the computational basis,
so that readout gives access to the phase 6(z).

4. Post-processing - Repeating the procedure for several values of
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- Ferromagnetisminatwo
spin-1/2 system

H=—-J51-59
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- - State
0.474*tau+-0.002, - state

- + state
— -0.158*tau+0.995, + state

tau

Simulation results
E,=0.993
E=-2978

Analytical results:
E,=1
E=-3
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+ state
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V2 Quantum computer results

|01)—[10) Basic algorithm
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lterative QPE
algorithm

The iterative algorithm implements quantum phase
estimation with only a counting qubit, hence the
accuracy of the algorithm is restricted by the number
of iterations rather than the number of counting
qubits.

The iterative algorithm constructs 6 bit by bit and,
consequently, it's necessary to apply a rotation by an
angle that depends on the previous measures.
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- - State
0.474*tau+-0.002, - state

- + state
— -0.158*tau+0.995, + state
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— -+ state
-0.161*au+1.076, + state

- - state
= 0.484*tau+-0.943, - state

1,'5 2,' 0 2,v 3 3,' 0 3,‘ B 4,‘0 4,I5 5,' 0
au
tau Quantum computer results
Simulation results iterative algorithm

E,=0.993 E,=1012
E=-2.978 E =-3.041

Analytical results: — 101)+[10)
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Future and ongoing work

Error mitigation
More spins
Other algorithms - variational quantum eigensolver

Other ways to map the hamiltonian




Thanks! |

Any questions?

Maria Gabriela Oliveira
mgabriela@lip.pt

Miguel Cacador Peixoto
mpeixoto@lip.pt



http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
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Histogram readout

The algorithm returns a histogram of probabilities, consequently, it's possible to simply consider
the most probable phase or use circular statics to find the "mean phase”.

The results presented in this presentation are obtained using the most probable phase. When
used circular statistics the results don't improve.
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0. Classical Machine Learning

Lo

7 Y
AL LIE IR B

PR AN

A Neural Network




0. Classical Machine Learning
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