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— Result is expressed as a ROC
curve
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— This is a physics problem that we know the solution of both 3 oF ] e L syl 3

experimentally and theoretically.

ATLAS Preliminary |

— We can scale the problem to be able to embed it in a quantum
annealer with the number of qubits that are currently available.

— We can find optimal classifier configurations with the quantum
annealer and given the smallness of the problem we can check
the relative correctness of the results by evaluating all network
configurations.

— We can explore added-value if the quantum implies a qualitative
different set of solutions (including not only ground state but
excited ones)

— We can investigate if correlations in the quantum annealer - JC/VvvvvvY
(intrinsic and with the environment) are giving us some T t
extremum of systematics and we can calibrate by changing K
operation temperature and annealing time. ey
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— Alex Mott-, Caltech PhD candidate,
physics (hep)
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— Josh Job, USC PhD candidate physics
(quantum computation)

— Jean-Roch Vlimant, Caltech postdoc
(entering now)

— Daniel Lidar, Scientific Director of the
USC-Lockheed Martin QC Center,
Director UC Center for Quantum
Information and Technology

— MS, Caltech
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Per-Photon

— State of the art at the LHC : MVAs

— The H(yy) uses 6 BDTs (outputs feed into
each other)

— Single classifier

— Complexity challenges
— adapt to changing conditions

— understand systematic errors
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— Use various kinematic properties of the
event

— photon momenta, positions, correlations

O(x) > 0: signal (H=>vyy)
O(x) < 0: background

— Design Classification Network

— Map this network to a Quadratic Binary
Optimization problem (QUBO)

— the minimum energy solution of the - NN N o
QUBO corresponds the network that o(w) X Zl Zl Cijwiw; + Zl (A — 205y )w;
minimizes training error — -

K. Pudengz, D. Lidar. “Quantum Adiabatic Machine Learning”. Quant. Inf. Proc. 12 5 (2013) 2027-2070

NEXT : CONVERT QUBO TO HAMILTONIAN
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| QUBOTOHAMILTONIAN  [EEERENIRGE

— Each qubit is a spin _ ,v| A-2C, ‘

57

Each qubit (node) is a weak classifier (input variable)

— Local magnetic field (A-2Ciy)

— spin misalignment penalty

— Coupling tield Cjj

— neighbor spin misalignment penalty

w(0,1) s(-1, +1)
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Start from setup Hamiltonian H(0), easy to construct
ground state (large transverse magnetic field)
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uniform superposition of state minimizing the energy
possible qubit states of the problem Hamiltonian

Turn on our problem Hamiltonian Hp while turning
off slowly and smoothly the setup Hamiltonian

H(t) = A(t)H(0) + B(t)Hp
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—— Signal Events

—— Background Events
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— System has 512 qubits
— graph is not fully connected
— each qubit connects to 5-6 ‘
neighbors

— embedding goes as

v/# of Physical qubits 4 4 1S the basic sub-unit
L  These units are
_ QUblt._palr of SC J osephson connected together in a
junctions specific way as shown
— apply local magnetic field and

neighbor coupling fields

— computation runs at 20 mK, each
run 20 us

— results are statistical in nature
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— Trained a classifier to select higgs events and compare with machine
learning techiques (comparison/closure/validation/benchmarking).

— Measured the power using ROC curves (with ground and excited
states).

— Measure the success probability as a function of the problem size.
— Different input variable survey.

— Dynamic pruning/marginalization of low weight variables.
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Not showing the DWV result (will be out soon in paper
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Opportunity is missed by most people because it is dressed in overalls and looks
like work.

Thomas A. Edison

People who say it cannot be done should not interrupt those who are doing It.
GB Shaw
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http://www.brainyquote.com/quotes/authors/t/thomas_a_edison.html

