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Quantum Annealer
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Quantum Annealing

With adiabatic theorem, we can find the ground state of a 
complicated  starting from simple Hamiltonian 
HQUBO H0

HQA(t) = A(t) H0 + B(t) HQUBO
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QUBO?

Claims to utilize “quantum tunneling” to find the minimum of the Hamiltonian

HQUBO = ∑ Jijσiσj + ∑ hiσi

for Quadratic Unconstrained Binary Optimization problems
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"Classic" minimization method 
(for Ising hamiltonian)

• Go to the next spin state   
1) If  : go to the lower energy  

2) If  , go with a probability of  to jump out

sn → sn+1
En > En+1
En < En+1 e− En+1 − En

kB T

local minimum
global minimum

(A "temperate . With large T, SA can jump out local minimum)T → 0

Simulated annealing
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QA workflow of Quantum Annealer
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Problem in High Energy Physics

Q1. What is the relevant event-topology behind anomalous events?

Q2. Mass spectrum?

Q3. Spin configuration?
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Problem in High Energy Physics

1. Under the simple assumption PP → AB → {νi}{νj}

2. Find a right combination to reconstruct A and B particles

3. Read out the masses and spins from event reconstruction.
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Example event topologies
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Example event topologies
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Example event topologies

Combinatorial explosion exponentially 
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Classical algorithm

CMS hemisphere TDR, 
Shigeki Matsumoto, Mihoko M Nojiri, and Daisuke Nomura (2006) 
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Encoding in to  HQUBO

  H = (P2
1 − P2

2)2 = (M2
A − M2

B)2

Try to minimize the mass difference

How can we deal with the gas of  ?MA ≠ MB

Add regularized term λ(P2
1 + P2

2)
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Encoding in to  HQUBO

   H = (P2
1 − P2

2)2 +λ(P2
1 + P2

2)

HQUBO = ∑ Jijσiσj + ∑ hiσi
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Results
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Results
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Role of  the  termλ
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Role of  the  termλ
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Sequential algorithm

• For 12 hard-jets production,  
it would be worthy if we can  
check whether this is four-tops 
events or not !

?
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Results
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Compare with Hemisphere method

Performance of an algorithm based on 
Hemisphere method becomes weak 
when particles are not boosted 
enough to develop structure 
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Conclusion
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Questions for future direction
1. How about 2  n (n> 2)  →

2. Off-shell case?

3. Missing daughter particle

4. Contamination from the ISR

5. Systematic error from Quantum Annealer for large qubit

6. Another quantum computing method

7. And more …….


