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According to the results of the last month, the expansion of the yoke under the influence of 
temperature was confirmed. Almost all the distances between the yoke reference holes  increased 
by an average of 100 microns (distance 4 m) with an increase in temperature (air) by 2-3 degrees. 
Which corresponds to the coefficient of linear expansion of steel.
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Tasks for Booster correction system:
•    First Turn Correction 
•    Closed orbit correction 
•    Betatron Frequency Spread Correction 
•    Betatron resonance correction

Diagram of resonances 

At the stage of commissioning for the correction 
of the magnetic field, it is planned to place 24 dipole 
(normal and skew) correctors in the Booster for correcting 
the horizontal and vertical projections of a closed orbit and 
8 multipole correctors for correcting betatron resonances: 
Qx - Qy = 0; Qx - 2Qy = -5; 3Qx = 14. 
Each dipole corrector contains two groups of windings and 
a multipole corrector contains four groups of windings



27th International symposium on Nuclear Electronics and 

Computing - NEC'2019 

M. Shandov et. al, VBLHEP, JINR, «Correctors’ Magnets for the NICA Booster and Collider»

Booster have 32 correctors
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Field Type Measureme
nts

FEM 2D

0.03834 0.04422

0.02111 0.02548

0.01028 0.02501

7.766*10-3 8.446*10-3

M. Shandov et. al, VBLHEP, JINR, «Correctors’ Magnets for the NICA Booster and Collider»

Corrective magnets – they are not ideal!
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«Booster closed orbit correction» V. A. Mikhaylov

For the selected working point (Qx = 4.8 and Qy = 4.85) the total 
value of the frequency shifts should not exceed ΔQx,y <0.05.
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Q-measurement system tested at Nuclotron



https://www.i-tech.si
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Architecture of control system for corrective magnets

Genetic algorithms (GA) is most suitable 
to control objects with unknown 
mathematical model.

The fitness function for a given 
candidate (called Chromosome) is 
determined by calculating the difference 
between the desired output and output 
found. 

Entropy

Efficiency
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WHY NOT TO USE QUANTUM COMPUTING?

Quantum computing(QC) is a quickly growing field of research thanks to recent hardware advances. 
The quantum mechanical properties of quantum computers allow them to solve certain families of 
problems faster than classical computers. 

A quantum algorithm solving such a problem is Grover’s algorithm, which finds an element in an 
unordered set faster than any classical search algorithm. So we can thus benefit from quantum 
computers in optimization problems, machine learning, sampling of large data sets, forecasting etc. 

Grover’s algorithm enables one to find a specific item within a randomly ordered array of N items 
using O(√N) operations. By contrast, a classical computer would require O(N) operations to achieve 
this.

The qubit (or quantum bit) is the basic container of information in a QC, replacing the bit in a 
conventional computer. The qubit can be in both ground and excited states at the same time. The most 
straightforward example is the spin. A spin qubit relies on a spin degree of freedom of either electronic 
or nuclear nature, which can hold a bit of quantum information for very long times. There are many 
other examples of qubits: two different polarizations of a photon, two energy states of an electron 
spinning around atom, etc. The quantum computer is fundamentally different than a classical 
computer due to two distinct properties of qubits. The first property is ‘quantum superposition’. The 
second one is ‘quantum entanglement’.
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Consider a system with two basis states, 
call them|0 and|1 . A classical bit of data 〉 〉
can be represented by a single atom that 
is in one of the two states denoted by
|0  and|1 .〉 〉

Qubit
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A quantum state of a qubit is in a continuous state between “0” and “1” until the qubit is measured. 
The outcome can only be “0” or “1”. Therefore, a qubit is a continuous object and its quantum state 
is given by |ψ  = α1|0  + α2|1〉 〉 〉, where α1 and α2 are complex amplitudes.

 If we measure this in the computational basis, we obtain the |0  state with probability |α1|〉 2 or the |
1  state with probability |α2|〉 2, where |α1|2 +|α2|2 = 1. 

If one qubit can be in the superposition of two classical states, two qubits can be in a superposition 
of four, and N qubits can be in a superposition of 2N:|0 ,|1 ,|2 ,...,|N−1 .〉 〉 〉 〉

Therefore, a quantum register of N qubits is given by:
|ψ  = α0|0  + α1|1  + ..〉 〉 〉 + αK|K〉 +.. + α2N−1|2n−1〉, where ∑|α|2 = 1.

The only thing we can say before the measurement is that we will observe state K with probability 
|αK|2. 

Quantum Superposition
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Quantum Entanglement
The second property that distinguishes QCs from conventional computers is entanglement. If two 
qubits are ‘entangled’ there is a correlation between these two qubits. If one qubit is in one particular 
state, the other one has to be in another particular state. If two electrons become entangled, their spin 
states are correlated such that if one of the electrons has a spin-up, then the other one has a spin-
down after measurement. 

This property was pointed by Albert Einstein in 1935. The creation and manipulation of entangled 
states(with a help of quantum gates) plays a central role in quantum information processing.

For example, an electron in an atom can be in either the ground state or any excited state. By shining 
light on the atom with appropriate energy and for an appropriate length of time, it is possible to move 
the electron from the ground to excited state or vice versa. More interestingly, by reducing the time we 
shine the light, an electron initially in the state|0  can be moved halfway between|0  and|1 .〉 〉 〉

Similarly to the previous example, the qubits in a quantum computer are first initialized, say all spin-up 
(zero state |0  on the Bloch sphere) by applying a large, static magnetic field of around one Tesla. An 〉
electromagnetic pulse is then applied to each qubit individually to bring the qubit into any possible 
state on the Bloch sphere. The actual qubit state depends on the pulse amplitude and time. 

For instance, a superposition state can be created when using a so-called π/2-pulse (Hadamard Gate), 
which ‘rotates’ the qubit from the top of the Bloch sphere to the equator (blue arrow).



27th International symposium on Nuclear Electronics and 

Computing - NEC'2019 

* http://www.libquantum.de/api/1.1/Basic-quantum-operations.html

Quantum Gates
  NOT Gate is called bit flip gate ( X ). The output of this gate is c1|0 +c0|1  when the input is c0|〉 〉

0 +c1|1 . In matrix form, this is:〉 〉

  Controlled-NOT is a two-qubit gate (CNOT). It negates the second bit of its input if the first bit is
|1  and does nothing if the first bit is |0〉 〉. Therefore, CNOT is a quantum gate which is different than 
NOT and the output depends on the first input. The first qubit is called the control qubit, the second 
the target qubit (this gate is used for entanglement):

  Hadamard Gate ( H ) gate is used to create the quantum superposition (π/2-pulse), specified by 
H|0 =1√2|0 +1√2|1  when starting from the zero state. The Hadamard gate outputs |0  or |1  〉 〉 〉 〉 〉
with equal probability:

There are other quantum gates in use, such as the phaseflip, phaseshift, and Toffoli gate among 
others*. A measurement gate is used to project a qubit’s state onto the basis vectors |0  and |1 . ⟩ ⟩
This step is necessary for extracting a result from the quantum computation and is the only non-
reversible quantum gate. Once a qubit is measured its quantum state is destroyed.
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* http://www.libquantum.de/api/1.1/Basic-quantum-operations.html

Quantum gates symbols
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Up to this point, our discussions on the quantum computing model have been quite abstract. The 
purpose of this discussion was to explicitly provide important initial information. Now let's see how 
everything told at this point looks in practice. Let's look at existing tools for quantum computing.

There is a libquantum* - quantum computing emulation library and Grover's algorithm 
implemented by its means. A test implementation of this algorithm is included in the library 
distribution.

Based on the principles of quantum mechanics the libquantum library is a freeware library of 
quantum computing emulation written in C. It supports the data type "quantum register", the 
operation of applying quantum gates to the quantum register and  measurement operations, but it 
works too slow (hovever this can be implemented using CUDA, which can increase the speed of 
calculations by several orders of magnitude).

Let's look how to implement Grover's algorithm using real quantum computer.
let's find an element with an optimal fitness value in the chromosome indexed array:
          Fitness_values {3, 2, 0, 1}
chromosome_index {0, 1, 2, 3}
Let’s assume that 2 is desired fitness value. 
It’s position in chromosome_index list corresponds to 1.
Then the task of the Grover algorithm will be to find the index of the desired fitness value 2. 

*http://www.libquantum.de



https://www.quantum-inspire.com/kbase/grover-algorithm/
http://dkopczyk.quantee.co.uk/grover-search/
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A quantum circuit is a superposition of quantum gates, and applying it to a quantum register is 
equivalent to a sequential, in the correct order, application of individual gates. Qubit quantum state
|ψ  〉 rotations on the Bloch sphere are implemented by quantum gates application. These quantum 
register state rotations increases the probability of state which represents desired value, given by 
«Oracle» (a special quantum gate combination).

https://www.quantum-inspire.com/kbase/grover-algorithm/
https://www.quantum-inspire.com/kbase/grover-algorithm/


https://qiskit.org/
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IBM Q Account is the doorway for accessing the full suite of cloud-based IBM Q quantum systems 
and simulators.

Qiskit environment allows to send jobs to IBM Q systems. Qiskit is an open-source framework for 
quantum computing. The primary version of Qiskit uses the Python programming language. The 
QISKit interface provides a built in mapper for mapping a qubit in the code to a hardware qubit.

IBM have several quantum computers available to the public through their cloud service IBMQ. 
The ibmqx5 is a superconductivity-based 16-qubit quantum computer available through a Python-
based programming interface called QISKit.



https://qiskit.org/
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*Michel Boyer et al. “Tight bounds on quantum searching”. Progress of Physics 46.4-5 (1998), pp. 493–505 
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«Oracle» is a special quantum gate combination which 
corresponds to desired(sought) value.



«Quantum search of a real unstructured database» Bogusław Broda. 
Department of Theoretical Physics, Faculty of Physics and Applied Informatics,University of Łódź, Poland. 
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To search our indexed array we have to introduce a special 
combination of quantum entanglement gates, which «connects» 
values  and indexed (keys).

 
IBM Q System One has 20 qubits — first commercial quantum 
computer (introduced by IBM in January 2019).



27th International symposium on Nuclear Electronics and 

Computing - NEC'2019 

Conclusion

Quantum computers work according to principles defined by quantum mechanics and the 
theoretical basis is now well defined. As we have seen, the power of quantum algorithms seems 
to be derived from the properties of entangled states and amount of qubits. It is thus very 
important to keep track of the progress of quantum computing technologies.

IBM prepares 53-Qubit Quantum Computer for Launch in October 2019
253 = 9 007 199 254 740 992

It will allow to implement Grover’s search on a real 
indexed array of 226 = 67 108 864 values.

A quantum computer with 100 qubits can search an indexed array of 
249 = 562 949 953 421 312



Thank you
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