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+  Qubit: quantum analogue of classical bit, not restricted only to being in either the |0) or | 1)
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Quantum Walk Is the quantum analogue of the classical random walk
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The Power of the Qubrt! - The Quantum Walk Framework

Quantum Walk is the guantum analogue of the classical random walk
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The Power of the Qubrt! - The Quantum Walk Framework

Quantum Walk Is the quantum analogue of the classical random walk
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The Power of the Qubrt! - The Quantum Walk Framework

Quantum Walk Is the quantum analogue of the classical random walk
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The Power of the Qubit! - Why are we interested in HEP?
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The Parton Shower - Theoretical Outline

*  We present a discrete, collinear toy QCD model comprising one gluon and one quark flavour

» Jo meet current QC qgubit restrictions, only collinear splittings have been considered, meaning we

do not keep track of individual kinematics

? - Pi = ZP9
Collinear Condition: L C J
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The Parton Shower - Theoretical Outline

Ciriect current OC qubit rest
do not keep track of individual

Collinear Condition:

q

q >
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I\ Dresent a discrete, collinear toy QC

D model comprising one gluon and one quark flavour

rictions, only collinear splittings have been considered, meaning we
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P | p; = zP,
k $ ‘
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l-z ' _ 2 4 (1 2
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The Parton Shower - Theoretical Outline
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The Parton Shower - Theoretical Outline
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The Parton Shower - Theoretical Outline
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Combine Sudakov and splitting functions to get splitting Prob —(1=A)XP, (2)
k—ij — =k k—ij

probability for k — ij in a single shower step:
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Quantum Walk approach to the parton

» A p:increase dimension of position space to 2D
to allow for the simulation of a gluons and quarks
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Quantum Walk approach to the parton shower

» A p:increase dimension of position space to 2D

to allow for the simulation of a gluons and quarks
3 0.00 0.00 0.00 0.00

0.25
» K increase dimension of coin space to . 0.20
) | - - 52-  0.02 0.00 0.00 0.00
accommodate for the collinear splitting probabllities o
= 0.15
g
E - 0.07 0.00
Z -0.10
-0.05
0- 0.01 0.12 0.10
. . | - 0.00
0 1 2 3

Number of gluons
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to allow for the simulation of a gluons and quarks
3 0.00 0.00 0.00 0.00

0.25
» K increase dimension of coin space to . 0.20
) | - - 52-  0.02 0.00 0.00 0.00
accommodate for the collinear splitting probabllities o
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Quantum Walk approach to the parton shower

» A p:increase dimension of position space to 2D
to allow for the simulation of a gluons and quarks

3 0.00 0.00 0.00 0.00 0.25
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Quantum Walk approach to the parton shower

; ; ; o Position check Coin q
» A p:increase dimension of position space to 2D —— . e e
to allow for the simulation of a gluons and quarks ) || P
» K increase dimension of coin space to y) - D,
accommodate for the collinear splitting probabllities |
Pg
: . ' TR o ’C> Pyg
» (' :coin operation is now splitting probabillity:
qu

» 5 :shift operation updates shower content

accordingly

Simon Williams - s.williams | 9@imperial.ac.uk : loP 2022 HEPP and ARR - USCEles



Quantum Walk approach to the parton shower

Previous
algorithm
Qubits 3
Steps 2
Scaling, n, 3N<12 i

*Scaling of a single register, not full circurt!

fievels - Bhys. Rev. D 103,0/76020 (2021)
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Quantum Walk approach to the parton shower

Previous
algorithm
Qubits 3
Steps 2
Scaling, n, 3N(1\;+ 1)

*Scaling of a single register, not full circurt!
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Summary and Looking to the Future

Present a dedicated quantum algorithm for the simulation of parton showers in high energy

collisions:

» All shower histories calculated in full superposition constructing a final wavefunction

containing all possible histories. Measurement projects out a physical quantity.

* Reframing in the Quantum Walk framework vastly improves the efficiency of the quantum

parton shower algorithm and offers a quadratic speed up compared to MCMC sampling

Looking to the future: the introduction of kinemati

forward In the realism of the algorithm, with the potentia

cs to the algorithm wi
of comparison to rea

| be a large step
data
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Quantum Walk approach to the parton shower - A Simple Shower

Consider a simple shower with a single ¢

particle type ¢ b — P P¢—>¢¢ y

Z . :Here we alter the coin operation to

reflect the splitting probability P,,_, 4, el L Tomro XN

I

e D 7
A, The walker position space now reflects p) I
/A I

the number of ¢ particles present in the ‘ ! I = | a
shower '
c) Py ———10) 5
I
I
The shift operation only increases the position  |q) D o :
I

of the walker; as only ¢ — ¢ ¢ splittings
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Quantum Walk approach to the parton shower - Results
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Markov Chain parton shower implementation

|
- - pi ’ ? =
: |
Previous algorithm: Update |
P; ’ ¢ A
|
|
|
|
n — Count | 0} ) Reset
I | . for
|
€ Emission * i |0) ) next step
|
|
ho History o :
|
|
|
Builds on Phys. Rev. Lett. | 26,06 20018 (C05HE
(D ® ® Ng, . . Do ’ .
0 J ° ng{n v v pp{ D1 Vi * * o Po : :
pPr{ P1 ¢ * 92 S - D ¢ ¢ Pi{ D1 : :
| P e ® ® > " XK X emission € 2 i i
2 Ng Vi I [ 3¢ L £ $ ’ : :
r Py Py 4 e N pPo —P—~ —D
work 1 - v [ Cw I [ 8 work { W1 é é : :
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Measurement

Measurement of an arbitrary qubit system, |y) = a|0) + | 1), is represented by the projection
onto the |0) and | 1) state, defining the projection operators Py = |0)(0| and P; = | 1)(1].

The probability of measuring the |0) state;
Prob(|0)) = Tr(Pyly)(w|) = (w|Pylw) = |al’

Qubits are measured in this Projection-Valued Measurement regime and so the final state of the

qubit is altered by the measurement. If the qubit is measured in the |0) state, then the final qubit

state Is:
Py | )

( vV (Wl Py ly)

1%, =10)

Simon Williams - s.williams | 9@imperial.ac.uk 5 loP 2022 HEPP and ARE - (50



L ooking to the Future of Quantum Computers

Scaling IBM Quantum technology

quantum revolution’ - IBM on

We are on the brink of a

Next family of IBM Quantum systems

(In development)

IBM Q System One (Released)

ts by

1000 qub

track to exceed

2023

and beyond

Path to 1 million qubits

127 qubits 433 qubits 1,121 qubits

65 qubits

and beyond

Large scale systems

Quantum Walks have long
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