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Why Quantum computing might be useful to jet quenching jII

One hopes to be able to simulate QFTs in a Quantum Computer (QC)
—% QCs naturally describe highly entangled states in large Hilbert spaces

—% (CGurrent devices still too small and noisy to study dynamical processes in QFT

e.g. high energy scattering

However, QCs can be used to study simpler problems
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Why Quantum computing might be useful to jet quenching

Detailed evolution of jets in-medium requires understanding multi-parton interference

Lumi section: 249

C\' CMS Experiment at LHC, CERN
— Data recorded: Sun Nov 14 19:31:39 2010 CEST
et ‘' Run/Event: 151076 / 1328520

\Jet 1, pt: 70.0 GeV/|

Color decoherence

Jet 0, pt: 205.1 GeV|

Such effects should be naturally tracked if one simulates events at the amplitude level
and not the squared amplitude (as in M.C.)



Some aspects of QC: Qubits and Quantum gates

Consider 1 information “unit”

classical yw = {0,1} (bit). Only two possible operations
10,1} 10,1} {0,1} . (1,0}
Géclass. _
quantum ly) =a|0)+b|1Yy=al 1T )+b]| | ) (qubit)

Infinite set of operations: Paulr’s + identity
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Some aspects of QC: Qubits and Quantum gates

Consider 2 information “units”
In the classical circuit model: w = {0,1,2,3} (in binary).
10,1} 10,1}
10,1} 10,1}
In the quantum circuit model: |y) = Z Cij | x:, xj)

L,J
Single qubit operations generalize in a simple way, for example
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Some aspects of QC: Qubits and Quantum gates

Consider 2 information “units”

In the quantum circuit model: |y) = Z Cii | X5 X;)
L,J
Beyond the 1 qubit case, there are non-Pauli gates, for example is the CNOT (C=controlled)

1) 1) NI

Control qubit 1 00 0

CNOT |y) = Co* |y) = = [0 1.0 0

0) 0) 0 0[0 1

Target qubit O 0|1 O

A simple example: Negate

H®11 CNOT
[11) - 2(\ll)+\Tl>)—>
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Some aspects of QC: Qubits and Quantum gates

Consider n information “units”

qubits
2'qubits__ |

In the quantum circuit model: |y) = Z cx\x)
x=0

Straightforward combination of all the previous topologies

Finally, character of measurement follows from QM postulates

Classical case: Quantum case:
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The Quantum Simulation Algorithm

efﬁCientIy Reality B Computer
[ )(0)

[ y) (1) = exp (—iH1) | y)(0)

5 Quantum Simulation Algorithm

1. Provide H = Z H, and y(0)
k
2. Encode the physical d.o.f’s in terms of qubits and decompose H, in terms of gates

3. Prepare the initial wave function from a fiducial state (| 0)®"awic)

4. Time evolve according to exp(—iHt)

9. Implement a measurement protocol



Parton propagation in a stochastic background m

= X o Integrating out x the quark propagator satisfies
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Setting up the QS algorithm m

v v v
1. Provide X = # y + # 4,(t) and w(0) = w(p =0) +ensemble of { ., p, |

2. Encode the physical d.o.f’s in terms of qubits and write # in terms of gates

dy

a, =
Introduce 2d spatial lattice with N, = 2"¢ sites per dimension “s ¢ 2aN,

Lattice spacing Momentum Lattice spacing

e-9-\‘1>=\4142):%‘”(11’"(12 H=a% A=asl

Dimensionless Hamiltonian Dimensionless Field

FgA(t, X) T =Hg + Ha(t) E x aw

Dimensionless Energy

such that
P2

H =
2F

where
Plp)=plp) X|x) = x|x) x,n €7

3. Prepare the initial wave function from a fiducial state(|0)®”qubit8) v/
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Setting up the QS algorithm m

. . . P~
4. Time evolve according to exp(—iH?) H= - gA(t,X) -T = Hx + Ha(t)

Time dependent evolution a bit more tricky. Simplest product formula

Ny 5 L/‘ - Ll L/' Ny
U(L,, O) ~ H {exp _—iHKﬁt_ exp -—’iHA (kt . ﬁt) ﬁt_ } — H {UK(Gt)UA(kt . Et,Et)}

k=1 k=1
L

L'=—
valid for very smooth H , a

Dimensionless medium size

Implement operators with a Fourier Transform in between

Uk (et) [p) = exp (~i-+p" ) |p)

Ua(ks - et,€¢) |x) = exp(—igetA(ke - €4, x)) |)
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Setting up the QS algorithm .I

4. Time evolve according to exp(—iH?t) Ua(ks - €t,et) |2) = exp(—igetA(ks - €4, ) |x)

Field insertions require probing the field value. This is done classically

Time

| 0>®2nQ | l)1/0> evolution

Initial State

Preparation

U(L,0)

Classical channel

{A’pA}

T Classical memory
2 problems:

1. Requwes @(N X Nz) field evaluations; Ok for small systems

Major weakness/llmltatlon of the approach due to classlcal treatment of medlum

2. One needs to diagonalize a O(N, X N,) matrix; highly sparse



Setting up the QS algorithm m

YL) =2, Y1 @) y = {x1}

5' Implement a measu rement prOtOCOI Generic final state Classical random variable

We set up a simple interference experiment

| O>®2nQ
Initial State
Preparation

| %)

— Ifancillaisin |0)

(Xyam = (Wr|V + VT L) = R @V |vL)

Time

evolution | WL) :‘
,

Measurement

U(L,0)

— |fancillaisin |0) +i]1)

x)qQm = 3(YL|V |[¥r)

Thus choose V such that

10) Measure ’
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Extending in scope

1. Introducing dynamical evolution in color space

a o1 (1456) _.
A-T=A— Consider a =1 M =[100] = =\
9) 000 0000
0000
Implementation follows usual tricks
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Extending in scope

2. Exploring higher multiplicity Fock states

single particle registers

lw) = 1qg) +1qg) + |qgg) + -
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O>®2nQ Tilmtg g>
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0)® Preparation
U(L,0)
A, D4}
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(a) the quark in |g)
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Outlook

new way

Some rough estimates on device requirements are not too “ambitious”

,u<ad<Q3~—<i<1 1>A>i
Qs - L /,LL

1 < Ng < 100 1 < Nt < O(100)

Implement momentum broadening circuit for SU(2) plasma in an emulator

\ 2 Workout efficient algorithm for including interactions

3 ) Improve treatment of the medium



