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Data of the (interesting) energy scale: O(100) GeV — 0(10) TeV

= Data from O(107'%) — 6(107'°) sec just after the "start of our universe"”

10M Big Data sizes in 2021 m
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. Threshold limit for gg — t7: p— | WY |,|¥7) =
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1. FCC =H]|

High multiplicity0i| thet O] 2% ¥23t 6l|= (Monte Carlo)
- Step 1: 11X} (large n) phase-space M=
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« X} Monte Carlo &2 ?lgt 213X 112[& 7HE
arXiv:2412.13982
(with Ds2retd HH7H ghAL Raymundo Ramos)
Example: oo — oo = finite in High Dimension phase-space
frp(&) = 100 x [G(F; fit,01) — G(F; i-,0-)] + 0.1 x G(&; 0, 09)
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ROOT: TGenPhaseSpace |—>| trained NN |—>| Prediction of region label

| Selection of importance regions |(—>
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| MadGraph:

matrix2py |
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| acceptance/rejection |
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| Unweighted events |

Next step:

Optional:
reduce points
in low impor-
tance regions
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st BH|0|E{7} 22

matching accuracy (efficiency)
Methods Ntrain Nparameters depth (p) ncNotT NRy NRx
parton-level | smeared events
Hemisphere 50% 48% N/A
QAOA 55% 53% 16
8 240 120 48
ma-QAOA 75% 73% N/A 168
FALQON 72% 69% 2 250 7,500 3,750 1,500
91% 70% 5 x 10° 10°
SPANet N/A
81% 62% 2 x10* | 1.9x 10°
o YAIMAIE|E ZHE|E  SXAOIE + (MAl2D) +=X|H =[H3| : FR0{dE{de| ZHF
o (Pure) XL NE|ZE : EASPI HRQlE iterative ¥XIA1E|S
o E[M D{il2d 22[E : £[M A2 (Transformer)E &85t 213 X|s L12|E
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Gap of Aluminum Gap of Silicon
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Pairbreaking

QND Photon

1 meV 10 eV

- superconducting qubits
- semiconductor spin qubits
[ trapped ion qubits
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1.

workshops

Focused workshop on Al in High Energy Physics
(12 6¥ - 7&, 1s1etd)

https://indico.kias.re.kr/e/AIHEP2025

KCMS-Theory Joint Annual Workshop
(12 82 - 112, Stolg)

https://indico.kias.re.kr/e/jointworkshop2025


https://indico.kias.re.kr/e/AIHEP2025

Back-up



Utilizing Gate Quantum Circuit

e Starting from a well-known QAQOA (arXiv:1411.4028)
(Quantum Approximation Optimization Algorithm)

H(t)=(1—-a(t)) Hu +a(t)Hp
, With Hy, = Z o' and Hp = Z Jljaizajz for qubit 7 and j
ij

e Starting from the ground state of H,,: |yp) = | + ),
evolve to the ground state of Hp : | w) = U(T,0)| l//o>

U(T,0) = U(T, T — A)U(T — At, T — 2At) - -- U(At, 0)

= [[vuGat, (5 —1)At)

7=1



e Evolution operator U(T,0)

p p

U(T,0) ~ [[ e 2tH020 =] exp | - iAt[(1 - a(jA)Hy + a(GAL) Hp]|
j=1 j=1

. With Suzuki-Trotter decomposition, lim (e4"%e!Bimyn i(A+B)t

n—oo

= €

U(T,0) ~ ﬁ exp [— iAt(1 — a(jAt))HM} exp [ — iAta(jAt)Hp]

J=1

= ﬁ exp [— zﬂjHM] exp [— i’Yij]

j=1

lw) = |8,7) = > _U(B;, Hu)U(v;, Hp) [+)°"

J=1

e Trytominimize (Hp) = (B,~|Hp|B,v) = (W|Hp|y)



QAOA gate
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Variational Method

=10 L e L Measurement: .
@ =10 U, Hp) [ | U8, Har) _%__ U, Hp) | | U(By, Hur) L(ﬁ9 }/) = | <l//(ﬁ9 7/) | HP | l//(ﬁa 7/> |
wo—igH  H B M
T e T l Using "classical optimizer"
update

B.y) = (b5 v*)

e Find the minimum of a given hamiltonian H.

- The state |y (f,7)) = U(B,7)10)
- L(B,7) = [{w(B, ) | Hplw(B, 1)) |” will have a minimum
when |y (f*,7*)) = UB*, v*)|0) = | win)

e Finding the (f*, y*) = argmin L(f, y) with a classical optimizer
method. (For example, Gradient Descent Method)



Issue of vanilla QAOA

e The approximation requires the depth of circuit p — o0
: Practical issue of QC (decoherence)

e Local minima issue / barren plateau

Coherence time: How long can a quantum state live?

Cost(0)

® O - -

TIME ! variational training




* With increasing size of a circuit, the gradient vanishes exponentially.

Problem Size

Nature Communications volume 12, Article number: 6961 (2021) by Samson Wanq et.al.



https://www.nature.com/ncomms

Variations of QAOA

e ma-QAOA: What if each qubit has it’s own free parameter?
(increase degree of freedom)

— — — Rx(B:

| _ — — Rx(Bi1)

— Rx (B

— Rx(B

— Rx(B

— — — Rx(Bi2)
» UBi,Hy) | =

] Rx(B

)
i)
i)
)
i)
)

—] —  — Bx(Bin)

— Rx(Bi

o XQAOA: What if there is also another Mixer Hamiltonian,Hy ?

|a713 ’Y ZU aJ7HX BJ)HM)U(737HP)

1=1

with Uy, Hx) = exp [—izajmf]



e FALQON: Purely quantum. What if we iteratively build the circuit where the
next free parameter depends on an expectation value of the current circuit

\_

StepOi p=0 .
AUl v ﬂRE —
Step1 ' TL_ = =14 ‘ﬁz i
| ®—Layer1-> | EstimateA,
| GURCAN | SR I
1:-U:U :UU ——7F
Step2 L M(ﬂ'); ° M%);:. A Bi=—4
| ¥— Layer 1 > Layer 2 -»: | | Estimate 4, ' | '
W | S Im .. o
Step £ = UpH 08 [ UpH ) - : Upfluny F—" 7 =

: : 2 ' Z basis :
’<— Layer 1 =< Layer2 = < Layerp —»: ' . -  ont s)

Step k

(b)

I Prepare qubits in state |y) = Uy (B)Up-Up(BOUp | yy)

II Measure qubits to estimate A, = (y, | i[Hy;, Hp] | w.)
III Set ﬁk+] = - Ak

~

(H,)

oooooo

(Hp)
(Hp)3
...... o........
(HP>p
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