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High Energies and Multiplicities
Nuclear Structure, Exotic Hadrons and Beyond the Standard Model

Electron-Ion Collider


(similar case for 
Deep Underground 
Neutrino Experiment)
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Luscher’s Method
Some state of the art

3

A. Rodas, J. Dudek, R. Edwards, Phys.Rev.D 108 (2023) 3, 3  



Luscher’s Method
Some state of the art

4

S. M. Dawid, Z. T. Draper, A. D. 
Hanlon, B. Hörz, C. Morningstar, 
F. Romero-López, S. R. Sharpe, 
and S. Skinner, “QCD Predictions 
for Physical Multimeson 
Scattering Amplitudes,” Physical 
Review Letters 135, 021903 
(2025),

F. Ortega-Gama, R. A. 
Briceño and IMBA, to appear 
(there will be a talk about this 
next in the Hadronic and 
Nuclear Structure path)

2.0 2.5 3.0 3.5 4.0
E?/mº

°0.02

°0.01

0.00

0.01

0.02
m2

ºAs

Alatt.
s

AWTI
s



Luscher’s Method
How does it work?
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Simulations of Scattering on Quantum Computers

Z. Davoudi, C.-C. Hsieh, and S. V. Kadam, 
“Quantum computation of hadron scattering in a 
lattice gauge theory,” arXiv:2505.20408 [quant-ph] 
(2025).

Y. Chai, J. Gibbs, V. R. Pascuzzi, Z. Holmes, S. Kühn, F. Tacchino, and 
I. Tavernelli, “Resource-efficient simulations of particle scattering on a 
digital quantum computer,” npj Quantum Information 12, 100 (2026),
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Simulations of Scattering on Quantum Computers

R. C. Farrell, N. A. Zemlevskiy, M. Illa, and J. Preskill, “Digital 
quantum simulations of scattering in quantum field theories 
using \(W\) states,” arXiv:2505.03111 (2025).

N. A. Zemlevskiy, “Scalable quantum simulations of 
scattering in scalar field theory on 120 qubits,” 
Phys. Rev. D 112, 034502 (2025), arXiv:2411.02486.
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How about in 3+1 dimensions?
<latexit sha1_base64="4aHL8KciGLDSEleI3I9XXrRJZ3E="></latexit>

L ∝ σx
<latexit sha1_base64="PK9LcWkERAPakYWB0BmnCjd9RuQ="></latexit>

σxσp ∝ 1
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σp ∝ 2π

L
=

2π

5fm
∼ 250MeV

😔
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Real-Time Estimators for Scattering Observables
RESOs for Compton amplitudes
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〈Pf |TJ (t,x)J (0)|Pi〉

1. R. A. Briceño, J. V. Guerrero, M. T. Hansen, and A. M. Sturzu, “The role of boundary conditions in 
quantum computations of scattering observables,” Phys. Rev. D 103, 014506 (2021)
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6. IMBA, M. A. Carrillo, R. Urek, A. N. Ciavarella, and R. A. Briceño, “Real-time estimators for 
scattering observables: A full account of finite-volume errors for quantum simulation,” Phys. Rev. 
D 113, L071502 (2026) 9
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Extracting Compton-like Amplitudes

≠
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Extracting Compton-like Amplitudes

≈
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Restoring Lorentz Invariance



Extracting Compton-like Amplitudes

≈
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Restoring Lorentz Invariance
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Extracting all amplitudes

LSZ reduction
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Numerical benchmarking
M. Carrillo, R. Briceño, A. Sturzu: arXiv: 2406.06877

15



<latexit sha1_base64="MLq3lhZIxrCO0TpXnc1II9fidpw="></latexit>∫

[0,1]NP

dNP u ω

(
∑

i

ui → 1

)〈
eiLnap

a
〉∫

dNLDε e→iLnaω
a

(
i

gabεaεb →!

)NP

Proof (without constants)

L ∞−( )
n

=⟨ ⟩
Lorentz invariant!

16



<latexit sha1_base64="MLq3lhZIxrCO0TpXnc1II9fidpw="></latexit>∫

[0,1]NP

dNP u ω

(
∑

i

ui → 1

)〈
eiLnap

a
〉∫

dNLDε e→iLnaω
a

(
i

gabεaεb →!

)NP

Proof (without constants)

L ∞−( )
n

=⟨ ⟩
Lorentz invariant!

<latexit sha1_base64="jrYFwYYgkDB2AkttitVNEfWEM3c="></latexit>( →
!

L↑n↑

)ω

Kω(L↑n↑
→
!)

17

<latexit sha1_base64="Y/EB3GtsNLGAGOw9IG8wEvhXJGo="></latexit>

!
(
L→n→

↑
!
)→ω→1/2

e→L↑n↑
↓
!



20 40 60 80 100

mL

10°5

10°4

10°3

10°2

10°1

m
|h

I 1
i|

• Using input from quantum computers, there are workflows, uniform across all 
reactions and kinematics, that allow us to study general scattering processes.


• We have a simple to implement formula that allows us to estimate finite-
volume errors due to arbitrary diagrams 
 
 
 

Conclusions
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Conclusions
• Depending on the kinematic region of interest, there can be different types of 

error suppression


• Polynomial errors are also under control 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LNP→(NLD+1)/2
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Thanks!
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And be on the lookout for…


