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Emulators
significantly (o~ , ,
reduce this
cost.

Building them is
nontrivial.
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Reduced-Basis Methods

Presenting ROSE, a Reduced Order Scattering Emulator

D. Odell,!'[*| P. Giuliani,>® M. Catacora-Rios,>* M. Chan,’ E.
Bonilla,® K. Godbey,? R. J. Furnstahl,” and F. M. Nunes® 4|1




2-Body Scattering

We're solving the Schrodinger Equation (SE),

{ i et ) | 21 FU(s,a, k) —1| &(s) =0

- |
ds? §2 S

F(¢) =
But we're going to solve it in a clever way - using a "well-informed" basis,

(¥|Fa(g)) =0

where

n—1
b=cdo+ ) zifi~¢
i=0



2-Body Scattering

What are we going to use for the basis states (and judges/weights)?
fi = PC(¢O¢ — QSO)

The projection is defined as (these are stored in )
WP = [ dsvi(s) F(f ()

Finally, we have a straightforward inversion problem,
n—1
Z Aijazj — bz
J=0

In 72 space.



rO S e import rose

def potential (r, alpha):

alphalO, alphal, .. = alpha
Reduced-Order Scattering Emulator return alpha0 *
woods saxon (
Pyﬂﬂﬂ] r, alphal, alpha?2
) + ] *...
BAND Framework v0.3 :
Supports local, complex, non-affine interactions. intefaitiir} ) R e
potential,
Designed to be user-friendly. num_params,

reduced mass,

- See pseudo-code = energy, 2 1, 2 2,

- Supports user-supplied solutions Ls_complex=irue

sae = ScatteringAmplitudeEmulator (
interaction,
training points,
1 max

)

cross section = sae.emulate (alpha)



Empirical
Interpolation
Method

How do we handle non-affine potentials?

n—1
Ula) ~ ) Bila)y
§j=0
where
u; = PC(U,)




How do we ensure that U is
accurately reproduced?
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- different frequencies

- Eisjust* another
parameter

PCs capture intricate behavior
very well

¢(HF)

¢k(87 af)




- 10% error bars

- Vkp () is non-affine in
R,, R4, a,,and ag.

- 1.2M samples in = 20 min (vs 11 days)

W,




Computational
Accuracy vs

Time (CAT)

- Speedu
- High

ns are usetul, butincomplete.

Y Im

- Sacrificing H
the emulator.

- accuracy will not catch

nlementation-dependent.

Median Relative error Diff. Cross Sec.




R,

Ry

10% error bars

Similar agreement with true
values

Similar speedup

10*

Median
95% Band
10—2 o Data

-0 o0 100 150
6 (deg)

do /dS2 (ratio to Rutherford)




- Maximum Energy-Optimized
Energy EmUIatlon Window (MEOW?) Plot
Cost

14F™
- neutrons-only (for now) 1ol

- E = |5,55| MeV 1.0E ‘41:::::5

1)

- Energy emulation reduces offline time, increases I o8k AE =1
o 4z | AE = 2
online time. < 06} N

-~ Gain depends on 1v. Winner(n,) i AE=5

P S S 0.4 ’/ AE =10 ]
- I emulation allows you to evaluate at different £ 02f — A AE =25 1
S AE = 50
0.0E .

104 10° 10° 107 108

- AFE = 50is much smaller n.
- O(10%) MB
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Anomalies

Manuel Catacora-Rios

Abs. Residuals [rad]
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See Drischler et al. PLB 823,
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136777 (2021).

- Local maxima, not singularities.
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Summary

RBM treatment of 2-body
scattering produces fast &
accurate™, anomaly-free*
(MCR) emulators.

github.com/odell/rose

github.com/bandframework/bandframework
Future

- F emulation with Coulomb

- works below threshold (AB)
- nonlocal potentials

- 3-body scattering (2): T' = t P + t PGoT

P. Giuliani, R. J. Furnstahl, M. Chan, F. Nufies
K. Godbey, E. Bonilla, M. Catacora-Rios, C. Drischler

A. Burnelis


https://github.com/odell/rose
https://github.com/bandframework/bandframework

