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Ab initio elastic NA scattering
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Ab initio elastic NA scattering
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Structure theory: 
no-core shell model



Ab initio elastic NA scattering
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Reaction theory: 
spectator expansion

Structure theory: 
no-core shell model



LENPIC-SCS (EKM) interaction
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A chiral EFT interaction that has been shown 
to describe bound state properties well.

E. Epelbaum, et al., Phys. Rev. Lett. 115, 122301 (2015)



LENPIC-SCS (EKM) interaction
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A chiral EFT interaction that has been shown 
to describe bound state properties well.

S. Binder, et al., Phys. Rev. C 98, 014002 (2018)
E. Epelbaum, et al., Phys. Rev. Lett. 115, 122301 (2015)



Uncertainty quantification, uncorrelated
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Expansion parameter:

(relativistic) center-of-mass momentum:

Rewrite our observable in terms of 
coefficients:
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16O(p,p) 16O reaction cross section
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16O(p,p) 16O reaction cross section

Truncation uncertainty is larger than 
uncertainty from the many-body method.



Uncertainty quantification, correlated

10J.A. Melendez, et al., Phys. Rev. C 100, 044001 (2019)



Uncertainty quantification, correlated

11

Extract 
coefficients

J.A. Melendez, et al., Phys. Rev. C 100, 044001 (2019)



Uncertainty quantification, correlated
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Extract 
coefficients

Fit with a 
Gaussian 
process

J.A. Melendez, et al., Phys. Rev. C 100, 044001 (2019)



Uncertainty quantification, correlated
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Extract 
coefficients

Fit with a 
Gaussian 
process

Produce 
error bars at 
each order

An extra complication:

J.A. Melendez, et al., Phys. Rev. C 100, 044001 (2019)



16O(p,p) 16O 
differential 
cross section
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As order increase, find better 
agreement with first minima.

Better agreement with data at:
1) lower projectile energies
2) smaller momentum 

transfers

65 MeV

100 MeV

135 MeV

180 MeV



Posteriors for Q
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General agreement with this choice 
of relevant momentum, though 
there is some wiggle room.



What about the diagnostics? (toy model)

16J.A. Melendez, et al., Phys. Rev. C 100, 044001 (2019)

1) Do emulated 
coefficient curves 
match real curves?

2) Is Mahalanobis
distance reasonably 
sized?

3) Any patterns in the 
pivoted Cholesky 
decomposition?

(1) (2) (3)



Diagnostics for 16O(p,p) 16O at 100 MeV
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Caveats:
1) Rutherford 

scattering rapidly 
alters correlation 
length.

2) A non-zero mean is 
required to equally 
distribute the 
pivoted Cholesky 
decomposition.



16O(p,p) 16O analyzing power
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At LO, there are no spin-related 
diagrams in the chiral 
expansion.

Better agreement with data at:
1) higher orders
2) lower projectile energies
3) smaller momentum 

transfers



Diagnostics for 16O(p,p) 16O at 100 MeV
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Caveats:
1) Mahalonabis

distance for LO is 
nearly zero.

2) A non-zero mean is 
required to equally 
distribute the 
pivoted Cholesky 
decomposition.



Spin rotation function
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16O(p,p)16O

spin rotation in the scattering plane



Diagnostics for 16O(p,p) 16O at 65 MeV
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Caveats:
1) Somewhat more 

difficult to properly 
emulate (NLO curve 
gets large while LO 
curve gets small).

2) Mahalonabis distance 
for LO is nearly zero.

3) A non-zero mean is 
not required to 
equally distribute the 
pivoted Cholesky 
decomposition.



Focus on forward directions
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Focus on forward directions
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Focus on forward directions
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Focus on forward directions
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(Statistics) 
Conclusions
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Many-body uncertainties are 
systematically smaller than truncation 

uncertainties.

Posteriors indicate our 
expansion parameter 

can get too large.

For proton scattering, explicit care must be taken for UQ 
in Rutherford-dominated region.

All the UQ tools 
developed and 

implemented for NN
and Nd scattering will 

work for larger systems.



(Physics) 
Conclusions

27

Very forward direction in neutron scattering 
can tell us about the NN interaction.

This interaction does better at lower energies than other NN interactions.

Spin observables 
should (and do) 
represent the 
underlying physics.



Backup slides
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Effective interactions
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Bulk observables
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12C(n,n)12C 
differential 
cross section
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Good agreement with data at 
these low momentum transfers. 

Predictive uncertainty bands 
only at lower energies.



Posteriors for Q

32

General agreement with this choice of relevant 
momentum though there is some wiggle room.



Diagnostics for 12C(n,n)12C at 95 MeV
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Caveats:
1) Coefficient curves 

are starting to get 
large at higher 
angles.

2) A non-zero mean is 
required to equally 
distribute the 
pivoted Cholesky 
decomposition.



12C(p,p)12C analyzing power
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Strong similarities with the 16O results.



Spin rotation function
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16O(p,p)16O

12C(p,p)12C


