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| will argue that we can:

Make a probabilistic definition of “The ¢, are order |”

Falsify claims that all orders behave in the same way

Estimate the A, that makes the cnas similar in size as possible
Check what ¢, is a function of (E! p? E and theta? p and q?)

Test different assumptions for how soft scales appear in Q
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This is what a healthy observable expansion looks like:
bounded coefficients, that do not grow or shrink with order.

Data for analysis: EFT predictions at different orders across “input space”



A statistical model for EFT coefficients

Furnstahl, Klco, DP, Wesolowski, PRC (2015); after Cacciari & Houdeau, JHEP (2011)
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From pointwise to curvewise

Melendez, Wesolowski, Furnstahl, DP, Pratola, PRC (2019)

% 2 Function ¢, is not a constant.
i yrefz c,(p/m,)0 But the cn’s at different values of p aren’t
n=0 independent random variables either
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From pointwise to curvewise

Melendez, Wesolowski, Furnstahl, DP, Pratola, PRC (2019)

% 2 Function ¢, is not a constant.
it yrefz c,(p/m,)0 But the c¢’s at different values of p aren’t
n=0 independent random variables either

Our hypothesis:

EFT coefficients at different orders can be modeled as independent
draws from a Gaussian Process with a stationary kernel

_

]

Gaussian distribution at each point

With correlation structure parameterized by a single ¢* and £ at all orders



A bit more on Gaussian Processes

Non-parametric, probabilistic model for a function
Suppose we already know f at xj, X2, X3, ..., Xn.

Specify how f(y) is correlated with f(x), f(x2), .....; don’t specify underlying
functional form.

But value of f(y) is not deterministic: it’s given by a (Gaussian) probability
distribution.

Correlation decreases as points get further away from each other.

Specify correlation matrix of f at x and y, e.g.:
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Specify how f(y) is correlated with f(x), f(x2), .....; don’t specify underlying
functional form.

But value of f(y) is not deterministic: it’s given by a (Gaussian) probability
distribution.

Correlation decreases as points get further away from each other.

Specify correlation matrix of f at x and y, e.g.:

" Statistical
k(f(x), f()) = & exp <— (xz;z ) ) mo.clel
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Two parameters ¢ and £: pr(¢? | 1) ~ )(_2(v0, Tg); pr(Z | I) uniform



Inferring the next coefficient(s)
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used to predict distribution of N°LO corrections



Inferring the next coefficient(s)
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Model checking

https://github.com/bugeye/gsum

Melendez et al. (2019), Millican et al. (2024),
Bastos & O Hagan (2009)
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https://github.com/buqeye/gsum

What does success look like!?

Millican, Furnstahl, Melendez, DP, Pratola (2024)
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What does success oo

Millican, Furnstahl, Melendez, DP, Pratola (2024)
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Application to np—dy

Acharya, Bacca, PLB 2022
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Publicly available package: https://github.com/bugeye/gsum
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Application to np—dy

Acharya, Bacca, PLB 2022
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Application to wd—=nnv,

Gmech, Marcucei, Viviani, arXiv 2023
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Application to p-a—=nnvy,

Gmech, Marcucei, Viviani, arXiv 2023
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NN physics choices O & |: yrer & angular space

yref=Yo or Yk. Don’t choose something that goes to zero

Is it cn(cos(8)) or cn(q) that has a single length scale?
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NN physics choice ll: energy/momentum?

s it cn(p) or cn(E) that has a single length scale?
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NN

s it cn(p) or cn(E) that has a single length scale!?
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Calibrating NIN

-Cs with a G

2 e Rnoac

Svennson, Ekstrom, Forssen, PRC (2024)
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Calibrating NN LECs with a GP error model

Svennson, Ekstrom, Forssen, PRC (2024)
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SO0 what do coefficients look like for SMS potentials!
Millican et al. (2024B)
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SO0 what do coefficients look like for SMS potentials!
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Similar pattern for SCS potentials
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Similar pattern for SCS potentials
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Similar pattern for SCS potentials

R=[.2 fm
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Soft potentials reshuffle contributions across orders, leaving large even
orders (especially c4) and small odd orders



Similar pattern for SCS
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Impact on error bars

Melendez , Furnstahl, Wesolowski (2017)

R=0.9 fm

Now we consider predictions at
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a8 cLo as data and test them to see if the
~ 80 HeH NLO - procedure is consistent
|1

60 - Fix a given DOB interval,

compute actual success ratio and
compare

Success Rate (7)), N
=
<

Look at this over EKM
predictions at four different
0 20 10 60 & 100 orders and four different energies

“Pointwise” analysis



Impact on error bars

Melendez , Furnstahl, Wesolowski (2017)

R=1.2 fm

Now we consider predictions at
each order, with their error bars,
as data and test them to see if the
procedure is consistent

Fix a given DOB interval,
compute actual success ratio and
compare

Look at this over EKM
predictions at four different

D 20 40 60 80 100 orders and four different energies
(a) DoB (%)

“Pointwise” analysis



Inferring Q

If Q too big then ¢, will shrink with n
(and so will error bars)

If Q too small then cn will grow with n
(and so will error bars)

Once we have pr(c, | Z, I) we derive

pr(Q|1)

Vi Cs 1
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Inferring Q

If Q too big then ¢, will shrink with n
(and so will error bars)
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Preliminary conclusions

Input space (p, -cos(9))
Dt
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Expansion parameter Q. =

No evidence that N4LO+ is pathological cf. other coefficients
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The GP i1s not actually 2D stationary
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The GP i1s not actually 2D stationary

PRELIMINARY
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Results for A, for SMS
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Are observables the right place to look?

McClung, Elster, DP (in progress)

Wolfenstein
M(q,0) =A(q,0)1 amplitudes

. A Wolfenstein & Ashkin (1952)
+1C(q,0)(01 + 03) - 1h

o-q)(o2-9q)
g ’t)(ﬂ'z . k:)

+[G(q,0) + H(q.0)|(

1
S AR EPLg=D - PE P
A: central part

: . M, G, and H: tensor effects
C: spin-orbit



Why not decompose these order by order?

Jem [MeV] Jem [MeV]
0 1}2 Zill7 396 3?5 4}8 433 0 1}2 21{7 3(?6 3‘{5 4}8 433
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03 e —
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Why not decompose these order by order?

Jcm [MeV] dcm [MeV]
0 112 217 306 375 418 433 0 112 217 306 375 418 433
i | I | | I 1 0]75_ I 1 | | I ]
— L0 — N3LO 0.150 :
0.04 = NLO — NLO - ,
\— N2LO --- CD-Bonn 0.125} -
0.02 \ 7 0.100 Im(Cpp) 100 MeV' .
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Works well for amplitudes at 100 MeV

)’relem(A) PRELIMINARY
max(p, q) + m,
Q —
Ab aF m_
cm [MeV] O

0 112 217 306 375 418 433

' 20 Re(Anp)
Re(Anp) 100 MeV np
2+ — Cp — Ca _ 100 MeV
L @2 — ¢ 1 ® o
— ¢3 [ *20 151 O Cy
1 - . @) C3
10 ® o
] Cs

1 1

0 30 60 90 120 150 180 5
Ocm [deg] .




Works well for amplitudes at 00 MeV
Yret=Im(A) PRELIMINARY

See |/p dependence of
Z» in this analysis too

max(p,q) +m,
Q -
Ab -+ I’I”l,z

Qcm [(MeV] @
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ANC

at other energies too
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Summary, omissions, and future work

Statistical modeling for EFT coefficients means quantifying what we mean by
EFTheological statements

Since probability theory is “the logic of science” (Jaynes) once we do this we
can then check if EFTs are behaving in accord with the statistical model.

Building & checking such models doesn’t only get us truncation error estimates

Do all orders really have the same size? What range can A, be in?

Could also make “pion mass” a parameter of the statistical model

Forthcoming: analyses for many potentials. Amplitudes or observables!?

Future: incorporate correlated truncation error in fit of LECs to NN data
Svennson, Kkstrom, Forssen, PRC (2024)

Apply technology to other observables, other nuclear physics EFTs

How to combine information across different observables ?



