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|I|I- Outline

1. Sources of uncertainties in NME calculations.
2. Status of uncertainty evaluations.
3. Framework to assess uncertainties.

4. How to improve uncertainty models?



|I|M- The Current Picture

E 00 ,
£

o

o

h 100%

~ o

>

2 0% [— . o o
|_

I= -100%

@

£

)

u%l -200% ®

1) R, E,, B(E?2) o7 J7; 2up0

8-S C



|||II- The Current Picture
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Sources of uncertainties in
calculations of NME




|I|||' Parametric uncertainties

Uncertainty associated with the variation of parameters in the nuclear models, e.g.:
* Shell-Model: Matrix elements of effective shell-model interactions.

* Ab initio methods: Low-energy constants of nuclear interactions.

Closest thing to a statistical uncertainty.



U Nuclear Interaction Uncertainties

Systematic uncertainties coming from the nuclear interaction:

NN 3N AN

ADb initio: Interaction truncated at a
Q/hy >< }ﬁ fixed order in chiral expansion.

>< }* kj Power counting issues remain to be
clarified/investigated.

NLO

AL
++| Phenomenological: Challenging to
Q/ny +1 +iiij evaluate.




|I|||' Nuclear Model Uncenrtainties

Systematic error coming from the model used to solve the many-body Schrodinger

equation and obtain the wave functions.
48Ca OvpBB NME: CC, IM-GCM and IMSRG

wm= Spherical reference
1.2 - Deformed reference
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0.8
8 T
< 0.6 g 0.597
_—-— == (.514
0.4 -
0.2 - i —
0.0 I
2% > o RO

See Bincheng He’s and Ragnar
Stroberg’s talks from week 1. 7



UIe Decay Operator Uncertainties

Complete approach based on EFT allows to find corrections to operators:
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V. Cirigliano et al., Phys. Rev. C 97, 065501 (2018), Phys. Rev. Lett. 120, 202001 (2018), Phys. Rev. C 100, 055504 (2019)
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See EFT summary. Figure courtesy of L. Jokiniemi
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UIe Decay Operator Uncertainties
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Current status of UQ



Ui Using Correlations with Other Observables
VPP

11



Ui Using Correlations with Other Observables

2upp

See Lotta Jokiniemi’s talk from week 3.
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Ui Using Correlations with Other Observables
2upp
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Ui Using Correlations with Other Observables
2ufp

12



Ui Using Correlations with Other Observables
2ufp

See Lotta Jokiniemi’s talk from week 3.
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Ui Using Correlations with Other Observables
2ufp

See Lotta Jokiniemi’s talk from week 3.
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Ui Using Correlations with Other Observables

Double Gamow-Teller
MPT = (fI11 ), o5 X o7 191 10)
ik
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Correlation observed both in phenomenological and ab
initio models.

Process has not been measured.
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Jokiniemi, Menéndez, Phys. Rev. C 107, 044316 (2024)

See Lotta Jokiniemi’s talk from week 3.
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Ui Using Correlations with Other Observables

Double Gamma-Decay

(O | IMI[[1;7)(1; | [M1]|0;(DIAS))
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M7 (M1M1) = Z

n

— 2.5 ¢ 46<A<60 , _
L orosasizn | o SN Correlation observed in
= N il phenomenological models.

Process has not been measured but
possibility of measurement was
discussed.

1 atlZ
BR, J.Menéndez and C. Pena-Garay, Phys. Lett. B 827, 136965 (2022)

M from N. Shimizu et. al. Phys. Rev. Lett 120, 142502 (2018) See Beatriz Romeo’s talk from week 3.
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Ui Using Correlations with Other Observables
Ordinary Muon Capture

Figure courtesy of L. Jokiniemi

Ovffp Decay Ordinary Muon Capture
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See Lotta Jokiniemi’s talk from week 3.
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Ui Using Correlations with Other Observables

Ultrarelativistic collisions
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UIe Study in the Shell-Model

Assessment of parametric uncertainty of shell-model calculations by varying
parameters of shell-model calculations and doing Bayesian averaging.
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Ab Initio Evaluation

a 68% degree of belief interval inc
68% degree of belief interval inc

68% degree of belief interval inc

68% degree of belief interval inc
— Mean NME
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Belley, et al., Phys. Rev. Lett. 132, 182502
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UIe Many-Body Truncation Error

Y = YMM-DGP + €emulator + CEFT + -+ €0pemtor

8
. _ (a) [2.38, 6.64] "2Ge — "Se :
Error due to the truncation of the many-body b E
method. This is studied by comparing the §
results of the IM-GCM and VS-IMSRG using . > :
the magic interaction. s 4 | \ 2.14,3.06]
3 F 4 -
This error is surprisingly large as we find , Comventional muclear models
€many—b0dy = 0.88. | _ This work _
0 i Z
A LS NS &
» & L § G & S &
By far the weakest point of the analysis!!! ® < S @,@ N
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UIe Many-Body Truncation Error

Preliminary results of IMSRG(3f2) show expected improvements.

0Re— 10C 131 41409 | 0751 20-2Ne 1 W IMSRG(2)
52+F -  IMSRG(31)
X e IMSRG(3)
15l 1 060f 1 — NCSM
[T-NCSM
S
4.4+ - i |
= (43 V¥ Parent ref.
A Daughter ref.
4.0 i il
3:0 0.30 - .
3.6 .
3.2 -
2 3 4 6 81012 2 3 4 6 81012 015 2 3 4 6 81012

20



H N N
1 Many-Body Truncation Error
Y = YMM-DGP + €emulator + CEFT + - T Gopemtor
Effect from IMSRG(3f2) is larger than the error we originally estimated...
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Uncertainty quantification
framework



UIe Getting Posterior Distributions

See AB’s talk from week 3.
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UIe Getting Posterior Distributions

Prior: 8188 “non-implausible” samples (Phys. Rev. C 109, 064314)

See AB’s talk from week 3.
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Getting Posterior Distributions

~
Prior: 8188 “non-implausible” samples (Phys. Rev. C 109, 064314)
Y,
~
“Solve” many-body with emulator for all samples
Y

See AB’s talk from week 3.
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UIe Getting Posterior Distributions

~ )
Prior: 8188 “non-implausible” samples (Phys. Rev. C 109, 064314)

- ),
~ )
“Solve” many-body with emulator for all samples
- Y

Weight the samples by a likelihood for some calibration observables
(correlation with target observable)

See AB’s talk from week 3.
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UIe Getting Posterior Distributions

Stepl/3 — draw samples from the prior

== experiment (-127.6)
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0.00
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E(1°0) [MeV]

N= 16 (prior histogram is unweighted)

See AB’s talk from week 3.
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UIe Getting Posterior Distributions

~ )
Prior: 8188 “non-implausible” samples (Phys. Rev. C 109, 064314)

- ),
~ )
“Solve” many-body with emulator for all samples
- Y

Weight the samples by a likelihood for some calibration observables
(correlation with target observable)

See AB’s talk from week 3.
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UIe Getting Posterior Distributions

~ )
Prior: 8188 “non-implausible” samples (Phys. Rev. C 109, 064314)

- ),
~ )
“Solve” many-body with emulator for all samples
- Y
g Weight the samples by a likelihood for some calibration observables A
9 (correlation with target observable) y
4 A
Final results is given by
Y = YLECs + €emulator T CEFT + Gmany—body T €0pemtor
. where y; . Is sampled from the weighted interactions )

See AB’s talk from week 3.
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UIe Getting Posterior Distributions

~ )
Prior: 8188 “non-implausible” samples (Phys. Rev. C 109, 064314)

- ),
~ )
“Solve” many-body with emulator for all samples
- Y

Weight the samples by a likelihood for some calibration observables
(correlation with target observable)

- Y
( (] (] n \
Final results is given by
Y = YLECs + €emulator T CEFT + Gmany—body T €0pemt0r
where y; . Is sampled from the weighted interactions
- Y

The different sources of errors € are assumed to be normally distributed and
9 iIndependent y

See AB’s talk from week 3.
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UIe Getting Posterior Distributions

~ )
Prior: 8188 “non-implausible” samples (Phys. Rev. C 109, 064314)
- ),
~ )
“Solve” many-body with emulator for all samples
- Y
€’s do not
! Weight the samples by a likelihood for some calibration observables
necessarily 9 (correlation with target observable) y
correlate
4 A
between Final results is given by
ISOtO pes and Y = YLECs + €emulator T CEFT + Gmany—body T €0pemtor
observables!!! where y; -, is sampled from the weighted interactions )
-
The different sources of errors € are assumed to be normally distributed and
9 iIndependent y

See AB’s talk from week 3.
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Choosing a Likelihood

Likelihood 1: Only contains
LS, neutron-proton phase
shifts at 50 MeV.

Likelihood 2: Contains 1S,

neutron-proton phase
shifts at 50 MeV and
observables for A=2-4.

Likelihood 3: Contains 1S,

neutron-proton phase
shifts at 50 MeV and
observables for A=2-4,16.

A16: E(160), Ry(160)
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Taiki Shickele
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Experimental limits: GERDA (76Ge) Phys. Rev. Lett. 125, 252502, CUPID-Mo (1°0100) Eur. Phys. J. C 82 11,
1033, CUORE(130Te) arXiv:2404.04453, EXO(13¢6Xe) Phys. Rev. Lett. 123, 161802 and Kamland Zen (136Xe)
arXiv:2406.11438 25
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UIe Using other observables
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UIe Using other observables

200% I

Now should we trust calculations and associated uncertainties of
this model for OvS[?
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How to iImprove uncertainty
models?




UIe Weakness of uncertainty model

1. Theoretical uncertainty are somewhat double counted since they are included In
the likelihood.

2. Correlations between the different sources of uncertainty are not included.
3. Uncertainty limited to one many-body method.

4. Choice of observables used in the likelihood might not constrain the LECs
optimally for Ovfp.

5. Not considering correlation between the different isotopes.
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Ui Foundation Model For UQ

Includes model-space
truncation, many-body
truncation, EFT
uncation, etc.
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Ui Foundation Model For UQ

Directed Acyclic Graph is
used to order the different

8 A levels of fidelities, allows
Global features: for full correlated
(Z, N, J) ) ) uncertainties
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M Summary...

* Uncertainty quantification is required for calculations to be trusted.

* All sources of uncertainties should be evaluated.

* Correlation with other observables can be useful to reduce parametric
uncertainties of the NMEs.

 Parametric uncertainties of NMEs have been evaluated in Shell-Model.

« Complete uncertainties have been evaluated in the VS-ISMRG but newer
evaluation of the model uncertainties bring the result lower.

... and Homework

Assessment of correlation between uncertainties.
Combining results of different models.

Improving model uncertainties..

Find best calibration observables to constrain likelihoods.
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