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Outline

Physics of cluster/halo EFT
Bayesian analysis and results

My recent development of ab initio calculation of nuclear
scattering

Summary
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Bayesian analysis

S(0 keV) [S(20 keV)] E. G. Adelberger, et.al., Rev. Mod.

Phys. 83, 195 (2011) recommend:

S (eVb) §'/S (MeV) S"/S (MeV~?) S(0) = 20.8 + 0.7 (exp) +
Median 21.33 [20.67] —1.82 [-1.34] 31.96 [22.30] 1.4 (th) evb
+o 0.66 [0.60] 0.12 [0.12] 0.33 [0.34]
—0 0.69 [0.63] 0.12 [0.12] 0.37 [0.38]
5[}2 I ]
jg E ° Tombrello(1965);
= 355' : Aurdal(1970);
> 31::5 5 Rev.Mod.Phys.(1998);
S , 55 | i Rev.Mod.Phys(2011);
v <UL C: .
Eﬂ- ® é § 3 )\ XZ Et.al., (2015),
st L : { R. Higa et.al., (2020)
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* EC: external capture

PhySiCS In r-space  SD: short-distance

00 i contribution
Sro = dr Cy W__  3(2 in(d;) Go(k,r) + 0;) Fo(k, .
N wgb 7O Wona g @) r s olk,r) + cos(d:) Folk.m] CX: core-excitation

contribution
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Comments on Higa (2020)

. . L A1 > Ao > A
Multiple scattering in the initial state 11 12 22
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EFT: NLO ol
C. .C. A, .4 : N\
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NLO: another 5 r(351)’ r(552) y &1 LEl’ I-E2 20
’ Navratil
C(3Pq asgs,y Tes) €1 Il C%P’) aAssyy TGSy fz : - Micrros'co‘pic‘: calculation: ____:j
P. Descouvemont (2004) LT ‘
0201 160 118 0 112 0534 —100 393 2.69 102 Cluster o2 |
0201 250 136 0 1.27 0533 —=7.03 502 3.10 ;
0.201 34.0 145 0 134 0533 —4.03 856 4.19 z X ‘
0.109 —4.15 680 0 480 0542 —-691 357 3.73 C<01 107
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10~
EFT reproduces other models; ,. |
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N2LO is about 1% below 1 MeV s 2 E s 6E
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pr(g. &y |D;Ti 1) = pr(D|g, {& 1 T 1) pr(g. 18 |[1)

0.3 :

e Junghans BE1 and BE3
(filled circle), Filippone
(open circle), Baby (filled
diamond), Hammache
(filled box)

« ¢&;:datarescaling factor

g: theory parameters

I: prior information on

para.

Green band is our 1-
standard deviation
error band: 3% error
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Direct capture
reaction constrains
total squared ANCs!
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Core excitation and
short-range term
not distinguished
by low energy data
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Is it a “good fit"?

e 42 data points

* 9 EFT parameters

e 5¢; parameters

i | fixed to their mean

POF
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_Choice of data sets
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Ab initio scattering calculation



Computer experiment (CE)

* Works for systems computable

V. @ @ Continuum by structure methods (traps
S oo are important!)
. s °e —>
*  Matches nucleon-level and

I cluster-level theories through

. observables
Trap them in EMNw%rzpotential

[
I Bound State « einberg’s Third Law of
: Progress in Theoretical Physics:

/ use right DOFs

Simplification:
Constrain EFT (or model on V;) = compute

scattering and reaction (E, (l)T) 9 61 (E)

within ab initio calculations
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Promising results: n-a and n-024 scatterings

No-core-shell-model (NCSM) and In-medium

XZ et.al., (2020)
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similarity renormalization group (IMSRG) structuré
methods—2> phase shift extraction
NCSM+C(continuum): direct scattering calcs.
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Summary

e Bayesian analysis + Halo-EFT is a useful tool for
data analysis

 Computer experiment strategy enables ab initio
calculations of scattering and reactions



Halo EFT: NLO

of :
LO , TN\ - Potential models: ,@"d-
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(VII) (VIII) (IX)
EFT reproduces other models; N2LO
NLO:another 5 [ag ) liss 161, gy, Le, s about 1% below | MeV
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EFT N2LO corrections

* E2, M| contributions (S factor): < 0.01% "P\Pﬂ

e Radiative corrections: ~0.1%
* EFT s-wave scattering: ~0.8%

N N N \
oY =T i’llﬁ J):f—

e EFT N2LO currents: ~0.8%
* Notice B8 BE=136.4(1.0) keV:~ 0.8%

Recall EFT fitted to various potential model and RGM
calculation results: deviation <~1% up to |MeV (cm E).
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N2LO impact on Bayesian analysis
S(0 keV)

0.8 ———

0.6

0.4}

(2010

pett- :
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N3LO: L — L + L' (%)2

rati et-f't ,

S (eV b)
Adding N2LO shifts S(0) by << |%.
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Synergy: relationships among exp., ab initio calculations, and phen.
(cluster theory/optical potentials/R-matrix)

[ EXP. ] i [ EXD. J_,[ Abi. }
s

Or, inthe
data era

o

* Phen. Analysis (Cluster theory):
e design CE, analyze Abi. results
e require phen. errors under control
 efficient platform for combining information (in contrast to tuning NN int. in Abi.)
e Exp. Vs. Abi: complementary and/or competing
* Opens the door for data science tools 21
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