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Lattice effective field theory

Ia~0.5—2fm

D.L, Prog. Part. Nucl. Phys. 63 117-154 (2009)
Lahde, MeiBiner, Nuclear Lattice Effective Field Theory (2019), Springer



Chiral effective field theory

Construct the effective potential order by order
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Leading order (LO) Next-to-leading order (NLO)
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Li, Elhatisari, Epelbaum, D.L., Lu, MeiBner, PRC 98, 044002 (2018)



3("'Sy) [degrees]

20

degrees]

1)

5('p

5('D,) [degrees]

D
o

H
o

n
o

LELELELE BLELELELE BLELELELE BLELELELE BUBLELE

' I TS N

100 150 200 250
Prel [MeV]

AW N

0 50

10

LELELELE UL BLELELELEN BLELNLELE BB

I T A

50 100 150 200
prel [MeV]

o

LBLELELEN BLELELEL N BLBLRLELE BLLELEL BLBLELL

| AN RARAN RERRERRL
©
Lo b 1

50 100 150 200
Prel [MeV]

o

250

250

a = 0.987 fm

8(381) [degrees]

| ALY LALLY LY LLRLN LLLLE LAY b

l'lll""""Eﬁ'O’rtNL‘d)'“'
Errori N2LO;

Error(N3LO) ==
NPW.

Lattice (N3LO) ¢

T T PR TR ST

50 100 150 200 250
Prel [MeV]

20

-l s
o (&)

e DR RN ER

8(3P0) [degrees]

LI LB LN LN LB N LR

50 100 150 200 250
prel [MeV]

3] o

-
o

LB LR B LR

8(3D1) [degrees]

-
[

LLELIN BLELELELEN BLELNLELE BLELELEL B

o
)
<)

50 100 150 200 250
Prel [MeV]

€4 [degrees]

o 8§3PJ)[¢egrees]
888 & o

- n
(&) o

=1
o

8(3 D,) [degrees]

250

250

= pm I LB I LI l LI I BT
:l L 5 58 | I 11 1 | I | B I 11 1 1 l 11 1 1
0 50 100 150 200
Prel [MeV]
:l | B B ) I L I | 5B ) l LI I | A
E| o I | B I A-0-85 I [ B I -
0 50 100 150 200
prel [MeV]
_l 3 PR ) I LI l | RLUE B l | BE R L I T I.—J‘
—I a0 I 11 11 I | G B B | I 1111 I 1.1 1 I-
0 50 100 150 200
Prel [MeV]

250

6(3 P,) [degrees] €, [degrees]

8(3 Dj) [degrees]

N

-h -t n
o (6] o

(3]

SURELELE BUELELELE BUELELELE BLELELELE BLELELE =

/

RS AN LA LARE LARN LAY AL

Illlllllllllllllllllllll:

»

w

n

-

o

-

0 50 100 150 200
Prel [MeV]
B T I | B B EE l ekl ] LI ' \ (8 1 | l_
-I - I Ll 1 1 I 20 0 8 l A R R R I - F
0 50 100 150 200
prel [MeV]
LT T I L I LI I By 88 l L™
: 1.1 11 I 1.1 11 I 11 1 1 I 28 83 I 11 1 1 :
0 50 100 150 200
Prel [MeV]

250

250

250



Fuclidean time projection




Auxiliary field method

We can write exponentials of the interaction using a Gaussian
integral identity

exp [—%(NTN)QI >< (NTN)?
:\/;/_O:Odsexp [—%sz—i—\/js(NTN)] > sNTN

We remove the interaction between nucleons and replace it
with the interactions of each nucleon with a background field.



Gij(sa ST, ﬂ-I)
det G(s, sy, mr)



Wavefunction matching
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Elhatisari, Bovermann, Ma, Epelbaum, Frame, Hildenbrand, Krebs, Lahde, D.L., Li, Lu,
M. Kim, Y. Kim, Meifner, Rupak, Shen, Song, Stellin, Nature 630, 59 (2024) 10
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Ground state wavefunctions
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With wavefunction matching, we can now compute the eigenenergies
starting from the eigenfunctions of Hz and using first-order perturbation
theory.

Epn=FE),, MeV) | WpnlHalYpn) MeV) | (YpnlH)|YEn) MeV)
-1.2186 3.0088 -1.1597
0.2196 0.3289 0.2212
0.8523 1.1275 0.8577
1.8610 2.2528 1.8719
3.2279 3.6991 3.2477
4.9454 5.4786 4.9798
7.0104 7.5996 7.0680
9.4208 10.0674 9.5137
12.1721 12.8799 12.3163
15.2669 16.0458 15.4840

13



B,/A (MeV)
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Silicon isotopes
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Pinhole algorithm

Elhatisari, Epelbaum, Krebs, Lahde, D.L., Li, Lu, Meifner, Rupak, PRL 119, 222505 (2017)
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Monte Carlo updates of pinholes
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Relativistic heavy collisions: 160160 versus 2Ne2Ne

s |y

||

1607 pm(wvyaz) — NLEFT

160a pm(x7yvz) — PGCM

Giacalone et al., arXiv:2402.05995
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For the 1% most central events, the elliptic flow of 2Ne2'Ne collisions is
enhanced by as much as 1.170(8)stat.(30)syst. for NLEFT and
1.139(6)stat.(39)syst. for PGCM relative to 160160 collisions.

vo{2,|An|>1}

NeNe/OO

0.2GeV<spr<3GeV,05<|n=0.8

centrality [%]

Giacalone et al., arXiv:2402.05995

21



03
0.25 |-
X
0.2}
x
L]
Q- - "
« -
£ o5 = -
= = =
o =
= X
01+t
- o
-
= x
%
0.05 = »
=
=t

Asvmptotic normalization coefficients

I 80 lattice data
%  ANC fit

380 + 80 fm /2

,\'!I—r Sppmstmmmn
10 15

I 2ONe lattice data

031
* % ANC fit
0.25 -
]
—1/2
: 3800 + 950 fm Y/
< F
i I Iy
£ o5 r =z
— X
S . F
.z
I -
0.05 : 3
I
ﬁf
f; 10
r (fm)

12C (20N€ 16 O) 160

E. Harris et al., work in progress

22



0[°]

120

60

180

120

60

180

120

60

Emergent geometry and duality of 2C

0.0000  0.0005  0.0010  0.0015 0.000 0.001 0.002 0.003 0.004
' ______  IEEERRERERRERS

Shen, Elhatisari, Lahde, D.L., Lu, Meifner, Nature Commun. 14, 2777 (2023)

23



2512

1P1/2
1p3/2

Lsy

24



[ F(q)|

Shen, Elhatisari, Lahde, D.L., Lu, MeiBner, Nature Commun. 14, 2777 (2023)
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Isotopes of beryllium

S. Shen, et al., work in progress
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Z (fm)
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The left panel shows the intrinsic shape of the total nucleon density for
10Be. The right panel shows the density distribution of the two neutrons
furthest away from the protons in 1°Be.

S. Shen, et al., work in progress
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B,/A (MeV)

Isotopes of carbon and oxygen
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Isotopes of carbon
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13C

density of the
neutron furthest
away from its
closest proton

S. Shen, et al., work in progress
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Summary and outlook

Nuclear lattice effective field theory is being
used to perform ab initto calculations of
nuclear structure. Wavefunction matching
allows for calculations using high-fidelity
chiral effective field theory interactions.
The pinhole algorithm allows for detailed
studies of nuclear structure correlations,
clusters, sizes, and shapes. We are exploring
the properties of the beryllium, carbon, and
oxygen isotopes.
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