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2024 still talking about contact theories

|

QCD ] Pionless EFT YEFT

Which theory is best for my system?

Cluster EFT Realistic ab initio

interactions

How to connect different theories?

It has clear momentum limitations

Why pionless EFT ?

“Simple”
Connected with universality

e Most of the conclusions | will do here can be translated in other EFTs




Good 2-, 3-body, and 4 body ...
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L. C., N. Barnea, and A. Gal Phys. Rev. Lett. 121, 102502
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Figure 7 The NV scattering phase shift § as a function of the
nucleon laboratory energy Fi,, in the 45, partial wave for
Pionless EFT and Chiral EFT at various orders
]l (results kindly provided by C.-J. Yang), and
the chiral potential “EM3500" (Entem and Machleidt] [2003).
For comparison we show the partial-wave analysis (PWA)
of [Navarro Pérez et al| (2013), with error bars smaller than
the symbols.




My first talk here (ECT* - 2015)
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Oxygen in the physical case
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7/7/2015 Lorenzo Contessi: Lattice Nuclei Nuclear physics and QCD - Bridging the gap
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Stetcu, B. R. Barrett, U. van Kolck, Phys.Lett.B653:358-362 (2007)
W. G. Dawkins, J. Carlson, U. van Kolck, A. Gezerlis (2020)
M. Schafer, L. Contessi, J. Kirscher, J. Mares PLB 816 (2021)
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P-wave systems
In a shell model representation

Relation between shell model and magic humbers
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Will they ever bind?
Why are they bound?



Instability problem in modified Weimberg powercounting

C.-J. Yang, A. Ekstrom, C. Forssén, G. Hagen, G. Rupak, and U. van Kolck (2023)

The energy of Oxygen and Calcium is larger Many-body energy

|
than the relative threshold —30 v

(4a and 10a) > 100 - (c) SEP40 .
E \ Threshold
120 -

In the chiral case: :ﬂ: e ————

* A 3B force solves the issue P —140 - [I\'}C—ﬂnly] \
= —160 - 1 r

450 200 a0l)
In our case: A (lIer

Can a subleading order do the job as well?
Experiment
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Finite range Pionless-like interactions
Do not have instability problem

It is possible to have P-shell poles
(resonance) with pionless at LO
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R. Schiavilla, L. Girlanda , A. Gnech, L.C., M. Schafer, J. Kirscher,

A. Kievsky, A. Lovato, L.E. Marcucci,
M. Piarulli, and M. Viviani (2021)
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R. Lazauskas, J. Carbonel (2023)




Results ( 4H Resonance position )

L.C., M. Schafer, J. Kirsch i ' '
’ chater, 1. RIeher, The reseonance energy is calculated directly using FY

R. Lazauskas, J. Carbonel (2023)
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Contact EFT LO » Performs good in few body sector
» Bad in many-nucleon systems (not stable)

[ Contact powercounting breaking J Subleading order stabilize the systems]

3

[ GOTO NLO »[ How to do it?J
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Contact EFT LO » Performs good in few body sector
» Bad in many-nucleon systems (not stable)

[ Contact powercounting breaking

J Subleading order stabilize the systems]

3

[ GOTO NLO

‘[ How to do it? J

Possible solutions [IF a near threshold (unstable) state exist]

7

Perturbatively move the pole in the stable region

Is this possible (?) surely hard and troublesome

C.-J. Yang (2024)

.

~

J

7

.

Find an alternative way
to deal with the theory
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Improved action

Premise: using a “pure” LO EFT for many-body calculations is -- challenging—
e arbitrariness on the fitting procedure
* renormalization procedure (if the regulator is not explicitly removed)

Standard theory

= Not satisfying

= Hard to compute

sl
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Example: the contact LO can
be fitted on
* binding energy
e Scattering parameters

Example: impossibility of using
infinite cutoffs

Can we exploit this
arbitrariness?

11



Nuc. Phys. B K. Symanzik (1983)

| m p rOve d a Ct | O n Phys. Rev. A L.C., M. Schéfer, U. van Kolck (2024)

Phys. Lett. B L.C., M. Pavon Valderrama, U. van Kolck (2024)
L.C., M. Schéafer, A. Gnech, A. Lovato, U. van Kolck (in preparation)

We can use this arbitrariness

X to change the LO to our
advantage
1) Add a subleading
>K AV(Z) modification to LO

2) Remove the improvement
order by order

—AV®)
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Improved action: two body

How much | can change the LO before the NLO can not correct it perturbatively?

In our study we use
p-9 scattering as an example

Vs

Toy model:

41T 1

m k cot(6) — ik ag

11 2 4 6
T = —>kcot(6)=——+§r0k + w4y k* + wg k° //

N

-- using a energy dependent approach --

LO - kcot(d) = —ai + (x ro)%kz
0

NLO — correct perturbatively (1 — x)r,
N2LO - W,

See also (in spirit)
S. Beck, B. Bazak, N. Barnea 2019

S. Beane and R. Farrell 2021

The nuclear interaction: post-modern developments
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Lo BINo [INeto |onsLo INaLo B NsLO I Exact
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Phys. Lett. B L.C,,
M. Pavon Valderrama,

Phase shifts of n-p (deuteron channel): U. van Kolck (2024)

improved LO converge faster no change in the convergence radius
\
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The nuclear interaction: post-modern developments 15



Phase shift convergence

Limit of
subleadin
g OnLo
corrections
e dL0

If this is approaching 1:
We cannot correct the artifact

The theory is surprisingly
resilient to resummation.

Phys. Lett. B L.C., M. Pavon Valderrama,
U. van Kolck (2024)
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Improved action: Few-body (atoms)

Hamiltonian that reproduces the scattering length a,

This is an example
you can chose any
other potential !

2.
V(Tij) = 5(1\: Tij) = Co(A,ap) exp (_ZR_3>

Induces spurious scattering parameters (a, 7, W,, W, ...)

a= Ao (fltted)
r X R r=XT7 R, controls the amount

0
of resummation

RO—)O RO
—_— —_— ™
wy = w4(Rg) = 0 X X n
Ry—0 0

we = we(Rg) = 0
wyy are artifacts of the model



Improved action: Few-body (atoms)

Phys. Rev. A L.C., M. Schafer, U. van Kolck (2024)

Hamiltonian that reproduces the scattering length a,
r A
For simplicity |
show results
where also the

thee-body has a

2
175

p (0 (rij) = 6(R0,rij) = Cy(Ry,ap) €xp <_ZR_%,>
AV = Co(Ro, ap) OR, — Co(A,ag) 6

Induces spurious scattering parameters (a, 7, W,, W, ...) :
CT fixed range
a=a, (fitted) / NLO L R3 — Ro
F o Ry=xTy Restores 7 — 1 S o
Still has a cutoff dependence
. B RQ:O (we do not want further contaminations):
Wy = W4(Rg) — 0
RO—)O 1
_ _ _ (@D (1) g2 T2 A2
(,()6 — (,()6(R0) ﬂ_‘; O VNLO = (CO + CZ Vl-j)exp< 47",:]' A )

\ Cél) (Rp,A), Cz(l) (Ry,A) are used to fit ag and




5 bosons (NLO)

R = R, is the parameter that controls the resummation A is the theory cutoff that should go to “infinity”

Phys. Rev. A L.C., M. Schafer, U. van Kolck (2024)
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Going nuclear

T' +T'
HLO — 2\72 ZC(O)(x)e 4xR2P +ZC(O)(x)e 4xRtp +ZD(°)(y,x)ZI 1%, ]

ijk cyc
— — H %k
R; and R, reproduce effective ranges forx = 1 Forx =y =1NLOIs small
4 _ . 4-Body force is not zero
R; reproduce at best E( “*He) fory =1 _ _
. Coulomb and isospin

breaking apply
Fixing R; on E( *He) can be dangerous:

Rs) N (&) R. Schiavilla, L. Girlanda, et al. 2021
2 2

interestingly R; ~ (

HMLO = Counterterms(A, {R}) +
22 2 )“2 %] [ 22 (r%ﬁr%k)]

5GP ) e T P+ % GO ) e R P+ X ED(y,2,2) Seyele ™ 4
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Improving the nuclear LO

]

T' +T'
yLo — zvz ZC(O)(x)e 4xR2P _I_ZC(O)(x)e 4xRtp +ZD(O)(y'x)Z[ 4yR3
ijk cyc
— — *
R; and R; fitted to reproduce the effective ranges forx = 1 For x = 3:15 1dN]|c‘O 'S s..mall
R; is fitted to reproduce at best E( *He) fory =1 -bodytorce Is not 2670
. Coulomb and isospin
ki I
Fixing R; on E( *He) can be dangerous: breaking apply
interestingly R; ~ (};S) ~ (%) R. Schiavilla, L. Girlanda, et al. 2021

Based on 6He results we expect

Dangerous

resummation

— x
0. 0.9 1
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Energy w/ respect threshold (MeV)

Improved action: Nucleons

or
I
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L.C., M. Schafer, A. Gnech,
A. Lovato, U. van Kolck
(in preparation)

4 N
The results are
. preliminary but encouraging. )
4 N
stabilize Oxygen and Carbon

\, J
4 N

NLO stabilize the result
. for different improvement )
4 .

Warning:

NLO cutoff 4 fm~1 (small)

L No cutoff study done (YET))
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Take aways

Resumming subleading orders:

Is a flexible way to fiddle the theory
Is limited: the improvement should a perturbation

If done correctly (for what we check):

Renormalizability is preserved
Convergence radius is preserved
Help the calculations (softening is just an example)

The price:

Lose cutoff control of the improved order
Lose order-by-order improvement for the improved order

The nuclear interaction: post-modern developments




"hinks to think about

Arbitrary resumed potential AV

~>

Connection between EFT and realistic interactions

ﬁ

Applicable to other EFTs ] What about cases that

are not “Hamiltonian”
[ Other kind of resummations? ] renormalizable*?

(one-body potentials)

[ if already good behaved | THANK YOU FOR
add entire orders non-perturbatively? YOUR ATTENTION

* For example for an unnaturally large effective range?

The nuclear interaction: post-modern developments
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(almost) three questions

e Study the powercounting ...
* How to treat subleading contributions ...
* Collaboration between theory and mnay-body calculations

* How to connect different EFTs?
And what do we expect from this “connection”?

e Can we translate what we know for many-body friendly DoF? ( ? alphas ?)
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