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Effective field theory (EFT) - A brief reminder

@ Usually in physics we have an underlying theory with a typical scale My, but
we want to study it in a lower scale Mo, < Mpjgh.
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Effective field theory (EFT) - A brief reminder

@ Usually in physics we have an underlying theory with a typical scale My, but
we want to study it in a lower scale Mo, < Mpjgh.

o EFTs provides a framework to construct the interactions systematically.

o In EFT, the high energy degrees of freedom are integrated out and the details
of the interactions are encoded in the coupling constants.

@ In pionless EFT (#EFT) the degrees of freedom are baryons where the
pions are integrated out. The interactions become contact.
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Structure-less bosonic fields

In the naive power counting
@ Non-relativistic fields count as (M,OW/Mh;gh)3/2.

@ Derivatives count as (Miow / Mhigh)-
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7#EFT - reminders

Structure-less bosonic fields

In the naive power counting

@ Non-relativistic fields count as (M,OW/Mh;gh)3/2.

@ Derivatives count as (Miow / Mhigh)-

The Lagrangian is expanded in (Mo, / Mhigh)
L=Lo+L1+ Lo+
For instance, the LO Lagrangian is
Lo =1t (iat + f—m) ) — S (pty)?,
and the NLO Lagrangian is
L1 =-%[(vTy) (vTV2) + h.c.].
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7#EFT - reminders

Naive power counting in 3,4-body boson systems

Thomas collapse: s
6000 ’

@ When trying to calculate the 3-body € 4000 .
binding energy we get, already in LO: ) - 7
B o M h T

T ket
In order to fix it, the 3-body force 00 M;’” B0
Dy (Wwf is promoted from
higher orders to the LO.
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7#EFT - reminders

Naive power counting in 3,4-body boson systems

Thomas collapse:

@ When trying to calculate the 3-body

binding energy we get, already in LO:

B3 x fi/\2
In order to fix it, the 3—body force
Dy (Ww)a is promoted from
higher orders to the LO.

@ Again, the 4-body binding energy
diverges in NLO and the 4-body

force is promoted to NLO to fix it?.

Unfortunately, the naive power counting is not sufficient.
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!B. Bazak et al. Phys. Rev. Lett. 122, 143001 (2019)
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Wigner bound

Phillips and Cohen showed that?:

fefr§2R<1—§+%>

2Phillips and Cohen, Phys. Lett. B390, 7 (1997)
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Wigner Bound

Wigner bound

Phillips and Cohen showed that?:

a

fefr§2R<1—£+3ﬁz>

In EFT, Repr ~ A~L Thus reg < % as A — cc.

We can "reverse” this inequality to get

/\S/\maxzﬂ

reff ”

Does Amax increase as more EFT orders are taken into accout? i.e. can we restore
RG invariance order by order?

2Phillips and Cohen, Phys. Lett. B390, 7 (1997)
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Lippmann-Schwinger equation

In order to find refr we need to solve the Lippmann-Schwinger (LS) equation:
T=V+ VGT,
where

Wiro = Co+ G (P2 + p2) + Go (p* + p*) + Coop?p? + -+
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Lippmann-Schwinger equation

In order to find refr we need to solve the Lippmann-Schwinger (LS) equation:
T=V+VGT,
where
Wiro = Co+ G (P2 + p2) + Go (p* + p*) + Coop?p? + -+

@ The LS equation is analytically solvable for separable potential.
o We regularize the theory with a cutoff regulator F (p?/A?).
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Removing the Wigner bound

Solving Lippmann-Schwinger equation

The potential can be written as

V = F (p?/A2) (ZZ]:O p2i>\l_’jp/2j) F (p?/12)

where
Go
G C
)\NLO:<C(2) 02> Mo = | G
(o

The T-matrix assumes the form

G
G
0

G
0
0

T =F (p*/N) 370 PPy (E)P' F (p7/ ).
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Solving Lippmann-Schwinger equation

The potential can be written as

V = F (p?/A2) (ZZ]:O p2i>\l_’jp/2j) F (p?/12)

where

Go
G C
ANLO = <C(2) 02> Mo = | G

Gy

The T-matrix assumes the form

G
G
0

G
0
0

T =F (p*/N) 370 PPy (E)P' F (p7/ ).

The LS equation is reduced to the matrix equation
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Solving Lippmann-Schwinger equation

The solution is easily found to be
_ 1
T = o5z

The matrix elements of 7 depend only on the sum of the indices 7; ; = T5(;1;) and

admit the recursive relations
Tok = mELy 1) + hk+1

where
d’q Fz(qz//\z)qzkfz

(27)?

hiy1=—m [

5.9.2019 8/20

Removing the Wigner bound

Saar Beck (HUJI)



Solving Lippmann-Schwinger equation

The solution is easily found to be
_ 1
T = o5z

The matrix elements of 7 depend only on the sum of the indices 7; ; = T5(;1;) and

admit the recursive relations
Tok = mELy 1) + hk+1

where
3 2
hirr=—m [ 5 z L CAZS To(E) = [ = E:-(q)qz
ie—3,
For example, using Gaussian regulator in NLO
1 =E (Gh—1)
T=€n <c0+c§/5+";zf3(1(c2/31)2) IO(E))
5.9.2019 8/20
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1 . 1 1 2 :
TN (*;5 +SreffPp” e — ’P)-
Match the LECs to the observables:

Co, Co — as, reff

Two solutions for G, exist:

-4.0 -2.0 0.0 2.0 4.0 6.0
Toff [A’l]

Black dot - reg obtained at LO for asA = 103.
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Removing the Wigner bound
/()

The matching gives

_ 8mas

70(0)+m(701(0)+710(0)) — 23
reff = 2mwal
s

To find W™ we need to find its maximum using the parameter space {Cpq} with
the constraint a; = ;7700(0).

{CO7 C27 C4', C2,21 cee } — {357 C27 C4', C2,27 cee }
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Removing the Wigner bound

W

The matching gives

leff =

700(0)+m(701(0)+710(0))

_ 8mas

2
2ma;Z

To find W™ we need to find its maximum using the parameter space {Cpq} with
the constraint a; = ;7700(0).

{CO-, C27 C47 C2,21 cee } — {aS', C27 C47 C2,21 cee

Imposing the condition C, g/p1 g1 o< A

W) as a function of the EFT order n:

Order 1 2 3 4 5 6
G . 8. /2 32y/2  64y/2 512y/2  1024y/2  4096,/2
aussian ™ 3 5 35 3 231
Shar 16 256 1024 65536 262144 4194304
p T o 257 12257 39697 533617
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Removing the Wigner bound
/()
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Removing the Wigner bound

Conjecture for W(")
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Degeneracy of

At NLO, two renormalization conditions were needed, i.e. as, refr.

Note, however, that the T-matrix provides one condition each order

% ~ _ﬁ (_a% + %fefFPQ +Zn22 Snp2 - Ip)
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At NLO, two renormalization conditions were needed, i.e. as, refr.

Note, however, that the T-matrix provides one condition each order

% ~ _ﬁ (_a% + %fefFPQ +Zn22 Snp2 - Ip)

The potential, on the other hand, gives rise to more LECs. Already in N2LO we
get 2 more coefficients: G4, G2

Vo = Go+ G (p? + p) + G (p* + p™*) + Coap?p® + -+ -
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Removing the Wigner bound

Degeneracy of

At NLO, two renormalization conditions were needed, i.e. as, refr.

Note, however, that the T-matrix provides one condition each order

% ~ _ﬁ (_a% + %fefFPQ +Zn22 Snp2 - Ip)

The potential, on the other hand, gives rise to more LECs. Already in N2LO we
get 2 more coefficients: G4, G2

Vo = Go+ G (p? + p) + G (p* + p™*) + Coap?p® + -+ -
That is, the coefficient G, o is not constrained!
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Volkov potential as an example

The Volkov potential has the form

2 2

V(r)= Vee B 4 Vae R
with the effective range parameters
as = 10.08 fm Fest = 2.37 fm Sy = 0.43 fm®.
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Removing the Wigner bound

Volkov potential as an example

The Volkov potential has the form
2 _2
V(r) = Vge R Vye B
with the effective range parameters
as = 10.08 fm Fest = 2.37 fm Sy = 0.43 fm®.
The maximum re at different orders and cutoffs is
---- NLO
—= N’LO
..... N"‘L()

10f

—— Volkov’s reg

Max 7 [fm]
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Permissible values of Cy5 in N2L0 with Volkov potential

The freedom in Gy

Does fitting the LECs to the effective range expansion parameters constrain Apax?

Match the LECs to the observables in N2LO:
G G G

|

ds Teff 52 ?

AR

1.0 1.

ot

2.0 2.5 3.0
A [ﬁn*l]
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Permissible values of Cy5 in N2L0 with Volkov potential

LECs dependence on the cutoff

The dependence of the LECs on the cutoff explodes near the extremal allowed
values of Cyo:

250077
I
2000{ ! i
I
i1 /
= B | /
T 15001 |1 /
= H : 4
= I /s
—'1000{ || A
S i i
[ A=1[fm]
5001 1 - A=15[m]
i \ —= A=2[fm]
o \.é ] seer A =25 [fm}]
0 200 400 600

Choo [#71/\7.’,]

Unstable numerical results at high cutoff
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Permissible values of Cy5 in N2L0 with Volkov potential

3-body binding energy
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Permissible values of Cy5 in N2L0 with Volkov potential

3-body force
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Summary

@ The Wigner bound on the effective range increases with the
non-perturbative EFT orders.
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Summary

Summary

@ The Wigner bound on the effective range increases with the
non-perturbative EFT orders.

@ The number of possible solutions increases with increasing orders. Only one
of them is physical.

@ Numerical calculations become unstable at Ay ax.

@ With the right choice of LECs, the promotion of the 3-body force may be
suspended!

Saar Beck, Betzalel Bazak, and Nir Barnea, arXiv:1907.11886
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