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=> Explicit renormalization: motivation

=> NN chiral EFT. Finite cutoff. NLO: perturbative renormalization
=> Cutoff dependence

=> Non-perturbative renormalization

=> Infinite cutoff scheme

= Summary
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1=vertices

d; — number of derivatives and quark masses

n; — number of nucleon fields,

L — number of loops
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but the number of terms is arbitrary
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Subtraction operation:  T(X)(p', p, pon) = X(p' = 0,p = 0, pon, = 0)

Renormallized amplitude
(forest formula): R(Tz[m’”]) — T2[m>”] + Z H (_']I’mi7ni)T2[m>n]

UgeF™™ (m;,n;)EU

Ur = ((mk,lank:,l)a (mk:,2a nk,2)a s ) ) m > Mk i+1 > Mg > O, n > Nk i+1 > Nk, > 0.









Regulated potential: Vo= VA = Vaeoo + 0V

Perturbative inclusion of 0Vy: 6T = (1 + TOG)5VOA(1 + GTy) ~ O(QY)

After renormalization: IR (5T§A) ~ O0(Q?)
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Convergent series in Vo . N = Z N , D= Z DUl

i=0 i=0
. p
(Quasi-) bound state:  D(p) ~ A
N,

Enhancement at threshold: T (p) = o(p) ~0@Q™h




Ty(p) = (1 + ToG)Va(1 + GTp) =

oo oo
Convergent series in Vo: Ny = Z NQM . D= Z plil

The same for the counter terms: J

6T = (1 + ToG)SVLH (1 + GTy)
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Renormalizability constraints
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on the the short-range part [¢p=0 (0) %0 ] 371 (2022), In preparation (2022)
of the LO potential:




0 [deg]

A — oo :  Cutoff independence for each chiral order individually!

VO, p) = Vir (0, p) + CP (A)p'p

Renormalization condition: 69 (Ey) = dexp(Eo) | Eo =50MeV
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5 (F1) = 5eXp(E1) - 5(0)(E1) , b1 =25MeV
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Typical cutoff
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from the form of a regulator and the value of the cutoff

[ “RG-invariance” requires independence of the amplitude }

There always exist “exceptional”’ cutoffs

4

Renormalization does not work }

For a sufficiently general regulator, }




v Renormalization of NN Chiral EFT with a finite cutoff at NLO in the chiral
expansion is understood

v Cutoff dependence can be studied systematically

v In the case of non-perturbative LO,
the requirement of renormalizability
Imposes certain constraints on the LO potential

V;
v Other systems (few- and many nucleon, electroweak currents) and higher
orders should be possible to analyze in a similar fashion
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