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=> LO interaction contains long- and short-range parts
LO interaction is (close to) non-perturbative

=> Power counting at LO: perturbative case

=> NLO: perturbative renormalization
=> Cutoff dependence
=> Power counting at LO: non-perturbative case

=> NLO: non-perturbative renormalization

= Summary
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“Perturbative” calculation of the S-matrix, spectrum, etc.
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For potential (2N-irreducible) contributions: D =2L+ Z

(d@'—FE—Q)

1=vertices

d; — number of derivatives and quark masses

n; — number of nucleon fields,

L — number of loops
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For potential (2N-irreducible) contributions: D =2L + Z (di + — — 2)

1=vertices

d; — number of derivatives and quark masses

n; — number of nucleon fields, L — number of loops
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Vo Vo, 'Enhancement due to the infrared singularity: Vo must be iterated
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4% Regulator: cutoff A
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All positive powers of A cancel
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No justification beyond simplest applications }
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Renormalization: power counting in terms of renormalized quantities
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Renormalization: power counting in terms of renormalized quantities J

™" = (VoG)™ Vo (GVo)" ~ O(Q%) # O(Q?)

p~A,p ~Ain Va(p',p)

7y ~ T ( A >m+n P,

A% AV u
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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) ~ O(Q?)
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] p__ 1 N . 1 N
To=Volt = EVo “1-Gv, D 'T1-wWG D
Convergent series in Vo . N = ZNz’, D = ZDz‘

i=0 i=0
: p
(Quasi-) bound state: D (p) ~ A
N
Enhancement at threshold: T (p) = Do((p)) ~ O(My,/p)
p

For p > M, : To(p) ~ O(QO)



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

o o
Convergent series in Vo: N = E N;,, D= g D;
1=0 1=0

The same for the counter terms: J

6T = (1 + ToG)SVLH (1 + GTy)



The series for R(T,[™") can be summed explicitly
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v We considered NN Chiral EFT (LO is nonperturbative and contains long-
and short-range contributions) with a finite cutoff at NLO

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