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Effective Field Theory (EFT):

. N

most general Lagrangian with only relevant degrees of freedom,
obeying certain symmetries;
here: low energy = Nucleons only, Galilei invariance;

o |

U. van Kolck, Nucl. Phys. A 645, 273-302 (1999) — p.2/10



Effective Field Theory (EFT):

. N

most general Lagrangian with only relevant degrees of freedom,
obeying certain symmetries;
here: low energy = Nucleons only, Galilei invariance;

® high-momentum/short-distance modes embedded in infinite number of
local interaction coefficients;
here: C;

o |

U. van Kolck, Nucl. Phys. A 645, 273-302 (1999) — p.2/10



Effective Field Theory (EFT):

. N

most general Lagrangian with only relevant degrees of freedom,
obeying certain symmetries;
here: low energy = Nucleons only, Galilei invariance;

® high-momentum/short-distance modes embedded in infinite number of
local interaction coefficients;
here: C;

® method only useful with organization schema, i.e. power counting;
here: effective range expansion of the T-matrix;
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Wilsonian Effective Theory:

-

generating functional of a theory valid up to A (— o0):

7 = / (Do), e~ Jd*xL(¢,0,0)

o |

M. E. Peskin, D. V. Schroeder, An Introduction to Quantum Field Theory (Westview Press, 1995), ch. 12.1 — p.3/10



Wilsonian Effective Theory:

-

generating functional of a theory valid up to A (— o0):

7 = / (Do), e~ Jd*xL(¢,0,0)

|} integration over momentum shell bA < |k| < A ; b< 1

o |

M. E. Peskin, D. V. Schroeder, An Introduction to Quantum Field Theory (Westview Press, 1995), ch. 12.1 — p.3/10



Wilsonian Effective Theory:

-

generating functional of a theory valid up to A (— o0):

7 = / (Do), e~ Jd*xL(¢,0,0)

|} integration over momentum shell bA < |k| < A ; b< 1

7 — / (D], o~ Jd'wLess(6,0,0)

with  L.;r = L + (higher order termsin [¢, 0, ¢]);

o |

M. E. Peskin, D. V. Schroeder, An Introduction to Quantum Field Theory (Westview Press, 1995), ch. 12.1 — p.3/10



Wilsonian Effective Theory:

-

generating functional of a theory valid up to A (— o0):

7 = / (Do), e~ Jd*xL(¢,0,0)

|} integration over momentum shell bA < |k| < A ; b< 1

7 — / (D], o~ Jd'wLess(6,0,0)

with  L.;r = L + (higher order termsin [¢, 0, ¢]);

important: loop integrals cut off at bA;
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EFT(#) for the Nucleon-Nucleon System:

- N

_ 1 =
L = N (’i@o + ——V? 4 (relativistic corrections)) N
2mN

+C,NNNN + C, (N&N) - (N&N)
+C; (NVN) - (VNN) + G4 (NVN) - (NVN)
+ ...
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size estimate of a graph:

m
vertex : Q" loop : 4—Q
s

n = number of derivatives at the vertex;
() = low momentum scale;
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EFT(#) for the Nucleon-Nucleon System:

- N

_ 1 =
L = N (’i@o + ——V? 4 (relativistic corrections)) N
2mN

+C,NNNN + C, (N&N) - (N&N)
+C; (NVN) - (VNN) + G4 (NVN) - (NVN)
+ ...

size estimate of a graph:

m
vertex : Q" loop : 4—Q
s

n = number of derivatives at the vertex;
() = low momentum scale;

Important: loop integrals and C; coefficients depend on A;
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T-matrix as an Example:

- N

4 , a’r
TERE(k):_ —a+zka2+(—0+a3)k3+...
M 2
k : c.m. momentum a . scattering length ro . effective range
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T-matrix as an Example:

- N

4 2
TERE(k) 7T<CL+’L]€CL —|—(——|—CL)]€3—|—>

M 2
k : c.m. momentum a . scattering length ro . effective range
(R) mCy™ o™\
= _ — ' k
TEFT(k) CO 1 = k| + I ? +
LR o®) O (B)
49 21— B0 k)| 4222 k25 5+
R ™ (B
0

Important: if the two expansions (loop —, derivative |) can be treated per-
turbatively depends on the size of the low energy coefficients i)

2n !
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LEC Scaling Behavior:

-

loop expansion parameter: ¢ mCéR)k
mass dimension: [Cy| = —2
assumption: one mass scale M ~m

4 k
C’(()R)N—W = ¢~

— k<< M
mM M <
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= perturbative treatment possible!
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LEC Scaling Behavior:

o N

loop expansion parameter: ¢ mCéR)k
mass dimension: [Cy] = —2
assumption: one mass scale M ~ m

4 k
C((,R>~—7T = c

~ — k<< M
mM M <

= perturbative treatment possible!

problem in the NN case: d second scale m; perturbative treatment only
possible if £ < m,, otherwise resummation of diagrams necessary;

essence: to establish a correct power counting (observables independent
of cutoff up to a certain order) determine size of the various interactions.
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Fit/Calculation of the Strength Parameters:

-

potential: V' = (> irreducible diagrams)
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potential: V' = (> irreducible diagrams)
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Fit/Calculation of the Strength Parameters:

-

potential: V' = (> irreducible diagrams)
L = CsNNNN+C,(NGN)-(N&N)
+C3 (NVN) - (VNN) + G4 (NVN) - (NVN)
= V(§,k) = Cs + ;31 - G2 + Cai” + Caok?

(7 +7)

¢=p-p k=

DO | —

but: for the variational method used to solve the Schrodinger equation
the potential has to be transformed into coordinate space!
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Potential Operators:

|

momentum space:

VO(GR) = 1@+ Cok? + 617 (Cad® + CiF?)
+i0501_;02 FX Tt Cof 51T Gy + Cole - 3110 - G
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Potential Operators:

$» momentum space:

VOGER) = Cid® + Cok? + 61 - 52 (Ca® + Cak?)

., 01+02 , = o o T
+1C’ 12 2'6_[ k+ Cgq-01q- 09+ Crk -1k - 09

® coordinate space:

VO(R) =  —Cilpe; — ColyV? ——C2IO€1+OQIO 7V — C3lpe &y - &

—

+01 - 09 (—C4]0V — 1041061 + 04[0777° V) + 0510%11 .S
+CeIo A5, - Gy — ColoA-G) - 75y - 7

2—»

+Cr 01 0'2"/"0'1'V—I—O'l"l“0'2°v—|—§0'1°0'2—TO‘;["I"O‘Q"I"

L —Cr1y, - Vg -V J
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Refined Resonating Group Modell:

- N

N

Hy = ZTZ —I—V(Fl,...,??]\[)
i

|l center of mass motion removed’

~ A A A A
Hy = Hpi+ Hpy + T, + 22—

Zoe? A AVATX
R2 + (VF1<—>F2 — L)
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Refined Resonating Group Modell:

- N

N

Hy = ZTZ —I—V(Fl,...,??]\[)
i

|l center of mass motion removed’

~ A A A A
Hy = Hpi+ Hpy + T, + 22—

Zoe? A AV A
R2 + (VF1<—>F2 — L)

R

wave function Ansatz:
Nk
l
=AY oy Do
k

A : anti symmetrizer;
[ : determines boundary conditions in the scattering problem;
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Refined Resonating Group Modell:

-

relative motion wave function used for a scattering calculation:

-

6\) = ouFiu(R) + aG(R) + Y by Xoom (R)
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Refined Resonating Group Modell:

-

relative motion wave function used for a scattering calculation:

6\) = ouFiu(R) + aG(R) + Y by Xoom (R)

channel wave function:

J
Yi(R)

R

. . 15¢
(I)ch,k: = 029 [9{1 029 9%2}

channel defined by 51, j-, S., [, J and the fragmentation; fragment wave
function:

= Y [chsalpzsT)’

{irt,s
{m}
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