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Motivation
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Nonrelativistic framework

Define the nonrelativistic fields: 1, x, 7*, 7%, A
Construct all terms which respect P, T and SO(3)
No terms with two or more time derivatives needed
Antonelli, Gall, Gasser, Rusetsky 2000

Set up power counting scheme

Match the coupling constants to the full theory

— Physical values for the masses

—— Correct reproduction of singularity structure for |q| < M,
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Nonrelativistic framework

Lagrangian
e Kinetic part: Decompose relativistic propagator
1 1 1 1 1

M=~ 20(p)w(p)—p° | 2u(p)w(p) + PO
w(p) = VM?+p?

Liin = dT2W)(i9; — W) W= +M2—A
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Lagrangian
e Kinetic part: Decompose relativistic propagator
1 B 1 1 1 1
M 2u(p)w(p) 0 2w(p) w(p) T P

wip) = VM2 +p?
Lyin = ®T(2W)(i0; — W)o W=+vM—A

e Interactions: Only local 7w NN and 7myNN vertices
L.n = Co (WX T + h.c.) + Goyiryp Al + - -
Lyubovitskij, Rusetsky 2000, Zemp 2004
e Matching:
G = V2 8m(mp + Mr)ag, + 6x
Lyubovitskij, Rusetsky 2000
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Power counting

Masses : 0(1)
Mass differences: M2 — M2, = O(¢?)
m2 — m? = 0(e?)
Incoming momenta :  O(1) All momenta :  O(e)
Outgoing momenta :  O(e) N vertex : 0(a)
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We are in the CMS:
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Is this consistent?

L, = GtryAxd+ xutry AAT]+ -

F1=N(Go— KX +--+)
We are in the CMS:

(k) // m(q)
\ /// ’k‘:a0+a2q2+...
p(p1) = p(p2)

F1=N (G —agX +--) =N (G + 0(a%))
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Is this consistent?

L, = GutryAxl+xytryp AAR] 4+

F1=N(Go— KX +--+)
We are in the CMS:

Summary and conclusion

(k) \ // (q)
. 2
T ’k‘:a0+a2q + -
p(p) = p(p2)

.rfl :N(Go—a%X-i-"') IN(G6+O(q2))

Comments:
e Derivatives on A — dependence on cos©

e No predictions about dependence on k
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Phase of Egy.

The phase of Ep, below the 7+ n threshold agrees with the phase
of the 7°p — 7%p S-wave at leading order in e.
Bernstein 1995

— Up to and including O(a¢*): dg,, =6

mop
Comment:

* 4,0, differs from the pertinent phase in isospin limit
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Determination of mNN scattering length
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e Egi(s) = Go+ GoCoJpo + CxHoJnt

e Fix Gy = 87T(mp + Mﬂ-)ag_,_ —+ do
Hoferichter, Kubis, MeiBner 2009
* Hp from experiment — a;, = 51- 103 M;l
Data from Fuchs et al. 1996 and Schmidt et al. 2001
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Summary and Conclusion

e Construction of nonrelativistic framework for photoproduction
of pions with consistent power counting

e Analytical results for S- and P-wave multipoles up to and
including O(€3, ae*, a%¢°)

e Determination of scattering length not (yet?) very promising
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Introduction

Expand the chiral tree level result in q up to and including O(q?).
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