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B Why and how...

» fundamental part of various
processes

» large amount of data up to
quite high energies

— GWU: 30K data points for
oN — 7N

» simplicity of the process

low energy — effective field theory:

> XPT2(3)
...expanding the QCD Greens functions in {small meson
momenta} and {up, down and (strange)} - quark masses

Weinberg (1979), Gasser and Leutwyler (1984)
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B Houw...

Power counting:

Ly = L o T
1 2 3
Log = L4 + £ + £ +
16
> b
i=1

M. Frink, U.-G. MeiBner (2006)

» 1st order: ESE? — WT and Born type: D, F, mg

» 2nd order: EffB) — contact terms (11 LECs « FIT)

» 3rd order:

Lffg — contact ferms (13 LECs «— neglected)

E((;g ; E((f) ) Lff) — wave function renormalization



B How...

L((;g — one loop diagrams (+crossed):
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~» regularization:
» dim-Reg of the UV-divergencies
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B Houw...

» baryons carry infrinsic scale mg ~ 1 GeV (even if m, 4,s = 0)
d9k 1 r2-dy2) g
2 2
K% M0 = 5 | omya (i~ M) (k= Y = (@n)yr? [ o

_ MQ _ m2
%z(] —2)+ M2(1 = 2)?
0

Az = mgz2 — 2mgM

~ Infrared Regularization of baryon loops:
(respects low energy PC) + (manifest Lorentz invariance)

Becher, Leutwyler (1999)

/O](...)dz = /OOO(...)dz s /]oo(...)dz
BRI WA R R

Me-3 (co oM+ oM + ) (do T+ M+ M + )
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B Result

» scattering length: Qg = #‘%TQJ,B(s,h,)

» Fy, My, D, F: fixed to the physical values, my = 1.15 GeV,
0.938 GeV< u <1.314 GeV

» the HB result is obtained by expanding and fruncating 7.5 at finite
chiral order

> {bOabD,bF,bh bH} <—>{UwNa{mB} O,vaaKNaOKN}/d

Ellis, Torikoshi (2000), Bernard, Kaiser, MeiBner (1993)
Schroeder(7N) (2001), Martin(KN) (1980)

Chamnel = 0O(q')  +O(Prg  +O(P)irg | 2 IR[HB) |
o2 = —012 +0.05[+0.05)  +0.04[-0.06] | —0.04*%% 0. 13*%%‘"},] —0.134+0.01
“/2) = 4021  40.05[+0.05  —0.19[+0.00] | +0. 07+O O7[+o 2679% ] _0.25+0.03
<3_/2) = 012  40.04[+0.04]  +0.10[-0.09] | +0. 02+D % [—0. 17*%%33]

all/2) — 4023  {0.04[+0.04]  —0.24[-0.03] | +0. 02+U 08 110.23+0.0%]

a2 = 024  +0.10[+0.07]  +0.15[-0.07] | +O0. o1+0 04 [—0.2410.01

all) = 4022  +40.09[+0.11]  —0.21[+0.00] | +0. 10*0 ‘f;[w 330 0]

a9 = 4046  +40.11[-0.01] —0.47[+0.04] | +0. 10*0 17 1+0.4910,07 1
(W‘/(Q) =  —001 40.03+0.03]  —0.03[-0.11] | —0. o1+0 o 41-0. 09*%%‘1]
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B Result

[ Chamnel =  o(@)  +0(P)r  +0(P)r SR

M _ +0.32

o,{é\), = 045 1060 —0.48 _0433_00_32 —0.33
- +0.64

a9 = 4004 -0.15 +0.13 +0.02+0:64 +0.02
af.{” = 4020 +0.22 —0.26+0.18¢ | +0.167%%) +0.18¢ | +0.37 +0.60i
afg\)j +0.53  +0.97 —0.40+0.22i | +1.11494 1 0.22i | —1.70+ 0.68i
a/? = 031 4033 —0.30+0.12i | —0.28+9,52 1 0.121

) = 4047  40.19 +0.2040.01¢ | +0.87+%% 1 0.01i
af.flz/z) = 022 4024 —0.35+0.08 | —0.337%4 1 0.08¢
ap/? = 4034 4038 +0.27 +0.01i | +0.981%% +0.01i
o}é = 1015 +0.34 —0.02+0.17¢ | +0.487%% 4 0.17;
a2 = 4066 +0.98 —0.62+0.141 | +1.02+95) +0.141
al) = 050 +0.66 ~0.42 —0.2619,%
o = -—015 102 +0.13 +0.001978
oll/? =  -004 4050 —0.27+0.14i | +0.197%% +0.14;

(1/2) _ . +0.55 .
al! = 005 4050 —0.40+0.18i | +0.041%% +0.18i
Gl = 001 +0.26 —0.13+0.19¢ | +0.1319%0 4 0.19: | +0.62 +0.30:
al/? = 009 +0.84 —0.49+0.17i | +0.25074 +0.17i
&L = 004 +0.22 —0.15+0.13i | +0.03*%,2%4 +0.13i
g = 004 1070 ~0.51+0.38i | +0.15%0,5) + 0.38i | +0.64+ 0.80i

Recall: Lfg contfact terms are neglected
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B Low energy constants (LECs)

» integrating out stfrange quark SU(3) — SU(2)

» double scale expansion: mg > My > M,
1. IR-regularized loop integrals in three-flavor formulation
2. expand in {(t — 2M?), M2, (s — mg)?}
3. expand in {Mx} to first order
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B Low energy constants (LECs)

bp  br My
=bo+ > +—+256 Pz

Cp =bg + by + bio+2b11 —

Cy=..,C= ...

» shiffs:

Acy =+40.2 GeV—T, ACy =
Acy = +1.6GeV!, Acy =

{55)2 6DF +9F? + 3%(D = 3F)2] +O(M3),
58

M {é—k 0t 4 apF + SDPF  12DF°

1287F2 3
8(D—3F)2(D+F)2} 2
L 05F4 + O(Mg),
33 Gt
—1
—2.1GeV A(cy 4+ c3—2¢)) = -0.1GeV~!

4+2.0GeV-!

» the same is performed for the #=, 7X and =A sector
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B Low energy theorems (LETS)

» 7B LETs are useful for chiral extrapolations of LQCD

results:
T —M—’zf{—g—Q +2(c + ¢ —2c)+392M’r +O(M2)}
N~ F.,2r Ampy 2 il ! C>47TF.,2r 7r
.M g2M2 M2 M )
T=, = —=141 i ™ (1-2log—") + M2dr oM
N 2F7%{ " +87r2F72r( 0g =) + Mzl (1) + O ﬂ)}

wN isovector combination is stable with respect to the kaon

mass effects (known)
Bernard et al. 1995

» also can be done for the 7=, ¥ and =A sector

= 2M, {] 9EM2

= LM
T F2
[

16mZ  4(ma + myx)
2

Mﬂ. MTr 3
+ m(] —2log 7) +(’)(I\/I,r)}

(new)

5+ Madl s (n)



B Low energy theorems (LETS)

(b)
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Op+y+ = —0.197 £ 0.011fm

.z = —0.098 + 0.017fm

Torok et al. 2009



B Summary

» scattering lengths calculated to one loop in
SU(3) — xPT: very slow convergence of the chiral
series.(without third order contact terms)

» within the #N,7=, #X and =« A sector constraints on the
LECs to NLO are calculated.

» novel low-energy theorems in the pion-hyperon sector
are derived.



