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@ Low-energy QCD with strange quarks:
Chiral SU(3) Effective Field Theory + Coupled Channels

@ KN threshold physics and kaonic hydrogen

@ New next-to-leading-order (NLO) analysis with
constraints from SIDDHARTA measurements

@ New determination of K - N scattering lengths
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1.

LOW-ENERGY QCD
with
STRANGE QUARKS
and
SPONTANEOUSLY BROKEN
CHIRAL SYMMETRY

@ ... realized as an EFFECTIVE FIELD THEORY

with SU(3) octet of pseudoscalar Nambu-Goldstone bosons
coupled to the baryon octet
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Spontaneously Broken
CHIRAL SU(3);, x SU(3)g SYMMETRY

@ Low-Energy QCD with Nf = 3 MASSLESS QUARKS v = (u,d, s)’
A

e Axial Vector Current: Al (x) = (x) v s gaib(if)

e NAMBU - GOLDSTONE BOSONS:
Pseudoscalar SU(3) meson octet

{Qba} — {777 K, K7778}

@ Non-zero quark masses: PCAC m? = —mg, (! )+ O(m?])

e ORDER PARAMETERS: DECAY CONSTANTS
10[AL (0)|@p(p)" = 10ap P Ty

f —92.4+0.3 MeV

wial T p fixk =110.0 = 0.9 MeV
current” o f, =120.1 + 4.6 MeV
14 (f = 86.2 MeV chiral Iimit)J
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CHIRAL SU(3) EFFECTIVE FIELD THEORY

@ Interacting systems of NAMBU-GOLDSTONE BOSONS
(pions, kaons) coupled to BARYONS

Leff — [fmesons(q)) + LB((I)1 \PB)

@ Leading DERIVATIVE couplings (involving 90" ®)
determined by spontaneously broken CHIRAL SYMMETRY

higher orders
3 + ) + K + .. with additional
B d P B & B low-energy constants

@ Low-Energy Expansion: CHIRAL PERTURBATION THEORY

p energy / momentum
Y

4, 1 GeV

@ works well for low-energy pion-pion and pion-nucleon interactions

“small parameter”:

B ..but NOT for systems with strangeness S = —1 (KN, 7X, ))
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Low-Energy K N Interactions |

@ Chiral Perturbation Theory NOT applicable: A(1405) just below K'p threshold

> (1385) A (1405)
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Irn Mass Spectrum

Non-perturbative
Coupled Channels
approach based on

Chiral SU(3) Dynamich

N. Kaiser, P Siegel, W.W. (1995)
E. Oset, A. Ramos (1998)
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CHIRAL SU(3) COUPLED CHANNELS DYNAMICS l

Ty = Kij + ) Kin Gn Ty

@ Leading s-wave | = 0 meson-baryon interactions (Tomozawa-VVeinberg)
Note: ENERGY DEPENDENCE characteristic of Nambu-Goldstone Bosons

|1! = |[KN,I = 0!

K.’ N 7T0,‘ >
’o.‘. 3 “0‘ 2
. K11:—2(\/§—MN) R K22:_2(\/§_ME)
’0" 2 fK ‘0“ f7T
K" N m* )
O driving interactions individually strong enough to produce

» KN bound state

B 73 resonance J

e strong

channel coupling
12 — 21 :

7T )y
—1 3 Ms. + Mn
Ko — b _
e 127 9f fx 2(\@ 2 )
4 K- N




The TWO POLES scenario

A(1405)

dominantly

N

dominantly
P>
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Re[z] 4% 1380
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D.Jido et al., Nucl. Phys. A725 (2003) 18|
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CHIRAL SU(3) COUPLED CHANNELS DYNAMICS

(contd.)
T, L . i e, ”"’"“
//.\\= //.\gz ' G, Ty = Ky + Z Kin Gn Th;j
T Kij 7 Kin T'n; n

@ channels: K p, K%, »°%° 7" 27, 773", n°A, A, nX°, K'27, K" E°

@ loop integrals (with meson-baryon Green functions)
using dimensional regularization:

G(q?) / d?p l
7l ( — \ 9 . 9 9 .
! J (2m)4[(qg — p)? — M} + i€][p?> — m3 + i€

@ finite parts including subtraction constants a(u) :

y 1 5 m M?
G(q°) = alp) + —< ¢ |In ( ) + In ( ”) — 2
32m4q*° 112 f1*
2 \/ . 2 cm
) — (\\/ ([ |qtu, (ut(lllll( d |q) | 2) }

(mg + Mp)? — ¢
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CHIRAL SU(3) COUPLED CHANNELS DYNAMICS:
- NLO hierarchy of driving terms -

N /7
N 7
N 7 /ﬂeading order (Weinberg-Tomozawa) terms
> 1input: physical pion and kaon decay constants
direct and crossed Born terms \ L~ _
input: axial vector constants AN 7 S~ -7
D and F from hyperon beta decays \N Y \/\/\’
———b—— ————0—b—
ga=D+ F =1.26
F

£y'7 =Tr @(w%{um BY) + 5 (BY"3s[u,. BD)

B /(next -to-leading order (NLO) (9( 2)
- ' - mput 7 low-energy constants P
Ly'" :bDTl"<B{X+> B}) + bFTr(B[X+, B]) +boTr(BB)Tr(x+)
+ ler(B{u“, (20, B]}) + dgTr(B[u“, 2, B]])
+ d3Tr(Bu,)Tr(u" B) + dyTr(BB) Tr(u*u,,),

N
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2.
KN
THRESHOLD
and

LOW-ENERGY
OBSERVABLES

y

e Kaonic hydrogen

@ Threshold branching ratios

e Low-energy scattering data

Technische Universitat Miinchen



NEWS from SIDDHARTA l

@ Kaonic hydrogen precision data M.Bazzietal. arXiv:|105.3090 [nucl-ex]
X102_' UL L L L L L L . . . .
S @ K-p Ka 1 @ strong interaction shift and width:
o115 _]
%1 oE "t _ AE = 283 4+ 36 (stat)+ 6 (syst) eV
o .
° i ] ' = 541 + 89 (stat)+ 22 (syst) eV
0.5 =
i!' Al
T xi il l,f,,,,l ’ .
of | i e @ theory: leading order
[ A ' A R B. Borasoy, R. Nissler, W.WV. R. Ni:;:sler
;x10  (b) Hy drogeh | Elur.IPh)l's.Jl. A,25|(2(,)05|) 7,9 B PIhD thIeS|ls (2|00|8)
> 12f E y [
< f | 1 | WT
*"g’ 10 Kaonic hydrogen . 800
S Kaj Kb §ShStions —
8 ' 7T % 600-
i ' L
T 4004

' ' ' ' — T T T T T T T
l(I)O 1%0 2(|)0 2%0 300 350 400 450
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UPDATED ANALYSIS of K p THRESHOLD PHYSICS

Y. lkeda, T. Hyodo, W.W. (201 1)

@ Chiral SU(3) coupled-channels dynamics
Weinberg-Tomozawa + Born terms + NLO

kaonic hydrogen shift & width theory (NLO) exp.
AE (eV) 306 283 + 36 + 6
I' (eV) 591 541 + 89 + 22

threshold branching ratios

'K p—ntX)

K- p o n 5 2.36 2.36 £0.04
K p—rtyE ,n~X¥) 0.66 0.66 + 0.01
I'(K—p — all inelastic channels) '
I'(K™p —n°A) 0.19 0.19 + 0.02
I'(K—p — neutral states)

scattering length (fm) Re a(K p)=-0.65+0.10 Ima (K p)=0.81+0.12

fit achieved with x*/d.o.f ~ 1.0
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UPDATED ANALYSIS of K p THRESHOLD PHYSICS

Y. lkeda, T. Hyodo, W.W. (201 1)

@ Non-trivial result:
best fit prefers physical values of decay constants:

f, (MeV) 118.82
@ NLO parameters are small:

by (GeV' 1) —0.04787¢
bp (GeV' 1) 0.0047648
br (GeV' 1) 0.040119
d, (GeV' 1) 0.086461
dy (GeV' 1) —0.10623
ds (GeV' 1) 0.092194
dy (GeV' 1) 0.063991

@ Weinberg-Tomozawa terms dominant
@ Born terms significant @ NLO: fine-tuning correction
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UPDATED ANALYSIS of K p LOW-ENERGY CROSS SECTIONS
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UPDATED ANALYSIS of K p LOW-ENERGY CROSS SECTIONS
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K ' p SCATTERING AMPLITUDE

@ threshold region and subthreshold extrapolation
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(Re a(KpD (Im a(K' p)

@ complex scattering length (including Coulomb corrections)

Re a(K " p)=-0.65+0.10 fm Im a(K p) =0.81+0.12 fm)
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SUMMARY

@ New
consistent analysis of KN threshold physics and scattering data
based on chiral SU(3) effective Lagrangian at next-to-leading order

@ Substantial
improvements through constraints provided by SIDDHARTA
kaonic hydrogen measurements

@ New
more precise evaluation of scattering lengths (~15 % accuracy)

a(K"p)=-0.65+0.81i [fm]
a(K"n)=044+0.73i [fm)] J
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