Updated study of meson-baryon dynamics with

strangeness —1 in a chiral framework

Zhi-Hui Guo

Hebei Normal University

The Seventh International Symposium on
Chiral Symmetry in Hadrons and Nuclei (Chiral13)

27-30 October, 2013, Beijing, China

Zhi-Hui Guo (Hebei Normal University), Chirall3 Meson-baryon dynamics with s = —1 in a chiral framework



© Background and motivation
@ Theoretical formalism

©® Phenomenological discussions
@ Summary

Zhi-Hui Guo (Hebei Normal University), Chirall3 Meson-baryon dynamics with s = —1 in a chiral framework



Background and motivation
Interests in S-wave meson-baryon scattering with strangeness -1:

@ A(1405): a baryon resonance below KN threshold, two-pole
structure, ......

@ Status of experiments on the energy shift and width of the 1s
kaonic hydrogen state: KEK, DEAR and SIDDHARTA

M

7 r
r AE — iz = =20 117 3k
= [1+20pu (1—Ina)ak-,)],
pr = mpMy— /(My— + mp),
- ay -, the scattering length
» am @ [Meissner,Raha,Rusetsky, '04EPJC]

@ Controversial and active study for K-nuclear systems: KN
scattering below threshold is crucial

@ Provide important ingredients for strangeness photoproduction
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Theoretical formalism:

Chiral Perturbation Theory plus unitarity
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Baryon Chiral Perturbation Theory
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Relevant Feynman diagrams

a b c d

Figure: Meson-baryon scattering amplitudes (Vj;) up to next-to-leading order:
vertexes in (a)(b)(c) are from L1 and vertexes in (d) are from L».

Partial wave projection
We focus on the S-wave meson-baryon scattering:

1
TiW = v8) = 5~ [ dQVy(W.9,03,02).

Vjj stand for the meson-baryon (¢B); — (¢B); scattering amplitudes,
with the labels i,j = 1,2,3,...,10 corresponding to the ten different
channels: 7°A (1), 7°Z° (2), 7= X+ (3), 7t X~ (4), K~ p (5), K°n (6),
A (7), n° (8), KO=° (9) and K*=— (10).
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Unitarity in partial wave amplitudes

e Crucial for KN scattering: breakdown of the perturbative
treatment of chiral amplitudes, e.g. appearance of A(1405)

@ Starting point: unitarity condition of a partial wave

Im T;(s) = ZkT,-kpk Ti = ImT N (s) = —pi(s)d, s> sm

with p; = g9z = \/[s—(m+/\qz_)27]r[ss_(m_M)2]-

@ Dispersion relation for 71

s-plane TU._l(s) = N,-j_l(S)
s _s—s [ p(s") ,
1 +4ij [a (s0) - /sm & =95 —=) ds
(m+l‘\/IIz 2 4
gi(s)
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g(s) function corresponds to two-point loop function and
dimensional regularization leads to
2

-1 _—1
16m°g(s) = asi(u)+ log % — x4 log X — x_ log X ,

X4 X_—

2 2
- 1

and subtraction constants ag; will be fitted to data.

Xty =

@ Unitarized partial wave amplitude

[Oller, Oset, PRD'99]

T(s) = [N"Y(s) +&(s)] " = [I + N(s) - &(s)] " - N(s)
Through the chiral expansion and matching with perturbative
xPT amplitudes, one can obtain

Ny = —,—1)(PT7 Ny = T2XPT,
Ny = T3XPT + T1><PT - g(s) - T1><PT’ ......
N=N;+Ny+ N3+ ---
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Phenomenological discussions
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Data included in our fits:
@ Cross sections at low energy:
Kp— K p,KonatL— n= Lt 70%2°% 7OA, nA

—

1 gl

ol(6B): — ($B)] = 35— 21| Tiomr oo
@ Ratios at threshold
oK p—=atET) R — o(K~ p — charged particles)

T o(K-p—omXt) N o(K—p — all) ’
a(K~=p — 7OA)

Ry, = .
"7 (K~ p — all neutral states)

o SIDDHARTA measurements on the width (I') and energy shift
(AE) of kaonic hydrogen state

e X event distribution from the process K~ p — X 1(1660)7~

o K—p — m7m%%0: total cross section and 7% event
distribution

e 7A phase difference between P- and S-wave at the m=—:
o Next-to-leading order fits of o, af, , my, ma, ms, m=
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Two sources of uncertainties are investigated carefully, which are
overlooked in previous works:

@ Employ a common decay constant f for 7w, K, 7n: Fit-l,
[Kaiser,Siegel, Weise, 95],[Magas,Oset,Ramos, '05],[Oller,Meissner,'01]
[Borasoy,Nissler,Weise,'05'06],[Garcia-Recio, et al.,’03]
or distinguish the values of f, fk, f,: Fit-ll
[Nieves,Ruiz Arriola,’01],[Ikeda,Hyodo,Weise, 11'12],[Mai,Meissner, 13]

@ Influence of different strategies to define the x? in the fit:
Standard definition for x?

1 L

Dok Nk — np —

[Oller,Meissner,'01],[Jido, et al.,'03],[Oller,"06]
Weight-averaged x?

2 _ 2
Xd.o.f = Xk

2
B P
© L (32 i — np) 1 Tk 7 P Ok
[Garcia-Recio, et al.,'03],[Borasoy,Nissler,Weise, 05 06]
[Ikeda,Hyodo,Weise,'11'12],[Mai,Meissner,'13]
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Figure: Energy shift and width of kaon hydrogen 1s state. IHW: [lkeda,
Hyodo and Weise, '11'12], MM: [Mai and Meissner,'13], CS: [Cieply and
Smejkal,'12]
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Scattering lengths (fm)

This work: [Guo, Oller, "13PRC]
ak-p = (—0.697918) + 1 (0.947711)

Comparison with other recent determinations:

[lkeda, Hyodo, Weise, '12NPA|:
ak-p = (—0.707313) + i (0.897319)

[Mai, Meissner, '13NPA]:
ak-p = (—0.687917) +7(0.907573)
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KN scattering amplitudes in subthreshold region
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Figure: Real and imaginary parts of F(v/s) = TK*%\E(@.

Fit-1: a common decay constant; Fit-ll: £, fx, f,.

our results indicate the systematic uncertainty
(caused by higher chiral order effects) affecting such extrapolation
is larger than the statistical one.

[Guo, Oller, '13PR(]
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Baryon resonance poles and their couplings

B8, Residues

T:; = —1lim i : !
s—sp 8§ — +«— Pole Position = ( My—iT /2 )2

Physical Riemann Shet

2SRIASSHIAS 1.66 1.74 1.81 GeV
: L : L3 : L3 : I | 2
A | X | KN nA 1]'2 K=

Different R Sheets

2RS 3RS 4RS SRS 6RS  7RS
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Baryon resonances: A(1670) and ¥'s

Pole |Bral |1Brslo||1Brsl1|1Bxsl2||Brplo|1Brnl1] 1Bnal | 1Bnsl | 1Bk=lo | 18k=11
A(1670)
167473 — 876 (4RS)  |0.07G,9(0.87%%10.07%% [0.07% % |1.57%% 0.074% [1.57%20.074% (108743 | 017G
+3 117 +0.0 +0.4 +0.0 +0.0 +0.4 +0.0 +0.5 +0.0 +0.3 +0.0
1674%% — i1177 (5RS) |0.07%90.94%%10.0189 [0.074C |1.67%%0.04% 9 [1.7485 [0.074C [11.1743 | 0.179C
ri=1
164673, — 1160775 (4RS)[3.17%410.079 13.070410.07%,2 10.07G,9 [2.97%4 10.074 % |7.97 %, | 0.0%%G | 6.41%4
+48 ; +27 +0.5 +0.0 +0.9 +0.0 +0.0 +0.4 +0.0 +1.1 +0.0 +2.4
1878748 — 116012, (6RS) [1.07%5,10.075,%5.874%10.01%% 10.0% % [3.77%4 [0.07%G [3.975 L | 0174 161124

Table: Resonances from Fit I.
Seems not preferred by the CLAS collaboration [Moriya, et.al., PRC'13 |

Pole |Brnl |1Brslo||Brsl1|1Bxxl2|1Brplo|1Brnl1] 1Bnal | 1Bysl | 1Bk=lo | 18k=11
A(1670)
15 _ .45 0.0 | g+0.1 | 040.0 | g 0.0 |7 £+0.4 [ 140.0 |1 g+0.2 | ¢ 140.0 +0.1 | g 1+0.0
167623 - :772 (4RS) 0.0700_00 0.9700_11 0.07(%) 0.07(?_00 1.57(?_44 0.1700_00 1.6700_22 0.1700_00 10.07(?_21 0.1700_(?
5 _ 111+ +0. +0. +0. +0. +0. +0. +0. +0. +0. +0.
167715 — i117% (5RS) |0.07%% |0.84%% [0.1769 [0.074C |1.67%% |0.14%9 [1.8782 (0174 |10.5742 | 0179
si=1

+3 i 3315 +0.1 +0.0 +0.1 +0.0 +0.0 +0.5 +0.0 +0.5 +0.0 +0.2
137613 — 13375 (3RS) [2.01%7 10.07%8 10.17% % [0.074C |0.17GC 12.17G5, 001G % 140145 1 001G | 6.3752
1414+23 _ I-12+12 (3RS) 1.9+0.1 0.3+0.1 1.0+0'2 0.0+0,0 0.4+%21 2.5+0.3 0.2+0.1 3.3+0,4 0.1+0A0 3.3+0A3

—0.1 —0.1 —0.1 —0.0 —0.4 —0.1 —0.4 —0.0 —0.3

+18 P +9 +0.1 +0.0 +0.2 +0.0 +0.0 +0.1 +0.0 +0.3 +0.0 +0.2

168675 - ,101738 (5RS) 0'27?'11 °'°7§>-§ 3.57[?.12 0'075"00 0.07(%] 3'57?'11 0.07[%) 3.97(?,23 0.17(%, 10.97003,2
+ 94+ +0. +0. +0. +0. +0. +0. +0. +0. +0. +0.

1741712 — i9a*3, (6RS) [1.174 7 |0.079C 2,370 |0.01G |0.01% G [2.81%7 [0.07%8 137742 0174 | 7.01G3

Table: Resonances from Fit II.
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Pole |Banl |1Brxlo||Brsl1||Bxsl2|1Brylo|1Brnl1] 18aal | [Bnsl |1Bk=lo||8k=1
A(1405)
114 qoei24 40.0 | a+0.9 | 0+0.0 | 040.0 |7 7+1.3 |0 0+0.1 |1 440.4 [ 0+0.1 |5 140.8 | +0.0
1436_12 - :126_728 (3RS) 0.0_(?_00 8.8_10_; 0.0_00_(? 0.0_(?_00 7.7_10_27 0.0_00_00 1.4_00_43 0.0_(?_00 2.1_(9_77 0.0_00_00
+ i oat +0. +1. +0. +0. 41 +0. +0. +0. +0. +0.
1417, — 2477 (3RS) [0.170% [5.07550.17% G |0.01% G [7.7752 017G | 147G 4 001G G 15757 (019G
Table: A(1405) from Fit I.
Pole [Branl |1Brxlo||Brsl1||Bxsl2|1Brnlo|1Brnl1] 18aal | [Busl| |1Bk=lo||1Bk=1
A(1405)
19 iiat24 0.0 [g 110.8 |9 0400 [ 0+0.0 |6 1411 [ 140.0 |5 5+0.6 [ 9+0.0 |1 ¢+0.2 | 1+0.0
1388_93— :114_825 (3RS) 0.0_00'10 8.2_10_55 0.0_00_(§J 0.0_00_00 6.1_10_26 0.1_00_10 2.2_00_53 0.0_00_20 1.9_(?_41 0.1_00_10
+ t19+ +0. +1. +0. +0. +1. +0. +0. +0. +0. +0.
142173 — 71978 (3RS) |0.2F%% |4.24%5 10.2709 10.074C |6.2752 |0.31% 2 [2.870% [0.47G2 0.77% % |0.41G L

Table: A(1405) from Fit II.

Conclusion: re-confirmation of the double pole structure of
A(1405). The narrower one is robust, while the broader one is kind
of model-dependent. Fit Il seems preferred.

Meson-baryon dynamics with —1 in a chiral framework
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Further investigation about the two poles of A(1405):

4 146

RV (Gev) ™ () Re[/s] (GeV) ()

ol e
136 138 14

Figure: Contour plot for the modulus of the elastic / = 0 KN amplitude
(blue dashed) and X amplitude (red solid) S-waves for Fit | [left] and
Fit Il [right].

[Guo, Oller, '13PRC(]
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Very preliminary results on 73 photoproduction

Our formalism reads [Guo, Oller, in preparation|

F1=0 =\ T7/=0
Tposkraoxo = 1T " |gnsny + (2 + R2) T rx s

T’yp—>K+7r+Z* =n T'= |KN—>7rZ + (f2 + lfz) \Trz—m:
+(rs+ iB) T s s + (ra + i72) T = i Nsms
+(I’5 + /FS)T - ’7r/\—>7rz y

Tpsktnts- =N T/=0 ’KN—MrZ +(n+iR)T! \wzﬁwz
~(rs + iB) T oy sry — (12 + T) T' Y g nss

—(rs + %) T' = xnsms

with T = D=1 = [1+ N(W) - g(W?)]
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Figure: Preliminary results on 7929 photoproduction. Data are taken
from [Moriya, et.al,, PRC'13 |
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Figure: Preliminary results on 77X~ photoproduction
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Summary and Outlook

@ This is a UxPT study of meson-baryon dynamics with
strangeness -1 in S-wave up to next-to-leading order.

@ Scattering data, including the recent and precise
measurements from Crystal Ball Collaboration, and new
results on the kanoic hydrogen from SIDDHARTA are
considered. They are consistent.

@ Two sources of uncertainties are carefully investigated:

@ A common decay constant or distinguishing between f., fx, f,
@ Two different ways to define x? in the fit

@ Large uncertainties of K~ p scattering amplitudes in
subthreshold region are observed. One possible way to
improve is to carry out next-to-next-to-leading order study.

@ Relevant baryon resonance poles and their couplings are
calculated: A(1405), A(1670) and various X’s.

@ Photoproduction study is on the way!
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