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Chiral dynamics
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Chiral symmetry

QCD Lagrangian:

eff l o - 1
£QCD — _ZG,U,VG(I + Z wf(fr)/ DH o mf)wf + 0(m2 )

f=u,d,s c,b,t
Written in left and right hand components:
1 1
dL,R = PL,Rw Pr = 5(1—’75)7131%: 5(14"75)
e _ _ _ _ 1
ﬁ@ng = Z L. s Dyqr.s + Qr i Duqr s — my (Grsqr,f + Qr,rdr,r)) — ZG

f

a Gp,u

ur - a
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Chiral symmetry  g(j(3); x SU(3);

7

Chiral transformation: ¢r — exp (—ié’i(l + ’}’5)5) qr, 4R — €Xp (—ié’i(l - ’}’5)%) qr
For the massless term,

qL.s V" Duqr,r + qr Y Dyqr, g
Chiral symmetry is maintained, however for the mass term,

my (qr,fqr,f + qr,f9L,f)

Chiral symmetry is broken!

U



Chiral dynamics 0 10)

SU(3)., x SU(3) _E— SU(3

Goldstone boson: & — LE R* & =exp(ipm/], m)

0 + +
=T+ =1 T K _
V2 V6 2 (0] zu |0) ,
D = o 57+ Jen K| Mz = (my, + md)E o2 Z—FO(mq)
P 20 - R i

Chiral Lagrangian for chiral quark model (NPB 234, 189(1984)) :
L=Yly,id" + V" 4+ ysA*) —mly + - -,
VE = %(58“‘5* +gfgrgy,  Ar = zii(éa“s* — £101¢),
§ =exp(igm/fm)
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Strong decay with chiral dynamics
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Strong decay within chiral quark model

light meson
p— light meson

quark quark

Light t,n,K mesons are considered

as point goldstones

Quark-meson coupling

L
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Hadron strong decays with chiral dynamics

Strong and radiative decays of the low-lying S- and P-wave singly heavy
baryons

Kai-Lei Wang (Hunan Normal U. and Hunan, LDQSQC), Ya-Xiong Yao (Hunan Normal U. and Hunan,
LDQSQCQ), Xian-Hui Zhong (Hunan Normal U. and Hunan, LDQSQC), Qiang Zhao (Hunan Normal U. and
Beijing, GUCAS and Beijing, Inst. High Energy Phys.) (Sep 13, 2017)

Published in: Phys.Rev.D 96 (2017) 11, 116016 ¢ e-Print: 1709.04268 [hep-ph]

pdf & DOI [4 cite @ reference search %) 128 citations

Charmed baryon strong decays in a chiral quark model

Xian-Hui Zhong (Beijing, Inst. High Energy Phys.), Qiang Zhao (Beijing, Inst. High Energy Phys. and Surrey
U.) (Nov, 2007)

Published in: Phys.Rev.D 77 (2008) 074008 « e-Print: 0711.4645 [hep-ph]

pdf ¢ DOI [4 cite FQ reference search  3) 127 citations

Strong decays of heavy-light mesons in a chiral quark model

Xian-hui Zhong (Beijing, Inst. High Energy Phys.), Qiang Zhao (Beijing, Inst. High Energy Phys. and Surrey
U.) (Mar, 2008)

Published in: Phys.Rev.D 78 (2008) 014029 « e-Print: 0803.2102 [hep-ph]

pdf ¢ DOI [ cite [Q reference search %) 112 citations

Strong decay properties
can be well understood
within chiral quark
model.

Most of the predictions
are consistent with the

observations.
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JP assignments for Qc(X) are consistent with LHC observations

LHCb (°21) has performed spin analysis based on distribution of helicity angle in the decay Q; — Q%™ followed by
Q0 - BXK-

Q.(3000)° Q.3050)°  Q.(3065)°  Q.(3090)°  ©.(3120)°
Agaev et al. 1/27 3/2- /2" 1/2% 3/2%

Aliow of 12 3/9- B Hypothesis of J=1/2, 1/2, 3/2, 3/2 is
B. Chen, X. Liu 1/2- 3/2- 5/2- 1/2- 3/2- rejected by 350
H. Chen et al. 1/2~ 1/2~ 1/27 or 1/27 3/2%
Cheng, Chiang 1/2~ 3/2~ 5/2~ 1/2% 3/2F . .
Faustov, Galkin 3/2- 5/2- 3/2- 1/2+ 3/2+ B Spin assignment of four observed
Huang et al. / / / / 1i2‘ peaks Is consistent with A-mode
Jia et dl. 1/2- 1/2- 3/2- 3/2~ 5/2° - : .
Karliner, Rosner : (i) 1/2— 1/2- 3/2- 3/2~ 5/2- excitations W|th J—l/Z, 3/2, 3/2, 5/2
(i) 3/2~ 3/2~ 5/2° 1/2+ 3/2+
Padmanath et al. 1/2~ 1/2~ 3/2- 3/2~ 5/2~
Santopinto et al. 1/2~ 3/2° 1/2~ 3/2° 5/2~ P 0 _ P 0 _
K Wang ol dl. °h 3 3 s 1 aae ] J (300007 =1/27, JU[0(3050)7] = 3/2
W. Wang, R.L. Zhu 7= /= 372 372 572 JP[Q.(3065)°] = 3/2™, JE[9.(3090)%] = 5/2~
7. Wang 1/2~ 1/27 3/2~ 3/27 5/2~
7. Wang et al. 1/2- 3/27 or 1/27F 3/2%
Yang, H. Chen 1/27 or 3/2~ 1/2— 3/27 3/27 5/2~
Z. Zhao et al.: (i) 1/2% 5/2F 3/2- 3/2° 5/2F From Hai-Yang Cheng’s report

(i) 3/2F 7/2F 5/2- 5/2~ 7/2+




JP=3/2+ for =c(3055) is consistent with the LHCb observation

k4

Run2, Zp — Z2**m~ chann

Best fit projections: J£:-(sss) = 3/2%

T I e e e e e e

ﬁs 1805_ ];I:CI:E_I Jets0s5) = 3/2° _E g H 120 .
% 160;— - —+ Data —E Z R arXIV.2409.0544O
= 140F — Total fit ERE g®

= 120F - " 3 E =

P 1005_ e Z3035) 3 2 E i

é 805— e 2 (3080)° _? j‘ % wF

S ok -+ Nonresonant 3 o os 1 20

= E 3 CL“Ij,l

5 wf 3

= 20F r , -

2 oh s ; > JE =3/2%,)¢f =5/2%, Jhg = 1/27 (S-wave) as default

Eh T T T T F:5(3055) — 1 JEF(3080) — *JNR ™

g 3000 3050 3100 3150

My [MeV/c?]

From Guanyue Wan's report
Theoretical interpretations of Z.(3055)

References Theoretical model J? of £.(3055)
Eur. Phys. J. A 37 (2008) 217-225 Faddeev method 5/2% (1D)
Phys. Rev. D 78 (2008) 056005 Regge phenomenology 5/2% (1D)
Phys. Rev. D 84 (2011) 014025 QCD-motivated relativistic quark model 3/2% (1D)
[ Phys. Rev. D 86 (2012) 034024 Chiral quark model 3/2* (1D) J
Eur. Phys. J A 82 (2015) 51 Relativistic flux tube model 3/2% (1D)
Phys. Rev. D 94 (2016) 114016 QCD sum rules within HQET 3/2% (1D)
Phys. Rev. D 96 (2017) 114003 3P0 model 1/2%(3(),3/21(6F) (2S)

Eur. Phys. J C 79 (2019)167 Hadron molecular state 1/27,3/27 (molecular)
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Mass spectrum with chiral dynamics



Potential model based on OGE: a widely used model

Spin-dependent potential of OGE:

Z\/mem +ZVW+C@3 [ m e m s s m e —m e — - = -
1<j | |
vy = - (Ai')\j){' B (Sz"Sj)}, '
V _ VCOnf + VOGE I z 2 T2 Smimj I
Y ’ | L35 m)(S5 0 r) |
(051 T N
VT g )\1’ »Y tJ ig) Sz . S. I
, : 1] 4 ( ) mzmj 3 { Tz'_j .7}7 I
3
Conf __ ——(X. -\ \h..r.. I ou I
v N Z 16 i )bty T A 1AV (Tij Xp;-Si  Tij XP;- 85 I
<] I 4 = T'ij dﬁj ng 2m32- I
VOGE — Z (VQoul + Vsd) | Tij X Pj- S; — Ti; X D;- SJ) |
1] ij ) — ,
i<j I mim; I
I I
on I
1/ Coul Z 2045 1 : yso(TP) _ Z _ iavz‘ac ! (""z‘j Xp;-8Si Tij XPp;- Sj) I
o ) ij - 3 . 2 2 .
i<j 3 T4 I i<j Tij a?"zg sz Qmj I



The role of chiral dynamics in mass spectrum

. . 5 L
Chiral Lagrangian: L, = ——; 10"y,
g g P \/ifM %’m%% OM
/ q > , > q
9 / 9 K N
(\q - > )q /) e ——— q g ‘ g q
/I — — .
H; = HNE 4 HBEC
C Y — Ve, Clo. . Clr. .
HNR — gz (go.j q+ ;DTMGJ 'PJ')F(‘IZ)IJ'QOM» VOBE(W) = Vi (?}3) + Vi (TIJ) + Vn (T’f».?)
F q
HRC = - 7 > Z[m%u(ﬁj q)
32H3 Vope(ri) = Vi (ry) + Vi (ri;) + V| (135),



Nucleon spectrum
H.H. Zhong et al., PRD 110, 116034 (2024)

2200 I ' I T T T
I N(2100), [ 1 1 I 1
! ! [ N(1990)! I [
2100 } V Neosoy YWD M\ : :
L 1. 2 1 1 1 1 1
1°P, 1 1'P5)pe 1 1 1 [ [
2000 | —“
| 1'D, ;- : 1°D; 5. :1—4])5”2+ : : : :
112
1900 | oo NP\ : |
9 i 2251;2* :2453;? ( T : : : !
é’ 1800 | N(1880), p— : ox ! ! N@700)
~— L 1 1 12D§;2+ 1 1 | 1
wn i [ 1 - 1 1 I I N(1675
2 1700 . I I I N(1650)114p, ,. I ( )
S i N(1710)1 N(1720)! N(1680)1 L,  — 52
E 1600 | 1 1 |1 Py | 1
B 1 I 1 I 1 1
L | 1 1 | | 1
1 1 [ 11%p, . 117P5 5 [
1500 | N(1440)1 : 1 1 ”%\1(1535): N(1520)!
L i 1 1 |
| 1 1 | | 1
1400 | 2°Sie : I ' : | :
L | 1 1 1 | 1
| 1
1300~ : I : : 1 :
| 17S,, N(©938)| : : ; : N Baryons.
900 1 1 1 1 1 1

JP= 12" 3/2" 5/2" 7/2% 1/2° 3/2" 5/2-



Mass inversion mechanism of N(1440)

1850
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[====== 1 — N(1440)1/2°
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The OBE (pion exchange) palys
a crucial role: the mass shift
down ~ 500 MeV.

For light quark systems, we
may need OGE+OBE! More
evidences need to be found.



Coupled channel effects with chiral dynamics
PRD 109, 116006 (2024)

C
/’—\\ (Ho HI) calA)
[ \
A > A H; H.)\ > pc [ csc(p)d’p|BC,p)
calA)
W) =)+ Y [ eacw)aplBCp). "\ SacSescl)dplBCp) )
BC
H:?—fOJrHCJrHI. M M AV
Potential model \ chiral dynamics
HJIVR:g [go-.q+%(a-.p-)]1-cpm, /°°|BC P|H1|A 2
; J Qﬂq A SVARY ReZ M= Ep) p-dpdQl,,
g
HFC = =5 [mk(o;-q)
32u2 £ / — Re / ® Maspc@) 5,
: Z (M — EBC -y



Heavy-light meson spectrum with coupled channel effects

3.0

; D D;(2760) !D;(zzGO)t_ Ds — Ay % E L.
B \] . ™ S *
%t [ D;(ZGOO) \\$\ P s [ k.I.l.-, D’ (2860) D;(2860)
S 26t i —f- x D,(2740) F R D ,(2536) o
. D (2420 i - F
S 2.4 py2ss0) ~;-1(-,!-- iy - D:i(2590) « 3% plasmy
. 0 " g, 2 - ¢ D_(2460
» 29 L x d D, D,(2317)
“ : B D* L 7727777] i :
> [ i W N .
20F p & s GI P=1879 [ =Re=n s GI P=9374
[ i ®  Quenched =335 [ ®  Quenched 1’=2750
1.8 N X Unquenched =114 N X Unquenched — 3°=364
- - B (6158)
6.2 hB HB TR N
[ T =« 9 | S - *
X o X o | B, ,(6109)
o 6.0 F 1 o *Fey 3
2 s : S B,(5721) B0 I « 8.8 -R-B5840)
= UL % B (5840) ™ s __,"__ --;---B;(5747) L e B, ,(5830) ]
. o RSSSS] R X
7] 3 X L
g 5.6 _- XB;(5732) xR _— B* [227277]
2 * NSSSSS Exp B B s NSSSSSY Exp
sal g B . @ o |5 R . £=1051
i = ®  Quenched =354 | —R-- ®  Quenched r=115
[ __.ﬂ__. x Unquenched 1’7 [ X Unquenched =84
5.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

’s, 3s, ‘p, P, P, °P, ’p, D,D, D, Is, s, ‘e, PP, ‘p, °p, D,D, °D,
JJ=0 1 0 1 2t 1 27 3 o 1 o 1 2 1 27 3

The spectra are largely improved by including coupled effects with chiral dynamics
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Production processes with chiral dynamics



Pseudoscalar meson photoproduction process: model

1 — .
Hm=§ — Y, Vo0 b

- 2 e; v, A"(k.r),

+ + —

MSS MES

% a%' =2 f—’” Gm( Q1) Y, Vs AH (k)
. . : J

M3” MEUI

Qiang Zhao et al, PRC 65, 065204 (2002)

FIG. 1. Tree level diagrams calculated in this model.



pion0 photoproduction within chiral quark model
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v" Can well explain the scattering

data in the resonance region.

v Can reasonably understand the

roles of the nucleon excitations.

v Less parameters

v" Quark level

Li—Ye Xiao, Xu Cao, XH, PRC 92,
035202 (2015)



Pseudoscalar meson-baryon scattering

K q
Kk g = Phe
\ ) 4 \-:{:'
P |V|3 P, P |V|3 P
S u
k q \\k q/
\ /’ ‘...\ el
\ / 'S

1 —
H,= ‘ _wjﬂylﬁﬂyzjlpjaﬂﬁbm:
J Jm
XH, Qiang Zhao et al,
PRC76, 065205 (2007)

PRC 88, 015208 (2013)
PRC94, 035202 (2016)



eta production with tN scattering within chiral quark model

s (mb)
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do/dQ (mb/sr)
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- = off n-pole
01} o n-p
— = off u-channel

- off S, (1535)
off S, (1650)
— — off D,,(1520)

v' Giving a clear picture for the
reaction process.

v" Can reasonably understand the
roles of the nucleon excitations.

v Less parameters

v" Quark level

Li—Ye Xiao et al, PRC 94, 035202
(2016)



»Chiral dynamics plays crucial roles in hadrons.

»Hadron masses, strong decays, scattering processes, ..., are
related to chiral dynamics

»More and further studies with chiral dynamics are carrying
out.
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