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Ø Selected PhD work under supervision of Prof. Zhang

Ø Work collaborated with Prof. Zhang after PhD

Ø Recent independent work



Selected PhD work under supervision of 
Prof. Z.Y. Zhang

4

Part I
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Constituent quark model
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Ø NPQCD effect is important In light quark systems, but difficult to be exactly solved.
Ø QCD-inspired models are still needed; CQM is one of the most successful ones.
Ø Gell-Mann and Zweig model (1964): successful in hadron classification
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Lack of medium & long range NN
attraction

Lack of medium range NN attraction;
tensor force too strong

Ø Interactions introduced ⟹ magnetic
moments, spectrum, scattering data

OK for NN interaction & N* spectrum



Ø Nucleon level: Gell-Mann & Lévy, Nuovo Cimento 16, 53 (1960)
Quark level: Fernández, Valcarce, Straub, & Faessler, J. Phys. G 19, 2013 (1993)

Ø Lagrangian of SU(2) linear " model:

Ø # is invariant under chiral SU(2) transformation:

Ø Spontaneous symmetry breaking:

Ø None-zero current quark mass ⟹ obvious symmetry breaking ⟹ physical $+

SU(2) linear ! model
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Ø Extend the chiral quark model from SU(2) to SU(3):
Zhang, Faessler, Straub, & Glozman, Nucl. Phys. A 578, 573 (1994)
Zhang, Yu, Shen, Dai, Faessler, & Straub, Nucl. Phys. A 625, 59 (1997)

Ø # is invariant under chiral SU(3) transformation:

Ø Spontaneous symmetry breaking ⟹ U2,U1!

Ø Obvious symmetry breaking ⟹ U0!

Chiral SU(3) quark model
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Ø Hamiltonian

Ø Wave functions

Ø Single baryon: [7 = \A7 ] \A7
Ø Baryon-Baryon system: ^\A77 ]− [ \A77 = V (RGM equation)

Framework of the model
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Chiral SU(3) QM

Ext. chiral SU(3) QM

A7 = AH;I aJ, a+ bK2 S89

A77 = AH;I aJ, a+ AH;I aK, aL c d bM2 S89

AH;I aJ, a+ = UN&e
2
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bK2 S89 , bM2 S89 : irrelevanti+ = K/(Ue)



Ø Input parameters:
$, = &'& MeV, $- = ()* MeV, +, = *. - fm [SU(3)] or 0.45 fm [Ex. SU(3)]

Ø Adjustable parameter: $.
Ø Other parameters fixed by physical constraints:

Ø Chiral field coupling:

Ø OGE couplings: >, fixed by ($/ −$0)
>- fixed by ($1 −$2)

Ø Confinement parameters: !!"#$%& = −(%!' ⋅ %"')((!")!"( + (!") )
@,,, @,-, @-- fixed by BC0,2,4/B+ = *
@,,5 , @,-5 , @--5 fixed by C0,C1,C4 +C6

Parameters
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NN phase shifts
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3S11S0

1P1 3P0

3P1 3P2

1F3 3F2

3F3 3G3

1D2 3D1

3D2 3D2

Zhang, Yu, Shen, Dai, Faessler, & Straub, Nucl. Phys. A 625, 59 (1997)



NY cross sections
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Zhang, Yu, Shen, Dai, Faessler, & Straub, Nucl. Phys. A 625, 59 (1997)

Lｐ ® Lｐ

S–ｐ ® Lｎ S–ｐ ® S0ｎ

S–ｐ ® S–ｐ S+ｐ ® S+ｐ 



"!($%&')
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Theoretical prediction in chiral soliton
model:
D. Diakonov et al., Z. Phys. A 359 (1997) 305
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Our work on "!($%&')
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F. Huang, Z.Y. Zhang, Y.W. Yu, and B.S. Zou, Phys. Lett. B 586 (2004) 69

T=0, JP=1/2- is the lowest one; 250 MeV higher than MQ; 1/4
KN component.
High mass & large width in our chiral quark model!



CLAS negative evidence of "!($%&')
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B. McKinnon et al. (CLAS), Phys. Rev. Lett. 96 (2006) 212001



KN scattering
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F. Huang, Z.Y. Zhang, and Y.W. Yu, Phys. Rev. C 70 (2004) 044004
F. Huang and Z.Y. Zhang, Phys. Rev. C 70 (2004) 064004

Motivations: Is there KN resonance state? 
Does our model work for KN?

P13 D15

Results: No KN bound or resonance state;
Overall description is satisfactory.



Work collaborated with Prof. 
Z.Y. Zhang after PhD
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Part II



)"*+ − -#*.
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W.L. Wang, F. Huang, Z.Y. Zhang, and B.S. Zou, Phys. Rev. C 84 (2011) 015203



LHCb results in 2019
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Slide of Tomasz Skwarnicki, Moriond QCD, Mar 26, 2019

.((012(): 9 MeV below 4)56 threshold



/∗(012') from COSY
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WASA-at-COSY, PRL 106 (2011) 242302

t-channel ΔΔt-channel Roper-N

systematic 
uncertainties

Γ ≈ 70 MeV

I(Jp) = 0(3+)

M ≈ 2380 MeV

d*(2380)



Evidence from 34 scattering

!
d p→np+pspectator M = (2380±10) – i (40±5)

WASA-at-COSY & SAID DAC, PRL 112 (2014) 202301
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Colored lines: new fits with inclusion of new data (red symbols)



Experiments @ ELPH, MAMI
FOREST-at-ELPH, PLB 772 (2017) 398
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! !!" "" "!

- - - W/o d*(2380)
Fix & Arenhovel,  EPJA25(2005)115

systematic uncertainties

----- With d*(2380)

q=90
°

A2-at-MAMI, PRL 124 (2020) 132001

-・-・- .*+ fit without d*(2380)

------- .*+ fit with d*(2380) ------- .*, fit with d*(2380)

-・-・- .*, fit without d*(2380)



Unusual narrow width of d*

ΔΔ
d*

ΔNπ

NNππ

NN1878

2154

2309
2380

2464

Γd* ≈ 70 MeV
< 1/3 × 2ΓΔ

Md* ≈ 2380 MeV
≈ 2MΔ – 84 MeV
> MΔNπ
> MNNππ
> MNN
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ΓΔ ≈ 115 MeV



Overview of theoretical investigations

24

1960 1970 1980 1990 2000 2010 2020

0

−60

−120

−180

−240

−320

Dyson 64 Jaffe 77

Swart 78

Oka 80 Mulders 82

Thomas 83

Maltman 85

Goldman 89

Wang 95

Yuan 99

H. Huang 14

Gal 14

Ping 01

Ping 09

Valcarce 05

Year

Bi
nd

in
g 

en
er

gy
 (M

eV
)

COSY 09

COSY 11

Chen 15
F. Huang 14, 15 Shi 19

Ping 23

HAL QCD 20



Prediction by Yuan et al. in 1999
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X. Q. Yuan, Z. Y. Zhang, Y. W. Yu, & P. N. Shen, Phys. Rev. C 60, 045203 (1999).

l Binding energy: 40 ~ 80 MeV
l CC: 10 ~ 20 MeV increase in binding energy

30-60 40-80



Results in chiral SU(3) QM, revisited
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l F. Huang, Z.Y. Zhang, P.N. Shen, W.L. Wang, Chin. Phys. C 39 (2015) 071001

l F. Huang, P.N. Shen, Y.B. Dong, Z.Y. Zhang, Sci. China-Phys. Mech. Astron. 59 (2016) 622002

l Y.B. Dong, P.N. Shen, F. Huang, Z.Y. Zhang, Phys. Rev. C 91 (2015) 064002

l Y.B. Dong, F. Huang, P.N. Shen, Z.Y. Zhang, Phys. Rev. C 94 (2015) 014003

l Y.B. Dong, F. Huang, P.N. Shen, Z.Y. Zhang, Phys. Lett. B 769 (2017) 223

l Y.B. Dong, F. Huang, P.N. Shen, Z.Y. Zhang, Phys. Rev. D 96 (2017) 094001

l Y.B. Dong, F. Huang, P.N. Shen, Z.Y. Zhang, Chin. Phys. C 41 (2017) 101001

Structures & wave functions

Decay widths & charge distributions



Calculated d* mass and wave functions
Without CC: BE ≈ 29 − 62 MeV

With CC: BE ≈ 47 − 84 MeV
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Partial decay widths
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Theor. (MeV) Expt. (MeV)

16.8 16.7

9.2 10.2

20.6 21.8

9.6 8.7

3.5 4.4

3.5 4.4

8.7 8.7

0.67 < 6.7

Total 72.6 74.9

Y.B. Dong, P.N. Shen, F. Huang, Z.Y. Zhang, PRC 91 (2015) 064002
Y.B. Dong, F. Huang, P.N. Shen, Z.Y. Zhang, PRC 94 (2015) 014003; PLB 769 (2017) 223 

d* → dπ +π −

d* → dπ 0π 0

d* → pnπ +π −

d* → pnπ 0π 0

d* → ppπ 0π −

d* → nnπ 0π +

	 d
* → pn
d* → nnπ 0π +



Recent independent work
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Part III



New developments in Chiral QM

30

Nucleon-nucleon interaction in a chiral SU(3) quark model revisited, 
F. Huang and W.L. Wang, Phys. Rev. D 98, 074018 (2018)

Ø NN interaction: OGE is important for short-range repulsion
→ A credible determination of gu & gs is essential

Ø Earlier studies: size parameter b predetermined

Ø Problem: why different baryons have same sizes?

Ø Consequence: non-physical channels might be needed to change the internal
wave functions of the single baryons
→ Be careful in explaining the structure of bound BB states

27 = 3 + !#$%& + !89: + !#*
2; −2, ⟹ ++ 24 −2< ⟹ +=



Single baryon masses
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linear confinement quadratic confinement

F. Huang and W.L. Wang, Phys. Rev. D 98, 074018 (2018)

l Sizes of octet baryons are close
l Sizes of decuplet baryons are

close
l Sizes of decuplet baryons are

distinct from those of octet
baryons

l When same sizes are used, be
careful if decuplet baryon is
involved



NN interaction revisited
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F. Huang and W.L. Wang, Phys. Rev. D 98, 074018 (2018)



New RGM formula & N5 interaction
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6∗7 & 67∗ production reactions
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PDG (2024)

l Most F∗ & H∗ come from IF,JF →
JF,JH,FL,MN,MO

l No F∗ or H∗ information on M∗P & MP∗

l M∗P & MP∗: suitable to study F∗ & H∗
with higher masses



Research method
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Step 1: tree level                    Q&' = R&'
Step 2: K*Y& KY* intermediate channels

Q&' = R&' +S()∗,(∗)
TR&+U+Q+'

Step 3: all channels

Q&' = R&' +STR&+U+Q+'

Q&' = R&' +STR&+U+Q+'

done

underway; meson-beam data
needed

long future plan



Effective Lagrangian approach

36

% = %! +%" +%# +%$%!

l t channel: V, M, M∗

l u channel: N, O, N∗, O∗

l s channel: F, H, F∗, H∗

SU(3) relations & decay widths used to fix couplings.
Others left as fit parameters.
Resonance: Introduce F∗’s & H∗’s as few as possible.
Gauge invariance strictly reserved.



6)($12%) production reactions
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A.C. Wang et al., PRD 101 (2020) 074025; 105 (2022) 034017 

l Combined analysis of
IW → M,O-('&X-)
IY → M,O.('&X-)
J,W → M,O,('&X-)

l All data are considered
l H 'Z&* -/[. needed
l Photoproduction: H 'Z&* -/[.

(M & \ from PDG), interaction
current, and K dominate

l J,W reaction: N dominates,
H 'Z&* -/[. considerable

67 → &P'5(,-./)

Contact term

K

! "#$% &/("



6)($12%) production reactions
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A.C. Wang et al., PRD 101 (2020) 074025; 105 (2022) 034017 

2Pm → 4PH5(Knop) Cq → 4PH,(Knop)

Cq → 4PH,(Knop)

Cq → 4PH,(Knop)

Contact term

K

! "#$% &/("

) ! "#$% &/("



6-($&'%) photoproduction
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Y. Zhang and F. Huang, PRC 103 (2021) 025207 

!(4222) ⁄/ 4P

&

!

l Low energy:  F [*** -/[, + F
l High Energy:  M

67 → &P%(,12/)



6∗- photoproduction
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A.C. Wang et al., PRC 96 (2017) 035206; N.C. Wei et al., PRC 101 (2020) 014003; 
N.C. Wei et al., CPC 46 (2022) 023106  

l Combined analysis of all data for both IW → M∗,N & IY → M∗-N
l F [*]* -/[. & F [*** -/[, needed
l IY reaction: M dominates, resonances significant

6: → &∗5%



6∗- photoproduction

41

A.C. Wang et al., PRC 96 (2017) 035206; 
N.C. Wei et al., PRC 101 (2020) 014003. 

Cm → 4∗Pr

l IW reaction: M & resonances both are
important



6∗- photoproduction
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Cm → 4∗Pr Cm → 4∗PrCm → 4∗Pr



6!-($%0') photoproduction
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l All data are well described

l One of the F [*]* -/[. and
F ['[* &/[. is needed

l Background: C/01 & M

l Fit A: F [*]* -/[. dominate
Fit B: F ['[* &/[. small

*((%,%) ./#$% *(("(%) ./#$%

N.C. Wei, Y. Zhang, F. Huang, and D.M. Li, PRD 103 (2021) 034007  



6∗) photoproduction
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A.C. Wang, W.L. Wang, & F. Huang, PRC 98 (2018) 045209;  
A.C. Wang et al., in preparation

Cm → 4∗PH5

Cm → 4∗5HP
#(,;2/) ⁄/ 4P

#

'

Model I:  ^('Z*-) ⁄- [,, ^, ` dominate 



6∗) photoproduction
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Cm → 4∗PH5

Cm → 4∗5HP
#(,;2/) ⁄/ 4P

<

'

Model II:  ^('Z*-) ⁄- [,, V, `, M∗ dominate 

=∗

A.C. Wang, W.L. Wang, & F. Huang, PRC 98 (2018) 045209;  
A.C. Wang et al., in preparation



9 exchange in :4 → 6∗()!
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LEPS, PRL 108 (2012) 092001

With >

Without >

?- = 2. BC − (. EF GeV

“The measured parity spin asymmetry shows
that natural-parity exchange is dominant. This
result clearly indicates the need for t-channel
exchange of the c(oVV) scalar meson”

For t-channel meson exchanges, 

Q2: natural parity a = −' 3

Q4: unnatural parity a = −' 3,5

a6 = [b5.55 − b--5 = "2 − "4
"2 + "4

In the high energy limit at forward angles:

a6 → c−': M efghijke
': l efghijke

Spin-parity asymmetry:



9 exchange in :4 → 6∗()!
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Model I

Model II
LEPS 2012

?- = 2. BC − (. EF GeV
l Either with or without dominant m, LEPS a6

data can be well reproduced

l n~ [ − [. - GeV: s-channel exchanges also
contribute
a6 ∼ ': not necessarily caused by m

l At q7 ≈ X. - GeV, n~ ( GeV:
model with dominant V: a6 ∼ '
model without dominant V: small a6

l Data on a6 at high energies are needed to
confirm the role of m exchangeModel I: no Y

Model II: significant Y

A.C. Wang et al., in preparation



Summary
l Selected PhD work under supervision of Prof. Zhang

l Negative results for s '-(* [CLAS confirmed 2 years later]
l Successful description of KN data

l Work collaborated with Prof. Zhang after PhD
l Prediction of O8tu bound state in 2011 [LHCb confirmed in 2019]
l Understanding of the structure & decay of v∗([&X*)

l Recent independent work
l New developments in chiral SU(3) quark model

Consistent description of single baryon & baryon-baryon interaction
New formula for RGM equation with different sizes of two baryons

l M∗P & MP∗ production reactions
Systematic investigation, resonance information extracted
IW → M∗O: LEPS a6 data not sufficient to claim dominant V exchange
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