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N(1440) 1/2+ snoes
N(1520) 3/2= ek
N(1535) 1/2= wwe
1 A total of 27 N" are listed in PDG 2018. N(1650) 1/2- #exx
N(1675) 5/2= vk
N(1680) 5/2+ ek
N(1700) 3/2=
N(1710) 1/2+ xwe
N(1720) 3/2+ ek
N(1860) 5/2+ **
N(1875) 3/2= =
N(1880) 172+
N(1895) 1/2= wkx
N(1900) 3/2+ e
N(1990) 7/2+ **
N(2000) 5/2+ **
N(2040) 3/2+ *
N(2060) 5/2= ***
N(2100) 172+ **=
N(2120) 3/2= ***
N(2190) 7/2= ****
N(2220) 972+ *w
N(2250) 9/2= ****
N(2300) 1/2+ **
N(2570) 5/2= **
N(2600) 11727 ***
N@2700) 1312+ 3

Nucleon resonances in Particle Data Group (PDG 2018)



: HaPhy, Oct., Sangho Kim
Introduction 19-20, 2018 _(PKNU)

Nucleon resonances in Particle Data Group (PDG 2018) f’: :ﬁg; ;t
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m is firstly predicted by the chiral-quark soliton model in 1997 N(I710) 172+ *xes
and listed in PDG. N(1720) 3/2+ sohox
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Nucleon resonances in Particle Data Group (PDG 2018)
A A total of 27 N™ are listed in PDG 2018.

J N(1685,1/2%)
m is firstly predicted by the chiral-quark soliton model in 1997
and listed in PDG.

» has a narrow width (I'=30MeV) and contains a hidden strangeness.

m is excluded several years ago since
the evidence of its existence is likely to be poor.

. However, theoretical interpretations on its existence
are still not in consensus.
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N(1440) 172+ sxx
N(1520) 3/2=  swdokx
N(15335) 1/2—  #xkx

. Pseudoscalar-Meson photoproduction

= provides useful information for identifying N(1650) 172~ »wsx
N(1685,1/2%), especially nN & KA phtoproduction, N(675) 512~ e
since their thresholds are below 1685 MeV. ::E:?ﬁg; 2:3
(MNwm = 1490, KAn = 1610, [MeV]) N(IT10) 1/2+ weie

N(1720) 3/2+ e
N(1860) 5/2+ **
N(1875) 3/2=
N(1880) 1/2+
N(1895) 1/2=
N(1900) 3/2+ e
N(1990) 7/2+ **
N(2000) 5/2+ **
N(2040) 3/2+ *
N(2060) 5/2- ***
N(2100) 1/2+ ***
N(2120) 3/2~ ***
N(2190) 7/2~ *¥**
N(2220) 9/2+ *xx
N(2250) 972 ***
N(2300) 1/2+ **
N(2570) 5/2= **
N(2600) 11/2- ***
N(2700) 13/2+ ** 4
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. Pseudoscalar-Meson photoproduction

= provides useful information for identifying
N(1685,1/2%), especially NN & KA phtoproduction,
since their thresholds are below 1685 MeV.
(NNt = 1490, KAmn = 1610, [MeV])

1 We can include a number of N™ in the s-channel diagram.

Y K",
/

/
— > "Fh—
n n.n" A

d Other possibility for investigating N(1685,1/2%)
would be N and ntA channels.

1 KX channel is not useful since its W 1s almost 1685 MeV.
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Total cross section
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1 No peak (or structure) near W=1685 MeV for reactions off the proton.
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Total cross section
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1 The finding that the narrow bump-like structure is only clearly seen in
N photoproduction off the neutron is coined neutron anomaly. 5
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first exp.al (CLAS [PrRC.96.065201(2017)])
& theoretical studies last year
including ours [PLB.786.156(2018)]

1 The finding that the narrow bump-like structure is only clearly seen in

N photoproduction off the neutron is coined neutron anomaly.
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®m Multi-channel framework (rescattering effect)

> ANL-Osaka, Bonn-Gatchina, Giessen, Juelich, Shyam & Scholten & Usov

m Single-channel framework
m [sobar model (effective hadronic Lagrangians)
> Williams-Cotanch-Ji, Mart, Kaon-MAID, Skoupil-Bydzovsky

m Regge-plus-Resonance model
= Ghent group: RPR-2007, RPR-2011
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®m Multi-channel framework (rescattering effect)

> ANL-Osaka, Bonn-Gatchina, Giessen, Juelich, Shyam & Scholten & Usov

m Single-channel framework
m [sobar model (effective hadronic Lagrangians)
> Williams-Cotanch-Ji, Mart, Kaon-MAID, Skoupil-Bydzovsky

m Regge-plus-Resonance model
= Ghent group: RPR-2007, RPR-2011

. Our approach 1s similar to the RPR model but avoids a complex fitting
procedure. We construct the relation between “the coupling constants” of
effective Lagrangians and “the partial decay widths” that can be obtained
by PDG or hadron models. Thus model parameters are much reduced.



Theoretical Framework

Regge-plus-Resonance model

. preserves unitarity.

Single particle exchange
in the t-channel of spin J
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Theoretical Framework

Regge-plus-Resonance model

Invariant amplitude: |MR<e (background)| + MResonance

J interpolates between the low and high momentum transfer regions.
1 Regge propagators (P**&) in a gauge invariant manner

egoe Regge Regoe
et = (Mg + My) (1 = ME)PEEE + My (1 = My )P

1 d’PR@g-rgﬁ:_ 5 K E{I’K l 1 Guidal,
I—Mi» K So sin(zag) | e~ F(l+aK)’ NPA.627.645(1997)

t—M2. K S0 sin(zag+) | e 7% | I'(atg)

. Strong coupling constants
= SU3)r symmetry : -4.4 < grNa/dNw < -3.0
= Nijmegen potentials : -4.9 < gkNa/4Vm < -3.8
are constrained by the high energy region.
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Theoretical Framework

Regge-plus-Resonance model

Invariant amplitude: M®<e (background) +| pMResonance

1 PDG & missing resonances
4 Hadronic form factors: monopole, dipole, Gaussian
1 Rarita-Schwinger propagators (S(p)) for spin-3/2, -5/2, -7/2 N”’s

[PRD.60.61(1941), Behrends,PR.106.345(1957), Rushbrooke,PR.143.1345(1966), Chang,PR.161.1308(1967)]

( @ ﬁJ} e T 0 H\]/ﬂtl R‘ﬂ L T U: o™ Rﬂﬁlg---“s — U:
gﬂlﬂgﬁﬂlng = (.
S(p) = - IA(J ) Z Ral.._ﬁfﬁl"' — Aiﬂill'_'_'_. (Aaﬁ: spin projection operator)
- spins
q 1 1 2
AVB) = —gf 4 200y o — par .
0(2) = —ga + 3707 +5M(r:0 pay”) + 3szp

8,8, /5 L8 8, B,n8
ABE(3) = 5 (ohhe: + 02260

2 Y

1 3. A a f : i
- |" l'l' 2 - Ile |'j2 Iﬁz |'j1 Ill.fj) lljz Iﬁr lljl
) 59&1&.29 10 (Falr Hﬂ"z T F“lr 9“2 T r”"z [ 19“1 T F”":! [ 290"1

1

AP B2 (1) =
¥ O, 0%, gt’tﬁ = — (gc:zﬁ- — —prxpﬁ) re — ( I}pfx)
Oh,JKPS.59.3344(2011) M e 9

172773

b =1
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Tree-diagrams
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.h I,f}. ot
n(p1) n(po)
t channel
(k1) K ”(kg)
L\’\,\’\/ _ e -
n(p1) A(p2)

Tree-diagrams

Yyn—11n

n,

n n.n n

s channel

vyn— K°A

n n,n* A

n

The structures of interaction
Lagrangians are the same.

T T

u channel Change
particles &

couplings.

\/

1 K exchange is excluded because of charge.
[ Other higher strange mesons are excluded because of their

small photocouplings, e.g., Br(K*(1410) — Koy) < 2.2 x 10™,

10
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Theoretical Framework

1. Background contributions Effective hadronic Lagrangians

v(k1) K'(k,)

T . Electromagnetic interactions
; ;’*“ Lykks = Gy P 3 Ay (0 K5 K° + K 0 K3"),
g q _ ek
n(p1) A(p2) Lynn=—N [EN}'” ZMN Ouy 8”] A¥N,
t channel
eK a
L = 2 Aoy, 0" ARA,
Y K, PART oMy
/ EULEA o v
L = Yo, ,d"A* A 4+ H.c.,
/ YIA M LV +
/
- . { . .
> > > Strong interactions
n n A &
s channel Lrsnn = — s ;;r[ A _ _KK*NA ﬁa”] K** 4+ H.c
K*NA SK*NAN | Yu My + My CH .C.,

n ill,‘k-l, E” 1.'1
u channel

LNy = Yﬂyﬁyﬁya“KJrH,c,,

My +M

form factor: Fs(¢?)

Pz
AL + (¢ — MB)*

11
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Theoretical Framework

2. Resonance contributions Effective hadronic Lagrangians
f}.r B’n /
/ Electromagnetic interactions
f{ 1/2% ehy o v *
f Cion- = o VI Toud” AN" + Hee.,
- - / 1 i
> » > 3ot (S R—— iho S -
n nt A LN = —l€ IQMNNFP — (QMN)EBUNF F* N, +H.c.,
52 | M jrE it grs|gepmne He
+NN (2MN) (2MN) L _ pox N
l-1:‘|: — Ts ) l—1:‘|: — (’TU’TE ) T',"IE:E . h-]_ 1 lh-g 1+ a a8 v *
(I.:Lx-i ’ v Y ‘ETNN* = 1c (QMN)BNPU o (QMN)cla“Nr 970 F* N#Ezﬁ—l_H'c'
Strong interactions
+ - =
L2 = —igkan«KATEN* + He.,
Gaussian form factor:
L2, = SKAN GuR ATFN® 4 H.c
2 _ A2 )2 KAN* — M I L.
2y (Q‘s L N*) K
FN*(QS) — CXpP 4§ — A4
N* + 1
L2, = BN gy R ATENY,, + He.,
MK
+
AB= AN=0.9 GeV £z = gﬁ‘” 93V 0% KATFN?, 0 + H.C..

‘ 12
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2. Resonance contributions

ﬂ'}.r R"” f
/
/
> [,
n n* A

Oh,Ko,Nakayama,
PRC.77.045204(2008)

A can be taken from PDG.

“Transition magnetic moments” hi, h> &
“Helicity amplitudes” A

1 27 + 1
JSMy Mgk, 4

X / d cos quﬁe_i(m_}‘)édim (0)ky, Ay, AN

1+ efi [kyMRg
{ Aip(3) = :Fsz’ My

e«/ﬁ

Ax(j) =

—iM | jm)

Al{i!z i MR |:£—I— 41{42 Mp(Mpg F MN)]

3+ E«/Z_’ kMR
420 = w0 i LT ]

k, [ & 5
Alﬁ!z )_ 4«/_1'*1; My Ma |:f1 4M2MR(MR:|:MN)]

<A iy k, My
a(37) = 4J§M2 My Lﬂ 4MN ]

13



HaPhy, Oct., Sangho Kim
19-20, 2018 (PKNU

Theoretical Framework

2. Resonance contributions “Strong coupling constants” gkAN' &
~ K, “Decay amplitudes” G(¢)
{*’ (K@) A(=G,mp)| — iHine|[N*(0, mj))
— . 2 _ .
‘f m;+my =m; — 477 My EZ{EmE%mfum;m&mﬁ(q)c(z)
n n* A bme
1+P\ _ [IGI(EAF Myp) /1 9P
S.H.Kim, Oh, G( 5 )—]F\/ A7 Mye  SKAN® for N*(1/2%),
in preparation
3—P g3 (Ex + M "
G( )=:I:\/|Q|(A A) EKAN for N*(3/2P).
£
54 P 5(E M
G( + )=3F qI°(EA F A)gfmw or N*(5/2P),
L+ . 1 q 2 3UHMN* K
I'(z7 = KA )_4T My —— g ne(Ere £ My),
3 9 7—P q17(Ex £ M) gxane
_ 1 ¢ ¢%pene (}(—) =:|:\/ for N*(T/ZP)
T o KAY) = KNN (B My, . 3 *
G 2 R =, g P T ) 2 70m M K
1 ¢

Qfm N*
Eyne £+ M
30m My ML (Ea £ M),

LE* = KA*) =

- ' k 1
G({) can be taken from quark model predictions. 82;1:;;21;;1 [}_%1_1(?72012]((1)358) 14
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Theoretical Framework

“Transition magnetic moments” hi, h> &

EM (‘ynn") interactions S :
“Helicity amplitudes” A

Yyn— 1n vyn— K°A

State Rating Width [MeV]| A, Az 2 hi ho
N(1520,3/2° )| ¥ 100-120 (110)| ~ —50 ~ 1156 __ —0.77 —0.62
N(1535,1/27)|| **** 125-175 (140)| ~ —75 —0.53 -
N(1650,1/27)|| *** 100-150 (125)| ~ —10 0.063 -
N(1675,5/27)|| **** 130-160 (145)| —60+5 —85+10 488  5.45
N(1680,5/2%) || #** 100-135 (120)| ~30  ~ —35 - .
N(1700,3/2°)|[ ¥ 100-300 (200)] 25 =10 —32+18  —1.43 164
N(1710,1/2%) || **%  80-200 (140) |—40 + 20 0.24
N(1720,3/27)|| **** 150-400 (250)|-80 £ 50 —140+65 150 1.6l
N(1860,5/2F)|| ** 300 21+13 34417 028  1.09
N(1875,3/27) | *** 120-250 (200)| 10+£6 -20+15 —0.55  0.54
N(1880,1/27)|[ ¥ 200-400 (300)|—60 + 50 030 .-
N(1895,1/27)|| **** 80-200 (120) | 13+ 6 - 0.067 .-
N(1900,3/27) || ** 100-320 (200)| 0£30 —60=+45 0.29 —0.56
N(2000,5/27)|| ** 300 18412 —35+20 —047 —0.56
N(2120,3/27)|| *** 260-360 (300)| 110+45 40+30  —1.71 2.4l
N(1685,1/27) 30 ~0.315 [41

A 2018 edition d Auis taken from PDG.
of PDG
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Strong interactions

“Strong coupling constants” gkAN' &
“Decay amplitudes” G(¢)

yn— nn
State G()  gynn+ |[Unesogn/Un+ (%] |ggnn+| |gnnw+(final)

N(1520,3/27)|| 0.4729 —830| 007-009 523—649] —523
N(1535,1/27)|| 81408 2.05 30-55  1.58—2.14| 210
N(1650,1/27)|| =244+ 1.6 —0.43 15-35  0.76—1.16] —0.80
N(1675.5/27)|[—2.5 £ 0.2 —2.50 <1 <0.90 —0.90
N(1680,5/27) || 0.6+0.1 —2.98 <1 < 4.07 247
N(1700,3/27)||-0.2+0.1 0.38 seen 0.38
N(1710,1/2%)|| 57403 —423|  10-50  2.93—6.55| —4.00
N(1720,3/27)|| 5.7+£03 2.08 1-5 0.43— 450  1.00
N(1860,5/24)|| 1.94+0.8 —2.84 2_6 247427  —247
N(1875.3/27)|| 40402 —3.58 <1 < 0.89 —0.80
N(1880,1/27) 5 — 55 2.02-6.69]  2.00
N(1895,1/27) 15-40  0.60—0.99]  0.60
N(1900,3/2+) 214 0.33—087|  0.33
N(2000,5/24)|| 1.9+ 08 —1.57 <4 <0.90 —0.50
N(2120,3/27)|| 4.0+£02 —1.91 ~1.91
N(1685,1/27) 1.4

d G(?) 1s taken from quark model predictions [Capstick,PRD.58.074011(1998)].
d Br(N" — nn) is taken from PDG.
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Strong interactions

“Strong coupling constants” gkAN' &
“Decay amplitudes” G(¢)

vyn— K°A
Sta,te G(f) GKAN* FN* _}Kﬁ/l—lN* [%] |gKﬁN* | GEKAN* (ﬁna,l)
N(1650,1/27)[] —-3.3+£1.0 -0.78 5—15 0.59 —1.02| —0.78
N(1675,5/27)|| 044+03  1.23 1.23
N(1680,5/27)|| ~0.14+0.1 —2.84 —2.84
N(1700,3/27)|| —0.4+0.3 2.34 2.34
N(1710,1/29)|| 47+37 —7.49 5—25 42-94 —4.2
N(1720,3/2%)|| —3.2+1.8 —1.80 4-5 1.8 2.0 ~1.1
N(1860,5/27)|| —0.54+=0.3 1.40 seen 1.40
N(1875,3/27)|| ~1.7+£1.0 —2.47 seen —2.47
N(1880,1/2%) 12 — 28 45 —6.4 3.0
N(1895,1/27)|| 23+27 0.34 13 —23 0.58 — 0.77 0.34
N(1900,3/27) 2 — 20 0.53 — 1.7 0.6
N(1990,7/27)|| ~1.54+24 0.61 0.61
N(2000,5/2%)|| —0.5+0.3 0.61 0.61
N(2060,5/27) ||~ —2.2+1.0 —0.52 seen —0.52
N(2120,3/27)|| ~1.74+1.0 —1.05 —1.05
N(2190,7/27)|] =~ —1.1 0.67 0.67
N(1685,1/27) —-0.9

d G(?) 1s taken from quark model predictions [Capstick,PRD.58.074011(1998)].
d Br(N® — KA) is taken from PDG.
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yn— mn Total Cross Section A2
[PRC.90.0 15205(201 4)]
T T T T T T T T T T T T | T T T T T T 1{]_ T T T T T T T T T T T T T T T T T T T T T T |_
e A2 ] - . .
10+ , — — — background — B
Lo == sum of N*
— total B ;2
N(1520)
—_ N(1535)
-g ~ ~ N(1710)
= 1H| - - N1T20)
et N(1880)
- N(1900)
Ml | — N(1683)
i ,._ total
0.1t

(1 Background contributions reach only the level of 30% compared to

the total result at high energies.

(1 Among a total of 16 N's, the A2 data is reproduced mainly by
the predominant N(1535,1/27), and N(1685,1/2*) and N(1710,1/2%).
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\ Results-1

yn— mn Beam-Target Asymmetry A2
[PRL.117.132502(2016)]

(Beam, Target, Recoil)
P J(r,—l—z,[]) o J(r,—z,[]) B Jlf? o JBKE
— J(r1—|—z,[]) _|_J(T‘,—z.ﬁ) R Jlf? +Jﬁf2
/ n
S ] v(B) — n(T)
- — —— background 7 i -
o sumlcrfN' - /
i tota 1
S ¥ S ¥ S ¥ R K n(R) TX
W [GeV]
7

(4 Background contribution is not suflicient to describe the A2 data.
([ The inclusion of N's pulls down E and it finally reaches zero at W = 1.9 GeV
revealing some bump structure near W = 1.68 GeV.
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Yn— nNn Helicity-Dependent Cross Sections A2
PRL.117.132502(2016
o172 =00(l + E), 0372 =00(1 — E) [ (2016)]
——— ——— ———— ST T T 1 L B L L
I [ ] : i d A2 7
20[ S ﬁkgrcrund - [ ~ - - background
i == sum of N* ] 4 = = sumof N* -
I —— total i total ]
15 ]
ID: or _
E Ll + » i
ok #ﬂﬁ-_.‘| ______ |&_._'.-_ﬁ-|_ﬁ.__H_ﬁ|_ o il L
15 1.6 1.7 1.8 19 1.8 1.9
W [GeV]

A N°s with spin J = 1/2 (J = 3/2) contribute to o172 (03/2).
N"s with spin “J = 1/2” & “J = 3/2” are all separately well described.
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Yn— nNn Helicity-Dependent Cross Sections A2
PRL.117.132502(2016
O1/2 = ao(1+ F), 03/2 = ao(l — F) [ ( )
e — T T
[ . ] - * A2 -
20} - ﬁkgrcrund s [ - - - background
i .=+ = gum of N* 41 == sumof N*
i —— total i total ]
15h 1 —sf -
) T ‘
bgm:_ _ t::gz_ .
® . i
s 1} 'ﬂr ++,++_\,
N Rt ik vt I VS s O VIR L L it
L5 1.6 1.7 1.8 1.9 1.8 1.9
W [GeV]

A N°s with spin J = 1/2 (J = 3/2) contribute to o172 (03/2).
N"s with spin “J = 1/2” & “J = 3/2” are all separately well described.

d Background term interferes constructively [destructively]
with N(1535,1/27) [N(1685,1/2%) & N(1710,1/2%)].

4 N(1520,3/27), N(1720,3/2%), and N(1900,3/2%) are
also necessary although their contributions are small. 20
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Results-1 Yy C, pang
| 19-20, 2018 (PKNU
do do
vyn— 1nn Beam Asymmetry QL T a9
== dg , do
dQ L A
.I. T I T T T I T T T T ]_ T T T T | T T T T T T T T |
- —— W =1.50 GeV background ] F —— W=150GeV total
------ W = 1.60 GeV i W= 1.60 GeV
-—— W=1.70 GeV T ——— W=1.70GeV
| - = W=180GeV R | - — W=1.80GeV
’.“' - N -
0.5f PR M 0.5 =
- J.‘.-—'::.-—" 1
- :I’#’ !
pﬁ_ __,.",_:.‘:"‘-" 1 ﬁ e ——— T T e ERR T
,_..__--..'-"-3:'"'-" - k /.r” :-.-:.'.'_--,-_-.:4__'__'; =~
0 TS L Eal ] 0\ — - T e
- 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
057 0.5 0 0.5 1 037 0.5 0 0.5 1
cos0 cos0

1 When N” are included, the changes are dramatic.
d 2y gets diminished and the magnitudes of 2y becomes overall equal or less than 0.2.

d Future exp.al measurements (Zy & other polarization observables)
will become a touchstone to judge which interpretation will turn out right.
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vn— K°A| Total Cross Section

3-{) [ | T T T | T T T | T T T | T T T | B
= CLASgl3 -
2.5 o CLASgl0 -
S K" Reggeon
200 e
=t :
= 1.5 -
b -
1LOF
osr [ -
: I i
0.0 1.6 1.8 2.2 24

1 Only rotating phase 1s acceptable.
1 Main contribution comes from
1/2+, 1/2-, 3/2* N" resonances.

o [ub]

2.0

CLAS

[PRC.96.065201(2017)]

1.5h

1.0}

T | T T T |
—————— N(1650, 1/27)
MN(1675,5/27)

mimme N(ITI0, 1229
e NU1T720, 3024
------ N(1880, 1/2%)
=== N(1900, 3/2%)
N(1990, 7721
N(2120,327%
MN(1685, 12%
----- sum of N*
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| Results-2 19-20,2018 _(PKNU
vn— K°A| Total Cross Section CLAS
[PRC.96.065201(2017)]
3.{)_ T T T I T T T I T T T I T T T I 2.{]_ I T T I T T T I T T T I T T T I
e N(1650, 1/27)
s CLASg13
2.5F . mﬁsgm - SR EE%?E?E*;.
L K’ Reggeon 1.5+ - N(I720,3/2%) |
- == gsumof N° ' — e N(1880, 1/2%)
2.0 total - N e - N(1900,3/2%)
o - B Vo
ESN - E0f E NS, 129
b r E o ;,.H ',t_. ----- sum of N* b
Lof I ! :
{;.5__ 0.5 ;; ﬁ.ﬁ"«u\ TN . N(1—685,1/2+)
| : ________ E fl B \-\"\.
006" 8 2 22 2.4 6 55 3
W [GeV]
J Only rotating phase is acceptable. @ 1
[ Main contribution comes from 2 R 1”2 12
+
1/2*, 1/2-, 3/2* N* resonances. A V2 32
. 1}
Bonn-Gachina,
PRC.96.055202 (2017)
0.5}
no evidence Lot - k} SN
LA .. PR e T T T e LI PO
of N(1685,1/2%) 0 1800 2000 2200 29
M(yn) (MeV)
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1

=
Ln

—g_(}.S ™

- | |
r=n = — .

?EBE" el T LG

2 0 ; ; : :

3 E, =2.05GeV |

(=) .

=

l

4/

(1 The inclusion of N(1685,1/2*) helps to improve the results near threshold.

Results-2
vn— K°A| Differential Cross Sections (vs cos0) CLAS
et [PRC.96.065201(2017)]
15k E, =097GeV } E, =1.05GeV ] E,=1.15GeV | Ey = 1.25GeV |
osb  |1UTTeT Mhaligeet T T eI o T TR T T e e - K* Reggeon
N et AT (et LAt R sum of N*
' total

w.0. N(1685,1/2%)
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vn— K°Al Differential Cross Sections (vs W)

15F

13'+.-,
05k

D:-: + + + 1

-0.7 < cosB < -0.6 j

-0.6 < cosB < -0.5 |

-0.5 < cosB < 0.4 ]

o
h
T

[ub]

0
CM

o
h
T

do/dcos8
—_ = i

=
Lh
1

e T e e =

" —,

—_— D

0.6 <cosB < 0.7 _

. e

0.7 <cosB < 0.8 ]

CLAS

[PRC.96.065201(2017)]

————— K* Reggeon

------- sum of N*
total

,,,,,,,,,,,,,,,, w.0. N(1685,1/2+)

[ Destructive effects (Dip structures) between N(1685,1/2%) & other N's
begin to appear at the corresponding pole position as cosO increases. 24
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\ Results-2

vyn— KA Differential Cross Sections (vs W) CLAS
. . [PRC.96.065201(2017)]

: -0.7 < cosB < -0.6 -0.6 < cosB < -0.5 -0.5<cosB <04
1E | [9 + - ]
05f + | + ' LA ] .
; ' e | - K" Reggeon
R S A S I UL JUME A e e IEERE sum of N*
g total
ost '/~  p e P TN w.0. N(1685,1/2*)
= of
i i
-2 1f
X9 |
205} .
3 clear evidence
5 OF = = Jof N(1685,1/2%)
1 -
05}
ﬁi': : p et SRS
1t 0.6<cos8<07 £ -\ 0.7 <cosB<0.8 ]
i -«

[ Destructive effects (Dip structures) between N(1685,1/2%) & other N's
begin to appear at the corresponding pole position as cosO increases. 24
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Sangho Kim
(PKNU)

Summary

<& yn — nn & yn — KA are studied using

an effective Lagrangian approach combining with a Regge model.
& p- & K'-Reggeon trajectories are dominant background contributions, respectively.
<& N(1685,1/2%) 1s crucial to reproduce the FOREST & CLAS data,

respectively, near threshold.

Future work:

<> Improve our results by ¥ fittings (MINUIT) with CLAS collaboration.
<> Polarization observables will be also calculated.
<> Vector meson (p,w,p) photo- & electro-production off the nucleon and nuclei(“He,...)
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m V= (¢, J/Y)
S L Y K-
7 L"\,\'\’ -
Y a
Apt, mt A K
- L > > .
D n | | P G |
6 . I L B T T )
52 ] :r:tn S5F .
i A p 3- 4-_ ‘. _
4t ©,(1670) l R (2500)]
= | p3(1690) 1L . ]
\_8,3__ 157 K5(2320) ;
S g ]
2 3(1670) E 2; :
[ 2* [ K'(892) .
1 ] 1F ‘ §
I[}.:...:""-(lls'.g‘.:'.ﬂ.Jr|...|...|... . .: 0: -'.'..“liq‘}g‘.ﬂ...|...|...|...|...|."
1 2 3 4 5 6 0 1 2 3 4 5 6 7
t = M? [GeV?] t = M2 [GeV?]
a(M?) =] ,
an(t) = 0.7(t— M2) (M) Chew-Frautschi plots
a,(t) = 0.55+0.8t, ak(t) = 0.7(t — Mg)
a,(t) = 0.44 + 0.9t ag-(t) = 0.2540.83t.



a(t) categorizes hadrons with the same internal quantum numbers,
M and J are the mass and the spin of related hadrons.

T 7 s
5L oo A [
- A p A
4t ©,(1670)
OR! Pﬂjy S
EXI. E:
1 5
21 0(782) 75(1670) -
_ o
1F ] 1p
Olg PU3NOT
1 2 3 4 5 6
t = M? [GeV?]
a(M?)
ar(t) 0.7(t — M?3),

ap(t)
av,(t)

0.55 + 0.8¢,
0.44 + 0.9¢.

s

KA

L - N
" Ky(2500),

a < .
< K,(2320)

0 1

2 3 4 5 6 1
t =M?[GeV?)

Chew-Frautschi plots

ﬂcﬁ{f) =
Q'K*(t) =

0.7(t — M3,)
0.25 + 0.83t.
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