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nucleon resonance below 2 Gev

Table : Nucleon resonances below 2 Gev (Experimental parameters (exp) are from PDG).

Resonance Status JP Mg% MeV I3 MeV
N (1440) Hkkk it 1410-1470 250-450
N(1680) ok 3t 1665-1680 115-130
N(1710) Kook it 1680-1740 80-200
N(1720) ook 5+ 1680-1750 150-400
N(1860) ok gt 1800-1980 220-410
N(1880) ook it 1830-1930 200-400
N(1900) ook 3t 1890-1950 100-320
N(1990) o it 1950-2100 200-400
N(1520) ok 8- 1510-1520 100-120
N(1535) kK i 1525-1545 125-175
N(1650) Kook i~ 1645-1670 100-150
N(1675) ook 8- 1670-1680 130-160
N (1685) * 177 1665-1675 15-45
N(1700) ook E 1650-1750 100-300
N(1875) ook 8- 1820-1920 120-250
N(1895) ok i~ 1880-1910 80-200
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Introduction

e N(1685) was firstly reported in the photoproduction of 1 meson off the
quasi-free neutron. lts Breit-Wigner (BW) width is less than 30 MeV much
less than the lowest BW widths of other low-lying nucleon resonances. [Phys.
Lett. B 647: 23-29 (2007)]

o The one-star isospin 1/2 nucleon resonance N(1685) was introduced into
PDG since 2012 after the observation of a narrow enhancement at W ~ 1.68
in the yn — nn excitation function at GRAAL, CBELSA/TAPS, LNS, and
A2QMAMI.

e Though removed from the listings at 2016, the new date on the invariant
mass spectra of YN — wnN reactions from GRAAL still reveal the N(1685)
resonance.[JETP Letters 106: 693-699(2017)]

e The interpretation of the N (1685) is still an open question.
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Introduction

Roper Resonance N; /5. (1440): Current experimental status

The transverse helicity amplitudes for Roper-resonance electroproduction. Circles
-analysis of single-pion final states(Aznauryan et al., 2008, 2009); triangles - analysis of
ep — e,7r+7r_p/ (Mokeev et al., 2012, 2016); square- CLAS Collaboration result

~*p — N(1440)(Dugger et al., 2009); and triangle - global average of this value
(Patrignani et al., 2016).
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@ The sign change in the helicity amplitude as a function of Q? suggests a node in the
wave function and thus mainly a first radial excited state.
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Introduction

Ni /21 (1440), Nj - (1520) and Ny /o (1535)

In the traditional ¢* picture, the Roper N /5 (1440) usually gets a mass
~ 100 MeV above the N3/, (1520) and N;/5_(1535), but not 100 MeV
below it.

In the N3,5_(1520) decay modes, branching ratio of I'; i /T';o; is almost zero.

In the Ny/5_(1535) decay modes, the branching ratio of N(1535) — N7
process is as large as N(1535) — Nr.

In this work, Ny/2(1440) is supposed to be a ¢ first radial excitation;

N3/5_(1520) may contain a large ground-state (I = 0) non-strange
pentaquark component.

Ny /2 (1535) may contain a large ground-state (I = 0) uudss component.
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Hamiltonian and model parameters

Constituent quark model with cornell like potential

o Realistic Hamiltonian for a N-quark system:

H = Ho+HpgP,

N 5 N
D 3 Bi;

Ho = Y (my+ ) +Z(—§Af~>\f)(z4ijrij -

k=1 k i<j i
OGE ACNS
thp = —COGEZijUi'Ujv (1)
i<j ¢

o where A;; and B;; are mass dependent coupling parameters, taking the form,

My m
Aij=a |29 B=b | 2
j=a o j mi; (2)

o with m;; being thereduced mass of i*" and j!"quarks, defined as
2m;m;
mi+m;

mij = . Coge = Cpm?2, with m, being the constituent u quark

mass and C,,, a constant. A{ in the above equations are the generators of
color SU(3) group.

Physics (SUT) Hadron 2019 Aug 21, 2019 7/1



Hamiltonian and model parameters

Model parameters

@ The model parameters are determined by fitting the theoretical results to the
experimental data of the mass of the 8 baryon isospin states, namely,
N(938), A(1115), ¥°(1193), Z°(1315), A(1232), £*(1385), =*(1530), and
Q7 (1672).

o And the first radial excitation state N(1440) (Roper resonance) and a number of
orbital excitation [ = 1 and [ = 2 baryons. All these baryons are believed to be
mainly 3¢ states whose masses were taken from Particle Data Group.

@ The model parameters are predetermined as

My =ma = 350 MeV, m, =525 MeV,
Cm =18 MeV, a = 42000 MeV?, b= 0.72 (3)
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Hamiltonian and model parameters

Mass of excited low-lying ¢° states with the model parameters

For ¢* light baryon states in SU(3) flavor symmetry and do a quark mass correction for
strange quark.

Baryon PDG (MeV) M(Cal.) (MeV) Error (MeV)
Proton 938 940 2

A 1232 1228 4

A 1115 1133 18

% 1193 1165 -28

* 1385 1373 -12

= 1315 1340 25

=* 1530 1521 -9

Q 1672 1673 1
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Hamiltonian and model parameters

Resonance of nucleon with model parameters

States W(N, L") Status J PDG M(Cal.) (MeV)
N(56,28,0,01) Kk 1T 938 940
N(56,28,2,0%) ook it N(1440) 1449
N(70,28,2,0%) Kok it N(1710) 1571
N(70,18,2,07) ok gt N(1900) 1859
N(56,28,2,2%) ok 3+ N(1720) 1593
N(56,28,2,2%) ook gt N(1680) 1593
N(70,28,2,2%) - g+ missing 1637
N(70,28,2,2%) ok g+ N(1860) 1637
N(70,48,2,2%) kK it N(1880) 1925
N(70,48,2,2%) ok gt N(1900) 1925
N(70,48,2,2%) *k g+ N(2000) 1925
N(70,48,2,2%) *k T N(1990) 1925
N(70,28,1,17) ook 3- N(1535) 1345
N(70,28,1,17) ok i N(1520) 1345
N(70,%8,1,17) Hkkok i N(1650) 1633
N(70,48,1,17) *EHk 2" N(1700) 1633
N(70,48,1,17) *okk 3 N(1675) 1633
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Pentaquark spectrum

¢*@ pentaquark wave functions

@ The ground state pentaquark wave functions take the general form,
1
V3

@ Permutation groups are applied to work out the spin-flavor [31] configurations of q*
cluster of pentaquark, the wave functions are constructed systematically in the form
of Yamanouchi basis.

o c sf c sf c sf
U [w[s] (1/J[211]A1/)[31]p = Y211), Y31, + 1/1[211]##[31]”)]

[31]Fs
[31]rs[31]7[22]s [Bl]rs[31]7[31]s [3l]rs[31]r[4]s [31]rs[211]F[22]5

[Bl]rs[211]r[31]s  [31]rs[22]F[31]s [31]rs[4]F[31]s
@ The pentaquark spatial wave functions of various symmetries, which are derived in
the harmonic-oscillator interaction, are applied to the system with cornell-like
potential.[arXiv:1908.04972 (2019)]

Physics (SUT) Hadron 2019 Aug 21, 2019


http://www.sut.ac.th

Pentaquark spectrum

Mass of ground state pentaquark ¢*g

q*g Configurations Jr AM (¢*g)(MeV) M(q"g) (MeV)
v (@) 108 528, 240 2537, 2249
\I/[Sgl ” ]s(q‘lq) %_, g 0, 240 2009, 2249
U (6') 108 96, 24 2105, 2033
Vi 2215 (0D 2 0 2009
WFJQ]F[31]S(q4§) %*v % -336, 24 1673, 2033

@ We just choose ‘I’[22]F[31]s(q R

state to mix with Nj,,- (1520).

@ In our calculation one non-strange pentaquark with mass 1673 MeV, 1/27 in

pef

[Bl]Fs[22]F

[Bl]s(q‘lq) configuration was got, but where is this state?
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Pentaquark spectrum

Mass of ground state pentaquark ¢

¢*7 configurations JE AM (¢*g)(MeV) M(q"q) (MeV)
UE oy (4°59) 3.5 397, 221 2756, 2580
Ui s (459) 37,87 56, 183 2415, 2542
Vid s (4°55) 5.5 85, 51 2444, 2410
Vi pipags (4755 3 30 2389

Ui e (4°59) 10 3o -329, -117 2030, 2242
\I’[S211 1+[22]5 (¢°s5) i -195 2164
Ui s, (459) 17,8 227, -7 2132, 2352
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Discussions and Summary

Baryons masses assumption

o In the picture that baryons consist of the ¢° as well as ¢* G pentaquark component,
the wave function of baryons may take the form,

[¢h1) [ cosf —sind lg®) 4)
[1h2) “\ sinf  cosf lg*g) )’
where 6 is the mixing angle between ¢® and ¢* § components of the corresponding

states.
e ¢* N(70,1,17) states N3/5-(1520) and Ny o (1535) wave function can be
expressed in terms of ¢ component and the ¢* g pentaquark component,

IN3jp- (1520)) \ _ [ cosfr —sinf IN9 (1345))
< [N3/2-(1906)) > N ( sinf;  cosb; ) ( |N‘145(2033)> )’ ®)

INyjp-(1535)) \ [ cosfo —sinbs IN (1345))
( [Ny /5— (1890)) > - ( sinf  cosfs ) ( |Nq335(2030)> )v (6)

@ The mixing angles are 61 = 27.7° and 62 = 29.1°.
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Discussions and Summary

negative parity states below 2 Gev

Table : Nucleon resonances of negative parity in ¢° spectrum.

Resonance Status JP Me=P MeV M(Cal.) MeV
N(1520) okokok 3= 1510-1520 1345
N(1535) ook i 1525-1545 1345
N (1650) ok i 1645-1670 1633
N(1675) kkk 5- 1670-1680 1633
N (1685) * - -
N (1700) kk 3= 1650-1750 1633
N (1875) ek 3- 1820-1920 1906
N (1895) ok i 1880-1910 1890

® N/ (1875) and Ny /o (1895) could be expressed as the higher mixture state of ¢°
and ¢* G states corresponding to N3/5_(1520) and Ny/5_(1535).

@ We can't locate N(1685) in the ¢° negative party spectrum.
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Discussions and Summary

Discussion of N(1685)

@ The narrow N (1685) IS_juSt like three narrow pentaquark-like states, P.(4312)"
P.(4440)" and P.(4457)" reported by LHCb Collaboration.

@ For the mass spectrum considering only, the state with the [31]rs[22]#[31]s(¢"q)
configuration and quantum numbers I(J”) = 1(17) is predicted to be the lowest

pentaquark state whose mass is derived as 1673MeV.

@ We expect that the N(1685) could be the lowest pentaquark state.

o We apply the pentaquark wave functions we got in our previous work
[arXiv:1908.04972 (2019)] to evaluate the light pentaquark mass of all quark
configurations as an example.

@ The decay width of N(1685) as the ground state pentaquark state could be
calculated in the future.
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Discussions and Summary

Thank You Very Much For Your Attentions!
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Back up

All ¢ octet and decuplet wave function

¢° baryons wave function and possible J%, (not including LS coupling for all the cases

yet)
(1) N,L = (0,0), [56,07]

1 1t
‘I’(QS)Octet = 3 111] [¢00s(q’AXp + ®,xn), J = B}
1 3+
V(¢ ) pecupter = ﬁwﬁu]‘is((ﬁgowﬁ + BoopXp)s IT = 3 (7)
(2) N,L =(1,1), [70,17] (for non-strange nucleon state singlet state doesn't exist)
1 1= 3~
\Ijgiygglet = \/5 111](I>A (QslmAXp d)impxk)a JP = 5 ) 5
1 1= 3~
\Il<Oqctetl = 21/) [111] [()blmp(q))\XP + q>PX>\) JP = 5 ) 5
+¢1m/\ (@oxp — Paxn)],
1 1= 3= 5°
\Ilglct)etQ = Ew[clll]xs(d)%m)\@)\ + (bimp@PL JP = 5 ) 5 9 5
3 1 . 1- 3°
\Ij(quZuplet = ﬁd}[ul]‘bs((ﬁmAXA + ¢%mep)y JP = 5 ) 5 (8)
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All ¢* octet and decuplet wave function

(3) N, L = (2,0), [56,07] spatial part symmetric
s 1 . 1+
\I'S’ct)et = ﬁwuu]ﬁbgos(q’poJF@AXA)’ J =z
3 . 3+
(quzuplet = ¢[111]¢(2JOS‘I>SXS7 J = by (9)
N, L = (2,0), [70,07] spatial part mixed symmetric
+

3 1 . 2 2 P
\Il(Sqin)glet = 7\/§¢[111]¢A(¢00/\Xp - ¢00pX>\)» J
1+

3 1
va) ., = §¢f111] (0300 (PrXp + Poxnr), I ==
+d50x (Ppxp — Paxa)],
3 1 . 2 2 p_ 3T
\I’gct)etz = ﬁ"/’[lu]XS (D602 2x + D00,Pp), J = 5
(¢®) 1 . 2 2 p_ 17T
Vbeouptet = =¥ Ps(@ooaxs + doopxp)s J =5 (10)
V2
Hadron 2019 Aug 21, 2019 9/1
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Back up

All ¢* octet and decuplet wave function

(4) N,L = (2,2), [56,27] spatial part symmetric

3t 5+

3 1
vy = 71/)[6111]¢§ms((1)po + ®xxn), JE = 5 9

Octet - \/§
3 ¢ 1+ 3+ 5+ 7+
\II([()]eZuplet = w[111]¢§mS¢SXS7 JP = 55 '3 '3 (11)

N, L = (2,2), [70,27"] spatial part mixed symmetric (for non-strange nucleon state
singlet state doesn't exist)

3 1 c P 3+ 5+
\II.(Sqin)glet = ﬁw[lll]q)A((bgmAXP — Gampxa), I = 5 5
3 1 c 3+ 5+
ql(O‘]ct)etl = §¢[111][¢§mp(¢>\xp+‘l>pXA), JP = 5 5
+3ma(@pxp — Pax0)],
3 1 c 1+t 3+ 5+ 7+
Uy = ﬁw[nu){s(cﬁ%mﬁb,\+¢§mp<1>p), JE = 505 5 '3
3 1 c P 3+ 5+
\I’geguplet = ﬁw[lll](ﬁs((i)gm)\x)\ + GampXo)s J- = 3 '3 (12)
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7 charm baryon and 6 beauty baryon states

For the heavy baryon, we still assume that the three quarks as identical particles in
spatial wave function, even though still in SU(3) flavor symmetry, but the quark
configuration is ¢Q. And we correct the quark mass for ¢ and b quark as s quark.

Charmed Baryon PDG Data (MeV) M(Cal.) (MeV) Error (MeV)
Ac 2286 2285 -1
Yo 2455 2437 -18
5L 2520 2497 23
Zc 2470 2473 -3
= 2645 2618 27
Qc 2695 2768 -27
Q& 2766 2808 42
Beauty Baryon PDG Data (MeV) M(Cal.) (MeV) Error (MeV)
AB 5620 5594 -26
XB 5811 5773 -38
P 5832 5793 -39
=B 5794 5781 -13
=5 5945 5915 -30
Qp 6046 6097 -51
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q> spatial wave function

NI Wave function

000 00 = ¥000(P) Y000 ()

200 305 = o5 [¥100(P) 000 (X) + ¥000 (2) ¥ 100 (V)]

400 Vaos = Y5 [¥200(n) oo (M) + V8 ¥100(M¥100(N) + Y000 (P)¥200 (M)

600 ¥8os = Va2 [¥300(P) Y000 (A) + \%‘1’200(0)‘1’100(%) + %‘1’100(0)‘1’200(%)1

+%000(P)¥300(N)]

800 TGos = r[‘hoo(p)‘l'ooo(*) + 7‘1’300(")‘1’100()‘) + /32 ¥200(p) T200 (M)
+*‘1’100(p)‘1'300(k) + %000 (P) ¥ 400 (N)]

000 whds= ‘/:[wroo(m%oom +y/ ﬁ 2400 (P T100(N) + 5/ 300 (p) T200 (V)]

+5\/;‘I’200(P)‘1’300(>\) + /32 ¥100(0) Y400 (A) + ¥o00 (p) ¥500(N)]
1200 wiZo = VA2 [wq00(p)To00 (V) + 31/ T500(0) T100 (M) + \/—‘1’400(/’)‘1’200()\)]
+10y/ 429 ¥300(P)¥300(N) + \/—‘1’200(0)‘1’4000\) + 34/ 13 ¥100(P)¥500(N)]

+%000(P)T600(N)]
1400 vids = Y3920 w700(p)¥o00 (V) + \/?‘1’600(13)‘1’100(*) + /A 950000 ¥200 (V)]

+7y m‘l’wo(o)‘l’soo(*) + 7\/%‘1’300(/))‘1’4000\) + \/%‘1’200(9)‘1’5000)1
+\/g‘1’100(0)‘1’600(>\) + Y000 (P)W700 (NI
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Back up

q*q spatial wave function

N LM Wave function

000 ‘1’80 = Y000 (L) ¥000(X)¥000 (1) %000 (§)

200 505 = 5 [¥100(P)000(X) Y000 (m) + ¥000(2)¥100 (M) ¥000 (1) + ¥000 (1) %000 (A) ¥ 100 ()] ¥000 (£)

400 ‘I’éos = \/%[‘1'200(P)‘I’OUO(A)WOOO(W) + 2000 (P)¥200 (M) ¥000(m) + Y000 (P)¥oo0(X)¥200(n)
+\/§‘P1oo(p)‘ll1oo(>\)‘1’ooo(n) + \/g‘l'wo(%’)q’ooo(/\)‘l'mo(n) + \/g‘l’ooo(ﬁ)‘I’loo(/\)‘Iﬁoo(n)]‘I'ooo(5)

600 vhg = \/%[‘I’soo(m‘lfooo(k)‘l’ooo(n) + ¥000(P)T300(N) 000 (1) + Tooo (L) ¥ooo(X)¥300(n)

+ 77 200 () ¥100 (M) ¥o00 (1) + %‘I’zoo(ﬁ)‘l’ooo(k)‘l’wo(n) + \%‘%00(9)‘1’200(*)‘1’100(")
+%‘1’100(f))‘1’200(>\)‘1’000(ﬂ) + %‘1’100(/1)?000()\)‘1’200(71) + %‘Pooo(p)‘hooﬂ)‘l’zoo(n)
+34/ 2= ¥100(P) %100 (X)) ¥100 (M) %000 (£)
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