Heavy baryons in
the Chiral Quark-Soliton Model

Michat Praszatowicz
Institute of Theoretical Physics
Jagiellonian University, Krakow, Poland

Excited QCD, October 24-28,2022, Giardini-Naxos, Sicilly

in collaboration with

M.V. Polyakov (Bochum, NPI Gatchina)
K.-C. Kim (Incheon Univ.)

G.-S. Yang (Soongsil University, Seoul)
M. Kucab (JU)

Phys.Rev. D94 (2016) 071502

Phys.Rev. D96 (2017) 014009

PoS CORFU2017 (2018) 025

Eur.Phys.). C78 (2018) 690

Acta Phys. Pol. B Proc. Suppl. 11 (2018) 513
Phys. Rev. D105 (2022) 094004
arXiv:2208.088602 [hep-ph]

in preparation



On August 25, 2021 Maxim Polyakov passed away prematurely
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2017 LHCb five QY states confirmed by Belle in 2018

2018 LHCb =,(6227) and X,(6097)and A at 6146 and 6152
2020 LHCb four €2, states (problem!)

2020 LHCb A}(6072) and Z(6227)

2021 LHCb two =} at 6327 and 6333

2021 CMS =, (6100)
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Classification by SU(3) gq.n. &

& X’
&« X’

light quarks have spin O
SU(3) triplet, total spin 1/2

light quarks have spin 1
SU(3) sextet, total spin
1/2 and 3/2, hyperfine split
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Charm baryon ground states %

3 1/2%) 6 1/2%) (6 3/2*)

A )

[1]
[1]

2408 MeV

(2

2535 MeV 2602 MeV
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Charm and Bottom ground states@§

3 1/2%) 6 1/2%) (6 3/2*)

A )
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2409 MeV
5736 MeV ()

2535 MeV 69 MeV 2602 MeV
5893 MeV 20 MeV 5913 MeV
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Charm and Bottom ground states@§

3 1/2%) 6 1/2%) (6 3/2*)

A )

|
]
e

2409 MeV
5736 MeV ()
2535MeV 69 MeV 2602 MeV
5893 MeV 20 MeV 5913 MeV

Fully confirmed experimentally (except for {2;)
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Charm and Bottom ground states@4

3 1/2%) 6 1/2%) (6 3/2*)

A

[1]

2409 MeV
5736 MeV

oz =180 MeV 2535 MeV 69 MeV 2602 MeV

Se =121 MeV 5893 MeV 20 MeV 5913 MeV

Fully confirmed experimentally (except for QZ)
SU(3) symmetry (both for c and b sector!)
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Charm and Bottom ground states@4

3 1/2%) 6 1/2%) (6 3/2*)

A

[1]

2409 MeV
5736 MeV

oz =180 MeV 2535 MeV 69 MeV 2602 MeV

Se =121 MeV 5893 MeV 20 MeV 5913 MeV

Fully confirmed experimentally (except for {2;)
SU(3) symmetry (both for cand b sector!)
Hyperfine splittings ~ —
m
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Exited states in QM models &

p modes

-~
A modes/ \Q

-

In both cases breathing and rotational modes contribute
leading to a plethora of possible states.
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Exited states in QM models

p modes

-~
A modes/ \Q

-

In both cases breathing and rotational modes contribute
leading to a plethora of possible states.

Some organizing principle would be usefull

heavy quark symmetry: 1/m,
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Exited states in QM models

p modes

-~
A modes/ \Q

-

In both cases breathing and rotational modes contribute
leading to a plethora of possible states.

Some organizing principle would be usefull

heavy quark symmetry: 1/m,

large N. — chiral soliton models
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Chiral Quark Soliton Model ¥4

chiral symmetry breaking:

Energy

A
mass| gap

chirally inv. manyquark int.



Chiral Quark Soliton Model ¥4
ba ryon:. «adding vlance quarks:

Energy

—&—0—@
= A
mass| gap

chirally inv. manyquark int.



Chiral Quark Soliton Model

baryon:

due to hedgehog symmetry
of the mean field only
grand spin

K=T+S
is @ good quantum number

W

Energy

S

(e

3

Q

%
\

classical” baryon:

—H—Q—massT gap

-
O

-

-

chirally inv. manyquark int.

soliton configuration
no quantum numbers except B
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Chiral Quark Soliton Model ¥4

ba ryon: - "quantum” baryon:
Zero

mode \ \\(ﬁ

quantization -

Energy

&

chirally inv. manyquark int.

soliton configuration
no quantum numbers except B

rotation generates flavor and spin



Mass formula W
Ho = Ma+ ——S(S + 1)+ — (Co(R) = S(5 1+ 1) — =
0T Ao 27, \ ? 12
NV&
constraint: Y = 3 :

baryon mass: ~ NN,

octet-decuplet splitting: ~ —
C

P.O. Mazur, M.A. Nowak, MP, Phys. Lett. 147B (1984) 137
]1 E. Guadagnini, Nucl. Phys. B236 (1984) 35
S. Jain, S.R. Wadia, Nucl. Phys. B258 (1985) 713



Energy
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Soliton with N_- 1 quarks X

if N_is large, N.- 1is also large and one
can use the same mean field arguments

1
3

2
m
O O O — z.‘::T__a_ ;::‘T_L_
mass| gap (Nc_l) xO —@ mass| gap ‘
O O O l O © o l
—@ @ @ @ —@ @ @ @
0..0..0:0— Q:Q.’O:O—
—@ ° @ ° @ ° @ —@ ° @ ° @ ° @

color factorizes!
plus one heavy quark

G.S. Yang, H.C. Kim, M.V. Polyakov, MP Phys. Rev. D94 (2016) 071502



Energy

Soliton with N_- 1 quarks X

if N_is large, N.- 1is also large and one
can use the same mean field arguments

<

Energy

__maSSI g 5 (N C_ 1 ) X0

O mas ST gap ‘

o 0 l

@ @ @
—@ @ @ @
C......:.—
—.... ..Q

color factorizes!

plus one heavy quark

G.S. Yang, H.C. Kim, M.V. Polyakov, MP Phys. Rev. D94 (2016) 071502
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Allowed SU(3) irreps. X
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Chiral Quark Soliton Model 4

continuation

Need to add:
1) chiral symmetry breaking
2) soliton-h.q. spin interaction

_> reproduces QM model results (GMO relations)

+
“Gudagnini-like” relation

MQ*Q — 2M52? + ME*Q — QMZQ = 276;15 + 3.1
=c
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Chiral Quark Soliton Model 4

continuation -

Need to add:
1) symmetry breaking
2) soliton-h.q. spin interaction

reproduces QM model results (GMO relations)
+

“Gudagnini-like” relation

MQZ‘Q = QMEEQ + MEZQ — QMZQ = 2764.5+ 3.1

S
;

Mgy = 6076.8 + 2.25

model independent prediction
G.-S. Yang, H.-Ch. Kim, M.V. Polyakov, MP, Phys.Rev.D 94 (2016) 071502
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Excitations A

soliton zero modes
(rotations)

-
N\ 1
A modes?/ Q TN,

-

Suppose we write the Schrodinger equation for A modes.
Reduced mass u ~ N,

Excitations depend on the potential used

ALVE ~ p (Coulomb), ~ 1 (log), ~ p~'/3 (linear)
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Positive parity
Higher SU(3) representations
15 J=1,0
/A_ _____ o N
3J=0 6J=1 SN
Y ® . o & @ & IA
¢ - ° ‘“":ﬂ ‘(\""@""@"":\P53/2,51/2
. v ¥ o

Three exotic (pentaquark) multiplets
spin 0 soliton is heavier than spin 1




Negative parity A
a) b) c)
o o0 K0 o0 K20 oo o
- oo 2 0o
99— 9—0& — 00




Negative parity A

octet and decuplet antitriplet and sextet antitriplet and sextet




One K=1 quark excited solitons

I’'+J=K=1
- J=1 —0,1,2
37=0 6 T"=1
- ® o o
S T S

& &- ']7/:::)/;

A N
Y
c‘\’s



3bar excited P=— heavy baryons

- J=1
37=0

.

ff \\ '3 / K’
g 5 . MQY:MQ§+5§Y+mQ
“« —»

add heavy quark
total spin 1/2 and 3/2

5t = §g = —180 MeV

\
| S—

([ —2/3 for S =1/2

| +1/3 for S =3/2



W
3bar excited P=— heavy baryons

(3 1/27) 3 1/2%)

Ae(2592) A(2628)
198 MeV 190 MeV
=.(2790) =.(2818)

K;/
— = 28 + 36 MeV
me



b
3bar excited P=— heavy baryons i

(3 1/27) (3 1/2%)

c(2628)
198 MeV 190 MeV
=.(2790) =.(2818)

— = 28 + 36 MeV

»(5915) Ay (5920)
180 MeV
=,(6100)

my, =8 MeV h.f splitting ratio: ~ m./m,



sextet excited P=— heavy ba ryons

J=0 J=1 J=2
OH——{}——IO
vy v O--O--0
0--0 e -e-,e
N Q--0 e
O OE\ .-‘IO O‘* ;O*: .-‘O
e Qv + Oy 70O
o Oﬁ',‘j
Qv O

30 states!
O
.



sextet excited P=— heavy baryons%

3
M = Ml — 222 + (66— —5 | v
7\ 10
METT = My, — 2+ 56——5 y 4
QY 6Q — [1 ma
M= My + =+ (0 L35 v A
QY I ©7 20 ma

N\

\

- 1

(&

*" G
v [

()
c.g
=

e

—2/3 for S=1/2
+1/3 for S =3/2
—1  for S=3/2
+2/3 for S =15/2

Splittings and average multiplet masses depend on J

three new parameters

K//

o known from antitriplet
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sextet excited P=— heavy ba ryons

J=0 J=1 J=2
OH——{}——IO

N\ O--0 e
Q Oi‘,‘ I,O Ox ;O; .-‘O
% o @ -+0®
- O\_ —fCJ
_ o 0O
Are Omega_c states discovered @
by the LHCb in 2017 members ®

of SU(3) sextets?



Q:(3000)°  Q.(3050)°  Q.(3065)°  Q.(3090)°  0.(3120)°

Agaev et al. [58] 1/2~ 3/2~ 1/2F 1/2% 3/2%
Aliev et al. [59] 1/2- 3/2"
B. Chen, X. Liu [60] 1/2- 3/2- 5/2" 1/2- 3/2~
H. Chen et al. [43] 1/2~ 1/2~ 1/27 or 1/27 3/2F
Cheng, Chiang [61] 1/2- 3/2- 5/2" 1/2+ 3/2+
Faustov, Galkin [62] 3/2” 5/2 3/2” 1/2* 3/2%F
Huang et al. [63] 1/27
Jia et al. [64] 1/2- 1/2- 3/2- 3/2" 5/2"
Karliner, Rosner [65]: (i) 1/2~ 1/2~ 3/2” 3/2~ 5/2~

(i) 3/2- 3/2- 5/2- 1/2+ 3/2+
Padmanath et al. [66] 1/2- 1/2- 3/2- 3/2- 5/2-
Santopinto et al. [67] 1/2~ 3/2~ 1/27 3/2~ 5/2~
K. Wang et al. [68] 1/2~ 3/2 3/2” 5/2~ 1/2% or 3/27
W. Wang, R.L. Zhu [69] 1/2- 1/2- 3/2- 3/2- 5/2"
7. Wang [70] 1/2- 1/2- 3/2- 3/2" 5/2"
Z. Wang et al. [71] 1/2~ 3/27 or 1/2F 3/2t
Yang, H. Chen [72] 1/2- or 3/2=  1/2- 3/2- 3/2- 5/2-
7. Zhao et al. [73]: (i) 1/2+ 5/2+ 3/2- 3/2- 5/2+

(i) 3/2+ 7/2+ 5/2" 5/2" 7/2+

Hai-Yang Cheng, Chin. J. Phys. 78 (2022) 324-362
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LHCb Omegas A

Resonance Mass ( MeV) ' (MeV)
2.(3000)°  3000.4+0.2401%2  45+0.64+0.3
2.(3050)%, 3050.24+0.1£01%3%  0.84+£0.240.1
69 MeV < 1.2MeV,95% CL
2.(3066)°| 3065.6 £0.14+0.37:  35+0440.2
2.(3090)°| 3090.2+0.34+0.5 r+° 3 8.7+1.0+0.8
2,(3119)%¢ 3119.1 +0.3 + o.giro_5 1.1+0.840.4

not seen by Belle

but not excluded < 2.6 1\19\/, 95% CL
2.(3188)" 31884+ 5 +13 60+ 15+ 11

as in the ground state sextet! mmms) 15
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LHCb Omegas A

(
G

J
w

soliton in 15 (quatroquark) _
(spin 1 < spin 0) 15 J=1

+ heavy quark: 1/2 + 3/2 U .
— fo P
3J=0 6.J=1 S
’ oy W 2/3
/
] « & e @®
£ \ P / PR £ P
! \ \ / \ ! / \ ! \ ! \
/ b \ / \ / ; \ / \ / b
/ \ v S v/ ; % & v \
b
T o N SEe C R R
y £ it b P i
\ ! \ \ ! \ !
\ ! \ \ ! \ !
N \ NS Y

H.C. Kim, M.V. Plyakov, MP arXiv:1704.04082 [hep-ph]



Candidates / (1 MeV)
)
S
S

T 1 I T 1 | L I |

2
5

1 + TwO narrow &,\/&
D) states -

1mey) LHCDb

inerpreted as
pentaquarks

§+

| | | | I | | | | I 11

3000 3100 3200 3300

k/me ~ 70 MeV) m(=E7K ) [MeV]
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Charm decay widths A
with one adjustable parameter that takes
5 into account the fact that soliton is built up
4 + + from N.— 1 quarks.
L2X7(12) > A +m
2. 2(12) 5> Al+m° 4
3. 2012) > Al+m
4.3703R) > Al+nT ; x5
5. 3532 > AL+ E ] i B
6. 2032) > AL +n” = o .I .{
L 21
7. E532) > E_+7 T | %
8. 58(3/2) —Z +T l
0. Q%1/2) — total H §°
10. Q%(3/2) — total ¢
0 L] L] 1 1 L] | | | | | |
1 2 3 45 6 7 8 910



Charm decay widths A

LEF(12) > Al +n
2. 2(12) 5> Al+m°

3. 2012) > Al+m

4T3 SAT+nt
5. 5532 > AL+’ B
6. 2032) = AL+T =
7. 5532 —>E +7
8

I

=0

- —

(32) = _+m
- Q(172) —  total
10. Q2(3/2) — total

L

., N

with one adjustable parameter that takes
into account the fact that soliton is built up

5 from N.- 1 quarks.
4 -
‘ - x 5
numerical
5. ¢ .} .{ _ | coincidence?
T %
' or
1+ there is
a good reason
0 1 L 1 1 1 | | | | | |
1 2 3 45 6 7 8 910
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LHCb Omegas e

Resonance Mass ( MeV) [' (MeV)
2.(3000)°  3000.4+0.2401%2  45+0.64+0.3
24 MeV < 1.2MeV,95% CL
06(3066)01 3065.6 0.1+ 03797  3.54+044+0.2
2,(3090)°¥ 3090.2+0.34+0.512  87+1.04+0.8

C
not seen by Belle

but not excluded < 2.6 h-[evq 95% CL
00(3188)0 318+ 5 £13 60 = 15+ 11

Recall that h.f. splitting for negative parity 3bar was 28 — 36 MeV
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T 1 I T 1 | L

3000

3100

LHCDb

o
|
Ut

|

3200

S

% | | 11 I 11 11 I |

()

heavy
states
above
=+D
threshold,
large p.s.
also to
Q + m,
can be
very
wide

| | I |

3300

m(E K") [MeV]



Possible scenarios for remaining gV
sextet states

Use also beaty hadrons (unknown SU(3) assignement) as input:

SP ':!—,U
=b

6227.9+0.9

6226.8 1.5

? (6227)

6327.28" + 0.33 (6327)

6332.69" + 0.31 (6333)

S* ¥,
6095.8 1.7

? .. (6097)
6098.0 = 1.7

states with * are from LHCb Phys.Rev.D 103 (2021) 1, 012004



Possible scenario

J S > = Q2 > = Q.

0 1/2 | 6097 (6238 6378 || 2719 2859 3000

. 1/2 | 6198 6327 6457 ||(2807 (2937 3066

3/2 | 6204 6333 6462 || 2831 [2961] 3090

5 3/2 | 6406 6512 6619 || 3009 (3115 3222

5/2 | 6415 6521 6628 || 3049 3155 3262
>.(2800) = X1/27 (6, J =

(1] [1]

[1]

OW W OF oM
~
(\)
|

~
[\
|

~
(\)
|
VN /N VN A~
S O
~ ~

2



Problem %

J S b =b (2 dic He ().
0 1/2 [6097 (6238 6378 || 2719 2859 300
| 1/2 | 6198 6327 6457 ||(2807 (2937 3066
3/2 | 6204 6333 6462 || 2831 [2961] 3090
9 3/2 |1 6406 6512 6619 || 3009 (3115 3222
5/2 | 6415 6521 6628 || 3049 3155 3262
S” Qy _
? 63156 + 058 Not listed |.n PDG summary,
too dense if compared
7 6330.3£0.58 with the charm sector
7 6339.7 £ 0.58
7 6349.8 &+ 0.64
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Sy

0 1/2
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3/2

o
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Candidates / ( 8 MeV/c?)

Decays

400 LHCb Full fit ]
[ s=13 TeV —— E=,(6227) = A)(=An)K
B Combinatorial

300
200F

100/

bt b b

1 I 1 1 1 1 1
700 800 900
M(APK™) — M(AY) [MeV/c?]

g
S)k

Z
(e

g o
" % [



J S

[1]
Sy

0 1/2

:

1/2
3/2

o
Col[ ®
o[ D
|

|

o)
)
w
W

Missing states?

Candidates / ( 8 MeV/c?)

400-LHCb Full fit ]
[ Vs=13 TeV =,(6227) — A —ALn)K
B Combinatorial
3001
it b g
200F
100F
: L A |
500 600

900

g
S)k

(e

Y, ‘&‘6‘
i



J S =

0 1/2 [6227)

3/2 |6

1/2 |[6327)

400

Candidates / ( 8 MeV/c?)

100/

Decays

300k

200F

L LHCb Fullfit i
[ Vs=13 TeV =,(6227) — A —ALn)K
B Combinatorial

trd jt 1

900

1/mo S
S l/mQ

l/mQ S
D D

SR/

) &

C
G

1
3



J S =

0 1/2 [6227)

1372 |6

1/2 |[6327)
3

Eb(6327) and
Zp(6333) have
been found in
3-body decays to

I
(@)
o

Candidates / ( 8 MeV/c?)
w
3

200F

100/

Decays
- LHCb Full fit
- (=13 TeV =,(6227) — A (—ALn)K™

Combinatorial

b it

900

A K~ 500 6? f'
607 n
3JF =0%) 6(JF =17) 3 (JF =17)
3(JF =1" 1/mo S —
6'(J" =0~ S 1/mq P
6'(JF =1" 1/mo S P
6'(J" =2 D D P

d
% B
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Exotica A

Three exotic multiplets:

15 J=1 J=1, very narrow ~ 1 MeV
°«-» 1=0, wide, ~ 150 - 400 MeV
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SJtEaJ le@ ! EXOt|Ca Three exotic multiplets:

decaying weakly
15 J=1 J=1, very narrow ~ 1 MeV
P 1=0, wide, ~ 150 - 400 MeV
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Alternative assighements of 6 %

H. Y. Cheng, Chin. J. Phys. 78, 324-362 (2022)
R. Bijker at al. Phys.Rev.D 105 (2022) 7, 074029

o
-
2

%,
¢

JP(nL) States

Mass differences

w

. 0.(3065)°, 27(2939) 7", 3. (2815) 0
0.(3090)°, = (2965)TY, .(2840)F+0

ST 0.(3050)°, 2(2923)10, 3.(2800) T+

ol rjw N

AmQCE/C = 127, Amgégc = 123
AmQCE/C = 127, AmEéZC = 125
AchE’c = 125, AmE’cEc = 125




Alternative assignements of 6 &

H. Y. Cheng, Chin. J. Phys. 78, 324-362 (2022)
R. Bijker at al. Phys.Rev.D 105 (2022) 7, 074029

JP(nL) States

Mass differences

w

|

DO —
|

|
ol Nfwo
|

o~

N[NNI

Q.(3050)°, = (2923)"Y, 3.(2800) F+++:0
0.(3065)°, =/(2939) "', =,(2815)*F++0
0.(3090)°, = (2965)TY, .(2840)F+0

AmQCE/C = 127, Amgégc = 123
AmQCE/C = 127, AmEéZC = 125
AchE’c = 125, AmE’cEc = 125

— a 3
M/gb;o: %Q_2_1‘|‘ <56_E5) Y,

I

_ 3
M = ML, — Lt (G — =6
QY 6Q ~ + ( %6 20

Y+ —

N /7

—2/3 for S=1/2

+1/3 for S =3/2
—1 for S =3/2

| +2/3 for S=5/2
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Assignements of 6 A

JP(nL) States Mass differences

ST 0.(3050)%, = (2923)+»0 >.(2800) T+ Amgq. = =127, Amzry, = 123

ST .(3065)"), [E1(2939) "), B.(2815)*++ 0 Amg = =127, Amzy, = 125

578 QC(3090)0,[W],@C 283D 0] Amg= =125, Amzs, = 125
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JP(nL) States Mass differences
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3119.10 £ 0.90 |2967 10 4+ 1. 70 (2806. 4+ 7.0
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St AL st =40
@ ?  2766.60 + 2.40 —_
2 |3/9+ 985610 £5.60| - 2923044025 (2923)
2 |5/27 288163024, 20230E440 (00
S |3/27 2939.60+£1.50| °  2038.55+0.22
2 2064.30 £ 1.50
O ?
5 ’ 2067.10 + 1.70 (296)
=
- , 305590040
3077.20 £ 0.40
;
" 8079.90 + 1.40 3079
, SIRIELI0 g0
SP Qv SP ST D
7 300041 £ 0.22 3801, £ 6.0
? 3050.20+0.13| ? 2792 .+14. (2800)
5 | 7 3065.46+ 0.28 2806. + 7.0
5 | 7 3090.00+0.50
= | 7 8119.10+0.90
S | 2 3188.00+13.0

TABLE V. Charm baryons with unknown SU(3) assignment.
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What is the experimental status
of light pentaquarks today?
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Five alive!

A Subatomic Discovery Emerges From Experiments in Jap

By KENNETH CHANG

Slamming high-energy particles
of light into carbon atoms, physi-

cists have unexpectedly produced a

which come in six vareties. A pro-
wa, for example, consists of three
quarks = two so-<called up quarks
and one down quark. Physicists

the experiments, Dr. Takashi Na-
xanro, of the Research Center for
Nuclear Physikes at Osaka Univer-
sity, and told Dr. Nakano that he
should look through the data for
signs of live-quark particles,
“Dimitri Diakonov was very con-
fident of that'” Dr. Nakano saxd.
Dr. Nakano and his collaborators
looked, and they found a peak in
their graphs corresponding to the
mass of the fivequark particle that
Dr. Diakonov had predicted.
was right,” Dr. Nakano said,
tually, T was very surprised.””
Dr. Kenneth H. Hicks, a profes-
sor of physics at Ohio University

woukd consist of two up quarks, two
down quarks and one known as an
antisstrange quark,

The findings will be reported Fri-
day in the journal Physical Review
Lette

Dr.
then
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Evidence for 'Pentaquark’ Particle Sets
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Status of the ®* analysis at LEPS

d ' f
an varlgus conterence T. Nakano, for the LEPS collaboration
proceedings

e.g. T. Nakano Research Center for Nuclear Physics, Osaka University, Ibaraki 567-0047, Japan
MENU 2016

Abstract

We report recent results on the Theta™ study from LEPS. The yd — K* K~ pn reaction has
been studied to search for the evidence of the ®" by detecting K™ K~ pairs at forward angles. The
Fermi-motion corrected nK* invariant mass distribution shows a narrow peak at 1.53 GeV/c2.
The statistical significance of the peak calculated from a shape analysis is 5 o, and the differential
cross-section for the yn — K~ O™ reaction is estimated to be 12 + 2 nb/sr in the LEPS angular
range by assuming the isotropic production.

Key words: Penta-quark, Photo-production




DIANA

PHYSICAL REVIEW C 89, 045204 (2014)

Observation of a narrow baryon resonance with positive strangeness formed in K*Xe collisions

V. V. Barmin,' A. E. Asratyan,'-” V. S. Borisov,' C. Curceanu,” G. V. Davidenko,' A. G. Dolgolenko,' C. Guaraldo,’
M. A. Kubantsev,! I. F. Larin.! V. A. Matveev.! V. A. Shebanov,' N. N. Shishov.' L. I. Sokolov,' V. V. Tarasov,'
G. K. Tumanov,' and V. S. Verebryusov'

(DIANA Collaboration)

Vnstitute of Theoretical and Experimental Physics, Moscow 117218, Russia
Laboratori Nazionali di Frascati dell' INFN, C.P. 13, I-00044 Frascati, Italy
(Received 9 February 2014; published 14 April 2014)

The charge-exchange reaction K+Xe — K°pXe' is investigated using the data of the DIANA experiment.
The distribution of the pK° effective mass shows a prominent enhancement near 1538 MeV formed by nearly 80
events above the background, whose width is consistent with being entirely due to the experimental resolution.
Under the selections based on a simulation of K *Xe collisions, the statistical significance of the signal reaches
5.50. We interpret this observation as strong evidence for formation of a pentaquark baryon with positive
strangeness, ©*(uudds), in the charge-exchange reaction K*n — K°p on a bound neutron. The mass of
the @™ baryon is measured as m(©") = 1538 + 2 MeV. Using the ratio between the numbers of resonant and
nonresonant charge-exchange events in the peak region, the intrinsic width of this baryon resonance is determined
as [(©) = 0.34 +0.10 MeV.
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Observation of a narrow structure in 'H(y,K s")X via interference with ¢-meson production

dents from CLAS
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PHYSICAL REVIEW C 85, 035209 (2012)

M. J. Amaryan,"” G. Gavalian,! C. Nepali,'! M. V. Polyakov.>” Ya. Azimov,” W. J. Briscoe.* G. E. Dodge.' C. E. Hyde,'

F. Klein,? V. Kuznetsov,*’ I. Strakovsky,* and J. Zhang®

10ld Dominion University, Norfolk, Virginia 23529, USA
Institut fiir Theoretische Physik II, Ruhr-Universitit Bochum, D-44780 Bochum, Germany
3 Petersburg Nuclear Physics Institute, Gatchina, St. Petersburg 188300, Russia
*The George Washington University, Washington, DC 20052, USA
Catholic University of America, Washington, DC 20064, USA
éKyungpook National University, 702-701, Daegu, Republic of Korea
TInstitute for Nuclear Research, 117312, Moscow, Russia
$Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606, USA
(Received 20 October 2011; revised manuscript received 29 February 2012; published 26 March 2012;
publisher error corrected 29 March 2012)

We report observation of a narrow peak structure at ~1.54 GeV with a Gaussian width o = 6 MeV in the
missing mass of Ky in the reaction y + p — pKsK;. The observed structure may be due to the interference
between a strange (or antistrange) baryon resonance in the p K system and the ¢(K s K1) photoproduction leading
to the same final state. The statistical significance of the observed excess of events estimated as the log-likelihood
ratio of the resonant signal + background hypothesis and the ¢-production-based background-only hypothesis
corresponds to 5.30.
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PHYSICAL REVIEW C 85, 035209 (2t

PHYSICAL REVIEW C 86, 069801 (2012)

Comment on “Observation of a narrow structure in "H( y,K‘S')X via interference
with ¢p-meson production™
This analysis was reviewed by the CLAS Collaboration,
following the established procedures for all CLAS papers, and
did not receive approval. The purpose of this Comment is to
explain the reasons why that analysis was not approved for
publication.

ratio of the resonant signal + background hypothesis and the ¢-production-based background-only hypothesis
corresponds to 5.30
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Pentanucleon?

v , n D. Werthmuller et al. [A2 Collaboration]
/ Phys. Rev. Lett. 111 (2013) 23, 232001

Eur. Phys. J. A 49 (2013) 154

Phys. Rev. Rev. C 90 (2014) 015205
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Pentanucleon?
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On photoexcitation of baryon anti-decuplet
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natural (but not the only one) explanation if N™ is a pentaquark



PRL 117, 132502 (2016) PHYSICAL REVIEW LETTERS 23 SEPTEMBER 2016

Insight into the Narrow Structure in 7 Photoproduction on the Neutron from
Helicity-Dependent Cross Sections

(A2 Collaboration at MAMI)

The double polarization observable E and the helicity dependent cross sections oy, and o3, were
measured for n photoproduction from quasifree protons and neutrons. The circularly polarized tagged
photon beam of the A2 experiment at the Mainz MAMI accelerator was used in combination with a
longitudinally polarized deuterated butanol target. The almost 4x detector setup of the Crystal Ball and
TAPS is ideally suited to detect the recoil nucleons and the decay photons from # — 2y and n — 32°. The
results show that the narrow structure previously observed in 5 photoproduction from the neutron is only
apparent in oy » and hence, most likely related to a spin-1/2 amplitude. Nucleon resonances that contribute
to this partial wave in  production are only N1/2~ (§;) and N1/2* (Py,). Furthermore, the extracted
Legendre coefficients of the angular distributions for o/, are in good agreement with recent reaction model
predictions assuming a narrow resonance in the P;; wave as the origin of this structure.




