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Introduction : hadron structure < hadron properties

B¢

* Charmed baryon A-: Qqq system

MQ:mq

T
mixed-modes

p-mode

A-mode

well-separated

low-lying Y. may have a simple configuration of quarks
T. Yoshida, E. Hiyama, A. Hosaka, M. Oka, K. Sadato, PRD92(2015)114029

Extract clear information
[{ Strucutre < Spectrum, Production & Decay }]




One pion emission decays

1nitial baryon
ok _
final baryon \

v" 1 couples dominantly with the light quarks
— charm quark behaves as a spectator

v Dynamics of light and heavy quarks are independent
— decay process can be simply described ?

Underlying structure < hadron dynamics (decay process) 3



Construction of the wave functions inspired by heavy Q spin sym.

R S S

Charmed baryons with J°

1. Combine the light components (brown muck)
2. Combine it with charm quark spin

v J 1sospin
? 2 >
. Ap = [lpﬁ(l)lpfp (0), d] ,sc| D°c

2 b o

orbit\al w.f. / / e
Spin of two-light quarks
charm spin

J=s.+]j compatible with HQS

/"

total “spin” of remaining system
(~ brown muck [Neubert, PR245])

heavy quark spin conservation < brown muck spin conservation
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Formalism for decay with quark model

H.O. parameters

1Tqq interaction Lagrangian m = 0.35 + 0.05 GeV
M =15 % 0.1 GeV
axial-vector @ k = 0.02 — 0.04 GeV3
L =94 Zou T d, T
mqq — an qy"Ys1q - l
ggq) = 1 [Weinberg "90] hwy ~ 0.3 — 0.4 GeV

fr =93 MeV (R2)~0.45 — 0.55 fm



Ambiguity of mgq coupling constant gff”

100 %

v

%.(2455) 1/2% A7°(2286)1/2% m

100% ,  1992286)1/2* n

v

¥.(2520) 3/2*

>.(1/2%(gs),3/2%) —» AZ°(2286,1/21)m decay : p-wave decay

| 4SSz | m@5203/29)
[theo 4.27-4.33 -
[MeV] : 30.3-31.6

 stable for different parameters (m, M, k)
 factor 2 over-estimate

— consistent with known ambiguity of the axial-coupling of quark

3
gff” =1 gf{’)j to reproduce gy = 1.25

we show our results with gglq) = 1 to see how our simple & naive model works



Level structures Y. & possible one pion decays considered here
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_Structure of first exited A, baryons

R S S

Vs

4 p-mode excitation ?

|

A:(2625) 3/27 Negative parity :
nd :
A% (2 5%)56);01;6_61 state. L ¢ = 1 p-wave excitation
«(2595) 1/ with diquark spin-0

ISt excited state -
N

A-mode excitation ?

+
Ac (2286) 172 T. Yoshida, E. Hiyama, A. Hosaka,
ground state M. Oka, K. Sadato, PRD92(2015)114029




A (2625 3/2 )+ ng(2455)++n decay

PDG value IFP¢ [MeV] < 0.95 x< 5% = 0.05

rtheo i 1 / 2 s-wave decay
A-mo
[MeV] : 0.024 — 0.039 d-wave decay
* the small width : well-reproduced by QM

- consistent with A-mode J¥ = 3/2~
* inconsistent with A-mode J* = 1/2~

mm) A;(2625)3/2"

AL(2595) 1/27\ T decay

%, (2455)

ground state




A (2625 3/2 )+ ng(2455)++n decay

_ A:(2625;3/27) partial decay
PDG value I'P% [MeV] < 0.95 X< 5% = 0.05

theo 1/2- =54 =107 s-wave decay
¢ A-mode =
[MeV] 0.024 — 0.039 d-wave decay

0
1 /2 (G=1) —2—45— s-wave decay
p-mode | 3/2" (, = 1) 0.013 — 0.019 )
3/2~ (] = 2) 0.023 — 0.034 - d-wave decay
J

| 5/27(G=2) 0.010 — 0.015

* We cannot exclude the possibilities of p-mode from view point of width



Partial decay width I'; [MeV]

Ac(2595;1/27)* > £,(2455)** 1~ :

B

['=2.6 MeV X 24 % =0.6 MeV

[PDG]

AL(2625) 3/2~

A5(2595) 1/2-\ T decay

~138 MeV y9s
Cc

_ o
A Finite ;= 2.26 MeV
¢ ++
chs \ A“ZS+
Mp(2595) < M;(2455)++ TMg- =TI,-=07?
_ 8 = e
g = £
.5 8 %
2 O e £
S | My 455+ + M0
Q 4 L
=
R e | L
2 6l
. ,
L Vs '/ r
O _—i———v/ 1 II,{/Z . I 7.T
2.58 2.585 2.59 2.595 2.6

Vs = M, [GeV]

2.605
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£, =1

e

PDG value I, [MeV] (incl. 3body) 2.6 + 0.26 2, =0
Ve (=0 ;
1/2-(G = 1) 6.5—11.9
p-mode | 3/27(j = 1) i \
3/27( = 2) - 2, =1

5/27(j = 2) ; ) ¢
/1 f—

0

isospin breaking effect is considerably large.

compare the total width ['pp (incl. 3-body decay) with our two body I%;.

the quark model description with A-mode assignment works fairly well,
even if we consider the model ambiguities
A-mode is preferred rather than p-mode

Pseudo-scalar coupling cannot reproduce the finite width.
L;qu = Jdps C_IYS%)CI T - I'<1lkeV 11



Higher A}

A.(2940) 7
A.(2880) 5/2%

A.(2625) 3/2~
A.(2595) 1/2~

A.(2286) 1/2%

< 0.05 Mk

AN

A - X,

Ne—Zew o T(Eem)

A: — Zzn - F(ch)
(q)

(1)(2765) 7 (free from g, ~ ambiguity)

2.(2520) 3/2*
R NEIZAN N

2.6 MeV,

[=0

[=1
14.9 MeV
Ground states zﬁ*) — Ground state A



Spin & parity A.(2880) in PDG

Py _ D
1y )—/0

heavy quark symmetry

Angular destribution for r(z:m)/T(Z. ) ratio 22?2
— N
X.(2455)m angle dest. by Belle(07) R — I'(Zcm) — 0.225 + 0.062 + 0.025
r(Z.m) ' - -
Ja =5/2 ~ [Mizuk et al., (Belle), PRL98(07)262001]
\ theory : chiral perturbation + HQS
Ja =3/2 Isgur-Weise, PRL66(91)1130

Cheng et al., PRD75(07)014006
[Mizuk et al., (Belle), PRL98(07)262001, FIG. 3] R = 1.45 for ]K — 5/2—

R =023,036 forJf =5/2*

“The evidence for spin 5/2 comes from the X.m decay ang. distribution,
and the evidence for parity + comes from agreement branching ratio
with a prediction of heavy quark symmetry.” [in PDG live]

13



heavy quark symmetry

Angular destribution for r(z:m)/T(Z. ) ratio 22?2
— N
X.(2455)m angle dest. by Belle(07) R — I'(Zcm) — 0.225 + 0.062 + 0.025
r(Z.m) ' - -
Ja =5/2 ~ [Mizuk et al., (Belle), PRL98(07)262001]
\ theory : chiral perturbation + HQS
Ja =3/2 Isgur-Weise, PRL66(91)1130

Cheng et al., PRD75(07)014006
[Mizuk et al., (Belle), PRL98(07)262001, FIG. 3] R = 1.45 for ]K — 5/2—

= R=023,036 forji =5/2%

/
- F([Zim]r + To5ln) l different q config. I

I'([Zcm]F) They simply ignored.
In general AL (5/2%) - 2%(3/21)m ... P-wave + F-wave

13



J ... Brown muck spin

A.(2880)5/2+
[ (MeV) | R=T(Zm)/T(Em)

58+ 1.1 | 0.225+0.062+0.025

Enty)  IaG)  (a+4,)
0,1) 5/27(2) 1 4255 b6 17
2,00 5/2%(2) 2 11— 26 —§2—-5
VTvgils( 0,2) 5/2*(2) 2 Dg—52- F9:0—+0+
(1,1) 5/2%(2) 2 S2—H6 277304
1 0.63 1.7 (o)
| 5/2+(3) 2 2.8 5.7 0.41 - 0.43 |
v" Even though 5/2%, T'(Z. ) < T'(Zim) q (mom trans. ) ~0.56
. . a (A, size) '
_ [([Z¢rm]r + [Zém]p) C
[((Zcnlr) = Te/lr ~ 10
Only pA-mode with j = 3 case HQS does not necessarily

3 5/2 leadtoR < 1
Ae(s/20 ) [[1A1, '] x| .



Selection rule due to brown muck spin-parity conservation

(0™
Ac(5/27 (p1)) ) O 2:(3/27)
diquark spin=1 Ln=3 diquark spin =1
N T+IT
]p — 3+ jp — 1+

Among five 5/27's
only pA-mode with j=3 consistent

Internal structure gives a new selection rule
which cannot be deduced by total spin-parity conservation
— strongly affects the observables

5/2
A(5/2%): [[[1,1]2,611]3,)&] 15



_Ac@2765) or 2.(2765)  1(7) =7 (7')

b;

A broad, statistically significant peak (9971133 events) is seen in Afw~nt. However,
nothing at all is known about its quantum numbers, including whetheritisa A, ora X,
or whether the width might be due to overlapping states. [PDG live]

Mass 2766.6 + 2.6 MeV Decay modes
Width 50 MeV (PRL86(01)4479, CLEO) mode Fraction
Nn—nt seen
CLEO, PRLS6, FIG.1 womson 19 CLEO> PRL8O, FIG.3 Jo—
so0] ‘ (3.) ACTCNZC cut
» 2765
600 40

[ (b) A,m~Z7 cut
mﬁmbﬂww = 2830
0 o s ond] T(Eem) > T(Zim)

0 ! I ! | I ! I | I ] I | I ! I a L L1 L L L1 1 |
370 470 570 670 770 420 520 520 720

AM,, = M(Atn*m™) — M(AL) AM,, = M(Atn*m™) — M(AL)

W [(Zcm)~T(Eem)

N
o
o

Events /5 MeV

Events [ 5 MaV
=

200
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A.(2765) decay width : PDG total I' = 50 MeV

€p=1
Tl/1=1
orf; =2
n, =
ort’p=2
£, =1
& <
€p=

L.+ Eim

| R=rEm)/rEm)

For example ...

1-mode 1/2-(1) 65 — 146 0.04 - 0.06
I 3/27(1) 52 - 104 56-7.8 three 3/2— states:
1/2- (0) 0 -
. 1/2- (1) 326 - 675 0.004 - 0.006 « R>1forj=1
p-mode - .
Ja [ 3/2- (1) 211 - 414 49 - 70 - R<1forj=2
| 3/2- 9-13 0.25 - 0.26 o
5/2- (2) 6-9 0.87 - 0.90 N
M';‘lo 322 4.6 - 10.8 0.071 - 0.076 ffects
5/2% (2) 1.9 -43 12.8 - 13.8 ’ b b
1/2* (0) 52 —10.8 071 -0.77 | observables
pp';“f’de 3/2% (2) 12 — 23 0.07
5/2% (2) 4.6 — 8.5 27 — 31 for i
1/2+(1) 5.5 — 13 0.19 — 0.21 Or J=
3/2+(1) 3.5 — 8.1 2.0-1.9 r M& + [2*7
1/2+(0) 0.7-1.8 0.6 R = ([ ¢ [ ¢ ]D)
1/2+(1) 0.24 — 0.64 0.15 F'([Z.m7]p)
3/2+(1) 0.13 — 0.35 1.5
Ap_;n*Ode >/2+(2) 0.09 = 0.25 - conservationp
1/2+(1) 11 — 24 0.16
3/2+(1) 6.5 — 13 1.6 — 1.7
3/24(2) 23 — 49 0.07
5/2+(2) 8.9 — 18 45 — 46
5/2+(3) 0.25 — 0.54 0.17 — 0.18
7/2+(3) 0.17 — 0.37 0.41 — 0.43 17




A.(2765) decay width : PDG total I' = 50 MeV

€p=1
n,1=1
orf; =2
n, =
or{’p=2
3,1=1

&
€p=1

Im+ Xim

| R=rEm)/rEm)

A-mode &= )\ (2595)
J” 4= )\ (2625)
p-mode PRL86(01)4479, CLEO
J
[(Z.m)~T'(Em)
5/27 (2) 6-9 0.87 - 0.90
1/2* (0) 1.6 - 4.5 0.79 - 0.91
AA-mode
]+
1/2+ (0) 5.2 — 10.8 0.71 — 0.77 )
pp-mode
]+
3/2+(1) 3.5 — 8.1 2.0 -1.9
1/2+(0) 0.7 - 1.8 0.6
3/2+(1) 0.13 — 0.35 1.5
Ap-mode
a — w3~0.35 GeV
3/2+(1) 6.5 — 13 1.6 — 1.7 w,~0.5 GeV
4=/ (2880)?
7/2+(3) 0.17 — 0.37 0.41 — 0.43 <3 A(2940)? 17




A (2765) decay width : PDG total I' = 50 MeV

|T(Em)~T(zim) |

negative parity

(), () | IR Q) R = r@:m)/T(Em)
(0,0), (0,1) 5/27 (2) 6-9 0.87 - 0.90

positive parity

(1, 22), (e 8p) | JP() R = I(Zim)/T(Zcm)
(1,0), (0,0) 1/2+(0) 1.6 - 4.5 0.79 - 0.91
(0,0), (1,0) 1/2+(0) 5.2 — 10.8 0.71 — 0.77

1/2+(0) 0.7 — 1.8 0.6
3/2%(1) 3.5 — 8.1 2.0-1.9
(0,1), (0,1) 3/2%(1) 0.13 - 0.35 1.5
3/2%(1) 6.5 — 13 1.6 — 1.7
7/2%(3) 0.17 — 0.37 0.41 — 0.43

Our results come short of I' = 50 MeV

(some of these states are hard to be observed due to a small coupling ?)
— non-resonant decay, interference, mixed states (exotic?)

18



[

Is A(2940)?° J, = 7/2% doublet partner of A.(2880)??

A.(2940)7
| T[MeV] | R=T(Zm)/T(Em)
experimental value [PDG] ‘ 178 N/A
A-mode 1/2- F45—344= 0.95-2.2
J 3/2" 82—332= 1.8-2.8
1/27 (j = 0) 0 -
This 127 (j=1) | 558—130+ 0.04—0.07
work p-mode ;
Ly fa 3/27 (j=1) | 53F=H55= 14.7-26.5
+ 3/27 (j = 2) 96 119 0.55—0.58
FZ*n - s
IMeV] 5/27 (j = 2) 30—tot— 1.9-2.0
1/2% (j = 0) 3.8-17.5 1.7-25 >
A'l}“fde 3/2* (j=2) | 248-614 0.21-024 ~q
) 52 (j=2) | 19.8—465 63-70 >]
partner of
. .
)

19



Summary

Systematically evaluated pion emission decays based on NQM

qmT

v' w/o any fitting parameter (m, M,k and g,
v" Not only ratio but also their absolute values— J-PARC Experiments

A.(2940) 7} A
. AN
(20800572 AN | Ao I
O A-mode .(2)(2765) 7’ \\—> ZCTI
O p-mode \ )
E
N4 (2625) 3/2- [ z, ratio ]

- AN
AC//(2595) /2T ch\\
¥.(2520) 3/2*
o A-mode NZANN ¥ (2455) 1/2*
X p-mode I1=1 NG
well described
A.(2286) 1/2* ) S A
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Summary

A;(2765)?' T =50 MeV
»  We found significantly different decay widths for different J*
and different quark configuration

> We can exclude some of possible configurations

A;(2880) 5/2* T = 5.8 MeV

»  Only one quark configuration among possible 5/2% ones can lead to
the consistent result with the experimental data, while all other

configurations of 5/2" cannot if the p-wave decay is properly considered.

» This fact calls an attention to the discussion based on the heavy quark
symmetry, which requires decays in only one partial wave.

» Onlyin 5/2% withj = 3 :
p-wave decay is forbidden due to brown muck spin conservation.

This is an interesting example in which :
A new selection rule appears and the decay ratio reflects the internal
structure (Not the total spin of baryons)
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Summary

A:(2940)?7 T =13 — 17 MeV : HQS doublet partner 7/2% 2?
»  We found significantly different decay widths for different J*
and different quark configuration
» T' &R =T2;m)/T(Z.m) helps to determine its spin and parity
Open issues : “where does £; = 2 mode go ?”

» A-(2880) : ratio R is inconsistent with £, = 2
if A.(2880) is pA mode, AA-mode should exist at lower energy around
hw, — hw, ... Itis not observed.

Future works

» pD° decay width The heavy quark is contained by daughter meson not baryon
which gives complementary information to the pion decay width

> Mixing of multi-configuration states : higher order of 0(1/M,)

The model used here is simple, but the present systematic studies will help to know
where and how exotic (molecular or gluon excitation etc.) configurations
beyond the quark model show up : future J-PARC experiments.
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