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Introduction

LHCDb found five narrow Q states in 2017:
0.(3000),02.(3050),0Q.(3065),0,(3090),Q2.,(3120)

So far there are 40 charmed baryons observed

16 out of 40 have unspecified quantum numbers, these
iInclude:

A,(2765),2.(2800)T+*0 =.(2930)°,5,(2970)*°,5,.(3055),
=.(3080)*Y, 2.(3123),
Q.(3000),0.(3050),0.(3065),0,(3090),Q2.(3120)
In addition there are two QN assignments for A(2940):
3/2- (LHCb 2017, PDG) and 1/2- (Cheng, Chiang 2017)



State JP n (Lg,Ly) S[lzq] sz Mass Width Decay modes
AF 1T (0,00 0t 0t 2286.46 + 0.14 weak
Ac(2595)T [17 1 (1,0) 0T 17 2592.25+0.28 2.6+0.6  Acww,Sew
Ac(2625)* |27 1 (1,00 0F 17 2628.11+0.19 <0.97 Aemrm, Xem
A (2765)F | 27 2 ? ? 7| 2766.6+2.4 50 Yem, Ao
Ac(2860)F (27 1 (2,00 ot 2t 28561723  68t12  wUx DOp DTr
Ac(2880)* |37 1 (2,00 ot 2 2881.63+0.24 5.619% wx A.wr, DOp
Ac(2940)F |27 2 (1,0)  0of 17| 2939.671°3 201¢  sr, Acnr, DOp

Se(2455)TF 1T 1 (0,0) 1t 1T 2453.9740.14 1.8979Y9 Aer
$c(2455)T |17 1 (0,00 1T 1t 24529404 < 4.6 Aer
$e(2455)0 |17 1 (0,00 1T 1t 2453.75+0.14 1.837011 Ao
S(2520)0tF (27 1 (0,00 1t 1t 2518411021 14.7870-30 Acm
2252007 [27 1 (0,00 1t 1t 25175423 <17 Aer
2.(2520)° |27 1 (0,00 1t 1t 251848+0.20 153192 Aem
S.(2800)TH| 27 2 2 ? 2| 2801t 75122 Aem, S8, Aerr
Se(2800)F |27 7 2 77 2792114 62190 Ao, 0w, Ao
$.(2800° |27 7?7 ?7 7 280612 7212 Aom, s Aerr

=+ 171 (0,00 0t 0t 2467.87 +0.30 weak

=0 Y1 (0,0 ot ot 2470.877028 weak

=+ Y1 (0,0 1t 1t 2577.4+1.2 =y

=10 Y1 (0,0 1t 1t 2578.8+0.5 =y




State |J¥ n (Lg,Ly) S[qu] Jep"Z Mass Width Decay modes
=c(2645)F (27 1 (0,00 1T 1T 2645.53+0.31 2.14 +0.19 B
Ec(2645)° |27 1 (0,0) 1T 1t 2646.32 + 0.31 2.35 + 0.22 B
E.(2790)T |27 1 (1,00 0t 1— 27920+05 8.9+1.0 =l
=.(2790)° |27 1 (1,00 0t 1— 27928+12 10.0+1.1 =
E.(2815)*|27 1 (1,00 0F 1~ 2816.67+0.31 2.43+0.26 Eim, Ecnm,Elw
=.(2815)0 |37 1 (1,00 0F 1- 2820.22+0.32 2.54+0.25 Eim Ecnm,Elw
2:(2930)0 | 77 7 ? ?7 7 2931 £+ 6 36 + 13 AK
Ec(2970)T| 27 7 7 ? 7| 29694408 209751 S.K,AKn, Ecnm
2.(2970)0 | 77 2 ? ? 7| 2067.8+£0.8 281737 X.K,AKm, Ecrn
Zc(3055)T| 77 7 ? ?  ?| 3055.94+04 78+19 X.K,A.Km, DA
Z.(3080)1| 27 7 ? ? 2| 30772404 36+11 X.K,A.Km, DA
Z.(3080)0 | 77 7 ? ?7 7| 3079.9+14 5.6+£22 XN.K,A.Km DA
Ec(3123)T| 77 7 ? ? 7| 312294£1.3 444 SEK, A KT

QO -7 1 (00 1t 1T 26952+17 weak
Q.(2770)° (37 1 (0,0) 1t 1t 2765.942.0 Qe
Q:(3000)0 | 27 7 ? ? 7 [30004+04 45407 2K
Q:(3050)0 | 27 7 ? ? ? [3050.24+0.33 < 1.2 =K
Qc(3065)0 | 27 2 ? ? 7 |3065.6+0.4 3.54+0.4 =K
(30900 27 2 2 ? 7 [3090.24+0.7 874+1.3 =g
(312000 27 2 7 ? 7 | 31191410 <26 =K




The study of bottom baryon to charmed baryon
weak decays may shed light on the quantum
numbers of some charmed baryons

Up to now only several color allowed A, - AP
decay rates have been measured (LHCb 2014):

Ay > A=, A;K™, AD™, A.Dg
We expect more to come

n general, baryon decays are complicate
Drocesses

Decay processes of b — ¢ transition with
spectating light quarks are simpler




<ly decay bottom baryons:

State |JY n (Lg, L) S[Zq] J) Mass Width Decay modes
A {271 (0,00 |[ot]of 5619.60 & 0.17 weak
Ap(5912)° [ 1 (1,00 [oF|1- 5912.20 + 0.21 < 0.66 Ay
Ap(5920°127 1 (1,0) | 0F | 1~ 5919.92 + 0.19 < 0.63 Ao
SEo 1371 (0,0) | 1|1t 5811.3 + 1.9 9.7750 Ay
X |31 (0,0) | 1T[ 1t 5815.5 + 1.8 4.9133 Apme
S 12T (0,0) [ 1t 1t 5832.1 + 1.9 11.5 + 2.8 Apmr
#1371 (0,0) | 1+ ]| 17t 5835.1 & 1.9 75+2.3 Ay
=0 171 (0,0 |of|ot 5791.9 £ 0.5 weak
= (371 (00) [of|of 5794.5 &+ 1.4 weak
= (5935) |3 1 (0,0) | 17|17 5935.02 & 0.05 < 0.03 =0
=5(5945)0 |27 1 (0,0) [ 1t |1t 5949.8 + 1.4 0.90 + 0.18 =
=5(5955)7 (27 1 (0,0) [ 1t |1t 5955.33 = 0.13 1.65 + 0.33 =
=,(6227)7( 77 7 7 7| 7 622694+20+03+£0.2181+54+1.8/AK—, Syr
Q0 LT (0,0) |1t 1t 6046.1 + 1.7 weak

Ap(35),2p(35), Qp(6¢) have 0* and 1+ diquarks




b — c transitions with spectating
diquarks

qq]

[qq] = O* or 1 diquark
The diquark is spectating in the transition



We consider 6 transition types: (i-iii) s-wave (iv-vi) p-wave Q[qq]

Type (n, LK,S[ZQ], JE I Yy — (0, L’K,S[P TP, By, — B,

(i) (1,0,0%| 07, 17y = (1]o,ot, 0t 1) A0 5 A+ =00) =+ 0)

(i)* (1,0,07] 07 1) = (2]0Jot, 0t 1) A) — A (2765) (1)

(ii) (1,0, 17| 1H 1) = (1o it 1+ 1) 0 — QO

(ii)* (1,0, 17 1H 1) = (2]o it 1+ 1) Q" — Q.(3090)°(1)

(iii) (1,0, 17| 1+ 1) = (1o it 1+ 27) Q, — 0.(2770)°

(iii)* (1,0, 17 1H 1) = (2]o 1t 1+ 27) 0 — Q.(3120)°(1)

(iv) (1,0, 171+ 1) — (a1 it 27} 27) 0, — Q.(3050)°(1)

(v) (1,0,07] 07 1) = (1)1 ot 17} 17) A) — A (2595)+, 2, ) — 2.(2790)T©)
(v)* (1,0,07] 07 1) = 2|1 ot 17} 17) A — A.(2940)T ()

(vi) (1,0,07] 07 1) = (1)1 ot 17} 27) A) — A(2625)T, 5, — =.(2815)7(©)
(vi)* (1,0,07] 07 1) = 2|1 ot 17} 27) A — A (2940)F

(1) By(35,1/27) > Bc(35,1/27) (iv) By(6,1/2%) > Bc(6f,3/27)
(it) Bp(6f,1/2%) = Bo(65,1/2%)  (v) Bp(35,1/27) > B.(3f,1/27)
(iii) By(65,1/2%) = Bo(65,3/2%) (i) By(3£,1/2%) - B.(3,3/27)
All together 17 transitions, diquarks 0*, 1*, * = radial excited

QN for states with dagger are taken from (Cheng-Chiang 187)



Transition Form Factors (s-wave)

17t 1t .
B, (E ) = BC(E ) transition MA, 3+3 F.F.

o (¢ 15 (q°

_ = Vi 2 . 1%
(B(P, T0)eblBu(P, J2)) = 5P 1) [ (@ + i + ML g Ju(p, 1),
A2 A2
_ _ . 192 \q v 93 \q
(B.(P, ) EvarshBy(P, J2)) = 5P 1) [ @ + WL g 4 L (P 1),

+ +
B,(; ) > B, (5 ) transition MA, 4+4 F.F.

(Bo(P, T enblBy(P, 1)) = @ (P, ) [ @ + L, 5 Dl pr LD 1, )
c y S ) ICYuOP (L5 J2)) = 7z_1qgup v Y T Yk WL v |Ysul\L5 Jz ),
—A(2 ~A( 2 A2
_ iy _ q q q
(B.(P )5l BulP, 1) = 0 (P 1) G @ + B, 1 pr |5 ], 1),

9



Transition Form Factors (p-wave)

+ —_
B, (% ) = ‘BC(% ) transition MA, 3+3 F.F.

I 7\ | = = A V2 -gg(q2) v gi‘i/(q2)
<BC(P7Jz)|C’Yub|Bb(Pa Jz)> = U(Pw]z) _91 (q )’Yu +Zl — 1, T4 + = M,qu]%u(P, JZ)7
~ ~ .fA 2 y A2
(Bo(P, T B, 1)) = 5P, I [+ i N o 4 T L (P, 1),

+ —_
By(5 ) = Bc(S ) transition MA, 4+4 F.F.

(Be(P', J2)|evublBy(P, J.)) = @ (P, J)| g1 (

(Be(P', JL)|&v,ysb|By(P, J.)) = @ (P, JL) | (¢

V. 2 V. 2 V. 2
gs \q q
q2).7uu + 2]\(4 )PI/Y,u + g]i)’l(]\l’) DVPIQ 94]\2% )PIJP[J,]U’(P7 Jz)7
|8 f3'(a®) fi'(¢®)
Gop + R+ By A P, Py vsu(P, Jz),

10



Our approach

B

lqq]
We use light-front quark model to calculate

transition form factors

Light-front quark model has been used in many

form factor calculations (Jaus; CKC, Cheng, Hwang,
Ke ...)

We derive all vertex functions (mostly new)
We extract all form factors.

11



Inputs

TABLE V: The input parameters m*[z 7] méq,], my and B’s appearing in the Gaussian-type wave
function (5) (in units of GeV). The superscript S and A denote scalar and axial vector diquarks,

respectively.
mﬁ;d] mﬁs],[ds] més] mp Me B(Ap) 5(52’_)
0.65 0.86 1.10 4.44 1.42 0.750 0.850
B(E%) B(Ac) B[A:(2595)] B[A:(2625)] B[A:(2765)] B[A:(2940, 5 )] B[A:(2940, 5 )]
0.900 0.345 0.350 0.450 0.345 0.350 0.450
BESY)  BIEF(2790)] BIES(2815)]  B()  Bl(2770)]  B[2:(3050)]  B[2:(3090)]
0.370 0.365 0.550 0.300 0.370 0.420 0.300
B[§2:(3120)]

0.370

12



() By(35,1/2%) - B.(3f, 1/2") transition

0.5_-
f3v |
0.0 ___ __________ f2V ]
(-] — e
0 2 4 6 8 10
q° (GeV?)

Close to expectations from HQS:

91 |
N
0.5}
A

L ettt
: g4 |
o5l T

0 2 4 6 8 10

9% (GeV?)

Isgur, Wise; Yan et al;
Cheng, ...

¥ (3f) = 91 (3¢) = {(w)

f23(3r) = 953(37) = 0

We use heavy but finite m, amd m...
The overlapping integral=0.66 not 1, # (Bw) # (B.)
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() By(35,1/2%) - B.(3f, 1/2") transition

10 | 10 ‘ ‘ ‘ ‘
= = Vv ’ —_ -
=b > =c fi = 2> =¢ gf\
0.5 _’/ 05 ”___/—’/
fy A
SO S 9
00 1 0OF—————————————— === ]
_______ fy
—————————————— A
93
~05} | | ‘ ‘ ] ~05]
0 2 4 6 8 10 0 2 4 6 8 10
06 | ‘ ‘ ‘ 0.6 ‘ ‘
04t Np = N(2765) % 041 Np > N\ (2765)
f2 c A
02 @@ e 0.2} 93
00y 2 0.0 Bmrem s e s e e T T T T T
fs A
-0.2F} ] -02¢ 92
-04F -04F
Y ”
0.8 : : : . ~0.8 : : : X
0 2 4 6 8 0 2 4 6 8
q* (GeV?) q* (GeV?)

A, (2765) a radial excitation, the overlapping
integral=-0.53 not 0, as S (By) # L(B,)
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(ii) By(65,1/2%) = B.(65,1/27) transition

1.0t
05¢
0.0
~0.5 . . . . N -0.5
0 2 4 6 8 10
q° (GeV?)

Qb - QC
g5 g5
g
0 2 4 6 8 10
q° (GeV?)

Close to expectations from HQS+large Nc:

(at w = 1,q% = qpax) 9"

Wise; Yan et al; Chow; Cheng, ...

(L, 7, f3) = (1.23,1.56,—0.60)

(91, 9%, 9%) = (—0.33,0,0)

The overlapping integral=0.46 not 1, g (B,) # B(B,)
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(il) By (65, 1/2%) - B.(6£,1/2%) transition

0.5} 0,5 0i(3090) | 05- 0, - Q(3090) » ]
0.0 ------------------------- 0.0 R ———
24 ? f 9 g
_0.5?‘——-_____~~ -0.5}
_1.0; f2V T —1.0;
o 2 4 6 8 10 o 2 4 6 8 10
q° (GeV?) q* (GeV?)

Compared to the previous case,
F.F. similar in sizes, but opposite in signs

Q.(3090) a radial excitation, the overlapping
integral=-0.46 not 0, as f§ (B,) # F(B,)



(iii) By(6¢,1/2%) = B.(6£,3/2%) transition

1000y Qu2770) 100 Q- Q,(2770) ?
: 3 | ' g7 !

0.5F o eemmeemmmmmmenne e mmmmmens § 0.5 —54 I
fron f)r/ : S gz_ _________
0.0 == mrmsmsmm e e me e e e e ===
_0.5:_-------____________iz_______ 05T T 5 3 %
10} 10}
0o 2 4 6 8 10 o 2 4 & 8 10
q° (GeV?) q° (GeV?) Isgur, Wise; Yan
: _ etal; Chow;
Close to expectations from HQS+LNc: cheng .
fl =-91 = —Faw fi =-95 = —Z&w V=gV =0
fy = _%[gl(w)m_w)gz(w)] gz = —%[51(w)—(1+w)fz(w)] $1(w) = (1 4+ w) §(w)

(A . f) = (-115-058,0580) (g1,5%, g5, g4) = (1.15,0,—0.58,0)

The overlapping integral=0.56 not 1, # (o) # £(Bc)



(iii) By(6¢,1/2%) > B.(6£,3/21) transition

10 T 10 T
- Qp - Q,(3120) | - Qp - Q4(3120)
05F fl 05/ -,
e — = = ] [ g3 92
[ f2 | Frmsmsmsssmmmmmsmss e ms s E s s EES - ]
0.0f=rm e i [ 0 Q=== e
[ fX : ey Sy
osh T T os J4
i fs | g
“qol-— v J 10— . . . ]
0 2 4 6 8 0 2 4 6 8
2 2
9° (GeV?) q° (GeV)

Compared to the previous case,
F.F. similar in sizes, opposite in signs

Q.(3120) a radial excitation, the overlapping
integral=-0.51 not 0, as f (By) # L(B,)
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(iv) By(6f,1/2%) > B.(6£,3/27) transition

101 Qp - Q¢(3050) 1795 Qc(3050) o
0.5 ____________________ f3 ........ 0.5 — ------------------- 63\/
A 73 e g7
~05F T T T T T T T e f_2____{ 0.5} 52\7“\\
1.0}
o 2 4 6 8
q* (GeV?)
Xu 1993

%3_0<1+w>55< w), ff<6f>=—%3_0[<1+w>s5< W) + (1~ w)Es(w)),
fii(6y) = \/——[55( w) —2(1 +w)ég(w)], fi(6f) = \/—[55( w) — (1 +w)és(w)],
%3_0< — o)) g¥<6f>—%_[<1—2w>§5< w) — 2(1 - w)e(w)],
g (65) = %3_0[5 @) +2(1 — w)esw)], 7Y (6f) = r[§5<w>+<1—w>f6<w>];
Naively obtain: &5(1) = 1.4102, & (1) = 0.7, except from g, we have
§5(1) =3.0
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(v) By (35, 1/2%) > B.(37,1/27) transition

1.0 : ‘ : : 11—
- N\ > N\(2595) | - Ny > N\(2595) |
05} 7 f 05 gt ]
0.0} .
-"""-l-"----.......___ fé4 - ----------------------------- V --------- =
_05/ T T e 0.5} g3
| f | | |
-1.0L ‘ ‘ ‘ ‘ ] Qo ... ’
0 2 4 6 8 0 2 4 6 8
q° (GeV?) ¢ (GeV?)

Close to expectations from HQS: 'sour. Wise, Youssefmir 199°

A _ _ Mryo(w)

fit = gf = (0 = 3= ff=F =0+
V3 _(1 _ Ml o(w)

V3

V
2

g

Naively obtain: o(1) = O.7f8;§
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(v) By (35, 1/2%) > B.(35,1/27) transition

0.6 | | | | 0.6

oal =b = =c(2790) | 0.4}

0.2F

0.2} ff\

ool 0.0}
_02 [ féq 1 _02
0.4 T——.-—",_Z\“—“_m—"_'“‘“w-—...-,.,_, ] 041

f5 ~0.6
oL = .
0 2 4 6 8
0.8, | | | : 0.8
[ A 0.6}

0.4f _— 0.4

0.2f ] 0.2

0.0f ] 0.0Ff

_02f ff\ ] -0.2
~0.4} —0.4¢

0 1 2 3 4 5 6 7

q° (GeV?)

A,(2940) a radial excitation, 6(” (1) ~ —0.8

=, > Z(2790)
91
_____ 97 ,
93
o 2 4 & 8
Ap = N\ (2940)
9 ol
g
o
0 1 2 3 4 5 6 7
q° (GeV?)

the overlapping integral=-0.53 not 0, as

p (Bp) # b (Bc)

+0.3
—0.4
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(vi) By(35,1/2) = B.(37,3/27) transition

1.0, ——— " :
08| /\b—>/\c(2625) B 08t Np = N\e(2625) ;
0.6;_ ____________ fé‘\ 0.6:; _______________ 52\/ |
0.4} : 0.4f
o 02: a%/ ]
021 FAFA A o SRR S |
0.0 =TT T T T T e e e e e N e —— j
_o_zi 1 1 1 1 f —0.25 “““““““““ §‘Y 51\/ L
OH‘2H‘4H‘6H‘8‘ 0 2 4 6 8
2
9> (GeV?) q° (GeV?)

Close to expectations from HQS: Isgur, Wise, Youssefmir 1991

f#(3r) = 9; (3r) = o (w) fi34(3f) = 9134(37) = 0
Naively obtain: o(1) = 0.7,0.8
Close to the one obtained in the previous case
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(vi) Bp(35,1/2%) - B.(35,3/27) transition

1.2 1.2
100 =p = =(2815) I 100 =p > =¢(2815) ____.
S — ay 8l mmmmmmmTTT —v
08 ___________ f/24 0 8 _________ gz
0.6F 06[
0.4F 0.4
=V =V =V
i A FA 7 0.2f
02 R 7 R S AT
(OO PO N R R KR oo Ayl i el ot 00 e e e e e e
—02 L _02 L 1
0 2 4 6 8 0 2 4 6 8
0 1.0 ‘ ‘
' | Np = N\:(2940 —v —
Lol > No(2940) , 05 90 wa
f4 T T TEY LT L Lol il
QoI 0.0L
e o _V
TA ZA 91
-05Ff
_05 T ———— f3 f1
ol T S0f T ——— gy
-1.0f AT~ b T ..l
f2 ~~~~
-15 L L
Y S S S 0 1 2 3 4 5 6 7
0 1 2 3 4 5 6 7

A,(2940) a radial excitation, 6 (1) ~ —1.0, —1.4
Similar to the one obtained in the previous case

23



Brinmunitof 10

Transition type Mode

P=mn"

P=K"

P=D"

P=D;

4161322
1.0970-2¢
2.40T 1%
1.707059

0.3179015
0.0815:08
0.171949
0.131503

0.471039
0.0715:0%
0.1379%8
0.1570-07

7.69
11.921 159

1.71
172150
4.92
1.73
3. 54: 24

0.21
0.68105;
2.00
1.0075 ¢

0.02
0.057 005
0.14
0.07"0 06

0.02
0.047 505
0.10
0.07 508

0.46
0.87 030
2.30
L. 69+1 23

(i) 37 =17 Br(Ay, — A P)
(v) 3T = 17)  Br[Ay — AL(2595)P]
(vi) AT = 37)  BrlA, — A.(2625)P]
() G =17 BriA, — A.(2765)P]
(v)* 3T = 17)  BriAy — A.(2940)P]

(Vi) (37 = 37)  Br{A, — A.(2940)P]

i)z —3) Br(=, — =)

ONCIEE Br(Z) — Ef P)
(v) (3" =3)  Brg, —E2790)P]
v) 3T = 1) Br[E) - = (2790)P]
(vi) AT = 37)  Br[g; — 29(2815)P]
(vi) AT > 327)  Br[E) - = (2815)P]
(i) (A7 = 1) Br(% — Q.P)
(i) (17 = 37)  Brl, — Q.(2770)P]
(iv) AT = 37)  BriQ, — Q.(3050)P]

(i)* (37 =37 Bri, — Q.(3090) P
Gi)* (37 = 37)  BriQy — Q.(3120)P]

3.887166
3.661%2
1.0379-72
0.971573
3.5315-25
3.3275:08
1.1010-82

1.377398
3.40°33
0.857050
0967055

025705
0.281917
0.0810:0¢
0.07+5-0
0.2619:50
0.241945
0.081007

0.23
0.1175c9

0.31
0.2470 %6
0.04
0.06 003
0.07
0.077%; 04

0.45" 55
0.43102
0.07008
0.0715:07
0.20102
0.19F032
0.151082
0.28F058
0.09%5:g7
0.10%003
0.10%y 05

11 54+é 4
51
10.871103

1.701 558
1.607 549
465759
4.341%53
4.0315-72
7.4612:03
1.78175:18
2.43117
2.3711%%

Use naive factorization approach, include penguins in D, D¢ modes

Br[Ay — Ae(2940,3/27)P] ~

(1.5 ~ 2) x Br[Ay — Ac(2940,1/27)P]

24




Br in unit of 107

M = D*~

M = D7~

M =a;

0.841024
01251
0.1375:4%
0.2670-12

10.60
17.497252

2.21
2-281:1.29
2.98
2417723
2.54
0. 29+1 84

6.98
11.911957

2.57+208
5.11
3.5075 4+
1.91
4.457193

0.03
0.06" 003
0.06
0.06" 509

+0.62
1.16 s
+1.0
1.11%5769

+0.59
1.57 —0.54
+2.26
1.5877 08

Type Mode M=p~ M=K""
(i) Br(Ay, — A.M) 12.287140  0.6370-37
(v)  BriAy— A(2595)M]  2.997F5  0.15704;
(vi Br[Ay, — A.(2625)M] 4387518 0.2270%3
()"  BrlA, — A.(2765)M]  4.84122  0.257010
(v)*  Br[Ay — A(2940)M]  1.85708  0.0979-03
(vi)*  Br[Ay — A(2940)M] 1937313 0.1070:%2
(i) Br(z, — EM) 11.567557  0.607 054
(1) Br(2) — =+ M) 10.887¢%%  0.56195)
(v) Br[Z, — Z%(2790)M]  2.86713%  0.141547
(v) Br[=) — =X (2790)M]  2.691%1  0.13704L
(vi)  Br[g, —=%2815)M] 6.497.%3 0327051
(vi)  Br[E) - =r(2815)M]  6.10792  0.307938
(ii) Br(Q% — QM) 3.077231  0.167) 2
(ili)  Br[Qy, — Q.(2770)M] 237718 0.1370%
(iv)  Br{ — Q.(3050)M]  4.097552  0.2070%%
(i)*  Br[, — Q.(3090)M] 2297136 0111007
(iii)*  Bri — Q.(31200M]  1.507137  0.087097

0.827 535
0.7715:39
0.127912
0.11794
0.2079-28
0.1975-23
0.1675:53
0.281939
0.0819-89
0. 09+8 o

+0.07

17. 26+;17§
10.5
16.247252

2.2512:33
2.117%19
3.7413:58
3.517339
3.1872-09
6.20151
1.4370 %8
1.697199
2.37+5:33

11.3775 éé
6.72
10.701547

2.4872-19
2.3311-98
5.241 592
4.921%-3
2.7617:29
2.781 100
2.8413-88
1.927 10
1.557 21
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Mode Data-{4]—This-work| {21} —[22]{23,-24] {25 {26} {2733} {35 {36]
Ay — Ao 49404 4167233 (46730 46 562 391 — 175 496 — 567
Ay — A K| 035940030 0311535 | - -  — —  — 0.13 0393 — 046
Ap— AcD7| 046£0.06 0477553) | - - - = — 030 052 - 076
Ap— AD7 | 11.0+£1.0 11.927558 [ 2373 137 — 1291 22.3 7.70 12.4 14.78 19.94
Ay — Aep™ - 12287117 6.67%5 129 — 1082 — 491 865 — 16.71
Ay — A K" — 0.63705¢ - - —  — 027 0441 — 087
Ay — AD*~ - 0.8479:55 - - —  — 049 0520 — 1.38
Ay — AD:™ - 17.4977900 17.3720 21.8  —  19.83 32.6 14.14 10.5 25.16 30.86
Ay — Acay - 1o1fses - - - - - 532 — - 1653
=) - Efr- - 3.66772% - 49 708 - — — - - -
=y — 20~ - 38876 - 52 1013 - - - - - -
=) EfD- - 043793 - - - - - - - 045 -
=) » EfD; - 10.877508  — 146 - T
=) — = D* - 0771938 - - - - - - = 095 -
2) » EfDr - 16.24719%4 231 - - - - - - _
Qp — Qer™ - 110798 — 492 581 - - — - 18 -
Qp — QD5 - 4.03133% - 119 — - - - - = -
Qp — Qep™ - 3.07735  — 128 — - - - - 543 -
Qp — Q.D:~ - 3.18738 - 115 — R
Qp — Qi — 1.37739% — 269  — - - - - 170 -
Qp — QD™ - 0.28%958 - - - - - - - 016 -
Qp — D7 - 7461203 - 353 — - - - - = -
Qy — Qkp~ - 2377158 381 - -~ - — — 558 —
Qp — QED* — 028t - - - - - - - 058 -
Qp — QD* - 6.20154 - 393 - T
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. Type
(1) (%+ — % ) Mode
(v) (%+_>1—) E(Ab_”\cP) P = -
AT Q -9 = K~
(vi) (1 5 8 Ay — Au(2595)P 9.991T0 g D
NI T ) alA ] —98.33"1 9.97+5-07
(i)* (3 p— A 33+12.89 502 P_ D
(A7 11 «(2625) P] 1289 98,121 1% o 99.4517-22 D,
CHGEYS a[Ay — A (2765)P —97. 76+§9229 _97- J_ré,gg 88 05+28 B —99.191% ggl)
: 2 2 ) Q[A O)P] -9 +ﬂ 02 —99. 87+1 .87 —2. 566 -9 ~13.51
(1) (iT — =+ b _>Ac(2940 8.32 2.86 0.11 —98.0 +5.04 707+38 .04
L2y 2 ) == )P] —99. +61 G —98.1017, 31197 — 293
i) 3T =19 a(Z, — Z0P) 4176588 g9 0 oo 86941111 97.2315-10
(v) (%Jr _ %—) a(Z) — EFP) —99.98" 045 59 0 29}14 _K9. 25+212g9 —84.047 1582
1 _ 4 —
) (AT 5 2_ alZ; — 29(279 99981573 06700 992 _10.75 _86.81130-72
S ) ofE) - 0)P] —98. 11436 —99.961 00 90 9 o
(vi) (5 =35 ) =b 7 =e (2790) P 1311456 _97.8 2,000 _99.99+961 8.997 105
(vi) (%‘F _ %_ Oz[:b — 50(281 —98. 13+%4 .56 81o 116 _86. 62+2g gl —98. 99+10 .34
i ) aE) - = 0(2815)P] —97.63%5% s —97.8855757° 5o —84. 58
LI ) . 5)P] —97. +4 37 —97. 48+42 09 12867 gy —~15.15
: 2., ) o P) 59. o g —97. 56+42 .03 %50 =9 —~15.16
(iv) (AF = 3~ b — Q.(277 g4 121.34 1203 _gg 71438, 5.8013840
N 37) al0 ¢(2770) P] 5 +918-76 50.39+2L.45 173831 4.11
(i) 3" =3 b — 2(3050) P 6015505 1. 17+9§8470 56.04123-79 —96.1675%,"
(iii)* (17 — 2+ o[ — Q.(30 18.07152:52 (ss. —11.0 Che 55.16123-98
2 37Y a0 £(3090)P]  59. 4145 17.73+53:31 g+5088 19.18
¢(3120)P] L a1y 50.15T14:21 161700 ~55.10
5Q1+42.35 376 D4 16 9 7. 09+78 45
—41.22 3. 81+41 17 01 —13. gg 59. 1;2'03
—40.26 —374+22 18 73 13 gfls
—24.05 4. 20+20 50
22.52
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M =p~ M= K*~ M = D*~ M = D}~ M =a;

12.41 12.21 15.76 15.97 11.32
—85.673%:" —81.657,%c —33.47T 00 —28.68T 173 —68.667 5

42.04 41.55 34.18 33.31 39.81
—91.48T3%0% —89.01775° —53.92175-7 —49.801 5008 —80.5273718

—86.157271  —81.891321 31547231 _26.877507 —67.9974%

5.60 6.02 7.08 6.82 7.00
—86.96709° —82.967077 —36.85T5g3 —32.69720: —70.00"53

4.44 4.84 10.24 10.34 6.29
—84.017557 —79.56132] —24.7715%2% —19.0415%0  —64.9770 5

66.15 63.92 36.43 33.21 56.57
—87.2570% % —84.1472%2° —48.02790 55 —45.2819573 —73.9077500

[1]

O g

[1]

o4

o
[1]
s dl 4|

e

[1]

L
OO
~—~

(1] [t [1] [1]

Q

— — —

.57 7.04 . 7.7 .
—86.617607 82521708 _35 981808 _37 g4*tT78  _(9.3315:13

13.71 13.40 16.14 16.30 12.18
—85.141 %11 8111132 —32.407 043 —27.57 788 —67.9275%:

13.71 13.40 16.14 16.30 12.17
—85.137 ;%L1 —81.097 ;%Y —32.357 103 —27.521 730 —67.90" %=

46.65 45.9 35.28 34.12 43.30
—91.5573%2° —89.0872%5 —55.07732:° —51.3277922 —80.637 g%,

46.84 46.09 35.37 34.18 43.48
—91.4817%5% —89.007:5%2Y —54.8370227 —51.0675708 —80.527 5%

— —

—86.6170 00 —82.527 108 —36.007 50 —31.857 118 —69.3475 4

22.03 22.22 22.11 21.54 22.74
61.6377953 62.2075075 72157555 T3.537%60;  64.27057 5

—5.2205 05 —T51EES —22.24750, 22,6255 —13.64551
60.39 59.86 49.96 49.66 57.68
24.95T2000 2472720590 13.227¢030  10.3975)10  23.53720 53

14.81 15.02 15.51 14.95 15.63
61.517 597  62.100035;  73.1097gs 74635751 64.31015%7

+44.49 +41.58 +21.35 +19.79 +33.80
1'15—48.55 _0'31—46.29 _11‘06—24.74 _11'43—22.92 _4'44—39.57
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Mbde This work 21]  [22] [23,24] [26] @[27] [33] [35] 36]
Ay — Ao~ —99.997&70 100 —99  —99  — —99.9 —-99.8 —  —100
Ay = AK~ —99.9750; - - - —  —-100 -100 —  —100
Ay — A.D™ —99.451 098 — —~ —~ —~  —98.7 —-99.9 -98.9 -98.3
Ay — A.D; —99.19752)  —99.1  —99 ~ 98 —984 —100 -98.6 —97.8
Ay — Aep™ ~86.9670%0  —90.3 88 - ~  —89.8 —888 — 875
Ay = AK* 82967007 — - - ~ 865 —-8.9 —  —836
Ay — A D*~ ~-36.8577%8  — —~ —~ — 459 478 -  —37.1
Ay — A.DE™ —32.697852  —43.7 —36 —  —40 —41.9 439 -364 -—32.7
Ab — Acay ~70.0075% - - - - —758 - — =709
=) =t —-99.98t0  —  —100 —100 - —~ —~ - ~
= == 0 —99.98T5 100 -97 - -~ - = -~
Jg — E +D— —98.99H1%3*  — 99 - - - - - -
=) — = Dr —~31.847L8 36 - — — — —~ —~
Qp — Qe 59.9412038 51 60 — — . - -
Qp — QD7 55.16750%  — 42 — —~ — — — —
Qy — Qep™ 61.6377%8  — 53 — — — - —~ =
Qp — QD 735375503 — 64 —~ —~ — — — —
Qp — Q(2770)7~  2.60777519, — 38 - — - = — —
Qp — Q.(2770)D;  —11.70T22% 22 - - — - —~ —~
Qp — Q.(2770)p~  —5.227%28%  — 75 — — — — — —
Qp — Q.(2770) D~ —22.6279382 — 31 —~ —~ —~ —~ — 30—




Conclusion:

1t 1T 3%
We StUdbe(E )_)Bc (E > )M,M =PV A

color-allowed decays (6 types of transitions)
Form Factors are calculated using LFQM

Close to expectations from HQS (+Large Nc)

Rates and asymmetries are predicted, close
to existing data and results from other works

Can be checked experimentally

May shed light on the QN of some charm

baryons
[Ac(2765), A;(2940), 2,(3050), 0 (3090), 0 (3120)]
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Y(color) Lix Ly t(flavor) ¢(spin) Slqq parity([qq]) parity(Qqq)
(3c)a eveneven (3f)a (1lsp)a Ly + +
(3c)a even even (6¢)s (3sp)s |Lp—1|,---,Lp+1 + +
(gc)A odd odd (gf)A (3Sp)s Ly —1,Lp, L+ 1 — +
(gc)A odd odd (6f>S (]-Sp)A L — +
(3c)a even odd (3¢)a  (3sp)s Lrp—1,Lg, Lp+1 — —
(3c)a even odd (6f)s (lsp)a Ly — —
(3c)a odd even (3¢)a (1lsp)a Ly + —
(3c)a odd even (6¢)s (3sp)s |Lp—1|,---,Lp+1 + —
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Ly Ly flavor S, S[I;)q] JlP Jr B.
3¢ 0t 0F AF, =0
3¢ 0ot 0" Ac(2765)T ()

0(2455) 0 =40 QO
=0.(2970)0(1), Q:(3090)°(1)

+ o+ + o+

— = N = N = N = N~ NS

0 0 0 :

0 0 0 :

0 0 1 :

0 0 1 :

0 0 6 1 1t 1t 37 20(2520)+++0, =.(2645)™0, 0.(2770)°
0 0 6 1 1T 1t 37 0.(3120)°(%)

1 0 3 0 0" 17 3 (2595)+, =.(2790) 10

1 0 3 0 0" 17 3~ A.(2940)* (1)

1 0 3 0 0F 17 37 A.(2625)T, =.(2815) 0

1 0 3 0 0F 173~ A.(2940)F

1 0 6 1 1t 27 37 3.(2800)"T0(+), E(2930)T0(1), Q.(3050)°(1)
1 0 6 1 1t 27 27 Q.(3066)°(1)
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State JP n (Lg,Ly) S[Izq] sz Mass Width Decay modes
AF 1T (0,00 0t 0t 2286.46 + 0.14 weak
Ac(2595)T (271 (1,00 0t 17 2592.254+0.28 2.640.6  Acwm, Sew
Ac(2625)* |27 1 (1,00 0F 17 2628.11+0.19 <0.97 Aemrm, Xem
A (2765)1 | 77 2 ? ? 7| 2766.6+2.4 50 Yem, Aewm
Ac(2860)F (27 1 (2,00 ot 2t 28561723  68t12  wUx DOp DTr
Ac(2880)* |37 1 (2,00 ot 2 2881.63+0.24 5.619% wx A.wr, DOp
Ac(2940)T |27 2 (1,00 0f 17| 2939.6%17 207 s, A, DOp

Se(2455)tH (LT 1 (0,0) 1T 1T 2453.97+0.14 1.897999 Aer
$e(2455)T |17 1 (0,0) 1T 1t 24529404 < 4.6 Aer
$e(2455)0 |17 1 (0,00 1T 1t 2453.75+0.14 1.837011 Ao
S(2520)0tF (27 1 (0,00 1t 1t 2518411021 14.7870-30 Acm
2252007 [27 1 (0,00 1t 1t 25175423 <17 Aer
2.(2520)° |27 1 (0,00 1t 1t 251848+0.20 153192 Aem
Se(2800)FF] 27 7 2 77 2801+ 75122 Aem, S8, Aerr
Se(2800)F |27 7 2 77 2792+14 62190 Ao, =8, Ao
$.(2800° |27 7?7 77 280612 72122 Aom, 28 Ao

=+ 171 (0,00 0t 0t 2467.87 +0.30 weak

=0 Y1 (0,0 ot ot 2470.877028 weak

=t 171 (0,00 1t 1t 25774+ 1.2 Zey

=10 Y1 (0,0 1t 1t 2578.8+0.5 =y




State |J¥ n (Lg,Ly) S[qu] Jep‘f Mass Width Decay modes
=c(2645)F (27 1 (0,00 1T 1T 2645.53+0.31 2.14 +0.19 B
2.(2645)° |27 1 (0,00 1t 1T 2646.32+0.31 2.35 +0.22 Eem
E.(2790)T |27 1 (1,00 0t 1— 27920+05 8.9+1.0 =l
=.(2790)° |27 1 (1,00 0t 1— 27928+12 10.0+1.1 =
E.(2815)*|27 1 (1,00 0F 1~ 2816.67+0.31 2.43+0.26 Eim, Ecnm,Elw
Ec(2815)° (27 1 (1,00 0F 17 2820.22+0.32 2.54+£0.25 Eim, Ecmm,Elw
2.(2930)0 [ 27 7 ? 77 2931 + 6 36 4 13 AcK
Ec(2970)T| 27 7 7 ? 7| 29694408 209751 S.K,AKn, Ecnm
2.(2970)0 | 27 2 ? ? 7| 2967.840.8 2817370 S.K,AKm, Ecnm
Zc(3055)T| 77 7 ? ?  ?| 3055.94+04 78+19 X.K,A.Km, DA
Z.(3080)1| 27 7 ? ? 2| 30772404 36+11 X.K,A.Km, DA
Z.(3080)0 | 77 7 ? ?7 7| 3079.9+14 5.6+£22 XN.K,A.Km DA
Ec(3123)T| 77 7 ? ? 7| 312294£1.3 444 SEK, A KT

QU =71 (0,00 1T 1T 26952+ 1.7 weak
Q.(2770)° (37 1 (0,0) 1t 1t 2765.942.0 Qe
Q.(3000)° | ?¢ 7 ? ? 7 [3000.44+04 4.5£0.7 =
Q:(3050)0 | 27 7 ? ? ? [3050.24+0.33 < 1.2 =K
Qc(3065)0 | 27 2 ? ? 7 |3065.6+04 35404 =K
Q.(3090)0 | 77 7 ? ? 7 |3090.2+0.7 87+1.3 =V K
(312000 27 2 7 ? 7 | 31191410 <26 =K
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Parameterization of F. F.

F(0)
- (1—¢*/M?)[1 - a(q?/M?) + b(¢?/M?)?]’




