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Introduction

Bound States in Quantum Field Theory

Bethe, Salpeter (1951) Relativistic equation for bound state problem using
S-matrix formalism = Integral equation for WF of two interacting fermions

Jouvet (1956) QFT approach for Fermi coupling bounding the hadrons —-
compositeness condition Z = [{(¥bare|¥phys)|*> = 0
Probability to find “bare” state in “physical (dressed)” state is zero

Both methods are equivalent

Salam (1962), Weinberg (1963)
Master equation relating mass spectrum and coupling constant

Z =1- g1l (mp) =0

Here I1’ is the derivative of mass operator of hadron on mass shell cd
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Baryon Structure in CCQM: formalism

Unified Description of Light and Heavy Baryons

Quantum Numbers of Heavy Baryons:
JF spin-parity, I isospin, quark content

Interpolating currents (QCD sum rules)
J = eT14f (g5 CT'2q5)

Here ¢¢ is quark field, C = ~°~? is charge conjugation matrix, I'; is gamma matrix

Proton =d @ {uu}+ = u @ [ud]y+

JV — gabcfy”ny) d2 (ub C’Y,u uC)
— JgP_jS_ E
2

1
_ 6abc u? (ub 0,75 dC) . 8abc ,75da (ub Cuc> 4+ 58abc ,y,uda (ub 0’75"}’/1,“0)
ATH(1232) =u @ {uu}+

JV,,u — gabc u? (ub CPY,UJ uC)
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Baryon Structure in CCQM: formalism

Ao =Q @ [ud]p+

JP — 8acha (ub 0,75 dC)
JS — gabc,y5 Qa (ub CdC)
JA _ sabc ,_y,u Qa (ub C’YE)’YM dC)

JP and J4 degenerate in NRL and HQL mg — oo
J5 vanishes

ZQ, 222 = Q b [uu]1+

JV — 6abc,y,u,yB Qa (ub C’Ylu uC)

JT — _8abco_,u,y,)/5 Qa (ub CO'/J,V uC)

DO =
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Baryon Structure in CCQM: formalism

Tgr = €9"9° ¢* (Q" Cyu Q°)

1
J,ir/g—l— — 5 €abco_,u1/,y5 qa (Qb CO—,U,I/ QC)
'];//754— _ 8abc q° (Qb C’Yu QC)

= ok

Ebces —bee — b {CC}1+

‘]1‘//24— — eabc,y,u,yS b (Cb C’Ypb CC)

1
J;F/QJF = 3 g0 GHV A5 @ (cb Copuw c©)
JYoH = %epa (b O, )
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Baryon Structure in CCQM: formalism

Interpolating currents and quantum numbers of light baryons

Baryon JP Jabe Mass (MeV)
p LT[ S aeyb Oy, uc 938.27
n %+ 7“75uadbC’yM d° 939.57
A i s%ubCrysd° 1115.68

>+ 17 ypaBsaybCyu 1189.37
570 1T ynayBsayb Oy, de 1192.64
> %+ Y5 52dPCry,, d¢ 1197.45
=0 1T yiySyutsb Oy, s 1314.86
= %+ YA de s Cry,, s 1314.86
AT 3" utubCry,uc 1230.55
AT 3T dub Oy uc 1234.90
A0 37 usdbCy,,d° 1231.30
A 37 dodb Cry,, de 1230.55
NE* %+ s4ubCry,,u® 1382.80
> 0x %+ s4ubCry,,d° 1383.70
5+ 37 s%dCy,,d° 1387.20
=0* %+ u®s®Cy,, 8¢ 1531.80
== 3" dosPCry,s° 1535.00
O~ %+ §95°Cry,, s° 1672.45




Baryon Structure in CCQM: formalism

Interpolating currents and quantum numbers of heavy baryons

Baryon JF Jabe Mass (MeV)
Ac i c*ub Crysde 2286.46
>t %+ YRS ctul Cyyut 2453.97
s+ LT ypaS ety Oy, de 2452.90
50 1T yuayBeadb Oy, de 2453.75
=F 1 c*ubCrys s© 2467.87
=0 i b Crys 5° 2470.87
=t LT | ypyPeaybCry, s 2577.40
E/CO %+ Y5 ctdb Cry,, s 2578.80
Q. LT yuaBeash Oy, s 2695.20
Qr 37 @ 5P Cy,, s° 2765.90
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Baryon Structure in CCQM: formalism

Interpolating currents and quantum numbers of heavy baryons

Baryon JF Jabe Mass (MeV)
Ay 1T b%ub Cysde 5619.40
E;‘ %+ YHS b ul Oy ut 5811.30
0 LT sy Sbeyub Oy, de 5813.40
b 1T ynyBpadb Oy, de 5815.50
=0 1T bub Cry55° 5791.90
= 1T b db C'rys ° 5794.50
E;O %+ YHAS b ub Cy,, € 5935.02
=, LT yraBbadbCry, s 5936.00
Q LT yuaBpasb Oy, s 6046.40
= 3T bAubCly,, s° 5955.33
O 37 b%sPCry,, 5° 6088.00
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Baryon Structure in CCQM: formalism

Interpolating currents and quantum numbers of double heavy baryons

Baryon Jr Jabe Mass (MeV)
=1+ 1T ypaSuacdCryyet | 3621.40 (LHCD)
Q. %+ Y552 Cry,, e 3778

Zedt 3T ucPCry,, e 3727
QF T %+ §4clCry, et 3872
=0, LT yaByapb Oy, be 10202
O 1T yuayBgapb Oy, be 10359
— % + a c
=50 g+ u®b®Cy,b 10237
Q- “ s2bPCy, b° 10389
=4 i u?cPCrysbe 6933
=+ LV ylySua b O 6963
00, it d®cP Cysbe 7088
Q0 1T ypaSsacb Crysbe 7116
=t 37 ucb Oy, b° 6980
Q0 3+ s@cbCry,, b 7130

EFG (Ebert, Faustov, Galkin) PRD 86, 014008 (2002)
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Baryon Structure in CCQM: formalism

Interaction Lagrangins of Baryons with Quarks
E;H_ .

s+ _
L. ¢ (x)= 92++ E++($) : JE'H_ (r) + H.c.,

int

J2++ /da:l /dng (x;x12203)e? 14243 H 750&1( 1) u®? (22)Cypu®® (x3)
=+ .
=T

=4t oS
L.ce (ZC) = g__|_+ (ZC) N S (ac) + H.c.,

int Eee

:ﬁj /dajl /dgchEzchr(a:;xlxga:g)ealazas,y ,Y5ua1( 1) c*?(x2)Cyuc®3(x3)

The vertex function F' is chosen to be of the form

3

F(x;z1,22,23) = S (z — sz%) CI)(Z(% - xj)2)

i=1 i<j
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Baryon Structure in CCQM: formalism

Correlation Function & - correlation function involving the three constituent
quarks with coordinates x1, x2, x3 and with masses m1, ms, ms. The variable w;
is defined by w; = m;/(m1 + ma + m3).

In momentum space

k2 + k2
O(—k? — k2) :exp[ 1A2 2]
size parameter A is fixed from data.
Free fermion propagator for quarks
1
E;Q(Z?) — ) q — 1L7(1787(37b
Heavy Quark Limit
1 1+ ¢

Sq(k+p) = +0(1/mg)

mQ— k— ¥ N _2(kU+AQ1QQ)

where v = p/mp is the heavy baryon 4-velocity,
MBQqg1q — MQ + Agiqs + O(l/mQ)-
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Baryon Structure in CCQM: formalism

Infrared Confinement

a-representation for each local quark propagator and integrating out the loop
momenta, one can write the resulting matrix element expression as an integral
which includes integrations over a simplex of the a-parameters and an integration
over a scale variable extending from zero to infinity.

After doing the loop integrations one obtains

(©.@)

H:/d"aF(al,...,an),
0

where F' stands for the whole structure of a given diagram.
The set of Schwinger parameters «; can be turned into a simplex by introducing
an additional t—integration via the identity

1 :/dtcs(t—;ai)

0
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Baryon Structure in CCQM: formalism

Additional scale

(o%e) 1 n
1= /dttn_l /d”a5(1 — Zozz) F(tay,...,tan).
0 0 =1
We cut off the upper integration at 1/A? and obtain
1/22 1 n
rreent — / dtt”_lfdnoz5(1 — Zai) F(tay, ..., tay)
0 0 =1

IR cutoff removes all possible thresholds in the quark loop diagram. We take the
cutoff parameter A = 181 MeV (corresponding to 1/A ~ 1 fm), which is the same
in all physical processes. It has analogy with holographic description of particle
interactions in AdS/QCD. One can then interpret z as an extra space coordinate
and the upper integration limit z;g = 1/ as the infrared scale where quarks are
confined and hadronized.

Truncation over the holographic coordinate z is necessary in order to break
conformal invariance and to incorporate confinement in the infrared region.
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Baryon Structure in CCQM: Weak Processes

Typical Feynman Diagram

Semileptonic Processes

Ay A
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Baryon Structure in CCQM: EM Processes

ELectromagnetic Process

Gauge invariance restoration: q(z;) — exp {z‘eq Ik dzMA“(z)] q(x;)

Lq

y
B : : B
Y Y
B %E \:\i B B ‘E \:\é B
Ward-Takahashi indentity

qu N (p,p") = eB {EB(p) — EB(p')]
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Baryon Structure in CCQM: Parameters

Quark masses and IR cutoff

Mo, Ms Me mp A

0.242 0.428 1.672 5.046 0.181 GeV

Hadronic scale parameters A g

N, A Hyperons B. By, Boog Bogqg

0.360 0.493 0.868 0.571 0.750 1.179 GeV

HQL parameters

/_\ /_\S ASS

0.600 0.750 0.900 GeV
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Magnetic Moments

Heavy baryon wave functions and magnetic moments in NRL QM

Baryon Wave function Magnetic moment
€
AQ[ud] 5 Q(ud — du) x4 QW?Q
— €
EQ[qs] % Q(gs — 5q) xa QWCE
1 €Q e €7
2 01{aq'} 75 QUad' +4d'9) xs ~Bmg T Img T 3my
e 2
QQ{ss) Qss Xxs ~Gmg T B
7/
- 1 € €Q °Q
=q{QQ") 7R +QQ) x5 | —gm, T 3mg T3 A
€s 26@
sQe) sQC Xs “Bms T 3mg
— €
=q[cb] % Q(Cb - bC) XA 277%(1
—_ € C
Zg{cb} 75 a(cb+be) xs ~ G T 3 T 3
Qs[cb] % S(Cb - bC) XA 2%;3
Qs{cb} % S(Cb+ bC) XS _6%33 + 3%6 + ?)irbbb
Dp(cey bee Xxs i+ 3
2
Qe (bp) cbb xs ~ i T 3m

XA = \/g{T (N—H)}, XS

= \/g {T (14 + 1) —2m}

- p.18



Magnetic Moments

Magnetic moments of single heavy baryons (in units of ux)

B Our (Full) Our (HQL) NRQM Others

AT 0.42 (0.41; 0.01) 0.37 (0.37; 0) 0.37 (0.37;0) | 0.35;0.38;0.40
AP | -0.06 (-0.06;0.002) | -0.06 (-0.06;0) | -0.06 (-0.06; 0) -0.18

=F 0.41 (0.40; 0.01) 0.37 (0.37, 0) 0.37 (0.37; 0) 0.38

=Y 0.39 (0.40; -0.01) 0.37 (0.37; 0) 0.37 (0.37; 0) 0.35; 0.38
=Y | -0.06 (-0.06;0.002) | -0.06 (-0.06;0) | -0.06 (-0.06; 0)

=, | -0.06 (-0.06; -0.003) | -0.06 (-0.06; 0) | -0.06 (-0.06; 0) 0.35; 0.38

Comparison with quark models:

Jena, Rath, PRD 34 (1986) 196; Glozman, Riska, NPA 603 (1996) 326
QCD Sum Rules: Zhu et al., PRD 56 (1997) 7273
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Magnetic Moments

Magnetic moments of single heavy baryons (in units of ux)

Our (Full)

Our (HQL)

NRQM

Others

0.47 (-0.11; 0.58)
-0.95 (-0.11; -0.84)
0.66 (0.02; 0.64)
-0.91 (0.02; -0.93)

0.08 (-0.12; 0.20)
-0.37 (-0.12; -0.25)
0.22 (0.02; 0.20)
-0.23 (0.02; -0.25)

0.51 (-0.12; 0.63)
-0.98 (-0.12; -0.86)
0.65 (0.02; 0.63)
-0.84 (0.02; -0.86)

0.76; 0.65
-1.13;-1.18
0.90
-1

1.76 (-0.11; 1.87)
0.36 (-0.11: 0.47)
-1.04 (-0.11; -0.93)
2.07 (0.02; 2.05)
0.53 (0.02; 0.51)
-1.01 (0.02; -1.03)

0.53 (-0.12; 0.65)
0.04 (-0.12; 0.16)
-0.44 (-0.12; -0.32)
0.67 (0.02; 0.65)
0.18 (0.02; 0.16)
-0.30 (0.02; -0.32)

1.86 (-0.12; 1.98)
0.37 (-0.12; 0.49)
-1.11 (-0.12; -0.99)
2.01 (0.02; 1.99)
0.52 (0.02; 0.50)
-0.97 (0.02; -0.99)

2.41; 2.33; 2.1
0.50; 0.49; 0.6
-1.38;-1.35;-1.6
2.55
0.65
-1.24

-0.85 (-0.11; -0.74)
-0.82 (0.02; -0.84)

-0.31 (-0.12; -0.19)
-0.17 (0.02; -0.19)

-0.85 (-0.12; -0.73)
-0.71 (0.02; -0.73)

- 0.89; -1.02
-0.75

Comparison with quark models:

Jena, Rath, PRD 34 (1986) 196; Glozman, Riska, NPA 603 (1996) 326

QCD Sum Rules: Zhu et al., PRD 56 (1997) 7273
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Magnetic Moments

Magnetic moments of double and triple heavy baryons (in units of p )

B Our (Full) Our (HQL) NRQM Others
=X | 0.13(0.52;-0.38) 0.25 (0.51;-0.26) | -0.01 (0.49;-0.50) | -0.25
=1 0.71 (0.52; 0.19) 0.64 (0.51; 0.13) 0.74 (0.49; 0.25) 0.85
=0 -0.54 (-0.06; -0.48) | -0.42 (-0.08;-0.34) | -0.58 (-0.08; -0.50) | - 0.84
= 0.18 (-0.06; 0.24) 0.09 (-0.08; 0.17) 0.17 (-0.08; 0.25) 0.26
O 0.67 (0.53; 0.14) 0.60 (0.50; 0.10) 0.67 (0.49; 0.18) 0.78
Q,, 0.04 (-0.08; 0.12) 0.14 (-0.06; 0.20) 0.10 (-0.08; 0.18) 0.19
=t 1.52 (0.002; 1.52) | 0.75(0.001; 0.75) 1.49 (0; 1.49) 0.69
=0 | -0.76 (0.002, -0.76) | -0.38 (0.001;-0.38) -0.74 (0; -0.74) - 0.59
=T | -0.12(0.24; -0.36) 0.18 (0.42; -0.24) | -0.29 (0.21;-0.50) | -0.54
=/0 0.42 (0.24; 0.18) 0.54 (0.42; 0.12) 0.46 (0.21; 0.25) 0.56
QY | -0.61(0.002;-0.61) | -0.26 (0.001; -0.26) -0.55 (0; -0.55) 0.24

Q0 | 0.45 (0.25; 0.20) 0.50 (0.42; 0.08) 0.39 (0.21; 0.18) 0.49
QF | 0.53(0.02;0.51) 0.14 (0.02; 0.12) 0.51 (0.02; 0.49)
00, | -0.20(-0.08;-0.12) | -0.13(-0.05;-0.08) | -0.20 (-0.08;-0.12)

Comparison with HBChPT: Phys.Rev. D96 (2017) 076011

-p.21



Radiative Decays

Radiative Decay Widths (in keV)

Mode Our Others
S5 Ac+ 60.7 93 [1]
SEt 5 AT 44 151
)WY S TP 0.14
=t j+7 12.7 16 [1]
“'0 — _2 + 0.17 0.30 [1]
”*Jr — E5 + 54

'0 — E0 + v 0.68
AC(2593)+ — AT 4+~ 115 | 191 ¢%. [2]; 16 [3]
Ae(2593)T = SF + 4 77 127 ¢2 4 [2]
Ae(2593)F — BT 4+ ~ 6 6 c2 ¢ [2]
Ac(2625)*F — AT +~ | 151 | 253 % [2]; 21 [3]
Ae(2625)*T — SF 4+~ 35 58 c2 ¢ [2]
Ac(2625)*F — z*+ + | 46 54 c2 ¢ [2]
EC(2815)*+ — EF + 4 190
=.(2815)*0 — =0 4 ~ 497
Ap(5933)0 — AO + 128 90 [3]
Ap(5966)*0 — AO + 172 119 [3]

[1] Cheng et al, PRD 47 (1993) 1030
(2] Cho, PRD 50 (1994) 3295
[3] Chow, PRD 54 (1996) 3374
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Strong Decays

Strong Decay Widths (in MeV)

Mode Our Data

P-wave

STt S5 Ae ot 2.85 2.34 4 0.13 4 0.45 (CDF); 1.84 + 0.041 057 (Belle)
30 5 A+ ot 2.65 1.65 £ 0.11 £ 0.49 (CDF); 1.76 + 0.0475-97 (Belle)
SETT s A+t 21.21 | 15.03 £ 2.12 4 1.36 (CDF); 14.77 + 0.2570-35 (Belle)
S50 5 A+ 22.00 | 12.51 & 1.82 4 1.37 (CDF); 15.41 4 0.4170-2 (Belle)
25t 520 4ot 1.78 2.14 4+ 0.19

=50 5 =2f 4 2.11 2.35+0.18 +0.13

S-wave

Ae(2593) = 2T +7— | 0.79 0.62 + 0.20

Ac(2815) = 2Ft + 7~ | 0.08 <0.1

D-wave

=¥(2625) — ZQ + 7T 0.08
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Radiative Decays of DHBs

Radiative Decay Widths of DHBs (in keV)

Decay mode Exact results HQL NQM
=, — Sbe 1.56 x 102 0 1.35 x 102
Q) — Qe 1.26 x 102 0 1.10 x 102
CriS o 0.28 x 102 0 0.25 x 102
QF — Q- 0.16 x 102 0 0.14 x 102
BT =21 23.46 + 3.33 20.53 + 0.79 36.22
= =L 28.79 + 2.51 5.13 &+ 0.20 35.65
Q* . — Qee 211 +0.11 ~ 0.29 2.42
== 5 0.49 + 0.09 ~ 0.27 0.67
=50 — 20 0.24 + 0.04 ~ 0.07 0.30
QF — Qe 0.12 + 0.02 ~ 0.03 0.13
=5t - 5t 0.46 £ 0.10 ~ (.37 0.69
=50 — 29, 0.31 + 0.06 ~ 0.11 0.38
= = B 587 x 1072 | ~28x 1072 | 7.34 x 102
QF, — Qup 226 x 1072 | ~1.0x 1072 | 236 x 102
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Nonleptonic Decays

Nonleptonic Decay Branchings of Charm Baryons (in units of 10—3)
c — sud transition

Mode Our Data Theory
Ac — AnT | 25.5(7.9) 13 £+ 7 7.6 (Korner); 16.7 (Xu); 9.1 (Cheng); 11.2 (Sharma)
Ac — ApT™ | 99.2 (44) < 60
He — 2T 33.4 5.5+ 1.6 | 28 (Kdrner); 49 (Xu); 25 (Cheng); 10.8 (Sharma)
Ee. — ZpT 208.7
= - Ext 1.0
= —EpT 16.5
Qe — QrT 25.0 10 (Cheng)
Qe — QpT 196.1 36 (Cheng)
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Nonleptonic Decays

Nonleptonic Decay A. — po

Branching ratio B(A. — p¢) in units 10~4

Our result

Theoretical predictions

Data

14.0

19.5 (Cheng); 21.5 (Kérner); 9.89 (Zenczykowski); 4.0 (Datta)

10.8 1.4

Branching ratios B(A. — p¢ (£7¢7)) in units of 10~7

Mode Our results | Data
Ae = p + ete™ 4.11 < 95
Ae = p+ putp~ 4.11 < 440
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Nonleptonic Decays

Nonleptonic Decay Branchings of A, (in units of 10~4)
b — cs(d)c transition

Mode Our Data Theory

Ay = Ac Dy | 147.7 | 1104+ 10 | 230730 (Mannel); 110 (Cheng); 223 (Fayyazuddin);
77 (Mohanta); 129.1 (Giri)

Ay — Ae DX~ | 251.6 173130 (Mannel); 91 (Cheng); 326 (Fayyazuddin);
141.4 (Mohanta); 198.3 (Giri)

Ay — Ae D™ 5.4 4.6 £ 0.6 | 3 (Mohanta)

Ay > A D*~ 11.0 4.9 (Mohanta)

Ay = AJ /4 8.3 8.3+ 1.1 | 2.1 (Cheng); 1.6 (Cheng); 6.0 (Fayyazuddin);
2.5 (Mohanta); 3.5 £+ 1.8 (Chou); 8.4 (Wei);
8.2 (Mott); 7.8 (Fayyazuddin); 3.3 £+ 2.0 (Hsiao)

Ap — Ane 4.2 1.5 + 0.9 (Hsiao)
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Nonleptonic Decays

Nonleptonic Decay Rates of =, (in units of 10~%)
b — cs(d)c transition

Mode Our Data | Theory
Zp — Ze Dy 184.9
=, — 2. D5~ | 320.4

=y > 2 DT 4.7

=p = Ze DT 10.0

B2, — E. Dy 74.9

=2, — 2. D5~ 69.3

=) — =L D~ 1.8

By — E. D"~ 2.2
Ep = =2J /¢ 4.6 4.9 + 3.0 (Hsiao)
Zp — =297 1.7 2.3 &+ 1.4 (Hsiao)

=2, — 2J/¢Y 0.7
=y — 20, 0.1
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Nonleptonic Decays

Nonleptonic Decay Rates of 2;, (in units of 10~%)
b — cs(d)c transition

Mode Our Data | Theory
Qp — Q. Dy 65.1
Qb — Q¢ D: N 63.1
Qp = Q. D™ 2.3
Qp — Q. D*— 2.8

Q, — QD | 18.6

Q, — QDX | 1320
Q, > Q:D- | 07
Q, > Q:D*~ | 55
Q, — QJ/p | 18.9

Qb — an 4.7
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Nonleptonic Decays

Nonleptonic Decay Rates of 2;, (in units of 1073)
b — cd(s)u transition

Mode Our Data Theory
Ap = Aem™ 5.9 49 + 0.4 4.670°2 (Mannel); 3.8 (Cheng); 1.8 (Mohanta);
3.9 (Giri); 5.0 (Lee); 2.85 £+ 0.54 (Huber)
Ap = Aep™ | 17.3 6.673°5 (Mannel); 5.4 (Cheng); 4.9 (Mohanta);
10.8 (Giri); 7.2 (Lee); 8.17 4+ 1.47 (Huber)
Ay = AcK— 0.4 | 0.359 +£0.30 | 1.3 (Mohanta); 0.37 (Lee); 2.21 £ 0.40 (Huber)
Ay = AcK*™ 0.9 0.37 (Lee); 4.22 £+ 0.75 (Huber)
=p — Zem 4.7
Ep — Zep 14.1
=p > o K— 0.4
=p — S KT 0.8
By — ELmT 1.3
B — ELp~ 3.9
2, = ELK— 0.1
2, - E.K*~ | 0.2
Qp — Qem™ 1.8
Qp — Qep™ 5.2
Qp — Q™ 1.6
Qp — Qkp~ 5.3
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Semileptonic Decays

Semileptonic Decay Branchings Rates of Single Heavy Baryons (in %)

Mode Our | Data Theory
AT — AVetry, | 2.78 | 2.9+ 0.5 (Belle) 3 (Gavela); 3.4 (Perez); 4.4 (Hussain);
3.63 + 0.58 (BESIII) | 2 (Singleton); 1.42 (Cheng); 1.07 (Datta);
1.44 (Luo); 2.64 (Marques); 3.05 (Liu)
AT = AOutuy, | 269 | 2.7 4 0.6 (Belle) 2.6 (Perez)
A - Afe . | 69 | 65752 6.04 (Azizi); 6.48 (Faustov); 5.81 (Detmold)
A Afr— o | 20 | 65752 1.87 (Azizi); 2.03 Faustov; 1.87 (Detmold)
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Cascade decays

Cascade decay =/." — ST (= Al 7 t) + K*0(— K~ 7 1)

Rates

rEr -+ + K*9) =021 x 102571
rEtr -2t + K% =0.05 x 1012571

Branchings (using LHCb prediction 7_4+ = 256722 4 14 fs, arXiv:1806.02744)

—cc

_ T=++
BET -t + K0 = (556613) -10.5% =5.4%

_ To++
B(EHF - oit + KO = (ﬁ) .2.5% =1.3%

-p.32



Cascade decays

Polarization, longitudinal/transverse helicity fraction and angular decay
distributions

dT(=rT o or+ 4+ K*0(s K—n7t 3 3
(Bce c ( ™)) ~ 500829v.7:L—|—ZSin29V]‘—T

d cos 0y
The angular decay distribution involves the helicity fractions of the K*° defined by

Hr, Hr

FL = — 0.48, Fr = —0.52+0.01.
Hr +HL Hr + Hy,
Hr = |H%1|2-|—|H_%_1|2
Hp = [Hyol® +[H_y,°

where H, »,, is helicity amplitude, A2 and A1 = A2 — Ay are baryon helicities
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Cascade decays

Longitudinal polarization of 7" depends on polar angle 6y

3 gin? GV(|H%1|2 _ |H_%_1|2> + 3 cos? By (|H%0|2 — |H_ 1

P2j+(cosev): 3 . o 3 ) .
3 gin GV(\H%1|2—|—\H_1 1|2) —|—500520V<\H%0\2—|—|H_%0|2)

5=

When averaged over cos 6y, one has

2 2 2 2
(1Hz 2= 1H 3y 12) + (1H1 o = 1H_1,/%)
HN

Pyii = — —(0.83 4+ 0.01)..

Average longitudinal polarization of the AZ (we average over cos 6y):

|H%0|2 - |H_%0|2 + |H%1|2 - |H_

17
Pry(98) = H o

2 CcOS QB = —(083 + 001) COS QB

Longitudinal polarization of the =1+

|H%t|2 - |H_%t|2
Hs

Poy+ (B =58 + RO =

i — —(0.95 + 0.02)..

-p.34



Summary

Covariant Confined Quark Model
Unified description of heavy baryons

Useful and accurate tool for analysis of data and predictions for planned
experiments

Successful application to mesons, tetraquark, etc.
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