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Introduction

oSU(3) classifications of heavy baryons
3x3=6+3

oGround states : 1 for6,  (two light
eTotal spin 0for3, quarks)

[1]

O R

o, o+1, o+2 3 6

w

(e = —1 or 0)(Charges of baryons, * — denote J” = = states
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Introduction

Exciting experimental results :
el and 1 3, states A".,=*. =’
A (2593),27:(2790),2°:(2790)
ol and 36, states Q. 3. =", are observed
oA, Y, > "= °and Q, are observed.
eLHC B- A'5(5912), A'5(5920)
eLHC (CMS) E, " (5945)
o[ HC - New window for Heavy Baryon Physics.



Introduction

e A detailed theoretical study of experimental results and
various weak & strong decays can provide us useful
iInformation about the quark structure of new hadrons at

A, (— non-perturbative sector).

had (

e Nonperturbative methods

e SUM RULES (STANDART OR LIGHT CONE VERSION)
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B, Bo M Coupling Constants in QCD

I () = j d'xe <M (q)‘{n(i)(u)ﬂ(i)(v) }(O>
i=1,j=1 6-6

i=1j=2 6-3

i=2,j=2 Antitriplet - antitriplet

ol I — two different representations

/\)

Hadrons Quarks, Gluons

= e

Sum Rules
(via disper. relation)
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Interpolating Currents

77(S) :_L abc{(% CQb )12 5% QaTC% )12 5%
ﬂ[(% ey g, — (O ersa, g ]}
1 = D6 Ca" 0 +(07CO gy +(0"Ca gy +

p [2(%aTC7/ 5%b )0 + (%aTCV sz )q, + O Cy s%b)%c ]}

() ;
7
Ji

1S symmetric g, <> ¢,

(9 is antisymmetic g, <>¢,
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Interpolating Currents

49, 4,
ZZ((:) u U
Zg((:)) u d
o od d
E;(_c()o) d s
E;?c(; b u s
Qb_((f)) s S8
Ag((:)) u d
E;((f)) d s
=0(+)
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Interpolating Currents

M, = A" (a0 Cr 4,0 +(4," Cy 0"y +(0”Cy )" |

9 9, A
Zb(c>*+(++) u o uJs
> b(c)*0(+) u d %
Zb(c>*_(0) d d )5
= b(c)*0(+) u S %
By d s G

e

*(0) |
b(c) s s )5
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Relations Between Invariant Functions

SSP:

§ . g UUH(ll (u,d,b)+ gﬁddHI(l)(u, d,b)+ gnbe(;)(u, d,b)
=29 _qY.q

= s = "Iia = 5 G = 0

" (u,d,b) = IV (d, u,b)

575 = 411 (u,d,b) - 11 (d, u,b) |

7tqq

In SU(2) limit TT~>" =0
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Relations Between Invariant Functions

e ForX' — X'7” can be obtained from
22 — 2271'0 :d — u and Zg = —\/522

(1) _
ilHl (u,d,b) = —2<uu O>
>* cont. 2u — 4 ways for rad. 7° from u
§ i \/gﬂgl)(u, u,b)

0 0,0 , =20 0 —— 0
FromX — X7 2" =% (d—>s),Z =Z (u— s)
=0 =s0_0
175" = fl’[g”(u, s,b)

p— ) — p— ) —
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Relations Between Invariant Functions

e For charged pion
(dd|2,'S%|0)
d from X, dfrom X° form dd final state u,b, spectators
(wd [£*2,°[0) ~ (dd [£°%, | 0)
Calculations :
™ %" = (7d[25%,'|0) = —v2(dd [2’,2%|0)
= —V211,"(d, u, b)
u<>d
> =" = \2(uw[£%2°|0) = 11," (u,d, b)
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Relations Between Invariant Functions

Similar arguments holds for all

SSP, SAP, AAP, SSV, SAV, AAV

transitions:

e Main results: All these transitions (with P, V) can be
represented in terms of only one invariant function for
each class.

¢ ¢ Relations among the invariant functions are structure
independent, but their explicit forms are structure
dependent.
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BoBo M Coupling Constants in QCD

<O‘77(i)(ﬂ)‘B2 (p)><Bz (p)M\(Fq) ‘ Bl(p +q) <B1(p +q)

ﬁj

0)

Hij (V) —
o P —m,* \p+q)’ —m’]

+ ...

Matrix Elements
<0‘77(i)(u)‘32(p)> = Au,,(p)
<B1(p +q)\7,”10)=Vu(p+q)
(B,(P)M(q)|B,(p+q)) =
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BoBo M Coupling Constants in QCD

=gu(p)iysu(p+q)

u(p)

fy.—i

-

charge

0,9

m, +m, l

/>

spin 1/2 spin1/2 P

u(p+q)e”1/2 >1/21

magnetic formfactors

gu(pu,(p+q)q” 3/2—>1/2P
u(pNe(q.¢—<.9)rs + g((pe)a, — Pge, Jys +
g; ((618)% -q’c, )75 }ua(p +q) 3/2—>1/2V
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BoBo M Coupling Constants in QCD

g, (p)iysu,(p+q) 3/2—3/2P

8-
ml ‘|‘m2_

u, (p)lg”| ¢g, +2pe

\_ -
— 1

a p
(m, +m,) m,+m,

3/2 > 3/2V

_I_

u’ (p+q)
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BoBo M Coupling Constants in QCD

Two problems (in participation of spin 3/2 baryons)

e The spin 1/ 2 states also contribute to the matrix
element

(ol 5(0/2) =47, - L3, Jutr
.. 17, — couples to both spin 3/2 and spin 1/2

e o Not all structures are independent.
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BoBo M Coupling Constants in QCD

Solution: Ordering Dirac Matrices!

In 2 — - P Ordering awy, (gqu structure is chosen)

2 — LtV Ordering 7 4P

£pysq, forg,
gp(pe) g,
CweY, 9,
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B, By M Coupling Constants in QCD

>3 P Y P4V, 7s
g,uquyS
>3V r.4qpy,
m
g,uvqé]? gl + g2 :
ml + m2
q,4,54p =2
I”I/l1 + m2
2¢pq,9,9p =

(ml +m, )2
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Results
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SSP

=10(+)
—Q

=10(+)._0
—E "
Q

Bottom Baryons

913
176
19+£6.7
21+6.8

7.512.6
15149
11.5+3.9
12+4.3

1+£0.3
1.5x0.5
0.6 £0.2
1+0.3

Charmed Baryons

4114
8+ 2.8
9+3.4
9+34

3.1+x1.1
6.5+2.4
5.0x1.7
4.511.6

0.7 £0.22
0.9£0.3
0.07£0.02
0.751+0.24
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Bottom Barvons Charmed Barvons
fchamlel f channel
General current  loffe current . General current  Ioffe current
='0_,='0.0 = =
i 2.9+0.7 920407 | g3 28 2.5+0.8 5.04+1.7
-
el 45415 34411 || fEoTeet 4.0+1.3 3.4+1.1
='n o e — ot s
gro K 6.0£2.0 39413 | oK 5.041.7 3.8+1.3
il 6.0+2.0 48+16 || fleo=TKT 7.0+2.0 14.045.0
+ v,
o 40413 3.0+1.0 | frdonEte 3.541.2 3.0+1.0
='0_y='0,, = =
o 9.140.7 17406 | /&= 2.440.8 49416
o s 5.0+1.7 26409 | f5 250 4.04£1.3 9.540.8
o 10.0+3.4 70424 | fR%0 11.04+4.0 23.0+8.0

The values of the strong coupling constants f, for the transitions among the
sextet—sextet heavy baryons with vector mesons.
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Bottom Baryons Charmed Baryons

f channel f channel
! (General current  loffe current ' General current  Ioffe current
='0_,=0_0 = =

fov e 1.420.5 0.6+02 | foe 8 1.5+0.5 0.70.2

R 9.5+0.8 13404 || fE08KT 9.3+0.8 1.2+0.4

o .

e 9.8:40.9 0.8+0.3 | frehde 2.640.9 0.640.2
TOSEOK0 v+ ymtEe0

f; 9.6+0.8 15405 | fZe—8 2.940.7 0.8+0.3

i i T 3.5:+1.2 20406 | fo=eK" 33411 1.7+0.6
';;-!D e = =

o5 1.340.4 0.5+0.2 | f3 % 1.240.4 1.140.4
= = =+

o5 2.6+0.9 20407 | f5 0= 2.1+0.7 1.420.5

The values of the strong coupling constants f, for the transitions among the
sextet-antitriplet heavy baryons with vector mesons.
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Bottom Baryons

Charmed Baryvons

fcha;nnel f channel
} General current  loffe current General current  loffe eurrent
EH_}E%_:PU Er B pY
Ii .11, 2.51+0.8 fi 6.0-1+2.0 1.540.5
e 5.041.7 46+15 e el 46+15 41+1.4
=0 = = =T
5 2.840.9 23108 | fEE-5E 5.541.8 1.240.4
i)
FA8Age 5.94+1.7 46415 | pAioAde 4.9+1.6 43+1.4
i} a
i e 5.0+1.7 47416 | prEoade 46+1.5 4114

The values of the strong coupling constants f, for the transitions among the
antriplet-antitriplet heavy baryons with vector mesons.
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£ channel Bottom Baryons 1 channel Charmed Baryons
4 General current Ioffe current General current loffe current
RO Bt sEt 0
s 30.0+10.0 30.0+13.0 || foe = 16.0+5.2 18.046.0
U i
s 55.0+18.0 7204240 || freoTeet 27.0£9.0 33.0+11.0
='n + pre— =’ —
el 60.0:20.0 80.0427.0 | s —TETK 30.0£10.0 36.0+12.0
— =0 fre— e L
e 70.023.0 88.0£20.0 | fleEK 35.0+12.0 41.0+14.0
+_ oyt
£ 50.0+17.0 64.0+£21.0 B 24.0+8.0 20.0+9.5
o 15 97.04+9.0 3404110 | fEe 8w 15.045.0 16.0+6.3
='0_,=0 =’ =
e A 15.0415.0 57.0419.0 B 21.0£7.0 26.0+£8.6
plame 05.0+32.0 12504420 | /3% 52.0£17.0 60.020.0

The values of the strong coupling constants of f, for the transitions among the
sextet-sextet heavy baryons with vector mesons
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Bottom Baryons

Charmed Baryons

g channel q channel
General current  loffe current General current  Ioffe current

GE 2.0+0.4 1.64£0.4 || g5 =8 2.140.3 2.340.4
GZ- Tyt 37406 35405 || g&e —Eemt 4.240.5 4.3+04
S K 4.8+1.0 26405 || g5 TETK" 45+0.5 3.9+0.4
g% OEK- 5.0-£1.4 25404 || g2 EK" 4.3£0.5 4.5+04
g Tm 2.940.7 20+£04 || g%OEm | 2.9404 el
F-EEm 1.340.3 09403 || g =m 1.540.3 1.0£0.2
g% =% m 5.841.6 3.6406 | g Qem 5.9+0.8 5.8+0.4

Values of the strong coupling constants g in GeV-' for the transitions among the
sextet spin -3/2 and sextet spin -1/2 heavy baryons with pseudoscalar mesons
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h Bottom Baryons Charmed Baryons
g€ annel q channel
General current  Ioffe current General current  Ioffe current

i’ == 3.0£0.6 14403 || g5 2" 3.5+0.5 2.0+0.3
o AT 6.0+1.1 2.540.5 | g=e’—AIm 7.8+1.0 3.940.6
i ERO 3.7+0.5 2.0+£0.5 || g5 —EAKT 5.0+1.0 3.140.4
g% —E K° 5.0£0.8 2.6+£0.4 || g% =EK" 6.2+1.5 41405
i oS KT 3.6+0.5 1.940.6 | g=¢ —EeKT 1.4+0.8 3.0+0.4
g5 =Em 5.4+1.0 25404 || g5t 2Edm 6.0+1.5 4.04+0.5

Values of the strong coupling constants g in GeV-' for the transitions among the
sextet spin -3/2 and anti-triplet -1/2 heavy baryons with pseudoscalar mesons



T. ALIEV STRONG COUPLING CONSTANTS OF HEAVY BARYONS WITH LIGHT MESONS IN QCD

28

Our work | COM LFQM ROAM NROM Experiment
C(EF 5 AlnT) | 146 £ 3.8 20 1284 (2190087 [1752£074| 149+19
T{E:t 2> AFaY) 14638 20 - - - < 17
l‘(L;” 1" 1) 14.6 £ 3.8 ) 1240|2120+ 0,81 | 16,90 £0.71 16.1£2.1
L'{=s ) 28 4+09 - 1.12 1.78 + (.33 - < 3.1
F{““ -4 =1 ) 144+04 (.65 1.26 £ 0.17 - < 4.1
(Z20 = EFa-) | 28209 - 116 211 +0.29 - < 5.5
(=0 — =050) 1.4+04 - 0.72 1.01 £ 0.15 - «< 5.5

Strong one-pion decay rates. Here the short keys stands for :

(CQM) Constituent

Quark Model, (LFQM) Light-Front Quark Model, (RQM) Relativistic Quark Model,
(NRQM) Non-Relativistic Quark Model. The results are presented in units of MeV.
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transition g1 g{ﬂf fe g2 giaf fe a3 g; of fe NRQM
505 Xppt | 4.241.0| 4.6+1.2|0.7£0.2|0.710.2 | 84420 | 90423 | (2/3)c
Ut Siw 38411 42+41.1|0.64+0.2|0.740.2| 70+20| 74+21| (2/3)c
N;T o Appm | 8.0£2.1 | 84414 |0.7+£0.2|0.8+0.2 | 148+38 | 154426 | (2/v/3)c
N7+ EPK*T | 46+1.4 | 5241309403 |1.2404 | 64+18 | 70+18| (2/3)c
X0 5 20K | 64+1.7| 6.8+1.2|0.9+0.2|1.1+0.2 | 87420 | 88+15 | (1/2/3)e
=30 — =0p0 2.440.7 | 2.7+0.7|0.440.1 | 0.4£0.1 | 48+10| 52+14| (1/3)c
=30 — 2w 24405 | 24406 |0.4£0.1 | 0.3£0.1 | 40£10| 42412 (1/3)c
=0 — E0¢ 3.241.0| 3.641.0|0.340.1 | 0.440.1 | 35411 | 39412 (V/2/3)c
=0 5 KT |4.741.4 | 4.941.4|1.040.3 | 1.240.4 | 64416 | 66+16| (2/3)c
=0 — O K*t | 5.3+1.6 | 5.9+1.7|1.04£0.2 | 1.3+£0.3 | 74421 | 83+20| (2/3)c
=0 200 4.3+1.1 | 4.4+0.8|0.440.1 |044+0.1 | 82+20| 84+16| (1/4/3)c
=20 — Blw 43+1.1 | 44408 [0.4+0.1 | 0.4+0.1 | 82420 | 84+£16 | (1/v/3)e
=20, 209 5.9+1.6 | 6.4+1.1 [0.7+0.2|0.7+£0.2 | 6517 | 69+12 | (1/2/3)c
=0 — ApK*Y | 6.3£1.7 | 6.61.0 | 0.5+0.1 | 0.60.2 | 86420 | 88+15 | (\/2/3)e
O~ —+ Q¢ |7.241.8| 8.242.2|1.040.2 | 1.240.3 | 85+15| 904+25 | (2v/2/3)e
(0~ - EPK* |5.3+1.5| 5.8+1.6|1.0+£0.3|1.240.4 | 74£18 | TT+15| (2/3)c
Q;” — = K*0 | 9.742.5 | 10.042.0 | 1.3+0.3 | 1.5+0.3 | 13631 | 133+25 | (2/+/3)c

The absolute values of the coupling constants g, , 5 for transitions of b-baryons.

The couplings, g4, g,, and g, are in GeV-1, GeV-2 and GeV-? respectively.
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Bottom Barvons Charmed Baryons
B 5 4149 (4.0 £0.5) g=e oET 2246 (5.3 £ 0.6)
g Ty 75415 (8.0+£0.7) | g% Xt 42410 (11.0 £ 0.7)
g K 65414 (T8+08) | g5 == K- 3748 (10.2 + 0.6)
g% S K- 73+16 (8.0 +£0.8) || g% =TS 3749 (9.8 +0.8)
g =T s 45410 (5.8 £0.6) | g% T 2546 (7.8 + 0.6)
gE0 5 s 194 (2.7 +0.3) gie =8 11.5+1.8 (3.2+£0.4)
g% =% s 05+22 (11.5+1.8) || g’ =" s 52410 (13.6 £ 0.7)

The values of the strong coupling constants for the transitions among the heavy
spin -3/2 baryons with pseudoscalar mesons.
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transition g1 q2 g3 g4
Crad S 0+1|10+2 | 50+5 |1542
0 5 o pt | 1842|3644 | 100420 | 2743
=0 — ;T K* | 3045 | 4044 | 110415 | 2843
Q;~ — Z;0K*~ | 3045 | 4144 | 110420 | 2843
¥t — E9K*T | 30+5 | 40+4 | 100+20 | 28+3
=50 — Q;"K** | 3545 | 4245 | 100420 | 2843
Yt w1622 3243 | 90+10 | 2444
=0 5 By 1042 (1742 | 4545 | 1342
=0 — =219 1742 (2543 | 85410 | 2545
Q" — Q¢ | 40+5 | 50£6 | 140420 | 50+10

Coupling constants of the light vector mesons with heavy spin -3/2 baryons
containing b quark
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transition q1 g2 g3 g4
R Skl o sl | 1341 (2743 | 1612
Rty Bt 1541 | 1841 | 4545 | 1042
ZEr - BEETRY (2049 | 1941 | 56-:10 | 1342
$a Soias G 1842 | 26+4 | 50+10 | 30+4
yrev 5 EXPKTT | 2744 | 1941 | 50410 | 13+2
=it — QZGK” 21-k6 | 2742 | 8210 | 3144
LIt o ¥rttw | 1342 1642 | 4045 0+2

= — Ertw 1042 | 114£2 | 2343 | 1743
G 1342 | 1241 (3845 | 942
00 - 00 3646 | 3545 | 80£10 | 4545

Coupling constants of the light vector mesons with heavy spin -3/2
baryons containing ¢ quark
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Conclusion

- Using the symmetry arguments it is shown that all SSM,
SAM, and AAM transitions are described by only one
universal function for each class of transition for any
Lorentz structure.

- Violation of SU(3) does not produce any new structure in
addition than that one existing in SU(3) symmetry case.

- Relations between invariant functions are structure
iIndependent, while their explicit expressions are structure
dependent.



