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Introduction

e SU(3) classifications of heavy baryons
3x3=6+3

e Ground states: 1 for 6. (two light

e Total spin 0 for 3, quarks)
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Introduction
Exciting experimental results:
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el and 1 3 statesA’, =" E’
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e L HC - New window for Heavy Baryon Physics.



Introduction

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

A, (— non-perturbative sector).

had (

e Nonperturbative methods

e SUM RULES (STANDART OR LIGHT CONE VERSION)



Interpolating Currents

N = 4" (a7 Q)0 — (@ ed))y ) +
B[4 er,@"a; - (@ er,da; |}

N =" {2q " cq))y,Q" + (g cQ")y 0, + Q" ca))y,q +
B2 er, )@ + (¢ er,@ e + (@ ev.a)a; ||

n" is symmetric ¢, < g,

n'* is asymmetric ¢ < ¢,
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Interpolating Currents
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Interpolating Currents
n, = Ae" {(q" ey 0)Q" + (@2 ey, Q") +(Q" ey 0))ds |
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Why LCSR?
e \We use LCSR, why?
Example: D"Dr coupling

IT (p,q) = ZJ d'ze™ <7Z'(q) ‘ Eyuc(a:)c(O)inu(O) ‘ O>
= (n(q)|dy,7,u(0)|0)

SDE expansion

> 1 — .
ay,7;u0) = 2, —d(0)(Dx)"y,yu(0)
. m (2pg)"

= me -p’ z:(mf -p)" ot



Why LCSR?

=2 +q)° —p° .
E = zpq 2=(p 2q) 2p — SDE is usefulonly if ¢ — 0
m-—p. m-—p

i.e. p’ =(p+¢q)° (¢ =0). The series can truncated!!!
In general: p*> # (p +q)°

Infinite numbers of local operators are needed!!!




Why LCSR?

This problem can be solved by using techniques
developed for hard exclusive processes in QCD.
Example:

ZJ d'ze™ <7r(q)‘T{Jd (x), Jel(())}‘()>
€ s CF (0", (p+q)")
_pQQma_(p"l'Q) &0
P P})f du (pﬂ(uz P 471'0‘\/5];
" (P + uq) 3

Pion DA. with definite twist



Why LCSR?

(n(@)|dy,7,u(0)]0) = ~iq £, | due" g (u)

Physically: Distribution
In fraction of the light- cone momentum ¢+ ¢, of the
pion carried by a constituent quark!!!
Let's consider almost equal virtualities

l.e. &= 2pq/ ) << 1; Expandlng

1 1 1 210U
== — =—— |1+ pq2 + ...
(p+uq)” p +2pqu  -p | -p ]
1
=—2[1+§u+...]
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Why LCSR?

F n
F = p—gZ’g'E duu"Q (u)

when p* = (p+¢)” only lowest n =0 give F = F, / p
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Relations Between Invariant Functions

SSP:

e (1) 7(1) (1)
I1 =g I (u,d,b) + g I (u,d,b) + g, II (u,d,b)
J 0 — gn.qqqu)q

= Grws = " Yraa = %’ Gop = 0
7(1) — 17
1" (u,d,b) = I1"(d, u,b)
=== = ﬂng”(u, d,b) - 1" (d, u, b)]

In ST(2) limit T~ =0



Relations Between Invariant Functions

e For X" — X'z" can be obtained from
Zg —> 227{0 :d — u and Zg = —\/522
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Relations Between Invariant Functions

e For charged pion

<Ed \ D \ o>

d from X , d from X/ form dd final state w, b, spectators

(ud|Z;E)|0) = (dd|Z'Z, |0)

Calculations:

757 = (7d| %50 0) = - <dd‘2020‘ 0)
= —211(d, u, b)

U <> d

Hzgez;w :\/_< ‘Zozo‘ > Hl)(u,d,b)



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
iIndependent, but their explicit forms are structure
dependent.



T. ALIEV

STRONG COUPLING CONSTANTS OF HEAVY BARYONS WITH LIGHT MESONS IN QCD

B, B, M Coupling Constants in QCD

I, ) = ZJ d'ze <M (a) ‘{7752)77% H O>
1=1,5=1 Sextet- sextet
1=1,7=2 Sextet- antitriplet
=2, 7=2  Antitriplet-antitriplet

e [1 — two different representations

(/\)

Hadrons Quark Gluons

= =

Sum Rules
(via disper. relation)
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B, B, M Coupling Constants in QCD

_— <0 ‘77&2) B,(p)){B,(q)M(1)|B,(p +q)) <Bl(p +q)
(m)(v) (pz —mj)[(p+q)2 _m12:|

0)

ﬁj

Matrix Elements

(0l |B.(p)) = 20, ()
(B,(p+a)[m;[0) = Aa(p+ )
<BQ(Q)M (1) \ B (p+ Q)> =




B, B, M Coupling Constants in QCD

= gu(p)iy.u(p + q) spin 1/2 spin 1/2 P
o, q
u(p)| fy, —i——f |ulp+ )" 1/2-1/2V
ml + m2 |
charge magnetic formfactors

gu(p)u,(p+q9)q” 3/2—1/2 P
ﬁ(p){gl (qa$ - gaq) Vst 9, ((pg) Do~ qua)75 i

g, ((pe)qa—qzea)y5} 3/2%1/21/

(For on shell vector mesons last term — 0)



B, B, 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 (312} =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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B, B, M Coupling Constants in QCD

Solution: Ordering Dirac Matrices!

In £ — - P Ordering vy, (qq# structure is chosen)

32— 1V Ordering Y 4P

£py.q, forg
gp(pe) g,
TaweY, 9,
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B, B, M Coupling Constants in QCD
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B, B, M Coupling Constants in QCD

g u(p)iyu, (p+q) 3/23/2P
— of3 g2
u(p)y9™| g, +2pe +
x i ml + m2_
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Results
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Bottom Baryons

9+3
176
19+£6.7
211£6.8

7.512.6
15+4.9
11.5+3.9
12+4.3

1+0.3
1.5x0.5
0.6 £0.2
1+0.3

Charmed Baryons

4+1.4
8+ 2.8
9+3.4
9+3.4

3.1+1.1
6.5+2.4
5.0x1.7
45%1.6

0.7+0.22
0.9£0.3
0.07 £ 0.02
0.75+0.24



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.



