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Preliminaries

» QCD is a gauge theory with the local symmetry group SU(N,), with
N, = 3 color charges.

= Analytical computation of hadron properties from first principles are
not allowed due QCD is strongly coupled at low energies.

= Two relevant theories appear as response to the absence of a perturbative
parameter:

1. Chiral Perturbation Theory (ChPT).
2. 1/N, expansion of QCD.

= Baryon-meson scattering is a fundamental nuclear physics process
which can be analyzed within both formalisms.
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1/N. Expansion for QCD

s The 1/N. expansion for QCD provides us of a systematic method
considering the large N, limit.

= In this limit, the contracted spin flavor symmetry SU(2N;),where N;
is the number of flavors, emerges with the spin-flavor algebra, with
generators

it (T o1)e oot (102 ia _ gt (9
Jq<2®)q, q(®2q,G (5@5 )4

that satisfy the algebraic structure given by
[Ji, ] =0,
[J4, J7| =ik gk, [T, T| = ifebeTe,
[Ji,Gia] = ieiikGha,  [Te, GY] = ifabeGie,
[Gie,GiY] = igid favere 4 ﬁ(;abeijkjk + deiskqabehe,
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1/N. Expansion for QCD

Using the spin flavor symmetry, it is possible to expand any QCD operator as

Nec
OQCD = Z %On (Ji,Ta,Gia) )
n=0 ¢

where O,, are called n-body operators.

The n-body operators are combinations of 1-body operators (SU(2Ny) generators),
while the unique 0-body operator is the identity 1.

= 2-body
03 = {77, G*y = i[J?, G, Dy = J'T".
= 3-body
Oéa = {J25Gia} - %{J’L? {Jj7Gja}}7 D':L")a = {J’L? {ijGja}}y

= n-body operators

o, = {J%, 00}, w2 = {J°, D)}
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SU(N) Projection Operators

= Since symmetry transformation properties for each operator are important,

a useful tool are SU(N) projection operators.

= Projection operators act on the n indices of a tensor operators that
transform under H?:l adj®, and obtain a particular irrep from the
decomposition. The projectors are given by

k

plm) — H

=1

|

i

C—cp,,

Cm — Cn,

|\

C’I’TL ;’é C’ﬂi?

where k labels all the eigenvalues for the quadratic Casimir C and

cm are the respective eigenvalues.

s The application of projection operators over a SU(N) tensor operator

[T, Qf follows:
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Brief example: Projection operators for SU(2)

» SU(2) is the simplest non-Abelian group, and its realizations describe
spin and isospin.

= The spin-1 objects transforms under the adjoint representation given
by 3. So, for two spin indices objects the representation is adj ® adj,
then
3R3=14305.

= The projection operators are:

{'P(O)} aiazbi by _ 16a1a25b1b27

3
|:7)(1):|a1a2b1b2 _ % (5a1b16a2b2 . 5a2b1§a1b2) 7
aia b1b2 1 1
(2):| 142 - 6(11171 60.21)2 5(121)1 60.1172 _ 750,10,2 6b1b2
? =g (et —ganegtt,
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Baryon-Meson Scattering at Tree Level

The baryon-meson scattering process B + ¢ — B’ + x® is described at tree
level by the diagrams:

s b 7 b T b
’ - N .

B B_;B/ 34\\’/—3/

B

For the first two diagrams the amplitude is given by:

a 1 17,17 ia ia
Afhe = 5K [514% AT+ 5[4, 1M, A +

where M is the baryon mass operator, A* is the baryon axial vector current
and f =~ 93 MeV is the pion decay constant.

SRl MM AT

The baryon operator A%, is a spin-zero object with two adjoint (octet) indices.
The tensor product of two adjoint representations 8 ® 8 can decomposed as

(8®8)s =1d®8® 27,
(8®8)4 =83 10 10.
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Baryon-Meson Scattering Amplitude at Tree Level

The matrix elements of A2, describe the scattering amplitude as
Auree(B + 7 — B' +71°) = (B'n"| Affee| Br®),

and its expansion up to 7-body operators is given by

139
1 -
Apree(B + 7% — B +1°) = — 7R Y (CR + i) (B85 B
0
m=1

e SUDE) constitute a ‘complete’ linearly independent basis for spin-2 baryon

operators with two adjoint flavor indices.

= The (), coefficients are come along with the symmetric and antisymmetric
pieces of A% from the projection operators.
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mple: Nm — N scattering process

P2 Apree(p + 77 > p+ah)

_{ 25 5 5 25 1 5 25

— 6% - —a1by — —aybs — — b2 — ——bybg — — b2
721 T 3612 T 108M T 722 T 108 2% T 6ag ®

2 2A | A? 1
+§ 1———i-k02 a1+a103+7c3 k- -k

25 5 1.9
+ 7 1+7 1b2+ a1b3+*b2+752b3+71)

108 648
2[ 1A A2
1

1 A®
_,f+7} |:a?+a1C3+7c§:|:|z(k><k) +0[ }
2K0 k02 4 k03

= PR Aprec(n + 77 = n 477 ),

3
kO—A+ kO 4+ A

2,0 1 2 1 ko ko 2 ’
PR Aueo(p+ 7+ 5 ptat) = [—5<D+F>+—[—— }C}I«k

4|2 (D + F)? ! K +3 K Cc?| ik x k)3
- - — | = 7
2 18 [KO—A RO+ A

FPEY Apree(n+ 77 5 n4+77).
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SB Effects to the Scattering Amplitude

First-order SB effects are computed from the tensor product of the scattering
amplitude itself, which transforms under SU(2) x SU(3) as (2,8 ® 8), and the
perturbation, which transforms as (0, 8). The representations product decompose
as

8R8®8=2(1)®8(8)©4(10® 10) © 6(27) ©2(35 @ 35) @ 64.
gshe contribution for scattering amplitude from first-order SB 0.4, can be organized

2:964(B + 7% —» B +x0) =

§ : [Ncg:(lm)kik/j<B/ﬂ_b‘[,p(m)R§ij)](ab8) [Br%) + Ncg;m)kik/j<B/ﬂ_bHP(m)R(2i]‘)](ab8)‘Bﬂ_a>

m
16 -
+Z g{M kiR I (B! b P (M) (1)) (ab8) | pay | N; 2 :g(rm)kik/j(B/ﬂb”P(m)R(Tz’j)](abs)lBﬂa)
c
=3 =17
170
+L2 E g£Mr)kiklj<Bl7rh‘[,P(m)R§‘ij)](ab8)‘Bwn,ﬁ.
NC
=72
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First-order SB effects to Scattering Amplitudes for N + 7 — N + 7

FPAp+at sptat) = (@D 4al® 4 a0 gy
i (6(11) " 658) n e§10+10) : e(127))i(k k)3

FPEYSAMm 4+ 7T S+ ),

FPROSAGp+ 7 s p+nT) = (@D 4al® - (0T _ 2T g8 | (2w
n (eil) n e(ls) B e§1o+1o) n e(QS))i(k « k)P

f2k05A(n + t on + 7r+),
1
P2O5Ap+n° s p a0 = 5(2d§1> +2d® +a® 4+ aP)k . Kk

1
+ 5(?.egl) +2¢® 427 By x k)3

= f2k06A(n+Tr0 ~>n+7'r0),

VI OSA(pp+ 1 > n4+70) = <2d§10+To) +2’1527) 7dé8) —dém))k»k’

+(2e(10F10) 4 (3T _ (855 i7)3
\/ﬁfzkozsA(n +xt = D+ 770),
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Concluding Remarks

= A tree level analysis for the baryon-meson scattering processes in the
context of the 1/N, expansion have been developed.

= The projection operators have shown a strong applicability for a more
systematic expansion by classifying transformation properties of the
operators involved in the expansion.

s A first-order symmetry breaking analysis has been performed, but it
still represents a challenge due the computational problem.
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Thanks for your attention!
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