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Baryonic correlators

35.1 Light baryons
35.1.1 The decuplet
The simplest interpolating field for the A(%) is [424-430]:

1 1
Ay = 75 W' Ccy) (g;u\ — me) v (35.1)

where C is the charge conjugation matrix and colour indices. The corresponding correlator
is:
Spp = i / d*q &7 (01T A (x)A,(0)]0)
=@Fh+F)guw+- (35.2)

Using the SVZ-expansion, the form factor can be expressed as:

2 2 4
_F =q*Alog—L 4 Ayrlog—L (0,G? A2 (i A (G2
1= ¢ Alog =77 + Agm log = -5 (e G7) + m At (YY) + i ()

2 2 _ _ )"a
—F, = m;Bq* log —21—2 + Bym*log —%(xpw)qz + Bym? <wo’”?Gj‘ww> . (35.3)

where A; and B; are Wilson coefficients determined from perturbative calculation of the
QCD diagrams shown in Fig. 35.1. The different expressions of these Wilson coefficients
compiled in [426] are given in Tables 35.1 and 35.2 to lowest order of «;. In the table, we
also introduce the parameters controlling the SU (3) breaking of the condensates:

=B g = EGl

(iu) (L_tO'HV)\,aG;‘wM> ' (354)
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(c)
+ .- + @} + -

(e)
Fig. 35.1. Feynman diagrams corresponding to the OPE of the baryon correlator: (a) perturbative;
(b) quark condensate; (c) gluon condensate; (d) mixed condensate; (e) four-quark condensate.

35.1.2 The octet

The nucleon can be in general interpolated by the lowest dimension operators:

1
N = 7 LW CYsIY +b Y CY) ys] (35.5)

where b is an arbitrary parameter. We shall discuss the different choices of b in the sum rule
analysis. The corresponding correlator is:

Sy =i / d*q € (0| T N(x)N(0)'|0)
—GFi 4+ Pt (35.6)

Using the SVZ-expansion, the form factor can be expressed as in Eq. (35.3). The corre-
sponding Wilson coefficients are given Tables 35.1 and 35.2.
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366 VIII QCD two-point functions
Table 35.1. Wilson coefficients in the OPE of the form factor F).
Type A Az Az Ay
3/2
A g ~3% 0 3
5 - —2(4—-x3) T +2x3)
B % -3 —32+ x3) Tx:2+ x3)
Q 2*10 —% —6x3 33*2)(32
1/2
N 3c(5+2b+5b%) 7(5+2b+5b%) 0 2(7—2b — 5b%)
1 1 1 1
A 5(5+2b+5b%) #(5+2b+5b7) —[4(5—4b—b?) 511426 — 13b%)
—35+2b+5p)x3]  +2(5—4b—b*)x3)
T (54264507 £ (5+2b+5b) —[12(1 —b?) = by?

]

L (5 +2b + 5b%)

256

L (5+2b + 5b%)

256

— (5+2b +5b)x3]
—321 - )
—(1+ b))

+6(1 — b x3]
Lxsl6(1 — %)
+ (1= b)Y x]

Table 35.2. Wilson coefficients in the OPE of the form factor F.

Type B, B, B;

3/2

8 4

A 0 =3 3

DL -$2+x) 22+ xs)

E* : -3 +2x3) -3+ 2x5)

Q 2 -3 X

1/2

N 0 —3(7—2b—5b% (1 —-p?)

A (11 +2b—13b%)  —[2(5 —4b — b?) (1= bH)(10 + 4xs)

1
= a1 —by

0]

0=

+ (11 42b — 13b%) 3]

—416(1 — %) 31— )
+ (1= byys]
—Lia1 - by 31— s

+6(1 — b)x3]
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35.1.3 Radiative corrections

As the current gets renormalized, the previous correlators have anomalous dimensions.
These anomalous dimensions are equal for the A and N and read:

2
y =-2x <§> . (35.7)

Radiative corrections to these lowest-order terms have been first obtained in the chiral
limit in [424] and corrected in [428,425]. For the nucleon, one has [428,425]:

A= s mrsety|14 (a) D og -2
= — | — ) — - 10 ——
1= 256 2\z) 2%

B —%[7[1—1—(%)5}—219[1—1—(%)%]—5b2|:1+(%)19—0]:|. (35.8)

35.2 Heavy baryons

Analogous correlators but for baryons containing heavy quarks have been evaluated in
[453,454,731].

35.2.1 Spin 1/2 baryons

Let us consider the baryonic current:
J =r W'Cy°c)b+r'Co)y’b+rs W' Cy y c)yb, (35.9)

which has the quantum numbers of the A (bcu); r1, r, and r3 are arbitrary mixing parameters
where, in terms of the b parameter used in [454]:

r=0G4b)/2V6; rn=(145b)/2v6; rs=(1-b)/2V6.  (35.10)
The choice of operators in [453] is recovered in the particular case where:
rn=1, m=k r3=0. (35.11)
The associated two-point correlator is:
ifd4x e?*(0|TJ(x)J(0)|0) = jF, + F, . (35.12)
The QCD expressions of the form factors F; and F; can be parametrized as:
F = FP 4 pO 4 FiMix ’ (35.13)
where:

Im Fyo(t) = {(2;’32 o rlz) mp {6 [mit2 + (m‘g —2mim? — mﬁ)t

12873t
+ 2m,2)mﬁ] Ly — 6t [mit + (mi — m?)z] Lo
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368 VIII QCD two-point functions

_ [ﬂ + S(Zm}z) — mg)t + mi _ Smimz _ 2m4] A;éz}
—2rir3me {6 [m2¢2 + (m4 —2m’m} — mb)z + 2m? b] L

+6t[m>t + (m? —mb) 12,

— [ +502m? — mp)t + m} — 5Smimy — 2my] Ay} (35.14)
Im Fy (1) = Wwf\}f{— P22 4 ) myme +rirs (mE4+m2—1)} (35.15)

8t

38472t mp

)
D20 (21 4 5m2 — 2m2) +2

my, me

(
2 2
Im FE(r) = {o, G) {[2r—3 (=2t + Tmj +2m?)

nrs

(2t — 2mj — mz)

+ 12r,r3 mC:| )L}]]éz
+6 [(7’22 — rlz) myt + 2rimpm? — rirymet — rarsm, (t — 2mi)] L
— 6t [(3 = r{)mp + (1 + ro)ram,] 52} (35.16)

)
2:[1 <Ip);p/)z {208 +73) mpme [~ + 1% (mj + 3m7)
nt

—H(mb + m?)(mi — 3m3) — (mi — mz)%]
+4rZmym, [—t3 + t2(3m12, + m%)

Im FM*(1) =

+o(=3m = bmim? ) + (m} — m2)’]
+2ryr3 [t* 4 £ (= 3mp — 2m2) + 3t°mj (mj, — m?)
+1( = m + dmim? + 3mm? +2mC) + m2(m? — m?)’]

+2ryr3 [t 4+ 13 (— 4my — 3m?) + 3¢*(2m}, + mym? + m})

—t(m} = m2) (@ mim? =) £ mi(d —m))} G5

Im Fe0(r) = ri g+ 4r) (12[ () + ) = 2mm] L4

1
s U
—12¢%(my — m}) L,

+ [t3 - Tt (mb +m ) +1(— Tm}p + 12mim? — 7m3)

+ mg - 7mbmc — 7mbmc + mf] )L,l,éz}

—drirsmpm, {12 [t2 (m,2, + mz) — 4tm,2,m§ + 2miﬂlf(mi + mf)] L
—12¢*(mp —m?) L>

— 2[26% + 5t(mj + m?) — mj, — 10mpm? — m?] Aep}} (35.18)
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35 Baryonic correlators 369

Im F;’b(t) = 16m2 ,1752 {(2r3 +73 —r])me(t +mj —m?)
—|—2r1rg mb(m m — t)} (35.19)
Im F{(1) = 7687T2t2 {[ 42 (¢ +3m2) — (2 +72) (¢ — 3m2 + 3m2)
I"lrg
mbmc (2t( ) 2my — 1lmym? — 2m )
—36r,r3 mbmc])h,ljﬁz
+ 12mpm, [—2}’32 mpyme + 2rir3 (t — 2m§ — 3m(2)
+ 2ror3 (t — mj, — 2m2)] L1} (35.20)
ix M2<¢w>
Im FINI (I) W{Z(r l"22) [ l +t (2mh~|—5m )
—t (2m,, + Smme + 9m§) + t(m,% — m?) (2m2 — mim? — 7m§)
— (m} —m?)’ (m —2m?)]
+2r3m, [t3 (mi - m?) + t2( — 3m} + dmim? + 3mﬁ)
30} — m2) (3 4 m2)? — (o — m2) (3 -+ )]
+2r1r3mb[ et (Smb + m* ) +t ( 9m2 —4mim§ +m§)
—H(mﬁ — mc)(7mb + 4mbmc + mﬁ) - 2m§(mi — mf)g]
+ 2ryr3my, [—t4 + 273 (2m§ + m%) — 2t2(3m2 + mf)
+20(2m§ — 3mim? + m®) — (m2 —m?)*]}, (35.21)
with:
1 1+ _ 4m3m?
,Cl(t)—zlogl_v, v _Jl_(t—mi—mz)z
172
Aiéz (= —m) v La = log (m3 +m?)t + (m} — m2) (1, m%—i—m?)
2mpm, t
= A2 (2, m2, 1) (35.22)
35.2.2 Spin 3/2 baryon
Let us consider the two-point correlator:
Sun(g?) =i f d*x (017 J,(x) ], (0)|0) = gun(@F1 + F2) + - - (35.23)
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370 VIII QCD two-point functions
built from the simplest interpolating EY, operator:

oF; 1
J ¢ = —=e2(08Cytup) 05 + (QLCyu Qp)us (35.24)
V3
where Q and u are respectively the heavy- and light-quark fields. The QCD expressions of
the form factors for a heavy quark of mass M are [453]:

M4
ImFP"(x) = W[m(—l T4y —4x? — 2L,

+ 53— 19x + 98> — 130x — 60x%)],
X

5

ImFY" (x) = m[z‘“‘z +3x — 5x) L, + v(9 + 34x — 10x% — 60x7)] ,
G B (OJSGZ) 2 v 2
ImF () = -2 [x 2+ 3L, + 7 (1+26x + 12x )] ,
N ) ) v 8
ImFy () = == =M | 2+ 3L, + o (11 + 18— — ) |

v T 2 v 207y 2 2
ImF; (X)=—M(1ﬂ‘ﬂ)§, ImFy (x) = —-M (V“/f)@ 7+; ,
(Yy) x?
or Mv3(2_11x)’

) 1
<;ﬂ6w> —(2 — 1x + 12x* — 30x%) (35.25)
T U

ImF™(x) = M}

ImFy"™(x) = M}

with:

M2 1
x=" v=1—4xr, Cu:1n< +”). (35.26)

1—v
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