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Abstract

In this work we present a minimal parametrization of the light-cone distribution amplitudes
of the baryon octet including higher twist contributions. Simultaneously we obtain the quark
mass dependence of the amplitudes at leading one-loop accuracy by the use of three-flavor baryon
chiral perturbation theory (BChPT), which automatically yields model-independent results for the
leading SU(3) flavor breaking effects. For that purpose we have constructed the nonlocal light-cone
three-quark operators in terms of baryon octet and meson fields and have carried out a next-to-
leading order BChPT calculation. We were able to find a minimal set of distribution amplitudes
(DAs) that do not mix under chiral extrapolation towards the physical point and naturally embed
the A baryon. Additionally they are chosen in such a way that all DAs of a certain symmetry class
have a similar quark mass dependence (independent of the twist of the corresponding amplitude),
which allows for a compact presentation. The results are well-suited for the extrapolation of lattice

data and for model building.
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I. INTRODUCTION

Due to the unstable nature of the weakly decaying hyperons there are no scattering exper-
iments with hyperons in the initial state. However, they naturally occur in the final state, for
instance in baryon-antibaryon pair production via electron-positron annihilation ete” —
BB, in deeply virtual exclusive meson electroproduction v*p — K*A, K*30 K%+ and
in decays of heavy quarkonia to baryon-antibaryon pairs like J/¥, T — BB. The standard
way to parametrize the nonperturbative information contained in such exclusive processes
are (transition) generalized parton distributions or ordinary form factors. At high momen-
tum transfer the contributions from Fock states containing more than the minimal number
of partons are power-suppressed and the process can be approximated by a convolution of
the involved distribution amplitudes (DAs) with the process-dependent hard scattering ker-
nel. The requirement of large momentum transfer, the instability of the final state hadrons
and the fact that distribution amplitudes only occur in convolutions require high luminosity
and high granularity detectors to extract information on the hyperon DAs from experiment.

Another type of process where hyperon DAs are involved are the exclusive rare decays
of b-baryons, like =, Ay, 33, and €2, into octet baryons (plus v, [*I=, ...). Due to the large
mass difference one can hope that higher order Fock states are sufficiently suppressed to
allow for a description by three-quark DAs. Since the bottom baryons are produced with
increasing rates at LHC and at B-factories worldwide, we have to expect that ever more
precise experimental results will be available in future, even for rare decays containing flavor-
changing neutral currents, which are sensitive to new physics. Notwithstanding the fact that
b-baryons are produced at much lower rates than b-mesons, they are not less interesting since
they allow for an examination of the helicity structure of the b — s transition and thus
complement the measurements in the meson sector [1]. As shown in refs. [2, 3] there are
possible scenarios where deviations from the standard model are not seen in the branching
ratio of A, — Al*l~ but only in the A baryon polarization. It is therefore mandatory
to establish a theoretical basis for the description of such decays, and the knowledge of
hyperon DAs is one important ingredient. Even the higher twist components can yield
relevant contributions |4]. Note that constraining the shape of wave functions by calculating
the moments of the DAs with lattice QCD plays an even more important role for hyperons

than for nucleons, since experimental bounds are less strict than in the nucleon sector.



A first parametrization of the leading twist contributions in hyperon wave functions was
already presented in ref. [5]. A complete parametrization (including all contributions from
higher twist) of baryon-to-vacuum matrix elements was first performed for the case of the
nucleon in ref. [6], where it turned out that higher twist contributions can yield substantial
effects in the baryon sector, since the corresponding normalization constants A\ and A}’ are
large compared to the leading twist wave function normalization constant f~¥. The same
procedure has later on been reused in refs. |7, |8] to give similar parametrizations for matrix
elements of the hyperons in the baryon octet, namely ¥*, ¥ ==, Z° and A. Our work
unifies these different approaches and we find relations between the distribution amplitudes
for different baryons even if SU(3); symmetry is broken. The obtained relations are exact
including terms up to first order in the quark masses. In this sense we call our results model-
independent. However, one should keep in mind that higher order contributions which lie
beyond the accuracy of our analysis are model-dependent indeed, since they are affected by
the neglection of higher order terms during operator construction and by the choice of the
regularization scheme.

As shown in refs. [7, €] one has to introduce six additional DAs if one extends the for-
malism from the nucleon doublet to the complete baryon octet. Our results show that these
additional DAs are determined by the eight independent DAs already known from the nu-
cleon sector. ILe., if one knows the eight standard DAs (and their dependence on the mass
splitting between light and strange quarks) for the A and for at least two types of octet
baryons with nonzero isospin, one can predict all the rest. Using the parametrization given
in refs. [9-111], where contributions of Wandzura-Wilczek type [12] are taken into account,
and applying the approximation advocated in ref. [9], where contributions that can mix with
four-particle operators are systematically neglected, we need only 43 parameters to describe
the complete set of baryon octet DAs, including their dependence on the splitting between
light and strange quark mass. For details see sect. [V.-Cl This amounts to a significant re-
duction of parameters compared to an ad hoc linear extrapolation without the knowledge of
SU(3) s symmetry breaking, which would require 72 parameters for the given setup. There-
fore our results are useful for the extrapolation of lattice data. In a first step it can be
checked whether the nontrivial relations between the different DAs that we have obtained
are realised in lattice simulations. If this is the case to a satisfactory degree, one can per-

form a simultaneous fit to all DAs, which, owing to the significant reduction of parameters



mentioned above, has much higher precision. Note that the parameters occurring in the
approximation described above are determined by the zeroth, first and second moments of
the leading twist DAs and by the zeroth and first moments of twist 4 DAs, which are, apart
from the first moments of the higher twist amplitudes, within reach of state of the art lattice
simulations (see ref. [13]).

At this point we want to highlight a conclusion that can be drawn from our results, which
is of conceptual importance and also affects the nucleon sector: we find that the nonana-
lytic chiral behaviour of moments of DAs does not depend on the twist of the amplitude.
Instead, the leading chiral logarithms in the chiral-odd sector are determined by the type
of amplitude to which the corresponding moment contributes. The ones occurring in (IDE ;
(®7,) amplitudes, which will be defined in eq. (70), have the same chiral logarithms as f#
(AP). The odd moments of the leading twist DA therefore behave like AP instead of fB,
which is quite contrary to the intuitional expectation. The shape parameters occurring in
ref. [9] can all be assigned uniquely to one of the two classes, which means that the destinc-
tion between moments described above is to some extent already present in currently used
parametrizations.

This work is organized as follows: In sect. [[Il we present some fundamental definitions to
lay the base for the parametrization of the nonlocal three-quark operators in terms of baryon
and meson fields, which is performed in sect. [IIl A sketch of the leading one-loop baryon
chiral perturbation theory (BChPT) calculation is given in sect. [Vl where we also explain
how we have matched our results to the standard DAs given in ref. [6]. In sect.[V]we present
our main results. We provide a definition for DAs that do not mix under chiral extrapolation
and naturally embed the A baryon. The result section is to the most part self-contained

such that the reader can skip the details of the derivation at will. We summarize in sect. [Vl



II. FUNDAMENTAL DEFINITIONS

There exist various possible realizations of chiral symmetry, which all lead to equal results.
In the following we only present the definitions we use in this work. For a detailed treatment
of the effective field theory framework we refer to |14-19]. The pseudoscalar fields are
contained in

u=\U = exp(%ﬁ])\“gb“) = exp(%j%bgb) , (1)

where A1, ..., A8 are Gell-Mann matrices and Fj is the pion decay constant in the three-flavor
chiral limit, which corresponds to the convention where Fy = Fy+O(mZ,mj.,m2) ~ 92 MeV.

The matrix ¢ can be written in terms of meson fields

%7?0 + %7} t K~
¢ =2 T —%7‘(‘0 + %n KO |. (2)
- 70 2
K K 75N
The 3 x 3 matrix B contains the baryon octet:
Ly0o4 LA x* p
V2 V6
= - _1lyo0, 1
B )y ﬁE + \/EA n 5
= =0 _lA ( )
- - NG

= KpD + KpN + Ky-2 + k50X + ks X7 + Ke- 27 + K220 + KA A

where the second line defines the matrices k. Let us from now on use X € {L, R} and,
as a convenient notation, L = R and R = L. Where they are not used as an index, L and
R are meant to be elements of SU(3)./g. Defining up = v and uy, = u' the transformation

properties of meson and baryon fields under chiral rotations read

UX—X)‘X*UX‘K'T=I(UX)ZJr s (4&)
B X KBK', (4b)

with the so-called compensator field K, which is a common, nonlinear realization of chiral

symmetry [17,20]. The covariant derivative acting on a baryon field is defined as

D,B=0,B+[l,,B], (5)



TABLE I: The constants 771]3 , 779 , 17? and 17151 characterizing the symmetry properties of the elements

of the Clifford algebra, where (-1), is 1 for © =0 and -1 for u=1,2,3.

r . e 0 np
1 1 -1 1 1
75 -1 -1 -1 1
T (-Dp 1 1 -1
Vs ~(-Dyu -1 1 -1
Oy (-1),.(-1), 1 1 1

where I, is called the chiral connection and is given by
r, - (ud Dl 6
“_§(u LU+ U uu). (6)
The chiral vielbein w, and the quark mass insertions . are defined as

uy, = z'(u@uu - u@uuT) : (7a)

X = ulxul £uxtu (7b)

where x = 2By M includes the quark mass matrix, and transform under chiral rotations as

follows:

Uy, X, Ku, K", (8a)
e 25 Ky, K. (8b)

Finally we define for the elements of the Clifford algebra in a unitary representation

T =70 , (9a)
I'T=pforC (9b)
LT =m0 (9¢)

I =npysls (9d)

where C = 1924V is the charge conjugation matrix. The different n’s are collected in Table



III. OPERATOR CONSTRUCTION

In this section we will construct the light-cone (n is a lightlike four-vector) three-quark

operator

G (a1n)qs(azn)gs (asn) | (10)

in terms of baryon octet and meson octet fields. The antisymmetrization in color indices
(which makes the operator a color singlet) and the Wilson lines connecting the quark fields
(providing gauge invariance) are not written out explicitly. a, b, ¢ are flavor and «, 3,
Dirac indices. Note that there are many possible parametrizations owing to the freedom
of choice one has by neglecting higher order effects. The task is therefore not only to find
a parametrization, but to find one that is most convenient for the loop calculation to be
performed and can be easily matched to the standard decomposition given in ref. [6]. For
the parametrization of the nonlocal operator one needs functions, where the moments of the
functions play the role of low energy constants (LECs). For the parametrization presented

below these functions can be easily matched to standard distribution amplitudes.

A. Symmetry properties

To perform the construction of an operator within the effective theory we have to know
its symmetry properties. To make use of chiral symmetry it is convenient to split the quark

fields in left- and right-handed parts

¢&(a1n)qh(agn)qS(asn) = (’)%}%,am(al, as,az) + (’)fbf’aﬁﬁ{(al, as,az)
+(9%’Lc7aﬁﬁ{(a1,a2,a3) +(9f}§7aﬁﬁ/(a1,a2,a3) 1)
+ Ofgﬂwﬁ(a?ﬂ ar,az) + Oﬁgﬁag (a3, ay,az)
+ (’)%Zﬁm(am as,ar) + (’)%Cgﬁm(ag, as,ap) ,

where the operators Oxy for X, Y € {L, R} are given by

O apy (a1, a2, a3) = g% o (a17)q% 5(azn)qs, (asn) | (12)

where the left-/right-handed quark fields are defined as qz/r = vz/r ¢ With the projection

matrices vz/r = (1 ¥ 75)/2. These operators can be characterized by their transformation



properties under parity transformation (p), charge (¢) and hermitian (f) conjugation and

chiral rotations (x):

D
O a7 (1, 02,a3) = (Y0)aer (70) 85 (10)ry OF argrs (015 2, a3) (13a)
.
O%’ff,am(al, as, 0,3) C—f _Caa'cﬁﬁ'c’w'og(bic’,a’ﬁ"y’(al’ as, ag) s (13b)
O o5 (a1, a2, a3) o Xaa’Xbb’}/;c’Og(,I;:zgy(alaa27a3) ; (13c)

where in eq. (I3DL) charge conjugation is performed first. Additionally we know that each

operator transforms under a translation in n-direction as

(’)‘)’é’fﬁaﬁﬁ/(al +da,as + da,as + da) = exp {z oan- P} (’)%’f/’aﬁﬁ/(al, as,asz) exp {—i oan- P} ,
(14)
where P is the momentum operator which acts as a generator of translations. Another sym-
metry of the three-quark operators defined in eq. (I2]) is the invariance under the exchange
of the quark in the first and the second position or even an invariance under exchange of
all three quarks in case of the operators containing right-handed or left-handed fields exclu-
sively. On top of this the operator is invariant if one simultaneously rescales a; — Aa; and

n, —> n, /A, which we will call scaling property.

B. Low energy operators

Using the previously defined fields ur and uy we can write down the operators, which
contribute to baryon-to-vacuum matrix elements of three-quark currents at leading one-
loop level and have correct transformation properties under chiral rotations in the following
compact form:

K
.5,k L XXY 1jk,XXY
Of;{?}cﬂaﬁﬁ/(ala az, a3) = ‘/\[dl’] Z kz: ‘7:;()}/ (1'1,1'2,1'3) F;ﬁryé Bg,abc (Z) ) (15)
ij k=1
where the correct transformation behaviour under translations in n-direction is ensured by

2, =ny, Y. x;a; and the constraint that z; + x5 +x3=11in

[[d.ﬁ(:] = [dl‘ldIQdZL’g 5(1 - ZIZ) y (16)
where the integrations run from 0 to 1. The F’s are functions of z1, z2, x3 only and k; is

given in Table [[TIl The I'’s are defined as

P’ = OxTiry Clas (12T (i)™ )ss(n- ) (17)



TABLE II: List of T ® I'. 7]5 ; = 1 by choice (see comment in the text). We have multiplied
structures 1 and 6 with a factor of ¢ such that 77?@ = 7797 ; for all structures and, thus, 77?5 ¢-1.
In cases where four-vectors are used in the place of Lorentz indices the notation means that the

corresponding Lorentz index is contracted with the index of the vector; e.g. ¢ = o Ouny.

i P,Z'A ® PZ'B 77?,2' = 7719,1' UIQA,Z- 7715137,- d;" di
1 il @i -1 -1 -1 2 -1
2 191 1 -1 1 1 0
3 o @ 1h 1 1 -1 2 -2
4 ol ®y, 1 1 -1 2 -1
5 o ® 0 1 1 1 1 0
6 icm e 1 -1 1 1 1 -1
7 o ® oy 1 1 1 1 -1
8 a9 @, 1 1 -1 0 0
9 o @ Oy 1 1 1 3 -2

where I', T',, d™ and d! can be taken from Table [[Il The occurring derivatives act on the
B’s. We have introduced adequate powers of i¢) to have functions F of mass dimension 2,
which is compatible with the standard mass dimension of distribution amplitudes. Using i@
(which leads to a factor mp in the final result) instead of the baryon mass in the chiral limit
mg (which would be the standard choice) has the advantage that it allows for a straightfor-
ward matching of our parametrization to the general decomposition given in ref. [6] and to
refs. |7, 8] (see also sect. [V.C)). The power of (n-0) is chosen such that the scaling property
is fulfilled. Note that in the chiral-odd sector one can actually write down more structures,

which have the form Fgﬁ;X or F:ayéx. However, these structures are not independent.

They can be rewritten in terms of Pi,g{)gy using Fierz transformation. In order to reduce the
[’s to the minimal set given in Table [[Il one has to use the identity ot~s = %eﬂ”f"’am and
the fact that it is sufficient to construct structures of positive parity (see explanation below
eq. (24)). Additionally one has to use that multiplying both structures I}y and I';; with a 73

does not lead to a new, independent structure owing to the projection with v,z in eq. (I7).



TABLE III: In this table we list only terms which contribute to the one-loop calculation of baryon-
to-vacuum matrix elements of the operator. x, is defined as x; —tr{x+} /3. This is a convenient
choice since this combination (in a leading one-loop calculation) vanishes along the symmetric line,
where m,, = mg = ms. 77%7 ;= 77; ;= 77%7 ;= 77%];-0 =1 for all structures. Note that the transformation

of the spinor is not included.

J B{ 5 Bg Bg trace’ k;
1 Bs 1 1 1 3
? Bs L 1 tr {x+}mp’ 3
3 Bs Xemg? 1 1 6
The B’s in eq. ([I3]) are defined as

Bigie ' = (ux)aw (uy Yo (uz)ee By guyer - (18)

where
Bgibc = (B1 5)aa (B )bbr(B )Cclgalbl , x trace’ , (19a
B(]S zbc = (Bj)lla (B 6)bb/(B cc'€alblc! X tracej I (19b

stibc = (Bé)aa'(Bg,)bb'(B s)cc'€albie! X trace’ |

)

5)

B = (B aar (B] o (BY)cc

By = (B §)aa (B (B cocawe x trace’ (19e
) (

Bg Sbc = (B])aa (Bj)bb’(Bl §)ec’€alber X trace’ .

o€
1Eqrprer X trace’ |

For cases where Bj = B} we only use BJ! 3 abe: Bf; 2bc and Bg:g’bc and thus k; = 3. The different
possible combinations of B’s can be taken from Table All baryon and meson fields
which are connected to each other (by a summation over a shared flavor index) have to be
at the same spacetime position, owing to the fact that the compensator field K is a local
transformation. However, chiral symmetry actually also allows for the possibility that the
trace term in B is situated at a different spacetime position as the rest of the operator. We
consider this possibility in appendix [D] and show that such a parametrization only differs
in higher order terms. Note that no structures of the form [Bs, X+ ], {Bs, X+}, or tr {BsX+}
occur in Table [IIl since they can be reexpressed in terms of the third structure, which

means that we have only one second order structure (j = 3) that is responsible for SU(3);

10



breaking. Also the operators which describe the behaviour along the SU(3); symmetric line
(7 = 1,2) are not linearly independent, but the situation is more complicated in this case:
since operators of the same class (i.e. same j but different k) are related to each other (see
eq. (39)) one has to take care that the symmetry properties of the operator under quark
exchange are respected. Therefore, we postpone this discussion to section [II Dl

There are no covariant derivatives acting on the baryon field within the B’s. In ap-
pendix [Dl we show that they can always be traded for derivatives acting on the whole
structure plus higher order contributions, which can be neglected. This fact will turn out
to be very convenient for calculating loop contributions, since the derivatives acting on the
complete structure do not lead to additional loop momenta in the integrals.

The effective operator given in eq. (I5) already transforms correctly under chiral rotations
and translations along the light-cone vector n. It also fulfills the scaling property. The
remaining symmetry properties given in sect. [ILAl will now be implemented by constraining

the functions F. We consider

\k,XYZ _P kXY Z
B(]iabc - ng,j (70)55'B§’,abc ) (20&)
ik, XYZC¢Tp ik XYZ
g,abc - _n%ZC 055’ Bg”abc ) (20b)
and
i\ XYZ P i\ XY Z
F;Bvé - _nII‘DJ (70)0!0/(70)65’(70)77’ fo'ﬁw(sf (70)w's (21a)
. étp i
FZ?;;ZC_?—H??C Caa’CBB’C’w’ ngg};/zy 05'5 . (21b)

Eqgs. (20D) and (21D) yield (together with eqgs. (L3b) and (I5) and since 7 =1)
(F7) =7 (22)

which would mean that the F’s are real-valued. However this argument relies on the as-
sumption that one gets no additional phases from charge conjugation of quarks and baryons,
which is not necessarily true. If we allow for such additional phases the above equation has

to be generalized to
(Fate”) = Fdfe?, (23)

where we have an additional overall phase which is equal for all distribution amplitudes.

However, this additional phase is unphysical and can be dropped. Eqs. (20a) and (2Tal)

11



vield (together with eqs. ([3a) and (IE) and since 7. = 1)

FH=-Fak (24)
Therefore we only have to differentiate between chiral-even ]—"}%ﬁk = —fz’%’k = févjer'f and

chiral-odd ]:z’f%’k = —f;’%k = fé’djc’lk. Notice that we have chosen to only construct structures
'y ® I'p which have positive parity. The negative parity structures, which one can obtain
by multiplying all I'g with a ~5, would lead to the same operators since Eq. (24]) then would

yield an extra minus sign.

C. Symmetry under exchange of quark fields

In this section we use the symmetry of the original three-quark operators under exchange
of quark fields with the same handedness to reduce the number of amplitudes. Using the
constraint that the operators have to be equal under exchange of the first and the second

quark yields

Jj=12 f;g;l(xhx%x3) = _771914,@']:;5%7/2(362’:61@3) ’ (25a)
f;@3($1,x2,$3) = _77191471']:)2‘5@3(55’275517%3) ) (25D)
j =3: f;g}l(l'l,l'g,l'g) = —nFCAJf;?;}KL(I’Q,I’l,I’g) ) (250)
]—';?;;2(561,362,:63) = —nFCAv,.fig?;f(@,xl,I?,) ) (25d>
‘7:;3}}3(1'1933291'3) = _ngA7iF§é§}6(z2’zl’$3) : (256)

In the chiral-odd sector one now uses these relations to eliminate ]—"%}2 (if 7 = 1,2) and

_7-“;%?;}4/ 5%~ Additionally we can use that

(1w TavxC)ys(vxTB)as =0, it X #Y and 'y € {1,75,0.,} . (26)

Using Fierz transformation this leads to

3,XXY axxy oo xxy
r =r + =T

aBys T T aBys 9 apys (27&)
5,XXY

2o, (27D)
Y ST 79

12



if X #Y. Therefore we have the freedom to choose
FER (), w0, w3) = FohF (), 29, 3) = FolF (w1, 29, 23) = 0. (28)

In the chiral-even sector the projection with vz, leads to similar constraints. The counter-

part of eq. (26) reads

(VxTavxC)ys(1xTB)as =0, i Ta e {yuvurs) - (29)

With a Fierz transformation one obtains

1

TXXX _ A XXX 5XXX | 16,XXX

Pigys ™ = Lapys *5lapss *lapys o (30a)

1

8XXX _ 5XXX

Doas = _Zraﬁvé , (30Db)
9.XXX _

Paﬁfy& =0. (30C)

Therefore, we can choose
FLbi(wy, g, w3) = Fol (w1, @9, x3) = Foilat (41,29, 73) = 0 . (31)

The operators containing left-/right-handed quarks exclusively also have to be invariant
under an exchange of the first and the last quark. Performing a Fierz transformation and

using the identities given above we find

6

i, XXX _ i XXX i

D = ST (32)
i'=

The matrix c¢ is given by

(40 <450 -
o 1 0 0 6 -1
00 1 0 0 0
€= 1 1 1 1 (33)
-3 0 -3 3 0 -3
o &£ 0 0 -3 1§
0O 0 0 0 0 1)

By the use of this relation the symmetry property of the operator under exchange of the

first and the last quark translates to the following constraints on the amplitudes:

. 6 T
j:1,21 f)léj)’(l(xl,x%xg)=—Zc”.7:X’)](13(xg,x2,x1) y (34&)

i'=1

13



6

f;&?(xthv x3) - ,2:1 Cii,f§§2(x3’ L2, ,’,Ul) ) (34b)
’]3(181,152,!133) = ZC“ iy % (w3, 72,21) , (34c)
. 3,1 6 i
j=3: Foi (@, aa,m3) == > Ty 305,29, 21) (34d)
— =1
6
.. -/
FioZ (1, m9,13) = - Z ' Fiovt (w3, 19, 11) (34e)
=1
Z33('1‘17'1‘27:1:3) - Z C” f;{?(s(x37x27x1) (34f>
1
i,3,4 J ' i’,3,2
Fy ($17I2,SL’3)=—ZC Fx'x (z3,29,271) , (34g)
i=1
. 6 .. .
Fi35 (21,19, 18) = — Zl ¢ F3 (g, 19,21 (34h)
F38 (a1, w9, 23) = Z ' Fie (g, 22, 21) - (34i)

Using these equations one finds for the operator with j = 3 that one can eliminate all

amplitudes apart from ]—"ég’;(l, by using the following relations recursively:

Z”(xl,:cg,xg) nFA Zlc” f;(;g(xg,xl,@) (35a)
Zg?’(xl,:cg,xg) nFA Zlc” f;(;l(xg,xl,@) (35b)
Fx (@, ma,w3) = npA Fo5 (2,21, 23) (35¢)
Z35(x1,:cg,:z;’3) nFA 232(x2,x1,x3) (35d)
Z36(x1,:cg,:z:3) 771914,2'}—;5)7( (2, 21,23) , (35¢€)

For the operators with j = 1,2 we can eliminate

Fi (w0, 23) = nFA F (@, 21, 13) (36a)
]'—;g?(xlaxmfb’?,) == Z Cii,f;{]’ (23,22,21) , (36b)

i'=1

and additionally

J’ (x17x27x3) :fizgél(xlux27x3) +f;1(7g;'1('r17x27x3) _Qf;gél(x17x37x2) (37 )
a

+F§§1("El>x2>$3) )

14



’]’ (1'1,1'2,113'3) —4F 7]’ (1'1,1'2,113'3) + 8FX7§ (1’1,1’3,1'2) +FX7§ (1’1,1'2,113'3) (37b)
f?(’gé (.flfl,.flfg,.flfg) = _f;)(’_];{ (xl,xg,flfg) 9 (37C)
f?égél(xlaxzafb’?)) = —fféﬁél(xl,xg,xz) . (37d)

From the fact that the local operator at the origin, where a; = as = ag = 0, is independent of
the light-cone vector n one can deduce constraints for the zeroth moments of the distribution

amplitudes

[[dm] Fidk (e, wp,03) =0, fori=1,3,4,6,7,9. (38)

D. Elimination of linearly dependent structures

To avoid overparametrization we will now annihilate linearly dependent structures of
those given in Table[[TIl Considering all possible three-quark operators and all baryons from
the octet, one finds (for j = 1,2) that only two out of the three structures Bg’ibc, Bg’sbc and

Bg Z’bc are linearly independent, since one has
0= B?abc Bg 2bc Bcjs 2bc . (39>

3 - 3 .773 — _ .771 _ ]72 3 -
In the chiral-odd sector we can use this relation to replace Ba,abc = Ba,abc B(Svabc, which is

equivalent to the replacement

og;:l ($1,$2,$3) - Fog;i (181,1'2,1'3) fégél(zl’z%xi%) _Fégf(xl’aj%z?’) ) (40&)
ogd2(x17x27x3) - fogdz(x17x27x3) fogd2(x17x27x3) fogéi (ZI}'l,LUQ,LUg) ) (4Ob)
og(;l (1'1,1'2,1'3) - Fog;i (1’1,1'2,1'3) 0. (40C)

Using eqs. (25al) and (25D]) one finds that the new functions have the same symmetry prop-
erties as the old ones. Therefore we can choose

Ford(xy,m0,13) =0, j=1,2, (41)

in accordance with symmetry properties and without loss of generality. In the chiral-even
sector the situation is different since the amplitudes are already constrained by the symmetry
under exchange of the first and the third quark. An elimination of one structure in favor
of the two others would therefore not lead to a simplification. Instead one just obtains a
reparametrization of the problem for which it would be hard to implement the symmetry

properties under exchange of the first and the last quark.
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IV. CALCULATION AT LEADING ONE-LOOP ORDER

In this section we describe the leading one-loop calculation. In sect. IV.C] we explain how

we have matched to the standard DAs defined in ref. |6].

A. Meson masses and the Z-factor

We work in the limit of exact isospin symmetry, where m,, = mgq =m;. Using the standard
leading order meson Lagrangian (see e.g. [16,21]) one finds for the meson masses the standard

Gell-Mann-Oakes-Renner relations

m2 = 2Bymy = m-, 5 5 = 2By (g — 0my) (42a)
m = Bo(my +my) =mi_, ;= Bo(2mg +6my) | (42b)
B
m; = ?O(le +4my) =mig =2By(m, +dmy) (42c¢)
where
_ 1
My = §(2ml +myg) (43a)
omy =mg—my , (43b)

and By is the LEC proportional to the quark condensate in the chiral limit. As additional
ingredient we need the first order meson-baryon Lagrangian, which we take from ref. [22]
(this version differs from refs. |18, 21] by a minus sign in the terms containing D and F in

order to be consistent with the standard sign convention g4 ~ D + F' > 0):
1 _ = _ D _ F _
Ly =t {By,iD"B} —mgtr { BB} + Bl tr { By, vs{u", B}} + 5 tr { By, vs[u, B]} . (44)

For our calculation we need the baryon-meson-baryon vertex for an incoming baryon B,
an outgoing baryon B’ and an incoming meson (the k-th one in the Cartesian basis) with

momentum ¢, which is given by
-1
2—E)¢75tr{/<;§,(D{>\k,mB}+F[>\’f,m3])} ) (45)

The self-energy to third chiral order is given by the sum of the irreducible diagrams shown

in Fig. [ (where external legs are to be amputated) multiplied with an i. The contribution
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FIG. 1: Feynman diagrams needed for the calculation of the self-energy.

of diagram |(b)] (in Fig. ), which is relevant for the calculation of the Z-factor is given by

i x[(D)] = 3gB.x.f (M, Mo, P) + 49 1 f (Mxc, M0, P) + g0 f (M, M0, ) (46)

where

f(m,mg,p) = 4_—]?102((]92 —m%)plﬁ)(m,mo,gﬁ) +(p+ mo)(Im(mo,p) - mzln(m,mo,p))) .

(47)

The loop functions Iy, and I ,gll) are defined as in ref. [23] and the coefficients are given by

gnr=(D+F) gvic=dDP=DF+SF . gy, = (D-3F),
gZ7W:§(D2+6F2) ; gsx = D>+ F* 92,n=§D2 ;
g=n=(D-F)?, gz = %D2+DF+§F2, gz = %(D+3F)2,

an = %DQ , Ik = %(DQ +OF?) | ay = %DQ | (48)

These constants fulfill the constraints that the sums
4 2 2
39B.x +49B.K + 9By = §(5D +9F7) (49a)
4
298,m +39s,m + 2920 + g = §(5D2 +9F?) (49b)

are independent of the baryon/meson species. This yields similar baryon masses and Z-
factors along the line of equal quark masses and is a consequence of SU(3) symmetry. For
a detailed study of baryon masses under symmetry breaking see [24]. The square root of

the Z-factor needed in our calculation is given by
. 1o,
\/ZB:1+§ZB , (50)
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where the prime indicates taking a derivative with respect to p and substituting p - msp,

while

B(mg, 0my) =39, f'(Mmr,mo,mp) +4gp k f' (Mg, mo,mp) + gp ., f (My, Mo, mp)

(51)
= 3" (my) + AX R (my, dmy) |
with
S (my) = X5(myg,0) = (398~ + 498,k + gBy) [ (M1, Mo, MB)

4 A (52a)

= §(5D2 +9F?) f'(m},, mo,mp) = 5(5D2 + 9F2)f’(m,*n,mg,mg) ,
Azé(mq’ 5ml) = Z;B(mtp(sml) - Z;B(mmo)
=39 [ (Mrx,mo, mp) + 49 1 f' (MK, mo, mB) + gpnf (My, Mg, mp)
4
—§(5D2+9F2)f'(m:mm0,m3) (52b)

= BgB,Wf’(mm mgvmg) + 49B,Kf,(mK7 mgvmg) + gBﬂ?f,(mnv mg,mg)
4
B §(5D2 + 9F2)f,(m:n7mgvmg) ’
where m; , =m;, /b(mq) is the meson/baryon mass along the symmetric line (6m; =0). The

dotted equal sign = means equal up to terms which are of higher order than our level of ac-

curacy (which is second order in chiral power counting). For explicit results see appendix [Al

B. Baryon-to-vacuum matrix elements of three-quark operators

In this section we describe the actual loop calculation. From a simple power counting
argument one finds that at leading one-loop level the only contributing graphs are the ones
shown in Fig. 2l One easily observes that the second order operator insertions only occur
without additional mesons. Therefore we only have to compute the vertices where a single
baryon couples to the operator. Contributions with additional mesons only occur for the
leading order operator insertion (j = 1). For the BChPT calculation mainly the structure
Bg:jl;fyz is relevant. Graph@of Fig.[2is an exception because the extra =5 from the baryon-
meson-baryon vertex has to be canceled with a 5 from the Dirac structure of the operator.
The calculation gets simplified considerably if one uses the fact that (by construction) the
Bg:ﬁgﬁyz with £ # 1 can be obtained from the case k =1 by a permutation of indices:

RI2XYZ _ pjlYzX RISXYZ _ pjlaxy piAXYZ _ _pilYXZz

d,abc d,bca ’ d,abc d,cab ) d,abc d,bac )
3:5.XYZ _ i, XZY 5,6, XYZ _ i1, ZYX
B&,abc - B&,acb ’ Bé,abc - Bé,cba ) (53)
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FIG. 2: Feynman diagrams needed for the calculation of the baryon-to-vacuum matrix elements.
The squares depict the operator insertions given in egs. (B3]), the circle stands for the vertex from the
meson-baryon Lagrangian given in eq. ([@5]) and the dashed/solid lines represent mesons/baryons.
Diagram @ has to be multiplied with \/Z. However, one knows that at higher orders all of
the diagrams will receive a v/Z contribution, which can be used as an argument in favor of the

factorized version of our results (see eq. (81 in sect. [V]).

which means that we actually only have to calculate the case k = 1. Defining

+1, for X =R
(-1)x = (54)
-1, for X =1L

we can write down the relevant operator insertions in a quite economic way:

sabe | (2)] = (k) e e 0y (55a)
Be(p)
'é ! / ! ! 7 7
sabe(2) = S| CLx(Wokp) ™ 86 & (<1)y ()™ (N)¥'5 (55b)
Be(p-a)¢*(q) 0

+ (_1)Z(HB)ao,’é‘bb'()\Ic)cc':lga'b'c’efip'z&‘é6 :
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1,1,XYZ
Bé,abc (Z)

Be(p-q1-92)9"(q1)¢' (42)

[ ({)\k’ )\I}KB)aa’ébb’écc’ + (KB)aa’({)\k’ )\l})bb’écc’ + (KB)aa’ébb’({)\k’ )\l})cc’
+ 2(—1)X(_1)Y()\kﬁB)aa’()\l)bblécC’ n 2(—1)X(—1)Z()\kfiB)aalébb’(Al)ccl (55(:)
+2(=D)y (-1)z(rp)™ (W)™ (W) +2(=1)x (-1)y (Vi)™ (X' 5
#2(=1)x (-1)z(Nrg)™ " (N + 2(=1)y (~1) 2 ()™ (A) (W)

e s
><6abcezp z556.

-1
- 16F}

The second order tree-level operator insertions read

By 2 ()| = 4Bymg® tr{M} (k)" e e 25y (55d)
Be(p)

Bg’,;l;i(YZ(z) _ 4BOm62 (/{B)aa’Mbb’ga'b'ce—ip . 2555 ’ (556)
Be(p)

where M = M —tr {M}/3. After performing the loop calculation one finds that the results

can be expressed as

(0lORE gy (a1, a2, a3) + OFF 5 (a1, a5, a3)| B(p, s)) =

- [[dx]e’i”'pz’ﬂ Th nggv,fglu?(p, s)h%i”gjon(xl,x%xg,) , (56a)
5
(0|OF oy (a1, a2, a3) + OF% 5. (a1, a2,a3)|B(p, 5)) =
- /.[dx]e’i”'pz’ﬂ R ZFZ%(}Y%U(;B(]?,S)hg?s(cid(l’l,l’g,l’g) , (56)
5
where uZ(p, s) is the baryon spinor,
rig - T 572
rig - e ™
and
B eeon (1,02, 3) = 2}; A innF ol (21,22, 73) | (58a)
j
h%ﬁgzd(xl,xg,xg) = z}; c’élfgf;fégék(th,xg) ) (58b)
J

The coefficients cJBk)?i’fZ inherit the property that the ones with k£ # 1 can be obtained from

the case k =1 by a permutation of indices:

i,2,abc  __j,1,bca j,3,abc  __j,1,cab j,4,abc j,1,bac
CJB,XYZ - CJB,YZX ’ CJB,XYZ - CJB,ZXY ) CJB,XYZ - _CJB,YXZ )
j,5,abc j,1,ach j,6,abc ji,1,cba
CJB,XYZ - _CJB,XZY ) CJB,XYZ - _CJB,ZYX : (59)
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For those with k£ =1 we find

1,1,abc 1,1,abc

_ 1,1,abc
CB.xyz =B xvz

T Ch xyz
(a)

1,1,abc

tCpxyz| (60a)

(d)

(©)

chiva| =V Zs(re)e (60b)
(a)
_1 ! / / ! / ! ! / !
g};?/cz — @ Z[ ()\k)\k/{B)aa 5bb 5cc + (/{B)aa ()\k)\k)bb 5cc + (/{B)aa 5bb ()\k)\k)cc (600)
(C) 0 k ! / !
+ 2(_1)X(_1)Y()\k/€3)aa ()\k)bb §ee
+ 2(_1)X(_1)Z()\kHB)aalébb/(Ak)CC/
+2(=1)y (=1) () (V) () [ 1g (my)
abc -1 aa’ sbb’ sec’ aa’ ! cec!
chivs| = gpm ol CDx(WRg) 5+ (<L) ()" (A5
(d) 0 k,B

+ (1) 2()" 0% () | e {KE(DIN i} + PN, )}
X (Ilo(mk) +(m% —m2) Ly (my, mg, mp) —mp(mp + mo)Iﬁ)(mk,mo,mB)) )

(60d)

In the contribution from graph [(d)] commuting 5 from the vertex with the Dirac structure
in the operator yields nfLBJ(—l)dT = -1 (compare Table [I)). In operators of type Oxpr the 75
has no effect owing to ygys = vg. The relative sign in the vertex in operators of type Oz, is
compensated by v.75 = —y. Therefore the result only contains structures of the form given
in eq. (B7). This is no coincidence but has to happen in order to obtain a result that behaves

correctly under parity transformation. For the second order tree-level contributions we find

Y, = 4Bomg? tr { M} (sp) e (60e)
c:;,l}?{bfcz = ABymg? (kp)™ M™ e”Ve | (60f)

Using eq. (1) the matrix element of the complete three-quark operator reads

(0lgs(ar1n)qh(azn)gs (asn)|B(p, s)) =
= f [dx]e"'”’pz’“‘”““’“Z(FZZ?? Do (21,2, 13) + TROShS (21, 22, 23)

+ Fi’z%(;hiéfgzd(ilfg, Zy, LUQ) + ngiﬁhgﬁz@d(xg, xs3, $1))U5B (p, 8) .
(61)
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C. Projection onto standard DAs

In this section we relate our parametrization of the baryon-to-vacuum matrix element,
which was guided by the behaviour under chiral rotations, to the general decomposition
given in ref. [6], which is more convenient for daily use. To do so we have contracted both
our result (eq. (61))) and formula (2.3) of ref. [6] with Dirac structures of the form I'j; @'
It is sufficient to use structures where Lorentz indices are either contracted between I'4 and
I'B or with the light-cone vector n or the momentum p. Afterwards we have used the identity
pu”(p) = mpu®(p) and have matched the prefactors of the remaining Dirac structures (s
and 9tvs). Using twist-projection, we obtain the results for the distribution amplitudes SZ,
PBAB VB and TP which are independent of the scalar product n-p, due to the scaling
property described in sect. [ITAl (For the details of the twist-projection we refer to [6]). We
have collected these lengthy matching relations in appendix [El The amplitudes have the

following symmetry properties under exchange of the first and the second variable
SP (w1, 22, 23) = ~(=1) S (22,21, 73)
PP (x1,19,13) = ~(=1)p PP (w9, 21, 23)

)

)
AB(z1,29,23) = —(-1) g AP (29, 71, 73) ,
VP (21,22, 23) = +(=1) V" (22,71, 73)
)

EB($1>x2>x3) = +(_1 BEB($2>xl>x3) ; (62)
where we use

+1, for B+A
(-1)p= (63)
-1, for B=A

for brevity. To obtain these nice symmetry properties one has to choose the flavor content
in the operator as p = uud, n = ddu, X* = uus, X° = uds, ¥~ = dds, =0 = ssu, =~ = ssd,
A = uds, where the order of the flavors is relevant. The different sign for the A originates

from the antisymmetry of the isospin singlet state.
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V. RESULTS

In this section we present our results and provide a definition for DAs that do not mix
under chiral extrapolation. In sect. [V.C] we work out an explicit parametrization of baryon

octet DAs, where we follow the approach presented in refs. [9-{11].

A. General strategy and choice of distribution amplitudes

We will split up every distribution amplitude in the following way:

DA (g, 6my;) = DA(1,0) + (DA(1my, 0my) — DA (1, 0)) (64a)
a
= DA*(1n,) + ADA (1, 6my)

DA*(mg) = DA™(0) + (DA*(m,) - DA™(0))
(64Db)
= DA® + ADA™(my,) ,

where the main idea is to use the second formula to parametrize everything in terms of
the DAs at the symmetric point, which are measurable on the lattice as opposed to the
amplitudes in the chiral limit. Lattice simulations where the mean quark mass is fixed at
its physical value while dm; is varied are already available for hadron masses and some form
factors [25-27]. Corresponding simulations for the baryon octet DAs treated in this work are
in progress. This strategy has the additional advantage that one gets rid of the parameters
that describe the behaviour under variation of the mean quark mass. For the presentation

of the results it turns out to be convenient to write down the second order tree-level and

the loop contribution separately. We define for all baryons

ADA = ADA"P + §m ADA™® (65)
where
- Ofg'“ . (66)
my,

Then we use the fact that we can rewrite ADA in terms of m; and DA” using the cor-
responding expansions in m,. For a specific set of DAs, which do not mix under chiral
extrapolation (see below), this allows us to rewrite the loop contribution as the DA along

the symmetric line multiplied with a loop function f such that the results have the form
DA (myg, dmy) = DA*(1m,)(1 + f) + dm ADA"™® . (67)
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By virtue of SU(3) symmetry we find the following relations between DAs along the line

of symmetric quark masses m, =mg = my:

2TIB;6 (x17x27x3) = (_1) [‘/1/6 1/6](.7:1,253,,’,5'2)

(68a)
+ [Vl?ﬁ* - 1/*6](352@3,931) ,
[Zji + Tjs + St = Pils (21,02, 33) = [V = Ay [(wa, 23, 21) _—
[V;aj/ng 3/4]($37$17362)
T (w1, 02, 15) = [Ty ~ T + S8 + Pl3 (w3, 1, 7) s

[Ti’iﬂj /8 + 51/2 + 1/2](1'3,1'2,551) .

Note that we do not impose these relations. They are automatically fulfilled by our calcula-
tion (loop contributions included). For the nucleons these relations are fulfilled exactly also
for dm; # 0 owing to isospin symmetry (again this is also true for the loop contributions),
which was already shown in ref. [6]. If we were only interested in the SU(3); symmetric case

(or in nucleons only), it would therefore be enough to define the independent amplitudes as

B
(1)3/6(:1;17 T2,T3

1/6](1’1,.1’2,3}3) ) (69&
(

@f/t—)(l'l,l'g,l’g 69b

\D55(x1,$2,$3 ‘/;54 3/4](1'1,1'2,1’3) , (690

) =[Vii )
)= [Vay )
)= )
)= [T )

1/6 ~
2/5 ~ 2/5](1'1>372>1'3) )
3/4 ~

7/8+552+P1/2]($17$2,36’3) (69d

—B
'—’4/5(:1:17 T2,T3

where the ®P and WP describe the coupling to chiral-odd operators, while the =P describe
the chiral-even sector. The subscript indicates the twist. As it turns out the amplitudes ®7,
UB and =P are not yet the optimal choice for a description of the complete baryon octet,
since they mix under chiral extrapolation. Additionally one finds that it is very convenient
to use differing definitions for the A, which we choose in such a way that the DAs of the

A coincide with the DAs of the other octet baryons in the limit of equal quark masses.

Therefore we define

:l:
(I)f,g/G(Ihxmes) ;([‘/1]/36 56](36’1,362,%3) [Vl% {3/6]@3,36’27561)) ) (70&)
OF 5 (21,29, 73) = ([ Vo = ADs] (@1, w0, 25) £ (-1) 5[ Vi, = A | (w2, 23,21)) ,  (70b)
534/5(25'1,2['2,5(73) = 3(—1)303([T§4 T7B;8+SIB/2+PIB;2:|(I1,SL’2,SL’3) (70(3)

[Tz54 T7]78 + 515;2 + Pl/z](i’fl’a??»affz)) )
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where

1, for B+ A 1, for B+ A
Cp = Cp = : (71)

V2. for B=A V6, for B=A
Being interested in SU(3); violation one can not use the constraints given in eq. (68)) and
therefore one needs six additional DAs. Our choice are (up to differing prefactors for the A
and exchange of variables) the left-hand sides in eq. (G8]) since they coincide with the DAs
in eq. (70) in the SU(3), symmetric limit. We define

H56($1=x27353) =cp(-1)p T56($1,SC37$C2) 5 (72a)
Hf/5(x1,x2,:c3) = CB[T?34 + Tf/g8 + 513/2 - P52](x3,x1,x2) , (72b)
Tf/s,(ffl,fzwg) = 6cp T25;5(1'3>x2>x1) , (72c)

where the II; describe the chiral-odd sector, while the Y; describe the chiral-even part. For
each octet baryon the standard DAs can be decomposed into the amplitudes defined in
eqs. (([Q) and (72) (see appendix [B]). We find that the DAs for different nucleons, ¥’s and

=’s are related to each other exactly by isospin symmetry. Therefore we define

DAY = DA? = -DA" | (73a)
DA” =DA” =-DA> =v2DAY | (73Db)
DA® = DA® = -DA® | (73¢)

and give the results only for DAY, DA* DA and DA*. In the SU(3); symmetric limit all

these DAs can be related to those of the nucleon:

07, = Y = 07 = T = O = 1Y = 117" = 115 (74a)
o1, =N = 0% = 0% = 915 = 11 (74b)
B =B =B = =B =T =T =T (74c¢)
B, =EN =2 =B =B =T (74d)
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B. Minimal parametrization of baryon octet distribution amplitudes

The choice of DAs presented in the previous section allows us to write down our results

in a very compact form:

OF, = @1, (1+ 5ATY + Agh, ) + om ADE, (75a)
=8, =21,(1+ JATG + AgE) + om AZE, | (75b)
P =7, ,(1+ 345, + Agh) + om ATIF (75¢)
TP =21, ,(1+3A55 + AgE) +om ATE (75d)

where “+p” stands for “+” if B # A and for “-” if B = A. Owing to our choice of DAs
the functions Agg,, which are listed in appendix [Al together with AX’;, do not depend on
the twist of the amplitude. Ag5, and AY/; vanish for equal quark masses (dm = 0). The
nontrivial dependence on the mean quark mass of the distribution amplitudes 7, and =} is
presented in sect. VDl The amplitudes describing the tree-level contribution to the SU(3)y

symmetry breaking are not completely free. It holds for all distribution amplitudes
ADA= = ~ADAY - ADA*> . (76)

Furthermore, the amplitudes AIT? and ATF can be expressed in terms of AP, and AZL

AILY = ADY, ATY = AEY, | (77a)
by 1 ) 3 A » 1 —Y 3 —A
AHZ' = __A(I)+ i _A(I)+i ) ATZ = __A:+i - _A:+i ) (77b)
2 ’ 2 ? 2 ) 2 )
1 3 1 3
All} = - AQY, - SAD”, ATA = —ZABM D ZAEE, (77¢)
2 ’ 2 ’ 2 3 2 5

which means that the IIP and T? are completely fixed by the other amplitudes. The
divergencies of leading one-loop order contained in AYY, and AgB, can be canceled by the
introduction of counterterms

«2 B «2 B

m, ¢ * Biren. —_ m CE —x —B,ren.
A(I)f,i - ;TF?(I)“L + ACI)M. (1), :f,i - QZFE =riL+ A:i,i (1), (78)

where L contains the divergence and the typical constants of the modified minimal subtrac-

tion scheme (see eq. ([A3). F. is the meson decay constant in the SU(3); symmetric limit.
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The coefficients ¢5, are given by

cy, =-9(D*+10DF - 3F?) -23% 24 , &N = _9(D? + 10DF - 3F2) +9 ,
3, =18(D*-3F%) +10+ 12 , c

(1

=-cA =18(D*-3F?) - 18,
ch, =—-18(D*-3F?)-26+12. (79)

Note that we give no values for ¢, and ¢z, since the renormalization of the corresponding
amplitudes is already fixed via eq. (7G]). The renormalized amplitudes acquire a dependence
on the chiral renormalization scale p, which exactly cancels the scale dependence of the
leading chiral logarithms:

«2 B

-1 mb CE —.
" i (80)

«2 B
-1 My Coy x4 aA:«B,ren.
—+ (:u)

a Biren.
A¢i,i (ILL) = (47T)2 24F*2 j:7i Y /”L%

" on

The replacements given in eq. (78]) also have to cancel the divergencies in the distribution
amplitudes for the = baryon and the II? and TP distribution amplitudes, which is the case
and can be seen as a nontrivial check of our calculation. The higher order divergencies,
which are contained in our result as a consequence of using IR-regularization [28], have to
be set to zero by hand. This introduces an unphysical scale dependence in higher order
terms, which is usually solved by fixing the scale at a typical hadronic value like 1 GeV. A
variation of this scale within reasonable bounds, say between 0.8 GeV and 1.2 GeV, can be
used to estimate higher order effects.

If we neglect higher order contributions, we can rewrite eqs. (75)) in such a way that the

complete nonanalytic behaviour is encoded in an overall prefactor:

o, = %(1 +Agh)(@1,+om APE)) (81a)
=5 - ?f(1 + AgE)(Z1,+m AZE), (81b)
I = 2’?(1 4 Agﬁ)(@im +6m AHZ-B) , (81c)
5= ?(1 +AgE) (21, +om ATF) (81d)
where
?f =1+ %Azg . (82)



From eq. (BI)) it follows directly that at leading one-loop order the complete nonanalytic

structure is contained in the normalization of the distribution amplitudes, while their shape

only exhibits the simple dependence on dm shown in eq. (88). Therefore leading finite

volume effects do only affect the normalization. We want to emphasize that this is only

true by virtue of our specific choice of DAs. A similar behaviour was found for the meson

sector (see refs. [29,130]). The zeroth moments of the given DAs are not independent, due

to eq. (38)). In particular all DAs which correspond to operators of certain symmetry classes

are normalized by the same wave function normalization constants independent of the twist

of the corresponding amplitude. The zeroth moments define the following normalization

constants:

B - [[dm]@ﬁi(xl,xg,xg) = ??(1 +Ag§+)(f* +om AfB) ’

Z *
AP = f[d$]q)_3,4/5($1,172>953) =1/ Z—Jf(l + Agg_)()\l +om A)\f) ,

- Z .
)\2B = [[d$]234/5($1,$2,$3) = Z_?(l +Ag£)()‘2 +0m A>\2B) 9

and

fr= f[d:B]HiZ(zl,:Eg,xg) = \/%(1 +Ag§)(f* +0m Af%) ,

fz= [[dm]HiE(xl,xg,:cg) = gf(l +Agﬁ)(f* +0m Af%) ,

Z\ .
M = f[dx]Hf/S(xl,xg,xg) -\ 7 (1 + Agﬁ)()\l +0m A)\%) .

For the remaining zeroth moments one finds

7= [ 1 @)

0= [ [de]085(or, w5, 5) = [ [da]Z2, 51, 0,25) = [ [dallTg (g, a,s)

5 AB ., for B#A
/[dx]T4/5($1,$2,36’3)= .
0, forB=A
Due to eq. (77),
S_ S apn_ L =_Sapa, Lagm N
AfF=-SAfN - ZASY, AJF=SAf+SAfT-AY
1 3
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In the equations above we have introduced convenient new definitions of f4, M, A}, f= f=

and A3 such that, in the limit of exact SU(3); symmetry,

AT A L Ry L (852)
A=Y = AT = AT = AR = A, (85b)
A=A =T = A5 =00 (85¢)

If the reader favors a different definition he or she can easily read off the conversion factor
from eq. (70), noting that additional signs can arise from eq. (73)) if one uses different
baryons for the definition of the distribution amplitudes, and that one has to take into
account additional factors originating from differing definitions of S;, P;, Vi, A; and T; (we
use the definitions of ref. [6]). We have performed this matching procedure for the constants
defined in refs. [5-8] (see appendix [C). Note that the constants f7, f= and A} given above
are (at leading one-loop accuracy) completely fixed by fZ and AP. However, without the
knowledge of the SU(3); breaking effects one would have to define them as additional free

normalization constants. f*, AfB Ay and ANP are given by

7= [ 110 (e, me,as) A= [ [ar]a®f (@ amm) (86a)
IZ [[dl’]q)t’4/5(l’1,l’2,l'3) 5 A)\B = [[dl’]Aq)E4/5(ZL'1,ZL'2,I’3) s (86b)
Nz [ o) A= [AZ ) (860)

where, as a consequence of eq. ([7Q) (first line) and eq. (B8] (second line) one has

AfE=-Af"-AfY AT = AN - ANV ANS = -AN - AN
ANY = -ANY . (87)
The zeroth moments of <I>§ 3/6 and Hé\/(s (EJ_B 45 and Tfl\/5) vanish by construction, since they

are antisymmetric under exchange of x; and x3 (z3 and x3). One possible approach would
be to normalize these amplitudes by their first moments. However, our main goal is to
divide the DAs by normalization constants in such a way that the nonanalytic prefactor

is canceled. This can be achieved without the definition of additional constants, since all
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prefactors present in eqs. (&1]) also occur in eqs. (83]). Explicitly, one can consider the ratios

BB, 7, +om ADE, BB, O*, +6m ADE, N

fB  fr+om AfB ABT X dm ANE (882)

Iy @, +om ADY, s @, +om ATIA <sh

N freom AN AT N+ om AN (88b)
% @, +dm AIL'=

SE 5 S/E (88c)

o fr+om Afy

=5, CELit om AZP, TP ELt dm AYTE (850)

T N rom ANE T At om AN

The idea behind the latter choice is to normalize all DAs with similar behaviour under
chiral extrapolation (including the ones with vanishing zeroth moment) with the same nor-
malization constant containing the complete nonanalytic behaviour. In this way one ob-
tains a one-to-one correspondence between a normalization constant and a certain chiral
behaviour. Note that, following this argument, some of the moments of the leading twist
DA ®f = ®P,+®P, should be normalized with A instead of . Otherwise the correspond-

ing shape parameters do contain chiral logarithms.

C. Example of application

In this section we will work out explicit expressions for the DAs defined in eqs. (0)
and ([2) in terms of the shape parameters given in refs. [9-11], where contributions of
Wandzura-Wilczek type [12] are taken into account explicitly. For brevity we apply the
approximation advocated in ref. [9], where contributions that can mix with four-particle
operators are systematically neglected. We use the definitions of said references and we

define additionally

Pk (21,72, 23) = pug Pk (23, 29, 21) (89)

where p,. = £1, depending on n and k. This definition is possible since the polynomials

P, have definite parity under exchange of z; and z3 [9]. We will call the polynomials with
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Pk = +1 (pnx = —1) even (odd). For the DAs we find

B _ rBxB,t=3
(I)+,3 - f (I)+,3 )

B _ \BgB,t=3
B, = APRT

B _ B B,WW3 B,t=4 —B _ \B—=B,t=4
(I>+,4 - f (<I>+,4 + (I)+,4 ) ) —+4 )‘2 —+4

B _ B B,WWs B,t=4
OF = AP (@71 1 2P

B _ rB B,WW3 B,WWy B,t=5 —B _ \B({=BWW,; , =B,t=5
(I)+,5 - f ((I)+,5 + (I)+,5 + (I)+,5 ) ) - )‘2 (“175 + —+5

—+.5

B,WW: B,WW. B,t=5
L AR SRR S B

(90a)
(90D)
(90c)
(90d)
(90¢)

(90f)

where all chiral logarithms are contained in the prefactors. Analogous expressions for the II

: : : : : I Bt=5
and T DAs will be given below in eq. ([97). Genuine twist 5 contributions (®.;

—B,t=5

) will

be neglected in this approximation. Also twist 6 DAs are neglected; one could in principle

take into account Wandzura-Wilczek contributions to the twist 6 DAs, but the corresponding

expressions are not known yet. The shape of the DAs is given by the genuine twist 3 and

twist 4 contributions

737 (w1, w2, w3) = 12012073 Y, 5 Pk (w1, w2, 73)
pz}fszl
P (21, 9, 75) = 120012073 Y G5 Pk (21, 22, 73)

n,k<n

Pnk=—1
B t=4 10 B
(I)+,74 (1’1,1'2,1'3) = 242119 3(21'1 — X9 — 21’3)7711 +...],
5 (w1, w2, w3) = 24a1 29 () + 2(2 - Sx2)nfy + ... |
—B.i= 9
:Ei 4(1’1,1’2,1’3) = 241’21’3(5@% - Z(l — 51’1)51% + ... ) ,

—B,t= 45
:Bi 4(37175627553) = 24x2$3(—z($2 —xg)gl% +.. ) ,

and the Wandzura-Wilczek contributions (see refs. [9-11])

240,05 0
(I)EIVWS(LUDIQ,I:;) = - Z —k(n +2- —)Ill’gl'gpnk(xl,xg,xg) s

wxzn(n+2)(n+3)

Pnk=+1

81’3

81’3

240535 )
q)ﬁfvwg(xl,x%xg) == Z —k(n +2- —)Ill’gl'gpnk(xl,xg,xg) s

wxzn(n+2)(n+3)

Pnk=—1
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24008, [ ) ) |
@B,WW3 nk 9~ 1-—1- 9 2
+,5 (1'1,1'2,1’3) n;ﬂ (n i 2 (n N 3) i n+ 8,’,5'1 n+ 8,’,52 (n + ) ] (92(3)
Pnk= +1
x I1$2$373nk(3€17$2,$3) )
24005, [ |
OBV (1) g, 15) = Y Pk (n+2_i)(n+1—i)—(n+2)2
’ i (n+2)(n+3) | Oy 01 1 (92q)
pnk:71
x 1293 Pk (21,2, 73)
7 (1, my, 5) = das(5(aF + 2mpms — )i + ) (92e)
®35WW4(x1,x2,x3) =4r3(1 - 1’2)(277530 +3(1=5z2)nin + . .. ) 5 (92f)
_ 27
:igwm(ffl,ffz,fs) 4z (1+ 951)500 - _(4 4y + 951 55171)510 ) (92g)
_ 27
:3’5WW4(£E1,$2J3) = ‘12$1(ZE2 - $3)€00 + ?(5 — T+ 517%)(1'2 - 1173)51% T (92}1)

where the summation over n starts from 0 and, generally, goes to infinity, but is truncated
at n = 2 in the approximation of ref. [9]. Note that our separation into “+” and “-”
amplitudes at leading twist level corresponds to a separation of even and odd polynomials.
The normalization constants are still defined such that n& = o = 8 =1, which are only
kept for a cleaner notation. Note also that the introduction of ¢5, and 77 only amounts to
a redefinition of the shape parameters occurring in ®§§:3, ®§YW3 and @3’5WW3 by a factor
of fB/A\B and the ones occurring in @ﬁf‘l and @fgwm by a factor of AB/fB with respect to

ref. [9] (the corresponding anomalous dimensions have to be adjusted accordingly):

~B fB B ~B )\B
Pnk = B Pnk > Nk = Bnnk (93)
A f

The dependence of the shape parameters on the quark mass splitting takes the following
form

~* ~B
~B nk +0m Agonk

B nk nk 'f
1 Zjn Y 'Fn B )

kT T S AfB

if Pnk = -1 s (94&)

5 T tom AnB 5 Mo +om Anf
ST = o™ T "o 94b
L N L o= Ny om ANB (94b)
A
&1 = Sio + 0m Adig (94c)

Ay +0m ANB
which corresponds directly to eq. (88]), while the dependence of the normalization constants

is given in eq. (83]). The parameters describing SU(3); symmetry breaking are restricted by
eq. (7)) such that

Azgk = _Axizvk - Ax%k ) for x € {Q0> 95’77777%5} . (95)
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For the original twist 3 and 4 DAs given in ref. [6] (see also eq. (69)) the new choice of

normalization yields

(I)év(,flj‘l’x27$3) = ((I)i\{g + (I)],\{g)(xl,xg,x:g)

N 5 N,t=3 N 5 NN,t=3 (96a>
= [0y (@, wa,w3) + AT Uy (w1, w2, 13)
1
(biv(l'l,l'g,l’g) = 5(@{*_\{4 + (I)]_VA)(l’l,l’g,l’g)
fN N,WW: N,t=4 )\N N,t=4 N,WW: (96b>
= 7(®+7’4 S+ (I)+’74_ )(1'1,1'2,1'3)-%71((1)7”4_ +(I)7”4 3)(1’1,1’2,1’3) ,
1
‘I’iv(i)fl,xz,f?,) = §(®]+\C4 - (I’J_V,4)(I3,551,I2)
fN N,WW: N,t=4 )\N N,t=4 N,WW: (96C>
= 7((I)+7’4 54 (I)Jr”i_ )(1’371’1,1’2)—71((1)7’1_ +(I)7’74 3)(25‘3,5(71,.3(]2) y
- iy | =
.:iv(l'l,l'g,l’g) = 6(:4{\7’4 + :Z_\i4)(l’1,l’2,l’3)
(96d)

)\N N,t=4 N,t=4
_ 2 (=Nit= =N, t=
?(\_‘Jr’él + =4 )(,Tl,xg,xg) y

where, as discussed above, the normalization of the odd moments of the leading twist am-
plitude with Al (instead of fV) appropriately reflects their chiral behaviour. Note that this
is consistent with an earlier two-flavor BChPT calculation, where it was found that the odd
first and second moments of the leading twist amplitude have the same chiral logarithms as
A (see appendix of ref. [13]).

For a description of the complete baryon octet one also needs the IT and T DAs defined
in eq. (72)), which are relevant for the hyperons. These are completely fixed by the ®, and

= DAs. Consequently, the following equations do not contain any additional parameters:

Iy = oV, Ty =2V, (97a)
[2/E o pREpE/Ees (97b)
TMA = MM (97¢)
H?E _ ?/E(HE/E,WM N Hf/E,t=4) ’ YB = \ByBitt (97d)
I = A%(HZ\,WW3 +Hi\,t:4) ’ (97e)
A L S 1 T V-1 AR v IR Cr)
I )\%(H?,wwg LMW +Hé\,t:5) ’ (97g)

where the genuine twist 5 contributions H?’tzE’ and T?’tzE’ will be neglected as above. The
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genuine twist 3 and twist 4 contributions are

Hg/E’t:?’(SL’l , L9, Ig) = 1205(715(72253 Z WE;E’Pnk(l’l, Ta, 1’3) y (98&)
pz}fﬂl
Hg’t:3(l’1 , L9, Ig) = 1205(715(72253 Z ﬁﬁkpnk(l’l, T2, Ig) y (98b)
pz}fil
=/S,t=4 10 ry/=
H4 ’ (1’1,252,253) 24LU1£(72 —(2.]71 —1’2—2253) +...], (98(3)
Hﬁ’t:‘l(ﬂflwz,fs 24$1932(C00 +2(2- 5172)C10 ) ) (98d)
TE/EJ:LL(SIH,LUQ, LU3 2425‘2{173(?)00 - —(1 5$1)UZ/H e ) y (986)
At=4 45
T, (21, 2, 3) = 242925 —Z(xg - x3)Uhy + : (98f)

The shape parameters are fixed:

s/E _ o+ om Aﬁz/“ ” Pt om AFA o
Tk %/= Tk = >\* 5 A)\A ) (998“)
fr+om Afy +om
co/E _ niy +0m A(E/“ C Mt om A(lo (99b)
N UM om ANy
5 &otom Avlo (99¢)

VIO = o AN

where A f? /% and AN} are defined in eq. (84). The parameters describing SU(3); symmetry
breaking can be determined by eqgs. (76) and (77):

ATy, = ‘%A<P§k - gA<P£k ) ATy, = ‘%AQ% - gAQEk )

Amyy = §A¢2k + 1A<P§k - App s (100a)
AGE = -5 A - 3Anu , AGh = -5 Ay - S A7

Aéi = g i+ ;Aml ATy (100Db)
Ay = -5 A6 - SAEh Avy = -3 Aeh - SALE

Avg, = gAgﬁ] + %Agﬁ) - AL (100c)
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The Wandzura-Wilezek contributions take the form

2407>/F 0
S/E,W W nk
7 ) = 2 {2 a0
Pnk=+1
2407 0
HA WWJ(Z'l,l’Q,l’g n;n('n,-i-Q—(;]:-?))( +2 - 8—%)$1x2$3pnk(xlaz2ax3) ) (101b)
Pnk=—
_ 240117 0 9
EEYWs (2 .20 = nk flp+2- n+l-—1|-(n+2)>?
5 (21,2, 23) n;n(n+2)(n+3) Dy 09 ( ) (101c)
Pnk= +1

X 212223 Pri (21, T2, 23)

24074 0 0
HA,WWg ’ ’ :z: nk [( +2__)( +1__)_ +92 2:|
0 (1,72, 73) 2 (n+2)(n+3) " Oy " O (n+2) (101d)

k<n
Pnk=—1

X $1I2$373nk(56’1, T2, $3) )

Hg/E’WW“(xl,zg, x3) = 4933(5(3:% +2x9x3 — xg)fﬁ SE ) , (101e)
YW (21, @9, w5) = darg(1 - 22) (260 +3(1 - Baa)Ch +...) (101f)
YOEVWA () 2y, 25) = Ay (142 )ogd - - %(4 —day + 22 -5+ (101g)
TV (@, 20, 03) = 1221 (22 — 73) 0y + %(5 — a1 +527) (w2 — z3) Uiy + .. - (101h)

To conclude this section we want to point out the merits of our calculation. First of all, we
found that the behaviour under chiral extrapolation of a certain moment correlates to its
parity in the sense of eq. ([89). Therefore it is advantageous to normalize the odd moments
of the leading twist DA with AP instead of ff. Quantitatively more important, however,
is the significant reduction of parameters: we find that (within the approximation used
above) we only need 43 parameters to describe the complete set of baryon octet three-
quark DAs (including their dependence on the quark mass splitting). In contrast, an ad hoc
linear extrapolation without the knowledge of SU(3); symmetry breaking would require 72
parameters for the given setup, since one can not make use of eqs. (84)), (87), ([@5) and (I00).

D. Dependence on the mean quark mass

*
Z

The distribution amplitudes @] ; and Z}; have a nontrivial dependence on the mean
quark mass m,. This is not really interesting from a phenomenological point of view, since
the number of independent distribution amplitudes can not be further reduced compared to

eq. ([BI), even if one expands everything around the chiral limit. However, the dependence
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is of importance for the analysis of lattice data if one wants to include data points from

simulations with unphysical mean quark mass. The mass dependence reads

1, =%, (1445 + g5, ) + mAQL, (102a)
E:;i::‘j:z(l-'- 12'*+g—)+mAuH , (102b)
where
12Byii
= o (103)
my,

93, 9= and X'* are functions of the mean quark mass that can be taken from appendix [Al
The divergencies occurring at linear order in the mean quark mass can be canceled via the

following introduction of counterterms

*2 * *2 *

mb C@iq)o L+A(I)* ron( ) : E;Z _ mb C— —o L+A:* ,ren. (,u) ’ (104>

AL — 242 242 T

where L contains the divergence (see appendix [A]) and the coefficients are

4
Chy = g(6(5D2+9F2) +13+6) , L = (6(5D2+9F2) +9) . (105)
This leads to the following scale dependence in the renormalized amplitudes:
0 -1 m:%c 0 -1 mpiex
_A(I)*,r'en. — b P+ Ar—* ,ren. b “E Ezo 106
Iua/J +,7 /’L) (4 )2 24F*2 :l:Z’ a ( ) (4 )2 24F*2 +,7 ( )

The divergencies occurring together with higher orders of the quark masses have to be
canceled by hand as discussed in sect. VBl If one takes eq. (I02) and plugs it into eq. (&)

one finds (up to terms of higher order)

08 =\ Z5(1+ gy + Dgl, ) (@5, +m ADL; +5m AT (107a)
=8, 2\/Zy (1 +gz+ AgE)(21,+m AZL +0m ASE ) (107b)
: ZB(l ¥ Gy + Dgh) (02,0 +m ADL ; +m AH,.B) , (107¢)
: ZB( +gz+ AgE)(22,,+m AL, +0m ATB) (107d)
where
A TR
Zp21+35" + SAT) (108)

Starting from this point everything can be worked out analogously to the case of fixed mean

quark mass.
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VI. SUMMARY

In this work we have presented the first analysis of baryon octet light-cone DAs in the
framework of three-flavor BChPT. At next-to-leading order accuracy in the chiral counting
scheme, we obtain the leading quark mass dependence and (automatically) the leading
SU(3)s breaking effects. Describing the baryon octet simultaneously we are able to unify
and systemize the efforts made in refs. [5-8, 131].

An important insight to be gained from our results is of qualitative nature: in the chiral
odd sector the chiral behaviour (i.e. the contained chiral logarithms) of a specific moment
does not depend on its twist, but on whether it contributes to the @f ; OF <I>§ ;, amplitudes (see
eq. (70)). Those contributing to the “+” (“~”) amplitudes have the same chiral logarithms
as fB (AP). Therefore the odd moments of the leading twist DA behave like AP instead
of (as one might have expected) fB. This result is consistent with an earlier two-flavor
calculation, where it was found that the odd first and second moments of the leading twist
DA have the same chiral logarithms as A\Y (see appendix of ref. [13]).

In sect. [Vlwe provide a set of DAs that parametrize the complete baryon octet (including
the A baryon) in a minimal way and do not mix under chiral extrapolation. FEgs. (81
and (I07) are our main results. They describe the quark mass dependence of the baryon
octet DAs (including all higher twist amplitudes) in a very compact manner. The results will
be of particular importance for the interpretation and extrapolation of forthcoming lattice
QCD data, due to the significant decrease in number of parameters (compare sect. [V.Cl). For

the same reason our results are relevant for QQCD sum rule analyses and for model building.
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Appendix A: Loop contributions

The functions g, and Ag5, are given by

6L2g%, = —19H,(m}) +2(5D + 6F) Hy(m?,) ,
6F*29<f>_ = _7H1(m:n) -10D H2(m:n) )
6F2g2 = -9H(my,) - 18F Ha(my,) ,

24F2AgY, = =57 AH, (m,) - 18 AH, (mg) — AH, (m,) +30(D + F) AHy(m,)
+12(D + F) AHy(mg ) + (-2D + 6F') AHo(my)
24F?Agy, = -12 AH;(m,) - 60 AH; (mg) — 4 AH, (m,,) + 24D AHy(m,,)
+24(D +2F) AHy(mg) - 8D AHy(m,) |
24F?Ag3, = -9AH,(m,) - 66 AH, (mg) - AHy(m,) + 18(=D + F) AHa(m,)
+ (60D +36F) AHy(my) - 2(D + 3F) AHy(m,) |
24F?Ag4, = =36 AH; (m,) — 36 AH; (mg) — 4 AH; (m,,) + 24D AHy(m,)
+8(D +6F) AHy(mg ) + 8D AHy(my))
24F?Agy = -9AH;(m,) - 18 AHy(mg) - AHy(m,) - 18(D + F') AHy(m,)
+(=20D + 12F) AHy(mg) + (=2D + 6 F) AHy(m,,) |
24F?Agy_ = -12 AH;(m,) - 12 AH, (my) - 4 AH,(m,) - 8D AHy(m,,)
~ 24D AHy(mg) — 8D AHy(m,) |
24F?Ag3_ = -9AH,(m,) - 18 AHy (mg) - AHy(m,) + 18(=D + F) AHa(m,)
~4(5D +3F) AHy(mg) - 2(D + 3F) AHy(m,,) |
24F?Ag5_ = -36 AH; (m,) + 12 AH, (mg) — 4 AH; (m,,) - 72D AHy(m,)
+24D AHy(mg) + 8D AHy(my,) |
Agf = Mgy,
24F2Agy = —24 AH, (my) — 36 AH, (mg) — 16 AH; (m,)) + 48F AHy(m,)
+24D AHy(mg) + 16D AHy(m,) |
24F?Agi = 9 AH; (m,) - 42 AHy (mg) - 25 AH (my,) + 18(D - F) AHa(m)
+12(D +3F) AHy(mg) +10(D + 3F) AHy(m,)) |
24F2Agh = 12 AH, (mg) = 16 AH; (m,,) - 24D AHy(mg) - 16D AHy(m,) ,
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24F?AgY = -9 AH; (m,) - 18 AH; (mg) — 9 AH, (m,,) - 18(D + F') AHy(m.,)
+12(D - 3F) AHy(my) + 6(D - 3F) AHy(m,)
24F2AgE = 24 AH,(my) - 12 AH, (mg ) — 48F AHy(my) — 24F AHy(m)
24F?Agg = -9 AH; (m,) - 18 AHy(mg) - 9AH; (m,) + 18(D - F) AHy(m.,)
—12(D +3F) AH,(my) - 6(D + 3F) AHy(m,,)
24F2Ag2 = 36 AH; (my) - 72F AHy(mp) (A1)

The Z-factor contributions are given by

4
nr = §(5D2 +9F%) Hy(m?) ,
AY =3gp,- AHs(my) + 495,k AHsz(mg) + gp, AHs(my;) | (A2)

where the coefficients ¢gp s are defined in eq. (48). The auxiliary functions AHy are defined

as
AHi(m) = Hi(m) - Hi(m7,) (A3)
with
Hy(m) = 2m?| L+ —— log (™ A4
1(m) =2m*|L+ 3973108 )| (Ada)
4 1 2 4 3 2
Hy(m) = m2[L+ 2log(EQ)]— mn 5+ 7’;1 - 1—L2arccos(— m*) ,
m; 327 i 32m2m;® 8mimy am; 2m;
(A4b)

3m? 2m? 1 m? m?
Hy(m) = - [ 1- L log (Z5) | -
s(m) 2F3( 3m;2)[ " 32om Og( 2 )] 32F27?

1- -2

. 3m3  3m;? m2
arccos | — .

B2F2mym? [ w? 2m;?

b
%2
4mb

(A4c)

L contains the divergence and the finite constants typical for the modified minimal subtrac-

tion scheme in 4 — ¢ dimensions:

-1 1 1
L= (Z 5 (1 log (47) —VE)) . (A5)

Note that we have shown that the divergencies of leading one-loop order can be canceled.

For practical purposes one can therefore set L to zero everywhere if one simultaneously
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replaces the corresponding DAs by the renormalized ones (compare sect. [V]). Within our
level of accuracy it is legitimate to replace m; and F, by their values at the symmetric

. _ phys
point, where m, =mg .

Appendix B: Handbook of distribution amplitudes

In this section we express the the 24 standard DAs occurring in the general decomposition
derived in ref. [6] (SB, PB, V.2, AP TPF) in terms of the DAs defined in sect. [Vl The equations
given below follow directly from the definition of the DAs in egs. (0] and (72]) together with
the symmetry properties of the standard DAs under exchange of the first and the second
variable given in eq. (62). For the twist 3 and twist 6 amplitudes one finds

B ]_((1)33/6(901,:02,:03) . @33/6(1‘175027503)) ( 1) ( +3/6(x2,:c1,x3) . @33/6(1‘2,1‘1,1‘3))

2 Ch Ch 2 Ch Ch
4B - _1 (1)33/6(13171327503) . (1)33/6(13171327503) ( 1) +3/6(I271‘171‘;) . (1)33/6(96271317503)
16— 2 ct, h 2 ch s ’
HB (z1,23,22)
3/6(F1T3;
Tl = (-1)p———, (B1)

Cp
where the DAs on the L.h.s. are functions of (z1,x2,23). The twist 4 and twist 5 amplitudes

read
S ( 1) + 4/5(I1,I2,I3) N 554/5((21,%2,%3) ~ i 554/5@@@1@3) . 554/5("22,%1,%3)
12~ 24 CB Ch 24 Cg Cp
1 Hf/5(x2,m3,m1) H4/5(1U17-'E37w2)
+ A\ = (-D)p—/——],
CB CB
P (_1)B Ei4/5(x1’x271’3) N 554/5(131,962,903) B i Ei4/5(x27x17x:3) . 554/5(502,1‘1,1'3)
12~ 24 CE Cp 24 CE Cp
~ 1 H55(x2’x3’x1) ~ (_1) H4/5(96171‘3,I2)
4 —CB B CB 9
VB _ 1 (I>34/5(x1,m2,m3) .\ ®§4/5(x1,m2,m3) . (_1)B (I>34/5(:B2,r1,w3) N (I>34/5(:B2,:B1,:B3)
257y ch g 4 Ch Cp ’
AB ~ 1 @?74/5(%1,%2,%3) . @34/5@1@2@3) . (_1)B @?74/5(322@1@3) . @34/5(322@1@3)
2/5 4 e g 4 Ch Cp ’
B _ (_1)B ®34/5(w3’m17m2) (I>34/5(903,r1,m2) 1 @34/5(903,932,901) @34/5(903,962,901)
‘/?’/4 4 ct - cy i 4 ct - c; ’
B B B B
A - (_1)B ((1)34/5(9537;017:02) (1334/5@3,:01,:02)) . 1((1334/5(953,:02,:01) @34/5(963,:0271:1))
3/4 4 ch ch 4 ch cp ’
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T55(x3,x2,x1)

2/5 = 6cp ’
TB (—1)B 554/5(‘”17:527:53) 554/5(-'51,132,%3) 1 554/5(x2,m1,m3) 554/5(m2,x1,;p3)
+ +— +
Y ch cx 24 ch cx
1 B, (22,23,21) 1B _(21,03,22)
(B ) M),
4 Ch Ch
TB ( 1)B Eﬁ4/5(x1,x2,x3) 534/5(1‘1,1‘2,1‘3) 1 554/5(:02,:01,:03) 554/5(502,1‘1,1‘3)
= + - — +
s 24 c s 24 ct, s
B
1 H4 5(%2,{23,{21) H4 5(:21 x3, wg)
* z( (). (B2)
Cp Cp
Appendix C: Matching to other definitions in the literature
Since we use the same definitions as ref. [6] it is no surprise that
Y= fa(l6]) AT =A(l6)) A3 = ao(16]) - (C1)

We can also match some of our constants to the leading twist normalization constants given
in ref. [5]. Note that for the ¥ and = a relative minus sign originates from the fact that
ref. [3] uses £* and Z- for the definition, while our choice is ¥~ and Z° in order to have the

same sign as for the proton.

™ = () (C2)
= —fzaeﬂ) , =2 | (C2b)
~FZ () (C20)

= —f=(5
\/7fA( /.[dx]:c1<1>{‘73(x1,x2,:c3) = V6 /1 ([5]) - (C2d)

’ﬂ [l

We can also match to the normalization constants used in refs. |7, 8], where also some higher

twist parameters occur:

7= —for() fF= (el ) - ax (L 5)) . (O3
W= -n(l) ) A = -ha(l1) ) (C3b)
= = f= () =m0l =) - (8.2), (c3)
AF = Mi(lS,29) A = ha(8,2%) (c3d)



\[ fn(ld X = VBT, 4) - Aa([T],4)) . (C30)
M = VB[], A) M = -2VB0(lT, A) + N1 A)) . (C3D)

We have obtained these relations by matching to eqgs. (32) and (36) of ref. |7] and to eq. (18)
of ref. [8], where we have assumed that the undefined four-vector ¢ is equal to P, which, to
us, seems to be the only reasonable choice. Note that there are two differing, inconsistent
definitions given for =5 and =L within ref. [7], probably due to a misprint. We have chosen
to use the one which is consistent with ref. [8], where Z5 = =T, - Ty + Sy + P, and =f =
Sy — Py =T, +Ts. We were able to reproduce eqgs. (33), (37) and (38) of ref. [7] and eq. (19)
of ref. [8], which assures us that the matching is correct. However, we do not reproduce
eq. (34) of ref. [7] and eq. (20) of ref. [8]. Using the definitions for the amplitudes and the
twist-projection given in ref. [7] we find that eq. (34) should read

B = g = ¢4+ vy = 95 + U5 = fuu (7)) = - f*
1 - ¥ = o8 -8 = M (7], X7) = -AT

9=g)= €0 = on(l], =) = -
5 =0 = 2°=—€5=—B(Az(m,?)—4>\3([7]>E+))=—fz¥- (C4)
Analogously one finds for eq. (20) of ref. [§]
¢3 = g = P + 4 = @3+ Y8 = f=o(I8]) = /=,
¢2—¢2=¢2—¢§=A1(l 1,27 =A%,
D=0 == e = (i) =) = 2
§=0p =80 =-¢ = ——(Az(l] °) -4 (18),=%)) = fF - (C5)

Appendix D: Some construction details

In the first part of this section we will describe why we can trade covariant derivatives
acting on the baryon field for normal derivatives acting on the complete current. This choice
is very convenient since the external derivatives (in contrast to the covariant derivatives

acting on the baryon field) do not lead to additional loop momenta in the integrals. To
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show that this formulation only differs in higher order contributions we use the identities

€% = U Upy Ueer €0 (Dla)
£ = (U gor (UM gy (uh) e, (D1b)
0= ((Ouu)aa/ubbfuccf + Uqq (O U) py Ueer + uaafubbr(ﬁuu)w/)ealb'c' , (D1c)
0= ((Dts" e (Y (4 e + (1 Yt (Bt Yoy (Yo + (1Yt (a1 (Bptal o ), (D1)

which follow from det(u) = 1. From these one obtains
(DyB)awe™™ = ((0uB)aa Ot Seer + (LB )aar sty eer = (BT ) Sy G )20
= ((8;LB)aa’5bb’5cc’ +(LuB)aaOvtOcer + (B)aa (L))o Ocer (D2)
+ (B aa O (D) eer )V .

Additionally we need

8“ux=uX(uX8HuX)=uX(F“—(—1)X%uH) =uxl', , (D3a)

0, X =D, Xy — [Ty, Xn]=-[Tp, Xnr] . for Xage{u,, x.} - (D3b)
Putting everything together we find for a general structure with arbitrary mesonic building
blocks X1, Xo, X3 € {u,, xs}

(uXXlDuB)aa’(UYX2)bb’(UZXS)cc’Ea,bICI

= ((UXXlauB)aa’(UYX2)bb’(uZX3)cc’ + (uXXlruB)aa’(UYX2)bb’(uZX3)cc’

AN (D4)
’ (UXXIB)““'(UY)QFH)bb’(UZX3)cc' + (UXXlB)aa/(UYX2)bb/(UZX3F;L)cc’)€a e
= 0((ux X1 B)aar (uy X oy (17 X5) cer )
In the last step we have used
ux X1l = ux 0, Xy + uxl, Xy = ux0, Xy + (Oux) Xy = 9y (ux X1) | (D5)

and the same for uy Xy and uyX3.

In the following we will argue that structures involving baryon and meson fields at dif-
ferent positions can be dropped. We can choose the structure containing the baryon to
be situated at x, while we call the second position y such that we can write schematically
B(z,y) = f(x)g(y), where g only contains mesonic building blocks. Every derivative act-
ing on g therefore has to be counted as first order in the chiral power counting. It follows

trivially that

f(x)g(y) = f(x)(g(x) +(z-y) 9g(x) +...) = f(2)g(x) . (D6)
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Appendix E: Matching relations

In this section we provide the result of the matching described in sect. [V-C|, which is
needed in intermediate steps of our calculation (in practical applications one can always use
the readily evaluated expressions shown in appendix [Bl). For the twist projected amplitudes

introduced in ref. [6] one finds

2,abc
h’B,ovon

SP

be
(z1,22,23) + 2hB Jodd (Z1:22,23)

B _ 1,abc 2,abc 1,abc 2,abc
SQ _4hB even(ml,xg,xg) + 2h’B even(xl,xg,xg) 4hB Odd(xl,mg,mg) + 2hB Odd(ml,xg,xg) s

B 2.,abc 2,abc
Pl = 2h’B Cvon(:cl,xz,xg) 2h dd(xl,xz,xg) ,

B 1,abc 2,abc 1,abc 2,abc
P2 = _4hB,ovon(m1’w2’x3) + QhB,OVOH(wl’wQ’wS) + 4hB Odd(xl,mz,mg) hB Odd(ml,xg,xg) 5

v’ _4h?3bcgd($2vr37m1) 4h8Bcggd(m3’m1’m2) ’
‘/23 _ 2h2Bb qq(@2,28,21) + 2}1,2?53(1(952,:03,:01) - 2h8 sbea dd(:c27:c3,:c1)
hécggd(wg,m,rz) + 2h7Bcggd(m37$1,w2) h%cgfli)d(x?”xl’m) )
VfiB = _2h?3b§§d(x275037x1) + Qh;bcgd(@mvxl) Qh%bggd(xz’m’xl)
+ 2h236add(x3,:c17:c2) + 2hB add(x3vxlvx2) 2h’8B odd(m’xl’xz) ’

B 1,bca 8,bca
‘/;1 - hBodd(QUQ’w?”xl) th dd($27$37$1)+4h3 dd(m2’m3’m1)+2h’BOdd(m2’x3’x1) th dd($27$37$1)

1,cab cab 4,cab cab 8,cab
- 4h’B,0dd(x3’x1’x2) + QhB odd (z3,21,02) + 4h’B odd (@3,x1,22) + 2h’B Odd(xg,xl,xg) QhB Odd(:c;;,xl,:cg) s

B 1,bca 2,bca 4.bca 7,bca 8.,bca
Vz,—’ _4hB Odd(xg,mg,ml) + 2hB Odd(mz,mg,ml) + 4hB Odd(mz,xg,xl) + 2hB Odd(xg,mg,xl) hB Odd(mz,mg,ml)

cab 2,cab 4,cab cab 8,cab
+4h’B dd($37$17m2) hB dd(mg,xl,x2)+4hB dd(wg,wl,wg)+2h,BOdd(£E3,.’E1,{E2) hBOdd(mg,wl,.’Ez),

‘/63 = 8h%bcgd(x2,x3,x1) + 8h’B dd(xz,:c:;,a:l) 4hB Odd(:cg,:c;;,:cl) 16thb gd(xz,:c:;,xl)

+ 8hB add(wg,m,rz) + 8hB :dd(rs,wlm) h?gcagd(w:a,wlm) 16h?gcgdd(rs,w1,w2) )
AlB = 4h8B Odd(xg,xl,xz) 4h8B Ogd(m@&u’vl) s
AB = 2h%b§§d(m,x3,x1) + 2h;bc§d(x2,x3,x1) 2h83b§3d(x2,x3,x1)

+ 2hB add(gcg,ml,mz) h;cggd(ms,m,xz) + thBcgdd(xg,m,m) )

B 2,bca 7,bca
A _2h'B dd(xz,x&xl) 2th dd(x275037501)+2h3 dd(u’l?275037501)

w

cab cab 8,cab
+ 2h’B dd(xg,ml,mz) + 2hB dd(mg,xl,xg) h’B Odd(xg,xl,xg) ,
B 1,bca 2,bca 4.bca 7,bca 8.,bca
A7 = _4hB Odd(xg,mg,ml) + 2hB Odd(mz,mg,ml) 4hB Odd(mz,xg,xl) 2h’B Odd(xg,mg,xl) + 2hB Odd(mz,mg,ml)

1,cab 2,cab 4,cab 7,cab 8,cab
—4hy ,odd (#3:x1,22) + QhB odd (z3,@1,02) + 4hB odq (zs.z1,m2) + 20y ,0dd (3:x1,22) — 2hg Jodd (#3:21,22)
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B 1,bca 2,bca 4.bea 7,bca 8,bca
A5 = _4h'B,odd(x2’m3’m1) + 2hB,odd(m2’m3’m1) + 4hB’0dd(m2,x3,x1) + 2h’B,odd(x2’m3’x1) — 2hB,0dd(m2’m3’m1)
cab 8,cab
odd (#s.m1,a2) + Qthdd(Ia,xhxz) )

1,cab 2,cab 4,cab 7,
- 4hB,odd(x37x17x2) + 2h370dd($3,x1,x2) - 4h’B Odd(xg,xl,xz) - 2h’B

cal
B 4,bca 7,bca 8,bca 9,bca
AG = Sthdd(ﬂCz,xB,xl) + 8h370dd(952750371‘1) - 4hB70dd(1‘271‘371‘1) - 16hB,odd(x2’x3’x1)

4,cab 7,cab 8,cab 9,cab
- 8h’B,Odd(w3’m1’m2) - 8hB,0dd(m3’w1’w2) + 4hB Odd(xg,xl,xg) + ]_6hB Odd(mg,xl,xg) 3

cal ca
) 5

B 8,abc
Tl = 4h’B,odd(x1’x2’x3) ,

T2B = _16h57abc (w17m27m3) )

B,even

B 5,abc 6,abc 7,abc 8,abc
T3 = _8h'B,even(m1’w2’x3) + 2hB,even(x1’x2’w3) - 2hB,0dd(w1’m2’m3) + 2hB,odd(m1’w2’w3) s

B 3,abc 4,abc 5,abc 6,abc
T4 = _4hB,ovon(x1’x2’x3) - 4h’B,ovon(x1’x2’x3) - 8hB,even(x1’x2’x3) - QhB’Cvcn(xl,:cg,xg)

4,abc 7,abc 8,abc
- 4h’B,odd(x1’m2’m3) - 2hB,odd(m1’x2’x3) + 2hB,odd(x1’x2’x3) ,

B 4,abc 5,abc
T5 = _ShB,even(xl’xz’x3) - 16hB,even(x1’x2’x3) ’

B 4,abc 7,abc 8,abc 9,abc
T6 = —Sthdd(xl,xg,xg) - 8hB,odd(x1’x2’x3) + 4hB,odd(x1’x2’x3) + 16hB,odd(x1’x2’x3) s

B 5,abc 6,abc 7,abc 8,abc
T7 = 8h,B7even({E1,w2,£E3) - 2h,B7even({E1,w2,£E3) - QhB,Odd(wl’m2’m3) + 2hB,0dd(m1’m2’m3) 5

B 3,abc 4,abc 5,abc 6,abc
13 = 4hB7CVCn(x1,x2,x3) + 4hB7CVCn(:v1,x2,x3) + 8hB7CVCn(:v1,x2,x3) + 2hB7CVCn(x1,x2,x3)

4,abc 7,abc 8,abc
— 4h’B,odd(x1’m2’m3) - 2hB,0dd(m1’w2’w3) + 2h’B,odd(x1’x2’x3) , (El)

where the DAs on the Lh.s. are functions of (x1,z2,23). The functions on the r.h.s. are
given in eq. (58)). For the flavor indices a,b,c on the r.h.s. one has to insert the flavors of
the operators for which the Lh.s. is defined. A standard choice is p = uud, n = ddu,

Yt 2 uus, X0 = uds, X~ =dds, Z0 = ssu, = = ssd, A = uds, where the order of the flavors is

relevant for the symmetry properties of the DAs.

[1] LHCDb Collaboration, R. Aaij et al., Measurement of Form-Factor-Independent Observables
in the Decay B® — K*°u* ™, [Phys. Rev. Lett. 111 (2013) 191801,
arXiv:1308.1707 [hep-ex].

[2] T. M. Aliev, A. Ozpineci, and M. Savel, Model independent analysis of A baryon polarizations
in Ay — ALY 0™ decay, Phys. Rev. D67 (2003) 035007, arXiv:hep-ph/0211447.

[3] T. M. Aliev, A. Ozpineci, and M. Savel, Ezclusive Ay — AlT0~ decay beyond standard model,
Nucl. Phys. B649 (2003) 168, arXiv:hep-ph/0202120.

[4] Y.-m. Wang, Y. Li, and C.-D. Lu, Rare Decays of Ay > Ay and Ay - AL* L™ in the Light-cone

Sum Rules, Fur. Phys. J. C59 (2009) 861, arXiv:0804.0648 [hep-phl].

45


http://dx.doi.org/10.1103/PhysRevLett.111.191801
http://arxiv.org/abs/1308.1707
http://dx.doi.org/10.1103/PhysRevD.67.035007
http://arxiv.org/abs/hep-ph/0211447
http://dx.doi.org/10.1016/S0550-3213(02)00964-1
http://arxiv.org/abs/hep-ph/0202120
http://dx.doi.org/10.1140/epjc/s10052-008-0846-5
http://arxiv.org/abs/0804.0648

[5]

[6]

V. L. Chernyak, A. A. Ogloblin, and I. R. Zhitnitsky, Wave functions of octet baryons,
Z. Phys. C42 (1989) 569.

V. M. Braun, R. J. Fries, N. Mahnke, and E. Stein, Higher twist distribution amplitudes of
the nucleon in QCD, Nucl. Phys. B589 (2000) 381} arXiv:hep-ph/0007279.

Y .-L. Liu and M.-Q. Huang, Distribution amplitudes of Sigma and Lambda and their
electromagnetic form factors, Nucl. Phys. A821 (2009) 80, arXiv:0811.1812 [hep-ph].
Y.-L. Liu and M.-Q. Huang, Light-cone Distribution Amplitudes of Xi and their

Applications, |Phys. Rev. D80 (2009) 055015, arXiv:0909.0372 [hep-phl].

I. V. Anikin, V. M. Braun, and N. Offen, Nucleon Form Factors and Distribution Amplitudes

in QCD, Phys. Rev. D88 (2013) 114021, |arXiv:1310.1375 [hep-ph].
I. V. Anikin and A. N. Manashov, Higher twist nucleon distribution amplitudes in
Wandzura- Wilczek approximation, Phys. Rev. D89 (2014) 014011,

arXiv:1311.3584 [hep-ph]l

V. M. Braun, A. N. Manashov, and J. Rohrwild, Baryon Operators of Higher Twist in QCD

and Nucleon Distribution Amplitudes, Nucl. Phys. B80T (2009) 89,

arXiv:0806.2531 [hep-ph].

S. Wandzura and F. Wilczek, Sum Rules for Spin Dependent Electroproduction: Test of
Relativistic Constituent Quarks, Phys. Lett. B72 (1977) 195,

V. M. Braun, S. Collins, B. Glaflle, M. Gockeler, A. Schéfer, R. W. Schiel, W. Soldner,
A. Sternbeck, and P. Wein, Light-cone distribution amplitudes of the nucleon and negative
parity nucleon resonances from lattice QCD, |Phys. Rev. D89 (2014) 094511,
arXiv:1403.4189 [hep-lat].

S. Weinberg, Phenomenological Lagrangians, Physica A96 (1979) 327.

J. Gasser and H. Leutwyler, Chiral perturbation theory to one loop,

Ann. Phys. 158 (1984) 142.

J. Gasser and H. Leutwyler, Chiral perturbation theory: Fxpansions in the mass of the
strange quark, Nucl. Phys. B250 (1985) 465

J. Gasser, M. E. Sainio, and A. Svarc, Nucleons with chiral loops,

Nucl. Phys. B307 (1988) 779.

A. Krause, Baryon Matrixz Elements of the Vector Current in Chiral Perturbation Theory,
Helv. Phys. Acta 63 (1990) 3.

46


http://dx.doi.org/10.1007/BF01557663
http://dx.doi.org/10.1016/S0550-3213(00)00516-2
http://arxiv.org/abs/hep-ph/0007279
http://dx.doi.org/10.1016/j.nuclphysa.2009.02.003
http://arxiv.org/abs/0811.1812
http://dx.doi.org/10.1103/PhysRevD.80.055015
http://arxiv.org/abs/0909.0372
http://dx.doi.org/10.1103/PhysRevD.88.114021
http://arxiv.org/abs/1310.1375
http://dx.doi.org/10.1103/PhysRevD.89.014011
http://arxiv.org/abs/1311.3584
http://dx.doi.org/10.1016/j.nuclphysb.2008.08.012
http://arxiv.org/abs/0806.2531
http://dx.doi.org/10.1016/0370-2693(77)90700-6
http://dx.doi.org/10.1103/PhysRevD.89.094511
http://arxiv.org/abs/1403.4189
http://dx.doi.org/10.1016/0003-4916(84)90242-2
http://dx.doi.org/10.1016/0550-3213(85)90492-4
http://dx.doi.org/10.1016/0550-3213(88)90108-3

[19]

[20]

[24]

[25]

28]

[29]

[30]

[31]

V. Bernard, Chiral Perturbation Theory and Baryon Properties,

Prog. Part. Nucl. Phys. 60 (2008) 82, arXiv:0706.0312 [hep-ph]l

S. R. Coleman, J. Wess, and B. Zumino, Structure of phenomenological Lagrangians. 1,
Phys. Rev. 177 (1969) 2239.

S. Scherer, Introduction to chiral perturbation theory, Adv. Nucl. Phys. 27 (2003) 277,
arXiv:hep-ph/0210398.

P. C. Bruns, L. Greil, and A. Schifer, The first PDF moments for three dynamical flavors in
baryon chiral perturbation theory, Eur. Phys. J. A48 (2012) 16,

arXiv:1105.6000 [hep-ph]l

P. Wein, P. C. Bruns, T. R. Hemmert, and A. Schéfer, Chiral extrapolation of nucleon wave
function normalization constants, Fur. Phys. J. A47 (2011) 149,

arXiv:1106.3440 [hep-phl].

P. C. Bruns, L. Greil, and A. Schifer, Chiral extrapolation of baryon mass ratios,

Phys. Rev. D87 (2013) 054021, arXiv:1209.0980 [hep-phl.

W. Bietenholz, V. Bornyakov, M. Gockeler, R. Horsley, W. Lockhart, et al., Flavour
blindness and patterns of flavour symmetry breaking in lattice simulations of up, down and
strange quarks, |Phys. Rev. D84 (2011) 054509, arXiv:1102.5300 [hep-lat].
QCDSF/UKQCD Collaboration, M. Gockeler et al., Baryon Azxial Charges and
Momentum Fractions with Ny =2+ 1 Dynamical Fermions, PoS LATTICE 2010 (2010)
163, arXiv:1102.3407 [hep-lat].

A. Cooke, R. Horsley, Y. Nakamura, D. Pleiter, P. Rakow, et al., SU(3) flavour breaking and
baryon structure, PoS LATTICE 2013 (2014) 278, arXiv:1311.4916 [hep-lat].

T. Becher and H. Leutwyler, Baryon chiral perturbation theory in manifestly Lorentz
invariant form, Fur. Phys. J. C9 (1999) 643, arXiv:hep-ph/9901384.

J.-W. Chen and I. W. Stewart, Model independent results for SU(3) violation in light-cone
distribution functions, Phys. Rev. Lett. 92 (2004) 202001, arXiv:hep-ph/0311285.

J.-W. Chen, H.-M. Tsai, and K.-C. Weng, Model-independent results for SU(3) violation in
twist-3 light-cone distribution functions, Phys. Rev. D73 (2006) 054010,
arXiv:hep-ph/0511036.

Y.-L. Liu, C.-Y. Cui, and M.-Q. Huang, Higher order light-cone distribution amplitudes of
the Lambda baryon, Fur. Phys. J. C74 (2014) 3041, arXiv:1407.4889 [hep-ph].

47


http://dx.doi.org/10.1016/j.ppnp.2007.07.001
http://arxiv.org/abs/0706.0312
http://dx.doi.org/10.1103/PhysRev.177.2239
http://arxiv.org/abs/hep-ph/0210398
http://dx.doi.org/10.1140/epja/i2012-12016-7
http://arxiv.org/abs/1105.6000
http://dx.doi.org/10.1140/epja/i2011-11149-5
http://arxiv.org/abs/1106.3440
http://dx.doi.org/10.1103/PhysRevD.87.054021
http://arxiv.org/abs/1209.0980
http://dx.doi.org/10.1103/PhysRevD.84.054509
http://arxiv.org/abs/1102.5300
http://arxiv.org/abs/1102.3407
http://arxiv.org/abs/1311.4916
http://dx.doi.org/10.1007/s100530050518
http://arxiv.org/abs/hep-ph/9901384
http://dx.doi.org/10.1103/PhysRevLett.92.202001
http://arxiv.org/abs/hep-ph/0311285
http://dx.doi.org/10.1103/PhysRevD.73.054010
http://arxiv.org/abs/hep-ph/0511036
http://dx.doi.org/10.1140/epjc/s10052-014-3041-x
http://arxiv.org/abs/1407.4889

	I Introduction
	II Fundamental definitions
	III Operator construction
	A Symmetry properties
	B Low energy operators
	C Symmetry under exchange of quark fields
	D Elimination of linearly dependent structures

	IV Calculation at leading one-loop order
	A Meson masses and the Z-factor
	B Baryon-to-vacuum matrix elements of three-quark operators
	C Projection onto standard DAs

	V Results
	A General strategy and choice of distribution amplitudes
	B Minimal parametrization of baryon octet distribution amplitudes
	C Example of application
	D Dependence on the mean quark mass

	VI Summary
	 Acknowledgments
	A Loop contributions
	B Handbook of distribution amplitudes
	C Matching to other definitions in the literature
	D Some construction details
	E Matching relations
	 References

