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Introduction
Introduction

Heavy baryons Hq — three-quark states with Q = ¢, b

Within Heavy Quark Effective Theory (HQET):

@ spin of heavy quark Sg is decoupled when mg — oo

@ classified by the angular momentum ¢ and parity p
of the light quark pair

Ground-state ¢ = 0 bottom baryons

JP =1/2*
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Introduction
QCD sum rules

Experimental measurements and theoretical predictions (based
on HQET and Lattice QCD for the masses of the ground-state
bottom baryons (in units of MeV).

Baryon JP Experiment HQET Lattice QCD A So
A  1/2% 5620.0+1.6 5637'2 5641+2173 08 1.2

Y 1/2t 5807.8+27 58097% 5795+1671 1.0 1.3
Y, 1/2t 58152+20
Yt 3/2t 5829.0+34 5835'% 5842+26"% 1.0 1.3
Y~  3/2% 5836.4+28
=9 1/2* 57924+3.0 578073 5781+177}f 10 1.3

= 1/2t 590378, 5903 +12f18 11 1.4
= 3/2t 590378, 5950 +21f1 1.1 1.4
Q, 1/2* 6165+16 6036+81 6006410725 1.3 1.5
Q  3/2* 60638 6044 +1872 1.3 15
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Introduction
Introduction

Heavy bottom baryons will be copiously produced at the
LHC

Their weak decays may give important information on
physics beyond the SM through the FCNC processes
LCDAs are the primary non-perturbative objects required
for calculating decays into light particles based on the
heavy quark expansion or within the methos of Light-Cone
Sum Rules (LCSRs)

For a long time existing models for heavy baryons were
motivated by the quark model

Complete classification of the three-quark LCDAs of the
Np-baryon in QCD and their main features were have been
considered by Braun, Ball and Gardi (2008)

We extent their analysis for all graund-state bottom
baryons
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LCDAs

Light-Cone Distribution Amplitudes (LCDAS)

Heavy baryon light-cone distribution amplitudes —
matrix elements of non-local light-ray operators
build off an effective heavy quark and two light quarks

@ Similar in construction to B-meson LCDAs
@ QCD description of nucleon LCDAs

Heavy Quark Symmetry — switch off the spin of heavy quark
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LCDAs

SU(3)r antitriplet JP =jP = 0% scalar state

Non-local light-ray operators

(0] (qf(tn)Crsad(tn) ) hEO)H(V)) = 17 Wa(tr,to)

(0] (aB(tn)Csa8 (o)) NEO)H(V)) = £ Wil )
(0] (a3 (n)Crsiomab (tn) ) RS (O)H(WV)) = 2 W(t,t)

(0] (3 (tn)Csia3 (tn) ) hEO)H(V)) = £ Va(tr.to)

gi = u,d,s —light quark fields
C — charge conjugation matrix
n*, n* —two light-like vectors  (nn) = 2

Frame is adopted:  v# = (n* +n*) /2
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LCDAs

Couplings f,ﬂi) are defined by local operators
(0] (a2(0)C5a3(0)) E(O)IH(v)) =

(0] (a2(0)Crsyab (0) ) NE(O)H (V) = £

Scale dependence of the couplings:

() i i
10 () = 19 (10) os(p) \ /" 1_ as(po) — as(u) ﬁ “/_g) B
Ho (K H (Mo Oés(,uo) Arn 30 ’\/ii) ‘30

Example:  Ap-baryon
NLO QCD sum rules [Groote et all., 1997]
W (10 = 1 Gev) ~ £ (10 = 1 GeV) ~ 0.030 + 0.005 Gev?

Supported by non-relativistic constituent quark picture
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LCDAs

LCDAs Vi(ty,t,) are scale dependent

Fourier transrorm to the momentum space:
\U(t]_.,tz) = / dwl/ dws eiltlwliltzwzw(wl,wZ)
0 0

[e) 1 .
= /wdw/ du e (UL 4, u)
0 0

w1 = Uw, wy = (1 — u)w = Uw — energies of q; and g, quarks

LO evolution equation for ¢, (w1, wo; 11): derived by identifying
UV singularities of one-gluon-exchange diagrams

i b L N
S B %
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LCDAs

Evolution equation is expressed in terms of two-particle kernels
from evolution equations of B- and pseudoscalar meson LCDAs

as(p)

d
pa-valenenin) = { | 0ttt o 0 el nin)

2r 3

+ / dwh v-N(wh, wa; 1) 1o (wr, wh; 1)
0

1
— / dVV(u,V)z/JZ(Vw,\_/w;/z,)—Fgwg(wl,wz;ﬂ,)}
0

Kernel 4N(w’, w; 1) controlling evolution of the B-meson LCDA
V(u,v) is the ER-BL kernel

Term 3, /2 results of f,ﬂz) one-loop renormalization subtraction

Evolution equation can be solved eather numerically or
semi-analytically [Braun et al., 2008]
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LCDAs

SU(3) sixtet JP =jP = 1% axial-vector state

Non-local light-ray operators (longitudinal polarization)

(0] (a3(t)C a3 (t) ) NE(O)H(v,2)) = (o)1 Whita, 1)
(0] (aB(t)C aB() ) MEO)H(v, ) = (72) (P Wl (. )
(0] (qf(t)C iomab(t) ) NE(OIH(v,2)) = 2(7e) i Whi(t, )
(0] (a3(t)C a3 () ) NE(O)H(v.e)) = (Ve) 1 Wity )

G = ([P —nt) /2 (VWW)=0 (V) =-1
eh=el+el el =—eV"  oan=i(fin —miA)/2
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LCDAs

SU(3) sixtet JP =jP = 1% axial-vector state

Non-local light-ray operators (transverse polarization)

(0] (a3(t)C 1B () ) NS(O)H(v,2)) = P W (ta,to) <!

(0] (af(t)C 11 a8 (t2) ) NEO)H(v, ) = 57 Wis(ta, ) <!
(0] (a3(t)C 1ioma3 (k) NE(O)H(v,2)) = 268 w3?(t, ) <!

(0] (a2(t)C 7B (t2) ) hE(O)H(v, 2)) = P Wi (ta,to) !

A = = ) /2

Alexander Parkhomenko Light-Cone Wave Functions of Heavy Baryons



LCDAs

Switching on the heavy quark spin

r.h.s. of matrix elements of all non-local operators must be
multiplied on the Dirac spinor U(v) of the heavy quark h,

Yy U(v) =U(v) U((v)U(v) =1
Scalar state: J7 =jP =0t = JP =1/2": H(v)=U(v)

Axial-vector state: J° = jP =1+ — JP =1/2%+ JP =3/2+

G UW) = e Uv) — 3 (p +¥)FU)| + 5 (%) £U)

1
= RY2(v)+ 5 (3 + Vi) H(V)

Rarita-Schwinger vector-spinor RS/ 2(v):

YREZ(v) =R¥3(v), viRY*v)=0, R¥*v)=0
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QCD Sum Rules
QCD Sum Rules

Models for LCDAs can be obtained using QCD sum rules

Correlation functions involve the non-local light-ray operators
and a suitable local current
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QCD Sum Rules
QCD Sum Rules

Heavy baryon local operators

37 (x) = @ (G3(x) [A + BYIT'CTGR(x)) i (x)
Arbitrariness in the choice of local currents (variation in
A€ [0,1]and B = 1 — A'is adopted as an error estimate

Result are calculated for A = B = 1/2: supported by a
constituent quark model picture [Braun et al., 2008]

P=0"=1T" =15

P=1"=T =9,
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QCD Sum Rules
QCD Sum Rules

Propagators of the light quark fields éq (x) are not free

To take effects of the QCD background inside baryons
into account, method of nonlocal condensates is used

Sq(x) Sq(x) Cq(x)
—E— - —— o
i m 1 _

Sq() = yag — ms Calx) = 15 (G(X)a(0)

Non-local condensate is chosen according to the model
(a =3+ 4)x/m3) [Braun et el., 1994; Braun et al., 2003]

/A > I/X2/4 _ Aa72 l-a—\/v
Co00) = @) [ dve i) 1) = e

(gq) — local quark condensate, \ — correlation length,

mg — ratio of the mixed quark-gluon and quark condensates
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QCD Sum Rules
QCD sum rules

Double Fourier transform of the correlation function

. dt; dt
Mer(wr, oo E) = | / T el ) [ dx e W (010" (t.1) 37 (x)[0)

In momentun space, correlation function reads diagramatically

:_S(
1

by

i) =+
Heavy quark condensate term is suppressed by 1/mq
Sum rule reads

a2 4" (w0, u) e~ M/™ = B[] (w, u; 7, S0) (1)

B means the Borel-Transform, Ay = my — Mg
Sp — momentum cutoff from applying the quark-hadron duality
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QCD Sum Rules
QCD sum rules

Analytic result for leading twist transversal LCDA at 1o = 1 GeV

i (ARG + BED ) 57 (w,u) e M7 =

3;4 [B&?ul + A (pu + )] E1(28,)e
- <G”>T3 [AGT + Brity] f (2rwu) Ex_a(28,) €@
<q222> [AGU + By f(2rwil) Ep_a(28:) 6%
422 (00) (202) 72 (270 F(2700) Es2a(280) € 2,
Occured convenient to introduce the function
Ba(x) = a+l / ditfe =1 - (?a++11))()

Sw =S0—w/2, k=A/(2uwT), & =\/(20wT)
d\}:w/(ZT), éw:Sw/(ZT), I"?]]_,z:ml’z/(ZT)
§.=8,-kK/2, 8z=8,—F/2, 8. =8,—nr/2—=FK/2
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QCD Sum Rules
QCD sum rules

QCD sum rules constrain certain moments

2so 1
(f(w,u))x E/O wdw/o du f(w, u) R (w, u)

LCDAs normalization can be fixed by

2sg 1 .
/ wdw/ du R (w,u) =1
0 0

Numerical values of the parameters

T 06+0.2 ms (1 GeV) 128 + 21 MeV
da) (1 GeV) —(2427%8)MeV® | (3s)/(gq) 0.84+0.3
mg 0.8+0.2GeV2 | \ 0.16 GeV?
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Numerical analysis
Numerical analysis

Numerical values of first several moments

Ho | t (w™) S
Ao | 2 165755 0 0 100705  0.61770%
= 1.61797% 0.10791  0.08%%%" 0.9879% 0.6979%3
Ho | t (w™) € wie (") (wc)
3s 216797 0 0 —0.03279%2 0297012
Ao | 30 0 1 154791 0 0 -
4 284198 0 0 -0.108%99%  _0.4179%
3s 2.0879%9 0.1179%0  0.06370%%0 0.8779% 0.847921
=, | 30 | 0.000541990033 1 1.51%%%2  0.05479%2  0.098+9%
4 2.7370% 0.12%0%  0.057%% 0.5570%% 0.997%% -
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Numerical analysis
Numerical analysis

Simple models for the baryon LCDAs at the scale g = 1 GeV
are proposed

2 .2
7 a 3/2 yC
Do(w,u) = wPu(l—u) Y Lo Cy?(2u—1)e /v,
n=0 (E']z)
~ w 2 ans) 12 o
Uss(w,u) = Ez o5 c?ou — 1)e /o,
n=0 €p
) W o ns) 1/2 /i
P30 (w,U) = Ez 23 G P(2u—1)em
n=0 7
J : aff) 1/2 /e
Pa(w,u) = Z 4)2(:n (2u — 1) e/

Alexander Parkhomenko Light-Cone Wave Functions of Heavy Baryons



Numerical analysis
Numerical analysis

Estimates of the parameters entering the theoretical models for
the heavy baryon LCDAs

Ho [t ] &0 EQ EQ al al
2 [ 020170655 0 0.551 75566 0 0.391 70273
Mo | 3 | 0.23275 s 0 0.055+3:33% 0 —0.161+0108
4 | 0.35275 0 0.262+31%% 0 —0.541+0473
2 [ 02077005 046170580 046975, 0.058750%  0.380703%
=p [ 302187003 0.87770%20  0.049%99%  0.037700%  —0.02770055
410378739 2291%%,, 0.286703%% 0.039790% —0.09019.95"
Ho | t ) o 0 o oD
Mo | 3 ]0.32475056 0 0.6337907 0 ~0.240707%0
=p [ 302187003 0.87710%20  0.049%99%  0.037700% —0.02770%5
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Numerical analysis
Numerical analysis

Twist-2 LCDAs of ¥ (blue), = (red) and Q (yellow) baryons at
the energy scales 1o = 1 GeV (solid line) and i = 2.5 GeV
(dashed line) estimated within the range A < [0, 1]

0.15+

0.0 0.5 1.0 1.5 2.0
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Numerical analysis
Numerical analysis

Twist-2 LCDAs of ¥ (blue), = (red) and Q (yellow) baryons at
the energy scales 1o = 1 GeV (solid line) and i = 2.5 GeV
(dashed line) estimated within the range A < [0, 1]

0.15
0.10

0.05
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Conclusions

@ The total set of the non-local light-ray operators for
the ground-state heavy baryons is constructed in the
framework of HQET

@ Their matrix elements between the heavy-baryon state
and vacuum determine the LCDAs of different twist
through the diquark operator

@ First several moments are calculated within the method
of QCD sum rules

@ Simple theoretical models for the LCDAs have been
proposed and their parameters are fitted based on the
QCD sum rules estimations

@ SU(3)g breaking effects are of order 10%
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