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Why beauty baryon decays?

@ Systematic studies in QCD not yet available.

> Novel factorization properties for heavy baryon form factors.
> Renormalization properties for the LCDAs of heavy baryons beyond the leading twist.
> Perturbative calculations of short-distance functions more challenging.

@ Great efforts on beauty meson decays already, no NP found yet.
> Topical anomalies and tensions?

@ Beauty baryon decays provide non-trivial tests of the SM.

> Allow for the study of spin correlations, extract the helicity structure of .
> Ap — A(— N r) 0 offers complementary information on the short-distance physics.
> A, baryon is simpler than B meson in the heavy quark limit.

@ A lot of progresses on the measurements of beauty baryon decays from CDF and LHCb.
> Semileptonic decays: Ay, = plv, Ay — ALl Ay — A lv. (— this talk!)
> Hadronic decays: Ap = pm, Ap = pK, Ap =A@, Ay — A, T, etc.
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Calculational tools for beauty baryon form factors
@ Lattice QCD (— Next talk by Stefan Meinel).

@ Light-Cone Sum Rules in QCD/SCET:

> QCD factorization for the correlation function in the appropriate kinematical region.
> Hadronic dispersion relation for the the correlation function.

> Matching with the quark-hadron duality and the Borel transformation.

> Constructions of the sum rules with different LCDAs possible.

@ QCD/SCET Factorization:

> Less assumptions theoretically, more challenging conceptuallly/technically.
> Parametrically power suppressed corrections numerically dominant.
— Rapidity divergences in the subleading-power factorization formulae.

@ TMD Factorization:

> Including the Sudakov mechanism, but no definite power counting scheme.
> Definitions of TMD parton densities more complicated.
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Part I: Semileptonic A;, — pfv; decays

@ An alternative way to determine |V,,;| exclusively [arXiv:1504.01568].

I inclusive 7
[ B v n
N Ay puv (LHCb)
[ combined

04
8R
> Strong interaction dynamics described by the transition form factors.
> Much more complicated when including QED corrections.
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General aspects of Ay, — p form factors

@ Traditional parameterizations [Manohar and Wise @ many others]:

2 2

W EnbaP) = MR 1B g+ B g ),
2 2

e Enstlan®) = 8 e 1 g+ B g, Ly,

Axial-vector matrix element does not vanish, different from B — 7 transition.

@ Helicity-based parameterizations [Feldmann and Yip, 2011]:

V) =8P {11 Y (2= B o, ) )

+1(4%) <Yu 2my 2”:/\” P > +fo(q?) (ma, *WLN)q%}Ah( )

Simper expressions for angular distributions and for unitary bounds.

@ Symmetry-based parameterizations [Feldmann and Yip, 2011]:

V)T P) = £ -2 S {1 T ).

é,-j(-f) (v P') suppressed in both the HQET and SCET limits.

Yu-Ming Wang (UW) Heavy Baryon Decays Siegen, 18. 09. 2017

5/36



Symmetry relations of Ay, — p form factors
@ Form factors in the HQET limit [Manohar and Wise 2000]:
(N(P")|aXb|Ap(P)) = N(P') [F1(v-P) + F2(v-P') §| TAy(P),
implying the relations
my
fi=gq1=Fi+—F, h=h=g=g=n,
mAb

fo=g+=g1L=F1+F2, go=fi=fL=F—-F.

> Only two form factors in the HQET limit.

@ Form factors in the SCET limit [Mannel and YMW, 2011; Feldmann and Yip, 2011]:

(N(P")|aXb|Ap(P)) = F(ny.-P') N(P') T Ay(P).

> Only a single (soft) form factor in the large recoil limit.
> Symmetry relations still hold including the leading-power hard spectator interaction.

> Symmetry breaking effects induced by the perturbative and power corrections.
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SCET factorization for A, — p form factors

@ QCD Factorization at leading power in A/mj, [Wei Wang, 2011]:
F(YZJr . P/) = CDAb (Cl),') ®H(a),-,x,~) ®<I>N(x,~) + ﬁ(AQCD/E) .

> Leading power contribution due to the exchanges of two hard-collinear gluons.
> Leading power contribution calculable in QCD factorization.

> The scaling behaviour (different from the soft contribution):

F(ni - P)~ O(Ayep/ (ns - P)?).

@ The LO QCD diagrams:

> Leading power contributions from g g g
the diagrams (a), (b), (f), but (b) + g §
(f) vanishes. (a) (b) (c)

> For the diagram (a), both two g g g
gluons are transverse polarized. g g

> Need the light-cone projectors of (d) (e) &)

both the Ap-baryon and nucleon for K g

a complete calculation even at tree
level [BFWY, 2013; BEMS, 2000].
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Light-cone sum rules of Ay, — p form factors

@ Correlation function [Khodjamirian, Klein, Mannel, YMW, 2011]:

> Interpolating current of Aj, baryon
is not unique.

M(P.q) =i [ d'z e

'Will consider both the axial-vector
and pseudoscalar A, currents.

> Background pollution from the
negative-parity baryons in the
dispersion relation.

@ How to avoid the background pollution?

> Parity projector matrix (1 =4y)/2 for heavy-baryon sum rule [Bagan, Chabab, Dosch,
Narison, 1993].

> Choose the “old-fashioned" correlation function and construct sum rules in the complex
qo-space [Jido, Kodama, Oka, 1996].

> Eliminate the contamination by combining sum rules obtained from different kinematical
structures [Khodjamirian, Klein, Mannel, YMW, 2011].
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Light-cone sum rules of Ay, — p form factors
@ 27 nucleon LCDAsS up to the twist-6 approximation [Braun, Fries, Mahnke, Stein, 2000]:

4(0|e

Yu-Ming Wang (UW)

ijk i

@y 2y (ax2)d(as2) IN(P)
F1my Cop (Ysiun)y+ S2my Cop (£%5un )y + P1m (15C)gp (un)y
4208 (5 () + (i + 75N (P 1)y
+7amy (PC) g (£¥5un )y + V3my (YuC) o5 (7 150N)
+amy (£C) g (Ysun )y + Y5miy (1 C) ap (10" 2 Y5un)y

2m2
Sty (1) a5y + (5 + 5 ) (PC ),
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+ oy (275C) o (2un)y + <=71 +2 mN =71M> (PYiouyC) o5 (P %5un),

+Zmy (PY lcuvc)aﬁ (YSMN) + J3my (O-HVC)a[i (6” '}/SMN)

(
(
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+Tymy (z G/,ch) ap (o-ﬂpzp VSMN)
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Light-cone sum rules of Ay, — p form factors

@ Conformal expansion of the LCDAs:

Vi) = 120x0x0x3[05 (1) + 95 (1) (1—-3x3)],
A|(X,',,U.) = 120X|X2X3(XZ7X|)¢3_(/J,),
Tilm) = 120em(0d() 3 (65 ()~ 5 ()(1-3x)].

> All DAs expanded up to the NLO conformal spin.
> For the d-wave contributions to the twist-3 DAs, see [Lenz et al, 2009].
> For more recent update, see [Anikin, Braun, Offen, 2013].

@ Input parameters [Braun, Fries, Mahnke, Stein, 2000]:

fv=(50£05)x1073GeV?, A =—(2749)x1073GeV?,
Ao = (54£19) x 1073 GeV?.

QCDSR estimates already confronted with the lattice calculations [Braun et al, 2014]:

fv=2.84(1)(33) x 1073 GeV?, A} = —4.13(2)(20) x 10> GeV?,
Ao =8.19(5)(39) x 1073 GeV?.

5 additional parameters taken from [Braun, Lenz, Wittmann, 2006].
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Light-cone sum rules of Ay, — p form factors

@ LCSR predictions q2 = 0 [Khodjamirian, Klein, Mannel, YMW, 2011]:

\{

v

> All twist 3, 4, 5 components of nucleon DAs numerically important.

v
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form factors nl(\'zj) n 1(\%)
£1(0) 0.1410:93 0.12+0.03
£(0) —0.0547001% || —0.04770013
81(0) 0.147393 0.127093
82(0) —0.02870.083 || —0.01650:501

Only Feynman mechanism considered here.

Heavy Baryon Decays

The LCSR predictions insensitive to the choices of the A;, current.

The SCET relations f; (0) = g1 (0) and f>(0) = g2(0) ~ &(A/my,) hold numerically.
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Light-cone sum rules of Ay, — p form factors

@ Extrapolation toward larger q2 with the z-series parametrization:

V=P =T
- b
th—q*+\tx — 1o

z(¢*.10) t = (mp+mz)*.

Conformal mapping of the cut ¢>-plane onto the disk |z(¢%,7)| < 1.

@ The BCL parametrization [Bourrely, Caprini, Lellouch, 2009]:

) = %{1+bi<z<q2,ro>z<o,ro>>},

i(0 7
gild®) = h(;/(né*(ﬁ){l%i <z(qz,to) Z(O,to)> }

> Alternative parameterizations possible [Boyd, Grinstein, Lebed, 1995].
> Unitary bounds improvable [Becher, Hill, 2006].

Yu-Ming Wang (UW) Heavy Baryon Decays Siegen, 18. 09. 2017 12/36



Light-cone sum rules of Ay, — p form factors

@ Theory predictions of A, — p form factors in the whole Ve region:

; 0.0
15 WP P P
-04
-0.6
-08
-10F 7P

-1.2r

0 5 10 15 20
o? (Gevd)

@ The ¢*-shape of form factors more sensitive to the choice of the A, current at large 7.

@ Confronted with the lattice predictions with extrapolation toward small q2 [Detmold, Lehner,
Meinel, 2015]. — A combined LCSR @ Lattice fit?
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Semileptonic A, — pfv; decays

@ Differential branching ratio [Khodjamirian, Klein, Mannel, YMW, 2011]:

0.12f7

growing form factors and the
S-wave phase space factor.

0.101

dBR(Ap - plv)/de?

(Gev?)

o008l BR(Ap - plw)

> Integrated BR:
+1.
(3714, £0.1

LHCD 2015 data:
(4.141.0)x 1074,

>>< 1074,

exp.

> About 10% uncertainty of
B(Ap — plv) at ¢* > 15GeV?
normalized to the A, channel.

¢ (Gevd)

@ Determination of |V,|:

1 Tnax dr
Ag(ovqunax) = IVh‘z/ dqzd z(Ab*)plv/)
u
A§(0,11GeV?) = 55723 ps!.

» Compare with B — mfv; (NLO LCSR): AL (0,12GeV?) = 4.597 -9 ps~

> Perturbative corrections to A, — p form factors needed to reduce uncertainties.
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The nucleon-LCSR at NLO

@ Technical aspects of the baryonic correlation functions at NLO:
> Renormalization (subtraction) scheme in dimensional regularization.
> Complicated operator mixing beyond the twist four approximation.
> A large number of the nucleon LCDAs.

@ An example: nucleon form factors[Passek-Kumericki, Peters, 2011; Anikin, Braun, Offen, 2013]

> The Krankl-Manashov scheme without evanescent operators.
> Typical NLO diagrams:

> More complicated for A, — p form factors due to two hard scales.
— Hard-collinear factorization for the QCD matrix elements.
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Part II: FCNC A, — A/ decays

@ Experimental status [LHCb, 2015]:

12

1
08
0.6
04
0.2

dB(A, — A )/ do? [107(Gevc)Y

18f
16F
14F

" Data

SM prediction
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FCNC A, — Al decays

@ Partonic b — s¢* ¢~ diagrams in the SM:

W b u, et s

> Effective Hamiltonian [Buchalla,
Buras and Lautenbacher, 1996].

> Semileptonic and magnetic operators:

O7y o< 50,y (mgL+myR)bF*Y
b u,c,t s 08g o §i0'pv(1+75)T§bjG““V7

09,10 o< (Eb)va (Z[) VA -

v " Need Co and Cjg at NNLL, C5" and
CEMat NLL.

@ Four-quark operators [Beneke, Feldmann and Seidel, 2001]:
0, GP)v_a Pb)y_4 0, = (Ejpi)vf,q (Pibj) V-A (p=u,c),
03,5 = (Eb)V—A Z (q[I) VTA > 04‘6 = (Eibi) V—A Z (qfqi) VFA *
q q

In practice the CMM operator basis used [Chetyrkin, Misiak and Miinz, 1996].
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Naive factorization
@ Heavy-to-light form factors:

(AW (55)y g (70), 4 10 (p.5))
) = (AQW',5)| D)y _a [ Ao (p, ) (LT[ (E0) 4 [0).

Ap — A form factors!
/ "éwy

@ Less known A-baryon LCDAs [Liu, Cui, Huang, 2014].
— (Soft) Helicity form factors of A, — A computed from the Aj-baryon LCSR.

A

nnnnna

\ Need also tensor form factors!

@ The A, LCDAs in HQET [Ball, Braun, Gardi, 2008]:
£ (0] (1 (rin) Cosi_d” (2an) | B (O)| Mg (v.9)) =F) (71, T2) 1, (025,
e (0] (u () Cos i, () ) K (O)|Ao(v.)) = £ Ba(T1.22)u, (v.9),
£ (0] (u (711 ) Cps d* (ran-) ) HS0) A (v,9)) =1, 83 (1,2, (v,5).
e (0] (u(rin-) Cos iouvntin @ (ean-) | HS(O) A (v,5) = 215)) 6 (71, %2) tun, (v,5)

RGE of ¢,(®;,®,) contains both the Lange-Neubert and Brodsky-Lepage kernels.
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Light-cone projectors for the Ay-baryon
@ General three-quark matrix elements [Bell, Feldmann, YMW, Yip, 2013]:

gabe <0‘ [ Zl)d?;(ZZ)} (O)1As (v, S)>

= {fA,, [0 21, 22)wC7] 41 (312 (20,2037 ﬁa}mv,s).

chiral odd chiral even

@ Lorentz-covariant parametrization:

5 2 .2
Dx(11,12,27,25,21 *22)

+‘T>fxz)(f1,t272%,z§721-22)¢ +5>§’§>(t1,tz,z%,z§,zrzz)¢
2t 1 21) 2’

Expanding z; around the light-cone (n_z;) < z- < (n1z) [t =nyzi/2 I:

M (v,21,2) — %J’z(ﬁﬁz)-ﬁ- % (‘52(717'52)+¢;£;)(717T2)+‘§4§3)(Tl772))

o) 0 ()

1 1
7+ .
2T1 il 212 12
z fr A\ (Hi A
T,0)| — — == 0(z7,,
+ox(T1, 2)(211 n 1 A (&1n-z)-
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Light-cone projectors for the Ay-baryon

@ Performing the Fourier transformation yields:

M (0, 0) = ¢+ o (@1, )+ ﬂz da( @1, )
pr [ am (ol m00) - oxmra) I ok,
f%yj/ow]dm (042 (1, @2) + 9x (my )¢4+8kl
7%;/&/0 dm ((1’42 (@1,m2) — ¢x(1,1m2) )ﬂ e m
_%ﬁ/o dm <¢42 (@1,712) + 6x (@1, 12) ) ¢+4 ks,

Four more LCDAs sensitive to the transverse momenta of the light quarks.

@ Constraints due to the Wandzura-Wilczek (“on-shell") approximation:
i ii) d 0
¢z£2)(w17 )— ¢42 (o1,an) = T(wl ¢4(w17wz))—a(wz¢4(w17wz))7
d d
29x (@1, )+ s(@1, ) — P2 (@1, ) = =—— (01 pa(@1, ) + 5— (@2 ¢s(@1, @) -
Jdm; Jdw,

@ Can construct the light-cone projectors in the momentum space directly.
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Ap — A form factors from the Ap-baryon LCSR

@ Starting point: correlation function [Feldmann, Yip, 2011; YMW and Shen, 2015]

Mualpa) = i [ e OT{ia)snal0)} s )

Jua = STuab, JA = Eijk (u,-TCmidj) Sk -

Different choices of the A-baryon current possible, but the axial-vector collinear current favored.

@ Hadronic dispersion relations:

1@V —F (@)

o =
v (P,q) 2 —npmy)

MW@ B [ o
ma fn-p' —i-p' —i0 2 {fAHA(q )Yiu+
B AP I AP
- 2

/ I / / I / /
o O @m0 2 [ph(w,n.pmw;,,(w,n.p>n,,

’_’ﬂ] Ay(p)

+p’¢_ﬁ<w’,n-p/>ﬁu}m(p>.

The effects from the negative-parity baryons treated naively.
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Ap — A form factors from the Ap-baryon LCSR

Factorization at tree level:

! ) (P9)

’ :m /‘d/ e Va010)
n W) o Yk wza){+w£7r‘z-p’fi0

u/‘LllLllIH X(LYS)%(YLu"'ﬁu)Ab(V)"_O(as)a
d I Kinematics:

nep' ~Omy),  |aep|~ O(A).

@ The LO LCSR after the continuum subtraction (— @) and the Borel transformation (— @;):

‘ﬁM>“{
tn [t o

Fooald) = } / do' e (o)) +0(ax).
N——
Ea)'/ dudy (ue',(1—u) ')
Jo
@ Power counting scheme:

2 .
oo~ = P (@)~ 1)

Suppressed by a factor of A/n-p’ compared to the LP contribution.
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Factorization of the correlation functions

@ Aim: QCD factorization of the correlation functions [YMW and Shen, 2015]

Oy vy = (1,%) % [HL,V(A) Yo + i va) in +Hn,V(A)"u] Ap(v),
— (2) L /N /w %
I} v I, () C Ly (n-p' ) I dw /s dan oy 10
u i
J(n o7 p/>‘l/4(601 @2, 1)

Similar factorization formulae for the other invariant functions.

@ Hard functions the same as the matching coefficients of weak currents from QCD onto SCET].
> Already known at one loop [Bauer et al, 2000; Beneke et al, 2004] and at two loops
[Bonciani et al, 2008; Asatrian et al, 2008; Beneke et al, 2008; Bell, 2008; Bell et al, 2010].

@ Two equivalent strategies for computing the jet function:

> Apply the SCET; Feynman rules.
> Extract the hard-collinear contributions of QCD diagrams with the method of regions.

Algebraically simpler [— this talk!].

@ Factorization-scale independence of the correlation functions:

> Explicit RGE of ¢4(w;,®;, 1) unknown.
> The A-baryon current not renormalization invariant.
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Factorization of the correlation functions

@ QCD diagrams at one loop:

b

u

d P
(0)

- :
(f)

> Only hard, hard-collinear and soft regions contribute at LP in A/my.

> Soft contributions cancelled by the IR subtraction terms.
Automatically in SCET, also verified diagrammatically at one loop.

> Symmetrical diagrams related to each other simply.
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Factorization of the correlation functions

@ Hard functions:

] _ @GR u ' 1
Cryum-pip) = 1 2 - +5In o 2Lip (1~
—In r+3l 2lnr+ﬁ+6]

> Similar for the other hard functions, reproduced exactly.

> All hard functions obey the same RGEs.
@ Jet function [YMW and Shen, 2015]:

(e
n-plow’ n-p

o 4 2 . 2
IR e K o e L
4 3 n-p'(0—n-p) o —n-p n-p(o—n-p)
2 P I =
LN W 2@ @ (e 3
2 np(o—n-p) w—h-p' w—n-p ol 4
b1

21
. 5} :
> Universal jet function for all the form factors.
> Symmetry property of Wy (@;,®,, 1) used to reduce the expression.
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Factorization of the correlation functions

@ Factorization-scale dependence'
d o (U1 1
— 711 = da) - @
dlnpu Lvia) 4r 3/ / wza)l-i-a)z—np i0

M o— np

o o 1 d
+./0 do; /0 da, W +a—n-p'—i0 dlnpu {Ab (1) ya(or, 02, H)}

g : : '0.%‘ : Renormalization of yy (0, @, it) yields
: ] : A don [Taen L
(a) (b) (c) () 477: 3 / w—n-p'—i0
. : : x[mn £ am w_”;pfs}
? f : W—n-p W —n-p

Y <) () (o1, 02, )]

implying

-;‘ fi d {HLV(A)(’?'PIJ_TP/»/J)] 0

dinp Ialu)
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Resummation of large logarithms

@ Distinguish the factorization scale (1) from the renormalization scales for the A-baryon current (V)

and for the weak current in QCD (V'):

2 2 2
; ; ;
] (L V) [ ] (. R
n-plo’ n-p n-paw’ n-p n-paw’ n-p

C?‘(T)(n'plhuvvl) = CI;( )(n'P,7I-L)+5Cf’4-(T>(I’l~p/."u,7Vl),

~

@ Determination of v and v/ dependence:

d W oo
IndJ
dinv (ﬁ-p’w,—’ﬁ-p”v

d A / ’ _ (XS(.H) k (k)
mlnSCT(T)(njL/.LV) = —Zk: in Yoy

Il
|
~™
ey
<8
=
N———
=

Renormalization conditions:

si(—2 o N0 sc ) =0
J M’Tp”” =0, CT(f)(”'Paﬂvﬂ)* :

@ NLL resummation for the hard functions by solving the evolution equations in i and v'.
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NLL resummation of Ay — A form factors

@ Resummation improved form factors [YMW and Shen, 2015]:
Sa(v) (npy e N v o) [T (g2, gk, i (ah) |
:f,&)(ﬂ) [Uy(n-p" /2, i, ) Cyiay (2P )] /wa R AR (N TROR
W) (n-plye /(7' on) {f& A, 8h, >A(‘/2)}

s ,
= ,&)(ﬂ) (U ("'!”/27#/17#)CnAv(A)(ﬂ'P/-#h)]/0 do' e/ yy (0 1, v)

n-p o L -
42 (1= 20 oo/ [ ol eI g ),

b

> NLL resummation for the twist-4 Ap-DA not included (unknown 2-loop RGE).
@ Only symmetry-breaking effect from the hard-gluon contribution taken into account.

@ Including the hard-collinear symmetry breaking effect [Feldmann and Yip, 2011]

21
ooa@) = LT D), gh @) =L A ),
2 2m
I O . gRHA(f):[...1+n_—;,"A¢A<n-p’>.

A&, defined by the B-type SCET current, calculable with the power-suppressed correction function.
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The Ap-baryon LCDAS

@ Light-cone distribution amplitudes of the Ap-baryon [Ball, Braun, Gardi, 2008]:

1
I —  __,0/m
04(@, to) wge ,
1
Mom) = —e @9 o=V,
2
1 0] 0] 12
I _ 0 _ _ - — = .
o) = o {1 -2)elo@-0. o=\

q)in,m) (w, o) analogy to the mesonic counterparts [De Fazio, Feldmann, Hurth, 2008].

@ The shape of Fj\h _,A(¢?) less model dependent.
0.6

Solid, dotted, and dashed curves
from Model-1, II and III. 05 fa @
o 04
Fitting f; _,5(0) =0.18 +0.04
= 03
Model-I: @y = 28075 MeV ,
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Ap — A form factors from the Ap-baryon LCSR

@ Factorization scale dependence and radiative correction:
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> Dominant radiative effect from the NLO QCD correction instead of the QCD resummation.

> NLO correction dominated by the hard-collinear contribution instead of the hard fluctuation.
= A complete calculation of the NLO jet function important!

> Radiative effect can induce 50 % reduction of the form factors.
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Ap — A form factors from the Ap-baryon LCSR
@ Extrapolation toward larger ¢” with the z-series expansion:

_ N )
\/I+—q2+\/l’+—[()

2
Z(qz,to) ty = (mBV +m,r)2 < (mAh +m,\)

@ The predicted form factors [YMW and Shen, 2015]:
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/ 15 8Ryon ()
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> Pink and blue bands predicted from LCSR and Lattice QCD [Detmold et al, 2012].
> Reasonable agreement but different shapes, only HQET form factors from Lattice QCD.

> Agreement with the lattice results from relativistic b quarks [Detmold and Meinel, 2016].
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Non-factorizable corrections

@ Hadronic operators enter into the game, when combined with the QED interaction.
@ Nonlocal hadronic matrix element:

AN (p.q) =1 [ dxe T (A T {0 Hep (0} Ao ()

@ QED corrections to the hadronic operators #- the form factors.
(a) Hard spectator interactions - local operators at the my scale.
(b) Soft gluon radiations generate non-local operators.

(c) Strong phases of the matrix elements.

@ Focus on the QCD dynamics at large hadronic recoil.
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FCNC A, — A /Y0 decays

@ Hard vertex corrections [Asatyan, Asatrian, Greub and Walker, 2001; Seidel, 2004]:

> Two-loop matrix elements of penguin operators still missing.
> Sizeable two-loop hard vertex corrections due to In (¢ /m?) enhancement.

@ Hard spectator interactions:

> Cannot be computed with QCD factorization approach.
> SCET matrix elements can be computed from the Ap-baryon LCSR.
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FCNC A, — A /Y0 decays

@ Weak annihilations:

> Either CKM or Wilson-coefficient suppressed.
> Small correction estimated in the soft-overlap approach [Mannel and Recksiegel, 1997].

@ Soft gluon radiations [Khodjamirian, Mannel, Pivovarov, YMW, 2010; KMW, 2012]:

> Soft gluon radiation power suppressed, but enhanced by the photon pole.
> Need the still unknown four-particle A, LCDAs in HQET.
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Physical observables in A, — Af¢ decays

@ Predictions in the factorization limit:
&ET(Ay — AHLT) 3

dq*dcos 6 8
3.0
2.5 dBR(A, - A p* p)ldg® [107Gev?]

* (GeV?)

Pink bands predicted by LCSR.

Purple squares from LHCb.

Blue circles from CDF.
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Conclusions and Outlook

@ Novel factorization properties of beauty baryon decays at large recoil.

@ |V,;| determination from the semileptonic A, — plv; decays promising.

v

Subleading power contribution to the form factors dominant numerically.
NLO corrections to the nucleon-LCSR necessary to extract |V,p|.

A direct calculation of the LP contribution at NLO in QCDF possible.
Improvement of nonpertubative input parameters from lattice QCD?

vyvyy

@ Interesting FCNC A, — A /¢ decays:

> Sizeable hard-collinear corrections from the A,-baryon LCSR at NLL.
> Non-form-factor corrections to Ap — A €€ still missing.

— SCET factorization & LCSR for the effective matrix elements.
> Renormalization properties of the higher-twist A, LCDAs.

@ Hadronic beauty baryon decays in QCD:

> Only factorizable contribution at LP in the heavy quark limit?
> Asymmetries more challenging due to the competing (N)LP contributions.
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