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Motivation
e LHCb phenomenology, b baryon physics.
e First step: better control of chiral extrapolations in lattice calculations.

e Heavy hadron decay widths.
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Qutline

® Heavy hadron chiral perturbation theory.
® Axial couplings.
® Numerical calculation.

® Heavy hadron decay widths.
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Single-HQ hadron states in HHYPT

e Heavy mesons,

1— ¢

Hz@ = (B;,"" — Bins) 2

e Heavy baryons with s =0 (s =1/2),
T = i 0 Ny
V2 \ "N 0 /-

e Heavy baryons with s; = 1,

1 k b S
Sfj = \/;(v“ + ) 5B + Bij“ (Bij s =1/2, B};:s= 3/2)
1 * k
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Symmetries in HHYPT

e Heavy-quark spin, S : HZ@ — Hi(g)Sgl, and similarly for 1" and S*.
e Chiral, L x R.

e Unbroken light-flavour, U(x):
HO(2) — U () H (2), Tij — U, (@)U, ()T, S — U, ¥ (@)U, (2) S,

= Use the “¢-basis” for the Goldstone fields.
— E=exp(i®/f) = V.
— &(x) — L &(x) Ul(x) = U(z) &(x) R

— Vector and axial fields transform involving only U(x),

VH — % ({faug + gaugT) CAF = % ({raug _ gaugT) .

— Vector field transforms like ‘“‘gauge field”.
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HHYPT Lagrangian

G.Burdman and J.Donoghue; P.Cho; M.B.Wise; T.M.Yan et al.; circa 1991.

ﬁHHXPT — EHH+£pure—Goldstonea

£l = _itrp [E@%MDMH?)} + i (Tv, DT, — i(5"0,D"S,). + AP (57S,).

+91trp { _i(g)w%H;E)Aij} + 192 €uop (S0 A7S?)  + V293 [(TA"S) + (SuA"T) ] -

e HH’'s are (almost) onshell, with fixed velocities.
e Chiral covariant derivatives involve the vector field, V#.
e AB) does not vanish in the chiral and HQ limits.

e Three LEC's in LZ(HLHO), not well determined.

e More mass splittings from higher-order terms in the x and HQ expansions.
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AXial currents

— b b + v
Ty = g1tro [H< >H;>(Zgg) Vs | + 192 uop (5 07T S°)

+v2 g3 {( uT ZSE)T) + (TTZS?S ) } + higher order.

0 Tfjg) = (7€ + &mi5€T) /2, where (7i7),, = udji.
e ODbtained using the Noether theorem.

e Matrix elements,

<B*| ],uIB> = -2 (gl)eff GZ,

i o [ TV
(SkjlJ ij, u|5ki> — _ﬁ (92)etr V7 €qpU” U,
(Sl Jij, M|Tki> = —(93)err Un U.
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Chiral dynamics of heavy hadrons

* Axial couplings defined in static limit

BB B RN R N

g1 g2 g3
~ § ~ Jr ~ dB*Br

B* \j*d(O,s)\A;(XPT>(0)IPu(O)>ILo = —2g1¢,(s).
B

(

(894(0, s)| A= OFD(0)[S(0, ")) [Lo = ——= ga vn €
V2

N T (3)U, (5.
(5940, 5) A~ OF D (O)[T4(0, ) o = ~g5 T () U(s)).

0 Ay
(L7

* Heavy-light mesons and baryons: dynamics amenable
tO HQ aﬂd Chll”a| eXpaﬂSIOﬂS [Wise; Burdman & Donoghue; Cheng et al.]
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Generic one-loop structure

N 7 N , 7 RN
/ \ [ l / \
/ \ \\ y: / o\ \
4 —  ——®—
self-energy Tadpole Sunset

(wavefunction)
e Self-energy and sunset are 0(9%,2,3) higer compared to tadpole.

e Generic NLO formula
A = Ao(1+4+9¢°L+¢°L'+ L") + AnLo-analytic-

Aro ~ g for axial current matrix elements.
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Comparison with (H{|Hom) result

+
T

e Tadpole in (Hi|Hom) is 1/3 of that in (g;)efr-

= It cancels with pion wavefunction renormalisation.

e For (g1)efr and (P*|Pm),

I M?2 M?2 M?2 M
— 1 -2 ™ llog [ == | — 442 ™ )log [ =&
(91)efr g1 _ (47rf> 9 (M2> 91 (47rf) g (#2
I M?2 M
(PPPr) = g |1 —495( w),og (—
! 4 f
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Impact on recent numerical computations

O
/

oss a! = 1269 GeV

,;: - Ohki ef al., 2008
as <P*|P 1> yPT
040 (g1)ett XPT

Our data in this regime

0.35 I ! ! ! \ ! ! ! \ ! ! ! \ ! ! ! \ ! ! ! \ ! ! ! \ ! ! ! \ ! L
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Current knowledge of g/ 23

* Model estimates for g3 [Cho normalisation]

Reference

Method g1 g2 g3
Yan et al., 1992 [5] Nonrelativistic quark model 1 2 V2
Colangelo et al., 1994 [45] Relativistic quark model 1/3
Becirevi¢, 1999 [46] Quark model with Dirac eq. 0.6 +0.1 e .
Guralnik et al., 1992 [47] Skyrme model . 1.6 1.3
Colangelo et al., 1994 [48] Sum rules 0.15 - 0.55
Belyaev et al., 1994 [49] Sum rules 0.32 £ 0.02
Dosch and Narison, 1995 [50] Sum rules 0.15 4+ 0.03
Colangelo and Fazio, 1997 [51] Sum rules 0.09 - 0.44 . .
Pirjol and Yan, 1997 [52] Sum rules <+/6—g32 < V2
Zhu and Dai, 1998 [53] Sum rules . 1.56 =0.30 = 0.30 0.94 &= 0.06 = 0.20
Cho and Ceorgi, 1992 [54] B[D* — D x], B[D* — D A] 0.34 + 0.48
Arnesen et al., 2005 [57] B[D{sy— D], B[D{sy— D(s)7], T'[D"] 0.51
Li et al., 2010 [58] dI'B — wlv] < 0.87

e All over the placel

e Precise calculation needed
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Current knowledge of g

. . % *
* Experimental extraction of g| from D* — Dn, D* — D~
* g :OS<7> Arnesen et al.]

e |attice calculations for g
Reference ns, action m&YY1?2 (GeV?) ¢
De Divitiis et al., 1998 [14] 0, clover 0.58 - 0.81 0.42 + 0.04 =+ 0.08
Abada et al., 2004 [15] 0, clover 0.30 - 0.71 0.48 +0.03 £+ 0.11
Negishi et al., 2007 [16] 0, clover 0.43 - 0.72 0.517 + 0.016
Ohki et al., 2008 [17] 2, clover 0.24 - 1.2 0.516 = 0.005 =+ 0.033 + 0.028 + 0.028
Bedirevié et al., 2009 [18] 2, clover 0.16 - 1.2 0.44 £ 0.0310°07
Bulava et al., 2010 [19] 2, clover 0.063 - 0.49 0.51 4+ 0.02

* Need fully quantified uncertainties
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Actions and ensembles

Domain-wall light quarks
[RBC/UKQCD)]

e [attice chiral symmetry

Static heavy quarks with
nrvp=0,1,2,3,5,10 levels
of HYP smearing

Iwo lattice spacings
a = 0.085,0.112 tm

Six valence quark masses
My = 0.23-0.35 GeV

Single (2.5 fm)3 volume

Ensemble  a (fm) L*>xT amq(iza) m$® (MeV)
A 0.1119(17) 24° x 64  0.005 336(5)
B 0.0849(12) 32° x64  0.004 295(4)
C 0.0848(17) 32° x 64  0.006 352(7)
Ensemble amgzl) m$® (MeV) mb™) (MeV) t/a
A 0.001 294(5) 245(4) 4,5, ..., 10
A 0.002 304(5) 270(4) 4,5, ..., 10
A 0.005 336(5) 336(5) 4,5, ..., 10
B 0.002 263(4) 227(3) 6,9, 12
B 0.004 295(4) 295(4) 6, 9, 12
C 0.006 352(7) 352(7) 13
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Actions and ensembles

e Domain-wall light quarks
[RBC/UKQCD)]

e [attice chiral symmetry

e Static heavy quarks with
nrvp=0,1,2,3,5,10 levels
of HYP smearing

* [wo lattice spacings
a = 0.085,0.112 fm

e Six valence quark masses
My = 0.23-0.35 GeV

e Single (2.5 fm)3 volume

0.15 |
® ¢ =0.112 fm ,
m o= 0.085 fm Mc
— /.A
7 0.10F -
D)
O, "B
pl *A
Ek /// .A
= 0.05¢ oy -
. | |
0.00 0.05 0.10 0.15

my™P? [GeV?

e Of(a) improved” axial current:

_J 07019(26) for a =0.112 fm, [RBC]
A7) 0.7396(17) for a = 0.085 fm.
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Correlation functions

. Interpolating operators Iin static limit

= Qua (15)as gy S = €abe (Ch)py Qi Ty Qe
P*l — Q ( )aﬂ 5267 Téj — €abc (07 )57 (125 (j}zry Qca-

* [wo point and three point correlation functions

cipt PJ](t):ZX:<P“(x,t) Pl (0)), C[P* A P11 (¢, t) ZZ Pi(x,t) AY (X', ') P(0)),
O[P*dP;*Wt)=§Xj<P*d“<x,t> P;¥(0)), CISUA S ) (8, ¥) ZZ (S8 (x, 1) A (X, ') 5, 5(0)),
C[degdd]%(t)=;<S§d“<x>t>§i§dﬁ<0>>’ CIS™A Ty ] (8, ) ZZ (Sdhr(x,t) A (X', ') Tau 5(0) ),
CIS™ Saullis(t) = {S2¥(x,t) Sg, 5(0) ), CIT™ AT S gl (t, V) ZZ (T (x, 1) A (X, 1) Sy 5(0) ).

X

CIT™ Taulap(t) = Y {T3(x,t) Tau 3(0) ).
Axial current

Light quark
! t

e (alculate with forward propagators from 2 sources

16
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Correlator ratios

e Ratios for varying operator insertion time
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Source-sink separation

e [Extract effective axial couplings (g)eff from t
extrapolation

Ri (ta a, My, nHYP) — (gi)eff(a'a Mo, nHYP) — A'L (a’7 Mo, nHYP)6

Constrain 0j for a=0.086 fm from §; at a=0.1 |2 fm
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e Fitted gaps: 9; ~ 0.7—1.0 GeV

_51 (a'amﬂ' 7nHYP)t
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Chiral and continuum extrapolation

e Use NLO partially quenched SU(4|2) HHYPT at finite volume
and include polynomial discretisation effects

Partial quenching

2 .@
(91)est (@, m, nyP) :@ [1 e Z(m&®) + 72 {4 H(mL™®, 0) — 462 gH, (mi), O)}
\ .
\ Loop functions
§VV) [m(vv)]Z + Cgvs) [mgrvs)]2 4+ dl, - a2]'

\/\ Lattice spacing effects

(92)e (@, m, nuyp) le — %I(mgr"s)) —|—g H(m™ | 0) — 6% gH, (ml), 0)} depend on Niye
+{2 H(mCS, —A) — Hml™, —A) — 2Km), —A, 0)}
+ ™ ISP+ 5 (S + da, e ] , \
o3 extrapolation
(93)efr (@, m, nryp) =[1 - %z(mys)) +{H(m5:5>, N %H(m?v), A/ is coupled
+ gH(mngV)’ A) +3HmEY, A) = K(mb™), A, 0)}

+{ — H(mE™, A) = HmEY, A) +HmE, 0) = 8 5Hy (ml), 0) |

™

4 C:())VV) [m(vv)]Q + Cgvs) [mgrvs)]2 + d37 S a2] .
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Chiral and continuum extrapolation
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Axial couplings

Final extracted values

- I

g1 = 0.449 & 0.047 4o + 0.019 oy

{go = 0.84 £0.2044at = 0.04 gyst | o 7.2
6.4
0.9 - 6
: 0.8 4.8
e Sources of systematic errors b
0.7
Source g1 g2 gs 3.2
NNLO terms in fits of m,- and a-dependence 3.6% 2.8% 3.7% 0.6 {24
Higher excited states in fits to R;(t) 1L.7% 2.8% 4.9% 116
Unphysical value of m{*® 1.5% 1.5% 1.5% 05 '
40.8
Total 4.2% 4.3% 6.3% 0.4
05 06 07 08 09 10 11 12 0
- S, 92
* Dominated by statistical
errors
Monday, July 23, 2012 21



Decay widths

e Strong decays allowed for
heavy baryons

1 ky\° M
LS — Tx]=ct + L) =L s
5o Ta =t o (o ) S e

(1 for EEé;) — Ao 7%,

< 1 for ES)—HXQ 70,

Ce =

: 1/4/2 for E/Cg*) — g T,

[ 1/2  for Eg*)%EQWO.

* [/mq corrections important:
determine from charm sector

e Effective coupling vs |/mo

e Valid only at LO in HHYPT

L = A, 78] (MeV)

g3+/£J/mQ

20

15H — Fit, J = 1/2

e PDC, Y. — A, 7+
s PDG, ¥F — A, 7t

- Fit, J = 3/2

10

| | | |
170 180 190 200

| I
210 220
MEE:*) — MA(: (MGV)

!
230

—J=1/2
- J=3/2
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Decay widths

e (alculate (and predict) bottom and charm baryon
decay widths 6

| | | | I I I I I
14_—This work, J =1/2 . i
. o ) R - - This work, J = 3/2 T
adaron 1S WOor Xperimen T +
= 4.2(1.0) 9.7F3 8112 73] ~ 12 e CDF, X7 — Ay 7™ e 7
3, 4.8(1.1) 4.9731 £1.1 [13] Ei, s CDF, E;f-+lkbﬂi 7
it 7.3(1.6) 11.515: 7412 [13] — 101 T 7
I 7.8(1.8) 7577310 [13] S
=, 1.1 (CL=90%) = S ]
= 2.8 (CL=90%) L T 6l .
Zxt 2.44(26) < 3.1 (CL=90%) [70] —
=0 2.78(29) < 5.5 (CL=90%) [71] Al AL |
—
2_ —
e Uses determinations of 0

/ 1210 150 léO 1|70 1é|30 1S|90 Q(I)O 2iO QéO
=, =» masses from LQCD My = My, (MeV)
[Lewis & Woloshyn 09]
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Heavy hadron axial cou

dlINgs

* First complete calculation of axial couplings

controlling all systematics

R —

L g1 = 0.449 £ 0.047 yar & 0.019 ¢
gy = 0.84 £0.20 40 & 0.04y
| 0.71 +0.1240a¢ = 0.04 gyt

* (Considerably smaller than quark model estimates

* Pleasant consequences for convergence of

HHyPT

* Allows pre- (and post-) dictions of strong decay

widths (also T'[E} — Z.9])

C
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