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Lifetimes

1. Heavy hadron lifetimes are fundamental properties, therefore
important and interesting.

2. Crucial for testing our understanding of QCD in its interplay
with EW interaction.

B and D meson lifetimes are known experimentally at 1%o0 and 1%

Texp(Ba) = 1.517(4) ps,  Texp(BT) = 1.638(4) ps,  Texp(Bs) = 1.520(5) ps
Texp(D®) = 0.4101(15) ps,  Texp(D1) = 1.040(7) ps,  Texp(DF) = 0.504(4) ps

Until recently theoretical precision strongly limited by uncertainty due to
p-dependence of the free quark decay, only available at NLO.

2 5

I(Hq) = 192 192.3 Z|Vq1Q| |Vq2q3‘2<cqlq2qd+O(AQCD/mQ)>

Precision studies were focused on lifetime ratios (free quark decay cancels).
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Lifetimes

However, recent determination of NINLO corrections to free-quark
decay opened the road for precision tests also for lifetimes.

e Including the NNLO, B meson lifetimes determined with uncertainty below
~ 6%

e For D not yet included (currently large uncertainties)

e Further improvement possible by calculating higher orders in the HQE

Motivated by this we explore PT corrections to the power
suppressed terms for B and D hadron lifetimes.
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Lifetimes

We consider the CKM favoured decay channels for the heavy
hadron’s inclusive nonleptonic decays

e D-decays

[ ] C—)SCZU

e B-decays

e b— cud

e b— ccs

we keep m. ~ mp with p=m

(massless)

(one mass)

(two masses)

z/mg and light quarks are masless.
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The weak effective Lagrangian

We consider heavy quark Q decays into three quarks with different
flavors Q — ¢1G2¢g3 (no penguins)

Left = —2V2G 1 Vgy45 Vi, o (C1(1)O1 + C2(1)O2) + hec,

with color singlet and color rearranged operators

01 = Q'Y Pral ) (@vuPrds) . O2 = (QY"Pra1)(@2vpuPras),

e (1,2 by matching to the SM at ;4 = My, and evolving down to
w~ mg <K My via renormalization group at NLL.

e 01,2 mix under renormalization.
e Need to specify the treatment of ~5 in dimensional regularization

e The coefficients C1 2 scheme-depedent.
e The HQE correlators scheme-dependent.
e The coefficients of the HQE (combination) scheme-independent.
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The weak effective Lagrangian

We choose NDR. with definition of evanescent operators that preserves
Fierz symmetry in D-dimensions

Eq
E>

(Q' "7 v* PLa]) (@ uvvra PLas) — (16 — 46)O1
(@Y v*Prq1) (@27 v vaPras) — (16 — 4€) O .

Circumvents the algebraic inconsistencies arising when using anticommuting 5 in
D dimensions within closed fermion loops by avoiding them.

D

D
DD

s>
avg '
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HQE for inclusive nonleptonic decays

The I'pyg— x (@ — q132g3) obtained from

Phgox ~ Im(Holi [ doT (Lor(0)Len(0)} |Ho)

Since mg > AqQcp one can set up an expansion in Aqep/mg (HQE)

G’2 m5 5 12 M%;
Prg-x = 19273 ‘ Vasas V@l {CO (1 T om QQ) +Cu0%]
perturbative and non-perturbative contributions are factorized in:

e Wilson coefficients: C;(p) have a perturbative expansion in as(p),
obtained by matching to QCD.

e Forward ME of HQET operators: called hadronic parameters
pa = (HglhoDiho|Hg)/2Mp,

_ 3
e = 9ser(){HQlhvoapG i holHQ) AMug = < (M. — Mi,)

At as/mé we only need to determine the chromomagnetic term
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Inclusive nonleptonic decay rate at O(as/m})

e Take the amplitude of the 3-point function (Q — Qg) with kin. conf.
k p+k

LA
2

with p? = mé and k* ~ Aqcp

e Expand to linear order in the small momentum &
AY oy = A + AY%ka
e Project to the chromomagnetic operator
1
Cug ~ Cay Tr(AJuaPy) + Ca, - Tr(AL Pe[yL as 71 Al P)
At dim. 5 also operator ho (v- D)th, that contributes to higher orders in
1/mg after using the EOM (also the projector gets rid of it).
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Inclusive nonleptonic decay rate at O(as/m})

e Renormalization is on shell for bottom and charm quarks and MS for o
and the weak effective and HQET Lagrangians

(hooasGYho) B = Zog (hvoapG P hy)
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Inclusive nonleptonic decay rate at O(as/m})

) @ 3 @

5) ®) )

(9) (10) an (12)

“3) 14) (15) (16)

e ¢ — sdu: cut 3 massless lines (numbers).
e b — cud: cut 2 massless and 1 massive line (logs and polylogs).

e b — cés: cut 1 massless and 2 equal mass lines (multiple polylogs).
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Results

¢ — sdu (massless)

LO
15 NLO
Parameter | Numerical value

a my 4.7 GeV
= 10t 1 me 1.6 GeV
Q p=m?/m} 0.116

12 0.5 GeV?

uZ 0.35 GeV?

e 12.4% reduction in the py-dependence of C, between m./2 < p < 2m.

e C} o LO numerically small due to accidental cancellations
= large NLO corrections.
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Results

To|Ves|?[Vual?

¢ — sdu (massless)

T'(c — sdu) w2 nZ,
= Co(l1-—"T Cue —=
(15 o

= (3.56L0 + 0.49n10)0 + (03510 + 0.43NLO ) e

Contribution % w.r.t LO

NLO partonic 13.7%
LO chromomagnetic 9.9%
NLO chromomagnetic 12.1%

NLO chromomagnetic corrections are significant for D-hadrons
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Results

2
E

b — cud (one mass)

LO LO
NLO 4 NLO

1o (GeV)
e (. smaller for larger p due to smaller phase space for decay.

e C}; LO numerically small due to accidental cancellations.
= LO overwhelmed by NLO corrections (specially at p = 0.116 and
p=my)

e C, changes sign at NLO w.r.t LO.
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Results

P
E

b — cud (one mass)

LO LO
NLO 4 NLO

u (GeV)

e NLO C} remains positive for my/2 < u < 2mj = NLO sets the sign.

e 1 dependence remains large but reduced by 20% = need NNLO to reduce
further.
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Results

b — cud (one mass)

I'(b — cud) w2 ) pZ,
_— Col1— = Raic
FO‘Vud|2|VCb|2 0( 2m§ * e 2m§

= (1.418L() + 0-104NLO)0 + (—0.004LO + 0'028NLO);LG

Contribution % w.r.t LO
NLO partonic 7.3%
NNLO partonic ~ 0.3%
LO chromomagnetic —0.3%
NLO chromomagnetic 1.9%

NLO chromomagnetic corrections significant for b — cud
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Results

5

b — ccs (two masses)

LO LO
NLO 0 NLO

e C),, smaller for larger p due to smaller phase space for decay.

e NLO corrections small for higher p and very large for lower p.
= numerical cancellations at low p.

e NLO corrections to Cj,, are 12% (for p = 0.116 and p = my)
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Results

b — ccs (two masses)

n LO LO
-- NLO OF N NLO

e In contrast to b — cud, NLO corrections to C),, are small.

e 1 dependence of C),, barely changes from LO to NLO = need NNLO?

16/19



Results

b — ccs (two masses)

T'(b — ces) ( u ) wZ,
— T = Col1- ™ + el
To|Veb|?|Ves|? m? G om?

= (0.343410 + 0.1155x1.0)0 + (—0.0130L,0 + 0.0016NL.0) ugs

Contribution % w.r.t LO

NLO partonic 34%

NNLO partonic ~ 4%
LO chromomagnetic —4%
NLO chromomagnetic 0.5%

NLO chromomagnetic corrections small for b — c¢s
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Summary

We have computed as corrections to the (Aqcp/mg)? terms in the HQE
of inclusive nonleptonic decays of heavy hadrons (Q — q13293).

The corrections have a significant impact for ¢ — sdu (12%) and b —
cud (2%), and are small for b — c¢s (0.5%).

For ¢ — sdu and b — ctd the as(Aqcep/m@)? essential to determine
the size of power corrections (comparable or bigger than LO).

Overall, important for precision studies of B and D hadron lifetimes.
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Outlook

Penguin operators/diagrams for b — c¢s decay.

O3_¢ O1,2 O1,2 Os O1,2 O1,2

Update of D-meson lifetimes by including the recently obtained a2 and
as(Aqep/mq)?

Computation of as corrections to Darwin coefficient might have impact
on 7(Bs)/T(Byg).
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