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HQE: beauty vs. charm The observables

o The HQE is a double expansion in as(mg) and Agep/mq o Compute total widths

o In the beauty system (my ~ 4.5GeV): I'(B)=T3+Ts {O5) + T (Os) o+ 1672 | T (Os) N f\7<é7) L
m, my my m,
as(mp) ~0.22 Agep 19
mp

+ Strong dependence on value of b-quark mass in I's
+ Applicability of the HQE is well justified

o And|lifetime ratios

o In the charm system (m. ~ 1GeV):
T(B(s))/T(Ba) = 1+ [60(Ba)"*® = 6T(B{,)) "] 7(B{,)) P

as(me) ~ 0.33 Agep 44
Mme
« Can we still reliably apply the HQE? THIS IS NOT HELPING MUCH FOR c-HADRONS SINCE

4-g NON_SPECTATOR CONTRIBUTIONS DOMINATE !

Must compare HQE predictions with measurements

Maria Laura Piscopo Theory overview of lifetimes 7
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King, Lenz, Piscopo, Rauh,Rusov, Vlahos, 2109.13219 (c-mesons)

D-MESONS Gratrex, Melic, Nisandzic,2204.11935 (c-mesons & c-baryons)
(0) (1) (0) (0) ( (0)
Mass scheme Iy Iy I L'y LO I orwin
+0.17 +0.26 o 1740.02y  p2 +0.07\ _ HE +0.09\_ PD
= +0.08 +0.37 +0.01y _ p2 +0.05\ Mg +0.08\  PH
MS 0.69 —0.07 1.28 —0.29 (_010 0. 01) 0.5 GeV?2 (O°OO—O.O5) 0.25 GeV?2 (0'43—0.08) 0.1 GeV3
o 40.13 4+0.41 10.01y  p2 +0.06\ Mg 10.09y  Ph
Rinetic | 1.10Z057 | 1652035 || (-0-1410¢00) 550z | (0-012006) gaséave || (0-4470.08) gi s
+0.11 +0.41 0 1a+0.01y 42 +0.06\ _ H& +0.09\ _ Ph
MSR 0.93 —0.09 1.54 —-0.32 ( 0'13—0 01) 0.5 GeV?2 (0‘01—0 06) 0.25 GeV?2 (0'44—0 08) 0.1 GeV3
DD
WE  —(0.01 +0.222) B! + (0.01 + 0.21 2) B — (2.27 + 0.93 )¢l + (2.30 + 0.68 )¢’
D+
[ PI —(1.25+1.022)Bf — 0.172 B + (7.46 + 5.24 z)e] — 0.28 z €] —
WA —(0.13 + 0.052) BT + (0.13 + 0.05 2) B — (0.02 + 0.06 7)1 + (0.02 + 0.06 )] Observable Pole M5 Kinetic MSR
_ ) B 2B g e 0.41+0.39 0.36+0.48 0.4040.53 0.38+0.53
SL (0.08 + 0.01 ) BY + (0.08 + 0.012) B — 0.03 x ¢? + 0.02 z ¢} (DY) 1. 71+O 47+o a0 1. 43+0 4o+o o 1_77j0'45j0_45 1_68j0'43j0_44
D+
: L(DF) —0.07 06 050 | —0-277 055 ot0n | —0.075 066 0 7a | —0.13¥0:8i" 007
PI —(0.09 + 0.082) Bf — 0.01 2B + (0.55 + 0.39 2)€5 — 0.02 ¢} — ’
B+ +0.4940.44 +0.42+40.49 +0.47+40.55 +0.4640.5
WA (~3.66 — 1.382)B% + (3.66 + 1.382) B — (047 + 1.742)¢} + (0.47 + 1.602)c5 (D7) LT 060 00 | 143705 041 | L77M 058 00 | 1677056 0740
SL —(2.08 4 0.26 2) B + (2.09 + 0.272) B — 0.722¢} + 0.67 ¢}

Table 12: Contributions of valence dimension-six spectator operators to the decay widths of

charmed mesons, in units ps

-1

. in the MS scheme. The different contributions are separated by

the topologies defined in figure 2. The HQET bag parameters have been left unevaluated, but are
assumed to be renormalized at the scale pg ~ 1.5GeV. Their coefficients correspond to the scale
1= 1.5GeV. The factor z = 1 denotes the O(a) contributions. Semileptonic contributions involve

both e and p channels.




Lenz, Piscopo, Rusov, 2208.02643 (b-mesons)
Gratrex, Lenz, Melic, Nisandzic,Piscopo, Rusov 2301.07698 (b-baryons)

o j12(B) 1 (B) ph(B)
D(BY) = To| (897~ 044) — 0.14 T —0.24 720 13572
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N S
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King, Lenz, Piscopo, Rauh,Rusov, Vlahos, 2109.13219 (c-mesons)
Gratrex, Melic, Nisandzic,2204.11935 (c-mesons & c-baryons)
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COMPARISON OF PARAMETERS

Parameter B0 D+0 HQET, py = 1.5GeV B, By €1 €2
/B, [GeV] 0.1900 & 0.0013 | 0.2120 + 0.0007 B0 1.00267001%8 | 0.998270:9%2 | —(.01657:9299 | —0.0004+55200
A, [GeV] 0.5+0.1
D+ 1.002670-0198 1 0.998270-0052 | _(),016570:929% | —0.000470-929
) ) 0.477 + 0.056 0.465 4 0.198
i (By) [GeV?]
0.43 +0.24
0.294 + 0.054
pé(B,) |GeV? 0.34 £ 0.10
0.38 +=0.07
2y s, = (H|hy(iD,)(iv - D)(iD")h|H) + O(1/m,
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0.03 + 0.02 —95<H‘( 901+ 9O2+ 127-1 67?)‘]{) —|—(9(1/mc),
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(B,|O*| B,) 0.0023 5001 | —0.0017* 55070 | —0.0004 50655 | 0.0003* 55508
(D,|09|D,) 0.002679-012 | _0.00189-0017 | —0.000479:091> | 0.000370:0012
(Ds|0D,) 0.0025%0 0503 | —0.001870 0675 | —0.000470:0055 | 0.0003*4:000%
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Mass-scheme dependence

mP® =4.82GeV, m =1.55 GeV

NNLO — NLO LO = = I'(Ba)exp

pp [GeV]

() | Me(3 GeV)

‘ NNLO — NLO — LO - = I'(Ba)exp

[Egner, Fael, Lenz, MLP, Rusov, Schénwald, Steinhauser '24]
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For b- hadrons:
kinetic mass scheme for m,
and MS scheme for m,

For c- hadrons ?
kinetic mass scheme for m,,
and MS scheme for mg ?7?



Possible improvements??

- resummations ?

- ratios/combinations of results?

- better determination of parameters and combination with experiments?
- another scheme form_.? (doubly-heavy baryon lifetimes?)

Beneke, 2108.04861

charm Me 1-loop | 2-loop | 3-loop | 4-loop Sum
me | 1.280 | 0.211 | 0.202 | 0.282 | 0.510 | 2.4867) 15,
mers | 1.280 | -0.017 | 0.037 | 0.026 | 0.005 | 1.331790500
memsr | 1.280 | 0.046 | 0.022 | 0.010 | -0.002 | 1.3567¢ 0o
meps | 1.280 | 0.046 | 0.052 | 0.034 | -0.019 | 1.3931000¢
meps+ | 1.280 | 0.046 | 0.052 | 0.034 | 0.002 | 1.41470009
Mexin | 1.280 | -0.073 | -0.062 | -0.017 | — | 1.12870005

Dulibic, Gratrex, Melic, Nisandzic, 2305.02243

RS, MRS = renormalon-subtracted masses
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