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b-hadron lifetimes: experimental values

o Lifetimes of b hadrons are measured precisely at the experiment

o HFLAV and PDG

B* BY B? B
7 [ps] 1.638 +0.004 | 1.519 +0.004 | 1.521 +0.005 | 0.510 + 0.009
7(X)/7(BY) || 1.076 + 0.004 1 1.002 4 0.004 | 0.336 + 0.006
Ay =5 = Q,
7 [ps] 1.47140.009 | 1.480 +0.030 | 1.572 =+ 0.040 1.641938
7(X)/7(BY) || 0.968 4 0.006 | 0.974 +0.020 | 1.035 + 0.027 1.08%912
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b-hadron lifetimes: theory

o Total width of a hadron B is given by

= 5= 3 [ @089 (s~ ) (X (o) e Blpe)

X ps

Optical ﬁlm (B(ps)| i / d*x T {Hen(x), Herr (0)} |B(ps))

o Computed using heavy quark expansion (HQE) in powers of A/m;, < 1
T(Bl) _ rb+6r62 _
T(Bz) My + Mg,

o May be sensitive to New Physics contributions

7’(61) _ Fb+(5l'32
7‘(82) - rb+5r[51

¢ Ratio of lifetimes + (6T, — 0lB,) T(B1)

=1+ (015" = oT5)") 7(B) + (0T — oT7) 7(B1)
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HQE: diagrams

[(B) =T3+T5 (Os >+r —<O6>+ 41672 |6 —<O§> N
my mj my, mj,

I = r(O) + %Fgl) =+ ...
47
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Status of short-distance coefficients

Determined recently In progress/planned (Siegen, Karlsruhe)
Semi-leptonic Non-leptonic

Lo | NLO | NLO | NLO Lo | NLO [ N2LO
M3 v v v Ve v v 2
s v v v V2
e v VE v
s v
Ig v
i v v v v
i v v

1 [Fael, Schénwald, Steinhauser (2011.13654)], [Czakon, Czarnecki, Dowling (2104.05804)], [Fael, Usovitsch (2310.03685)]
2 [Mannel, Moreno, Pivovarov (for me = 0) (2304.08964)] (including m. effects in progress)

3 [Mannel, Pivovarov (1907.09187)], [Mannel, Moreno, Pivovarov (2112.03875)], [Moreno (2207.14245, 2402.13805)]

# [Lenz, Piscopo, AR (2004.09527)], [Mannel, Moreno, Pivovarov (2004.09485)]

5 almost finished [Egner, Fael, Schonwald, Steinhauser]
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Status of non-perturbative matrix elements

In progress/planned (Siegen, Aachen)

(@s)B, | QCD sum rule v

(Qs) B, HQET sum rule v/

Fit of inclusive data! v/ Lattice QCD

Lattice QCD v (@6>Bs HQET sum rule v/
(Qs)p, | Spectroscopy relations v/ Lattice QCD
(Qs)B | Spectroscopy relations v || (Qg)n, QCD sum rule v/

(Qs)B, | EOM relation v/

Fit of inclusive data! v/

6)s | NRCQM v

(Qs)g, | EOM relation v/

Sum rule v

( 7>de5 VIA v
QCD sum rule

(Qs)s | EOM relation v/
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B-meson lifetimes and ratios

[Lenz, Piscopo, AR (2208.02643)]

mm Experiment
F(B+) D HQE Scenario A
Bl HQE Scenario B
F(B") —_— Scenario A
3
N5 i larger pb, larger SL3)F
. . . . . . . . (p"b from fit of inclusive semileptonic data by
05 055 06 065 07 075 080 085 [Bordone, Capdevila, Gambino, 2107.00604])
Ips7']
7(BY) — Scenario B
—_— e
7(Ba) smaller p3), smaller SU{3YF
7(Bs) o o Expcn:ncut . (p3 from fit of inclusive semileptonic data by
. QE Scenario A D
7(Ba) mm HQE Scenario B [Bernlochner et al., 2205.10274])

0.98 1.00 1.02 1.04 1.06 1.08 1.10 1.12

< Recent fit of all observables (incl. partial NNLO results) is consistent with Sc. A [Finauri, Gambino, 2310.20324]
< Full NNLO corrections to semileptonic q2—spectrum have been recently determined [Fael, Herren, 2403.03976]

© Extraction of p%(Bs)/pB‘D(Bd) from LHC data using a sum-of-exclusive modes technique
[Cian, Feliks, Rotondo, Vos, 2312.05147]
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Theory uncertainties in B-meson lifetimes

I'(B) 7(B*)/7(Ba)
H # (Og) s
My Ho
CKM 10
(O6) CKM
m other W other
I'(B,) 7(By)/7(Ba) Scenario A
"l
H ~
(O6) B,
My, 2
CKM re
other Hx
W other
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b-baryon lifetimes and ratios

[Gratrex, Lenz, Melic, Nisandzic, Piscopo, AR (2301.07698)]

T(A}) -
I(Z) i~
I'(Zy) i ,
mm Experiment
IN(U) ’ HQE

05 055 06 065 07 075 08 08 09

[ps7]
hidiecd BINES
7(Z9)/7(By) R

TE)/T(E) |

0.88 0.92 0.96 1.00 1.04 1.08 1.12 1.16 1.20 1.24
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Theory uncertainties in b-baryon lifetimes

& Composition of uncertainties in total decay width of b-baryons similar to B-meson case

7(Ay)/7(Ba) (O6)a, () /7(Ba) (Os)o,
(Oc) s, O(1/mj)
O(1/my) ob
b [ (Oc)s,
W po.n W pio.n
) . g g
LI LI
m other m Other

T(Z)/7(5)
(O0)=,
o(1/my)
H
Ho.h

m Other
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B-mixing: introduction and experimental values

d ﬂ’i’f D —<—d AN

o Mass difference AMy = Mg, ,, — Mg, ,, = 2|MJ,| g=ds
o Decay rate difference ATy =Tp, ,, — g, ,, = 2|, coso],
¢ Flavour-specific CP asymmetries aj, ~ /V/qu sin o7, 9, = arg(—M, /1)
o HFLAV values

AMy = 0.5065(19) ps~* AM, = 17.765(6) ps~*

AT 4/Ty = 0.001(10) AT = 0.083(5) ps !

a9 =—21(14)-107* a5 = —60(280) - 107>
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B-mixing: theory

d §“7%t§ J d b,

o Off-shell part of the box diagrams
Mfz ~ |Vt>t7 th|250(xt)ﬁB f.‘iBf
~
~{Os) 84

o On-shell part of the box diagrams (within HQE)

b SOty
(O6)B,  =q(O7)8 +> \/J‘\/

SRE

e, =16n2 <rg 3 -
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Theory status of B-mixing

In progress/planned (Siegen, Karlsruhe, Aachen)

] o | no [ NNLO [ (@s)s, | HQET sum rule v
e v v v Lattice QCD v/
r7 v (Qs)5, | HQET sum rule v/

Lattice QCD v/

1 . . . . =
[Asatrian, Hovhannisyan, Nierste, Yeghiazaryan (1709.02160)]
(Q)e, | VIA v

[Asatrian, Asatryan, Hovhannisyan, Nierste,

Tumasyan, Yeghiazaryan (2006.13227)] HQET sum rUle

Gerlach, Nierste, Shtab ko, Steinh
[Gerlac ierste abovenko, Steinhauser <Q7>Bs VlA ‘/
(2106.05979, 2202.12305, 2205.07907)]

9 at NNLO) HQET sum rule

2, 2 : :
my /mj, corrections in progress (needed for aj
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AM,, AT 4 and af

[ArXiv: 2402.04224]
| | ® HFLAV'23
FNAL/MILC'16 AFY = (2.7404)-10-3ps1
0.65 - RBC/UKQCD'18 o = (2 4)- ps
L Sum Rules’19 Al = (91 + 15) . 1072 p571
HPQCD'19
T 0.60 - {80 Combined
& L FLAG'13 ‘ AT
= , 4 - (505+6.8)-107*
4 05| AMy
AT
g = (49.947.9)-107*
AM;s
050 -
045 T a4 = —(5.1+05)-107*
5 16 17 18 19 20 21 22
a5 = +(22402)-107°
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Theory uncertainties

BY
AM, AT, ! ) R

/B B,
Vo 15, / Bz\l
7 / m B¢
other o -

ey

m other

JAVRR ] B;—?)
Bk,
f8./Bi 1
Vo f5./B}
other u B
uV,

|

W other

Aleksey Rusov
Status of b-hadron lifetimes and of neutral

eson mixing




Theory uncertainties in Al',/AM,

ATy/AM,

d
Ry

1y

Bj,

m other

AT, /AM,
B;?;
B,
i
B3

m other
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Conclusion and outlook
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Outlook: b-hadron lifetimes

o HQE predictions for b-hadron lifetimes in good agreement with data

o Further improvements

Non-leptonic B-mesons b-baryons
LO | NLO | N2LO | [ (Os) | Fit incl. NNLO res.
| v | v | ¢ SUE)F ?
s v D2 (Os) LQCD © LQCD ?
T v D (O7) HQET SR ©
rs @
|:6 v v @ & in progress/planned
= — Lalmost finished [Egner, Fael, Schénwald, Steinhauser]
I7 v g 2including me effects in progress
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QOutlook: B-mixing

Predictions for B-mixing observables also consistent with current data

¢ Further improvements

] o | no [NnLo | [(@els, [ ¢ Lattice QCD
F6 v v (Qs)s, | v Lattice QCD
K v (Q:)8, | HQET sum rule ©

(Q:)5, | HQET sum rule &

€ in progress/planned

1 q

mg/mlz7 corrections in progress (needed for ap at NNLO)
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Backup
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Two-quark contribution

LS ! %‘ il

[

o Perturbatively calculable short-distance coefficients

r=r®4 2er®
=m0 o

* Universal for all heavy hadrons containing a b-quark
o Matrix elements of two-quark operators (Os), (Og), ...

» Depend on b-hadron spectator quark(s)
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Four-quark contribution

N \f\/ N
PR S

¢ Perturbatively calculable short-distance coefficients

=04 Zfm
' ! 47!

* Dependent on b-hadron spectator quark(s)

o Matrix elements of four-quark operators (Og), (O7), ...

* Depend on b-hadron spectator quark(s)
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Definition of non-perturbative parameters

o Matrix elements of dimension-5 two-quark operators
2mp 115 (B) —(B(ps)Iby(iD,)(iD*)b, |B(ps))
2mys 11G(B) (B(ps)|by(iD)(iDy)(—ic"" )by|B(ps))
¢ Matrix elements of dimension-6 two-quark operators
2ms ph(B) = (B(ps)|B.(iD,)(iv - D)(iD")b, | B(ps))
2mg pis(B) (B(p)|by(iD,)(iv - D)(iDy)(—ic"") by|B(ps))
o Dimension-6 four-quark operators
Of = (hy7u(1 = 78)a" ) (@' (1 = ),)  OF = (h,(1—75)q")(@ (1 +s)M,)
0 = (h7u(1 = 1)@) @ (L —s)hy)  Of = (h(1 = 5)@) (& (1 +75)h})
o Matrix elements of dimension-6 four-quark operators for B-mesons

(BqlO7|Bq) = fliMlqu Bn(Bq)
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Definition of non-perturbative parameters

© Matrix elements of dimension-6 four-quark operators for b-baryons
in non-relativistic constituent quark model (NRCQM)

(Ao OFINs) L 4 Ms; — My, WE(O)
2M, 93 Mg — Mg
2M=, 2M=, 93 Mg. — Mg
G 105) _ (SOt _ | 4Ms - Mey s
2M=, 2M=, * 3 Mp; — M,
<Q;|Of|Qb_> =—y 6ﬂMQZ MQb‘\UBS(O)F
2Mq, *" 3 Mp; — M,
2 b b
B, BQ(HO) my m
VEOF = =5 Y= e (BIOslB) ~ (BOTIB)
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