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B-MIXING

,C,ll
M|, |T'12| and ¢,= arg(— M5 /I'15) can be related to three observables:

B Mass difference: AM = My — M, ~ 2|M;5| (off-shell)
Mis| : heavy internal particles: t, SUSY, ...

B Decay rate difference: Al' := 'y — 'y = 2|I"15| cos ¢ _(on-shell)
1'15] : light internal particles: u, c, ... (almost) no NP!!!

B Flavor specific/semi-leptonic CP asymmetries: €.9. B, — X!v (semi-leptonic)
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Mass difference A,

Experiment.: HFLAV 2021

Amg=17.741 £ 0.020 ps”! Amy=0.5065 +0.0019 ps~!
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In the SM one operator:

Q = 5y, (1 — 75)b" x 574*(1 — 75)b” Non-perturbative theory input:
- ] 1) Lattice: ETM, FNAL-MILC, RBC-
(Q) = (B/IQIB,) = 3 Mg, [, B(n) UKQCD, HPQCD

2) Sum rules: Siegen, Durham



Mass difference A,
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Very active field:

- Flag 19: mostly FNAL-MILC (2/16)

RBC-UK: 12-18

= Sum rules: Durham 4/19 (based on

Siegen 16-18, Durham 17)
HPQCD: 07/19

New averages of lattice and sum rules
Di Luzio, Kirk, AL, Rauh
1909.11087 JHEP

AMeree 2019 — (0.53370.038 ) ps ™! = (1.0570:07) AMS™P,

AM e 2019 — (18.4797) ps™! = (1.047807) AMS™,




Decay rate difference AT,

Calculation is more difficult than mass difference - use Heavy Quark Expansion

A3 A4
Flg — —3F3 | 4F4—|—....
my, my,

Each term can be split up into a perturbative part and non-perturbative matrix elements

’ Qo o%: _ .
L, — FZ(0) | 4;F§1) | (475) F(2)+ <Od_z+3>

- - R RGaEs

")DPs*) (07 (1 — 4”)s”

Sum rules and lattice 1909.11087

Status of theory predictions known HP-QCD 1910.00970

S\
ng/‘/':a/ \Q47Q5732733

Obs.| Ty [TV |15 |(02=5) [T 1§V [(0=7) ||~
Do [+ 5 [ F |+ 0 |+ [10.5+ (x* %)
0 |[+4++|[++][ 0 | + 104 (x **)




Decay rate difference AT,

Relation to experiment q
q - - Decay constants cancel
M 12 AM q completely
q - Bag parameter cancel
F12
C¥ _ 4 largely
Y —
MCI sl
12

SM predictions (AL, Tetlalmatzi-Xolocotzi 1912.07621)

SM2019 __ 1 1
Al = (0.091 £0.013) ps™ " . Good agreement
ATHFLAV2021 _ (0,082 + 0,005) ps—"! - Experiment about 3 times more precise
SM 2019 __ n 103 a1
Al =(2.6+0.4)-10""ps - Might solve the DO di-muon asymmetry oos———
o i 0.670:— \TLAS Bs - Jhl/gb —
ATHFLAV202L — (0.7 + 6.6) - 103 ps~! Experimental number needed | () ATLAS _5

0.665

—_—

'a 0.660 I 2007.02434 -

SM 17.11.02100
- ) . CMS
0.655 - LHCb

- Strong test of HQE '
- Violation of Quark hadron duality must be small T T T TR T YT TPR T

AT [ps_l]




Semi-leptonic CP asymmetries

Relation to experiment

q
§R F12 _ AFS - Decay constants cancel
AMq completely

- Bag parameter cancel

I‘({ . > ; largely

|
Q

- S
CP VIOIatlng! Mq
12

SM predictions

a;,SSh’IQOlg — (206 4 018) . 10—5 a},SHFLAV 2019 — (_60 + 280) . 10—5
af SN2 = (473 40.42) -10~ ap, YA = (—21 £ 17) - 107

- a9 = 480 - 1075 sin b7
- Very sensitive to BSM effects! 1s 12
- Experimental number needed pmannmg



Semi-leptonic CP asymmetries

Relation to experiment

q
§R F12 _ AFS - Decay constants cancel
WVE. A M completely
12 q - Bag parameter cancel
9 largel
QY F12 _ .9 9cy
CP violating! | > Vi a g
12
SM predictions -
75| 68% C.L. contours
s, SM 2019 _5 20 7 Uparade II (300/fb)
afs — (2.06 T 0.18) - 10 15} / |
O
] 51 - Standard Model
= S
d,SM 2019 _ Z ot : - |
af, = —(4.734+£0.42) - 107* > sl
‘ 10l LHCb Run 1 (3/fb)
15+ BaBar+Belle Run 1-3 (23/fb) il
- _2(5) _ DO A,,
- Very sensitive to BSM effects! I T
- Experimental number needed 7280 -70 -60 -50 —40 -30 720 -10 0 10 20



BSM Contributions to Mixing

. General BSM contribution to Mlq2 = MISM’q | A \e“bq (AL, Nierste, 0612167)

This phase arises e.g. in the extraction of f and f,

—xperiment actually measures ﬁEXp = ,BSM + 5¢dA 1 ﬂpeng ﬁﬁfnf

General BSM contribution to Fcfz =1 fM’q | A e iy (AL, 1106.3200)

Mixing phase in the semi-leptonic asymmetries ¢1‘12 = ¢182M R ¢qA T+ 6’5?



BSM Contributions to Mixing

- How large can the new physics phases be?

BEXP _ gSM = 20 14°—23.7°+ 1.5°= — 1.56°+ 1.5° ) <5 =>al<42-107

BEXP _ BSM — | 46° — 1.06° £ 0.7° = 0.4° £ 0.7°

\)

BSM in tree level decays? (AL, Tetlalmatzi-Xolocotzi 1912.07621)

Fip  _To" fodal — " (*—“)z Liy” —20f5" + 45"
Mg, My A Mp At M,
Small imaginary part in b — ccd, s could have huge effect in aﬁ’s

Some recent excitement about colour-allowed tree-level decays > So

Can a’, be measured in B, = D ™?

al < aSElXP’q ~ +280(170) - 107>

sl —

Or can we do better?

2007.10338
2008.01086
2103.04138
2103.10332




BSM Contributions to Mixing

AL, Tetlalmatzi-Xolocotzi 1912.07621

_1'—52.5 -2.0 -15 —i.O —é).S Oi.O 0.5 _1'—52.5 —i.O —i.5 —i.O —05 OO 0.5
R& AC{ (M) Re AC; (M)
aS"; IS not constrained beyond the asl seems to constrained to about half of the
experimental bound experimental value (=140 - 107>) from ©(B,)/7(B,)

BUT a proper treatment requires inclusion of Darwin term
AL, Piscopo, Rusov 2004.09527
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A relation to trick them all
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A simple relation for B;-mixing
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Abstract

We reinvestigate a simple relation between the semileptonic CP asymmetry af;,, the decay
rate difference AI'y, the mass difference AM; and Sy4 extracted from the angular analysis
of the decay By, — ¢, which is regularly used in the literature. We find that this relation
is not suited to eliminate the theory prediction for I'y,, it can, however be used to determine
the size of the penguin contributions to the decay By — 1¢. Moreover we comment on the

current precision of the theory prediction for I';5.
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Abstract

CP violation in B%-B? oscillations is expected at the 1075 level in the Stan-
dard Model but could be enhanced by New Physics. Using B? — D, {1y,
decays, LHCb has recently reported the new result (0.39 4 0.33) x 1072 of
the corresponding observable af. We point out that other current B decay
data imply a¥ = (0.00440.075) X 10~2. In view of this strong constraint, we
propose to use B? — D ¢*v, and similar flavor-specific decays as a new tool
to determine both the production asymmetry between B? and B° mesons,
and the CP asymmetry in the subsequent DT decays. The former serves as
input for analyses of CP violation in B? channels, with significant room for
improvement, while the latter offers an exciting laboratory for New Physics.



As soon as Exp gets close to
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Renormalization scale setting for D-meson mixing
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A naive application of the heavy quark expansion (HQE) yields theory estimates for the decay rate of
neutral D mesons that are 4 orders of magnitude below the experimental determination. It is well known
that this huge suppression results from severe Glashow-Iliopoulos-Maiani cancellations. We find that this
mismatch can be solved by individually choosing the renormalization scale of the different internal quark
contributions. For b and ¢ hadron lifetimes, as well as for the decay rate difference of neutral B mesons, the
effect of our scale setting procedure lies within the previously quoted theory uncertainties, while we get
enlarged theory uncertainties for the semileptonic CP asymmetries in the B system.
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0. —0.004994-0.0000221 —0.00497-0.0005071
0.2. —0.004944-0.0000231 —0.00492—-0.000531
0.5. —0.00484 + 0.0000261 —0.00482 — 0.000591
1.0 —0.00447 + 0.0000371 —0.00448 — 0.000841
1.5. —(0.00287 + 0.0000917 —0.00309 - 0.00211




