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The beauty of colour-allowed tree-level decays
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The experiment of choice - LHCb

o
Enormous data set [Phys.Rev.Lett. 118, 052002 (2017)]

- o(pp = bbX) = 144 £ 121 ub
at 13TeV within LHCb acceptance [Eur. Phys. J. C 81 (2021) 314]
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Diverse decay channels studied . [Phys Rev. D 104 (2021) 032005
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Diverse decay channels studied [Phys. Rev. Lett. 113 (2014) 172001]
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| _ [Nature Phys. 18 (2022) 1-5]
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Usually very abundant decays
Charm resonance for background suppression

Less penguin and exchange
contributions cf. B — DD for
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Branching fraction
BB - D)
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Limited knowledge of h-hadron cross section
Reduce systematics by building ratios
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Precise inputs necessary
Yields of signal and normalization
Relative efficiencies
Often limited by hadronization fractions
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Sensitive to non-factorizing contributions

Precisely known theory inputs B(B° - D7)
Externally constrained |V, | "0 =\ "B(BY > D7+
Amplitude ratio rp) .
Important for CP in B — D¥r* , fre | BB > DFr)
In. = tan
Limited by knowledge of |ay| o " fp+r | BB = D)

[Eur. Phys. J. C 81 (2021) 314]
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Fitting kinematic dependency P — NBo-Dn €B0— D+

Relying on corrected yield ratios & NBo~p-z+ €0 Dy

Input from 5 different measurements

BB - D™ rn™) |
BB = D-nh) from theory or floating Correction factors

A: non-factorisable effects
Nr: form factors
N g exchange econtributions

fs - BB - D_7Z+)

fd %’(BO — D 7Z+)

Tho | BD™ = K'n ) p

g0 N NpNg B(Dy — KYK—77)
[Phys. Rev. D 104 (2021) 032005]
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Fitting kinematic dependency

. . . Nz _E _
Relying on corrected yield ratios A P — BY—Djn~ “B'>D-x*

Input from 5 different measurements Npo_,p-z+ €BV— Dy~
BB - D)
RB(BY - D-xt)

from theory or floating

[Phys. Rev. D 104 (2021) 032005]

Final state VS Relative or absolute Sensitivity Reference
B — DXputy, 7 TeV Absolute fs/ fa 8]
B — DXputy, 13 TeV Absolute fs/ fa 23]
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BY— D nt, B~ D~ nt 7 TeV Relative fs/fa 9]
BY— D nt,B"— D7t | 7,8,13TeV Absolute fs/fa , B(BY— D 7t) 24
BY— Jh¢, BT — JH KT | 7,8,13TeV Relative fs/fa, B(BY— Jhpo) 10
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Agreement with predictions
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_ [Phys. Rev. D 104 (2021) 032005]
Integrated fractions

Agreement with predictions
[Eur. Phys. J. C 80 (2020) 951]

Uncertainty halved cf. previous values
Crucial input to BF measurements
Many BF updated

Fitted B branching fraction ratios [Phys. Rev. D 104 (2021) 032005]

More precise than PDG average
B(BY — D r) often as normalization

Also improving many BF ratios
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Mass difference / oscillation frequency Am,

fromB) — D ™

[Nature Phys. 18 (2022) 1-5]
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* Very precise measurement |
> AmSDS” = (17.7683 £ 0.0051 (stat) = 0.0032 (syst)) ps—1 .<ui7

[Nature Phys. 18 (2022) 1-3]

» EXpected to be long-standing result ©
— B - D;nt =— BY - D_n" =— Untagged

~ Dominating average

¢ Crucial input for TD measurements
- yfrom BY - DFK®, etc
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Expected to be long-standing result [Nature Phys. 18 (2022) 1-5]

Description Systematic uncertainty [ps™!]
Reconstruction effects:
momentum scale uncertainty 0.0007 | eadi ' i f
detector length scale 0.0018 eading systematiCs 1Trom
detector misalignment 0.0020 detector (VELO)
Invariant mass fit model:
background parametrisation 0.0002
BY— D* 7" and B’ — D_ 7" contributions 0.0005 o(z) = 100 ,um/m = 001%
Decay-time fit model:
decay-time resolution model 0.0011
neglecting correlation among observables 0.0011
Cross-checks:
kinematic correlations 0.0003
Total systematic uncertainty 0.0032
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® Very precise measurement )
> Am>" = (17.7683 + 0.0051 (stat) + 0.0032 (syst)) ps—! '<U’;

- Dominating average: Am_ " = (17.7656 £ 0.0057) ps—! [Nature Phys. 18 (2022) 1-5]

Average

Dot 6fb~!

Dontrata™ 9fb™!

Drnt 1fb!

J/WKTK™ 2fb~!

J/WK+K— 3fb!

17.64 17.66 17.68 17.70 17.72 17.74 17.76 17.78
Am [ps™']
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BY mixing can probe b — sl*l~ anomalies 5| Wb ——s
Sensitive to BSM b5 couplings . o W
Oscillation frequency directly affected 5! >7< B BY|| ulel ulclt
b\ /s 5 SINEE
Agreement is crumbling lately
Precise measurements: [Nature Phys. 18 (2022) 1-5]

Prediction: [JHEP 05 (2019) 034]

(Combination of lattice and sum rule calculation)

Any possibility to improve prediction?
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=)

S| |
Oscillation frequency directly affected  »° >"< o BO|| wlen
bl u 5 .

Sl

Hadronic uncertainty reduced in ratios
(Not yet including update)

[JHEP 05 (2019) 034]

(Combination of lattice and sum rule calculation)

Where does this exp. uncertainty originate from? Only CKM elements?
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Discrepancy in BF [JHEP 10 (2021) 235]

Decay mode  LO NLO NNLO NNLO# Ref. [36] Ref. [38] Exp. [7, §]

Flavour specific asymmetry

B® - Dtr~ 420 4.4579%° 4.581022 474708 3.9370-% 2.65 + 0.15
Clean predlctlons B® - D*tn~ 3.77 4.00702 4137020 4267075 3.4570:53 2.58 £ 0.13
asz — ﬁ2()6 —+ ()18) . 1()—5 B - Dtp~ 10.98 11.6419-88 11.967982 12.28+140 10.42+1-2 7.6 4+ 1.2
JHEP Q7 (2020) 177] B 5 D*tp~ 10.32 10.957140 11.98+1:40 17 617188 g 94+0.72 6.0+ 0.8
Usua”y measured in SL B DYK~ 3.18 337701 3487014 3.01+032 326 +0.15 2.19+0.13
_5 i
— ( 60+ 280)- 1077 =a’ N B - D**K— 2.82 3.00193% 3.101029 2.5910-220  3.271037 2.04 +0.47
[Eur Phys. J. C (20 1) 81: 220] I ©o48 046 065
_ B - DYK*~ 548 5.80708 5.9470%° 5.25+0-62 4.6 +0.8
Null test due to exp. precision I o2 o e
BY —» Din~ 423 4497027 461702 4.39713% 4,42 +0.21 3.234+0.18
_ BY — Drtr— 351 3.7310% 3.8410% 2.2410-20 430700 24107
N P COUId aﬁeCt had ronlc mOdeS Bg N D;_K_ 3.21 3. 41+8 %8 3. 52+8 %g 3. 69+8 gg 3. 34+(1) 845 2.41 + 0.16
: : ' 0 — -+ BY - DitK~ 262 2797085 98gt066 3 9t0.99 1 g7+0.42 1.63 & 0.50
. no IreC In S —_ ¢ ]Z' 0.61 0.63 0.97 0.37
Table 3. Updated SM predictions for the branching ratios (in units of 102 for b — cutd and 104

for b — cus transitions) of B?s) — Dg:)HL_ decays at different orders in o, together with the results
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Discrepancy in BF _ i
I'(B() = f)—1(B,1) = f)

Flavour specific asymmetry = (B, = f)+T(B,(1) = f)
Clean predictions [yHEP 07 (2020) 177) |12 (1+ al) — | 51 (1 — af)
a} = (2.06 £0.18) - 107 P +a) + 120 - af)
Usually measured in SL [eur. Phys. J. C (2021) 81: 226] =a! ,if no direct CPV: ;= o,
aj = (=60 £ 280) - 10™ = a
Null test due to exp. precision Alra —AL

NP could affect hadronic modes AND; Ty — AND;7%) = AS, (D7)

SM: no direct CPV in B — Dzt
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Discrepancy in BF " _ [F(lfq(t) - f ) + T (B () = )] - [F(lfq(t) - f )+ (B (1) — f )]
massed LBy = f) +TBy0) = O] + LBy 1) = f) + T B0 — f)]
Flavour specific asymmetry

Clean predictions [yHEP 07 (2020) 177]
aj = (2.06 £0.18) - 107

Usually measured in SL [eur. Phys. J. C (2021) 81: 226 [
1

ai = (—60 +280) - 107 = a AT NAT gL

cos Am,t
untagged dir 1s 9)

cosh Ath/ 2

Null test due to exp. precision
[arXiv:2111.04478v1]

0.999

2
(BS, time integrated)

NP could affect hadronic modes (AL aeed) ™ Ay — a3
SM: no direct CPV in B — Dzt

Expected 107 sensitivity (Run3) [arXiv:2111.04478v1]
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Wide span of colour-allowed trees at LHCb / \

_ Measurements
Variety of measurements, e.g.:

BF, amplitude ratio r,_, constraint on | ay| |

Hadronization fraction f./f, very precise BF ProTing
Oscillation frequency Am,, constraint on bs coupling
Predictions
Systematics and inputs often limiting \ /

Strong/important interplay between theory and experiment
Excited for discussions
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