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http://ckmfitter.in2p3.fr/

The LHCb Detector JINST 3 (2008) S08005

m Optimised for beauty and
charm hadrons

m Single-arm forward
spectrometer: 2 < n < b

m Momentum resolution:
Ap/p ~ 0.5% (low p)

m Impact parameter resolution:
15 um (high pT)

m m(B— hh) resolution:
22 MeV/c?

me(K)~95% at 5% 7 — K :
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https://doi.org/10.1088/1748-0221/3/08/S08005

m Bl — DD: LHCb-PAPER-2021-023 (in preparation) NEW
m BY— D**DF: JHEP 03 (2021) 099
m B%— D7~ Eur. Phys. J. C81 (2021) 314

Related talks:
m Measurements of the CKM angle v at LHCb - Mark Whitehead
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https://doi.org/10.1007/JHEP03(2021)099
https://doi.org/10.1140/epjc/s10052-020-08790-2
https://indico.desy.de/event/28202/contributions/105895/

B(B: — DD) LHCb-PAPER-2021-023

) .
m Search for 14 B — D((:))JFD(*)0 . - -
decays Bt ol

(=)
m Bf— Df D? alternative for

measuring v: A ~ O(1) b -

m Predictions [pro g6 (2012) 074019]: W ulj“
m B(Bf — DFD°) =23 x 106 "

m B(Bf— DTD%) =32x10"° ) . o

Other predictions vary by up to RN
order of magnitude i

VZA(Bf = DiDY)
7 A(B; = D;DY)

m 3 measurements can constrain BZ
theory ‘

v
A(Bf — DD = A(B; — D;D")

[PRD 62 (2000) 057503]
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https://doi.org/10.1103/PhysRevD.86.074019
https:///doi.org/10.1103/PhysRevD.62.057503

LHCb-PAPER-2021-023

(=)
m Fourteen decays in six DD° channels (D = D+, DF, D*+)
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B(B: — DD) LHCb-PAPER-2021-023

LHCb prefiminary
6fb

Low BDT

m 3fb! 2011-12; 6fb~* 2015-18 A
m Normalise to Bt — DD° f
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fe B(B& = DD) _ Nsrpp €+ ppo
fu B(B+— DD®)  Ng:._,ppo €gtpp

Medium BDT
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m Fit simultaneously to bins in
Boosted Decision Tree (BDT)
response to improve sensitivity
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B(BX — DD) LHCb-PAPER-2021-023
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LHCDb preliminary —— Total model

6fbt B DD

High BDT B 8- 0D+ DI

g

Events/ ( 15 MeV/c?)
g

m 340 evidelce for d
Bf — DS*DO w

B(Bf — DFD°) =

(3.5713703 +1.0) x 107* .
(stat, sys, ext) 3

6 7
B(BH[1074]
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B(B: — DD) LHCb-PAPER-2021-023

m Upper limits on B at 90(95)% CL:

o LHCb ~+ Obenved ]

B(BF — DFD°) < 7.2(8.4) x 107* "

B(Bf — D#D°) < 3.0(3.7) x 10~ ol

B(B} — DTD°) < 1.9(2.5) x 107*

B(Bf — D*D% < 1.4(1.8) x 10~* T
B(B} — D**D°) < 3.8(4.8) x 107* - 7
B(BF — D**D°) < 2.0(2.4) x 10~ % o} et

ol o
plus eight limits on B — DX p(*) 0-22

using partially reconstructed decays

4 5
B(BY) [1079]
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B(B®— D**D¥) JHEP 03 (2021) 099

m Aim: First observation of

BY s D*=DF "o
b d,s
m B? — D**DT dominated by Bis) w C—
. b § d,s
W-exchange, penguin Dyt
annihilation and rescattering ‘

— Can estimate size of these w 47 e
subleading contributions to |0 ¢
BO_> D*iD$ d,s d,sxg

Dy~
m B%— DM+ DM~ decays ds|

used to calculate sin(2/3)
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https://doi.org/10.1007/JHEP03(2021)099

B(B®— D**D¥) JHEP 03 (2021) 099
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https://doi.org/10.1007/JHEP03(2021)099

B(B®— D**D¥) JHEP 03 (2021) 099

] Bg—> D**DT observed with high significance

m Combine results from all data-taking periods:
B(B2— D**DT)
B(B%— D**+DT)

B(B?— D**DF) =(8.414+1.024+0.12+0.39 + 0.79) x 10°

= 0.137 £ 0.017 = 0.002 £ 0.006

fs
(stat, sys, 7 B(B°— D**DT))

m Agreement with predictions which assume prominent
contributions from rescattering [pro a7 036008]
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https://doi.org/10.1007/JHEP03(2021)099
https://link.aps.org/doi/10.1103/PhysRevD.87.036008

m Most precise single
measurement of
B(B°— Dfn™)

m Extract:
m | Vip|lanF|
m |ayg| = relative
size of
non-factorisable
effects

B Dr

m Measure collision energy
dependence of ;—2 using
Cabibbo-favoured

B&)—> D(_s)7r+ decays

Eur. Phys. J. C81 (2021) 314
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Fionn Bishop Beauty to Open Charm at LHCb, 26/07/21 13 / 16


https://doi.org/10.1140/epjc/s10052-020-08790-2

. Phys. J. C81 (2021) 314

—3- Data2011 + 2012

m 5fb~! collected in 2011-16

B(B°— D)

B(BY— D—rt)
(7.740.7 £ 05+ 0.3) x 1073
(stat, sys, ext)
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m Consistent with current world

average B(BO_> Ds_)'_ﬂ__) — % —3- Data 2015 + 2016
(21.6 4 2.6) x 1070 (o) 2
for [B(B— Din) [
rpr = tanf.— 0 — 2
= 0.0163+0.0007 £ 0.0007 £ 0.0033 5200 5300 5400 5500 5600 5700 5800

m(D] ) [MeV/c?]

(stat, sys, SU(3)-breaking) N = (112 £0.11) x 103

BO—Df 7 —
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https://doi.org/10.1140/epjc/s10052-020-08790-2
https://pdg.lbl.gov/

. Phys. J. C81 (2021) 314

B(B°— Dfr7) =

2 2 0 —\|2£2 2 0172 mimjmrmrmrmim =i
V|| Ves || F(B” = 77)[*fp s |anp | =2 *
s 017t LHCb E
11-3,‘““““”” o e e e e 0.168F i
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https://doi.org/10.1140/epjc/s10052-020-08790-2

current LHCb — Upgrade | ——— Upgrade Il—»
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3.40 evidence for B — D} D°

m First observation of

Max Luminosity [10%/cm?%s]
Integrated Luminosity [fb]

0 + '
B, — D**DT 10 "
m Most precise single measurement o o0
=
of B(BO% Dirn™) 2 °
m Substantial increase in data in eEe o me I N

Run 3 and beyond:

m First observations of rare
beauty to open charm
decays

m Improved constraints on
CKM parameters, e.g.
A’y ~ 150 W|th 23 fbfl [LHCb-PUB-2018-009]
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http://cds.cern.ch/record/2320509/
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B(B: — DD) LHCb-PAPER-2021-023

Upper limits at 90(95)% CL

B(B} — Dt D% + B(B} — DI D*°) < 4.1(4.9) x 10~*
B(B} — D:*D°) + B(Bf — D} D*°) < 7.0(8.5) x 10~
B(Bf — D**D°) + B(BY — D*D**) < 5.8(6.9) x 107*
B(Bf — D**D% + B(Bf — DTD*®) < 3.6(4.5) x 10*
B(Bf — D:*D*%) < 1.1(1.4) x 1073
B(Bf — D:™D*%) < 1.2(1.4) x 1073
B(Bf — D**D*%) < 0.9(1.1) x 1073
B(BS ) (6.

— D**D*%) <5.2(6.7) x 107*
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Eur. Phys. J. C81 (2021) 314

—§- Data 2011 + 2012
----- Signd B° . D™ 71
[ Combinatorial

B’ -~ DK*
A AT
18- Dy
B~ Dp*
mms’ - D

—3- Data 2015 + 2016

.
Q

Candidates/ ( 2.50 MeV/c?)
=
=3

Candidates/ ( 2.50 MeV/c?)

5000510052005300 54005500 560057005800
m(D™ ) [MeV/cq m(D™ 1) [MeV/cq

5000 510052005300 54005500 560057005800

Fionn Bishop Beauty to Open Charm at LHCb,


https://doi.org/10.1140/epjc/s10052-020-08790-2

Eur. Phys. J. C81 (2021) 314

B(B° = Dfn™) = ®|Vi|?|Ves|*[F(B® = )34 lane [

foe \/ B(BY— D )

= tan . 2°
o =Y S\ B(BY= D-7+)

m & =296.2 + 0.8 GeV 2 (phase space factor)
m F(B°— 77) = 0.327 4 0.025 from light-cone sum rules o 1

(2005) 014015, PLB 644 (2007) 38]

| fD(*') = 0.2499 4 0.0005 GeV from lattice QCD {rro 98 (2018) 074512,

PRD 91 (2015) 054507]
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https://doi.org/10.1103/PhysRevD.71.014015
https://doi.org/10.1103/PhysRevD.71.014015
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