Studies of B mesons at LHCb

Yuhao Wang
on behalf of the LHCb collaboration
Peking University
@ EPS-HEP, Marseille
July 11, 2025

»
) P N\
&) ey @t
< 59 PEKING UNIVERSITY




B meson

@ Heavy quarkonium: ideal system to probe QCD both theoretically and experimentally
@ The B} meson: only ground-state meson composed of two different heavy quarks (bc)
v" Opportunity: unique features to extract information on both QCD dynamics and weak interactions

= the heaviest among known meson (~6.27 GeV), decay time (~0.5 ps) three times shorter than B*
= rich decay modes through weak interaction

b — c transition c — s transition bc > W* - qq Heavier, short_er-lived than B”
(~30%) (~60%) (~10%) hence less efficient to detect
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e.g. Bf » J/Ymt e.g. Bf - Bdn* e.g. Bf - D°K?
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B meson

@ The B meson: only ground-state meson composed of two different heavy quarks (bc)

v" Opportunity: unique features to extract information on both QCD dynamics and weak interactions

X Challenge: limited knowledge in experimental study

= unreachable in current eTe " colliders

= suppressed in hadron colliders as it requires simultaneous ¢c and bb pair production

N /) : N(Y(1S)) : N(BF) = 100k : 0.4k : 1 @ LHCb

~IM J/¢ @ 3pb™*

— —
(=) [
T

Candidates per 5 MeV/c?
o0

LHCb

Vs =13 TeV, L, =3.05 pb’|
3<y<35

2< p.< 3 GeV/c

| P
3150 3200
My [MeV/c?]

3100

RPN 1505057
3000 3050

[JHEP 10 (2015) 172]

Candidates/(20 MeV/c?)

80000

60000

40000

20000

[ LHCb —4— Data
| V{s=13TeV — Total fit
----- Signals ]
Background

~0.44M Y(1S) @ 277 pb~!

0<p, <30GeVc
20<y<45

L 1 L
11000

“10000
Mu*w) [MeVic?]

[JHEP 07 (2018) 134]

2000

Candidates / (5.0 MeV/c2)

~25k

4000

Bf(=J/prnt)@9fb~!
"+ LHCb ]
Bi—=Jlyr+
—+— Data

— Total fit

6400 6500
m(Jhyr*) [MeV/c?]

[JHEP 07 (2020) 123]

6200 6300

% Yuhao Wang



https://link.springer.com/article/10.1007/JHEP10(2015)172
https://link.springer.com/article/10.1007/JHEP07(2018)134
https://link.springer.com/article/10.1007/JHEP07(2020)123

Studies of B mesons at LHCb

@ The LHCb plays a leading role in the study of the Bf meson

v' Mass, lifetime measurements — dominating world average

v’ Various studies of new decay modes and production

@ This talk will focus on the recent progress on B/ studies at LHCb:

O New measurement of B} decays into single charm final states

[LHCb-PAPER-2024-035, in prep.]

New decay

O Observation of B — Dh*h™ decays
[LHCbh-PAPER-2025-028, in prep.]

New decay

O Search for B} - x.,(3872)n™" decay
[JHEP 06 (2025) 013]

O Observation of the orbitally excited BJ states
[arXiv:2507.02149]

:Exotic related]

New state

[arXiv:2507.02142]

O Observation of Bf — J/y ntn® decay [Not discussed]
[JHEP 04 (2024) 151]
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New measurement of B decays into
single charm final states

[LHCb-PAPER-2024-035, in prep.]

Preliminary




New measurement of Bf — DX decays

® The B} - D°K* was observed with 5.1 significance of using Run1 data

[LHCb-PAPER-2024-035, in prep.]
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[JHEP 06 (2011) 015]

} K+, K9, ¢, 7t ( Rpog = (f./f,) X B (B} > D°K*) = (9.3728+£0.6) x 1077 seen

=25 ~

Rpo, = (f./f,) x B (Bf - D°z%) <3.9%x 1077 not seen

= Rpog is nearly an order of magnitude larger than expectations from b — u and b — s transitions, and exceeds the
theoretical predictions

[PRL 118 (2017) 111803]

@® The measurement suggests a dominance of weak annihilation over b — u transition

K-f-’ K*O ¢’i
D™O| D+ D+
nu dd Ss

[ Motivation: to further establish the dominance of annihilation,
the following decays are studied using Runl + Run2 data
v  BY - D°K*,BY - Dt (follow-up study)
v' BY - D**K*(uu), Bf » DYK*°(dd), B} - D} ¢ (5s)

(search for new decay modes)
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New measurement of Bf — DX decays

Conclusion

Acp(BF — D°K+) =0.07+0.104+0.03  no asymmetry

Rpt o = (1.42£0.23£0.07 £ 0.11) x 1076, 1% Observe.
—6

Rpeog+ = (1.46 +0.30 £ 0.11 £ 0.05) x 1075, } Evidence

Rt =o(A0e18:00%9 40 )it

Rpog+ =(9.7+£1.0£0.4+0.3) x 1077, } Improve.

Bt & 1.4 521077495 % OL).

O Final states requiring Ss are significantly suppressed
compared to light-quark states
O Vector meson modes (D*°K*, DT K*°) are about
1.5 x more likely than D°K*
= 2 orders of magnitude higher than expected from W-
emission and penguin amplitudes, indicating the weak

annihilation dominates in these B decays

[LHCb-PAPER-2024-035, in prep.]
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Observation of B - Dh™ h™ decays

[LHCb-PAPER-2025-028, in prep.]

Preliminary




Observation of B - Dh™ h™ decays

@ Complementary to the analysis of previous Bf — DX decays [LHCb-PAPER-2025-028, in prep.]

X Comparing to B —» DX decays, the three-body decays are theoretically challenging to predict
v’ Experimentally, this study serves as a pathfinder for future CPV studies via new decay mode searches

@ Aim to measure the BFsof BY - D*K*n~,Bf - D**K*n~,Bf - DIK*K~

® Using B — B2n* as the normalization channel -
B} 14 _
@ The BF ratios are measured using Run1+Run?2 data 5 ’ % S]m
W+ ,4111, K+ ! by
b < < ﬂ] B Bf u e
d|" d
B(Bf = Dh*h™) _ Nt pwin-  Epiomnt  B(BY) b (d} a}D< "
= : : ” ‘ Dl > *
B(B} — Bwt) Npt_ por+ €BF—Dhth- B(D((S))+) ¢ g ‘ ’ ’
. . Estimated from  BF rom ’ Z\W
Signal yield imulati <
simulation PDG . W a|  Possible diagrams for the
C <d BY - DM*K*r~ decay
c o

% Yuhao Wang 9



Observation of B - Dh™ h™ decays

@ Complementary to the analysis of previous Bf — DX decays

[LHCb-PAPER-2025-028, in prep.]

X Comparing to B —» DX decays, the three-body decays are theoretically challenging to predict

v’ Experimentally, this study serves as a pathfinder for future CPV studies via new decay mode searches

@ Aim to measure the BFsof BY - D*K*n~,Bf - D**K*n~,Bf - DIK*K~

® Using B — B2n* as the normalization channel

@ The BF ratios are measured using Run1+Run?2 data

Prelimina
_Lroiimin

Conclusion
O All three decay modes are observed with significance
above 50 — 15t Observation
R(BS - D"K'T7n™) = (1.96 + 0.23 + 0.08 4 0.10) x 103
R(Bf — D*"K*r™) = (3.67 £ 0.55 4+ 0.24 + 0.20) x 10°
R(BY - DIYKTK™) = (1.61 £0.354+0.13 £ 0.07) x 1073

O Using BF(B} — Bdnt*) ~ 16.4 %, the study gives the
absolute BFs ~10™* [arXiv:hep-ph/0211021]
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Search for B} — y.1 (3872)t" decay

[JHEP 06 (2025) 013]



https://link.springer.com/article/10.1007/JHEP06(2025)013

Search for B} — y.1 (3872)rt" decay

@ x.1(3872) has never been seen in any exclusive B decays [JHEP 06 (2025) 013]

@® Compact-tetraquark interpretation expects a significant enhancement of L 0A- | __ Jym'n decay
=z B . _

the B - x.,1(3872)n™ branching fraction [Phys. Rev. D 94 (2016) 034036] @ F ATLAS , $Daa —SumofFits 1

c 7 X QN 0.08-(s=8TeV, 11417 { pata, - Template Fit

Again, we expect the decay BY — X(3872)=%z% to Z 0,06 ks % Data. - p?2Fit -

. N . . N . o . B SL T —_

have a large branching ratio, which is similar to _Z C L. g ]

BX — J/wr*, as both are factorizable processes and are ' 0.045 % a

proportional to C-) 4+ C*). The decays of BE to the 8 002: + ]

[cq][c q']-tetraquarks have the potential to map out a large X B .

number of anticipated states in this sector. o {r.-.:-.-.-.-.-.-.-.-.-.-.-==== rorssrssaneas]

@ In 2017, ATLAS measured the cross-section of y.1(3872) in pp collisions, —0-02:—[ | | R ._:
the result can be interpretated as a significant enhancement of y.;(3872) 10 20 30 40 50 6070
T : GeV
production in inclusive B} decays [JHEP01(2017)117] Py [GeV]

Short-lived component Long-lived component
(From B mesons)  (From other b-hadrons)

OppsBExX x B Bl —xc1(3872)X

= (20-E18-2 01 7
OppsbbX X Bhsxe1 (3872)x

= aim to provide additional experimental input and impose constraints
on theoretical models
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Search for B} — y.1 (3872)rt" decay

@® Search for Bf — y.,(3872)n*, x.1(3872) - J/Yy ntnm~

[JHEP 06 (2025) 013]
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Search for B} — y.1 (3872)rt" decay

@® Search for Bf — y.,(3872)n*, x.1(3872) - J/Yy ntnm~

@ Using the normalization channel: Bf —» ¢(2S)

® No B} — y.1(3872)n™ decay mode observed as signal

@ An upper limit for the ratio of branching fractions is set at
90 (95) % CL:

B+ B _
R = DeoxaBSIITL Exa GSRIRTIT. 0 05 (0.06)
Byt (2s)mt By 28y 3pprtn-
Conclusion

O No large enhancement for y.,(3872) production in
B decays is observed

O Previous expectations based on compact-tetraquark

interpretation are not supported by this measurement

[JHEP 06 (2025) 013]
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Observation of the orbitally excited B/ states

[arXiv:2507.02149]

[arXiv:2507.02142]



https://link.springer.com/article/10.1007/JHEP06(2025)013
https://arxiv.org/abs/2507.02149
https://link.springer.com/article/10.1007/JHEP06(2025)013
https://link.springer.com/article/10.1007/JHEP06(2025)013
https://arxiv.org/abs/2507.02142
https://link.springer.com/article/10.1007/JHEP06(2025)013

A brief history: expanding the B meson family

[arXiv:2507.02149] [arXiv:2507.02142]

@ In 1998, the B} meson was discovered at the Tevatron
@ Despite its ground state, only the 2S states have been observed at the LHC in 2014 and 2019

Spectroscopy of Mesons Containing Two Heavy Quarks E Q. = 288+5MeV g (L;.\:smofb_1 o~6 MeV /CZ + E?rzsun
Thatls a” We 8 J‘ . cB:M:1814MeV 60:_ Vs=13TeV Si+gnal o
. B 00) s o |- - b S0
know so far.. g o Dma 2 B:(28)*
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%303—
- - g
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< 7200 F 71 7150 7164 7266 4 R miE, e s MIB; 777) = MIB,) + mg; (GeV)
% [ g — 145 7008 7041 7045 ] [PRL 113 (2014) 212004] [PRL 122 (2019) 132001]
== i - L | 7036 FETTTT ST T T T T T T T T T T I T E T T E T ) o LA AL L AL L B B L R
E 1 6887 ! L L ASE —— Data E
16855 ! . I I F  LHCb Run 14+Run 2 al fi E
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§ I . [ E Same-sign 3
B T 1 . 1 [} - 3
1S ] . What is next ? £ oF 3
6400 -2 L6338 B_, Mass Spectrum ] i -t
16271 . ! ' g 5
| N i i
= - e 1 = =
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[PRL 122 (2019) 232001]
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A brief history: expanding the B meson family

@ In 1998, the Bf meson was discovered at the Tevatron

@ Despite its ground state, only the 2S states have been observed at the LHC in 2014 and 2019

@ What is next ? = Check the predicted properties of B} excitations [PRD 70 (2004) 054017]
1 M(B;") above the BD threshold : B.* = BD
J M(B}*) below the BD threshold : radiative and pionic decay to BZ

7600 k75727588 7565 7571 7568

7455 7475 7487 7563
—T7a72 7365 7376 7380

7250 7272 7372 7269 7276 7271
7120 7150 7164 7266 i

\]

N

S

()
T

_____ — 7145 7028 7041 7045 i
7036 BD

6800 | c70 5750 6768] 1D — complex decays,
- 2S5 el small rate (X)

Mass (MeV)

1P — radiative decay;,

6400 F—l6338 most promising (V) ‘

6271

1S B — photon too soft to reconstruct (X)

6000
's, ’s, °p, P, °P,°D, D, °D,°F, F, °F,

= B, (1P)* is the most likely to be the next !
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B_.(1P)™" in theory

(a) States mixing
. e N\

S§=0 -
(b) Decay branching fraction (L=1QKX(ES=0,1) {
S

(c) Masses and mixing angle

9+ :1 - 13P0,: 3P1: 13P2
B.(1P)* - B, vy i M € (6.68,6.80) GeV

Initial Final ~ Width  B.F. ] i State CQIl6] EFC [12] FUII [10
state state (keV) (%) ] 1P\ cosf sin6 1'P, 32 e GII6] 12 4[1:]
125, 1S, 0.08 100 i 13Py, 13P, \1P, )i \ —sin@ cosf) \13P, 1516338 6332 63
r, T — A ! J1'Sy 6271 6270 6286
1P} 138, 11 12.1 1°P, 6768 6762 6772
S ol 1P, 6750 6749 6760
Total 91 100
G 13 17.8 1°Py 6706 6699 6701
Total 73 100 o o °
— — = 01p 224° 204 28.5

* '~ 0(100 KeV)

.. . . (d) Production rate
negligible comparing to resolution

|1'P, PRy 1P, 1°P, 2'5, 225 [PRD 70 (2004) 054017]
Oprod [1b] ‘ 35 1.1 27 72 45 111 [Comput. Phys. Commun. 197 (2015) 335]
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B_.(1P)" in experiment

@ The mass shift due to the unreconstructed y¢o¢ from B,

1 Spin singlet 11P; fully decay to B,y:
Mreco = M(Bcy)

1 Spin triplet 13P; , 5 transition to Bz (13S;) and then to B,y

Mreco = M(ch) — oM

= triplet-derived mass peaks will shift downward by 6 M

@ Recall that the 1P;, 1P; are mixtures of 11P;, 13P, states

States 13P, 1P, 1P| 13P,
Bly Bly
Decays | B:*(— BXy)y - - B (= Bfy)y
‘ ) B (= BXy)y | BBV By | ‘
#peaks 1 2 2 1

Four states = Six peaks

= M(B:Y) reco — M(B,) is predicted within (340,520) MeV

1P

1S

S

_—

AN

Vsoft

13P,
1P,
1P,

13P,

135,

135,

B.(1P)

Bc
B

© The value M = M(B;) — M(B,) is unknown
since B; has not been observed yet
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Observation of the orbitally excited B states

[arXiv:2507.02149]
@ Analysis overview [arXiv:2507.02142]
1 Runl + Run2 dataset at LHCb corresponding to 9 fb~?! Shid  Magne  DMbeBlame HCALMuonDetec_mr
d B.(1P)™ reconstruction fillirescier N, |
v' B.(1P)* - By with B = J/r™, |/ —» u*pu~ e | (i \:ﬁ“j/ s
v' Calorimeter photon used (worse resolution, larger statistics) F Il il LIl
3 B.(1P)* selection 32?:;0;1 o _ ..
v' BDT classifier used to maximize S/v/S + B for B} candidates E il 6/?7T;T9
v' Cut-based selection performed in signal decay mode 2 E E Ty
3 Simulation éf | i S j/' e
v BcVegPy is employed to produce B.(1P)" and B/ states
photons convert photons convert non-convert
v The photon energy is corrected using y.; — J/Y y decay before magnet after magnet photons
N . y
= following the selection criterion in B,(25)* measurement ’ecgff_":;;‘s’ as c;;‘;?:i{g:?;—’j’s:’:rs
[PRL 122 (2019) 232001]
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Observation of the orbitally excited B states

@ A pronounced wide peaking structure is seen within the predicted mass range!

1 Distribution of B sideband ( (6340,6550) MeV) is shown as comparison

[ Structure is confirmed across different data-taking periods, magnet polarities, alternative selection criteria

[arXiv:2507.02149]
[arXiv:2507.02142]

@ How to interpretate the observed structure ? — theory-independent and theory-constraint interpretation!

W

N

Candidates / (5 MeV/c?)

[\)
T T

[S—
T 1 T T

— Data

— Total

Bl —=Jlyrt
. B!—>J/yK*
- - - Background

A AJ—{ﬁ\n 1 | 1 I 1 | |

6200 6300 164001 16500. l

M(B)) [MeV/c?]
= ~ 25 K B} reconstructed, compatible
with those in the previous analysis

\S] N W
S W =l
(=} (=) S

Candidates / (20 MeV/c?)

—
W
o

100

50

IIII|IIII|IIYI|IIII|IIII|IIII

LHCb 9 fb!

* Data

|:| B sideband

1000 1500
M(B?y) - M(B;) [MeV/c?]

= recall the predicted mass region is (340,520) MeV
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Observation of the orbitally excited B states

@ Theory-independent interpretation

[arXiv:2507.02149]

[arXiv:2507.02142]

d The mass-resolution relation of B.(1P)™ signal is studied using an ensemble of corrected simulation samples

1 The visible width of the peaking structure is ~ 37 MeV, while the width of a single peak is determined to be

~ 20 MeV = a minimal two-peak model is used to effectively describe the structure

240

x10°

W
T

220
200
180
160
140 F

I
T

IIIII
w
T

IIII

0
T T

Candidates / (5 MeV/c?)

—
T T T T

—+ Data
— Total

[ IB/—Jlyn*
| IB;—>J/yK*
--- Background

Candidates / (20 MeV/c?)

120 of
100
80 [
60 |-
4L
0L
O:

6400 6500

M(B}) [MeV/c?]

LHCb 9 fb!

—t— Data

— Total

----- Background
. |Peak 1

| |Peak 2

Conclusion ()

@ The structure is confirmed with global significance > 7o

@ The signal yield, effective peak positions are measured to be
N =182+25

M; = 6704.8 £5.54+2.84+0.3 MeV/c?
My = 6752.4+9.54+ 3.1+ 0.3 MeV/c?
@ The observed structure is expected to be contributed from

multiple B.(1P)* — BC(*)+)/ decays, which have to wait for

larger statistics and better resolution to be distinguished.

600
M(B.y) - M(BY) [MeV/c?]

800
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Observation of the orbitally excited B states

[arXiv:2507.02149]
@ Theory-constrained interpretation [arXiv:2507.02142]

1 Considering the possible presence of six peaks using Run2 data at 4/s = 13 TeV
[ For a given theoretical model, several properties constrained to predictions

v Fix the position of each peak to the prediction

Ni=L-0pqi BR; & -- estimated with simulation

____________________________________________________________________________________________

obtained from Gl model with masses and
mixing angle modified for each specific model

1 Different theoretical models were investigated
1 The total signal yield of B.(1P)™ can be extracted, with the relative production rate calculated

N(B.(1P)" = Bf) e(B7)

B=""NBH  wB.P)f - B

= represent the fraction of B} comes from B.(1P)™, predicted to be (0.17,0.19) based on NRQCD-based prediction
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Observation of the orbitally excited B states

[arXiv:2507.02149]
@ Theory-constrained interpretation [arXiv:2507.02142]

d Considering the possible presence of six peaks with several properties constrained to predictions
1 Different theoretical models were investigated

1 The total signal yield of B.(1P)™ can be extracted, with the relative production rate calculated
180

F 10°p

% 160 i?j::l Conclusion (I1)

g 140 _ éia(cll;sr;und @ All considered models provide a generally good description
12 120 - = Bz(lp} with p-values ranging from 15%-90%

% 100 |- I;gfﬁz) @ The Lattice QCD calculation is taken as the baseline, with R
O

80 |- measured to be

T LHCb 6fb!
60 Vs=13TeV

R =0.20+£0.03 £0.02 £ 0.03.

- Lattice QCD
. e = first-principle & provide highest p-value
ol @ The result is consistent with NRQCD-based prediction

600 | | | 800
M(B?y) - M(BY) [MeV/c?]
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Summary

@ New measurement of B decays into single charm final states

v New decay mode: Bf - DtK*Y

v' Evidence for Bf - D*°K™*, B} —» DI ¢ decay

v' Improved measurement of B — DYK?
@ Observation of BY - Dh*th™ decays

v New decay mode: BYf » DY¥K*n~,Bf - D**K*n~,Bf - D}K*K~
@® Search for BY — y.,(3872)n* decay

v" No enhancement observed, upper limit set

v’ Predictions based on compact-tetraquark models not supported
@ Observation of the orbitally excited B states
v New states observed: B.(1P)?

v’ Relative production rate measured in theory-constraint interpretation

@® With more opportunity in Run3, the LHCb experiment will keep making
important contributions to B} studies with closer collaboration between
theorists and experimentalists !

[LHCb-FIGURE-2024-017]

a E T 1 1]
O = -
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2 § Run 299924 ) 7% yy g
= 6000 F 4 Background 3
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'—g 4000 E_ 6 =(11.65+0.08) MeV/c? ” —-,,,:
© 3000 = E
2000 =
1000 & 3
0: oA L,
0 50 100 150 200 250
m(yy) [MeV/c?]
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= 16 =

N; - § % § § 350—:_%‘

gu i 300 >

o actual :' 250 4

:' 10 — — eXpecte s e .S' g
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_g 6 J 150§

3 4 // 100 5

§ 2 cee s sw” ‘ 50 &
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Thanks a lot for your attention!
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Observation of B} — J/yYyr*tn® decay

[JHEP 04 (2024) 151]



https://link.springer.com/article/10.1007/JHEP04(2024)151

Observation of B} — J/yYr*tn® decay

@ Motivation

[JHEP 04 (2024) 151]

D Tree_level b > tI‘anSltIOH B Likhoded&Luchinsky 2009 |16
Bd—=JApmt Y | Likhoded&Luchinsky 2000 [16]
[ Various prediction values B Likhoded&Luchinsky 2009  [16]
. . + + Bg_—h]/ll)ﬂ_'— Zhang 2023 [17)
= spin-counting: 3 X B(B; = J/Yyr™) y N v
[J Study the structure of intermediate states Chang&Chen 1992 [19)
. . . . Liu&Chao 1997  |20|
= potential tiny contribution from p(1450) [PhysRevD.61.112002] ColangeloteDe Fasio w07 bl
Abd El-Hadi, Muniz& Vary 1999 |22
Ebert,Faustov&Galkin 2003 123]
Ivanov, Kérner&Santorelli 2006 |24
a Hernandez, Noeves, &Verde-Velasco 2006 |25
+ + o+ ¢ Naimuddin et al. 2012 [26}27]
Tt 9 p ) al AR Qiao et al. 2012 [28]
W—{— u Rui&Zou 2014 [29]
B ¢ ¢ Issadykové&Ivanov 2018 (30
< < ° Cheng et al. 2021 131]
B(—j— J/-LI) Kiselev,Kovalsky&Likhoded 2000 1321[33]
- Wang,Shen&Lu 2007 [34)
C C
4 5
* Full Runl + RunlI dataset: 9 fb™?
28
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Observation of B} — J/yYr*tn® decay

@ Strategy

[ Measure the ratio of branching fractions between B} — J/Yyn*n® and B} - J/yrt

B(Bc-"- _>]/l/)p+) _ Np+ ) Ent
B(B: —>]/l/)7'[+) Nn"‘ Ep+

3 The BT —» J/YK** (- K*n®) decay is used to correct the detector resolution

[ The possible contribution from p(1450) is considered in simulation

@ Results

[ The Bf - J/yYntn® decay is dominated by B} — J/p* with a small admixture of Bf - J/Yp(1450)*

Candidates/(10 MeV/c?)

B+
R = B2 _ 980 +0.15+0.11 4 0.16
BBj—>J/1|m+

200—— — — 400 :
180F 4+ data LHCh ] = 350f LHCD o E
160; El E_(‘;;;lleﬁ::ﬁ] 9fp! - E 300E 9! + -_— ?} T % (n*n"[);:Lj
C total : 0 E otal B
140F l E = 2501 JF E
T F o |
HMH H E 150 + E
80E % # . 100E 3
601 HM #‘ HU E : N :
40 it = S0F- g B - E
: S\ f : NaC
s N S e - ++$Jff3
GE . A #ﬁ#*+;+¢++3+¢+¢+f++“+++¢+h n ] _505 L | R

6 6.5 7 0.5 1 15

M gt 0 [GeV/c?] Myt 0 [GG‘V/ CQ}

[JHEP 04 (2024) 151]

BB?%J/ljerﬂO

BBZF—>J/1J)7T+
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New measurement of Bf — DX decays

@ Five Rpy and one A-p asymmetry are measured
N(Bf— D°K*) — N(B; — D°K™)

0 _
Aer(Be = DOKT) = G B DK + N(B- = DK

Observable  Signal Normalisation Common D mode
RD+K*0 Bg_—> D+[K+ W_]K*O B+—> D+[K+ ™ ]50 D+—> K_7T+7T+
Rprg Bf — DI [KTK™ ], B*— D}K*K~|po Df— KTK-n*
RD*()K-l- BC+—> D*OK+
Rpog+ B}Y— DK+ }B — DO~ DO K—nt
RD”7r+ B;'_—> D07T+
N (BF — D°nt) — e(B* — D)
Rpop+ = - — .B(BT — D%z T) . , he{K,
DORT = N(BT = DOn) ( ) e(Bf — DOh+) LK}
N (B} — D*°K™) — e(Bt — Dzt)
Rp+o = £ __ -B(BT — DOxt) . :
PRET T O N(BT 5 DOn) ( ™) e(Bf — D*OK)
+ + K0 _ - + 70 0 + -
s = NBE 2 D) gy B DY) BDD oK)
N(BT— DTD?) e(Bf - DT*K*0) B(K*0 — K+rn~)
B — Df — Bt — D+tDO DY KTK~
° N (Bt — DTDY) e(Bd — D3 ¢) B(¢p — KtK~)

Yield PDG Estimated from simulation
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The LHCb detector

[JMPA 30 (2015) 1530022]
[JINST 3 (2008) SO8005]

@ A general purpose detector covering the forward region: 2 <7 <5

@ Excellent tracking, particle identification and trigger systems

@ Perfect conditions for both precision measurements & observations of new states/decays
@ Successful operation in Runl and Runll with various collision systems (pp, p-Pb, Pb-Pb)

@ So far 75 hadrons have been discovered at the LHC, of which 67 by LHCb

Calorimeters
energy measurement
11.5 L L L L L : N e .
- e/vy identification
bb o ccid m baq RICH detectors
j 75 new hadrons at the LH e : AE/E =1% @10 %/VE (GeV
11.0 |75 new hadrons at the LHC| i . o K//p separation /E=1% ®10 %/ 7( )
ooty o e moauma] {10557 e
- g cé(qd) ® cggg r mis-ID e(n—K) ~5 %
7.5 o
7.0 4 B.(25)* Bl(25)* Tezce(6900) L Vertex Detecltor
o @5, (25) . reconstruct vertices
Ugb(ggzg)* .T(ECZ[GGOO) d . luti 45
6.5 1 £,(6227) Qifgﬁéiu b(. ), (6227)° moER - 3 ecay time resolution: S
6.0 ] 260594519 A (502000 2,(5955)= 2 B/(5970)*° .. .Eb(eloo?i( 333) .525608730 | Impact Parameter
’ W, 501200 =,(5935)- 8558100 2,(6097)"  A(6070)° B (6114)° resolution: 20 pm
— 55 - 3,(6097) - B, (6063)°
o~ . N
S
& 201 Xeo(4700) wasn X0 4585)
= Pc:(4450)* Xco(4500) Pce(4457)* [ [
n 457 x:(4274) .Pcf(4440)+ ) . Pees(4338)° h.4300) [ —
a Xc1(4140) - . Teea (4220 W
© Pc(4380) Pce(4312) Tez61(4000)* Tezs1(4000)°  _ Xc1(4010)
s 4.0 .w(3842) ° ®h,.(4000)
Ere T.\(3875) X(3960)
- 0
s s
3.0 0,(3000° @ D:,(2860)* Ad(2860)* |1 0c(3066)° 2:(2939)° Tes0(2900)0 Te50(2900)**
‘ D;(2760)" ® “® Qc(3050)° z2o23p @7ea(20000 8 e Ga00r
D)(2740)° D; (2760) Qc(3000)° < PY " 0
2.5 Dy(2580)° Dsp(2590) N
Dipole Magnet uon system
2 0 T T T T T T T T T T T T T benpdiIlg pow;grl.l4 Tm Tracking system H identiﬁcation
2012 2013 2014 2015 2016 2017 2018. 2019 . 2.020 2021 2022 2023 2024 momentum resolution 8(}1—’}1)~97 %,
patrick.koppenburg@cern.ch 2024-07-22 Date of arXiv submission AP/P =0.5%-1.0% mis-ID g(n—)p) 1-3%
. ~ L= 0
. (5GeV/c-100GeV/c)
[https://www.nikhef.nl/~pkoppenb/hadrons//Masses.pdf]
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LHCb dataset

@® Runl: 3 b~ pp collision @ 7,8 TeV
@ Runll: 6 fb~1 pp collision @ 13 TeV

LHCb Integrated Recorded Luminosity in pp by years 2010-2024

° 2024 (6.8 TeV): 8.03 /fb
o 2023 (6.8 TeV): 0.37 /fb
o 2022 (6.8 TeV): 0.82 /fb
° 2018 (6.5 TeV): 2.19 /fb
° 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /b
o 2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.33 /fb
° 2012 (4.0 TeV): 2.08 /fb
* 2011 (3.5 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /fb

............................................................................................................................................................................................

ereenipeneee o e o . ...

Month of year

https://Ibgroups.cern.ch/online/OperationsPlots/index.htm
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