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Status

_
o

— 2025 (13.6 TeV): 1.32 fb™'
— 2024 (13.6 TeV): 9.56 fb™'
— 2023 (13.6 TeV): 0.37 fo'
8 2022 (13.6 TeV): 0.82 fb™"
— 2018 (13 TeV): 2.19 fb™"
—2017 (13 TeV): 1.71 fb™"

(

(

(

e 3fb~! at 7/8 TeV in Run 1

% e 6fb~1 at 13TeV in Run 2

® bp-hadron cross-section
roughly doubled

61— —2016(13TeV):1.67 b
—2012 (8 TeV): 2.08 fb™'
—2011 (7 TeV): 1.11 b

Integrated Recorded Luminosity (fb™)

4r * Aiming for [ £ ~50fb™! by
end of Run 4
2r ® (Collected entire Run 1+2
— data set again in 2024
| - I - |
0Mar May Jul Sep Nov

Month of the year
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Upgrade 1
LR 2 004 x108em 257 - LRm3 02 %103 em 25!
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electronics —_— \ O\
ECAL M5 N
New VELO |/ . \ \
pixels Magnet SciFi RICH2 M2 \
/ /J
Ao U New CALO
Tt S electronics
O
New muon
5] | T — electronics
New tracking: SciFi |
e | 11 /
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Upgrade 1

LR 2 004 x10B¥em 257! — LRW3 L2 x10¥em 257!

® Trigger changes:
® Removed LO hardware trigger
® Upgrades to software triggers HLT1 (GPU) and HLT2.

REAL-TIME
ALIGNMENT &
CALIBRATION

5TB/s
30 MHz non-empty pp

OFFLINE
0.5-1.5 PROCESSING
FULL TBS /s PARTIAL DETECTOR MHz - FULL DETECTOR
> RECONSTRUCTION > > RECONSTRUCTION
?‘E;EDC(;&: & SELECTIONS BULEER & SELECTIONS

(GPU HLT1) 70-200 (CPU HLT2)

All numbers related to the dataflow are
taken from the LHCb

ANALYSIS
. i L o PRODUCTIONS &
Upgrade Trigger and Online TDR

- USER ANALYSIS
Upgrade Computing Model TDR
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[LHCb-FIGURE-2024-022]
Upgrade 1 [LHCb-FIGURE-2024-021]
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https://lbfence.cern.ch/alcm/public/figure/details/3999
https://lbfence.cern.ch/alcm/public/figure/details/3957

Upgrade 1

[LHCb-FIGURE-2

024-030]
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https://lbfence.cern.ch/alcm/public/figure/details/3837

First Run 3 analysis

[arXiv:2505.14494]

Measurement of charm meson production asymmetries:
¢ Double-differential in 7 — pp(D)
® For D° D*, and DF
® Using a mix of 2022 and 2023 data

® First measurement at /s = 13.6 TeV
® Without UT, 2023 with VELO retracted

® Small samples: 15pb™" (D), 41pb~* (DF), 177pb~* (D°)

® Nuisance asymmetries determined with data control modes — no simulation

x10%

5200 T i — F T T .
‘“‘-< 150 LHCb + Data % 3000 | LHCb + Data 4 2
= n = E =
- 160 DY K- rt — Fit Z E Dt 5 ont — Fit > 2000
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https://arxiv.org/abs/2505.14494

First Run 3 analysis

[arXiv:2505.14494]

Comparatively precise results, even with a small
sample - Gain in selection efficiency!

Aproa(D®) = (0.07 + 0.26(stat) & 0.10(syst)) %,
Aproa(DT) = (—0.33 £ 0.29(stat) & 0.14(syst)) %,
Aproa(DJ) = (0.18 £ 0.26(stat) & 0.08(syst))%

compared to 1fb~! 7 TeV (2011) results:

Aproa(DT) = (—0.96 £ 0.26(stat) + 0.18(syst))%,
Aprod(DF) = (—0.33 £ 0.22(stat) + 0.10(syst))%

Aproa(D°) [%]

Aproa(DT) %]

T
E LHCb
E 5=136TeV,177pb !

5 10 15 20
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T T T

W///////////////////////////////////////////////////////jﬁ
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7z
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20

5

10 15
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https://arxiv.org/abs/2505.14494

Physics programme

The LHCb physics programme is diverse:

Production and spectroscopy

lons and fixed target

Electroweak

Tree-level semileptonic decays

Rare penguin decays (electroweak and gluonic)
“Very-rare” decays

Charm

CPV and CKM

and more ...
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Charm mixing and CP violation [JHEP 03 (2025) 149]

® Direct CP violation in charm well
established

ot
L

® AAcp non-zero with > 50

(rt+r7)/2 1079

[PRL 122 (2019) 211803] +F £ FE LHCb 5.4 fh™!
® 3.80 evidence in a single channel i -+ Data
& i 1 NoCPV

0 —
(D -7t ) | No direct CPV 1
| 7 AlLCPYV allowed | ]

[PRL 131 (2023) 091802] 5T

[LHCb-CONF-2024-004] = 1,();; —+———
® Search for CP-violation in mixing with = 05k
“double-tagged” wrong-sign decays ‘T P{j L.
e B— D"t w,X, D* — DO+, o 00F

3 el

D° — Kr T B I

® Measure time-dependent ratio of
D% — Ktr= /) D° - K—7+



https://doi.org/10.1103/PhysRevLett.122.211803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091802
https://cds.cern.ch/record/2905625
https://link.springer.com/article/10.1007/JHEP03(2025)149

Charm rare decays

[PRD 111 (2025) L091101]

Study the ¢ — u FCNC decays

e DO — hth ete
® 6fb~! Run 2 data
® Search for 777~ and KT K~ final states in bins
of m(ete™)
® First observation of D® — 77~ eTe™, no sign
of DO - KTK~ete~
® Consistent with corresponding muon decays and

LFU
—— Data — Fit

B -t ntae
- Partially reco. backg. ~ ------- Comb. backg.

Candidates per 17.5 MeV/c?

1800 1900 2000 1800 1900 2000
m(D°) [MeV/c?]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L091101

Charm rare decays [PRD 111 (2025) L091102]

Study the ¢ — u FCNC decays

® Hope the interference of LD resonance, and SD

enhances observable CPV 01F |

-01fF E

£ ey 3

0.1 =

® (CP-violation in AY — putp~ 3 :
® 54fb! of Run 2 data 0-1# | =

® Look for direct CP violation in region of f of ! i E
m(puT ) around the ¢ -01f 3

AAg
=)
T
1

980 1000 1020 1040
murur) [Mev/eg]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L091102

Rare decays - LFU

[PRL 131 (2023) 051803]
[PRD 108 (2023) 032002]
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Rx: BT — Kteti—
.. RO 0 p+ p—
Rk« : BY — K*¢t¢ 19
<
< 1.0
et
0.8
0.6

S (Hy=Xpt ™)
d—%(Hb—>Xe+e )

LHCbH Ri  low-¢* =0.994"%1

9fpt Ry central-g> = 0.949" ‘,j’f
Ry low-¢> = 0.92710:0%9

)77

.
).08
(
0.0
.(
.0
.
0.073

Ry central-¢> = 1.02 Tf

—e—

— SM

I‘]*ﬁL

t  Data Y’ =16,p=0812, 6 =02

Rx low—q2 Ry (:entqu2 R+ low—q2 R+ (':entmlfqg

15 /40


https://doi.org/10.1103/PhysRevD.108.032002
https://doi.org/10.1103/PhysRevLett.131.051803

Rare decays - LFU

[arXiv:2505.03483]

Measure Rk at g°> > 14.3 GeV?, 9fb~ !, Run 142

e Challenges of electron reconstruction and

truncated phase-space

® Many wide cZ resonances at high g?

Arbitrary Units

1078

107

® Weight the © mode data to match the selection
efficiencies as a function of g2,

Rk(q? > 14.3GeV?) = 1.07919-396+0:0%%

©)

LHCb Simulation 2012 LHCb Simulation 1
[ Penguin-only ¢ spectrum 5 =~ Penguin-only ¢ (integrated)
[ Physical ¢ spectrum g< 0.10F "t Penguin-only ¢? (binned) ]
< —-= Physical ¢* (integrated)
= ++  Physical ¢? (binned) ==
7008 innl 1
. BEL i
+N »—l—q+
g< 0.06 - »—l—« bl
© o004 T
0.02 1
=
0.00 . . . . .
22 14 16 18 20 22

R 1GeV2ict]

Gie [GeVct)

B [N} [}
o =) S

Candidates / (80 MeV/c?)

Rk : BT — Ktite~

LHCb T
4 Data9fb!
= Total fit
------- B*—K*tete”
Bl MisID E
I Part. Reco.
Combinatorial

6000 6500
m(K*e*e™) [MeV/c?]
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https://arxiv.org/abs/2505.03483

Rare decays - e e~ angular analysis

Angular analysis of B® — K*0ete~
® 9fb~! Run 142 data set

® One region 1.1 < ¢ < 6 GeV?
® Access to the angular Q; observables

Weighted entries / (20.0 MeV /c?)

e Difference between eTe™ and uTu~
T T + T hted T
Data (weighted
80f LHCb 9fb~! I
—— Signal

60

40k

20

0

5500

5000

—:= Double semileptonic

— — Combinatorial
Partially

== Misidentification

constructed

= 5400 5000
m(K*r=ete™) [MeV /Y

Weighted entries / (0.05

Weighted entries / (0.05)

T

80

L LHCh 9!

60 --I- +

[arXiv:2502.10291]

cos O

LHCb 9fb~"

cos by

17/40


https://arxiv.org/abs/2502.10291

Rare decays - e e~ angular analysis [arXiv:2502.10291]

Angular analysis of BO — K*0ete~
® (J; observables consistent with zero
® Muon and electron modes compatible

® Electron mode results compatible with SM

(]
iﬂ) 1o ; LHCb ABCDMN % 04 LHS" y ABCDMN
E ,,M oyl GRvDY z 9fb~! [4.7fb71) Data
@ L
% 05+ ¥ Data % 02} I
>
% § 0.0
g2 0.0 e < UVOUF
: gy T T |
_05 1k 021
-04r
-1.0 7 7 7 7
FL Py Py Py P, Py Py P3 Or. 01 Q4 Qs O Qs QO3 Q3
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https://arxiv.org/abs/2502.10291

Rare decays - e e~ angular analysis [arXiv:2504.06346]
Angular analysis of BY — ¢ete™
~ I ,
e 9fb~! Run 1+2 data set S oty f
¢ No flavour tagging - CP-averaged and 06F | Smwimow
time-integrated 0-4;
® Limited stats - fit 1D angular distributions O'zz ‘ ‘ ]
® Reduced set of observables 0 ’ 10 7 [Igre\ﬂ/r“]
[ ]
= 1r T | —~ 1r T = Ir T
I I LHCb 9 fb! 1 2 LHCb 9 fb! NI LHCb 9 b
05 # B’ ete ] 0.5 :g‘,:i i:;_ B 05F B ete B!
Lt = Bl—puwr ] j’ Standard Model } - Bl—=¢ utu 1
S R O:'_:fiﬁﬁﬁﬁb%%
-0.5 ; % -05 b -05 ]
-ly 10 ‘ i -l 5 10 ‘ -l 5 10 ‘

15
¢ [GeV?/c4]

15
42 [GeV7/ct
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https://arxiv.org/abs/2504.06346

SL - the LFU anomaly that lived [arXiv:2411.18639]

B Hb XTv
R(X) - BgHb:})X/u/g

[ Y/ P — ———r— ——T
* 68% CL tontours B
A HELAY -
¥ r BaBar
0.35— ]
0.3 —

0.25—
0.2  +HFLAV SM Prediction R(D) = 0.347 + 0.025,, —
- R(D) = 0.296 + 0,004 R(D") = 0288 00155, i
r | R(D*) = 0.254 + 0.005 | | g( ;( 2—)0-:331% . ]
0.2 0.3 0.4 0.5

R(D) 20/ 40


https://arxiv.org/abs/2411.18639

R(D") — R(D*") [PRL 134 (2025) 061801]
Similarities with R(D®) — R(D*) analysis (Run 1, 3fb=1) [PRL 131 (2023) 111802]
x10°

944 < g2 <11.8GeV¥e*  LHCb 2fb!

[ ]
=3
=

2fb~! of 201542016 13 TeV data
® 7 — uvv final state

® Same signal and normalisation

e Do not reconstruct D*+ — D+ 70

Candidates / (0.67 GeV2/c4)
5

® Extract signal yield via a 3D template fit of:
° mmlss - (PB - PD+ - P )2 1-()
. E - 1t energy in the B rest frame m?2, [GeVcl]
d q2 =(Pg — PD+)2 at K
77-)-
® Estimate the B momentum /)D;.” D° -
PDG B-
pz(B) ~ P?STES — "
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801

R(D") — R(D*") [PRL 134 (2025) 061801]

What is new?
® Fast simulation - “tracker only”

® Do not simulate RICH photons, CALO showers, muon stations
Factor 8 speed up in production, 40% reduction in disk usage

PID treatments already well established in LHCb [LHCb-PUB-2016-021]
® Form-factor weighting
® Form-factor variations allowed for by the HAMMER tool [EPJC 80 (2020) 883]
® Variations incorporated into the fit minimisation - [JINST 17 (2022) T04006]
® Constrain BGL parameters for B — D** and B — D%
[EPJC 82 (2022) 1141][PRD 94 (2016) 094008]
® Constrain principle background, B — D** FFs too [PRD 95 (2017) 014022]
® Nevertheless the FFs are among the dominant uncertainties - not much discrimination
from the data

22/40


https://cds.cern.ch/record/2202412?ln=en
https://link.springer.com/article/10.1140/epjc/s10052-020-8304-0
https://iopscience.iop.org/article/10.1088/1748-0221/17/04/T04006
https://link.springer.com/article/10.1140/epjc/s10052-022-10984-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.094008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.014022
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801

R(D") — R(D*") [PRL 134 (2025) 061801]

Table 1: Summary of systematic uncertainties on the R(DT) and R(D*") measurements.
Systematic uncertainties associated with the efficiency are not shown as they are negligible.

Source R(D") R(D*")
Form factors 0.023 0.035
B — D*[D* X|pu/7v fractions  0.024  0.025
B — DtX_.X fraction 0.020 0.034
Misidentification 0.019 0.012
Simulation size 0.009 0.030
Combinatorial background 0.005 0.020
Data/simulation agreement 0.016 0.011
Muon identification 0.008 0.027
Multiple candidates 0.007 0.017
Total systematic uncertainty 0.047 0.085
Statistical uncertainty 0.043 0.081
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801

B — D*r1v

[arXiv:2501.14943]

First evidence of B~ — D**07—7_ at 3.5¢

e All LHCb Run 142 data

® Hadronic 7+ — 777~ 777, decays
® A reconstructible 71 decay vertex
® Background suppression
® Exclusively select 7T decays

® Extract signal with a 3D template fit:
® Double-charm BDT score
[} q2
® Am=m(D*"x~) — m(D*")

R(D}Y) =
0.13 £ 0.03(stat) £ 0.01(syst) =+ 0.02(ext)

G 400f
E C
[Te] 300 L
N L
8 200f
s N
S [
E C
S 100 |-
0
200 300 400 500 600 700
Am[MeV/cg
- B )D:T‘( v, . B fake D"z z 7
. B—D,(2400) 7V, . B—-D"D(X)
\:’ B=D;VD(X) . B—D"(DK)~
\:| B —D,(2400)’D(X) . BD "z " prompt
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https://arxiv.org/abs/2501.14943

SL LFU status summary

LHCb can access all H, hadrons decaying to various H, states, with 7 — 7.,
and 77 — 77 77U, decays
Run 1, 3fb™' at 7/8 TeV | Run 2, 6fb™' at 13 TeV

Mode

muonic hadronic muonic

hadronic

R(D)
R(D*)
R(D**)
R(Ac)
R(A7)
R(J)
R(Ds)
R(D;)

2016, R(D¥)
2016, R(D*)

R(m)
R(7)
R(p)
R(pp)

X X X XX X U xxx
X X X XX X X% % T X

SL analyses are hard

™ X X XX X X X X X

X X X XX X X X X Y XX
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The elephant in the room

“Where is the latest result for my favourite measurement? Why is it taking so long?”

® Seven years later we are still analysing Run 2
data

® This includes some long-overdue “high-profile”
results that have the potential to significantly
influence the flavour community (i.e.
B% — K*Ou*u~ angular analysis)

® Victims of our success - enormous data sets

® Just manipulating/processing/fitting data takes
time

® High stats — small ogys;. We have to work
harder

® \We want to improve analyses - more complexity

26 /40



Prospects
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Upgrade I
LU ~2x1038em 25— £V2 015 x 103 em 257!

[LHCb-PUB-2018-027]

[LHCb-TDR-026]
[LHCb-TDR-023]

® For installation in LS4

(2034-2035) i
® Take advantage of HL-LHC 1f’hysics Case
® Aiming for fﬁ ~ 300 fbil LOJSS Upgrade II LHCb
® Reminder from Upgrade 1: ‘ UPGRADEII
[L£~50fb!

® New detector technologies
required
® High granularity, radiation
hard
® Timing

[ ] Opportunities in flavour physics, and
beyond, in the HL-LHC era

Technical Design Report
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https://inspirehep.net/files/a5b0ff820d7f7f6938aeebd5ed176798
https://cds.cern.ch/record/2903094/files/LHCB-TDR-026.pdf
https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

[arXiv:2411.18639]
Prospects for SL decays [arXiv:2503.24346]

LFU ratio R(D*)

F-m U '\ ! 68% CL Lontours

-1

ESPPU 2026 Projections

A A LHCH 7 3 -—\\ LHCb®
B Belle I Hg\llull‘ ) [

=

o
I

.

LHCb*

o
»

)

R(D) =0.347 £0.025
R(D*) = 0.288 +0.013;,
p=-0
PO = 41%

0.4 0.5

Rel. Uncertainty on R(D*) (%)

1 \. B
Current 2030s 2040s
Time period

=
g

Contingent on several factors
® More precise FF calculations
® Better understanding of B — D** feed-down background
e Control of experimental uncertainties (large data control samples)
[ ]

Producing and refining large samples of simulation 20/40


https://arxiv.org/abs/2503.24346
https://arxiv.org/abs/2411.18639

SL angular analyses

LHCb is exploring SL angular analyses:

® Already D*T polarisation in
B® — D* rtu.
[PRD 110 (2024) 092007]
® Run1l+ 2016, 7+ = ntn—nto,
® Reconstruct cosfp in two g2 regions
® Competitive precision (compare to
Belle [arXiv:1903.03102])
LHCb: FP" =0.41+0.06 +0.03
Belle: FP" =0.60 £ 0.08 +0.04

Candidates / ( 0.333)

2 <7 GeVc

LHCb Run 2 (2 fb") 3

2> 7 GeVct
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https://link.aps.org/doi/10.1103/PhysRevD.110.092007
https://arxiv.org/abs/1903.03102

SL angular analyses

[LHCb-PUB-2018-027]

There is scope for more advanced angular analyses:

® Already demonstrated angular reconstruction for
(IR A a7
® Possibility for the 7 — u*7, v, decays
® Even with the “B-frame approximation” the
angular resolution is not disastrous
® Black: B® — D* p'ty,, red: B® = D* 7y,
® Incorporating HAMMER into fits allows us to do
more
® Extract the WCs directly
[CERN-THESIS-2022-105], Mitreska

® Initial studies are targeting B® — D*~pfv,
[ ]

Arbitrary units

0.045F

0.04 £ L Heb simulation

-2 -1 0 1 2 3
X resolution (rad)

0.07F

0.06 ; LHCb Simulation

0.05¢
0.04F
0.03F
0.02¢
0.01F

-2 -1 0 1 2 3
6, resolution (rad)
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https://repository.cern/records/f538y-81685
https://inspirehep.net/files/a5b0ff820d7f7f6938aeebd5ed176798

Events to expect

From [RevModPhys 94 (2022) 015003](based on [PTEP 12 (2019) 123C01],
[EPJC 74 (2014) 3026], [LHCb-PUB-2019-001])

Experiment BABAR Belle Belle 11 LHCb

Run 1 Run 2 Runs 3-4 Runs 5-6
Completion date 2008 2010 2031 2012 2018 2031 2041
Center-of-mass energy 10.58 GeV 10.58/10.87 GeV 10.58/10.87 GeV 7/8 TeV 13 TeV 14 TeV 14 TeV
bb cross section [nb] 1.05 1.05/0.34 1.05/0.34 (3.0/3.4)x10° 5.6 x 10° 6.0 x 10° 6.0 x 10°
Integrated luminosity [fb™"] 424 711/121 (40/4) x 10? 3 6 40 300
B° mesons [10°] 0.47 0.77 40 100 350 2,500 19,000
BT mesons [10°] 0.47 0.77 40 100 350 2,500 19,000
B, mesons [10] - 0.01 0.5 24 84 610 4,600
Ay baryons [10°] - - - 51 180 1,300 9,800
B. mesons [10°] - - . 0.8 4.4 19 150

Large samples

of all hadron species
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https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.94.015003
http://dx.doi.org/10.1093/ptep/ptz106
http://dx.doi.org/%2010.1140/epjc/s10052-014-3026-9
https://cds.cern.ch/record/2653011

. L. . EPJC 41 (2005) 1
What it means - unitarity triangle [|_|-|[Cb_PUB_2(018_0)27}
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https://inspirehep.net/files/a5b0ff820d7f7f6938aeebd5ed176798
http://ckmfitter.in2p3.fr/www/html/ckm_main.html

Electroweak penguins [LHCb-PUB-2018-027]

® ~ 400,000 reconstructed B® — K*0u 11~ decays with Upgrade 2

® (Clear separation of SM and NP
e If C) +# 0, discrimination with Run 3

® More data leads to b — d penguins
® Possibility of angular analysis of B — K*0u*pu~
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https://inspirehep.net/files/a5b0ff820d7f7f6938aeebd5ed176798

Charm physics [LHCb-PUB-2018-027]
Enormous D** — D%z T tagged charm yields. i.e for time-dependent CP-violation Ar:

Table 6.4: Extrapolated signal yields, and statistical precision on indirect CP violation from Ar.

Sample (£ Tag Yield KYK~  o(Ar) | Yield ntn— o(Ar)

Run 1-2 (9 fb~1) Prompt 60M 0.013% 18M 0.024%
Run 1-3 (23 fb~1)  Prompt 310M 0.0056% 92M 0.0104 %
Run 1-4 (50 fb~!)  Prompt 793M 0.0035% 236M 0.0065 %
Run 1-5 (300 fb~!)  Prompt 5.3G 0.0014% |  1.6G  0.0025 %

O(107°) precision, testing the SM

T T
¢ 0.2 ] FFLAY World Average 2017 il
| I LHCb 300/

® Search for direct CP violation in more modes
® High yield means rare decay searches
® Including LFV modes

® Angular analyses if possible (i.e.
D® — hth—ptp~
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https://inspirehep.net/files/a5b0ff820d7f7f6938aeebd5ed176798

Open data

LHCb is releasing its data for your entertainment!

LHCb releases the entire Run | dataset

rach

Event 251784647
Run 125013
Thu, 09 Aug 2012 05:53:58

Run 1 is available on the [CERN open data portal]
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https://opendata.cern.ch/search?q=&f=type%3ADataset%2Bsubtype%3ACollision&f=experiment%3ALHCb&l=list&order=desc&p=1&s=10&sort=mostrecent

Open data

Some helpful tools have been created for you:
® The NTupleWizard [CSFBS 7 (2023) 6] ® The NTuple service

® Front-end interface for you to specify ® Combines the NTupleWizard with the
the data sets and configure the open data portal and the LHCb data
variables you want production infrastructure
===
o= =— ] —=]
runs EEE

requests

creates
merge
requests

creates

downloads
results

- approves

Phenomenologists
Theorists
Data scientists

LHCb WLCG

LHCb open data team

L rejects

publishes outputs
IF = LHCb

More information at [First LHCb Open Data and Ntuple Wizard Workshop]
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https://link.springer.com/article/10.1007/s41781-023-00099-5
https://indico.cern.ch/event/1429526/timetable/

Conclusion

® | HCb is in the midst of Run 3 data taking
® The detector and data acquisition is in excellent shape, with an abundant harvest
® The first physics analysis of Run 3 has appeared
® Run 142 analyses are being finalised
® Some high profile results still expected
® The second upgrade is already being planned
® Significant technical challenges - design choices being made

® Expect that systematics will continue to be controlled
® Fully exploit the statistical power of HL-LHC for flavour
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The End



Challenge - simulation

Simulation is already a limiting factor for several analyses:
® Analyses of partially reconstructed final states usually use template fits — large
simulation samples needed
® ie. R(D)— R(D*)
® More complex analyses need to map the efficiency in a multidimensional space —
large simulation samples needed
® ie. B® - K*u*u~ isin 5 dimensions
® Multibody hadronic final states want efficiency maps over the Dalitz variables
® Solutions afoot!
® \We saw tracker-only used for the first time
® Now the requisite techniques have been established
® ReDecay [EPJC 78 (2018) 1009]
® Simulate an entire event
® Keep everything the same, except for the signal B - rerun the B decay N times
® ~ 10 — 20x speedup
® Used regularly in LHCb (i.e. [PRD 111 (2025) L091102])
® Parametric simulation [EPJ Web Conf. 295 (2024) 03040]

® |n development
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https://link.springer.com/article/10.1140/epjc/s10052-018-6469-6
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L091102
https://arxiv.org/pdf/2309.13213
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