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Keeping elephants healthy at Amsterdam Zoo

= How do we weigh Mook Uhm and Yuki?

Photos from Mark Waterlaat
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h an elephant?
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How to we




Direct measurement
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Indirect measurement: Cao Chong weighs an elephant
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From weighing an elephant to particle physics

Weighing an elephant Search for potential new physics ?
health check to elephant health check to the Standard Model
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From weighing an elephant to particle physics

Directly weighing an elephant Direct searches for new physics

Atlas detector

Limited by the size of the scale Limited by collision energy
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From weighing an elephant to particle physics

Indirectly weighing an elephant Indirect searches for new physics

LHCDb detector

Measure the waterline Measure precision observables
Infer the weight Infer new physics
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The Nikhef LHCb group as Cao Chong

What is it made of?
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LHCb @ Nikhef: staff
Nikhef:

Ann-Kathrin  Kristof

Patrick

L -

AR
Wouter Niels

not “bfys”, but valuable

fal

Roel, Antonio, Martin,
PDP ATLAS R&D
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LHCb @ Nikhef: postdocs and students

p

Daniel Xenofon Rens

@

Davide  Andrej Evridiki  Marta Floris ‘Wouter  Daniel George Max Mark Lieke
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PhD defences

BEAUTY
FROM
EVERY
ANGLE

The ¥
Colours of
Flavour

¥ e py N
Beauty from The color of Scintillatting Looking forward
every angle  Flavour beauty to B — rtv;
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Departures

New Mick
Junior faculty at
TU Dortmund

Mick

Postdoc at RUG
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Our boat (LHCb)

e —
T
/ ~~
/ Side View ECAL HCAL

SciFi ~ RICH2
Tracker

upgrade S
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Our boat (LHCDb)

Total recorded luminosity — pp — 36.1 fb™! ~.
40 -~

Run 3 - 27.01/fb
35 2026 (13.6 TeV): 4.45/fb
— 2025(13.6 TeV): 11.81/fb
—— 2024 (13.6 TeV): 9.56/fb
30 ——— 2023(13.6TeV): 0.37/fb
— 2022 (13.6 TeV): 0.82/fb
ICH2

Run 2-590/fb
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———— 2018 (13 TeV): 2.19/fb \I[
—————— 2017 (13 TeV): 1.71/1b

2016 (13 TeV): 1.67/fb

20 2015 (13 TeV): 0.33/fb

Run1-3.23/tb

15
2012 (8 TeV): 2.08/fb

——— 2011 (7 TeV): 1.11/fb
/ LS2 -

2010 (7 TeV): 0.04/fb
10 (7TeV)

Recorded integrated luminosity [fb ']
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Enormous haul of data from the new detector
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Our boat (LHCDb)
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First discovery with new detector!
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Our boat (LHCDb): role of the Bfys group

Side View EcaL HCAL

SciFi
Tracker

RTA
(trigger)

upgrade
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Bfys contributes to:

e Detector operations
Studying radiation
impact on efficiency and
resolution
Tomography and length
scale calibration

Future upgrades

18 Nik|hef



VELO: on a less positive note

=> Damage observed in some readout electronics (ASICs) starting in the heavy-ion run
of 2025
-> The good: .
€ Still fully efficient over most of the
angular coverage
€ For now still enough spares to "
repair in the next long shutdown
(end 2026)
=> The bad:
€ Loss in efficiency for 77> 4.3
€ Exact cause of damage still
unknown

VELO xy-Plane Global Distribution

40

Global y [mm]
o

-60 -40 =20 0 20 40 60
Global x [mm]
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VELO: one possible suspect

=) 20 o | N\ 2 «
é LHCb preliminary = \\\ 50 g
E PbPb (2025), bxType: 3 W =
10 F event: 32538393512 4 200 Z
/ N P .
e /// > 2
N / m
\ / 150
0F X |
/ \ 2 a 100
/ A
—10 4 v
N / 50
_20 ] \ / | ] \ O
—20 —10 0 10 20
x [mm]

Fragment from lead nuclei interacting
with the detector
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SciFi: current status

e W !
e
e

| 1
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SciFi: fibre cleaning campaign

=> Outgassing from glues used in optical links degrades signals over time
€ A campaign to clean the fibres!

SciFi LiteClusters/Event per SiPM (Physics routing®® (Run = 305596) & RiepI[E Ok
i =] (Partially)Excluded[h&f@D8sd links [l Known hot links (Overlay: Run304733 - now)

Q1

Sep 2024 as -
Q3
Q1
Q3
Q1

Q1
V4 M5 :A-side
6

For details see
https://indico.cern.ch/event/1099169/
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https://indico.cern.ch/event/1099169/

SciFi: fibre cleaning campaign
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fibre cleaning campaign R
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RTA: a triggerless trigger
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RTA: a triggerless trigger
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Reading out (and reconstructing) every BX of LHC one of the biggest challenges in HEP computing
e Now successfully demonstrated @ 40MHz, in many cases doubling efficiency w.r.t ‘classic’ LHCb
e And then there is the future...
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o
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=
MC candidates in acceptance / a.u.
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What waterlines do we read?
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What waterlines do we read?

= LHCb extracts precision observables from reconstructed beauty and

charm decays
* Invariant mass » Decay time » Matter-antimatter asymmetry
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* Angular distribution « Branching fraction « CKM unitarity-triangle angles
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What physics do these observables measure?

Rare decays I__epton_
universality

[ Exotic particles ]

[ Spectroscopy ]

Lifetimes &
Mixing




Nikhef LHCb physics contributions

‘ .\\
Exotic particles

Lepton
universality

Spectroscopy
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Why rare decays?

= Tree-level diagrams suppressed, new physics (NP) can arise at the
same level as standard model (SM)
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Why rare decays?

= Tree-level diagrams suppressed, new physics

same level as standard model (SM)
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Why rare ¢

= Tree-level ¢
same level
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Observables that probe the “big elephant”

Decay time
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Search for Bg) —~etTe decays with Run 1 + Run 2 data

= Sensitive to new physics s W ¢ s(d) ﬁ g
* SM prediction: O(107'%) B, | t oz [
(107%)

Alg Bg
- Current limit set by LHCb: © v 3 ,
W e ;
0.1F muum%
limit : 000 2020
4 L2013 ' CDF i
107 'CDF limit ¢ limit 2020 . .
| | | ey, | = \We are updating this
! I Wl e : limit .
07 M N T ] | measurement using
10_10 : 2019 LHC & SM i Universal i T - 2 X data Wlth many
B | | New Physics | i
| | Scenario
1074 : ! S :
JHEP 05 (2017) 156! i b SM_

BB = rtr7) BB = utu™) B(B?—efe”) B(B"—efe)
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https://inspirehep.net/literature/1519997

Connecting rare leptonic decays

s(d)
ol 7
b

s(d) 1%% e
NANANAN———
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Nikhef: add the A) — A’¢¢’' system

= Current knowledge on A) — A% "~ is limited
by the uncertainty in B(A0 — J /9 A%) (~ 20%)

u u u u
d d 0d d
A AO A L
b W . b e .
b b
t t B w W
7, Z° ¢ 4

€+

ll() 115 QIO
¢* [GeV?]
hys.Rev.D 93 (2016) 7, 074501

» Three goals of A) — A%¢¢' studies:
« « Precisely measure B(A? — J/i A%) .
* Firstlimiton A — A%*u*
(&« First lepton universality test on A? — A%*e=/A? — A%u*p~ :
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https://inspirehep.net/literature/1419250

Nikhef: add the A) — A’¢¢’' system

JHEP 01 (2026) 159
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20
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A° decay before the magnet A° decay after the magnet

AN
» Precise measurement of branching fraction B(A) — J/+ A°) using Run 2 data
« Experimentally challenging, A°decays travel through detector

= Result:
B(A) — J /¢ A°)
—(3.34+0.31) x 10~*

Reduce uncertainty by
a factor of 3
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https://arxiv.org/abs/2509.12805

Observables that probe the “big elephant”

* Invariant mass « Decay time symmetry
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d @
o t _ ,K*O gon
i Zoek
W W gO.S
- B §0.4
e"' 20.3 — 0.0001 <g?<1.1
= Angular distributions are good probes for NP — «! — seqres

0.0 1 1 1 1 1 1 1
~1.00 075 050 -025 000 025 050 075 100
cos 6

= First LHCb measurement recently published
JHEP 06 (2025) 140

= Ongoing effort to increase phase space and
update with improvements

Candidates/(32.00) [MeV/c?])
B
(e}

= RunJ3 analysis started, expected a 5-6 times A
increase in signal yields Ko MV
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https://arxiv.org/abs/2502.10291

Making B — 7 "v, visible with VELO hits ﬂ

» Why so difficult? - Feasibility study

Bf -1y, 77 = 3r+0, .+ Pseudo-experiments

two neutrinos = no full reconstruction .+ 2D template fit to extract yields
= Key idea |

VELO hits between primary vertex (PV) and 7 vertex : - g
= approximate flight direction : 3 |

|
= build corrected mass i Meorr [
! ; |
- - lL*Tf+} HfHHHfHTHMH{ by e ' } bt
Mcorr = \/m?m- +pJ_ +pJ_ + g : : e [GeVIE S " BpTscore
T :
) / | = Looking forward to Run 3
B ? . : : :
2 « Trigger line running since 2024

« Aim: first observation of B — 77 v,
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Nikhef LHCb physics contributions

Rare decays I__epton_
universality

{ Spectroscopy }




Exotic particles: unusual signatures, new opportunities

. s . h O . Py L ﬁ
exaquark searc ﬁ Long-lived particles in Run 3

« Stable six-quark candidate S (zudds3) |
»  Look for § annihilation in detector material :
. Using all 2024—2026 Run 3 data .

S end vertices - RF box

102

]

\
\
Vertex y (mm)

100 :

0 .
=5 0 5 10 15 20
Vertex x (mm)

Increase long-lived particle acceptance using
SciFi-only tracks (T track) arXiv:2510.05257
Search for dark scalars in b — s(x — uu)
Search for heavy neutral leptons in b-decay
SciFi
eg Bt — Ktx(— ptu)
L.

~ 7mm

Long

i
 Downstream
A

Nik|hef



https://arxiv.org/abs/2510.05257

Nikhef LHCb physics contributions

Rare decays I__epton_
universality

{ Spectroscopy }




Observables that probe the lifetime and mixing
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Decay width difference in B system using Run 2 data

= Experimental precision is worse than theory prediction
Af

AL (SM) = (0.42 £ 0.08) x 1072
AL (exp. avg.) = (0.1 £1.0) x 1072

= Simultaneous fit to B* — J/yK{ and B® — J/¢K*° decays
= Preliminary results: reduce uncertainty ~ by a factor of two

— = ~ 30000
& c & £ E
— 5000 LHCb Run 2 data, 54 fb! — 25000 LHCb Run 2 data, 5.4 fb! 3
= £ E S c E
= 4000 E E 20000 E 0 0 o
%) F . 17 E
2 F 0 0 - L = / *
5 0 B® = J/YKg - o B" = J/YK™ 4
T 2000F = T 10000 3
< F 3 < r ]
O 1000 3 U 5000
2
1 [ps] 1 [ps]
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Nikhef LHCb physics contributions

Rare decays I__epton_
universality

{ Spectroscopy }




Observables that probe CP violation
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Run 3 search for B} — B'K " decays

= ‘Charming beauty’: B/ is a heavy ‘stable’ state produced at LHC

= ‘Beauty = Beauty’ transition: B — B%* Cabbibo favoured, branching ratio ~10%
(discovered @ Nikhef/LHCD)

= Now search for the suppressed mode B+ — BYK+ [CP violation possible!]
* No signal observed in first attempt
*Unofficial, very preliminary
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Observables that probe CP violation

Candidates/0.02

o T T
24000 LHCh
2 b Vs=13.6TeV
s L 6o
530001 = - AYK 7+
= [
P [
L L
52000 MHMW
=] r
=1
3 [
1000
L | |
3500 3550 3604

Invariant m4

Angular distribution

mcand:.:“: ”ﬂe c :C!

T T
~+ Data LHCbRun 2,6 fb"
10000k — Total fit |
== CP-even
— CP-odd
----- S-wave
50001~ 1
[ e T
c 1 L Il
-0.5 0 05

>cay time
B~ By D
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t(ps)
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W [CSR Lattice —e-Data
— T T T
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© E
X 3 e
=
o +
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= 5 10 15 20
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.
» Matter-antimatter asymmetry
= T T T o T — T
2 14000 EHES= manae EHEr o1
% la it — — —E, e ) Gt e
S 120001 —— Totl fit E E 120001 —— Total fit 3
= 10000 [} A-pKwm 3 100005 o Ty > PR R
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8 —— N S pK 8 — X spK T
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Fitting CKM“Y, charm mixing and CP violation together

2

= CKM 7: CP-violating phase in CKM matrix NGEE A
«  Good probe of CP violation in the SM Ny ’
« Direct measurements are less precise than ji :  Vindireet = (66.3707)°
indirect constraints L CKM Fitter
| — (65.2 + 1.5)°
0.2 m
= Many existing direct measurements to be . .
0.0 0.2 0.4 0.6 0.8 Lo

combined

3 Lo - ; 3 L0
" Only s ime Dependent
- I h | s u pd ate . Cf W 5 Only !,—r‘!;lrggy ] Cl) | 39 Time Integrated !,-r‘!;ln(":ng)ry
- B8 B* Only F All Modes
2 Nodss Autumn 2025 _| — _- odes Autumn 2025

* Add three new/updated inputs
» Combination result:

v = (62.8 +2.6)° “osan
* Consistent with indirect constraints ]

Nik]hef


http://ckmfitter.in2p3.fr/
http://utfit.org/UTfit/
https://cds.cern.ch/record/2948394?ln=en

Measurement of ¢swith B! - J/¢¢(KK) using Run 3 data

= Golden channel for B? mixing-induced CP violation

 LHCb leads in precision )

\ . \ DO 8 fb~?
= Time-dependent angular analysis Bt

* Mass fit - N CoF o6t

« Time resolution g 0% |

N . 3 LHCb 9 fo~!

Flavour tggglng Gomblned"
° Angular flt 3Ar,ermrsscaled by 1.6
° 005 ATLAS 99.7 fb~?!

0.3 -0.1 ] 01
¢<lrad]

T T T T Zpv

T T
10° = LHCb Internal —
Run 3, /5 =13.6 TeV Bd

I

Events /2.9 MeV

2006

SS pion

. ' SS proton S\
(S5 kaon)
Rfa )

5%0.05 I 2024 blocks1&2

] @k Ll
004 3 S—se ©
[ oo P = 0.0032 % 0.0005 ps-
» SR e RVS = R . L. i B
ol P I8 ! L ) oooeee) F D1 = 1.235 +£0.015 ps ] opposite side &
5 : : : : : : 0.02 ? é . ’Hc = ——@ 0s aon 7 £
0 AL — 0.01 E = b Xim T 0S muon i e
. . X X . . ot | | 3 0S vertex charge 05 electron ELséw:u-_-.-u.—HJ D‘ ) e am
5250 5300 S350 5400 5450 5500 0.03 0.04 0S charm = =5 0 L. " 0 i
m(JlwKK) [MeV] 6t [pS] cos 6, cos 9, [
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Synergy between physics analysis and detector work
4 B A r N

l VELO

Detector performance
enables better physics

S end vertices - RF box

<> ' _ Sexaquark search

Tlmemdependent analysis

ot

eg B z K*x(— ptp) - ME»E;\W
Y j e Physics drives detector
e I mEE

T (Most LHCb performance

CH1 3 |
L - ‘ .
e g analysis)
] Ttrack <)

Long-live%i particle search
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SU(3) flavour analysis of B — hh,h =, K 2
6, ldogrees] -,
= Many experimental measurements exist, yet " w P 2
theoretical predictions remain challenging o T

ADXBY 5 K*K")

AR(BY - KYK")

AB (B 7o)

APR(BY > )
— SU(3) fit

= [NEW!] Add factorizable SU(3) flavour breaking to | JiEp 03 (20261 227
. . . 0.05 ( )
« describe the existing data (branching fractions, CP asymmetries) R R
« test QCD predictions ’

= Exact SU(3) flavour symmetry cannot describe data —

= Bridging theory and experiment . iﬂ*
» Improves theoretical predictions within frameworks % L “
such as QCD factorization 4 a%» \‘(@‘}c
« Identifying modes that could be experimentally ( .

improved (e.9. B — 77~ )
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https://inspirehep.net/literature/2908711

Building the next boat

Nik]hef




Building the next boat

Aim for a five-fold increase in collisions/time to exploit later HL-LHC runs

Side View EcarL HCAL va M5
M3 -

SciFi ~ RICH2
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Building the next boat

Aim for a five-fold increase in collisions/time to exploit later HL-LHC runs

Side View

Magnet

Side View ECAL HCAL

SciFi ~ RICH2

Tracker
[y

LHCb Upgrade Il

upgrade
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Building the next boat

Aim for a five-fold increase in collisions/time to exploit later HL-LHC runs

Side View
Muon

PicoCal =

Mighty RICH2
Tracker = I

Magnet

Side View

SciFi ~ RICH2

Tracker
=

LHCb Upgrade Il

upgrade

Increased granularity from Si pixel detectors (MAPS)
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Building the next boat

Aim for a five-fold increase in collisions/time to exploit later HL-LHC runs

Side View

Side View

SciFi ~ RICH2

Tracker
[=—=1

LHCb Upgrade Il

upgrade

Detectors with timing (~20ps resolution)

Nik]hef




Collaborations between technical departments and Bfys
lead many aspects of design

Module mechanics & cooling

Readout electronics (ASICs)

Sensor development

Global detector design

Reconstruction

@Nikhef these activities will be
under the FASTTRACK grant

Nik]|hef




Building the next VELO: 3D printed cooling substrates

Prototypes of 3D printed cooling substrates, in various materials and patterns.
e Already tested for leak tightness and heat exchange.

Nik]|hef




Building the next VELO: LAPicopix

Large area particle detector ASIC targeting many
use cases, including the next VELO

e 384x256 50um? pixels

e Targets ~30ps time resolution

Nik|hef




Building the next VELO: LAPicopix

Large area particle detector ASIC targeting many
use cases, including the next VELO

e 384x256 50um? pixels

e Targets ~30ps time resolution

RTL / Schematic Physical design

Analog End-Of-Column

c

Front-end control

TOC block

DLL control and calibration
Pl Column

Submission expected in the next few months!

Data readout matrix
Digital End-Of-Column
Fast Command Control

High-Speed serializer
ROSA (On-Chip PU)
Pad-ring comm.m ADVANCED

PICOPIX top ADVANCED TO BE DONE

Nik|hef




Building the next VELO: 4D vertexing 9§08

First GPU vertex reconstruction = MaskFormer-based algorithm in collaboratior
algorithm for Upgrade I with Sebastien from ATLAS

PV Beamline Histogram for Event 0

0.8
Filled bins: 3173 / 44800 (7.08%)
True PVs: 43, Seed peaks: 39, Reco vertices: 38
N Output Objects

NxR

" ; Pt T bt L
: | ! N
< 2 :
o z Object Decoder — |g _’EI:(CH)
£ |' e
“ ji | F Doboo L.
N Object Queries
Vertex

-50 [ 50
beamPOCA z (mm)
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Building the next boat: RTA

What might the architecture of LHCDb's
trigger look like in the 2030s?
e Build on the proven successes of

B | triggerless readout

i o N REAL-TIME
(FEEeoaniont o) AL
4TB/s
30 MHz non-empty pp 2
~ 5
P Reconstrucrion| MMz
DETECTOR | sl
READOUT & SELECTIONS
4 (GPU HLT1) 70-2¢

TB/s GB/. l

e ) Likely use more GPUs, more ML

Upgrade Computing Model TDR {CPU HLT2)

ANALYSIS

ey T e First efforts towards 4D
reconstruction algorithms on
realistic hardware

Nik|hef




Signal Separation Index (SSI)

SSI Performance Benchmark

100 4

QPU Architecture
O H2-2
[0 IBM-Pittsburgh

=== Emulator
—— Hardware

T T T T

2T 2T 4T 4T 8T

3L 5L 3L 5L 3L
Problem Configuration (Nracks, Liayers)

Simulated tracks reconstructed with a simplified VELO with real quantum computer

For details see Nature Comm. Physics

Nik]|hef



https://www.nature.com/collections/ghgfeehcea

Getting cleverer with our current boat:
Flavour tagging

NS

% Modern transformer-based inclusive flavour tagger performs
excellently in simulation

> Doubling tagging power ~ factor 4 in statistics

0.06

MC
0.05
S 0.04
3
- Data
.g 0.03
R

1k 2k 3k 4k 5k 6k 7k
Training Step




Getting cleverer with our current boat:

Flavour tagging
% Modern transformer-based inclusive flavour tagger performs
excellently in simulation
> Doubling tagging power ~ factor 4 in statistics I e
0.06 —— l
0.05 A ¢
[ prepera [lcg.f]zmkm ] [ mmmmm [is] Token ]
20_04 — —
Dé) Data ==
g 0.03 l o l
= :

Training Step Solvable with domain adaptation?
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Getting cleverer with our current boat:
Al agents

LHCb hackathon dedicated to: m Hackathon on Al agents
[
\“\'{C‘\)

2 Mar 2026, 09:00 — 6 Mar 2026, 20:00 Europe/Zurich

e prototype LLM
e agent use cases

~ Daniel Magdalinski (Nikhef), Pawel Kopciewicz (CERN), Rosen Matev (CERN
= Sergio Arguedas Cuendis nal de Rector ONAR

LiteLLM




Conclusions

LHCDb is recording data more rapidly than
ever before
e Likely on track for > 70fb™ by the end
of Run 4
e First publications (and discoveries!)
with the new detector are out
e Detector is mostly in good health and
has a promising future upgrade
programme (FASTTRACK!)
e And we find new ways to improve
measurements constantly

Nik]hef




Thanks for your attention!
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VELO : suspects

g 20 AN T 2 \I\ 250 &5 - 20 I | | 103 .
= LHCb preliminary -~ \\ E é N 3
= PbPb (2025), bxType: 3 \‘\\ 7 S = \\ E
10 - event: 32538393512 b 200 S 10 - a =
Y AN P < 5 (=]
S /,/ \\ /// _fg / ].0 \\/
N S N s o { A
N S/ ; 150 " ( E
0F Y 4 s i o
///// / k P N 100 1
// \\\ (’/‘ ) 10
/ R / —10 |
—10 |- A >/<\ ,\’“\Ql\ P
2N AT / 50
/ \\\ > \\\ S i
MG i NN
\\\Q\ . \Q&\/ —920 1 100
—920 LN\ | AN 0 —20 —10
—20 —10 0 10 20 2 [ tom]
x [mm]
Fragment from lead nuclei interacting Highly charged beam fragments in this
with the detector region now confirmed by LHC at ~ Hz rate
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Angular analysis of B? - K*ete-

= Angular distributions are good probe for NP ; ; )
« First LHCb measurement recently published ', —y— K" 5 L, K"
* Angular distribution consistent with s e y

slightly deviate from SM BY - KOty et 8

[ ]
\ JHEP 06 (2025) 140

= Ongoing effort to increase phase space and

'J r | T T T T | : T ]
. . . =4 — B — K*0%¢*e~, LHCDb 9 fb! II_
updating with improvement Z Lo B et ]
= N T A % P :
& e P ] E L
S = g 3
Z 60 e - -
= L mb, DSL., Jpsi 5] L
= @ - -
8 2 2r
i 40 4 C
5 5 N
g if
520 1 N
El C
[ ) r
0- e ,' RS RS RS T 0'01:00 o|75 -olso 0‘25 0;)0 olzs olso 0I75 1.00 0 3 4
5000 5500 6000 SLO0 075 050 025 000 025 050 075 L
m(Kre*e™) [MeV/c2] cosi6 SM Cs

= Run3 analysis started, expected 5-6 times signal yieius increase
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https://arxiv.org/abs/2502.10291

From mesons to baryons: A) — A°£¢'(cont.) @ -

» Precise measurement of B(A) — J/¢ A%) /B(B" — J /¢ K%) using Run2 data
« Experimentally challenging, A%decays
traveling through detector

o
W

------------------- ~ 03—

» Use improved detection

: é [ LHCb. %EQ’ LHCb.

of AY/Bproductionrate & | S4 1 & | By 541
= 02} i‘._I_- ] = 02} o —_
« Results: : ] : "*_ﬁ- ]
B(A) — J /vy A°) [ I -- I I - _
= (3.344+0.31) x 10* S - - I . ———
5 10 15 » [Gez\(}/c] 5 10 15 » [Gez\(}/c]

Reduce uncertainty by factor 3
A°decay before magnet A%decay after magnet
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Fitting CKM“Y, charm mixing and CP violation together

= Whatis 7y ? '“oy-gg . ‘;,
* A CP-violating phase in CKM matrix noy = ' ondivoct — (6 3707)°
. . . 0.51 r /indirect — I Y
. Gpod probe of CP violation in the S_M N/ CKM Eitter
« Direct measurements are less precise than " : = (65.2 £ 1.5)°
indirect constraints " UTfit
= Many existing measurements from B — D/D,hX . | v o
. . . . ‘ _ d”ub
= Since 2021, simultaneous determination of Y o4, Y = a8 (— v quj‘b)
. 5 c c
with charm measurement Y LHCb.CONF-2025.003
= This update: g e CTeC N I e | Y LHCb

r I All Modes

Autumn 2025

 Add three new/update inputs ~ogf
« Improvement on 7y and charm
mixing and CPV

v = (62.8 + 2.6)° ]
« Consistent with indirect constraints 95.4% - i N

Autumn 2025j — 0.8

68.3%
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http://ckmfitter.in2p3.fr/
http://utfit.org/UTfit/
https://cds.cern.ch/record/2948394?ln=en

Search for Bg(d) — ete decaysin Run 1 + 2

FCNC (b — s | ) —» Very suppressed

o  Only loop diagrams in SM BY, -
o Helicity suppressed — 40 000 more rare than Bs — mumu 3 ! ¢
B(B? — ete )sm = (8.35 £0.39) x 107
B(B® = ete )sm = (2.39 £0.14) x 10715
Current limits set by LHCb ' 2007 Y LB bt
2009
1074 2013 s
B(B? > ete”) <9.4(11.2) x 107 — CDF limig | CPF Hmit
B(B® - ete™) < 2.5(3.0) x 107 L
2017 LHCb Universal
. . . 1010 r + CMS & SM New Physics
We are updating it with ~ double the | Scenario
data 10—13, SM 4
10-16 B(Bs —tt17)  B(Bs— ptp) B(B, — eTe™)




ECAL

Magnet
Electron reconstruction
e Electrons are harder to reconstruct
Upstream =
o Multiple scattering — worse tracking &
o Bremstrahlung - £
0

m Brem after the magnet — Photon in
same ECAL Cell
m Brem before the magnet — Brem recovery

e Brem-dependent signal shape, efficiencies, resolutions

brem 0 data ﬁt

brem 2 data ﬁt

3000 T - T
\’ ® — Total mlo\j ?:l()‘s:af;;l @l
=== Signal ( i6.
=] 0 BREM g 3000 - 2 BREM ~== Background
£ 2000 | 3 ¢ Data
~ -=~ Signal (Ngg = 35725) ? 2000 [
“E —~== Background “E
£ 1000 ¢ Data 3
3] = 1000
e D f mrmer————
SF T T T e 4 ! __: SF e S T e E
=3 PEPPVLIT YT S PO Y S TSI Y T TR = Y ST SIIN YT I A Y Y RPN
A S A T SMASMAMLACLICE S ___'__'___¢_'_'_'_'_'__'_'_'____,:,__'_'_u___';:_:____'_'___'3__'__3_-
-5k | L = -5k | B
5000 5200 5400 5600 5000 5200 5400 5600

B mass [MeV/c?] B mass [MeV/c?]
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Improvements from previous analysis

Efficiency

0.4F LOElectron
e Data-driven trigger efficiencies 0.2 lﬂ' ET Threshold
o Improved systematics 0.0 0 ' . 10' ' 1520 2530
e Brem-dependent PID working point L0Cal ET [GeV]
alo_rea e
o Reject dangerous B—hh’ background ’
Dominant in the signal region g: LI +20“ 2012 'B' ' '0' ]
o Hadrons do not brem > LHCh = B
o Tight PID on electrons without a Brem photon = ;i‘;ﬁ;‘;‘;‘:ﬂrm B
. g 1
e Improved Background modeling ____ — oD il
Q \20_ B X, h'e 7, decays |
Looser 3 B— h*h'~ decays
PID ot
e Improved BDT v [ ki

0

o Better signal vs bkg separation

Tighter
PID

5500 6000 6500
m(ete) [MeV/c?]

4500 5000



Fit results
The measurement is currently blinded

Al
L

Al

r

Statistical uncertainty reduced
compare to current global average
Systematics are currently being
studied

—(SM) = (0.42 £ 0.08) x 10~2

(exp. avg.) = (0.1 +1.0) x 10~

Candidates / (0.1 ps )

5000
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2000

1000 F

1 [ps]

LHCb Run 2 data, 5.4 fb"

T yK*
MC

T/ yK*
data

&

Candidates / (0.1 ps)

JWK”
XEyl 1€

[
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O 2 O«
(=3 SN e N

— R Oy oo Y
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g T +X

Sexaquark (uuddss) ,——‘ KT
PV

* Stable six-quark doubly-strange singlet scalar > DM?
* Look for inclusive S annihilation with p, n in detector material

 Currently collecting all 2024-2026 data... (pp+PbPb)

* Made better and faster sim incl. Fermi momentum affecting mg resolution
 Now simulated & triggering on all S = 2 combo’s of A°>, K*, K2, 5

* To do:
* Apply material cut and BDT
* Obtain o(pp = S) X 6(SN - X) & mg
* |In case of observation, this hints whether S € DM




SU(3)Flavor analysis of B to HH, H = pi, K

0, [degrees]

120 130 140 150 160
0.40 : - : : :
Plenty of experimental data, theoretically still governed .
by uncertainties 030 A2 K10
. <—2" ABE(BY > KK
. <,=, ABB(BY = KVKC)
—_ 020 = ABE(BY 7t
Under full SU(3) Flavor symmetry (u=d=s) we can not s I e
describe experimental data 010 — SU@ it
0.05
2.0 2.2 24 26 28
By taking into account factorizable effects, P [
we are able to:
- Describe data N 11
- Make branching ratio and CP asymmetry .y w
predictions b % S
- Test whether QCD factorization works as u 2 @ 1’
expected u



Long-lived particles in Run 3

- . B . SciFi
* Lifetime frontier: increase the R g Py
. . .g. B K = o e‘/ i
lifetime acceptance at HLT2 i _X’ X(ZHTHT) et -
. f— _ ] |
using SciFi-only tracks (T tracks) L " y Bl
* Access to Long-Lived Particles . L wr
~ -/—/
decaying in the middle of the e |
p 3 1
magnet b H
RICH1
Long
: Downstream . ;\ & . J
| }—1 gy % A
: ‘ Ttrack @
(.) 2 4 o 6 8 10
M =0.5 GeV/c2 LHCB-FIGURE-2025-001
=] e e i 1
« ~ order of magnitude better signal 2 1s0p — PRI =i
. gL e 2 [ — (D+TT)/LL ——
efficiency for lifetimes of O(ns) - fea == :
S 00f 3
* but limited momentum resolution S5k ]
* see proceedings FIPs @ LHCb so0f
workshop 2025 arXiv:2510.05257 23E
104

Lifetime [ps]
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Long-lived particles in Run 3

First targets with di-muon signature

« Dark Scalars in b-decays £ 000 [ LHCb Preliminary | ! ]
© 0 0
b— S(¢ =% ﬂﬂ) 800 F B = JiyK; ” 1
otal fit |
« to be continued with HNLs in b-decays ) p— é-gnk'af o # g :
ackgroun it | |
a0l =+ Data ] \X 1
. I ]
Control channel - well known B® — J/yK? 2°° WY
with Kf decaying in the magnet region 5 ‘5’_. T T
S0 i p b W P g o
-5 B 1 1 I

1 1 1 I
4900 5000 5100 5200 5300 5400 5500

Backgrounds from combinatorial and material mQ/YKY) [MeV/c?]
interactions

scco | tomography with SciFi-only tracks

ABCDisCoTEC from CMS method to

a) suppress bkg

b) de-correlate the classifier from invariant mass
¢) minimise non-closure of the ABCD method

P S S S S S S S S S ST S S S S S
2660 4000 60600 80600 10000 12000

oF
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Searching for Bc -> Bs Kin LHCb run 3
Bachelor Thesis of Clotilde Papot (UM)

- ‘Charming Beauty’: heavy ‘stable’ state produced at LHC
- ‘Beauty -> Beauty’ transition: large, Cabbibo favoured (c -> s): ~10%
(discovered @ Nikhef/LHCb)
- Now search for the suppressed kaon mode — CP-violation possible, ‘Mesogenesis’ candidate
—s first attempt still elusive, BR <3 x 103*

2

S

1

o

T

i

?
——

1

o

B
T+ T ‘ rTTT TTTT ‘ TTTT ‘ rTTT
S+

3 “E — 3 F > *Unofficial, very preliminary
2 SE- — E 1:25_ 2 —$— Data (B-B.K)
S 40 PE— g 90 - 8 Total fit
= w;mm, - % 80— SR S 5% Bs K’ Run 3 Signal (GE)
© 35— o E EE | e . T e Combinatorial bkg (Exp.)
E o= N | Background (Exponensa) o B—B.p
30— E
E E 15 BB, T
b, Bs 1, Run 2 ooE-

5 E

- 0 — oE 0

s 4C ARooPlot of "B, [MeV/cT" S5 4 35 a4

e, }{ } . . L } lll o 2_.} { v H v e, I
ot ) ;LL %}}4 ;hi l;i“ HEETTT 01’%1‘}4{' H H i i lH %Hﬁh““ 0 fé bt
ot : LIRS L B2 € Jbt SO LT LI L ! 4y AT
-4l . ‘ . . . -4 . , . . . 44
6150 6200 6250 6300 6350 6400 6450 6500 6550 5900 6000 6100 6200 6300 6400 6500 6600 6700 6000 6100 6200 6300 6400 6500 6600 6700

By [MeV/c] By [MeV/c] B, mass [MeV/c’] )



Particle Tracking Using Quantum Computers

<y

100

Esegments (%)

98

96

94

92 4

90

Segment Finding Efficiency €segments VS Event Size

@ Search by Triplet (94.846% + 1.725%) .
@ 1-Bit Quantum Filter (94.196% + 2.184%)
[ ]
[ ]
[ ]
200 400 600 800 1000
Number of Hits in Event e

Toy with
2000 particles

=

New method using global matrix
inversion (HHL) and spectral filtering
Can reconstruct realistic LHCb MC
(using noiseless simulators)
Can reconstruct Toy events up to 2000
particles, based on LHCb Velo geometry
Test on quantum hardware:
- IBM QPUs (SC qubits) via CERN QTI,
- access to Quantinuum QPUs
(trapped-ions) via GWFP/UM
Submission to Nature Comm. Physics

Cy (2 o

=3
N-d

SSI Performance Benchmark

QPU Architecture
O H2-2
O IBM-Pittsburgh

—==- Emulator
—— Hardware

Signal Separation Index (SSI)

T T T T
2T 2T 4T 417 8T
3L 5L 3L 5L 3L

Problem Configuration (Nrracks, Liayers)

\



https://www.nature.com/collections/ghgfeehcea

Set Transformer for Flavour Tagging:
Closing the Gap with Domain Adaptation

e Data and MC see large differences in tagging performance
with inclusive taggers

e \We benchmark using self tagging modes:
Bt = J/WKT — putu”

e Ideally will standardize tagger response accross domains

Monte Carlo Performance

((((((

Tagging Power

Data Performance

Training Step
(Trained on Limited data as a benchmark)

[ "’}‘Q;}_// /. %

Source Domain (MC) Target Domain (Real Data)
Input Data Input Data
(1024, 250, 44] (1024, 250, 44]
{ 1
eeeeeeeeeeeee g
Feature Embedding Feature Embedding i
e case, e | oe . 250, 2561 ;
1 d:
Prepend [CLS] Token Prepend [CLS] Token
e, 251,281 | | o, 25, 260
s d:

SHARED WEIGHTS

i [ Set Transformer (2L, 4H) I Set Transformer (2L, 4H)
1 1
Extract [CLS] Token Extract [CLS] Token
11111111111111111111
i 4
SHARED WEIGHTS
MLP Head Optimal Trangport Loss MLP Head
(64, 321 (sinkhorn Aflnment) (64, 321

Logits Ignored

BCE Task Loss
(vs B_TRUEID) (No True Labels)

Tagging Loss + Adaptation Loss



LHCDb and Al: hackathon on Al agents (our Daniel Magdalinski =) f
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LHCDb hackathon on Al agents

e LHCDb hackathon dedicated to
prototype LLM and agent use
cases

3 phases:

Agent (Qwen3-8B) o’
: ool call AR 1. Investigate
Redet reasoning 9 getP_ g:b o;..,"’ 2. Anclyse MR

3. Post review

Automatic Cl pipeline analysis

LHCb Data Processing and Analysis @lhcbdpa 6 days ago Mantser @
Cl Pipeline Failure Analysis

Pipeline: #27319 | CI Run: B2JpsiX_2425 | Commit: 1694348

Root Cause

The Cl jobs are failing due to a Python AttributeErron inthe entry_point_24 and entry_point_25 functions in
B2JpsiX_2425/dv_data.py . The error occurs when trying to call .update() on a Nane object:

AttributeError: ‘NoneType' object has no attribute ‘update'

This happens because the teaplate function (called by Bd: .D0_24() and Bd2. .00._25() ) is
. > returning None , but the entry_point functions assume it returns a dictionary or list that supports .update()
rejected>
The root cause s that the ‘template function in B2JpsiX_2425/template.py is not returning a value. I Ukely has 8 return

statement missing o a logic error that causes it to return Nane instead of the expected configuration dictionary.

Human Review
interrupt()

approved Affected Jobs
. .
A I d t no (done) AL10}obs nthe 820ps1X.2428 i un fle, including
NnalysiIS coae assSistance ey
END on GitLab + data_BAND.Spruce_Collisian24 VeloClosed Maglip_24r1

+ and all other data processing jobs for Run 24 and Run 25

Agent for Analysis Pipeline run

Agent for Analysis Pipeline run
Analysis pipeline plan in Snakefile/
scripts Results in himl

To-do: Latex Update Paper
plots

Indico event chatbot

@ Pawel Kopciewicz 2:28 PM
Validate numbers o 8 ol
g Please give me a summary of Feb 18 Charm meeting
against benchmarks 2 Y >
Team B: Indico + Docs knowledge agent 8ot 2:28 PM
The Charm Working Group (WG) meeting on February 18, 2026, covered several updates on charm physics analyses. Here's a summary of the key points discussed:
Integrate with Mattermost,
cursor/VSCode/Claude Code
hitps://gitiab.cern.ch/lasalle/rag-ai-scientist

. Update on Search for CPVin D’ — KK 7 : Francesco Paciolla presented an update on the measurement of CP asymmetry in DY — K$K*m" decays, focusing on systematic
uncertainties. The dominant source of uncertainty was identified as the efficiency model. The analysis is currently in the Working Group review, in its third round of questions.

Update on Search for CPVin D" — 7w 7 'm : Beatriz Moraes Vivacqua presented an update on the search for CP violationin D" — 7 7 7" decays. The presentation covered the
selection, mass fits per Dalitz Plot bin, background parametrization, and control channel fits. Suggestions were made for additional cross-checks, such as splitting by Hit1 lines and
checking PID variables.

Update on Charm Cross-Sections with 2024 Data: Lucas George Girardey presented an update on charm cross-sections using 2024 data. Discussions included the efficiency corrections,
comparisons between data and Monte Carlo simulations, and the impact of disabled detector modules. Suggestions were made to improve the analysis, including checking the effect of
multiplicity distributions and using different Hit1 lines for less-correlated TIS samples.

News: The meeting also included a news section presented by Giulia Tuci, Serena Maccolini, and Tommaso Pajero, highlighting upcoming presentations at the LHCb Week and changes
to the arXiv summary, which will now advertise interesting theory papers instead of providing a weekly summary.

N

.

Agent for RLHF

]

Human and Al input for correction
To-do: Regular Codebase Housekeeping - Codebase Cleaning layer too! These updates reflect the ongoing efforts within the Charm WG to refine analyses and prepare for future measurements, showcasing the collaborative and detailed work being done in the

field.
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