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LHCb Upgrade at a glance

Brand new detector! |
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- LHCb Upgrade at a
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

* LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 track reconstruction
« HLT1 & HLT2
- Gas injection
* pp reference run
* joN run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...
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LHCb Upgrade at a glance

glance
* fracking system
Brand new detector! * PID system
. 5y instant | i 5 * luminosity and beam
X instantaneous lumi from S~
4x1032 cm=2 5! to 2x10%2 cm2 5! - DAQ and trigger
* average number of visible pp . ¥ - How is it going so far?
collisions u=15.5 iy ! ' removed first muon station, - Vacuum incident
| e ' - oresnower and scintillating | - LHCin 2024
noto- | pad detectors + new * LHCb in 2024

* VELO closure

- VdM

+ Alignment & Calibration
- UT integration

fors + WpicH2 Hil neutron shielding
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- Performance
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- Cherenkov angle
| * VELO reconstruction
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LHCb Upgrade at a glance

glance
Nnew gads cell * fracking system
Brand new detector! N | —  PID system
. : : e i i  luminosity and beam
5x iInstanfaneous lumi from .

4x1032 cm2 s fo 2x1032 cm2 s
* average number of visible pp
collisions u=15.5

- DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

* LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 frack reconstruction
« HLTT & HLT2
- Gas injection
* pp reference run
*jon run
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- Performance

* Detectors

« Hit efficiency

+ Alignment

- Cherenkov angle

* VELO reconstruction
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- Trigger efficiency
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* In summary...
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LHCb Upgrade at a glance

readout at 40 MHz

- all electronics and DAQ upgraded
* new timing and fast control distribution
- full software trigger architecture

detector channels

HCAL MUON2-5
ECAL

PS VELO

SPD

M1

RICH2

RICH1

R/O electronics

HCAL MUON2-5
ECAL

PS VELO

SPD

M1

RICH2

RICH1

Relative trigger yield

w

i
v Bs—>J/1P1'1>
A B — mmw |
I
Bs_>¢'Y:
[ | Bs—>DsK:

LHCDb simula{ion

r Run 2

g
4

—r
0
IIII|I|II|IIII|III||IIII|IIII

N

Hardware level trigger =>
effective loss of efficiency
for fully hadronic channels

!
|
|
|
|
|
|
l
|
|
i
[
|
|
|
|
|
|
|
|
|
|
|
I

llllllllll

llll

45
Luminosity [ x 10% cm2 s°7]

[llllllllill llIlll[ll
1 15 2 25 3 35 4

DAQ

Event
Filter farm

5

R/0O Network

- LHCb Upgrade at a

glance
* fracking system
* PID system

 luminosity and beam
background

* DAQ and frigger

* How is it going so fare

- Vacuum incident

- LHC in 2024
* LHCb in 2024

* VELO closure

- VdM

+ Alignment & Calibration
- UT integration

« HLT1 track reconstruction
« HLT1 & HLT2

- Gas injection

* pp reference run

* joN run

- Performance

* Detectors

« Hit efficiency

+ Alignment

- Cherenkov angle

* VELO reconstruction
* PID

- Trigger efficiency
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* In summary...
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LHCb Upgrade at a glance

glance
- 3 : . * fracking system
® 2.5 e | Run 2 o
S L By — ¢y ! i * luminosity and beam
= 2:_ B B, —DK background
> : ) :
readout at 40 MHz § L ; DAQ and frigger
. C 1.5 : - How is it going so fare
- all electronics and DAQ upgraded : * OPMS
o o . - : - Vacuum incident
* new timing and fast control distribution i . |  LHC in 5004
] . - E Hardware level trigger => E
- full software trigger architecture 0.5/~ o ol oo o - LHCb in 2024
- 1 1 | 1 | | | 1 * VELO closure
1715 2 25 3 35 4 45 5 - VdM
Luminosity [ x 10™ cm™® s'] + Alignment & Calibration
- UT integration
* HLT1 frack reconstfruction
REAL-TIME *HLT1 & HLT2
ALIGNMENT & L
CALIBRATION ~Cesiniseien
6% R * pp reference run
4 TB/s | CALB § *jon run
8 EVENTS §
30 MHz non-empty pp OFELINE - Performance
PROCESSING - Detectors
FULL PARTIAL DETECTOR FULL DETECTOR Uit effici
SETECTOR RECONSTRUCTION RECONSTRUCTION Teticiency
EADOUT & SELECTIONS & SELECTIONS i rFuLL § * Alignment
(GPU HLT1) (CPU HLT2) GB/ 3 EVENTS g - Cherenkov angle
s
' * VELO reconstruction
All numbers related to the dataflow are - PID
taken from the LHCb 68% ANARSE Tri i
. . °  Eammm o PRODUCTIONS & - Ingger etniciency
Upgrade Trigger and Online TDR
Upgrade Trigger and Online TDR 8 TURBO 25 USER ANALYSIS e

A} EVENTS |

Upgrade Computing Model TDR
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LHCb Upgrade at a glance

glance
* fracking system
* PID system

 luminosity and beam
background

HLT1 « DAQ and trigger
- mostly frack based trigger * How is it going so fare

» input rate ~26 MHz (all colliding bunches) + Yacuum incident

. . . . « LHC in 2024
» ~50 selection lines (physics + technical) - LHCDb in 2024

* VELO closure

- VdM

+ Alignment & Calibration
- UT integration

« HLT1 frack reconstruction
« HLTT & HLT2

- Gas injection

* pp reference run

*jon run

- Performance

PARTIAL DETECTOR 0-5-1.5 - Deecierns
reconsTrucTion| MH2 : H'T efficiency
& SELECTIONS b + Alignment
(GPU HLT1) 70-200 - Cherenkov angle
GB/s - VELO reconstruction
- PID

- Trigger efficiency

* In summary...
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LHCb Upgrade at a glance

alignment & calibration

- critical to ensure offline-like
quality of HLT2 reconstruction
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A. Scarabotto, CHEP 2024

VELO alignment j

Tracker alignment

(Calorimeter Calibration

RICH calibration

REAL-TIME
ALIGNMENT &
CALIBRATION

FULL DETECTOR
RECONSTRUCTION
& SELECTIONS
(CPU HLT2)
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OFFLINE
PROCESSING

- LHCb Upgrade at a
glance

* fracking system
* PID system

 luminosity and beam
background

 DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

- LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 track reconstruction
« HLT1 & HLT2
- Gas injection
* pp reference run
* joN run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...
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https://indico.cern.ch/event/1338689/contributions/6015405/

LHCb Upgrade at a glance ; Turbo| - 1cb Upgrade i

calrgligite glgnce
* fracking system
* PID system

 luminosity and beam
background

 DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

* LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
* HLT1 track reconstruction
« HLT1 & HLT2
- Gas injection
* pp reference run
R Bidks: *jon run

HLT2
* runs asynchronously after alignment is performed

- different level of persistency depending on the
selection

» ~3000 lines (mostly exclusive)
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- Performance
- Detectors
« Hit efficiency

JINST 14 (2019) PO4006
FULL DETECTOR

RECONSTRUCTION 26% | .
& SELECTIONS 1 FuLL - Alignment
* VELO reconstruction
* PID
68% - Trigger efficiency
1 TURBO
8 EVENTS *In summary...

11/12/2024 Elena Dall’Occo


https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04006

How is it going so far? Bl con

== LHC commissioning  glance

== pp physics * fracking system
2022 == jon physics * PID system
,  luminosity and beam
=== special runs background
- DAQ and frigger
unscheduled stop: IR = -
. o « How is it going so fare
unscheduled stop: RF cryo incident, SO
(@ oF . d recover * Vacuum incident
[ ver repdir dnd recov
T ccovery P 4 - LHC in 2024
* LHCb in 2024
‘ ‘ ‘ \ - VdM
+ Alignment & Calibration
« UT integration
« HLT1 track reconstruction
- o . « HLT1 & HLT2
commissioning of subbdetectors, commissioning of subbdetectors, trigger - Gas injection
when stable beams during intensity and alignment - pp reference run
ramp up (<4W) LHCDb Integrated Luminosity in p-p in 2022 - jon run
g‘ | | : D;Iivered Lumi:10258.63 ipb (6.8 TleV) - Performance
_Q g Recorded Lumi: 815.27 /pb (6.8 TeV) - Detectors
(:i:) § - Hit efficiency
1 § - Alignment

- Cherenkov angle
* VELO reconstruction
* PID

- Trigger efficiency

e * In summary...
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How is it going so far? Bl cor

== LHC commissioning  glance

== pp physics * fracking system
2023 = ion physics * PID system
 luminosity and beam

== special runs bockground

- DAQ and trigger

« How is it going so fare
- Vacuum incident

« LHC in 2024

* LHCb in 2024
01/01 EYETS 15/05 17/07 25/09 EYETS 31/12 * VELO closure

| \ - VdM
—l————i_ - Alignment & Calibrafion

« UT integration
« HLT1 track reconstruction

| HC vacuum * HLT1 & HLT2

iIncident in the VELO - Gas injection
* pp reference run

> jon run

LHC

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

LHCDb

* In summary...
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Vacuum incident  LHCb Upgrade at a

glance
* fracking system

* PID system
- LHC vacuum incident in the VELO volume led to over - luminosity and beam

pressurisation of the detector volume and deformation background

. - DAQ and trigger
of the RF foi > SnE TS
- How is it going so fare

: )\ * leading factors to velo position in 2023: + Vacuum incident
- deformation of the folil allowing for max 30 mm gap * LHC In 2024
| - : : : - LHCb in 2024
- B - dam INng P IN The moftion system
. ngEe damaged coupling piece e motion syste VELO closure
T S . | i - decided not to move the VELO halves at every fill, but - VdM

B — , —e keep them fixed to the smallest aperture that allows * Aignment & Calioration

= o , - UT infegration
aconde ~ beam IﬂJeCTIOﬂ * HLT1 track reconstruction

* RF foil replacement in the EYETS23/24 - HLT1 & HLT2

- Gas injection

* pp reference run
* jon run

% VELO 2023 gap = 49 mm

- Performance
- Detectors

Upstream beam . A =HOS ce » | | ! n . g | . . | * Hit efﬁCiency

= | = | —, ' - Cherenkov angle
- e fAldaasasasasaid g _ , * VELO reconstruction

e T A i e ; ' 1'~" - B B =i Tl i s } | L e 1 5 : " .‘ l = ' i, ' " “ : j;‘:‘f—"’“' : : o PID

- Trigger efficiency

* In summary...
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Vacuum incident - LHCb Upgrade at a

glance
. . » fracking system
long tracks (up to the last tracking station) « PID system
16000  luminosity and beam
14000 oo, background
Impacf of VELO gap = 49 mm 12000 . ‘. ‘ - DAQ and trigger
10000 o* -
» acceptance reduced: from n [2,5] to n [2, 3.7] 8000 o ‘ *Howls it going so fare
6000 o . * Vacuum incident
* Impact parameter (IP) resolution degraded 4000 o 1 €[237] - LHC in 2024
2000 < >e
0 =4 f‘*.l. T T T T T T M‘?‘ﬁ‘?‘r“r"f *LHCb in 2024
1 2 3 4 5 6 * VELO closure
- VdM
IP resolution from simulation IP resolution in Run 2 - Alignment & Calibration
— 100 pP—r—— — — 00— -  UT integration
g = i £ oof. —— 2012 Data F - HLT1 track reconstruction
= WF 53 = M 2015 25 e Dat - “HLT1 & HLT2
» =3 = o g & ns Data A . iniecti
D& 30 - 2023 LHCb Upgrade I simulation 1 T 805 = Gas injection
70 E- —e— 2023:43.53+34.09/p, 70 E  Pp reference run
60 —e— Nominal: 12.81+11.99/p_ 60 = on ron
= ' = . - Performance
SO - 505_ E - Detectors
40 E - 40 = - Hit efficiency
30 = nominal 30F- = * Alignment
E E LHCb VELO Preliminal'y g - Cherenkov Ongle
20 :_ 20:_ v 2012 Data: o= 11 -6 + 23.4/pT _: * VELO reconsfrucﬂon
10 £ 10f- 2015 25 ns Data: o= 11.8 + 23.7/p_ -  PID
0 - 1 1 1 1 | 1 1 1 1 | 1 1 1 1 0: T T T e e - o Trigger efﬁciency
0 I 2 3 0 0.5 1 1.5 2 2.5 3 A
1/p, [c/GeV] 1/p_ [c/GeV] Yo
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How is it going so far? Bl con

== LHC commissioning  glance

== pp physics * fracking system
unscheduled stop:

. : * PID system
2023 cold mass - msulahon vacuum leak repair - o p.hys'cs : |Umir:/05i’ry and beam
w— == special runs background
- DAQ and frigger
- How is it going so fare
@) No pp reference run because of Ve e
— leaks in machine protection device . LHC in 2024
- LHCb in 2024
01/01 EYETS 25/07 \ EYETS 31/12 - VELO closure

‘ ‘ \ - VdM
« Alignment & Calibration
/ X - UT integration

HLT1 track reconstruction

LHC vacuum complete commissioning data taking + UT * HLT1 & HLT2
incident in the VELO + data taking commissioning continues * Gas injection
LHCb Integrated Luminosity in p-p in 2023, DAQ running LHCb Integrated Luminosity in Pb-Pb in 2023, DAQ running " pp reference run
UT leted - ' . , - jon run
. Comp e e Delivered Lumi: 536.14 /pb (6.8 TeV) Delivered Lumi: 249.29 /ub . Performqnce
NS TO | | Q TI on Recorded Lumi: 369.60 /pb (6.8 TeV) Recorded Lumi: 212.73 /ub
. _ * Detectors

o
(=]
o

LHCDb

« Hit efficiency

+ Alignment

- Cherenkov angle

* VELO reconstruction
* PID

- Trigger efficiency

Integrated Luminosity (1/pb)
Integrated Luminosity (1/ub)

1 I 1 1 1
9100

LHC Fill Number * In summary...
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Seﬂing the scene... - LHCb Upgrade at o

glance
2024 schedule - fracking system

* PID system

: : : : : TR b * luminosity and beam
prior to 2024 never run at nominal luminosity, with e Feb Mar | rpees background
the VELO closed and UT included in global dato o ' ' - DAQ and trigger
ta king Iz * How is it going so fare
- - Vacuum incident
” - LHC in 2024
goals for 2024 LHCD ih 2004
* Infegrated luminosity of 7 to-! of pp collisions T T e e T o s T T T e T s T T T - VELO closure
L Mo fo - | RN B * VdM
collect significant sample of PbPb data T o ; 5 . Alignment & Calibration
with UT . . ' ogan T - UT integration
» achieve 90-95% efficiency at high pile up, 2 nilRuelel el
Wi'l"'] UT Jul Aug Sep Oct P ALTT & HLT2
Wk 27 28 | 29 | 30 31 | 32 33 | 34 35 | 36 37 | 38 39 ° GQS injeCTion
e e e e - ppreference run
crifical acfivities in early 2024: N N S S S NN S O I rionrun
o , z AN S Y N O O N T N . Perf
» re-quadlification of the VELO motion system and E ol
automatisafion of the procedure 5w Neve Lolbec - Hit efficiency
. operations at nominal luminosity of the full N R I 10 W B T _zl _______ =7 4 Alignment
. . . L o O - | T SO OO NN SO SO T S - Ch k |
system, with parficular eye on frigger ana T ,CV:ELecgerZCOOVnZ?f;m
online alignment and calibration TR SR — 1111111111111111;_*______________iff’_f’f’___"_“__'_‘ii;_111111111111111 1111111111111111;;111111111111111{1111111111111111;1111111111111111 o . BID
- integration of UT in global data taking - - Trigger efficiency

* In summary...
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https://edms.cern.ch/ui/file/2872429/2.2/2024-LHC-V2.2.pdf

I-HC in 2024 - LHCb Upgrade af @

glance
LHCC accelerator status report - tracking system

* PID system
 luminosity and beam

Great performance of the LHC!

* pp hominal energy: target overpassed (best year ever for production with 72% availability and 54% N
stable bea ms) - DAQ and trigger
* pp reference energy. excellent machine availability ~90% allowed to reach all fargets - How is it going so fare

* jon run: problems encountered in 2023 mitigated increasing the availability and establishing smooth * Yacuum incident

operating conditions VM & Calibrat LIRS ) 2402
Runs. 16 v - LHCb in 2024
o — Stable Lumi * VELO closure
85.3% 63.6% Production * VdM
ot imiaet Summer period .« Ali i i
First injection: 8t" Bunch length control/target P o IONS run Allg.gnmen’r.& Calibration
March (3 days early) Limit RF module heating risk 1200 b r” (YETS starts on 25t - UT intfegration
~r IIIIIII ; unches on BCMS b S / November) « HLTT t |( nstr 1- N
By el — | 14t April (10 days Maye""‘ (SR rack reconstructio
e ' ! S * HLT1 & HLT2
e | early) T [ = e L
L ?—\‘W 12 15 e N Beyond 110 fb- - Gas injection
T T SRS o~ - pp reference run
i Beus - jon run
oo T T T e bl
pprun T ref run - Performance

W— September ‘Detectors

« Hit efficiency

Reverse Polarity optics First Sfable. Beams ©6.8 p* back to 30 pp reference run - Alignment
o TeV 5™ April (3 days early) * |io 28t Oct - 2"d N
commissioned (~ +1 week) , p* limited to 36 cm 17t June ¢ ov - Cherenkov angle
_ Q2AATLAS (160 urad up) cm 17th Apml gpt::;iozns.7h erenkov ang
5 The problem 21.4%) - VELO reconstruction
_ wn K| T o - PID
5 15% ‘ ‘ coTlainipg . . ..
- ) fos ., ‘ Subleseams: Syasem: - Trigger efficiency
ik LHCb VELO closed for e ? | * In summary...
0 The 1st '|'|me Availability

11/12/2024 Elena Dall’Occo


https://indico.cern.ch/event/1470570/contributions/6191107/attachments/2969385/5225362/LHCC-machineReport_18112024.pdf

LHC in 2024

* bunch intensities stable at 1.6e11 ppb at start of stable beams
» 3x36b allowed to reach 2133 colliding bunches in LHCb at full machine
» nominal luminosity of 2e3 Hz/ub can be reached with a pile-up of ~ 5.3

® Beam 1 Intensity ® Beam 2 Intensity @ # Bunches
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- LHCb Upgrade at @
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

* LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 frack reconstruction
« HLTT & HLT2
- Gas injection
* pp reference run
*jon run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...
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I.HCb in 2024 * LHCb Upgrade at a

glance
* fracking system
== TS/MD/setup == pp nominal physics == pp reference physics - PID system
== pp intensity ramp up == jon physics == pp vdM - luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

« LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 track reconstruction
« HLT1 & HLT2
- Gas injection
* pp reference run

- jon run
- Performance
first VELO closure in 4b fill - Detectors

« Hit efficiency

+ Alignment

- Cherenkov angle

* VELO reconstruction
* PID

- Trigger efficiency

[05/04]

* In summary...
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VELO Closure  LHCb Upgrade at a

glance
tracking system

. PID system
RF-box and VELO modules reconstructed by hadronic luminosity and beam

Inferaction vertices background
DAQ and frigger

, . E : ,,\E * How is it going so fare
- first VELO closure performed in steps Q 1 . Vacuum incident
- fomography performed at every step 8 ~J < LHC in 2024
with SMOG injected in the VELO vessel 1« LHCb in 2024
™ «VELO closure
- VdM
B - % 11 | ' 1 0 - Alignment & Calibrafion
S [ " AOA ,q_ * HLT1 tfrack reconstruction
h 1T s
VELO tomography for aperture checks ' — - Gasinjection
o B 1 OET - pp reference run
i o * lon run
T s BN ——
- - Performance
- o - Detectors
; T VELO routinely closed at every fill (gap 0 mm) . Hit efficiency
Oz i since the first fill of the intensity ramp up - Alignment
- " - Cherenkov angle
o - VELO reconstruction
e oo R ‘PD
I Asiéie a“ S ' i - Trigger efficiency
e e R e R e *In'summary...
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I.HCb in 2024 * LHCb Upgrade at a

glance
* fracking system

== TS/MD/setup == pp nominal physics == pp reference physics * PID system
== pp infensity ramp up == ion physics == pp vdM * luminosity and beam
background

- DAQ and trigger
* How is it going so fare

all SDs (but UT) - Vacuum incident

can operate

stably at nominal - LHC in 2024
lumi [07/05]  LHCb in 2024
nominal change of policy: - VELO closure

HLT1 bw 50% physics 50% - VdM
[10/04] optimisation

+ Alignment & Calibration
‘ - UT integration
" - HLT1 track reconstruction
« HLT1 & HLT2
- Gas injection

* pp reference run

* joN run
- Performance
first VELO closure in 4b fill - Detectors
[05/04] - Hit efficiency
i VdM program [16-18/04] * Alignment
] o] o mel - Cherenkov angle
ﬂ,..... , MWM il » VELO reconstruction
M | * PID
- Trigger efficiency
. M * In summary...
L I Wl U hall
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Van der Meer scan

glance
* fracking system
* PID system
- more than 100 luminosity counters of both high and low level quantities from different subbdetectors - luminosity and beam
Implemented in HLTT and in HLT2 background

. : . . . - DAQ and frigger
- several online luminosity counters as a backup for PLUME (main luminometer)  How s it going so far?

* absolute luminosity calibration via BGl and vdM scans . Vacuum incident
- performed once per year and center of mass energy in dedicated fills with different optics and filling - LHC in 2024

scheme » LHCb in 2024
* VELO closure
VdM program 2024 Online counters » VdM

+ Alignment & Calibration
- UT integration

* HLT1 track reconstruction
« HLT1 & HLT2

- Gas injection

* pp reference run

* joN run

part 1 1D 3.1¢c part2| |1D 4.5¢0||LSC part 3 continues VELO

Mu (Run = 25182) 1

rnr-— (ium

— Mu: 0.32 b —80000

— 70000

Anode current (uA)

—60000

150000

40000

30000 -
_Inner Counters Outer Counters ! [Performance

- Detecftors

« Hit efficiency

+ Alignment

- Cherenkov angle

* VELO reconstruction
* PID

- Trigger efficiency

20000

JUU J UL

t
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VELO opened SMOG?2 injection
0.5 mm per side | |preparation

VELO fully opened

* In summary...
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LHCDb in 2024

- LHCb Upgrade at @
glance

op intensity ramp up ™= ion physics

all SDs (but UT)
can operate
stably at nominal

lumi [07/05]

nominal change of policy:
HLTT bw 50% physics 50%

* fracking system

== TS/MD/setup == pp nominal physics == pp reference physics * PID system
= pp vdM > luminosity and beam
background
700 - DAQ and frigger
E :))Z +§§ - How is it going so farg
g 400;— :Eﬁﬂ(g:&md s = 0.042 £0.004 GeV/c? —i ° Vdcuum inciden'l'
: 300F G,5= 0.053 +£0.008 GeV/c? —f
5 2005— 3 * LHC in 2024
S 100k \ ] .
NI m O « LHCb in 2024
9 10 11
o mw) [GeVie * VELO closure
major alignment VM
update [06/08]

[10/04]  optimisation

I

first online ECAL
calibration [03/07]

Entries / (2.5 MeV
o
S

[\S]
(=]
(=]

first VELO closure in 4b fill

[o)

(=3

(=)
T

vvvvvvvvvvvvvvvvvvvvvvvv

(=)
e e e

[05/04]
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o LA
50 100

S
150 200 250

+ Alignment & Calibration
- UT integration
* HLT1 track reconstruction

« HLTT & HLT2
major alignment - Gas injection
+ magnetic field
map update T
[05/07]

- Performance
- Detectors
« Hit efficiency

* pp reference run

mw[MeV]
VdM program [16-18/04] * Alignment
[part1]  [1D3.10] [part 2] |‘ID4.50| ° Cherenkov Ongle
- [ MWM el » VELO reconstruction
| - PID
- Trigger efficiency
M * In summary...
L I Wl U hall
VELO opened SA/;orz jection
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Alignment & Calibration

2 major alignment updates throughout the year
« Improved mass resolution: approaching Run 2

performance

- all frackers (VELO, UT, SciFl) aligned simultaneously,

not individually in sequence

- exploited both magnet off and magnet on data

- greaftly benefitted from the update of the magneftic
field map from the latest measurements

Calibration of calorimeter system crucial to

compensate for ageing

- 119 based calibration performed on a regular

basis (absolute calibration)

- LED based corrections applied after ~each fill

(relative calibration)

Candidates / [0.05 GeV/c?]

m_, [MeV]

~]
-
-

600
500
400
300
200
100

-.-. Background |
— Fit model

LHCDb Preliminary 2024
After alignment

0,s= 0.039 =0.001 GeV/c?
0,3 = 0.042 = 0.004 GeV/c*
0,s= 0.053 +0.008 GeV/c?
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- LHCb Upgrade at @
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

« LHCb in 2024
* VELO closure
- VdM
- Alignment & Calibration
- UT integration
« HLT1 frack reconstruction
« HLTT & HLT2
- Gas injection
* pp reference run
*jon run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...
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LHCDb in 2024

w= T1S/MD/setup

== pp hominal physics == pp reference physics

== pp infensity ramp up == jon physics == pp VAM
N 700 pr———T—————— _—
S 600F . pata LHCb Prefiminary 2024
8 b 1 E
all SDs (but UT) S ol e o T
can operate 7 0] cum ot 0008 o
stably at nominal =L
lumi [07/05] 5 102; L
nominal change of policy: UT in global ’ ‘mu) [GeV/e? installation
HLT1 bw 50% physics 50% and in HLT2 major alignment of 3rd GPU
[10/04] optimisation [15/06] update [06/08] [19-23/08]

_T_]f

HLT1 reconstruction first online ECAL

update to handle 45 qtion [03/07]
high occupancy

major alignment
+ magnetic field
map update

UT in HLT1 (forward+
matching)

vvvvvvvvvvvvvvvvvvvvvvvv

[19/04] 3 [05/07] UT lower thresholds
3 SciFi higher thresholds

first VELO closure in 4D fill = o] | [26/08]
[05/04] 00: S0 00 /*1;0 00 '2:50
151 = 5 mW[MeV]
. VdM program [16-18/04]
5' 8 ‘ [part1]  [1D3.10] [part 2] |1D4.Sc|
3 & : =t =
| ihe 1 M*-‘”M CPU upgrade |
. . | M | [summer]
phsideall 1, S

i L MU MUMULJL

VELO opened sﬁgolii?gicﬁon
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Road to nominal lumi

trigger/reconstruction and UT
commissioning proceeding in
poarallel but at the same time
sfrongly intertwined

3rd GPU in production
downstream tracking
HLT1 bw at 5.3

UT tuned settings

line tunings at HLT2
[03/10]

HIt2 (output to tape)

10.0

10 4 s Current Il TDR

Bandwidth (GB/s)

0030 0010 0010
Full Turbo  TurCal NoBias Lumi Calib Total

- LHCb Upgrade at @
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

« LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 track reconstruction
« HLT1 & HLT2
- Gas injection
* pp reference run
* joN run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...



UT integration
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very rapid progress in UT commissioning
« phase 1: UT in local commissioning with dedicated runs in global

» by 1S1 96% efficiency as measured on VELO-SciFi tracks matched to 3-4 UT layers \

- phase 2: UT in global by default with occasional dedicated runs in local
» tuning of problematic boards throughout data taking \,\S\
» tuning of FE settings in parallel to firmware development QOS

- phase 3: UT used in the trigger decision 05\“5\'3
1. UTincluded in HLT2 track reconstruction:® S\'N\o
7. UT included in HLT1 track recons’rruc’rion?o N\Ob‘

3. commission downstream tracking QOS

UT efficiency map as measured on Velo-SciFi tracks
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Need more data for
space alignment

Needs better
time alignment
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DAQ error rate with different

FE settings

é New SALT hit limits
:“2.76J_ro.18“

E_ 1.174+0.13 New ADC
- ~\~ T thresholds
_+ + ﬂ_ 1 1.32+0.14
T s T
_ 1 ’I"|'+ + _|,+ + +
- 10" ”1'5”“210""2'5”

fill count

- LHCb Upgrade at @
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

* LHC in 2024

« LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT intfegration
« HLT1 frack reconstruction
« HLTT & HLT2
- Gas injection
* pp reference run
*jon run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...




HLT1 track reconsiruction - LHCb Upgrade at o

glance
J. ZhUO, CHEP 2024 o Trgcking Sys'l'em
* PID system
track types at LHCb >Yo
: : : . * luminosity and beam
- run matching sequence only until UT included in HLT — — background
. . dZl Upstream track, I :

- forward then matching sequence improves = sin S — +DAG el igigien
significantly the reconstruction efficiency at high Lo .l | Hlew B i gelng) 5o el
occupancy, but reduces the throughput to a barely I | . | = * Vacuum incident

: : R L] I - LHC in 2024
acceptable level at nominal lumi VELO track = oustrean track 4y I | T track DT
* VELO closure
- VdM
HLT 1 TrQCking seqguences Forward then Matching sequence ° Alignmen’r & Calibration
( | - UT integration
. A « HLT1 track reconstruction
C Velo [ SciFi hits ] | > Long tracks without UT “HLTT & HLT2
standalone + - Gas injection
EdE Y, [ UT hits ] = [ SciFi hits ] :> Long tracks with UT ' 122 rrifnerence "on
Forward sequence
- / - Performance
4 h * Detectors
[ Velo tracks ] | > LOI‘Ig tl“aCkS W|thOUt ur « Hit efﬁciency
‘ SciFi A - Alignment
standalone + [ UT hits ] | > Downstream tracks - Cherenkov ongle
tracks - VELO reconstruction
,l: - PID
. [ Velo tracks ] + [ UT hits ] Long tracks with UT - Trigger efficiency
Matching sequence y
- * In summary...
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https://indico.cern.ch/event/1338689/contributions/6015405/

H LT‘I - LHCb Upgrade at @

glance
* fracking system
* PID system

- fo accomodate the forward then matching new bandwidth  UTin HLT1 bandwidth for mu 5.5 - luminosity and beam
sequence + downstream installed a 3rd GPU per background

' ' - DAQ and frigger
event builder node (163 more GPUs in total ) B 99 -
* How Is It going so fars

- Vacuum incident
« LHC in 2024

« LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 track reconstruction
« HLT1 & HLT2
3 ° o - Gas injection
'101'00' — '102550' | * pp reference run
*jon run

1200

- several funings of HLT T bandwidih division
depending on the acceptable output rate and
INnstantaneous luminosity

1000

HIt1 output rate [kHZz]

800

’i'
4

- acceptable HLI'T output rate gradually increased
up to 1.2-1.3 MHz following improvements in HLT2 600
computing power

%
o

o

o

400

200

3rd GPU installation during MD3

&
o
CD-~
O
O
o
o
—
o
o
o
o
8

- Performance
HLT1 throughput per GPU - Detectors
- Hit efficiency
+ Alignment
67.50 kHz Forward + Matching + Rest HLT1 + Downstrea - Cherenkov angle
* VELO reconstruction
LHCb 2024 - Allen v4r13 . P| D
Run 306411
; » * 100 - Trigger efficiency

73.19 kHz Forward + Matching + Rest HLT1

* In summary...
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- LHCb Upgrade at @
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger
* How is it going so fare
- Vacuum incident

HLT2

- HLT2 needs to process data at rate greater than half of the
HLTT output (1 MHz): minimum 500 kHz

- HLT2 compute power upgrade - LHC in 2024
- upgraded older CPUs (8 cores) to more powerful ones - LHCDb in 2024
(] 4 COFGS) * VELO closure
- VdM

4400 CPUs replaced in two weeks in 2200 servers
- 204 new HLT2 nodes installed with 128 cores each
ultimately achieved a HLT2 throughput of 200 kHz!

+ Alignment & Calibration
- UT integration

* HLT1 track reconstruction
« HLT1 & HLT2

- Gas injection

* pp reference run

HLT2 output to tape

10 4+ LHCb October 2024
e Current B TDR

* lon run
. - Performance
- several iterations between analysts and trigger experts to 0 . Detectors
tune the exclusive HLIZ lines and keep the output rate - O - Hit efficiency
under control at nominal luminosity § * Alignment

- Cherenkov angle
* VELO reconstruction
* PID

- Trigger efficiency

00 0 00 0 00 0
Full Turbo TurCal Calib Lumi NoBias Total

* In summary...
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2024 nominal PP run - LHCb Upgrade at a

glance
* fracking system

* PID system

collected more data in 2024 than in Run 1 + Run 2 combined!  luminosity and beam
LHCb Efficiency in 2024, DAQ running background

< o o pd *  Seolne “—'“ \-h:{: M - DA Nnd tri r

- .. 'o .’..ss 5.0'600\0 :‘0. Q". :’, : ¢8 o Q d d gge

o ................ l.’ ....................... :\‘ ....................... E\‘ ................... ......‘..‘.... .E...........‘.......Jé'.........................lé ..... . R .

s ”..‘. - K I - How is it going so fare
20 E .............. .. . . ..... . ........... . ...................... - :. ............. FECEREEETTREETEL TP PETR .. . ........ . Vdcuum inCidenT

— 2024 (13.6 TeV): 9.56 fb! e - LHC in 2024
- 2023 (1 36 TeV) 037 fb_ .......... . .............. ......................... ......................... e ...................... . ........ .

— 2022 (13.6 TeV): 0.82 b ST S— S— — S— S— S— * LHCDb in 2024
—2018 (13 TeV): 2.19 fb™ T T T — T S * VELO closure
— 2017 (13 TeV 1.71 b | | | | | | | | VAM

)
- 201 6 13 TeV): . 7 fb_1 .......................... ......................... ......................... ......................... ........ . | |
2015 (13 TeV): 0.33 fb™" S T— A H— A W - Alignment & Calibration

6
—2012(8 TeV):2.08 fo” / ANSSTUSI YN NSRRI W AU NN, N— - UT integration
0.04 :

— 2011 (7 TeV): g z z é z § § :
. . —1 - | | | I | 1 1 b I | 1 | | I | | | l.l | 1 1 1 I | | |.l kl _l_l_l_L_l_ ¢ HLT] TrOCk reCOnSTrUCTIOn
— 2010 (7 TeV): fo a 9600 9700 9800 9900 10000 10100 10200

LS2 A/ LHC Fill Number - HLT1 & HLT2

18
16
14
12
10

D T e N N A i NP e NP e

/ . . - Gas injection
LHCb Average Instantaneous Lumi in p-p in 2024
/ | | , | | | | | * pp reference run

> jon run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

16

/ LS /

/ | | | | | |

009 2011 2013 2015 2017 2019 2021 2023 2025
Year

14

12

Integrated Recorded Luminosity (fb™)
R A R e &2

N

10

Average Inst Luminosity (10*32/cm”2*s"1)

S (2] o

(o=} N
oW1

.
q.. 1 | 1 1 | I”I 1 I | ‘ 1 1 1 1 | | q 1 1 I. 1 I 1 1 1 1 I | | | 1 I |
500 9600 9700 9800 9900 10000 10100 10200

LHC Fill Number

* In summary...
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Gqs injeCﬁOn - LHCb Upgrade at @

glance
LHCb'FlGURE‘2023'OO] . Trgcking Sys'l'em
* PID system
. o o . . o * luminosity and beam
- unique possibility in LHCb to inject gas with SMOG2 and run the experiment in fixed target mode background
: .. : : : - DAQ and tri
- goalis to run both pp/ion-ion and p-gas/ion-gas in parallel throughout data taking & and frigger
. _ * How is it going so fare
- dlready operated in 2022 with noble gases (He,Ne, Ar) and Ho . Vacuum incident
- during the EYETS 23/24 upgraded the gas feed system to inject also D2,02 L i 202
+ LHCb in 2024
* VELO closure
- VdM
primary vertices distribution beam imaging - Alignment & Calibration
% <10 25 - : « UT integration
._-g 180 Interaction region (pp) A /) g RUN 252975 « HLT1 frack reconstruction
S 1e0 ) g 1RO £ 2 el *HLT1 & HLT2
oF 3 15 caanil - Gas injection
. . - pp reference run
120 — x 1.0 A .
- g - jon run
100 — SMOG?2 cell (pAr) = 05 - Performance
80— < > E 1.5 1 —— Beam 1 - Detectors
— £ —— Beam 2 . L
60— § Lo - Hit efficiency
- g | AT e s
e PTRPRYEEST - Cherenkov angle
20 - 9 i : | » VELO reconstruction
= . 2 0.0- +PID
-200 0 200 ' ' i ; '
z [mm] —1000 —500 0 500 1000 - Trigger efficiency

Vertex z' position (mm)
* In summary...
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Gqs injeCﬁOrl - LHCb Upgrade at @

glance
* fracking system
* PID system

. o epey . . . . . * luminosity and beam
unique possibility in LHCb to inject gas with SMOG2 and run the experiment in fixed target mode background

- DAQ and trigger

. . * How is it going so fare
already operated in 2022 with noble gases (He, Ne, Ar) and H2 - Vacuum incident

during the EYETS 23/24 upgraded the gas feed system to inject also 02,02 * LHC in 2024
« LHCb in 2024

* VELO closure
- VdM

goal is to run both pp/ion-ion and p-gas/ion-gas in parallel throughout data taking

2024 integrated luminosities

P | | I | | | = : : .
i 6 [.HCh 5 | | . + Alignment & Calibration
2024, s .. =709 GeV 2024, s, =113 GeV . .
L 10 - P " - P ) E - UT Infegration
Ea 105 2016, s = 110 GeV 2017, {f5y = 68.6 GeV « HLT1 track reconstruction
b * HLTT & HLT2
8 3 [ - pp reference run
.é 10 E - jon run
infense SMOG2 program in 2024! S 102 E I - Performance
— =
- 10 = D.e’rec.’rc.)rs
L = - Hit efficiency
> i i I - Alignment
%‘0 = - Cherenkov angle
= 107! ! - VELO reconstruction
— = - PID
10724 - Trigger efficiency

pH, pD, p He p Ne p Ar PbNe PbAr

* In summary...

Collision system
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LHCDb in 2024

w= T1S/MD/setup

== pp hominal physics == pp reference physics

pp intensity ramp up == ion physics == pp VAM

00— ——————

600 :_ —= Data LHCb Preliminary 2024 —:

- Y(1S) . ]

500 o (2S) After alignment E

a | | S DS b U T U T . X(39) Gjs= 0.039 £0.001 GeV/c? ]
- -.--Background ]

400 |- — Fit model Gy = 0.042 £0.004 GeV/c>

Oy = 0.053+0.008 GeV/c® ]

can operate
stably at nominal
lumi [07/05]

Recorded luminosity [nb™']

300
200F

Candidates / [0.05 GeV/c?]

100

. O_Illgl";OI'.."""H:
UT in glObOl m(u) [GeV/c?]

nominal change of policy: installation
HLT1 bw  50% physics 50% and in HLT2 major alignment of 3rd GPU
[10/04] optimisation [15/06] update [06/08] [19-23/08]

AL]f

HLT1 reconstruction ¢ ,
update to handle first online ECAL

major alignment
+ magnetic field

UT in HLT1 (forward+

high occupancy e map update matching)
[19/04] fol : [05/07] UT lower thresholds
L ‘ SciFi higher thresholds
first VELO closure in 4b fill S ol [26/08]
[05/04] 00: T e 50
VdM program [16-18/04]
ori] [®510]  [ponz] [aso]fisc]

| [summer]

gAsideall -
L | L

B TR T —

o = 75 — oz
T G

il

VELO opened SMOG2 injection | [0 fully opened
reparation
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10°

LHCb 2024, 5 = 70.9 GeV

rH,

Bandwidth (GB/s)

10 A

1 I 1
pHe pA

D AT
Collision system

PD,

4 diiterent gases
injected in SMOG2
[28/10-3/11]

3rd GPU in production
downstream tracking

HLT1 bw at 5.3
UT tuned settings

line tunings at HLT2
[03/10]

HIt2 (output to tape)

s Current Il TDR

5.9

003 0 0010 0.010

10.0

Full Turbo  TurCal NoBias Lumi Calib

Total

- LHCb Upgrade at @
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

« LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 track reconstruction
« HLT1 & HLT2
- Gas injection
* pp reference run
* joN run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...



pp reference run

/-day run (extended by one day to satisty ALICE target following Run3 extension)

took advantage of the intensity ramp up for calibration scans and tests in preparation of PbPb data taking

levelled for most of the fime, beams head-on only in fill 10310

>95% DAQ efficiency during dato

4 different gases (He, Ar, D2, H2) injected
- different HLT1 tuning depending on the gas

Average Inst Luminosity (10*32/cm”2*s™1)

LHCb Average Instantaneous Lumi in 2024 p-p reference run

?lil.lil.lilllilllilllilllilllil

| |
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LHC Fill Number
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LHCb Efficiency in 2024, DAQ running
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- LHCb Upgrade at @
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

* LHC in 2024

« LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 frack reconstruction
« HLTT & HLT2
- Gas injection
* pp reference run
*jon run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...




LHCDb in 2024

== TS/MD/setup == pp hominal physics == pp reference physics

pp intensity ramp up == ion physics == pp VAM

g 10— 71—
§ 600 E— . Data LHCb Preliminary 2024 —f
(‘B 5 005_ \\\}rgg; After alignment _E
O ” S DS ( b U.I. UT) 8 ; ggﬁ)ground G,s= 0.039 £0.001 GeV/Ci ;
< 400 — Fitmodel Gy = 0.042 £0.004 GeV/c>
can operate 3 ol gl R
stably at nominal £ o)
lumi [07/05] 5 1

nominal change of policy:  UTinglobal ~ ° 0 st
HLT1 bw  50% physics 50% and in HLT2 major alignment
[10/04]  opfimisation [15/06] update [06/08]

AL]f

HLT1 reconstruction ¢ ,
update to handle first online ECAL

major alignment
+ magnetic field

high occupancy  ~w  — " map update
[19/04] T [05/07]
first VELO closure in 4b fill 2
[05/04] 00: T e 50
VdM program [16-18/04]
poti] [B310]  [pen2] [ioaso][isc]

gAside all
L | L

B TR T —

Mu (Run = 205182)
——
03
025
02
o015
01

il

! lon VELO fully opened
i
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CPU upgrade
| [summer]

Recorded luminosity [nb™']

installation
of 3rd GPU
[19-23/08]

UT in HLT1 (forward+
matching)

UT lower thresholds
SciFi higher thresholds
[26/08]
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LHCb Efficiency in 2024, DAQ running

Efficiency (%)

10°

LHCb 2024, 5 = 70.9 GeV

PH,

Bandwidth (GB/s)

4 diiterent gases
injected in SMOG2
[28/10-3/11]

10 A

lon run

[4-23/11]
| 1 A

D AT
Collision system

rD,

3rd GPU in production
downstream tracking
HLT1 bw at 5.3

UT tuned settings

line tunings at HLT2

[03/10]

HIt2 (output to tape)
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- LHCb Upgrade at @
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

« LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 track reconstruction
« HLT1 & HLT2
- Gas injection
* pp reference run
* joN run

- Performance
- Detecftors
« Hit efficiency
+ Alignment
+ Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...



lon run

- 3.5 days intensity ramp up (-0.5 days wrt plan)

- 12.5 days physics at full machine: 0.036/nb/day for LHCb

- leveling at 1.5e-3 Hz/ub in LHCb (increasing to >1.5hn)

« pbunch intensity increased up to 2.4e8 Pb/bunch at Stable Beams

Higher instantaneous luminosity wrt 2023

- flip polarity of the magnet from +/DOWN fo -/UP:
» 20% gain in lumi: agreed as default for 2024

* Increase number of colliding bunches at IP8
» +159 bb (40% more) for LHCb
» -56 bb (5% less) for ATLAS/ALICE/CMS
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glance
LHCb-FIGURE-2023-030
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lon run

* PbPb running conditions challenging for data taking:
mu~0.002 with beams head on

- additionally Ar and Ne injection &a-1a-SMOG for most of the fi

- trigger mitigation strategy: global event cut (GEC) at 30k Sc
clusters

removed by GEC

IS

- LHCb Upgrade at @
glance
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lons data taking

first PbPb data reconstructed down to 30% centirality by LHCb
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first PbAr data reconstructed down
to full centrality by LHCDb

- plots show 2023 data
* In 2024 VELO closed and UT

Included
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Detectors performance

glance
* fracking system
» detectors operating in stable conditions at nominal luminosity * PID system
» focus shifted to performance fine tuning, radiation damage monitoring and simulation improvements L;J;“C'Eé’?gzr?gd beam
» hardware-wise standard maintenance: small areas became inactive, but no effect on data quality - DAQ and trigger
- & (Partially)Excluded halfROBs []Excludedhnks []Knownhotlinks (Overlay: Run304733 - now) ; 250_— . . . . . -1 a ¢ HOW |S IT gOing SO fCI r?
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Hit efficiency - LHCb Upgrade at o

glance
* fracking system
[ ] (] (] (] [ ] [ ] (] ofe [ ’ PlD SYSTem
hit efficiency for SciFi and VELO approaching design specifications - luminosity and beam
background
. - DAQ and trigger
SciFi VELO L
* How is it going so fare
hit efficiency per layer biased hit efficiency in online monitoring - Vacuum incident
%) T i - — Layer 0 - LHC in 2024
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* In summary...
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Alignmenlll - LHCb Upgrade at @

glance

LHCb-FIGURE-2024-009 . tracking system
* PID system

online frackers alignment crucial for a performant track-based tfrigger E?éﬁ;’?!ﬁfé‘d beam

- VELO half alignment automatically evaluated every 10 min, module alignment on - DAQ and trigger

demand a few times per year - How is it going so far?
- Vacuum incident

- LHC in 2024

* LHCb in 2024

* VELO closure

- VdM

+ Alignment & Calibration
VELO alignment performance - UT integration
| | | | | | | | | | | « HLT1 frack reconstruction

| . . . . .
LHCDb Preliminary 2024 | * HLT1 & HLT2
2024 module and sensor alignment ] - Gas injection

- ScifFi and RICH alignment automatically evaluated and applied on demand
- MUON alignment performed ~once per year
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Cherenkov angle resolution [HCD-FIGURE-2023-007 . LiCb Upgrade of a

glance
* fracking system
RICH 1 at u=5.5 - PID system
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PP e | 0.9 background
* depends on other subdetectors spaftial alignment L S T 08 - DAQ and trigger
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VELO reconsiruction

LHCb-FIGURE-2024-011
LHCb-FIGURE-2024-032

VELO tracking efficiency
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PID: muon & electiron - LHCb Upgrade at o

glance

[HCb-FIGURE-2024-010 - tracking system

both electrons with brem photon associated +PID system
—r———— 17— * luminosity and beam

_ background
i - DAQ and trigger

* How is it going so fare
- Vacuum incident

| l _ - LHC in 2024
* No strong dependence observed with : : - LHCb in 2024
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PID: hadrons - LHCb Upgrade at a

[HCb-FIGURE-2023-019  glance
[HCb-FIGURE-2024-031  °racking system

misidentification vs identification efficiency - PID system
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PID: hadrons - LHCb Upgrade at a

LHCb-FIGURE-2023-019  9dlance

. L . L . LHCb-FIGURE-2024-031  *fracking system
misidentification vs identification efficiency - PID system
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Trigger efﬁCienCY |HCb-FIGURE-2024-030 o0 Jperadeata

glance
* fracking system
* PID system
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Transverse momentum, py(B*) / GeVc¢™! Transverse momentum, pr(B*+) / GeVc~! Transverse momentum, pr(B*+) / GeVc¢™! * In summary...
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In summary...

very successful year for LHCD!

 finally operating in nominal conditions
* VELO closed at 0 mm gap
- achieved DAQ efficiency > 95% in all runs (pp and ions)
* Instantaneous luminosity of 2000 Hz/ub
» gas almost contfinuously injected

* |ofs of data to analyze from 2024 run
- pp 13.6 TeV: 9.6 /fb
* pp XXX TeV: 232 /pb
* PbPb: 450 /ub

* first Run 3 results expected for Moriond 2025

Merry Christmas and wishes for many Run3 physics resulis!
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- LHCb Upgrade at @
glance

* fracking system
* PID system

 luminosity and beam
background

- DAQ and trigger

* How is it going so fare
- Vacuum incident

« LHC in 2024

* LHCb in 2024
* VELO closure
- VdM
+ Alignment & Calibration
- UT integration
« HLT1 frack reconstruction
« HLTT & HLT2
- Gas injection
* pp reference run
*jon run

- Performance
* Detectors
« Hit efficiency
+ Alignment
- Cherenkov angle
* VELO reconstruction
* PID
- Trigger efficiency

* In summary...



Additional material
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Ghost charge measurement
CERN-ATS-Note-2012-029
nominally empty filled bunch nominally empty

. precise knowledge of ghost charge fraction 0 — b icio i
fundamental for the measurement of luminosity 5 10" - e
: S / i
- Satellite and Ghost charges are measured by Beam S 2 \ / \
Synchrotron Radiation Longitudinal (BSRL): - _satellites
: : = 107 -
» per bunch: baseline subtracted >
» fotal: no subtraction 10 - 0
o ' ' |
-62.5 -37.5 -12.5 Time (nS) 12.5 37.5 62.5
o] ST i I e

e
[N}
o1

XXXXXXXXXXXXXXXXXXX — LHCDb provides a Unique and
| complementary measurement of
i ghost charges

sl | HCb-FIGURE-2024-001

Ghost charges fraction (%)
o
(@)
o

host charges fraction (%)

i bt L

| CLvveir bt hbe ro ] ¢ based on PV reconstructed due to
nnnnn —— o e | T e the interaction with gas injected by
2 0:25 Beam 2 | LHCbBGI 2 l gg;f? | LHCb BGI SMOG
ERE:  results in agreement with the BSRL
- fundamental input for the luminosity
:} ”l ] lH} | s measurements of ATLAS, CMS and
- I*}llll {lwll o.o—’{{’}{l 1l|4|*{ll]llx;¥_ ALlCE

Time [CEST] Time [CEST]
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VELO

—#—  Scheduled —eo— Achieved

Ready forlbeam

RF foil replacement in EYETS 23/24
12 - A

- detector de-installation, RF foil replacement and Ready forre-commissioning
re-installation went smoothly =

reinstalled detector

» 0.5 mm shims installed to increase the clearance g 87 o Pake-out fnshec
between modules and foil, to be removed in the 2 6 —
first Technical Stop (June) pending tomography = MOG reinstalation < 2
/] —{RFbox reinstallation F"E =
» detector already under vacuum and cooled to m— <
2 — Detector removal "5 ’_E
_35 deg Electronic disconnection E :—'é
5 ®

0T — I T T 1
\) S\ I\ S N\ S \ S R\ B\ S S\ B \ A S\
DN NI N LSRN RN S NI N RN N

half installation cabling

2o 1N el
2N -
% i E -,
| A T
,‘ \ . M '-J‘.;'
| Ch . Y - O
, . . & ‘5
i

{

infense re-commissioning ongoing
to be fully ready for the first beam!
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PLUME & BCM

LHCb-FIGURE-2022-012

Plume first plume online calibration with van der Meer scan
. 0lel2 | | |
» per PMT ADC counters used to provide B o Joons
. . . eam 2 1ntensity
Instantaneous luminosity o the LHC every 3s osfonlinen \ / \ /v /\ M/\ \ﬂ A | Vae0oTe
. , ; beam 2 x postion 0.0045
- additional features developed during the EYETS: 2| e 1y position /\ \P V N .
2 —0.003g
» luminosity per bunch crossing £oal M i V _0002i
» possibility to run continuously independently | |
of global experiment status
0.0 (l) 2000 4000 600 80|00 0.000
Timestamp +1.6544400000¢9

first beam dump with upgraded electronics board

current /nA
— —r —r
N S (e)]
o o o
o o o

_ BCM
1000;— * fully refurbished during before restart of Run 3 with new
"o DAQ operational since 2023
2oL - beam dump logic + Run 3 updated thresholds
4005— validaoted by dumping the beam as expected during
200 ; LHC tests

0:_ LIS T—

L';s"';id"'_és""_éd'"_z'»s'"'_z'd"'_{s;"'_id"'_'s""ﬁ')

time /s
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The (evolving) LHC 2023 schedule

Start Beam
LHC hand-over LHC, TI2. TI8 a Commissioning H ) 'I' 1_ 'I' d
Feb Mar experiments close Apr ow I S q r e vee
3 4 5

>l
Y

::II: 16 2; 30, 66« 713}1 820 927 ms§ 1113 1220 tn*;
O P T * short pp run: 13.5 weeks

m
-
Hardware
re-<commissioning

| - extended ion run: 4 weeks of ion
| N — ohysics, 1 week of pp reference run

First Stable
beams

S =2
o
==

Collisions with

May 1200 bunches

: _ Jun Jul
Wk 1w | 15 || 6 | 17 | 18 | 19 || 2 21

2 | » | = ]| = | = ITL8 incident
-~ 49 days of commissioning —| 97 days of pp ~ " |

~~ b e - leak found in a bellow in the triplet
e anC ram O-Up 3 R 5 R

zension é ; 5 = e f-l- O f 8
: Interleaved Z ! i :
Fr G. Fri. commissioning 4 i s :‘
v & i ‘
Sa intensity ramp up

- ke - replacement done in difficult
conditions (arc kept cold-ish) but fully
Aug Sep . Oct

SPS HiRadMat

Wk 27 28 29 30 31 32 33 34 35 36 37 38 39 SUCCGSSfUl
Mo 3 10 17 24; 31 7 14 21 28 4} 11} 18 2o
Tu : ioTs2 p-p ref o
We | ; i & i
Th ; : : : E : Jeune G. : pp ref a
Er § @ v MD 3 ; setup T é pr.
>a poref i E .
Su r

e, Last beam October 30

ov ec

Wk o | a 42 43 44’ 45 46 47 48 49 50 51 52
Mo 2 9 16 23 30! 6! 1 20 27 4 11: 18 Xmas 2g ’ |
Tu . mb4 f ............................... S . S S ................E...................-.-.-.-.-...-. \S' "'mnmwmwmm nm ‘
w27 days of PbPb RS — 8 = ‘ :
LB A I .. S e e O i
700 R A e e P
EO S T NN UM U N — ... = |
Su
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The (evolving) LHC 2023 schedule

Start Beam
jan Feb Mar e “Tap ...how it evolved...
Wk 1 2 3 4 5 6 7 8 9 10 11 12 13
Mo 2 16 23 : : : 201" 27
Tu Annual . \
e - b R Leaks in TDIS
‘ test Eéﬁ achine . o .

I o S S 1 S — 1 ------- 0 RS - - two leaks found in close succession in
s ? the same TDIS

vay Jun ul * replacement not preterred choice

Wk 14 15 16 17 18 19 20 21 22 23 24 25 26

] . o
Mo 3} Easter 1(); 17; 24£ 1st May 1 8; \ 4 15 22{ Whitsun 295 Sj 12; 19 26 rU n n I n g Wl-l-h ) OWS O pe n ¥4 h I g h I n -l-e nSI-l-y
Tu I3 M M :
W R _ ” : Jvama
e | o : ] proton beam not possible in this
Re-comm|SS|on|ng ‘T‘E‘“ =i E 7777777777777
Th with beam : Ascension ZE _% ° °
---------------------------------------------------------------- configuration
Fr GF” ____________________________________________________ commissioning &+ | A i ______________
7 : & A
Sa _____________ a1 oAV =0T B0 o N O e O O P s -y () I
Su E : 90mrun
Module C
Aug Sep Oct Module A Module B
Wk 27 28 29 30 31 32 33 34 35 36 37 38 39 96.5 cm 60 cm
: : collisions i ref : 1 565 cm 1565 cm
Mo 3 10 21 _‘ 28 |ettion 4 s : 18 25
Tu High B run : 2
4 e e T : e Graphite R4550 Graphite R4550
We 5 ' = checkout ! i ayo =
i Unscheduled st E “« : : o =
Th = Cold mass -inr;ztlza’fioﬁ?/acsuggleak repair = k4 Rev\clci)tTm Jeune G. DR —= i e i ¢ ek e S
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" H iéH’B’”"””E"nghBrun" — R R ::%D """'"""""g:j""' 53 5 mm
a I T T e S o Seisetup G TS SO .
p-p re c
Su : setup . : o
End of Graphite R4550 Graphite R4550
Nov Dec
Wk 52
Mo Xmas  ogf
Tu
We
Annual
Th : : : : Closure
Fr :
s W s ?
Su i i i i
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