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Brief personal introduction

® currently still PostDoc at Manchester
» Freiburg in seven days
® since January coordinator of RTA-WP4 " Alignment & Calibration’

Had the pleasure to spend a large part of the past three years in that chair
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LHCb Upgrade detector

LHCb-TDR-12
30MHz processing rate end electronics, remove

SPD/PS

New tracking stations
/ g Ecar HCAL

— =
[Software—only trigger with Upgraded calo front-

M3

Magnet SciFi  RICH2 M2

Upgraded
muon
front-end
|| electronics,
remove M1

' New RICH PMTs +
upgraded electronics
New RICH1 mechanics
and optics

Brand new detector requiring intensive commissioning
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24.09.2024

How we started this year
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Throwback Tuesday

Run 3 commissioning

with a focus on alignment, calibration and performance

LHCb UK 2024

Florian Reiss

10.01.2024

Successfully transitioned from commissioning to data taking?
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Throwback Tuesday

Summary 2023 Summary

Last year wasn't exactly easy
® degraded acceptance and resolution from VELO opening
® reduced time with pp collisions due to LHC incident
® running at lower instantaneous luminosity

. . 2023 was a challenging year for commissioning
Still many achievements

. . RTINS A . i i
® e.g. "pp collision to nice mass plot” pipeline still many achievements
® many key performance numbers have been evaluated
H E;Ei EEE - > iterative improvements over time
e 20 . .
g “x’ii’g 0 | To achieve this year
i o @ . Lo P
E b - » ® stable data-taking at nominal instantaneous luminosity
:§'I kb amp b jl b in i e fully include UT in data-taking
0T S e ® reach design performance
. .
This year we need to get to design performance under nominal conditions take physics data

Did we achieve our goals for this year?
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A reminder of 2023

Last year didn't exactly treat us well
Deformed RF foil LHC incident

Couldn't fully ree;c.:h nominal conditions
® VELO not fully closed
» degraded acceptance
® |ower instantaneous luminosity
® |ess time with proton-proton collisions
» UT not fully commissioned
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2024 from afar
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2024 from afar

Now all is well?

2133 bb, 85% LHCb eff, 50% LHC eff
=> L = 2000 Hz/ub
> L =1900 Hz/ub
> L = 1700 Hz/ub
Stored luminosity

— 2024 [\l 36 Tev): o621b"
—— 2023 (13.6 TeV): 0.37 b
2022 (13.6 TeV): 0.82 b
— 2018 (13 TeV): 219 fo"
— 2017 (13 TeV): 1.81 fo"
— 2016 (13 TeV): 167 b
2015 (13 TeV): 0.33 fb™
— 2012 (8 TeV): 208 fb”
—— 2011 (7 TeV) 1.111b"
2010 (7 TeV): 0.04 b

MD1+VDM
MD2 + TS1

Recorded integrated luminosity [/fb]
I o
Scrubbing

MDS5 + TS2
EYETS

o
o
=

MD4

o b b b b by b

Integrated Recorded Luminosity (fb™)

1 I

! T L

| B

o O P S P
VPR AR Ll L i g
Y 98 987 0% o0

0 .
Apr May May Jun Jul Aug Sep Oct Nov Dec

3 33
B S S
Month of the year IO

S a0 >
B AL S

Smooth data taking exceeding expectations?
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2024 from afar

Year roughly divided in two phases
Before June Technical Stop

LHCb Peak Instantaneous Lumi in p-p in 2024 ® UT not included

® roughly half of beam time
dedicated to commissioning

°
2

® other part data taking at reduced

Peak Inst Luminosity (1032/cm"2"s*1)
°

A G . instantaneous luminosity
00z e I P— 'v,k#?; 2
£l > After June TS
¥ ® start including UT
= _ _ o
> o s s o ® increase instantaneous luminosity

Date

» currently = 4.4
However not running yet a nominal instantaneous luminosity of y = 5.3
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24.09.2024

LHCb Germany 2024

2024 up close
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2024 up close

On a closer look, the year is much more granular with changing conditions and
some surprises

from RC report at LHCb week

® VELO drift

® alignment improvements

® inclusion of UT in HLT2 and HLT1

® VELO belt replacement

® tuning detector thresholds (see talk by Dhruvanshu later today)
[}
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https://indico.cern.ch/event/1442516/contributions/6071193/attachments/2922381/5129472/LHCbWeek-RC-2024-09-06.pdf
https://indico.cern.ch/event/1427824/contributions/6089787/

VELO drift

Suffered this year (again) from VELO drift
® one half of VELO is moving over time after closing

® degraded performance if not addressed

hr\f‘ ~
—r-: f,f{ﬁf‘r :

from S. Borghi's slides
Mitigation
® hardware side: "overclosing” to reduce effect

® software: frequent alignment of VELO halves

Residual impact expected to be small for (most) analyses
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https://indico.cern.ch/event/1443048/#3-velo-drift-studies

VELO belt incident

Belt in VELO motion system lost a tooth

¥ Hardstop | End Switch
I Potentiometer

Gearbox 40:1
Upstieam

Downstieam

e :

Teeth Belt

® VELO couldn't close properly any more
® belt replaced when LHC had some downtime
® some knock-on effect on VELO position and alignment

Unexpected issues can be appear and need some additional effort to address
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Tracker alignment

Tremendous amount of work to improve tracker alignment

June post-TS
alignment

e —

o [GeV] =62

August 2024
alignment
o lponiy
*Adapted from Biljana's talk o [MeV]=13.8 @ (Y(1S)) [MeV] = 51.8 a[GeV] =3.0

® see also Miguel's talk later today

Huge improvement in mass resolution
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https://indico.cern.ch/event/1427824/contributions/6089785/

ECAL calibration

Calibrate ECAL using LED system and
® counteracts ECAL ageing

24.09.2024

reconstructed 7° — v~ decays

150 e ' 8000
145 —=7000
140 CL :6000
F PDG 7 mass e %
1355y, - - $3- 5000
e P —4000
130 = "'« =
o —3000
125 —2000
120 | —1000
l 15 E 1 1 I:
01/05/2024 01/07/2024 31/08/2024

More stable 7° mass thanks to regular calibrations

LHCb Germany 2024
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A more powerful trigger

HLT1 Compute Power Upgrade

Success!

e 163 GPUs installed in two
days

e Zero DAQ issues after | g
intervention |

o New GPUs currently being

tested and prepared for 8
production use

Success!

e Upgrading older CPUs (8 cores)
to more powerful ones (14 cores)

e 4400 CPUs replaced in two
weeks in 2200 servers

e Increased total cores by >50%

e Installation faster than supply

taken from Online report

See Alessandro’s talk to learn what we can do with it
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https://indico.cern.ch/event/1442516/contributions/6071147/attachments/2921060/5127169/LHCb_Week_Online_Sept_24-3.pdf
https://indico.cern.ch/event/1427824/contributions/6089782/
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Data taking efficiency

Recently achieved stable conditions running with © = 4.4

LHC
« NB: 66% in stable beams (typically 50% is assumed): LHCb Efficiency in 2024 post-TS1
3 b4 L .,
- P £ UERE ee T N SRR o 2° A4
Machine avaiabilly pood IR A Ty L8
837%  65.9% - § 50?.. - - > 1 .
EEE ) E A
T = o
"2 i E
E * Stored
3”;_ + DAQ running
=E « AllSDsin
&E:o‘ 97;‘5_0 ﬁ‘o_n 9950' 10000 Eé%‘_"_‘_
® | HC very efficient recently
® |HCb running stably and efficiently as well
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Data taking efficiency

24.09.2024

LHCb

Integrated lumi LHCb

— Predicled  ® LHCb Achieved --- Target

2024 target reached! /

Integrated Luminosity [14b]

Feb Mar

+4 weeks

« 7/0.85 ~ 8.5 fb? delivered

s Reminder: target from early 2024:
- 7 fb! (assuming 50% LHC and 85% LHCb efficiency)

+ Extra 4 weeks in 2024 were not taken into account

from RC report at last TM

LHCb Germany 2024
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https://indico.cern.ch/event/1457436/contributions/6135769/attachments/2929228/5143339/240917-TM.pdf

Data quality

Is the data we are taking actually good?

Data Quality overview

220
200
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100|
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40
20

LHCb 2024 data quality

[ OK
I UNCHECKED
M BAD

Luminosity [pb|

T[T [ TTT[ ITT T[T T[T T[T ooy T

™ We are flagging here

10000

: Fill
Before saturation fix Intentionally unchecked to '
and target p > 3.5 give priority to post-TS data Intentionally unchecked
with UT in global by default ~ 2fter VELO beltfix

from OC report at last LHCb week

Yes!
P.S. Offline data quality shifters are in high demand
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https://indico.cern.ch/event/1442516/#15-operations-coordinator-repo

Signal yields

Hardware-level trigger limiting factor for hadronic decay modes in Run 1+2

® removed in Upgrade |

Fully software-based trigger processing events at 30 MHz
® first stage on GPUs

Candidates/ (0.156 MeV/c?)

24.09.2024

First-level trigger efficiency

%
L,

—
—_—

- =3
—o——o—"" ?

—e— 2024, p=3
—e— 2024, u=55

—=— Run2

=) Cenerated D’ momentum
spectrum, arbitrary scale

pT(DO) [GeVid]

[LHCB-FIGURE-2024-006]

Improvements in trigger efficiency evident
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https://cds.cern.ch/record/2898804

Signal yields
Software trigger allows flexible selections

® single and pair-wise K reconstructed and selected in first trigger stage
* already about x3.7 more D — K2KQ per pb™! w.r.t Run 2

LHCb preliminary 2024
HLT1

1800
1600
1400
1200

1000

Candidates / 0.16 MeV/c 2

Candidates / (16 (MeV/c?)?)

=g

= i i3
m(KS K ) - m(KS KD) MeVic

[LHCB-FIGURE-2024-008]

[LHCB-FIGURE-2024-013]

Run 2: A(D® — K2K?) = (—3.1£1.240.4 £ 0.2)% [PRD 104, 031102 (2021)]
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https://cds.cern.ch/record/2898824
https://cds.cern.ch/record/2898808
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L031102

Early studies

A plethora of studies of 2024 data

. ) From Run3 session y . . From Run3 session
Early studies with 2024 data Early studies with 2024 data
¥ i oo @ 13670 ppmaraction B R S S SMOG2: J/y and y(2S) in phr

A g ~

720 2 2

| | cozpoinrinz) § H

L 5

bbb At A g

Ross Hunter
Maurice Morgenthaler

ir‘?“‘ww*'w* ul

WA MV 15

. Banc, PG ropan 592024

from PC report at last LHCb week

So we're taking a lot of good quality data to perform analysis with.
But how well do we actually understand the detector?
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https://indico.cern.ch/event/1442516/contributions/6071196/attachments/2922501/5129680/20240906_PCreport.pdf
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Performance - trigger efficiencies

Determining HLT1 efficiencies with TISTOS method

+
&
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Events +
triggered <]
Events trig.
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Events
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) |
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24.09.2024 LHCb Germany 2024

TOS efficiency. £r0s

[FS

Data-MC TOS efficiency ratio, &

T -
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2024 Hitl (Two) TrackM VA
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from Jamie's talk at last LHCb week
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https://indico.cern.ch/event/1447330/contributions/6094798/attachments/2919564/5124521/triggercalib-lhcbweek.pdf

Performance - tracking efficiencies

Determining track reconstruction efficiencies with tag-and-probe method

MUON

Tag-track

MuonUT probe trach
Downstream probe track
VeloMuon probe track

Velo efficiency Velo efficiency Velo efficiency
z - SIS H T e . -
W ERER X E e
of E o E of E|
Downsteam matnod Downsteam mtnon Downsream manos
" LhCb very prefiminary - data (Fi 9962) | “F b very pretminary - data (Fill 9962)  { b very prefiminary -o-data (Fill 9982) |
pa & smuiston -57) o o simulsion v-57) F3 & simulton 6-57)
™ e e e
Scifi efficiency SciFi efficiency Scifi efficiency
H z z
e E 1 E
o ey E E
— sl K ==
o E Fa PR of E
o -+ 4 o, * E af =
Eo .
VeloMuon method. F#-Velomuon method ‘VeloMuon method
“E Lo e e -+t i 02) — + E oo s
o o simaton =57 o o simulton 4-57) ut o smulton 6-57) ]
Ry e L L

from Rowina’s talk at last LHCb week

® still some features and data-MC agreement to be understood
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https://indico.cern.ch/event/1447330/contributions/6094796/attachments/2919560/5124348/TrackingEfficiency_LHCbWeek_020924.pdf

Performance - PID

Determining PID (mis-)identification efficiencies

F L L8 L DAL B B BRI P L L L B L L B
e 1§ TEE
TI107! - 3 T I .
§ LHCb Preliminary § 10_2 | LHCb Preliminary |
1072 & E
C ] 104 -
107 E
A ST BT T PR T AT IR IR RPN |
0.5 0.6 0.7 0.8 0.9 1.0 0.00 0.25 0.50 0.75 1.00
&K - K) &K - K)

® petter performance w.r.t Run 2 when kinematic distributions weighted to
match
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Outlook & Summary
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Outlook

It has become noticeable quieter in the control room

Deserted control room is a good sign

which is a good indication of stability
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Outlook

Another 4 weeks of proton-proton collisions
® plan to go to nominal instantaneous luminosity in October (u = 5.3)

» optimisation of UT stability and efficiency ongoing
» optimisation of HLT bandwidth ongoing

Jul Aug Sep Oct
Wk 27 28 29 30 31 32 33 34 35 36 37 38 39
Mo | o f 2 P E 1 . 2 2 s
Tu
We o3
IR IS
Fr <( )
sa 7y Mo 4
su
Vi visis £nd25 s run end ot run
e 70 1os:00] Nov pso0l Dec
Wk 40 a1 2 a3 4 a5 6 47 48 9 50 51 52
Mo = 7 14 2t = e 1 = z = 18 E
Tu B PP rel
W un
Aol
™ vore S B e pol
Fr 2 ayorecony :
mos +
sa Pblon :
% setting

Then pp reference runs and heavy ion
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Outlook

BIS status and SMP flags Bl B2
IComments (23-Sep-2024 08:01:04) Link Status of Beam Permits | true | true |
Issue with the IP8 cold compressor Global Beam Permit
following the restart of the
compensator

Setup Beam
Beam Presence
No beam before tomorrow Moveable Devices Allowed In

Stable Beams

AFS: 25ns_2352b_2340_2004_2133_108bpi_24inj [LETETN: N ENABLED [JUETSUS:PE ENABLED

"You have power over your mind - not outside events. Realize this, and you will
find strength.” - Marcus Aurelius, Meditations
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Summary

Successfully transitioned from commissioning to data taking?
® Yes!

Did we achieve our goals for this year?
® Nearly there

We bounced back from a challenging year 2023 reaching stable conditions and
approaching nominal luminosity
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Summary

We achieved stable data taking of good quality data thanks to the tireless
commitment of many people

Thank you!

24.09.2024 LHCb Germany 2024 Status Of Data Taking Florian ReiB

33



Backup
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