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LHCb

JINST 3 (2008) S08005
IJMP A 30 (2015) 1530022
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Collision systems 
Slide adjusted from Hans Dembinski 
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Collisions at the LHC and air showers

Collision systems at the LHC
Run 3: p-p @ 14 TeV, p-O @ 10 TeV

p-O collisions mimic air shower interactions

p-N and  p-O

Air shower collision systems

p-N and p-O

Fixed target data at sub-TeV (LHCb only)
• p+(p,...,O,N,…) @ 0.11 TeV
• Pb+(p,...,O,N,…) @ 0.07 TeV
• O+O, O+p @ 0.08 TeV (in Run 3)

planned for 2023/2024

Slide adjusted from Hans Dembinski 
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„Muon production weight“
how many muons would be produced in shower
by secondaries in this collision

Importance of forward acceptance

H. Dembinski, JA, et al., 
Astrophys. Space. Sci. 367, 27 (2022) 

η related to emission angle

Slide adjusted from Hans Dembinski 

Data at h=7 missing!
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Part 2

CIM Fellow Volodymyr Aushev: 
report and forward calorimeter studies

9. November 2023 Johannes Albrecht 8/33



Part 2: Forward Calorimeter studies 

• CIM Fellow Volodymyr Aushev (U Kiew) 
– Prof. in Kiew (67 years), did construct detectors with Bernhard 

Spaans predecessor (D. Wegener)  
– Had to flee from Ukraine with his wife 
– 1. station Bern
– 2. station CIM fellow @ TuDo
– 3. station Japan (current)
– Then again TuDo? 

• Field of work:
1. „Regular“ teaching and 

student supervision
2. Graduate program Kiew (23-27)
3. Forward calorimeter
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Aside: „Regular teaching“

• Teaching duties. Due to the ongoing war in Ukraine, the
educational process at the university is significantly hampered. The
situation has become especially difficult because of constant attacks
by Russian aggressors on our infrastructure. During the autumn and
winter, electricity and the Internet were cut off almost every day.
Students and teachers were forced to constantly take shelter in a
bomb shelter. The explosion of one of the Russian missiles shattered
the glass in the windows of the Faculty of Physics and the
Department of Nuclear and High Energy Physics. As a result, it was
impossible to work in our offices and classrooms. Even in March
the temperature there did not rise above 14 degrees. In such a
difficult time, the help and support of the DFG Foundation and the
Technical University of Dortmund are of particular value.
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Aside: „Regular teaching“

• In the fall semester, every week, I taught 4 courses:
– Dark Matter
– Application of Neutron/Photon Beam Technology
– Heavy Flavour Physics
– Neutrino Physics

• In the spring semester, every week, I now teach 4 courses
– Astroparticle physics
– High Energy Physics
– Modern Experiments
– B-physics

• At the same time, I supervise the Master/Bachelor theses of 3
students I also teach several 3rd year students to conduct data
analysis based on Monte-Carlo simulations for the LHCb
collaboration, which are made as part of my research at TU
Dortmund.
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Report V. Aushev

In parts, lectures  duplicated



Aside: Educational Program: V. Aushev 
Department of Nuclear and High Energy Physics of the Taras Shevchenko National 
University of Kyiv, the leading educational institution that trains young specialists in 
the field of high energy physics for research institutes of the National Academy of 
Sciences of Ukraine.

Our graduates took part in collider experiments at LHC, Tevatron, HERA, KEKB, in 
neutrino physics and other experiments in HEP. Training of young scientists is 
carried out within the framework of the educational program "High Energy Physics". 
This program is usually valid for 5 years. The preparation and approval of the new 
5-year program for 2023-2027 took place in the autumn and winter of 2022/23 
during my stay at TU Dortmund.  I am in charge of this program, the main 
responsible person at the university (the so-called "Guarantor of the education 
program"). More than a dozen professors and associate professors are involved in 
the program. Preparation includes more than 75 items that need to be described in 
the program (for example, the purpose of the program, the rules for accepting 
students to study, interaction with stakeholders, student government, anti-
plagiarism, etc.). 
 The program approval procedure takes many months and involves close 
interaction with the top management of the university and the National Agency for 
Quality Assurance in Higher Education of Ukraine. … I was directly involved in the 
organization of most of these events.
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Aside: Educational Program 

I am pleased to announce that the new program has been developed and 
successfully approved in January 2023. 

This program is stored in the Ukrainian Unified State Electronic Database 
on Education:
Educational program ID:  2052
Title: "High energy physics".
Area of knowledge: Natural sciences. 
Specialty: Physics and Astronomy.
Level of higher education: Master.

So that for the next 5 years our university has an approved program for the 
training of young scientists in high energy physics and guaranteed jobs for 
all our teachers.

à Thanks to CIM Fellowship by 
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Forward Calorimeter Proposal
Hans Dembinski, Volodymyr Aushev, Dirk Wiedner 
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Design Sketch
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More detailed studies
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Forward Calo: location 

Only possible location of the detector 
interferes with LHC kicker magnets. 

This is a show stopper. 
Unfortunately. 
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Part 3: LHCb physics in a nutshell

Topics:
• Triggerless trigger
• SMOG2
• Commissioning 
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LHCb Program Future

LHC program planned beyond 2040
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• LHCb upgrade I: from 2022 
– Pure software trigger   

à novelty for hadron colliders
– Instantaneous Luminosity: 2 x 1033 cm-2s-1

à requires new design of most sub-detectors 



Data processing

Here, now 

9. November 2023 Johannes Albrecht 20/33



LHCb upgrade

• Trigger-Challenge – Signal-Challenge 
– ~600kHz of b-hadrons, ~8MHz of c-hadrons
àMain task of triggers: Signal classification

• First time at hadron collider:
– Trigger-less readout and full event reconstruction at 30MHz
àMaximally flexible and efficient trigger system

• Paradigm shift in HEP triggering to real time analysis
– Crucial step: Event processing and reconstruction in real time

• This new system allows many new avenues to be explored, 
especially for hadronic signatures that matter for SFB1491
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SMOG
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SMOG2
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Physics with SMOG2

• SMOG 2 benefits: 
– Much larger samples 
– wider injectable gas choice 
– direct lumi measurement

• Extension of the programme of cosmic rays interest: production 
processes with H2, D2, He, probes for the study of the atmospheric 
showers with N2, O2; nuclei production
LHCb-PUB-2018-015
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Run 3 commissioning (issues)
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Vacuum incident 
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Use the spare time: understand detectors: Velo 
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Use the spare time: understand detectors 
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UT: 



Trigger

• Versatile low level software trigger with ~35 MHz input rate 
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• Next step to do is 
commissioning with high 
rates / intensities à 2024



Still quite clean data recorded

LHCb‘s Run 3 detector works, now we need to utilize it to 
understand nature and especially cosmic rays! 
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Latest news on LHC schedule

SMOG data can be collected parasitically

V. Vagnoni, LHCb SP, 7.11.2023
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Summary

• CIM Fellow: great way to host international researchers 
and create societal impact 

• Forward calorimeter for LHCb at h=7 seems not feasible

• LHCb has been upgraded for Run 3 (2022++)
– Still many opportunities in recorded data 
– Triggersless readout offers great opportunities
– Many new collission systems become available (SMOG, p-O, .. ) 
– After (a bit of) a rocky start in Run 3, we are confident for 2024 data 

taking 

9. November 2023 Johannes Albrecht 32/33



Many thanks to my group!

Orgateam LHCb Woche, 09/20229. November 2023 Johannes Albrecht 33/33



Stamp Collection / Danksagung and Fördergeber 

There is still some space left… 
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Muon Puzzle

• Direction from particle arrival times
• Energy from size of eg component
• Mass from

depth of shower maximum Xmax
size of muonic component Nμ

The energy spectrum from surface detector data (I)
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Example: event observed with Pierre Auger Observatory

PRL 126 (2021) 152002

Observation: measured muon component 
above simulation

Possible reason:
• Issue with shower data? 
• New exotic physcis?
• Muon propagatipon?
• Soft-QCD? 

Slide adapted from H. Dembinski
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Shower properties and QCD
R. Ulrich, R. Engel, M. Unger, PRD 83 (2011) 054026

• Number of produced muons Nµ

– Very sensitive to p0 fraction
– Sensitive to hadron multiplicity

• Charged particle cross section 
measured, more in progress 

• Many more activities in this area
– LHCb as fixed target experiment (SMOG2)
– Requires precise luminosity measurement
– Investigation of new Forward Calorimeter 

JHEP 01 (2022) 166
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LHCb run 3 

• Measurement of Meson to Baryon ratio
à aim at first LHCb Run 3 paper @ Summer 2023 

e5 Dr. Calefice, Dr. Dembinski, Dr. Lisovskyi, Dr. Mitreska, MSc Behling, Osthues

KSàp+p - L0àp p+- L0àp p-

Internal plots
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