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LHCb experiment

@ LHCb is a single arm spectrometer which uses a correlated
production of bb i cc pairs.

@ Detector has been designed for CP violation measurements and
search for rare decays.

@ Detector allows for search of exotic hadrons.
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Research topics

@ Physics analyses
e Search for CP symmetry violation in decays of charmed
baryons.
e Determination of CP violating phase in Bs — J/W¢ decays.
o CPT symmetry tests in charm decays.
e Search for exotic hadrons

@ Technical and service tasks

e Development of DIRAC, a general-purpose Interware
software for distributed computing systems.
e Work on software for RTA (Real-time analysis).
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Search for CP violation in =f — pK~ =t decays (A.Ukleja)

» The goal is to perform searches for CPV in =*, — p K'zn* single-Cabibbo
suppressed charm baryon (prompt) decays using Run 1 data

* A*.— p Kr* Cabibbo Favoured is used as a control decay

* 3-body hadronic decays: make use of the Dalitz plot to look for localized
asymmetries

* No clear indication where CPV would appear in the Dalitz plot
« Preferable to perform searches based on techniques that are independent on
amplitude modeling in the Dalitz plot:
< binned Sgp method
<> unbinned kNN method

« If CPVis found, the p-value can be converted into a significance for a signal,
otherwise it gives no limits for CPV

+ Expected value of CPV is small < 10 and predictions vary very widely
(much smaller than observed in the beauty sector)
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Search for CP violation in =f — pK~ =t decays (A.Ukleja)

LHCb-PAPER-2019-026 in publication process
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Search for CP violation in =f — pK~ =t decays (A.Ukleja)

+ Control channel and mass sidebands do not show localized asymmetries
< no asymmetry observed in control A*. — p K'n* decays
<4 no asymmetry observed in sidebands of =*; — p K'=*
* The toy MC data are used to check the sensitivity of both methods:
<> the Sgp: CP 2 5% in K* or 210% in A1232
< the kNN: CP = 5% in K* or > 5% in A1232

5% difference in K* amplitudes
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* Results is going to published soon as LHCb-PAPER-2019-026
Currently it is in Collaboration Wide Review
» Next step to do it: Run 2 and use the new method Kernel Density Function
Supervising PhD Thesis Jakub Ryzka, Cracow, AGH
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Search for CP violation in D — hhh decays (A.Ukleja)

Collaboration with Rio Group

Direct CP violation in charm is tiny and results, via the CKM mechanism, from
the small contribution of penguin diagrams in Cabibbo-suppressed (CS)
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CP violation measurement in B — J/w¢ decays (V.Batozskaya, K.Klimaszewski)

@ Within the SM CP violation arises due to mixing-decay interference
=- can be expressed as a single phase ¢s
@ Phase ¢s within the SM is predicted to be small with very good precision

—0.68

[CKMFitter]: —36.8872-% mrad
[utfit): —37.0 & 1.0 mrad

@ Decay BY — J/+¢ provides experimental access to the phase ¢s
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@ The most precise measurements of this quantity to date have been performed by
LHCb using ~ 96 - 10° (3.0/fb) + ~ 117 - 108 (1.9/fb) BY — J/v(1up)p(KK)

@ Combination with results from other B2 decays: J/w(up)nt == (4.9/fb) and
DEDg, (2S) ()b, J/4KK in high m(KK) (3.0/b)

¢s = —41 + 25 mrad [EPJ C79 (2019) 706]
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http://ckmfitter.in2p3.fr/www/results/plots_summer18/num/ckmEval_results_summer18.pdf
http://www.utfit.org/
https://arxiv.org/pdf/1906.08356.pdf

Measurement of CP violation in Bg — J/y(et e )p(KT K™) decay (V.Batozskaya, K.Klimaszewski)

Data

@ Motivation: measure phase ¢s using 3/fb (2011-2012) in similar channel to
BY — J/(up)K K~

@ Experimentally harder (Bremsstrahlung, reconstruction, trigger)

@ Ngjg(B2) ~ 13- 103 that corresponds to 13% of the muon mode

@ Full analysis includes several components:

@ Sample of signal candidates y
. ‘
@ Angular part: 0k, be, ¢ ; S
" De
@ Decay time part: t i) B Jj :
y p B0 Ot e e

@ Flavour tagging: B2 or BY
@ Paper with results of this analysis is under collaboration review

3800 5000 3300 3600 300 5000 5200 E TR00 000 5300

5300 400 5600 5400 5600
mie'e K'K) [MeV/c') mie'e K'K) [MeV/c®) mie'e K'K) [MeV/e']

Melnychuk LHCDb ex



CPT parameterisation (in mixing) (A.Szabelski, W. Krzemien)

CPT violation can be involved in the standard model by introducing a
CPT violating parameter z
For a given neutral meson P(B°, D°, K°) mixing can be described:

|PL) = pVT—2|P°) + qvT + 2|P)
|Pr) = pVT—2|P°) — gV +2|P°),
L, H- mass eigenstates (light and heavy).
,_ om— 5’(5r)
Am— AT’
where:
@ dm= M1 — Mxand 6l =11 — T

@ Am=my—mpand AT =Ty -1,

@ Conservationof CPorCPT = z=0
@ Conservationof CPor T = ‘%‘ =1

D. Melnychuk LHCb experiment



Standard Model Extension (SME) (A.Szabelski, W. Krzemien)

@ Theoretical framework to test CPT violation in broad
classes of experiments (Kostelecky, PRD55 (1997) 6760),

@ Effective QFT with components breaking Lorentz and CPT
symmetries,

@ All properties of "good" QFT remain (renormalisation,
locality, spin-statistics relation etc.);

Z~ ﬁ“—%,
Am— LAr/2

—.

p* —~(1, 5) meson four-velocity i the observer frame,
Aa, ~ aj' — a? have to be real, hence:

ATR(z) = —2AmS3(2)
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Ongoing analyses (A.Szabelski, W. Krzemien)

beauty sector

Semileptonic channel
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charm sector

hadronic decay
Dt — D(— K—7)rd
Flavour tagged by the slow pion.
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108 events from run 1 and 2.
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Search for exotic hadrons in BT — x.nt7n~ KT (D.Melnychuk)
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Search for exotic hadrons in BT — x.nt7n~ KT (D.Melnychuk)
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Development of Pilot logging system in the frame of distributed computing

platform DIRAC (W. Krzemien, D. Potoka)

USER Communities

®.

Il A\

Resources

ODIRAC

THE INTERWARE

DIRAC (Distributed Infrastructure with Remote Agent Control) is a platform for distributed
computing used by various HEP experiments e.g. LHCb, BES-IIl, BELLE-2 and others.

DIRAC philosophy is based on pilot concept — distributed agents responsible for
installation and environment configuration on working nodes independent on its type
(GRID, Cloud etc.)

Development of “pilot logging” system — extension of DIRAC by introducing the distributed
agents providing log information about errors during installation, configuration or data processing

phases.

Addressing Scalability with Message Queues: Architecture and Use Cases for DIRAC Interware
W. Krzemieni et al. EPJ Web of Conferences 214, 03018 (2019)

F. Stagni, W. Krzemien et al. J.Phys.Conf.Ser. 898 (2017) no.9, 092024
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Real-time analysis

LHCDb project for triggerless readout in 2021 - LHCB-TDR-017.
40MHz collision rate reduced to 7.5kHz by full data
reconstruction.

NCBJ group works on improvement and optimalization of
calorimeter software.

o PHASE-2

calo + muon
Detectors | 40 MHz

+ tracker
Front end
l 12.5

pipelines

Readout

buffers L1 output ~750 kHz
Switching
network
Processor
farms

HLT output ~7.5 kHz

Drawing V. Gligorov
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NCBJ group contribution to RTA

Electromagnetic calorimeter data reconstrunction software.
@ Code refactorization.
@ Transformation to fully multithread-safe code.
@ Optimization of cluster-track matching algorithm.
@ Optimization and rewriting of cluster correction procedures.

@ Studies on application of Machine Learning algorithms to
replace clusterization and track macthing algorithms.

@ Benchmarking
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Future perspectives

@ Continuation of CP violation search in decays of charmed
and beautiful particles with increased statistics.

@ Continuation of CPT violation test in charm decay.

@ Search for exotic hadrons with charm and beauty quarks.
@ Development of T2-level Grid node.

@ Software development for RTA.
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@ Prof. dr hab. W. Wislicki (DUZ)
© dr V. Batozskaya (DBP, BP3)

© dr K. Klimaszewski (DUZ)

© dr W. Krzemien (DBP, BP3)

@ dr D. Melnychuk (DBP, BP3)

Q@ dr A. Szabelski (DBP, BP3)

@ dr A. Ukleja (DBP, BP3)

© mgr M. Mazurek (doktorant, DBP)
© D. Potoka (DUZ)

@ mgrinz. H. Giemza (DUZ)

D. Melnychuk LHCb experiment



