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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 Technical service and development T2-level Grid node for
data production
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CP violation in charmed baryons. Motivation. (A.Ukleja)

* In charm sector CPV is expected in the SM but so far it is not discovered here
* Expected value of CPV is small = 10 but predictions very widely
(much smaller than in the beauty sector)

New Physics contributions can enhance CPV up to 10-2
Int.J.Mod.Phys.A21(2006)5381 ; Ann.Rev.Nucl.Part.Sci.58(2008)249

arXiv:hep-ph/0611361
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* The crucial point is to confirm or not CPV in charm sector
* Perfect place for New Physics searching (small background from the SM)
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CP violation in charmed baryons. Strategy of analysis.

* If we do not see CPV in two body decays, nature next step is go to three body
decays

* Three body decays are realized via resonant states which give necessary
condition to observe CPV — large strong phases difference at transitions
through the maximum mass of the resonant state

Asymep ~ |A1||As|sin(pr — ¢2)sin( )

weak phases strong phases

* It motivates to use the Dalitz plot analysis (resonant states are visible) and
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 S, method

< unbinned kNN method
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CP violation in charmed baryons. Results in Toy MC data.

* Control channel and mass sidebands do not show localized asymmetries
< no asymmetry observed in control A*, — p K'n* decays
< no asymmetry observed in sidebands of E*, — p K'n*

* The toy MC data were used to check the sensitivity of both methods:
< the Sgp: CP 2 5% in K* or 210% in A'23%2

< the KNN: CP 2 5% in K* or > 5% in A'232
5% difference in K* amplitudes
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* There is no local asymmetries (not related to CPV) and production
asymmetry is under control = the study can be unblind (EB permission is
needed)
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CP violation measurement in B — J/1¢ (V. Batozskaya, K. Klimaszewski)

@ In the Standard Model (SM) CP violation arises through a single phase ¢s in the
CKM quark mixing matrix

@ Phase in the SM is predicted to be small
¢SV = —37.67% 7 mrad [CKMFitter, PRD 84 (2011) 033005]

@ Decay BY — J/+¢ allows the measurement of such a phase ¢s

T,n HFLAV
2
2 68% CL contours
(Alog £ =1.15)
CMS 19.7 fb!
LHCb 3 fb !
ATLAS 19.2 fb !
-0.4 -0.2 -0.0 0.2 0.4
¢ [rad]

@ LHCb result of ¢ performing a ~ 96 - 103 (3 fb—1) BY — J/w(up)s(KK) decays
is the most precise single measurements of quantity to date
@ Combination with B — J/v(uu)nt 7~ decay analysis gives
¢s = —10 £ 39 mrad [Phys.Rev.Lett. 114 (2015) 4, 041801]
@ Measurement of ¢ also performed by LHCb using other B decay modes:
D5 Dy , $(28) (1), J/% KK in high m(KK)

D. Melnychuk LHCb experiment



Measurement of CP violation in BS — J/vy(ete™)p(KTK™)

@ Motivation: measure phase ¢s using 3 fo—1 (2011-2012), similar channel to
BY — J/t(up)K K~

@ Experimentally harder (Bremsstrahlung, reconstruction, trigger)

@ Ngjg(B2) ~ 12103 that contains of 12% of muon mode

@ Full analysis includes several components:

@ Sample of signal candidates y

@ Angular part: Ok, fe, ¢ )//'1\- ” e
i : & ¢ B /v

@ Decay time part: th - S

Flavour tagging: B9 or BY

@ Paper of the analysis is under preparation

Data

i
3800 3000 3200 5300 3600 3500 5000 5200 3900 60
mie'e KK) [MeVA] mie'e K'K) [MeV/e]
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Search for CPT symmetry violation with neutral flavour mesons. (A.Szabelski,

W.Krzemien))

. Q48

Schwinger 1951 Lders 1954 I8 Bell 1954 Pauli 1955 Res Jost 1958

CPT theorem: Any Quantum Field Theory with locality, hermitian, Lorentz invariance
must be CPT-symmetric.

Any deviation of CPT - Effects beyond the SM

Neutral flavour mesons oscillates between world of matter and antimatter:

C |P) = pVT—2|P°) + qv1+2P°)  P(B°,D° K°)
’ v > [Py = pv/1 —2|PY) — ¢v/1+ 2|P’) L. H- mass eigenstates
dsb
z introduced to parametrize the CPT violation:
sm — 1(o) 6m = My — Ms and 6T = T'y; = Tz
= Am N Am =my —myp and AT =Ty —T'

Two approaches:
- classical (z parameter as a phenomenological one)

- in the frame of the Standard Model Extension
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Search for CPT symmetry violation in semileptionic B°

The current PDG value
BY: R(2) = —0.04+0.04; S(z) = —0.008 4 0.004. Asymmetry
modulation gives access to ¥(z)

Auntagocd — 4 4 ad /2 — (0 /2 — Ap) cos Amt + F(2) sin Amdt,

The channel under study B® — D~ (— K+tn~ 77 )utv is estimated to
give statistical of $(z) on the level of +0.0006.
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Search for CPT symmetry violation in charm sector

« Can be performed in LHCb e.g. in the charm sector compared to previous best limit :
J. Link et al., Phys. Lett. B 556, 7 (2003)

LHCb « 1000 times higher statistics,
+ much smaller systematical error for D time decay

= Search for the CPT violation via the analysis of the time decay rates as a function of
D meson lifetimes
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Search for exotic hadrons in BT — x.nt7n~ KT (D.Melnychuk)

L s Charmonium Spectrum|:
£ P
3D 1o @ The Z*(4050), Z+(4250)
Sy aRze]y Dz‘ DD, states have been observed
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3000 .20 B

Melnychuk LHCb ex



Search for exotic hadrons in B™
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Q. states (

@ 5 Q. resonances have been
observed by LHCb in =K.

Resonance T (MeV) Yield N,
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Computing: Tier2D

NCBJ is T2-level Grid node for LHCb and CMS; actual
performance at T1 level for LHCb

Upgrade to T1 (at least for LHCb) is ongoing

e s, Normalized GPU time (t)hours) by Resource Gt 154 Normalized CPU time (h)hours) by Resource Centre
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CSCS-L062 (421%)

RALLCG? (984%)

NKHEF-ELPROD (334%)

NCB-CS (520%)
PSNC (545%)

NN (1209%)

P3G (688%)

FILCR2 (115%)
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Computing: DIRAC middleware + detector software

@ DIRAC modules for Message Queues and Message
Senders; already used in production by LHCb

@ Upgrade of system pilots’ communication modules

@ Development of multi-threading in electromagnetic Calo
software; important for reconstruction speedup in LHCb
upgrade
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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.
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