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LHC: a charm factory

e At the LHC, the production cross-section of
charmis ~ 20 times larger than the beauty one
o(pp - c€X) = 1419+ 134 ub @ /s = 7 TeV*
o(pp - ch) = 2840 + 226 ub @ /s = 13 TeV**

LHCb-CONF-2016-005

LLHCb Prelin

Runl 0.’.U|502ﬂ|6 data
D Kana

Signal: 789 million

* Nucl. Phys. B871 (2013) 1-20 ,
** ). High Energ. Phys. (2017) 74 B e ['1(\)/(1)3\//&1

More than 1 billion of D°® - K~ t events reconstructed with the
full LHCb data sample

Angelo Carbone
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The LHCb detector

Int. J. Mod. Phys. A30 (2015) 07

FORWARD-PEAKED PRODUCTION

* LHCb designed as forward spectrometer (operating in collider
mode) covering the pseudorapidity range 2 <n < 5
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What’s the matter with the matter?

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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CP-violation

It is violation of CP-symmetry o

» C — charge conjugation
symmetry

» P — parity symmetry
Three types of CP-violation

a) Mixing

b) Direct

¢) Interference (mixing + direct)

AsymCP~ |A_||A,|sin(@, — @ J)sin(6,-05.)

CP-symmetry states that laws
of physics should be the same if
a particle is interchanged with
its antiparticle and wunder
spacial inversion




Three types of CP-violation
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Cabibbo-Kobayashi-Maskawa Matrix

1-1/,22 y) A3 (p — in)
—2 1-1/,22 A2

AA3(1—p —in) —AA? 1

(CKM)
Vekm® g s b - Vekm: d s
|
“ (Vua Vus Vup A (Vud Vus)
‘AN Vea Ves Ve € Vea  Ves
t \ Ve Vi Vi l
|
» Wolfenstein parametrisation: Vg = I Vekm =
I
I
|
I
!

=>» phase that breaks CP symmetry

=» CP is conserved

« Atleast 3 generations are needed to make it possible for the CP symmetry to be brokea



CP-violation key dates

1964 2001

Strange particles: Beauty particles:
CP violation in K CP violation in B®
meson decays meson decays

J. W. Cronin, BaBar and Belle
V. L. Fitch et al. collaborations

2019
Charm particles:
CP violation in D°

meson decays
LHCDb collaboration

1963 1973

Cabibbo Mixing The CKM matrix

N. Cabibbo M. Kobayashi and
T. Maskawa

Angelo Carbone



Motivation

. First observation of CP-violation in charmed particles
decays in 2018 (but not in charmed baryons!)

. Huge sample of charmed hadrons from Run I and Run II

« New model-independent approach

Jakub Ryzka



D° production exploits in the analysis presented today

( Experimentally we can tag D° flavour at \

production by means of the charge of the muon
and the soft pion K-

.
D*+H K*
= IP~0

Pvﬂb oy ﬁ_ S ain R
< *
\ Large [P~ /




Time-integrated CP asymmetry

(P asymmetry is defined as A

(D’ —f)-T(D —f)
Acp(f) = 0 . —0 .

(D - f)+1(D —>f)
The flavour of the initial state (D or D° ) is tagged by the
charge of the slow pion from D** — D%z ™* or muon from

B - DO(= fHuX
\_ J/

(" The raw asymmetry for tagged D° decays to a final state fis )
given by _
A (f) = N(D°— f)— N(D°— f)
T N(DYS f) + N(DY = 1)

where N refers to the number of reconstructed events of decay
\ after background subtraction y

withf =K KT and f=n"n"




AACP 1T-ta gge d

What we measure is the physical asymmetry plus asymmetries due )
both to production and detector effects

Araw (f) :[AGP(f)]+ A) +[AD(WH+[AP(D*+3

Any charge-dependent .
. . D** product
|CP asymmetry | asymmetry in slow pion ProdueHion
, asymmetry
\ reconstruction

/
N\

(¢ No detection asymmetry for D° decays to K'K*or mm*
e ... if we take the raw asymmetry difference

| Al = A, (KK) = A, (27) = Acp (KK) — A, (7))

e the D™ production and the slow pion detection asymmetries will
\__cancel Y,




Results with full LHCb data sample [9 fb™]

LHCb-PAPER-2019-006

AAcrp = (—15.4+2.9)x107*

5.3 standard deviations from zero

This is the first observation of CP

: violation in the decay of charm hadrons
J/

. A




Signal decays — charmed baryon E




Control decay — charmed baryon A,




Input sample

Two simulated Monte Carlo data sets, containing 200 000 events from &, — pKox decays have
been considered. The first one was generated according to a CP-conserving model and the
other with a moderate amount of CP-violation (20%) in the vector resonance K.
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Towards new approach

. To test the methods and study their sensitivity and statistical rejection power when
estimating the CPV a dedicated Monte-Carlo toy experiments are generated

. The core idea is based on the "isobar ansatz" where the Dalitz phase-space for a selected 3-
body decay (may be extended to n-body) is described by a coherent sum of N isobar (2-
body systems, resonances) amplitudes with a small admixture of continuum (non-
resonant) event:

M (X) = ape'® + Zarai‘f”"M()_c’).

. Usually, the number of resonances that enter the fit (model) is motivated by the concrete
experiment (observed decay modes) The asymmetry is introduced in an "effective” way by
reducing the fit fraction of a dominating resonance

. The final "observed" probability distribution defined over the Dalitz phase space is
calculated using the formula:

f&) = F)P/ [|#(5)dx

Jakub Ryzka



» binned method

The binned method is based on dividing the phase space into n bins. For each bin, comparison
between Dalitz plots for particles and antiparticles is performed.

Significance of the difference between number

charm am‘lcharm of particles (N*) and antiparticles (N°)
E U R 1 computed, using the following eXpression:
4 : B4 ‘ ; \ C'P \/a( \r+ *\T_)
e (A u a = N*/N- Accounts for global asymmetries
TR L R T 7 Without local asymmetries S, is Gaussian
S T ~ distribution withp=o0and o = 1.
: N |k L | 2/ndf = TRY :
] Calculate a x*/ndf = %,(S'cp)*/ (nbins-1)
T Thed U MTTRGTTT Obtain p-value  p-value < 1 in case of CPV

Artur Ukleja, EB Meeting 2018

p-value <0.0000003 (50)
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Scp for sample with 0% CP-violation

b
W

2 - _

£ gop pae=oss0 [ SH T e il S
© 50:_ SudDev 1012003 § % 2 0 -3
E LHCb simulation ] g - L | | - 7
40F 1 oS5 el m T e 14
30F ] f 3 170
0 T ey =
0 05:_ O I—3
10:— ] - =,
0= le 0, 3 Aéz -5

5., m2, [GeV/c

Jakub Ryzka



Scp for sample with 20% CP-violation
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Scp — results for 100 pseudoexperiments
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Black squares: p-value for samples with no CP-violation
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Kernel Density Estimation

Kernel Density Estimation is a non-
parametric way to estimate the probability
density function f of a random variable.
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f(x) = %Zw(m —x;,h)

where: s _ il s |
1 t ° T 0 5 oo -
w(t’ h) - ﬁK (E) KDE example with Gaussian Kernel
i1s the weighting function. K is the kernel, which o
determines the shape of the weighting function and h rof  Epanechniko
is the smoothing parameter. o8} — gt

Cosine

0.6

In this analysis triangle kernel was used:

0.4

u‘(t,h):{§(1—|t|/h,) for |t| < h l‘% I N

otherwise 0.0

Coiﬁmonly used kernels
Jakub Ryzka




Bandwidth optimalization

Density function
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KDE with different bandwidths of
a random sample

Jakub Ryzka

The bandwidth parameter h has a significant
impact on the KDE method performance. For
invariant functions one can use a globally
determined bandwidth:

h=kESN 3

For distribution with more complicated shape a
bandwidth parameter should depend on local
features of the data. Hence, an adaptive h,,,, which
takes into account properties of the analysed data

should be considered:

B, =

v V JE(J%')




KDE — 1D results
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KDE — 1D results
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Data

« 2018 sample Run II

. First estimations based on 10 Ntuples — MagUp and
MagDown

. ~ 300 mln candidates with E_ decays in 2016 - 2018
samples

o« Cuts:

- proton/kaon/pion:

« PID, ProbNN, IPX?, TRACK GhostProb, momentum,
- charm baryon

« Vertex X2/ndof, IPX2, transverse momentum, DIRA, n

Jakub Ryzka



Mass distributions — before cuts
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Proton momentum

LHCb Preliminary
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Tested cuts

proton, momentum




= . mass distribution - before & after cuts
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Analysis — other plans

. Krakow — Warsaw Collaboration

« Run I completed (dr. Artur)

« K-Nearest Neighbours unbinned method (kINN)
. Krakow — UK Cooperation

« Developing and applying energy test

—



Conclusion

« The preliminary results show that the Kernel Density
Estimation technique may potentially be sensitive to CPV and
works properly when there is no asymmetry to be found

o Further studies will be carried out in order to improve
performance of KDE method

« First computations on real data were performed

o Selection cuts are chosen:

- FoM (before) =46, FoM (after) =53

« Expectation for whole real data sample:

~ ~1.3 mln Ec canditates and ~100 mln Ac canditates in Run II
data

Jakub Ryzka



Thank you for your
attention!




