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CPVin charm

% Charm transitions are a unique portal for obtaining a novel access

to flavor dynamics

> complementarity with K® and B,
> expected CPV in charm <103 — difficult to up-type

observe it experimentally down-type P q
/ \

< Finally CPV in charm has been observed! PRL 122(2019) 211803

% It's the moment to start a systematic exploration of all the charm hadrons
decay channels to do a quantitative study of CPV

< D%- KK, decay channel is a perfect candidate due to the significant size

of the expected effect
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Brod et al. 2011, Nierste & Schacht 2015, Buccella et al. 2019, Cheng & Chiang 2019
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Previous measurements
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https://inspirehep.net/literature/946864
https://inspirehep.net/literature/1386267
https://inspirehep.net/literature/1720402
https://inspirehep.net/literature/1753090

D°— K K.’ @ LHCb

< K. are difficult to select at trigger level
> 7(K%)=0.9x10"s, <gy>~80— pycr ~ 120 cm

> K. decays often outside vertex detector acceptance

< Data samples collected in 2015-2018 (~6fb™)

> LL sample: both K.° reconstructed from

T stations

magnet

TT T track

Long tracks VELO
upstream track
> LD sample: one K.° is Long and the other z
VELO track
one is Downstream

( downstream track _

> DD sample: both K.° reconstructed from

Downstream tracks
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Methodology

% Time-integrated measurement. Quantity to be measured:
(D — f)— DD - §)

.ACP
(/)= [(D— f)+T(D— f)
% Experimentally Araw — Npo — Npo
NDO + NDO
< D™ — D°m* decay used to tag D° d

Production asymmetry: initial state pp is not CP symmetric

N(D° = K'K?) (o(D*)e(xt)0(D° — K°K?)
=

N(D’ = K)K))) «|o(D* Je(r~ JT(D° = KK)

m“i Asymmetric detector acceptance + material
MII—I interaction different for particles/antiparticles
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Methodology (2)

< D% K*K is used as a calibration channel
> CP asymmetry known with high precision (O(10)) PLB 767 (2017) 177
% To remove production and detection asymmetries, each signal candidate is

weighted by:

- 271% (Po)

D° momentum T

+/ = — =
w* () = DA ) [ 4 gop (gt o)

Local density of D%/D° — K*K" events (estimated via
multivariate classifier)

< ACP extracted via a multidimensional weighted fit to Am = m(D**)-m(D°) and the

two m(K®,) distributions
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Results

ACP(D0—> K OK 0)

Yields: 8102 +

Run2

136

= (-3.1

+ 1.2 (stat.) £ 0.4 (syst.) £ 0.2 (ext.) )%

LHCb-PAPER-2020-047, in preparation
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Prospects with future runs

% New data will arrive in 2022 with an almost completely new detector and

trigger system

> Instantaneous luminosity will increase by 5x (2 x 103 cm2s™)
< Effortis being made to keep high efficiency for K.° reconstruction despite
the higher luminosity
As an example, R&D work to realize a dedicated downstream
tracking unit that can be integrated in the DAQ architecture
and act as an “embedded track-detector” CERN-LHCC-2017-003

LHCb has the potential to further improve this measurement in the

years to come — Stay tuned!
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Backup slides
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The LHCb experiment

Vertex 5
detector(VELO)

Calorimeters: particle
identification

Cherenkov detector:
particle identification

ECAL
SPD/PS

Magnet
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Muon

~_ .| chambers

Tracking stations: trajectory of
charged particles — momentum
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Background

% Peaking background reduced with cut based selection, e.g.

> D%— K" m, reduced performing selections on flight distance

DO — KS0 T

% Combinatorial background reduced using kNN classifier
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KS0 mass distributions

: 90 ST U S S [ S S R BN  JRN CFE JRNLUTE R S I I 55 K =
o = . . =}
= M DYD’ — K% LHCb preliminary3
= TF LD 4 fb! E
= 60 E_ PV-compatible | _I_’]I?atal —g
$ SOE high-purity —Total _ ]
5 - -.. Combinatorial :
2 AF Signal =
g oE  Long 3
g A :
20 £ =

10 - ' e

- et T N ] NS 3

0 - .
460 470 480 490

Giulia Tuci, 28/04/2021

500

510 520 530 540
m(Kg) [MeV/c?]

?)

Candidates / ( 1.8 MeV/e

90 g

80
70

460 480 TS50

N R S AN
DD’ — KK
LD

PV-compatible

4 fb’!

—+ Data
— Total

high-purity

Downstrea

Search for CPV in D%°— KSOKS0

LHCb preliminary

-.. Combinatorial
Signal

520 0 540

[

m(K3) [MeV/c?]

12



Secondary decays

< D™ could originate from a b-hadron decay

> Same CP asymmetry, but different production asymmetry
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< Standard approach: remove them using information on D° vertex displacement
> Not effective in the D°— K.°K.° decay channel
> Unlike in 2015-16 measurement, secondary decays are treated as signal and their

different production asymmetry is corrected for
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Results

Sample 2015 + 2016 (2 fb™1) 2017 4 2018 (4 fb™1)
Yield A (%] Yield AP (%]

LL PV-comp. | 1388 £ 41 0.3+ 2540.6 |4056+77 —43+ 1.6+£04

LL PV-incomp. | 178 4+31 —11 +£17 42 430+41 -3.0+ 79411

LD PV-comp. 411+25 —7.2+ 58+11|1145+49 —29+ 38+0.7

LD PV-incomp. | 58418 —10 +£31 +4 3494+64 —5 £17 £2

DD = - 87428 —35 +47 +6

Sample split into different categories:

>

Vv VYV

LL,LD, DD samples;

output of kNN classifier (2 categories);

compatibility of the D** with coming from the primary pp vertex (PV);
2015-2016 vs. 2017-2018
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