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* Observation of CP violation in charm decays:
- Measure CPV asymmetries in D° - K~ K* and
D? - n~at decays

* Time-dependent CP —violating observables in
By - J/YK™K*

 Time-dependent CPV measurement in D° —
K Ktand D° > n~nt

* Mass difference between neutral c-meson eigenstates
(D° - D°)
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* Observation of CPV in the charm sector has not been achieved yet,
despite decades of experimental searches.

* Charm hadrons provide an unique opportunity to measure CPV,
with particles containing only up-quarks

The first observation of CPV in the decay of
charm hadrons

« Measurement of CP-violating asymmetries in D - K~K™* and
D° - n~nt decays

e In order to identify the D:
- m-tagged: D** - DOxn*t - y-tagged: B - D°u~v, X

« Define: AAgp = Arqy(K"KT) — A4, (™ wt) to cancel production
and detection asymmetries

N (D*t = D(f)r*) — N (D*~ = D(f)n™)

w-tagged —
Araw (f) - N ™ 0 - — N
(D*+ = DO(f)n+) + N (D*- — D°(f)n-)
p-tagse _ N(E_)Do(f) .u_pﬂX) _N(B _)Eo(f)”-’_yux)
PRL 122 (2019) 211803; 5.9 b=t at 13 TeV A=) = X5 167 im0 ) T N(B = D) g X)
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* The results:

AAT a4 — [-18.2 4 3.2 (stat.) & 0.9 (syst.)] x 1074,
AALSEEd — [_9 + 8 (stat.) & 5 (syst.)] x 1074,

 Combine with previous measurements:

AAcp = (—15.442.9) x 1074,

* Consistent with (in magnitude at the upper end) SM
-SM: 107%-1073

- Further measurements + possible theoretical improvements, will
clarify the picture (SM or new dynamics in the up-quark sector)
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e In decays of B to a CP eigenstate, CPV can originate from the
interference of the amplitude and that of the adjoint decay preceded by
B{-B? oscillation.

- It manifests itself through a nonzero value of the phase ¢

* ameasurement of ¢, different from the SM prediction would provide
clear evidence for NP

 Most sensitive channel to NP is BY - J /Y (uu)K ~K™: clean, large

statistics
S *°F 1ncbosug |
. C data point .
Tagging the BY meson flavour: 04F calibration curve .
- [ n distribution
- Opposite-side tagging: use B* - J/YK* 03F
- Same-side tagging: use B} » Dyt 0.2f
0.1f
0 B

EUR. PHYS. J. C 79 (2019) 706. 1.9 fp~* at 13 TeV
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e Further combine with Run—II BY - J/y(uu)m ™ (PLB 797 (2019) ) .

« And Run-1J/y(uu)r~nt, B2 - J/WK~K* for the K~ K™ invariant
mass > 1.05 GeV, B? - ¢(2S)¢ and B - D DS

[, = 0000025 ad, | = 0303 £0010 T, = 06562£00021 ]

* ¢, 1s consistent with a non-zero
CPV predicted within the SM and
with no CPV in the interference of
B meson mixing and decay.

ID-D+ 3 fb!

AT [ps ]

+ -
0.12- J/m .

0.10:
* |A] is consistent with unity, implying  oos| ;/.; 1 40

no evidence for direct CPV
0.06

-0.4 -0.2 -0.0 0.2 0.4
EUR. PHYS. J. C 79 (2019) 706, 1.9 fh~* at 13 TeV bs[rad]
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e The asymmetries of the time-dependent decay rates of D?, DY:
- Sensitive to CPV in the mixing and in the interference between mixing and

decay < 03 - - —s
S 02 x2/ndf =9/19  LHCD preliminary
= ol DK 7t
' E ) bttty
* With 2015-2016 data: &0 LU S
-0.2
Ar(D°— KtK-)=( 1.3+35+0.7) x 1074, ™o 2 4 6 3
Ap(D°— ntn=) = (11.3£6.94+0.8) x 1074, _ | | il
S 3 ¥2/ndf = 22/19 LHCb preliminary =
= ¥ D’>K*K™ E
1 ~E E——"l'h'{*{# P, 3 T l 3
[ Wlth 201 1'20 1 6 data, aIld <§_0(5) g_ + +‘r +‘ T 11 I | 1 E
combine both channels : SE | , , 3
0 2 4 6

8
t/ TDO

Ar(KTK™ 4+ ntn™, 2011-2016) = ( 0.9+£2.1£0.7) x 1074, . _ i
AAp(2011-2016) = (—8.6 & 5.0 & 0.5) x 1074, x/ndf = 18/19 LHCb preliminary 3

&= + 4 + + D'—>rta E

0 2 4 6 8
t/ T 0

LHCB-CONF-2019-001 I the linear fit slope is equal to -Ap I
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Mass difference between neutral c-meson eigenstates

* Unknown particles can contribute as virtual particles in the amplitude
- Possibly enhance the average oscillation rate or the difference between
the rates of mesons and antimesons (D° — D?).

* This makes flavor oscillations sensitive to non-SM dynamics

Yield the first evidence that the masses of the neutral charm-
meson eigenstates differ

* A novel model-independent approach: the bin-flip method
- Relies on ratios between charm decays reconstructed in similar kinematic
and decay-time conditions
- Avoiding the need for an accurate modeling of the efficiency variation across
phase space and decay time.

PRL 122 (2019) 231802; 5.9 fh~* at 13 TeV
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« For (D**- D°(—» Kyn*n )n™:
- The prompt sample contains 1.3 X 10°
signals
- And a small background dominated by
genuine D° (-~ Kdn*n™) decays
associated to random soft pions

* The semileptonic sample:

- 1.0 x 10° signals

- And a sizable background dominated
by unrelated Kdn*n~ combinations.

- Genuine D%decays associated with
random muons contribute <1%
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Candidates per 1.5 MeV/c?

160
140
120
100
80
60
40
20

100
90
80
70
60
50
40

xHO{

A L L DL L L B
= DD K LHCb —
E— —— Data —E
E Am = m(D*") —m@®D°)
- [ Background =
140 142 144 146 148 150
Am [MeV/c?]
x10°
T L L L
B—D (=K X LHCb
—— Data
—Fit
B Background

1800 1850 1900
m(Kor+ ) [MeV/c?]

Jike Wang, Wuhan University | PIC-2019 | Page 10



The results:

Parameter Value Stat. correlations Syst. correlations
1077 jr A Ay yep

Top 27 £16 £04 -017 004 -0.02 0.15

Ucp 74 £36 1.1 —0.03  0.01

Ar —0.53£0.70 £0.22 —0.13

Ay 06 £1.6 £0.3

0.01 -0.02
-0.05 -0.03

Most precise from a single experiment, as are the determinations of the CPV

parameters.

Consistent with x = 0 within 2o0; combined with the current global knowledge,

yields x =3.9712 x 1073

Strongly contributing to the emerging evidence for a nonzero (positive) mass

difference

The global constraints on CPV in the D® — D? system are greatly improved
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* CP violation 1s a key physics topic at LHCb. Numerous
new results are out sincd PIC 2018, only part of them
are shown today.

* We have much more Run2 data to analyze, more results
are coming
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Raw asymmetry:
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