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Mixing and CP violationin D %#K +$- decays
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Updated determination of D°ED° mixing and CP violation
parameters withD® — K*!'' decays

R. Aaij et al.
(LHCb Collaboration)

® (Received 8 December 2017; published 22 February 2018)

We report measurements of charm-mixing parameters based on the decay-time-dependent ratio of
DY - K*!I' toD? — K'! * rates. The analysis uses a data sample of proton-proton collisions corresponding
to an integrated luminosity 60 fb' ! recorded by the LHCb experiment from 2011 through 2016. Assuming
charge-parity €P) symmetry, the mixing parameters are determined to‘be (3.9 £2.7) x 103,

y = (528 £0.52) x 10' 3, andRp = (3.454 £ 0.031) x 10' 3. Without this assumption, the measurement

is performed separately fdd® and D° mesons, yielding a diredEP-violating asymmetryAp =

(1 0.1+£9.1) x 10'3, and magnitude of the ratio of mixing parametér®0 < |g/p| < 1.35 at the

68.3% confidence level. All results include statistical and systematic uncertainties and improve significantly
upon previous single-measurement determinations. No eviden€&Pfarolation in charm mixing is
observed.

DOI: 10.1103/PhysRevD.97.031101



CP violation in D 9 mixing: [PRD 97 031101 (2018)]
overview

A modulation of wrong-sign D  9#K *$ - rate versus
decay time indicates oscillation. If oscillation
patterns are di"erentfor D 0 and D¥e= CPV in mixing.

| About 5/fb (2011-2016).

| Flavour of D 9 meson inferred from the strong D THD 0§
decays.

| Search di"erence in D #K +$- and D%#K -$ + rates looking
at the positive and negative ratios, respectively
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CP violation in D 9 mixing: [PRD 97 031101 (2018)]
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| Cut on D 2mass, PID, and IP. Fit M(D °$).
| Yields extracted in bins of decay time up to about 20 T.
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CP violation in D 9 mixing: [PRD 97 031101 (2018)]
challenges

| B # D decays

- Undetected B decays mimics a larger D decay time
diluting the oscillations.

- Require D to point at the PV and assigned the
maximum bias of the residual contribution (3%) as
systematic uncertainty.

B/D**

| Instrumental asymmetries &(K +$-)/&(K-$+)

- Mainly caused by K -/K+* di"erent cross-section in
matter.

- Measured to be about 1% comparing the ratio of
D-#K +$-$- and D -#K s(#$ +$-)$- yields with the
ratio of corresponding charge-conjugated decays.


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.031101

CP violation in D 9 mixing: [PRD 97 031101 (2018)]
results
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| Twice as precise as previous
prompt measurement; now
superseded [ PRL 111 251801
(2013) .
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Indirect CP violation in D 9%%#h +h- decays
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PRL 118, 261803 (2017) PHYSICAL REVIEW LETTERS 30 JUNE 2017

Measurement of the CP Violation Parameter A;- in D’ - K*K~ and D’ — z*z~ Decays

R. Aaij et al.”

(LHCb Collaboration)
(Received 22 February 2017; published 28 June 2017)

Asymmetries in the time-dependent rates of D° — K*K~ and D° — 7"z~ decays are measured in a pp
collision data sample collected with the LHCb detector during LHC Run 1, corresponding to an integrated
luminosity of 3 fb~!. The asymmetries in effective decay widths between DY and D° decays, sensitive to
indirect CP violation, are measured to be Ap(KTK~) = (=0.30 £ 0.32 +0.10) x 10~% and Ap(z"77) =
(0.46 4- 0.58 4+ 0.12) x 1073, where the first uncertainty is statistical and the second systematic. These
measurements show no evidence for CP violation and improve on the precision of the previous best
measurements by nearly a factor of two.

DOI: 10.1103/PhysRevLett.118.261803




CP violation in time-dependent D  9%h *h- rate
overview [PRL 118 261803 (2017

D0—>h+ :
DO and D%decay both in the same CP-eigenstate pnal ~-D%/
state h +h- (h=K,$). CP violation leads to a di"erent
time-dependent rate for  D° and DY%decaying to h+h-. D@:“_’jh*h'
Q..DO

| All the data of Run1 (2011-2012): 3/fb.

| Flavour of D 9 meson inferred from the strong D THD 0§
decays.

| Search di"erence in  D%h +h- and D¥#h +h- rates looking at
the asymmetry of time-dependent decay rates:
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CP violation in time-dependent D  9%h *h- rate
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| Cut on D 9 mass, PID, and IP.

| Combinatorial background sideband-subtracted to
extract yields in bins of decay time.
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CP violation in time-dependent D  9%#h *h- rate
challenges [PRL 118 261803 (2017
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| B # D decays

- Undetected B decays mimics a larger D decay
time diluting the asymmetry.

40 - —— No b (DO) requirement (model)

- Select D pointing at the PV. Residual
contribution estimated from a model calibrated

10

by the yield of secondary decays at higher decay . '_"5"_“1
time. 273 -0.08
&= .3 —0.06

"3 40.04

Instrumental asymmetries &(hh$  *)/&(hh$ -)

- Time-dependent detection asymmetries due to
correlation between soft-pion kinematic (k=1/
((p x2+p z2)) and D © decay time.

0.02

"0.02
*0.04
"0.06
"0.08
"0.1

- Correction applied reweighing the soft-pion
Kinematic to recover the left-right symmetry of

the detector. Validated on D 9#K -$ * decays. Araw in the z-axis
Araw = (N(D *+)-N(D *))/(N(D *)+N(D *))
11



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261803

CP violation in time-dependent D  9%h *h- rate
results [PRL 118 261803 (2017
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Not just D 0:'A cpin * ¢*#ph *h- decays

A measurement of the CP

asymmetry difference in
Aj‘ — pK~ KT and pr— 7w T decays

LHCb collaboration'

Abstract

The difference between the CP asymmetries in the decays AT — pK~ K+ and
AF — pr—rT is presented. Proton-proton collision data taken at centre-of-mass
energies of 7 and 8 TeV collected by the LHCDb detector in 2011 and 2012 are
used, corresponding to an integrated luminosity of 3fb~1. The AF candidates are
reconstructed as part of the AY — AFu~X decay chain. In order to maximize
the cancellation of production and detection asymmetries in the difference, the
final-state kinematic distributions of the two samples are aligned by applying phase-
space-dependent weights to the AT — pr~ 7" sample. This alters the definition
of the integrated CP asymmetry to Ag%,t (pr~m ™). Both samples are corrected for
reconstruction and selection efficiencies across the five-dimensional A} decay phase
space. The difference in CP asymmetries is found to be

AATE = Acp(pK~K ™) — AZ8 (pr~ ™)
= (0.30 £0.91 £ 0.61) %,

arXiv:1712.07051v1 [hep-ex] 19 Dec 2017

where the first uncertainty is statistical and the second is systematic.



CP violating charge asymmetries in* . decays:
in a nutshell [arxiv: 1712.07051]

Charge asymmetry in* *#ph *h- indicates direct CP
violation in * . decays.
| 3/fb from 2011-2012.

| Select* c from * ,0#* .+)-Xin order to suppress
backgrounds through the displaced vertex of * pO.

| Measure proton/antiproton charge asymmetry in * cHPK K-
and *ct#p$ *$-.

Avae(f) = Acp(f) + Apr(f) + Al () + A (/)

| Use di"erence between pK +K- and p$ *$- asymmetries to
cancel * 9 production asymmetry and ) /p detection
asymmetries.
"Acp = Acp (PK' K¥) " Acp (p# #7)

$ Aaw(PK' K*) " Araw(p# #")
14


https://arxiv.org/pdf/1712.07051.pdf

CP violating charge asymmetries in *
signal
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https://arxiv.org/pdf/1712.07051.pdf

CP violating charge asymmetries in *
results

c decays:
[arxiv:1712.07051]

Reweigh the kinematics of the two Pnal states to proper
cancel production and detection asymmetries.
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Systematics from simulation sample size, weight precision,
mass mis-modelings.
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Summary

| The enormous yields and a dedicate detector (LHCDb
leads the exploration) make LHC the best player for
searching charm CPV.

- Today shown |

ust some recent results.

| Times are particu

arly exciting for f3avour physics and

In particular for charm CPV searches.

- We are spanning interesting regions <  0(10-3).
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The LHCb detector

Weight: 5600t
Height: 10m
Long: 21m

VErtex LOcator

~(15+29/p)um IP resolutio
~45fs decay time resolutio

+5/p ~ 0.5-1%@ 5-200 Gey



Charm 3avour tagging

| In order to measure mixing and CPV, it is necessary to
identify the 3avour of the D 9 meson.

| LHCDb exploits two decays:
- D**# D 0%+ decays

- semi-leptonic B-decays Charge

tag
flavour




