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CP violation in the charm sector

2019: first and unique observation of CPV in the charm sector
o pp collisions data collected by the LHCb detector (Run 2, 6 fb—1)

o Measured AAcp = Acp(D°® - KTK™) — Acp(D° — ntn™) :

AAcp = (—154£2.9) x 1074 |= AAcp #0 Q@50 [l]

I'D—f)-T(D—f)

with Acp(D — f) = D= )+ F(E . ?)

o Result still debated in the community: compatible with the SM?
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o Result still debated in the community: compatible with the SM?

Currently: looking for CPV in other DO,D"',DQ',Ac channels
o LHCb is collecting new large data samples

— achievement of high precision 6(107%), and even less, in many processes:

need to control any bias source up to 1074
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Nuisance asymmetries: detector-induced bias

Ingredient for CP asymmetry in D — f:
number of reconstructed decays of the particle and the anti-particle

N(D — f) — N(
N(D — f)+ N(

Am.w(D — f) =

Araw(D — f) influenced by charge-asymmetric effects in the detector

Aruw(D g f) \T’ )+\('P(D - f)"l‘ AD(f)
—_—— — N~ —

6(10—-2) 6(10-3—-10—4%) 6(10—2)
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Example: LHCb measurement of Acp (DT — ¢ t) [2]

Channel of interest: D — ¢ Tt
~—~ \ , ~—~
Ap(DT) Ap (% KQ) Ap(mF)
~~ 7
Calibration channel: D — A’g T
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Our work:

Improve the precision of Ap(Kg) in preparation of

measurements with Upgrade I (and beyond) samples

Several precision measurements use calibration

channels with a neutral kaon in the final state:
Dt — ng+ , D — [(gK“‘ , DY — ngﬂr_,

4

Need for precise, robust, and data-driven models for Ap(K3)

in charm CP violation measurements
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Time-dependent neutral kaon asymmetry
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Time-dependent neutral kaon asymmetry

CP violation in mixing: ®(K°(t) — K9) # P(K°(t) — K°)

Different interaction with nucleons: o(K") # o(K")

© © ¢

New effect: Initial state of the neutral kaon in charm decays [3]

DT /DO can produce both a and a KY:

. KV — K° \
CF
Cabibbo-Favoured (CF) decay: ¢ — sdu ( k/

1

D+ ntn
. ) _ \DCS /—\
o Doubly Cabibbo-Suppressed (DCS) decay: ¢ — dsu N 6 1?”-/
— CF-DCS interference with mixing: CPV source
Use-case to study this new interference effect: D¥ — K3n+

A(Dt — K97t) is FAT? prediction [3] rr = —0.07340.004
_ T~ ™ B
A(DF = Kogt) "€ 6= = —139+0.05

1 Factorisation-Assisted Topological amplitudes method
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Model for neutral kaon detection asymmetry in D¥ — K3r ™

r [wK (t) — TF+7T_] - [w(K (t) — T{'+ﬂ'_]

r [% (t) — Tr+7rf] 4T [¢}< '(t) — ﬁf]

Ap(K2,t) =

— : 1=-0.073, 6=-1.39
. S - -
Ingredients to compute the asymmetry = OF £=-0073, 8= n/4
< r=-0073, 8= n2
o K% momentum and decay time (data) S -0sfF v r=-0073, 8= n
S < Only CF (r =0)

b
B

N\

o LHCb material map (from simulation at the -1
moment. To be calibrated with data in E
future measurements).

N N

o the initial state composition (7, dx) s L L

7/10



Measurement of Ap(K$) in DT — K27 decays

Goal: measure the time dependence of Ap(KQ,t) from data
Calibration channel to remove Ap(D1) and Ap(nt): Dt — ¢nt

AAgg(t) = Araw(DF = KQ(O)1h) = Araw(DT — ¢F)

=[Ap(x8,0)| ~ | Acp(D* = o)
AA o (E) 4 .
Ks -A (D —ror")

© time-dependent shape = r and 6. | _ _ _ _ 7. _ _ __ ___

— Acp(DT — ¢7t) is constant

o
+Ap (Ks , B

@ constant offset = Acp(DT — é7t)

— Ap(K§,t=0)=0

v
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Preliminary results with Run 2 data (5.4fb~!)

All Run 2 datasets
T

0.005F  LHCb unofficia =
E All Run2 datasets 3
0? r,=-0.073, 5,=-139 =
_0.005F  x2=:78/12ndof 3 ~0.01E | HCh unofficial E
E \ ! E -0.015| | ! =
0 1 2 3 0 1 2 3
40 e

o Ap(KQ,t) describes well the time-dependent shape
— measurement of 7., soon: first time in a hadronic environment
— LHCb material map in simulation is very accurate for Run 2 needs
o Measurement of Acp(DT — ¢mt) from the best-fit offset
—» stat. and syst. uncertainties ~ 4 x 10~4

o Application: measurement of Acp(D? — KT K~) with D° — Kg7r+7r_
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(1]

Thanks for your attention!
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Time evolution of neutral kaons in matter

o Initial state: |15 (0)) = |K°) or |K°)

@ Neutral kaon travels inside matter: H = Hyacuum + Hmatter

o Hyacuum : K0 — KO mixing

interaction with nucleons

o Hmatter :

— final state: superposition |5 (1)) = a(t) |[K°) + a(t) | K°)

Hvacuum
. M — iT My — 4719

K% ¥ « i i

K%(tp) — wtn— My, — T, M — ir

H = Hyacuum + Hmatter Hpmatter

(1) = a(t) |K%) + a(t) [K?) (%0 %)

0 X g0

t=0 t=tp t
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Modelling the the neutral kaon detection asymmetry

Computed for each Kg candidate at its measured decay time

o consider p and t of each K3 candidate (data sample dependent)
o analytical model for the time evolution of each Kg
— initial state defined by a given (rx,dx) pair

— need a precise knowledge of the LHCb material map
(from the Geant4 software-based simulation of the experiment)

[ (0))

Output: (Ap(KQ,t)) in each decay-time bin for a given (rr,dx) pair

10/ 10



LHCDb Detector

pear HEAL Ma MS
SPD/PS M3 _ 250mrad

Magnet RICH2 M2

Tracking: o,/p ~ 0.5% Particle Identification
e VELO 674, ~ 15um o RICH1 e RICH2

o TT e SPD/PS, ECAL

o Dipole Magnet o HCAL

o T Stations T 2,3 e 5 Muon Stations
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Neutral kaons at LHCb

Kg(LL): Long Tracks 7%
— DV, € [—100, 500] mm

— t<0‘47'Kg

VELO

RICHI

Reconstructed from Kg — mt7~ decay

Kg(DD): Downstream Tracks 7
— DV, € [300,2275] mm

— t<3TKg

__*—)—/

e,

N

]

TT

AR,

Magnet  T-Stations

z=0mm

z="770 mm

z=2270 mm

z=2700 mm z
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Decay Channels and Selection

Abundant samples after trigger and offline selection:

50M Dt — Kdnt and 30M Dt — ¢r

K9 ¢ n
PV D+ _ ’S, - Tt K
/\
SV ﬂ_+ SV 7r+

x10° D* . KS T

— D" - Ky T 3
— D" - KYDD) ™ J

o
>

o
N
T

Events/ 1 MeV/c
&
T

o
o
T

=3
2 ° &
2
o
o
e
T

o
1

1850 1900 -
Mo, [MeV/c?]

1850 1900 >
M(e ) [MeV/d

Selections optimised to minimise background and nuisance asymmetries
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Time-dependent analysis in Kg decay-time bins

Dt — ¢ used to precisely remove nuisance asymmetries in D¥ — K97+

e Dt — Kgﬂ'+ candidates split into 13
independent sub-samples (bins)

— as a function of Kg decay time t/7
e DT — ¢nt candidates similarly split
into 13 independent bins

— cancel the nuisance asymmetries
in each decay-time bin

e Equalisation of the kinematics of the Dt

D'—K) r'
Splitting
(t/t) 1
Kg (LL)
6
7
K3(DD

13

D'—¢n"

and 7T in each decay-time bin

Splitting
(random)
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Normalized entries

Normalized entries

Result of the kinematic weighting

2018 MagUp
T

L0 UTin[0.00, 0.05]
D" — K init
D' - @ init

% D Kt rew

O D - gt rew

f0+ 12
p, D" [Gev/c]

K0/ ¢
S

K}(DD) ¥t in[0.0, 0.4]
b,

[ D" — K init

D° ~ @ init

# D' K rew

o D . e rew

f0+ 12
p, D" [GeVic]

KSO/ @
-

Normalized entries

Normalized entries

in the t/7 bins

2018 MagUp
T

KY(LL) Utin[0.10, 0.15]
D" — Ko init
D' . qnt* init
% D' - K rew
o D - grrew

&

10, 12
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KS0/ ¢
N

e o]
e

KJ(OD) Ut in[L4, 1.8]
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