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Neutral Meson Oscillations

[P,) = p|P% + q|PY)
t N/

Mass Eigenstates Weak E\igenstates

! -
|P,) = p|P°% — q|P°)

B? - D;m" Decay Time™

a, ' e Tagged mixed
= - 2N . o Tagged unmixed
< 400 : b G Fit mixed
3 A B, Fit unmixed
= N4
= i
s 200p-

O L 4 N 4 " L L L L " L v " L L "

0 1 2 3 4

decély time [ps]

d,s,b U Col d,s,b

2 W W PO
d s b u,c,t d s, b
i e
W
po T kiize 6 po
a,5b i d,5b

Oscillation period measured:
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http://iopscience.iop.org/article/10.1088/1367-2630/15/5/053021/meta
http://pdg.lbl.gov/2017/tables/rpp2017-tab-mesons-charm.pdf
https://pos.sissa.it/291/087/pdf

CP Violation

- CPV in the decay
Three types of CP Violation

1. CPV in the decay (right)

. Af 5
2. CP\ i th 4]

e mixing (previous slide)

4 =1

p

3. CPV in the interference
between the decay and mixing
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The Unitarity Triangles
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http://ckmfitter.in2p3.fr/
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The LHCDb Detector

HCAL .
EGAL Ly M4 M3 b-quark Production
agn P —
Magnet - RICH2 M1 s Angle
T2
i |
RICHI

4N A TT/
rte °
ogato 00 s i .. N L,

i - | LHCb MC

=1 /S=14TeV
v : ]

* Very rich physics program; see other LHCb talks for more
information, lepton universality studies, particle production, W, Z
& top production, hadron production and heavy flavour

spectroscopy & exotics
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://indico.cern.ch/event/656250/contributions/2866676/
https://indico.cern.ch/event/656250/contributions/2870476/
https://indico.cern.ch/event/656250/contributions/2888443/
https://indico.cern.ch/event/656250/contributions/2873125/
https://indico.cern.ch/event/656250/contributions/2873124/

Flavour Tagging
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NS =T& 8 TeN In Preparation [LHCb-PAPER-2018-006]
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Due to Cabibbo suppression at Tree Level, Loop Level contributes

equally

» Sensitive probe of New Physics and Unitarity Triangle angle vy
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Vs =7&8TeV In Preparation [LHCb-PAPER-2018-006]
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Crore = -0.34 £ 0.06 (stat.) £ 0.01 (syst.) « Combined
Sqr = -0.63 £ 0.05 (stat.) £ 0.01 (syst.)

Cax = 0.20 +0.06 (stat.) = 0.02 (syst.) ALEE S ISNE AT o

Skk = 0.18 £ 0.06 (stat.) £ 0.02 (syst.) Bg? - K"K is400
A4k =-0.79 £ 0.07 (stat.) £ 0.10 (syst.)  Strongest evidence of
Acp(B° » K*m™) = —0.084 + 0.004 (stat.) + 0.003 (syst.) time—dependent CPV

Acp(BY » mK~) = 0.213 £ 0.015 (stat.) + 0.007 (syst.)
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7 & 8 TeV
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https://link.springer.com/article/10.1007/JHEP03(2018)059
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https://link.springer.com/article/10.1007/JHEP03(2018)059
http://cds.cern.ch/record/2275866?ln=en

Vs =7 &8TeV larXiv:1803.10990]

« This is a measure of direct ¢
CP Violation ’ =
N(f) = N() 2
A = — = + Ap + Ap &
Where: 5240 5260 5280 m(g’)(go) [M563\2,(/)cz]
Acp is the asymmetry due to — N(B-) N(BH)
Py e o
Ap is the production asymmetry e sl i s
Ap is the detection asymmetry 5= i 1047 + 40 1005 + 39

 No CPV found
(—1.4 4+ 0.5)% for B~ - D; D°

(-0.3+0.4)%forB~ - D~ D°

* Acp(B~ > D; D) =(—0.4 £ 0.5 (stat.) + 0.5 (syst.))%
e« A (B gy | 23+27(stat)+04(syst))%
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https://arxiv.org/abs/1803.10990

5= 7. 8& 13 TeV [Phys. Rev. D. 97.031101 ]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.031101

5= 7. 8& 13 TeV [Phys. Rev. D. 97.031101]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.031101

5= 7. 8& 13 TeV [Phys. Rev. D. 97.031101]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.031101

NS =T& 8 TeN

[arXiv:1712.07051]
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https://arxiv.org/abs/1712.07051

e e [arXiv:1712.07051]
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https://arxiv.org/abs/1712.07051

Summary

 CP Violation is an important requirement to explain the matter
anti-matter asymmetry but SM predictions not enough
« Wide range of channels studied by the LHCb collaboration
1. B »> KTK~ show a 40 significance for time-
dependant CPV

2. BY - DFK* measured vy to be compatible with
combined measurements

3. No evidence yet for CPV in BT — D(J—;)DO

4. No evidence yet for CPV in the charm sector
* Many Run I analyses undergoing updates with Run II data
« LHCb upgrade in LSII, many channels pushed from discovery

to precision and yield on increased statistically limited channels

Thank You
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JS=7&8TeV

BS—)DSJ_FK

[JHEP03(2018)059]

T

Measured CP Parameters
Cp-x+ = —Cp+g-= 0.73 £ 0.14 (stat. ) £ 0.05 (syst.)

Sp-xg+= —0.52 + 0.20 (stat. )+

= 0:07 (syst.)

Spri- = —0.49 + 0.20 (stat.) +

0.07 (syst.)

ApZi+ = 039 10.28 (stat.) £ 0.15 (syst.)
A — 0310728 (st L0115 (syst)

agies
y = (128%3))°
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https://link.springer.com/article/10.1007/JHEP03(2018)059

Vs =7 &8TeV larXiv:1803.10990]
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Vs =7&8TeV |larXiv:1712.07051|
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CKM Matrix

Chau and Keungs Parametrisation

C12€C13

- 6
Vokm = | —812023 — C12823513€"°1®
E o5 C12C23513€""3

* ¢jj = cosB;; and s;; = sinf;;

S
S12C13 St

o
C12C23 — S12S523S13€ 2 S93C13

5
—C12523 — S12C23S13€ % C23C13

813 is a complex phase allowing CP violation in the standard model

Noting ¢13 = ¢33 ® 1 and ¢, = \/1 — 512 &1 — 2%/2 we get the

Wolfenstein Parameterisation of the CKM matrix

V., = AA% and 51, = AA%(p — in) where A=4/5

Wolfenstein Parametrisation

1 — X2/2 A AN (p —in)]
Voru = — X = AN? + O(\)
O . AT 1 )
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Status of CKM Matrix

Observable

central + CL = 1o

Observable central = CL = 1o
A 0.8250 00071

A 0.22509 75 000as

p 0.1598 Z5.0072

7 0.3499 Z5.5061

a [°] 92.0 71

a °] () 92.1717

a [°] (dir. meas.) —2.2737]|188.8 722
e 22,6003

BT () 23.74 505

3 [¢] (dir. meas.) 21.85 7085

7 [° 65.40 7776

v [T () 65.33 5’54

v [°] (dir. meas.) 72.175%

Vud
Vus
Vub

0.974334 73 6o00es
0.22508 79 Do0s
0.003715 Z5:500060
0.22494 ~9-00023
0.973471 T 000067
0.04181 25 00060
0.008575 T ooa0aa
0.04108 235502

0.999119 79 800045
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Observables

The decay of neutral mesons follow

e & NBwe_Pt [Cosh (AQF ) . AATY Ginh (%t) — S¢sin(Amt) + Cyg Cos(Amt)]

i AlE AT
BB ] N . [cosh (—t) e (775) + Spsin(Amt) — C¢ Cos(Amt)}

Observables are related to ditferent different CPV parameters

A o q and p come from the coefficients of the
= | = ‘ ‘ gb ey ) Weak eigenstates and thus are related to
p Af q T ) mixing. A; comes from the decay amplitudes
= RE e
O = = - C; describes CPV in the deca
2 A f L
- l—l_(% A; ’ S; describes CPV f
2 sinfoe -~ o7 — ¢ describes rom
o — le()\) - g HAf (qb ¢Af quf ) interference between the
Lp e =7 (’ H D mixing and the decay
o _ “2Re()) S cos(¢g = e — G
- T
L+ (2] 522
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The LHCb Upgrade

Upgrade will installed in LS2

Removing the hardware
trigger, full 40 MHz readout at
a luminosity of 2x10% cm2s-!

: VELO - Pixel
Upgrading to a new detector ...cior

Rate (MHz)

LHCb
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