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Introduction

Run 1 Run 2 Run 3
2010 2015 2021 

Run 4
2027 

Run 5...
2031 

3 fb‑1 + 5 fb‑1 + 50 fb‑1 + 300 fb‑1

Today

Snapshot of LHCb CP violation studies & estimates for Phase-2 sensitivity

I will:

refer to the milestones indicated above

emphasise theoretically clean UT angle measurement & charm CPV

highlight systematic & detector challenges in parallel

return to the issue of external inputs from CLEO and BES-III at the end
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a very comprehensive summary
last year by Dan Johnson

...

Selected measurements toward
new physics searches involving CPV
in B decays

Technical chalenges, especially for
time dependent measurements

Today
A less comprehensive summary

https://agenda.infn.it/getFile.py/access?contribId=5&sessionId=0&resId=0&materialId=slides&confId=12253


How do we measure CPV?
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Time independent measurements:

Charge specific final states

For B decays: direct CPV

Measure raw ACP

Subtract asymmetries from
– production
– detection

Main systematics:
– Mass modeling
– Uncertainties on control
channel

Time dependent measurements:

Fit to decay time if CP final
state
– Time resolution
– Time acceptance
– PV association
– Flavor tagging

Angular analysis if not CP
specific state
– Angular acceptance
– Angular resolution



What have we measured so far?
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The angle γ
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The UT angle γ

2-body ‘ADS’ : B± → [π±K∓]h±

5100 5200 5300 5400 5500

 )
 

2 c
E

ve
nt

s 
/ (

 1
0 

M
eV

/

50

100

−K
D
]+K−π[→−B

LHCb

5100 5200 5300 5400 5500

50

100

+K
D
]−K+π[→+B

LHCb

5100 5200 5300 5400 5500

200

400

−π
D
]+K−π[→−B

LHCb

] 2c) [MeV/±Dh(m
5100 5200 5300 5400 5500

200

400

+π
D
]−K+π[→+B

LHCb

Suppressed: 550 candidates in Run 1

Large interference; 8σ CPV (PLB 760 117)

‘GGSZ’ : B± → [K 0
S h

+h−]h±
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Mod. indep.; 2,600 candidates in Run 1

Reduced γ ambiguity (JHEP 1410 097)
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1,800 candidates in 1 fb−1
(JHEP 1411 060)

Measures γ − 2βs ; B0
s → J/ψhh input

Many more
ADS/(pseudo-)GLW 2/4 body (PLB 760 117)

GLS B → (K0
SK

∓π±)K (PLB 733 36)

ADS B0 → DK∗0 (PRD 90 112002)

Dalitz B0 → [hh]DKπ (PRD 93 112018)

ADS B0 → [hhπ0]DK (PRD 91 112014)

GGSZ B0 → DK∗0 (JHEP 06 131)

ADS/GLW B± → DK∗± (LHCb-CONF 2016 014)
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The angle γ
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Run 1 8◦

Run 2 4◦ increased cross section
Run3+4 ∼ 1◦ assuming double efficiency for hadronic triggers
Run5++ < 0.5◦



sin 2β
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sin(2β) ≡ sin(2φ
1
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How about neutrals?

CKMfitter: sin(2β) = 0.7094+0.0098
−0.0094



Measurement of φs
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D0 8 fb−1

CMS 19.7 fb−1

CDF 9.6 fb−1Combined

LHCb 3 fb−1

SM

68% CL contours
(∆ log L = 1.15)

HFLAV
Summer 2017

Several channels: Bs → J/ψKK ,J/ψππ, DsDs...

So far no significant polarization dependence seen

By 2030 we expect σ(φs) ∼ 0.01⇒ compare to 0.006 from CKMfitter



Tagging
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Tagging has been a great success in run I and II

Tagging powers of 3-5% depending on channel

On going studies with upgrade simulation

And more taggers being developed

Chalenges for upgrade:

not having full event information ⇒ offline calibration?
controlling tagging asymetries ⇒ largest uncertanty for sin(2β) in runI
optimization with data

3/20 Ulrich Eitschberger | Updates on Flavour Tagging | 72nd LHCb week | June 19th, 2014 

Flavour Tagging: Determine B production flavours 
SS Pion 
SS Kaon Signal Decay 

Same Side 

Opposite Side 

OS Vertex Charge OS Muon 
OS Electron 

OS Kaon 

PV 



Decay time resolution
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In run I-II: ∼ 45− 50fs⇒ dilution of 70% for Bs

Estimated per event error calibrated with usually prompt events

need to check portability ⇒ any difference becomes systematic
uncertainty
often linear or quadratic calibration

wrong PV association⇒ 1-2% in run I

usually only included in decay time fit for calibration
will be a problem for higher sensitivities or with larger wrong PV fractions

For upgrade:

better estimated per event error
true PV association in MC



CPV in rare decays
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τ (Bs → µµ) = 2.04± 0.44± 0.05 ps
with 4.4/fb

"We urge the LHC collaborations to add studies of CP violation in rare
B0

s → `` decays to their physics agenda for the long-term future and
super-high-precision era of B physics."

Fleischer, R.,
Espinosa, D.G.,
Jaarsma, R. et al.
Eur. Phys. J. C (2018)
78: 1.

https://doi.org/10.1140/epjc/s10052-017-5488-z
https://doi.org/10.1140/epjc/s10052-017-5488-z
https://doi.org/10.1140/epjc/s10052-017-5488-z
https://doi.org/10.1140/epjc/s10052-017-5488-z
https://doi.org/10.1140/epjc/s10052-017-5488-z


Summary
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No sign of new Physics in CPV measurements yet
⇒ up to 10% still allowed

Phase2 Upgrade will get us closer to undirect CPV measurements
⇒ better care for systematics and penguin pollution

CPV with rare decays is going to be fun!


