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CP violation in B, mixing and ¢,
Intermezzo: Lifetimes
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Thoughts for the future

Interesting things not covered:

B Snm, B, KK (LHCb-CONF-2016-018)
sin2B,, with B DD (PRL 117 (2016) 261801)
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B, mixing
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CP violation in B, mixing

M12> * Observable phase ¢, = -2p,= ®,- 2 P

* In the Standard Model expected to be
small ¢, = - 0.04 radian

Al'y =T — Ty
* Larger values possible in models of New
Am, = My — M; Physics

Golden mode used by all LHC experiments B—JAp ¢
» LHCb also studied Bi—J/p K*K™, B(—JAp i, Ba—=w(2s)p, Bq—=D, D,
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Mass distribution
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Resolution model from prompt
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Time acceptance due to cuts
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d.. CMS B = J/vé
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¢.. LHCb

_ B, = J/yn'wcontributes to overall LHCD sensitivity
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LHCb: High mass KK =~ aée

£4(1525) LHCb

LHCb has studied
CP violation using
JAWKK events above
¢ resonance
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Summary of ¢,

http://www.slac.stanford.edu/xorg/hflav/
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Summary of ¢,

No sign of NP ®
Still room for New Physics amplitude at level of 10 % 1n By
mixing (Similar story in B, sector) ©
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Penguin Pollution

,.  Penguin contributions could mimic NP effects

Study using other modes related by SU(3)

, symmetry to limit size using data
e.g. B, = J/y K* B = Jiyp
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Penguin Pollution

Fit to CP observables + polarization amplitudes in B, = J/y K*, BO =» Jiyp
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LHCb: and charmless...
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Lifetime Measurements

As Alex just told lifetimes provide important test of Heavy Quark
effective theory and duality assumptions

Challenging both to theory and experiment

Long saga of A lifetime
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Lifetime Measurements

Two experimental approaches to understand decay time acceptance

Direct measurements

Trigger/selection
cuts

Model + correct

acceptance \ Velo

efficiency

Use of data driven techniques/unbiased triggers where possible

Relative measurements

Use control channel with similar kinematics/trigger to signal to make
relative measurement
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B, = J/yn lifetime
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LHCD

Rad Baryons: e.g E,° lifetime
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Candidates per 55 MeV/ ¢?
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LHCD

LHCDb has measured sin 23 using Run 1 data

Result reduces tension between direct +

indirect determinations from global fit

New LHCb Run 1 results using y(2S)
and electron modes
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Signal yield asymmetry

LHCb-PAPER-2017-029 _
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Tension between DO like-sign dimuon measurement and SM (see Mika’s talk)
led to renewed interested in AI'y. Important to constrain new physics in this

observable (arXiv:1404.2531)
Recent ATLAS measurement

Compare lifetimes in B = J/y K* and B = J/y K
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ATLAS result consistent with SM + previous measurements

AT, /Ty (SM) = (0.42 +0.08) x 1072

Delphi : 0 = Standard
: : : Model

BaBar | 4 *

LHCb result 1s only
with fraction of Run 1
dataset

LHCb : . : <
Belle e
ATLAS }—0-—1

HFAG (Spring 2016) e

-0.1 -0.05 0 0.05 0.1

Value needed to explain DO result
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Thoughts

The Run 1 era is ending

A lot was achieved © , close to pre-LHC expectations

Some things were not in the pre-LHC program: e.g. high J/iy KK, J/iynn ©
Some things were so far not exploited: electrons for ¢, CP even eigenstates ®

Run 2 analyses will come soon

LHCDb 2015+2016 dataset comparable in size to Run 1, adding 2017 will
double in size

Measurements especially lifetimes will be increasingly systematics limited

Avoid monoculture: supporting and complementary measurements are
_ important since NP small, e.g. lifetimes in B, = J/yn



Thoughts

ATLAS IBL , new CMS pixel detector are in LHCb upgrade after LS2 in ~2020

-value
T Ip 1-0
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Thoughts
The upgrade era is around the corner

Early days of LHCb upgrade provides many interesting opportunities

Lifetimes, Amg 1deal first measurements to demonstrate new detector
capabilities (as was case in 2010)

Bonus: New pixel detector with better performance very different
systematic uncertainties

Since systematics are important mandatory to cross-check results with different
modes, techniques and experiments
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Summary

B, mixing parameters known with precision after Run 1

* No sign of New Physics ®
Run 2 results expected soon: improved precision
* Both tree-level and with charmless decays

Important to exploit precision by controlling theoretical uncertainties and
exploiting data driven approaches to this

* Ensure that less headline impact supporting measurements and cross-checks
get done

Run 3: will give even larger datasets, with new and more precision detectors
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B, mixing

http://www.slac.stanford.edu/xorg/hflav/
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