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Neutral Meson Mixing

Neutral mesons oscillate into their own antiparticle:

i (3hoy) = 0130 (2b)

Heavy and light mass eigenstates: Fa— - -
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CP Violation in Mixing

Flavour s

Ufs =

P(Bq %BQ) #P(Bq %BQ)

oecific asymmetry:

"B, = B, — f)—T'(B, = B, — f)

Semileptonic decays are flavour-specific:
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CP violation

if lg/pl=1

—ass IS very
small in SM



HOW tO measure agq

2 methods:
* |nclusive like-sign dilepton asymmetry
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 Untagged asymmetry:
distinguish between B! and BY:

N(B,t) — N(B,t) aq _1 cos Amt

N(B,t)+ N(B,t) 2 |  coshzATt.

as1 = Ay =




Experimental Overview
efore LHCDb
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The LHCDb Detector
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pp collisions introduce B
production asymmetries:

o(pp = B) —o(pp— B) _
o(pp = B) + o(pp — B)

Ap =
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Measuring ag) in LHCDb

(B,t) — N(B,t)




For agﬁ, including detection and production asymmetries:
N(B,t) — N(B,t) a4 (adl ) cos Amgt
Ameas t) = = = — Ap — | = A
Q N(B,t)+ N(B,1) 2 D 2 A cosh AT 4t



Measuring ag) in LHCDb

cos Amt |
cosh%AFt_
For agﬁ, iIncluding detection and production asymmetries:
N(B,t) — N(B,t) a4 (adl ) cos Amygt
Ameast — = = — Ap — | = A
Q N(B,t)+ N(B,1) 2 D 2 A cosh AT 4t

For aZ,the measurement can be made time-integrated:




cosh(%AFSt)s(t) dt

<104 due to fast Bs oscillations

Bs — Ds (=K K1) vy
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Experimental Overview
including LHCb a_jResult
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Measuring agﬁ in LHCD

N(B,t) — N(B,t d d
Amens(t) = O D MDD _ |y, (B, ) S0 Bmt
N(B,t) + N(B,1) 2 cosh 5 A4t

Time-dependent fit to disentangle Ap and aglz
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Measuring a;ﬁ in LHCDb

2 decay modes:

¢ By =2D**pwvyX |0.3Meventsin £=3fb"
e Bg =»D+uvyX [1.8Meventsin £=31fb"

-

. x10° |
& LHCb  Data
T P _ 4+ — Total
% 1000 ~ D u — - Signal
3 i I R — B* bkg.
10 ) 500__ Comb. bkg. _]
LHCb e Data -

(Y
-]
S

Events / (2.8 MeV/c?)
&
S

Asymmetry [%]

- ~s

-
-
===

[L),LO,_;[\.) (O8]
TTTTTTITITI T 1




Experimental Overview
including LHCDb a.;Results
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Systematic Uncertainties

S L . d .
For the aganalysis: For the adjanalysis:
Source of uncertainty O(Ameas)[%] Source of uncertainty O(Ameas)[ %]
Tracking asymmetries Detection asymmetry 0.26
_ B plus 0.13
Muon asymmetries
Baryonic backgrounds 0.07
Fitti 0.15
g Decay time model 0.05
Backgrounds 0.10 Other background 0.04
Total 0.36 Total 0.30
ag = (—0.06 £ 0.50(stat) £ 0.36(syst))% a® = (—0.02 £ 0.19(stat) = 0.30(syst))%
Phys. Lett. B 728 607-615 (2014) LHCb-PAPER-2014-053

Dominated by control mode statistics
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Improvements for the
2012 a_janalysis



Expanding the Dalitz Plane
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Bs = Ds U vy

Using 2011 data:
*[Ds = ¢ (— KK
Using 2012 data:
* Ds—=> (KK
¢ (Ds = K* (= Km
* [IRemaining phase space



Reducing Systematic
Uncertainties

From the 2011 analysis:

Source of uncertainty O(Ameas)[%]

Muon asymmetries 0.16
Fitting 0.15
Backgrounds 0.10
Total 0.36

as = (—0.06 £+ 0.50(stat) 4 0.36(syst))%

Phys. Lett. B 728 607-615 (2014)
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U Detection Asymmetries
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U Detection Asymmetries

K

Determine using prompt charm decays:
e D" =DO(=2K m) s
e D =DO(=2K pvy) TTs
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U Detection Asymmetries

Efficiency ratios:
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U Detection Asymmetries

Efficiency ratios:

() N(D° = K-ty N(D — K+r™)

e(w ) ND - Ktpp,) ND?—= K 7t

U asymmetries:

4 ety e n) — 1
" e ) e ) + 1
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U Detection Asymmetries

Efficiency ratios:

() N(D° = K-ty N(D — K*r-)
s(pm*)  ND' - K+pw,) ND° = K77t)

U asymmetries:

o ety e ) — 1
T et ) e ) + 1

Not only track asymmetries:

Detection asymmetries can depend on kinematics

\\b reweight
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Reweighting Strategy

Revvelghtlng pT and n N 3 steps

i 2. Dt o DO(K_/L+V)7T;|_ to D* = DO(I(_7T+)777L

~\7 B i ) __

For step 2 we need to use MC kinematics to
compensate for the non-reconstructed neutrino.
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Example of Reweightin

m pr distributions of Bs = Ds(—= KK mm) p v,
and D* = DO (= Km) 1s
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Conclusions

Semileptonic asymmetry: ) )
_T(By = By = f) —T'(By = By — [)
“' T (B, > B, = f)+ (B, — B, > J)
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Semileptonic
_T(By—

Conclusions

asymmetry:
B, — f)—-T(B, = B, — f)

sl = (B, —

B, — f)+T(B, = B, — f)

Most recent LHCb measurements:

a:l — (—006 _

Phys. Lett. B 728 607-615 (2014)
o, = (—0.02 4 0.19(stat) £ 0.30(syst)) %

- 0.50(stat) & 0.36(syst)) %

LHCb-PAPER-2014-053

27




Conclusions

Semileptonic asymmetry:
o _T(By = By = f) =T(By = By = )
* 7 TI(B, > B, — f)+ (B, = B, — [)

Most recent LHCb measurements:
as = (—0.06 £ 0.50(stat) 4 0.36(syst))%
Phys. Lett. B 728 607-615 (2014)
o, = (—0.02 4 0.19(stat) £ 0.30(syst)) %
LHCb-PAPER-2014-053
New ag analysis is on its way, including:

* extended phase space
* new methods to determine detection asymmetries
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Outlook
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