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Neutral B meson mixing

e Oscillation and decay description:

£(8)- (o

e Mass eigenstates are superpositions of
flavor eigenstates:
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e Mixing observables
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CP violation in B meson mixing

e Oscillation and decay description

2 )=l i) (1

e Mass eigenstates are superpositions of
flavor eigenstates

0 =1 | q l Measures
— — + | | CP violation in mixin
’BL> — Bq> +q Bq> P .
By) =lp|B,) —\¢/By) P(B—B) # P(B—B)
e Mixing observables u,c,t ,?
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Semileptonic CP asymmetries

e Using semileptonic flavor specific B decays: e SM predictions:

—

N(B—B — f) — N(B—B — f) ag = (1.9+£0.3) x 107

N(B—B — f)+ N(B—B — f) aly = (—4.1£0.6) x 10~
TINY'!! L

as] = A =

© Standard Model |-

e Experimental status:

2013: "Study of C' P-violating charge asymmetries
of single muons and like-sign dimuons in pp
collisions” , DA, Phys. Rev. D 89, 012002.

~30 tension with the SM

- [ o
SM ? ...or D@ di-muon analysis like? 3F DO dimuon -
- B factories
4L I !

e |n this talk: -3 -2 -1 0

e

| reminder of ag} measurement from LHCD using 1 fb~! of data
NEW preLLVWLV\'WH a?, measurement from LHCb using 3 fb~! of data
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http://arxiv.org/abs/1310.0447
http://arxiv.org/abs/1310.0447

L HCb

Single-arm forward spectrometer at LHC collider

e ~25 kHz bb pairs, ~500 kHz cc pairs produced in the forward region
Large samples of semileptonic B decays

e Analysis based on tracking and muon system+
RICH detectors to identify charged hadrons

e Magnet polarity is reversed frequently (useful to
understand first order left-right detection asymmetries)

e a Magnet
e st T ;
\ w v
(/ / I )
A
; T4

e pp collisions: B mesons
production asymmetry

_o(B) —a(B)
Ap = o(B) + o(B)
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a;; Measurement

1800
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m(K'K'n*) [MeV]
agl) [ e <tcos(Amgt)e(t)dt
2 / [ elstcosh(AT'st/2)e(t)dt
~ 107"

e Fast Bg oscillation dilutes second term below precision of this measurement

e Signal yields for each charge extracted from KK invariant mass distributions

e Correct raw asymmetry for detection and background asymmetries

e See Basem Khanji’s talk tomorrow
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https://indico.cern.ch/event/253826/session/5/contribution/55
https://indico.cern.ch/event/253826/session/5/contribution/55
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ag = (—0.06 £ 0.50(stat) &+ 0.36(syst))%  <gml

Phys. Lett. B 728 (2014) 607-615

—1
3 th™" MEASUREMENT COMING SOON...
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http://www.sciencedirect.com/science/article/pii/S0370269313010058
http://www.sciencedirect.com/science/article/pii/S0370269313010058

a?, Measurement: analysis strategy

e Untagged, time dependent, charge asymmetry of the final state particles:

Ameas (t)

() - T(fh) _

- D) +T(ft) 2

| a

d

sl
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|

¢ Time-dependent fit to disentangle

the CP violating asymmetry from the

B° production asymmetry

Ameas

2
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¢ Independent determination of the

detection asymmetries with control

samples
simulation
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Events / ( 2 MeV/c?)

Detection asymmetries

e Data samples: BY —+ D*pFv, and B® — D**1Fu, decays collected in 2011 and 2012
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e Detection asymmetry of the final state:

Ap =

e(uWrKtn n ) —e(u K 7wta™)
e(wtrKtn—n)+e(p=K—ntnt)

Comb. bkg. it
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LTt detection asymmetry

e Transverse momentum dependence of the tracking efficiencies l
re-weight the data sample to obtain a good overlapping kinematic phase
space between p and 11 . Residual asymmetry (0.00 +/- 0.02)%

* Muon-ID and trigger asymmetries: A tag-and-probe method is applied to J/W—pu decays
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Few per-mille corrections, depending on run period, magnet polarity. Overall uncertainty 0.04%
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Kt detection asymmetry

e Using prompt D+ decays into Knirt and Ks
e(KTm)—e(K mT)
AKT(‘ —
e(KTn—)+e(K—nt)
= A(D — Knm)
— A(D — Ksﬂ')
— A(Ks)

e Re-weighting needed to map: the Knt pair of the control sample to match the signal, the D
kinematics to cancel the D production asymmetry, the pion in the two control samples.

e Neutral kaon asymmetry : A(Kg) = (0.054 4+ 0.011)% JHEP 07 (2014) 041

Arr = (1.15 £ 0.08(stat) = 0.07(syst)) %

Reweighted (for the D+ mode)

e Main contribution: nuclear kaon interaction, the method accounts for all possible
sources of detection asymmetry
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http://arxiv.org/abs/1405.2797
http://arxiv.org/abs/1405.2797

Time dependent fit: B decay time and Resolutions

e The momentum of the B meson cannot be measured

recisel to th rtial reconstruction of the decay.
pecseydue.o .epa al reco | Yy (L Mppa .kav(M)
e The B decay time is corrected using the factor: @
k= p?"eco/ptfrue
e The k-factors are also used to model the decay 5 1F
time resolution: & 0
~ 0.8 N
x10’ 0.6 ]
10 S k': preed] 1 b ]
S - LI_{Cib simulation r . e Fan (M) ]
> SO Du . | B 02k
= 3 . ] i LHCb simulation
Uﬁ 6'_ ~ ® E 0_|...I....I....I....|..
I ’ R i 3000 3500 4000 4500 5000
4 3 R ] B mass
2_ .0. .. —
0 -_¢..u0"|..f.- A PR P ..'..
5 SNNRY 0.4 0.6 0.8 1 12 1.4 o
L resolution / Comected kfacor  ® Similar method used for Amyg
i measurement using semileptonic
Psig — (T(t) ¢ R(t)®kzF(k)) ' A(t) B decay Eur Phys. J. C (2013) 73:2655
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http://link.springer.com/article/10.1140/epjc/s10052-013-2655-8
http://link.springer.com/article/10.1140/epjc/s10052-013-2655-8

Time dependent fit: the full picture

* Time-dependent binned maximum likelihood fit to: o am——aee—
| -
| B decay time ﬂ
S N ) LHCb Preliminar o
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e The analysis is performed independently } final state particle charge |
on magnet polarity and year datasets _1 example e/for D+ mode)

e Main background: B* — D)~ X external input for the detection asymmetries
and the B+ production asymmetry
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Backgrounds

e Main background: BT — D(*)_/L—I_X_I_

fractions and shapes are taken from simulation and measured Branching Fractions.

(D utXT)=(88+22)% [fe+(D p™XT)=(12.7£2.2)%

B+ production asymmetry from LHClb measurement
corrected by the CP asymmetry (PDG 2014)

using B+—J/YK+ decays arXiv:1408.0978

Ap(BT) = (—0.6 =

- 0.6)%

e Other backgrounds: | Ay — D(*)_,quXn

fao ~ 2%

from production ratio, Phys. Rev.D85 (2012) 032008

efficiency ratio

branching ratio of AY — A*7~ and AY — D'pr—
Phys. Rev.D89 (2014) 032001

Ap(A) ~ (—0.9 £ 1.5)%

raw asymmetry in A} — J/¢YpK™*
subtracting kaon and proton detection
asyminetries

JHEP 07(2014) 103
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.032001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.032001
http://download.springer.com/static/pdf/796/art%25253A10.1007%25252FJHEP07%2525282014%252529103.pdf?auth66=1408612386_6c2705606b5bb358a1ef3f0a97b786ea&ext=.pdf
http://download.springer.com/static/pdf/796/art%25253A10.1007%25252FJHEP07%2525282014%252529103.pdf?auth66=1408612386_6c2705606b5bb358a1ef3f0a97b786ea&ext=.pdf
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.032008
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.032008
http://arxiv.org/abs/1408.0978
http://arxiv.org/abs/1408.0978

Systematic uncertainties

Source of uncertainty al  Ap(7TTeV) Ap(8TeV)
Detection asymmetry 0.26 0.20 0.14
B™ background 0.13 0.06 0.06
A} background 0.07 0.03 0.03
B? background 0.03 0.01 0.01
Combinatorial D background 0.03 - -
k-factor distribution 0.03 0.01 0.01
Decay time acceptance 0.03 0.07 0.07
Knowledge on Amy 0.02 0.01 0.01
Quadratic sum 0.30 0.22 0.17
¢ | eading contribution: statistical systematic
uncertainty on the Apr 0.18% 0.13%
measurement of the AlT9 IR 0.06% 0.06%
detection asymmetries A 0.07%
Aiiz;l-c residual 0.04%

example (for D+ mode)

¢ B+ background second largest contribution. Different strategy foreseen for the future

® |n general the systematics related to the fit model are small.
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Results (1)
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Asymmetry [%]

Results (l1)
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USEFUL INPUT FOR OTHER CP ASYMMETRY MEASUREMENTS AT LHCD
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Conclusions

e Measurements of the semileptonic CP asymmetry in the Bs and Bd sectors from
LHCb have been shown today:

(—0.06 £ 0.50(stat) 4 0.36(syst))% 1 fb~! analysis |
NEw €

ad, = (—0.02 £ 0.19(stat) & 0.30(syst)) % = 3 fb~! analysis
PreLLmbWﬂVH |
e
-

e Both measurements are in good agreement with the Standard Model

a

S
sl

¢ The update of a§1 using the full 3 fb~! of data is coming soon!

e Still room for improvement! (studies to improve the detection asymmetries
determination on going, plan to include more decay modes....)

Tuesday, September 9, 2014
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BSackup slides
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=Xperimental status

Exp. & Ref. Method

Measurement

CLEO rl[] Dileptons + partial hadronic

Belle @ Dileptons

BaBar |3
BaBar |4
BaBar |5
Average of B factories above |6

Dileptons
Partial semilept.

Full hadronic rec.

Sl—(14:|:41:l:06)%
Sl_ 0.11 & 0.79 & 0.85)%
§_ 5.8+ 2.6 +2.2)%

Sl_ 0.16 + 0.54 + 0.38)%

Sl_ 0.02 + 0.32)%

[~
E
Sl = (0.06 £ 0.170:3)%
(
= (
= (-
(—

DO |7 Partial semilept. Sl = (0.68 £+ 0.45 + 0.14)%
DO [8) Dimuon Sl = (=0.62 £ 0.42)%
- a®, = (—0.86 £+ 0.74)%
| p = —0.79
DO |9] Partial semilept. Sl = (-1.12+£0.74+0.17)%
LHCb [10 Partial semilept. Sl = (—0.06 £ 0.50 £ 0.36)%
Average of all measurements above @ Sl = (—0.09 £ 0.21)%
a2, = (—0.77 £ 0.42)%
1] Phys. Rev. Lett. 86 (2001) 5000 6] http://www.slac.stanford.edu/xorg/hfag/
2] Phys. Rev. D73 (2006) 112002 7] Phys. Rev. D86 (2012) 072009
3] Phys. Rev. 321 (2004) 012007 8] Phys. Rev. D89 (2014) 012002
4] Phys. Rev. Lett. 96 (2006) 251802 9] Phys. Rev. Lett.110(2013) 011801
5] Phys. Rev. Lett. 111 (2013) 101802 [10] Phys. Lett.B 728 (2014) 607
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http://arxiv.org/abs/hep-ex/0101006
http://arxiv.org/abs/hep-ex/0101006
http://arxiv.org/abs/hep-ex/0505017
http://arxiv.org/abs/hep-ex/0505017
http://Phys.%20Rev.%20D70%20321%20(2004)%20012007
http://Phys.%20Rev.%20D70%20321%20(2004)%20012007
http://arxiv.org/abs/hep-ex/0603053
http://arxiv.org/abs/hep-ex/0603053
http://arxiv.org/abs/1305.1575
http://arxiv.org/abs/1305.1575
http://www.slac.stanford.edu/xorg/hfag/
http://www.slac.stanford.edu/xorg/hfag/
http://arxiv.org/abs/1208.5813
http://arxiv.org/abs/1208.5813
http://arxiv.org/abs/1310.0447
http://arxiv.org/abs/1310.0447
http://arxiv.org/abs/1207.1769
http://arxiv.org/abs/1207.1769
http://arxiv.org/abs/1308.1048
http://arxiv.org/abs/1308.1048

Stability checks

e The analysis is performed independently in (Up,Down)*(2011,2012)*(D+*D")

L | | i — | | -

§ 4 - ] § - . o] + .

e [ _ ] —_ n M i

- b LHCDb D u E - 0.5F LHCDb | P =

S L : 1 < H .

n i -~ D" ut - N :

2F I : - Of —

B . N ® A -

I T - 0.5F 3

—1 : i : - :

0E T = I ] -1_— | B

3 1 st =

2 ! = : :

: ] -2 E

3E 1 1 — n 1 i 1 .
2011 Down 2011Up 2012Down 2012 Up 2011 Down 2011Up 2012 Down 2012 Up

Data set Data set

e The detection asymmetries are statistically highly correlated in the two modes.
e More crosschecks documented in the analysis note

e For the final result: arithmetic average of the magnet polarities, weighted average of the
years and decay modes)
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Time dependent fit

e Time-dependent binned maximum likelihood fit to: \ B decay time |

. xl0 T —
&.2000 LHCb ¢ Data -
=g o it et O

-, 2 1500 D/ — signal _

% = .- B* bkg.

% & 1000 ---- Comb. bkg.

E 500
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: M(K'n ) [MeV/c?)
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t.\)-:-Oo—wa

| 10
\final state particle charge |

R —

d d

i e External input for
signal  P.i,(t,q) = Ne 1 <1 + Ap + % F (Ap + %)cos(Ach)) X npu

the detection
asymmetries and
the B+

sidebands bkg 7;'SB (ta Q) — NEZ_FSBt (1 + AD,SB + AP’SBCOS(AmSBt)) prOdUCthn
asymmetry

B+ bkg Pp+(t,q) =Ne 't (1 + Ap g+ F AP,B+>

+ Need to account for all resolution and acceptances
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