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Measurements of sin(2p3)

LHCb measurement using Bo=>)/w(uu)Ks 1 fb-1[PLB721 (2013) 24-31]

sm(2[3) = sin(2¢,) HELAY

updated on 3 fb1[PRL 115, 031601 (2015)]

S= 0.731 £ 0.035 (stat) + 0.020 (syst)
C =-0.038 + 0.032 (stat) + 0.005 (syst)

alm: Increase precision idea:
include further final states
higher charmonium resonances

CPV measurement in Bo=>J/yp(~>ee)Ksand
Bo->w(2S)(=> pp)Ks using 3 fb-1[arXiv:1709.03944]
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http://www.sciencedirect.com/science/article/pii/S0370269313001974?via=ihub
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.031601
https://arxiv.org/abs/1709.03944
http://www.slac.stanford.edu/xorg/hflav/triangle/summer2017/plots/btoccsS_CP.eps.gz

Analysis detalls

LHCb-ANA-2014-085



https://twiki.cern.ch/twiki/pub/LHCbPhysics/Bd2JpsieeKSBd2psi2SKS/LHCB-ANA-2014-085_v3.0.pdf

Offline Selection Strategy

00000

preselection

boosted decision tree,
features exploit kinematic properties of

decay, vertex and track qualities .
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Nominal Massfits

. . §103 = LHCh B JhK?
Hypatia [arXiv:1312.5000] shape < | e By
parameters fixed to values from MC, S0 g E

. ? ............................................................ U '_._ ’
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Decay Time Fit — “CP PDF"

acceptance resolution

P(t. d|oe. ) o |e(t) (P(t’, J17) @ R(t — t'|oy)

including

true decay time t’, reconstructed decay time t
tag decision d = (doe, d<c) and per-event mistag r_f: (Nos, Nss)
decay-time acceptance &(t) described by cubic splines

decay-time resolution R(t-t'|0;) described by triple Gaussian model
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Flavour Tagging Strategy & Performance

using

OS combination:
0Se, OSpy, OSK, OSVtxCh, OSc

SS combination:
SSmBDT SSp

calibration channels

B>/ w(>ee/uu)K: (0S)
Bo>J/w(~>ee/puy)K*(SS)
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Run 1 BO=>)/w(pp)Ks

had total of 3.02 %

Bo-> )/ WwKs BO->w(2S5)Ks
OS Inclusive 3.60 % 2.46 %
SS inclusive 2.40 % 1.07 %
0S+SS 5.93 % 3.2 %




CP fit

simultaneous maximum likelihood fit
constrained 14, Amgy Ap FT calibration
Ap computed using arxXiv:1703.08464
fixed decay-time resolution

float acceptance parameters & S, C

C(B° = JWYKI) = 0.12 £ 0.07
S(B” — JKI) = 0.83 £ 0.08
C(B° — 9(2S)KJ) = —0.05 + 0.10
S(B” = ¢¥(2S)KJ) = 0.84 + 0.10
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Results
Combinations
Conclusion




Results

systematic uncertainties: *?;?
evaluated using pseudoexperiments %
with alternative assumptions %;1
to account for: E}L :
influence of constrained parameters w0 '1-5
MC-data differences - ,Dleca,yfim,ehf]
results: *Gg i LHCD
C(B® — JRpK?) = 0.12 + 0.07 + 0.02 2 i
S(B° - JAKY) = 0.83 & 0.08 4 0.01 S
C(B® — 9(2S)KY) = —0.05 4+ 0.10 + 0.01 S _
S(B® = 9(2S5)K%) = 0.84 + 0.10+ 0.01 I

Decay time [ps]
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https://arxiv.org/abs/1709.03944

Combinations e

O - BY— Jh)(ete ) K?

:zzzzzzzzzzzz go %b-J /wt( N+M_)Kg _
used GammaCombo framework for 2D likelihood scans 0.2 —LHCb -
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https://arxiv.org/abs/1709.03944

Conclusion

successfully performed first time-dependent measurement of CPV In an
electron channel at a hadron collider

LHCb Is working at the "precision frontier"

measurement improves precision at LHCb by 20%

measurement will improve precision of the world average
current WA: S(BO>[cclKs) = 0.69 + 0.02 [HFLAV]

published on arXiv, submitted to JHEP

Run Il will be very promising, stay tuned!
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Selection (BDT)

» BDT features contain:
- minimum IP x2of e, m, Ks J/p, ¥(2S) and B
- Ks decay time significance
. prof B, Ks J/W
- x20of DTF and vertices
» Training sample consists of

- Data upper mass sideband >5600MeV / >5450MeV
for BO->J/w(ee)Ks / BO->w(2S)(pu)Ke

- Simulated data
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BDT Cutpoint Optimization

» Perform scans in BDT response

» Fit reconstructed B mass for sWeights

- Ipatia for Signal (Shape from MC)
- Exponential for Background

» Use sWeights to compute FOM Qo

2
Q 1 (Z Swz Dmod Effective Tagging Resolution Z Swz)
o Z Swz Signal Size Power Power Nefsig = Z Swz

_ 1S
Hmod _ =~ Z(l — 2w;) 2,—(Amgo(t))? . Sw,

1

14 qi(1—2w;) - S - e~ (Amac(t))?/2 . sin Amgt; | | BEMISE

sin(2p)

X; =

based on LHCb-INT-2009-12, extended by sWeights, 1bin only
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https://cds.cern.ch/record/1187570/files/LHCb-INT-2009-012.pdf?

Selection Optimization (FOM)

Maximum effective signal size
of 7825 @BDTCut 0.0

Nig = 11267

Npie = 5001
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Selection Optimization (FOM)

Maximum effective signal size
of 7825 @BDTCut 0.0

Nig = 11267

Npie = 5001

Resolution of no Importance
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Selection Optimization (FOM)

Maximum effective signal size
of 7825 @BDTCut 0.0

Nig = 11267

Npie = 5001

Resolution of no Importance

Tagging Power decreases

(OS standard combination, uncalibrated)
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Selection Optimization (FOM)

Maximum effective signal size 1.00 I e I
of 7825 @BDTCut 0.0
\lsig = 11267 VT — NEgfsig
\Ibkg — 5001 —* 0t

0.90 | —e €D?
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Tagging Power decreases 0.85 |-
(OS standard combination, uncalibrated)

0.80 | ! |
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Selection Optimization (FOM)

Maximum effective signal size
of 7825 @BDTCut 0.0

Nig = 11267

Npie = 5001

Resolution of no Importance

Tagging Power decreases
(OS standard combination, uncalibrated)

Sophisticated FOM accounts for this loss

X term cuts harder
due to decay-time bias of BDT
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Selection Optimization (FOM)

Maximum effective signal size
of 7825 @BDTCut 0.0

Nig = 11267

Npie = 5001

Resolution of no Importance

Tagging Power decreases
(OS standard combination, uncalibrated)

Sophisticated FOM accounts for this loss

X term cuts harder
due to decay-time bias of BDT

By FOM dominated by X - Cut 0.01
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Iption

Decay-time Descr
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Decay Time Acceptance and Resolution

BO > W(2S)Ke

acceptance

0.02F ,

use cubic-splines

1 0015H"

001

Acceptance

knots determined on MC

1 0005E

parameters left floating in CP-fit

resolution

[N
e}
~

dependent on the per-event decay

Events / (0.008 ps )
2

Events / (0.008 ps )
>

time error estimate o;

—
@)

triple Gaussian model, including

Pull
Pull

|
Llon © w»n =~
il

Gaussian for wrongly associated PVs
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Crosschecks

CP fit on various subsets: BYS Jfp(e¥e ) KD

split decay channels nd S5

ON tagS Only VS. SS tags Oﬂly g }°='. fffff R

split years 2011 vs. 2012 chared fit . . —1

mag up vs. mag down

everything is perfectly consistent 5o oSk
with

Incl. OS

t with shared CP coefficients &> e

p—~

Shared fit | | ? | |
—0.4 —0.2 0 0.2 0.4
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Systematic Uncertainties

evaluated using pseudoexperiments with alternative assumptions

30> )/ WKs BO-> W (2S)Ks

source Og O¢ Og O¢

A 0.003 0.007  0.007 0.003
Am 0.004 0.004 0.004  0.004
Ao 0.004 0.009  0.007 0.005
FT calib 0.002 0.005 0.005 0.002
decay-time bias 0.006 0.006 0.006 0.004
0: scaling 0.003 0.005 0.002 0.002
decay-time efficitency 0.006 0.004 0.006  0.004
total 0.011 0.016 0.014 0.010

sin(2B) in B>[cC]Ks | Vanessa Miiller | FSP meeting Siegen 2017

20



