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% Introduction to BY — ¢(— KTK " )utu~
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flavor-changing neutral current (FCNC) forbidden at tree level in SM
» rare decay
» sensitive to new virtual, heavy particles
» accessible scales of O(100TeV) [A. Buras, arxiv:1505.00618]
» can affect B and angular observables

key quantity
¢* =m*(utp)
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https://arxiv.org/pdf/1505.00618.pdf
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Advantages of Angular Analysis

» tensions up to 3.30 for B(B? — ¢(— KTK " )utu~)
— Run 2 update by S. Kretzschmar

» B measurements

— SM theory uncertainty large (e.g. form factors)
— other systematic uncertainties (e.g. normalization channel)

» angular analysis:

— observables are phasespace ratios — smaller theory uncertainties
Run 1 analysis statistically limited — Run 2 update
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https://link.springer.com/article/10.1007%2FJHEP09%282015%29179
https://link.springer.com/article/10.1007%2FJHEP09%282015%29179

% LHCDb Detector

ECAL HCAL
SPD/PS M3

RICH2 M)

» single-arm forward spectrometer (2 < n < 5)*

» bbX production dictates detector geometry

LHCb Speakersbureau
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https://lhcb.web.cern.ch/lhcb/speakersbureau/html/bb_ProductionAngles.html

% LHCDb Detector
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» BY longlived, 7(BY) = 1.527 £ 0.011ps B P

» flight distance O(cm)
» IP resolution (15 +29/p7r[GeV]) [um]
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% LHCDb Detector
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particle identification
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» separation using Cherenkov angle
» Kaon ID 95% (~5% 7 — K mis-id) 15
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Int.J.Mod.Phys. A30 (2015) no.07, 1530022
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https://cds.cern.ch/record/1978280/files/s0217751x15300227.pdf

% LHCDb Detector
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» Kaon ID 95% (=5% 7 — K mis-id) 0 20 40 60 80 100

Muon momentum [GeV/c]

» muon ID 97% (1-3 % 7 — p mis-id)

Int.J.Mod.Phys. A30 (2015) no.07, 1530022
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https://cds.cern.ch/record/1978280/files/s0217751x15300227.pdf

% Data Taken with LHCb

» used in prev. Run 1 analysis: 201142012
» planned for this analysis: 201142012 and 2016, roughly

doubling statistics 23]
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2018 (65 TeV): 2.19 /b

2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /b

2016 (6.5 TeV): 1.67 /b
2015 (6.5 TeV): 0.33 b
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production cross sections for bbX:
» 72.0 £ 0.3 + 6.8ub (7 TeV)
» 144 £ 1 £ 21ub (13 TeV)
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Phys.Rev.Lett. 118 (2017) no.5, 052002
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https://link.springer.com/article/10.1007%2FJHEP09%282015%29179
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.169901

% Cut Based Selection

1
» LHCb-wide preselection SV Iz
good vertex quality (x2;,) PV L .o
— BY points back to PV *—”
— large separation of B decay vertex P p
(significant lifetime) Ip
» within ¢ mass window: Run 1 data
+ - ‘ug) E LHCb unofficial
Im(KTK™) —m(¢)] <3-T'pag(9) B
» loose Kaon particle ID selection ok
(improved for update) oot
7 1 o 1005 o0
K'K” mass [MeV]
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% Need For MVA

Run 1 Data background proxy
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» lots of combinatorial background
— BDT with training on data
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(68 Effect Of MVA
Run 1 Data
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» no longer swamped by background MK Ku'w) MeV]
» rare mode signal visible as vertical band
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% Angular Observables

BY , BY not distinguishable as ¢ — KTK~
1 APr(Bl—¢utp~) | d*T(BI=¢utu~)
measure d(T+T)/dq2 [ dcosc9sldcos0kd¢ dcosf;dcosf,d¢

\

o |
¢ X%in\l({( System
T

RWTH Marcel Materok
.



% Angular Observables

BY , BY not distinguishable as ¢ — KTK~
1 APr(Bl—¢utp~) | d*T(BI=¢utu~)
measure d(T+T)/dq2 [ dcoso9sldc0s0kd¢ dcosf;dcosf,d¢

1
= %[%(1 — Fp)sin? 0,(1 + 3 cos 20,) + FJ, cos? 0),(1 — cos 26;) + S3sin? 8y, sin? 6; cos 2¢
T
+54 sin 26y, sin 26; cos ¢ + As sin 20y, sin 6; cos ¢ + Ag sin? 0y, cos 6;
+57 sin 20, sin §; sin ¢ + Ag sin 26, sin 26; sin ¢ + Ag sin® 0, sin® 6 sin 2¢]
S; CP-averaged A; CP-asymmetries
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% Determine Detector Acceptance

» trigger, reconstruction and selection distort decay angles and
¢? distributions

» angular acceptance accounts for distortion

» parametrize 4D efficiency using Legendre polynomials:

e(cos O, cos 0, ¢, q*) = 3= Chimn Pr(cos ) Pi(cos ;) P (¢) Pr(q?)

klmn
« L2f -
1.15 ; Run 1 simulation

extract cppmn via
method of moments
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% Checking Acceptance on Simulation

> extract angular observables from BY? — ¢utu~MC in ¢? bins

» compare generated to extracted value

» values agree if acceptance is taken into account correctly
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» values compatible within uncertainties for all observables
» check on control mode data with BY — J/y(— ptu~)é
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% Mass Fit of BY — J/w(— putp)e
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» separation of signal and background using reconstructed B? mass
» fit model: double Crystal Ball + exp

C m,o,n o C m,a,n o exp(m,a
fsig'(fl' Bl(‘/\}’(53117)1“7 1)+ (1 - fl) : BQ(A}(%BZ,)N% 2)) +(1 - fsig) ’ K7p((ex1;))
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% Angular Fits of B — J/¢(— ptu~)¢

T T T T T T T
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background described by Legendre polynomial of order 2

v

signal described by

v

v

angular acceptance taken into account
data well described by fit
» able to reproduce results from Run 1 analysis
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Status Run 2

» derived angular acceptance
» performed fit to B — J/1¢

» Run 1 and Run 2 values compatible

» checks still ongoing
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% Summary and Outlook

shown today:
» improved selection
» determination of angular acceptance

» validated acceptance with simulation and control
mode (Run 1, Run 2)

next steps:

» finalize background study

» develop simultaneous fitting for Run 1 + 2

» evaluate systematics
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% Probability Density Function

» perform unbinned maximum likelihood fit of
mass and 3 angles used to determine angular observables

» probability density function including angular acceptance

-

N - -
—n£(X) = = 3 In [ fug - S(m, O1, O, 61%) + (1 = fig) - B, O, 0, 61N)]
S(m. O1, 0, @) = S(mIX) - [e(01, 04, 6, a8y,) - S(01, O, BIN)| /N
B(m, 0y, 0k, ®|X) = B(m|) - [6(91,91%% G - B(Qla@K7¢|X)] /Noxg

» physics and nuisance parameters A

» check procedure on BY — J/1)(— putpu~ )¢ mode
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% Angular Observables

BY | BY not distinguishable as ¢ — KTK~
d*r(Bl—¢utu~)

dcos#;dcosfdo
9 3 C\ i 2 1 c 2 2 22
= 3 Z(l — J7)sin® 6, (1 + 3 cos 20;)+J7 cos” O (1 — cos 20;)+J3 sin” by, sin” 6; cos 2¢
m
+Jy sin 20y, sin 26; cos ¢+ J5 sin 20, sin 0; cos (;5+J<;] sin? 0y, cos 6;
+J7 sin 26, sin 0 sin ¢+ Jg sin 20y, sin 26; sin ¢+ .Jg sin? 0, sin? 6 sin 2¢]
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% Angular Observables

BY | BY not distinguishable as ¢ — KTK~
d*T(B)—¢utp~)

dcos#;dcostd¢
9 3 Tey -2 1 Te 2 T win2 2
= 3 Z(l — J7)sin® 65 (1 + 3 cos 20;)+J7 cos” O (1 — cos 20;)+J3 sin” 0y, sin” 6; cos 2¢
™
+Jy sin 20y, sin 20, cos ¢—J; sin 20y, sin 0; cos p—J§ sin? 0y, cos 6;
+J7 sin 26}, sin 6; sin ¢— Jg sin 20, sin 26; sin ¢— Jy sin? 6, sin? 6; sin 2¢]
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% Angular Observables

BY | BY not distinguishable as ¢ — KTK~

1 BB —dptp~) | PL(BI=gutp)
d(I'+T)/dq2 | dcosf;dcoshrde dcosf;dcosfd¢
9 3 1

= @[1(1 — Fp)sin? 0,(1 + 3 cos 20;) + Fr, cos? 05,(1 — cos 26;) + S3 sin” 0, sin? §; cos 2¢
+54 sin 26y, sin 26; cos ¢ + As sin 20y, sin 6; cos ¢ + Ag sin? 0y, cos 6;
+57 sin 260, sin §; sin ¢ + Ag sin 26, sin 26; sin ¢ + Ag sin® 0, sin® 6 sin 2¢]

d(FﬁF)L?dqQ = 5; CP-averaged 7(1(1{7557@2 = A; CP-asymmetries
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% PID vs ProbNN

Two main approaches for combining PID information
> Likelihood ratio (DLL) Aln Loy = In 25,
with L(track) = LRICH | £CALO | pMUON
» Neural network classifiers ProbNNK, 7, e, i
— Bayesian probability like output
Adds tracking information
Separate neural network for every particle type
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» BDT (from TMVA) with 10 kFolds i [ e
> input variables: S iy
B0 ENDVERTEX x? g L
~ BOPT " ]
B0 ownPV IPCHI2 ot
B0 ownPV FDCHI2 kP
— B0 ownPV DIRA i L
min(K_probNNk) s T e
max(K_ProbNNk)
— min(u-ProbNNmu) “ °°""'“m"'°°_6 SRS
(K,) IPCHI2_OWNPV N
> optimize \/SiiB (B from combinatorial) i
» working point: i
95.5% signal efficiency T
98.5% background rejection -
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% Triggering in LHCb =

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

used for my analySlS: readout, high Er/Pr signatures

450 kH 400 kH 150 kH:
» hardware: : : :

— single muon trigger, pr >1.6GeV

| 4 Software: . Software High Level Trigger
— detached high pr tracks Partial event reconstruction, select
displaced tracks/vertices and dimuons

— B-like signatures

Buffer events to disk, perform online

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

L I b
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Trigger Lines

Runl lines Run2 lines
LOMuon LOMuon
LODiMuon LODiMuon
HIt1TrackAlILO Hlt1TrackMVA, Hlt1TwoTrackMVA
Hlt1TrackMuon Hlt1TrackMuon
Hi DM uonLowMass
D iMuontiehM
Ht1SineleMuonHichPT

Hl1t2Topo(2,3,4)BodyBBDT
Hlt2TopoMu(2,3,4)BodyBBDT
Hlt2SineleMuon
Hlt2DiMuonDetached
Hlt2DiMuonDetachedHeavy

HIt2Topo(2,3,4)Body BBDT
Hlt2TopoMu(2,3,4) BodyBBBF

Hlt2DiMuonDetachedHeavy
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