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r Relative BF measurement:
0 Analysis strategy
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d Preliminary Run 1 results
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Charmlesso © o "@ecays

r Treelevel J)O~ 0 amplitudes have comparable size
to loopdevel w© ‘Ch contributions ) M

0 Amplitudes can interfere leading to large CP
violation effects

0 New Physics can contribute to loopd extra CPV
sources
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r Decays ofa spin-0 particle to three spin0 particles
can be described by thdalitz plot (DP)

0 Can be used to study resonant structures + CP
violation effects in this type of decay
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0 DP analyses can extract, in principle, all observable 0
information about the decay:
r Usually measure fit fractions (FF) and ST =0
5B O YR 6O "QQQ FF00 m2(D'K™) [GeV*/ c¥]
J. Backet al.,
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http://arxiv.org/abs/arXiv:1711.09854

Charmlesso © o "@ecays

r Previous LHCb analysis measuresl 6 0 0V U) TBIOCEMEMT NS TTC TS TT Y

6 " vuv) THCOoTEIPXTBIP G TBTY

0 ModeHndependentd no info on contributing

5
5
resonances o (6 0 “ “ ) TBIC VTSI TTT T8 TT T TI8T TT ¥
d Nonzero inclusivedo ranging[c® v&], 5 (6 O “ “ )  TBrU YIS T YIS TT wTEt 1T X
0 Areas of phase space where largeé  observed I ——.
r Next steps: r:s 25F LHCb E 087
0 Amplitude analyses (AA) of each individual mode @ 205— PI _ :gj
0 0 9 ¢ "elative BF measurementgthis talk) ﬁgn sE [ ] S ()
" This analysis: O 1
0 Improved BF measurement + fit fractions from AAs % 105_ _ —:E:i
r BFs for resonant contributions 5;_ gl — -0.6
d Improve on previous event selection: 0:—. o _:I‘?‘g
1
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o

r Include new informationd isolation variables 5

r Establish Run 2 optimisation

R.Aaijet al., Phys. Rev. B0, 112004 (2014)
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Analysis strategy

r Measureo © ¢ 'BF, relative tod © 0 U U
0 Plan to also report ratios relative to the other modes

r Use 2011+2012 (Run 1) and 2015+2016 (Run 2) data

r Treat the two runs separately:
0 Independent selection optimisation
0 Determine ratios separately
d Combine results onceatios+uncertaintiescalculated
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" Mis-dentified 6 © ¢ "@re important backgrounds o e o« N

r Optimise PID on these crosteed backgrounds only won v« -

r Use circular cuts in PID parameter space

d Kaons:\/r‘] (n p) i
d Pions Jh (n p) i
0 For kaons, also require) 11t 10

0 Impose the constraint i

r Optimise cut with the Figure of MeritHoM):
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MVA selection + vetoes

r Use multivariate analysis (MVA) to reduce combinatorial 3 ..,.f"’
background =S
0 Neural network using theNeuroBayesalgorithm ::_
S sy TP oSO St unofica
0 Combination of 7kinematical+topologicalinput variables of- . RN S A

0.5 1
MVA cut

0 Use“ 0 IMC+datato maximise sensitivity to this mode

B - D°(» nmm)mw
—— Betore veto

r  Exclude charmed contributions through a veto "3 — Veto» fight PID
& Veto region[p ¢ dorp dp-tA B, centred onO mass ]Zg: LHCD unofficial
0 Also seemislDcharm contributions 122:
0 Apply tighter PID cuts rather than vetoes in this case mg—
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SquareDalitz plot S
a~ - I J. Backet al.,
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http://arxiv.org/abs/arXiv:1711.09854

Efficiencies

r Event selection can favour certain areas of
the phase spa& over others

0 Must correct this by calculating selection
efficiency as function of DP

r PID efficiencies are obtained through data
driven method

r Geometric + selection efficiencies calculated
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from MC
Channel gsel+geom (%) ePID (07 etot (0)
KKK 0.9205 + 0.0007 76.86 + 0.17 0.7075 £+ 0.0016
KnK 0.8841 + 0.0007 58.58 + 0.16 0.5179 + 0.0015
Knm 0.8637 + 0.0007 67.65 1+ 0.16 0.5843 4+ 0.0015
I 0.8137 4+ 0.0007 72.49 + 0.17 0.5898 + 0.0014

*statistical uncertainties only
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Fit model

r Signhal modesd Double Crystal Ball (DCB):
0 Tail parameters fixed to MC fit

0 Width in data fit = width from MC (fixed) scale parameter
(floating)

0 Peak position floats in data fi shared between the four modes

r Crossfeed modesd DCB:
0 Reweighted according to physical DP distribution
0 Peak position and tail parameters fixed to MC fit

r Combinatoriald exponential

r Partially reconstructedd ARGUS Gaussian:
d Include one PDF fod 5 © tAT Aabd onefor6 © TAT AU
0 Extrad © — 0 componentinthed © 0 “ ‘model
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Simultaneous fit

r Perform simultaneous fit of all four r Crossfeed yields are constrained
signal modes on Run 1 data by mislID efficiencies
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Simultaneous fit

Trend seen at low) “ ‘mass
but far from signal region
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Branching fraction ratios

. .

r BF ratios given by (per event) efficien@prrected yields: ) )
0 Background subtraction done using thePlottechnique
3 U B — + correction due to constrained crosfeed yields(0 A OAODAECEO

r Ratios are consistent with ratios using PDG values:
0 Statistical uncertainties considerably improved compared to PDG

0 Results are likely to be systematically limited

LHCb unofficial : :
PDGratio Measuredratio
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Sources of systematics

r Fit model:
0 Choice of modeb try alternative PDFs
0 Fixed parametersd vary within uncertainties
0 Fit biasd check with toys

r Finite MC statistics

r Event selection:
0 Data/MC discrepancies
0 Veto windows

r Efficiencies:
0 Trigger, tracking corrections
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Summary

r Selection strategy finalised for both runs

r Simultaneous fit to Run 1 is in good shape
d Run 2 fit being worked on

r Preliminary results consistent with PDG
0 Potential significant improvement in precision

r Towards completion:
0 Calculate systematic uncertainties
0 Measure Run 2 ratios
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Backup

loP APP/HEPP Conference 2018, 27/03/2018




Branching fraction ratios

PDG ratios
row /col KKK KnK Kmm T
KKK 1 6.80 + 0.99 0.667 + 0.047 2.24 + 0.23
KnK 0.147 £ 0.021 1 0.098 + 0.015 0.329 + 0.055
Kmm 1.50 £ 0.11 102+ 1.5 1 3.36 + 0.36
T 0.447 + 0.045 3.04 + 0.51 0.298 £+ 0.032 1
Measured ratios (stat uncertainties only) LHCb unofficial
row/col KKK KnK Kmm T
KKK 1 7114+ 0.17 0.5755 4+ 0.0044 1.980 + 0.021
KmK 0.1406 + 0.0034 1 0.0809 4+ 0.0020 | 0.2783 + 0.0071
K 1.738 + 0.013 12.36 + 0.30 1 3.440 + 0.039
T 0.5052 + 0.0054 3.594 + 0.092 0.2907 + 0.0033 1
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Simultaneous fito log

LHCDb unofficial LHCDb unofficial
; C T T T T | T T T = T T T T | T T T T _]
% B _ gﬁrf’nbinatorial I
SR e -
2 veeee B 4-body 3
= ... B, 4-body .
B i

10?

......

loP APP/HEPP Conference 2018, 27/03/2018




