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Introduction

Introduction

Our project can be considered as a part of B physics which is a
specialty within the field of particle physics concerned with studying
the properties of B hadrons (hadrons containing at least one
bottom quark).
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Introduction

Introduction

Our project can be considered as a part of B physics which is a
specialty within the field of particle physics concerned with studying
the properties of B hadrons (hadrons containing at least one
bottom quark).

Research on this topic are conducted i.a. at LHCb experiment
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Introduction

Introduction

Motivation

Reconstruction of strange KO meson’s mass distribution in the
following decay:
B — DF K** then K** — Ko7+

K =«
D, %
B
e e 7
PV N
K \Tn
T
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Introduction

Introduction

What did we need to take into consideration?
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Introduction

Introduction

What did we need to take into consideration?

K2 decays through weak interaction KO — 7+7~ and can travel
only several mm in the detector (¢7 = 2.68 cm).
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Introduction

Introduction

What did we need to take into consideration?

K2 decays through weak interaction KO — 7+7~ and can travel
only several mm in the detector (¢7 = 2.68 cm).

Pions from K? are usually worse reconstructed since they avoid part
of the tracking stations.
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Introduction

Introduction

What did we need to take into consideration?

K2 decays through weak interaction KO — 7+7~ and can travel
only several mm in the detector (¢7 = 2.68 cm).

Pions from K? are usually worse reconstructed since they avoid part
of the tracking stations.
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Karol Sowa, AGH UST sPlot for background substraction in B-meson decays



Introduction

Introduction

Decay BY — DOK** includes 6 charged particles and pions from
our signal K¥ — 7+ 7~ can easily be mixed up with pions from
similar decay that takes place in PV or with random pions.
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Introduction

Introduction

Decay BY — DOK** includes 6 charged particles and pions from
our signal K¥ — 7+ 7~ can easily be mixed up with pions from
similar decay that takes place in PV or with random pions.

Find differences between ,true” KO — 77~ - mass plot from
signal and other K9 — 77~ - and random pions.
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Introduction

Introduction

Decay BY — DOK** includes 6 charged particles and pions from
our signal K¥ — 7+ 7~ can easily be mixed up with pions from
similar decay that takes place in PV or with random pions.

Find differences between ,true” KO — 77~ - mass plot from
signal and other K¢ — 77~ - and random pions.
Substract the background from the plot.
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RapidSim

Rapid Sim is a fast Monte Carlo generator for simulation of
heavy-quark hadron decays.
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Tools

RapidSim

What is it?

Rapid Sim is a fast Monte Carlo generator for simulation of
heavy-quark hadron decays.

File Edit View Search Terminal Help
Bse -> { K*+ -> { KS -> pi+ pi- } pi+ } { Ds- -> K+ K- pi- }

Wszystko
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Tools

RapidSim

What is it?

Rapid Sim is a fast Monte Carlo generator
heavy-quark hadron decays.

or simulation of

File Edit View File Edit View Search Terminal Help

Bse -> { K*+ -energy : 14
tRange : 0 100
taRange: 1 6
geonetry : LHCh
acceptanch; ALLIn
paramsDecaying : M, P, PT, PX, PY, PZ, VtxX, VXY, vtxZ, origX, origY, origz, FD,
1P
paramsstable : M, P, PT, PX, PY, PZ, origX, origy, origz, IP, FD, SIGMAIP, MINIP,
SIGHAMINIP
paramsTwoBody : M2
@
name : Bs0_0

name : Kstp_o

name : Ds_@

name : KS_0

name : pip_6

smear : LHCbGeneric
smear : LHCbGenericIP

name : Kp_@

"Bs02KstarplusDsninus.config” 46L, 704C

Karol Sowa, AGH UST sPlot for background substraction in B-meson decays



RapidSim
What is it?

Rapid Sim is a fast Monte Carlo generator for simulation of
heavy-quark hadron decays.
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RapidSim
What is it?

Rapid Sim is a fast Monte Carlo generator for simulation of
heavy-quark hadron decays.

+ sowrol@lhcl ¢ sowrol@lhcbd1 idsi _ Help.
g Gamas 1 30 gt
File Edit View File Edit View =
{ K*+ -energy - KS_0_M
T hfemp
E Entries 3272
H 140 Mean 04976
C J’ Std Dev_ 0.001991
120~
paransstable : —
SIGMAMINIP 100

paramsTwoBody :
@0
name : Bs0_0

@
2

P TITTTT T
=

name : Kstp_0 x 60
name : i
20— JI
Lol | I |
049 0492 0494 0496 0498 05 0502 0504 0506 0508
KS_0_!
Gommang - -
Command (ocaly Fl
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ROOT and RooFit

ROOT

| believe that by now you are all familiar with this
CERN framework :)
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ROOT and RooFit

ROOT

| believe that by now you are all familiar with this
CERN framework :)

The RooFit library provides a toolkit for modeling the
expected distribution of events in a physics analysis.
Models can be used to perform unbinned maximum
likelihood fits, produce plots, and generate "toy
Monte Carlo" samples for various studies.
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ROOT and RooFit

RooFit is an extenstion to ROOT - no overlap with existing
functionality

Roo
F1Zt 7
Data Modeling ‘
. S
/ \
/ | \ 1
""""""" ToyMC data Model Data/Model =™
:| Generation Visualization Fitting i RQOT

C++ command line
interface & macros
\ Data management & 1/0 support
histogramming
| Graphics interface
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Methods

What is sPlot?

|
sPlot - "Statistical tool to unfold data distributions". It allows us
to find the background and signal distribution and therefore
separate them

In sPlot we use discriminating variable and control variable.

2500 2500

0 0
0 2 4 3 10 - 0 2 4 6 8 1

8
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Methods

What is sPlot?

|
The aim is thus to use the knowledge available for the
discriminating variable to be able to infer the behavior of the

control variable.
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Methods

What is sPlot?

|
The aim is thus to use the knowledge available for the
discriminating variable to be able to infer the behavior of the

control variable.

Algorithm

Preparing the distributions
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Methods

What is sPlot?
-

The aim is thus to use the knowledge available for the
discriminating variable to be able to infer the behavior of the
control variable.

Algorithm

Preparing the distributions
Applying standard statistical methods to fit the data.
Assessment of signal and background event yields (RooFit).
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Methods

What is sPlot?
-

The aim is thus to use the knowledge available for the
discriminating variable to be able to infer the behavior of the
control variable.

Algorithm

Preparing the distributions

Applying standard statistical methods to fit the data.
Assessment of signal and background event yields (RooFit).

Calculating sWeights based on the discriminating variable that
refer to the contribution of background and signal in the data
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Methods

What is sPlot?

The aim is thus to use the knowledge available for the
discriminating variable to be able to infer the behavior of the
control variable.

Algorithm

Preparing the distributions

Applying standard statistical methods to fit the data.
Assessment of signal and background event yields (RooFit).

Calculating sWeights based on the discriminating variable that
refer to the contribution of background and signal in the data

Using sWeights in MLE to split control variable into signal and
background and find their distributions
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Results

Plots

We started with data generating, using Rapid-Sim. We generated
two sub-decays and tried to find differences:

Signal K** — Ko7t then KO — 77~

prompt Ks K — w7~ (proton-proton collisions)

We made plots of various parameters and tried to find our
discriminating variable

P - momentum FD - flight distance
PZ - z-axis momentum IP - impact parameter

PT - transverse
momentum
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Results

K% momentum distribution
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Results

K? z-axis momentum distribution

— prompt KS

Events

120
—K*" decay

100

80

60

40

20

I I T N B N N N N W S
0 100
K2 momentum (GeV)

Karol Sowa, AGH US sPlot for background substraction in B-meson decays




Results

Kg transverse momentum distribution
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Results

KE flight distance distribution

400 — prompt KS
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Results

|
PT plot looked the most promising, but in general - there were only
slight differences. So we tried to do the same thing for daughter
particles - pions.
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Results

m+ and ™ momentum distribution
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Results

7™ and 7~ PZ

m+ and - z-axis momentum distribution
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Results

7™ and 7~ PT

m+ and 1 transverse momentum distribution
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Results

m+ and T- impact parameter distribution
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Results

Unfortunately

The differences are still very hard to spot. It seems rather
impossible to make a proper fit for background and signal...

So we decided to try something easier - just to test if the method
works!
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Results

First thing to do

We didn't have any data from the experiment, so we had to prepare
them ourselves. Our first objective was to prepare the mass plot
similar to this one:

30000
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ol E ]
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5 150k i
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Random pions

Results

At the beginning, we generated single pions in Rapid-Sim.

But the results were rather poor...

Events

Signal mass distribution

background mass distribution

2
i | & [ 3 )
400/~ 2
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Results

Another decay

So we tried something else - background decay: BY — 7 Tn~ 7Dy
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Results

Another decay

So we tried something else - background decay: BY — 7 Tn~ 7Dy
But again - just a few events...

" Signal mass distribution ” background mass distribution
g ‘ 2 F
2 400 - Qo L i
& *F — @ o5 ase devtosion
E Eres 6% 8L Eer 3508
350 Mean 0.4976 L Mean 04975
E Std Dev  0.002096 16 StdDev 0004216
300 [
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100~ H
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501 ool
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Results

More events

We needed to significantly increase the number of generated events
for the background.

5 2400 K mass distribytion (signal) 5 1000/ W 7 mass distribution (background)
& 22001 u [
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Results

More events

We needed to significantly increase the number of generated events
for the background.

5 2400 K mass distribytion (signal) 5 1000/ W 7 mass distribution (background)
& 22001 u [
E Enies 12136 L Enties 26062
2000— Mean 04976 L Mean  0.4954
E StdDov 0002042 800/ StdDov 00144
1800~ L
1600— [
1400 600
ool W
10007 406
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400— [
200 r
Con bl .
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ss (GeV)  mass (Gev)

And it worked!
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Results

PT

Then, we started looking for a candidate to become our
discriminating variable (again).

o ) - -
g 2500— n* n° mass distribution S 22007 T transverse momentum distribution
I L I =
C 2000
r — signal et — signal
2000(— 18001~
’ |— backe d E | — background
ackgroun 16001 o
1400[
1500 E
1200
1000|
1000|
800|
600
500 400
200
| L, Ll L ST TR P P FUR ST
0.47 0475 0.48 0.485 049 0.495 0.5 0.505 0.51 0515 052 12 3 4 6 7 10
n* 1 mass (GeV) T transverse momentum (GeV)
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Results

N
R
S
3

n* ©” mass distri 45 n* U z-axis momentum distribution
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Results

450 m* © momentum distribution
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Results

% 2500— T+ - mass distribution % 10‘7 T+ - impact parameter distribution
fir r fir
I |— signal c |— signal
20001
r |— background 10° — — background
1500 L

r 102 =
1000— E
L 10—
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This seems to be the most interesting candidate - significant
difference can be spotted when we use logarithmic scale.
However, further investigation needs to be done in the future.
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Results

"Switch"

We are going to continue our research, but for now we decided to
"switch" our variables. Mass became our discriminating variable.
Signal and background distributions are clearly different what

makes it easier to perform ML fit.
RooFit plot of mass
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Results

sPlot code

|
Thanks to RooStats library, performing an sPlot is much easier

than it used to be in the past. It contains some extremely helpful
tools, like sPlot class and customised functions.

SPlot* sDataX = SPlot("sData","An SPlot", *total data, &xPdf, RooArgList(nSig, nBG));
cout << endl << "Yield of signal is " << nSig.getVal() << ". From sWeights it is " << sDataX->GetYieldFromSWeight("nSig") << endl;
cout << "Yield of background is " << nBG.getVal() << ". From sWeights it is " << sDataX->GetYieldFromSWeight("nBG") << endl << endl;

RooDataSet (total_data->GetName(),total_data->GetTitle(),total data, *total_ data->get(),0,"nSig_sw");

RooDataSet * dataw _sig = ),0
= RooDataSet (total data->GetName(),total data->GetTitle(),total data, *total data->get(),0,"nBG sw");

RooDataSet * dataw_bg

cout << "Making splots of the signal and background” << endl;
RooPlot* frame sig PT = PT.frame();

frame_sig PT->SetTitle("sPlot for the signal momentum distribution");
dataw_sig->plotOn(frame sig PT, RooFit::DataError(RooAbsData::Sumh2));

RooPlot* frame bg PT = PT.frame(20);
frame_bg PT->SetTitle("sPlot for the background momentum distribtuion");
dataw_bg->ploton(frame_bg PT, RooFit::DataError(RooAbsData: :SumW2));
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Results

sPlot for P (background)

£ ,00[_sPlot for the background momentum distribtuion g 200: A RooPlot of momeTtum (background)

S =
[RER)J EEENELEN]
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Results

sPlot for PZ (background)

sl }A RooPlot of z-axis TJ entum (background)
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Results

sPlot for PT (signal)

g 35Oisle for[he signal transverse momentum distribution % 350;A RooPlot of transverse momentum (signal)
fir B i g +
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Results

sPlot for PT (background)

% - sPlot for the % = A RooPlot of transverse momentum (background)
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Summary & Conclusions

Summary

m sPlot is a useful statistical tool that allows to
reconstruct distributions of control variable (for
signal and background respectively) using
information obtained from discriminating variable
distribution

m We managed to get quite interesting results - the
reconstructed distributions match the real ones

m We will not stop here - we are going to conduct
further research and try to make use of sPlot to
split mass distribution into signal and background

m Personally, during this Project, | learned how to
use Rapid Sim MC generator, use ROOT and
RooFit to fit data and present them and finally -
| gained some knowledge in field of statistics
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Thank you for your attention!
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Summary & Conclusions
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