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Statistical Methods
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‘//////// Activity

Goal
Well defined optimal techniques
Not ad-hoc solutions



Data Paths
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CLAS12 MesonEx fastmc validation

11 GeV e- scattering in 5cm 1H target

Luminosity ~ 10*°cm™s™

e' detected in forward tagger
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CLAS12 MesonEx fastmc validation
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Provide code to handle routine tasks
allowing procedures to become standardised
Input/Output/Interfacing
Histogramming
Particle/reaction identification
Event weighting

Maintain normal ROOT flexability for users
Users shift to physics and systematic studies

Promote full potential of ROOT
Based on TSelector Tree analysis class
Use of TEntryList class to prevent duplicating data
ROOT system takes care of compilation and
configuration
Parallel ROOT Facility (PROOF)
Statistical Analysis Packages (RooFit/Stats)

https://github.com/HASPECT/Event



Event Reconstruction

sWeights

M. Pivk,F.R. Le Diberder,Nucl.Inst.Meth.A 555,

356-369,

2005

Given discriminatory PDF for signal and background

calculates weight

2

sV

17 fJ

(Ye

spn(ye) —

Part of RooStats(used here)
Can include multiple signal

N_ = Number of species
f = PDF for species k
N, = Yield for species k

V = covariance matrix

Can fit multidimensional
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g [ S o %]
o ; - i
B - ﬁ. 3 5 Q"é
s i Only as 3 PR
— Poé L .- %
b good as =~ TETmmT Mrteeeee,
600 :_ dil :" f i t —
E ‘; ! model... [ Y
i B f :
CARRET S, S T
T B B R R 2 i %
Bo3 0.02 oot o - ? - %?w&* é"’?”"o‘,‘?ﬁ?@‘g’gﬁ
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Event Reconstruction : Simulated Models

Signal shapes are not always

MC model for im

hme_model _im

|

Entries 5e+07
Mean x 136
Mean y 4.599
BMS x 6.715
RMS y 2.822

well described by
parameteric functions

=Simulated PDFs
systematic uncertainty in
shape accounted for via
morphing with additional
nuisance parameters

i.e Profile Likelihood
Construct new RooFit PDF

Supply simulated events

Sequential 1D histograms

Smoothed and interpolated
Adding greater additional -
smearing with morphing 015
parameter « e
Additional offset parameter .
(Also RooFit HistFactory...)
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Event Reconstruction : TUMp

Just Phase Space

gll dataset, detect T and p -
Model from simulated MM p and MM M’p events
Signal BG

RooFit Extended Maximum likelihood fit
RooStats sWeight calculation
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For . . . .
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THSRooFit* RF=new THSRooFit(); //Manager class

RF->LoadVariable("Mmiss[-0.1,0.15]");//should be same name as variable in tree
RF->LoadAuxVars("Eg[3,4]");//should be same name as variable in tree
RF->LoadAuxVars("fgID[0,1E12]");//should be same name as variable in tree
RF->LoadAuxVars("t[0,0.4]");//should be same name as variable in tree

/11777777777 /7777/777//7/7///7////Make Model Signal

RF->Factory("THSMorphPDF::Signal (Mmiss,alpha[0.02,0,0.04],0f£f[0,-0.005,0.0051,10)");
TChain chainmcL("HSParticles","mcsignal");

chainmcL.AddFile("mc_ppip cor.root");

//add mc data to make model

( (THSMorphPDF* ) RF->GetWorkSpace () ->pdf ("Signal"))\\

->AddSmearedModel (&chainmcL, RF->GetAuxVars());

[1777777777777/77777/7/777///7///Make BG model (same code again)

RF->LoadSpeciesPDF("Signal");
RF->LoadSpeciesPDF("BG");
RF->TotalPDF();//Total PDF Only really need to
/11777777777 77//77/7/7///7/////Load Data configure variable and
TChain chain("HSParticles"); file names
chain.AddFile("twopi ppip pmiss.root");

RF->LoadDataSet (&chain);//import to RooFit

/17777777 777/77777/77//7/7/7///Fit Model to data

RF->Fit();

RF->PlotDataModel ();

/17777777777 77/77/7/7//7////Make sWeights

RF->sPlot();

RF->ExportWeightsToFile( "MorphW.root") ;

RF->DrawTreeVar ("MPipm",200,0,2);

RF->DrawTreeVar ("MmissP",200,0,2);

RF->SavePlots("plots.root"); *Developed with Dominik Werthmueller (Glasgow)



g ~ YId_BG = 8775 +/- 107
G13b linear polarised " aluarsees
Deuterium target 3 pna oaooet - 0.cuce

Event Reconstruction

: KOLambda

Fit components for ML

MC Model
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Event Reconstruction : KOLambda

Fit components for MP

Use sWeights for A
Fit Spectator Mass
= Missing Mass (/A\K°)

With KOA and K02
Simulated models

Fits factorise
Avoid modelling
Non-strange background

Can now used combined
sWeights 1in further
Analysis

Polarisation observables
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Event Reconstruction : gll skim p, 21 , T

Full Missing Mass Spectrum

e

x10 htemp
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[ ]
Event Reconstruction : pK-KOT+
M ( KKTI Signal MV M,

'§1200 slice_px_of_S_MpKmVMKOCuti_All -
S Entries 4432
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X) cut on M(KK)<1.05 (a0 region)
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SignalM ~ VM_, Cut1_All
K-KO ot

M(X) = 1430 = 90
Dalitz Plots

Decays : a0O- T+

K*+ K-
K*0 KOs
KOs K- T+
06 065 0.7 075 08 08 09 095 1
SignalM 'V M_,,Cuti_All SignalM__ VM, Cut1_Al
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Van Hove Plots (Longitudinal) |(Example 3-3.8GeV Yp—K+K-p
CLAS gll dataset
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Example

Yp2K+K-p

My, k. for forward K+K-

htemp
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My V My, CutiLPS0.50_

M23Vi12CutiLPS0.50_
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Longitudinal Plots T+T-p
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gll dataset
Select all 4 topologies foa

M+mM-p final state

These results are not (yet
Background subtracted
Oor acceptance corrected
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MPRIMYMPEMCUSEclon.50_
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Longitudinal Plots

Sum Topologies,

Baryon/Meson Masses :
Named particles
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Optimised Meson/Baryon cuts

*Speculative

Remove production dependence ¥

0.5

-Z-axls along meson CM

P1vP2Cut1_All

Pﬁl(]Tjj_

momentum
-proton momentum along -z
(purely longitudinal)

-2

Now our cut is defined as
the corresponding value
of omega for T-(M+) decaying
backwards along z axis 1in
meson rest frame.

=Do not lose any meson
decays (acceptance)
=Throw away everything else -

o A
o +
Q 4
A

P1vP2Cut1_All
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100
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“ Wider cut as

" M increases
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M (TITT)
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Optimised Meson/Baryon cuts

Mzyr- V My Meson_All

MPpimVMPipmMeson_All

Now our cut 1is defined as I

the corresponding value = CUT MESON

of omega for T-(T+) decayinc | il
backwards along z axis in I |

meson rest frame. 1

This is a function of N
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l.e rest frame breakup 250

momentum. 5 NOT MESON
Problem : resolution effects Li_ B
are an issue, need to widen -

the cuts to compensate -
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Other HASPECT Stuff

Previously presented :
Alessandro Rizzo, TN sWeights analysis
—~-Implementing Veneziano B4 Amplitude Fit
Andrea Celentano, W to 3N decay
-fitted with Veneziano B4 Amplitude

Ongoing gll,

Alessandra Filippi, KK final states

Simon Hughes, WTM partial wave analysis

Ivana Stankovic, K+K- B5 Veneziano Amplitude fit

Bayesian Nested Sampling for Maximum Likelihood
—~-Implemented in AmpTools

Associated AmpTools analysis,
Bryce Garillon e'T+Tl- PWA
Shloka Chandavar, KO0sKOs gl2 Moments analysis



Summary

Defined full analysis chain for real and MC data
Additional methods required for reaction selection

Investigated methods for cleanly identifying reactions

Prefered solution : sWeights with simulated models
and profile likelihood fits

Investigating seperation of reaction mechanisms
- Longitudinal Phase Space Analysis
- Maximum allowed Meson/Baryon cuts

Currently finalising ROOT based software,
developing amplitude models with JPAC/AmpTools



Example Analysis

data
|

Reconstru

Code automatically
generated for each
step. Users fill
in details

\
Filter final state  |calc. Var.s
Make THSParticles »Explore data
| histograms
Calc. Var.s
Filter
New tree
\J | L
Ovalue sWeights
New tree New Tree
I I
| f l v
‘ Merge Weights
Use Weights With particle tree Physics
Histograms —



Larger Mass 2K mesons will have lower CM momenta
Decay products can decay back into different sector
Phase Space Plots :

Acceptance for increasing meson mass Correlation of cos6,, and M, =1.1M, =16
T For K+K-
- forward
0.5_—
% o
S [
0.5
-1 ! L1 1 L [ B B [ B B [ B B
1 1.2 h4 1.6 1.8
K+K-
s Meson X mass versus E, for valid LPS T f
- +
16 K- back K back
n I?Irc)rn. cieaczéi}f ifl?()nﬂ CiGE(:Ei}’
1.4—
i of meson
M(2K) [

1.2
M(2K) = 1-1.2 OK, but...
M(2K) > 1.2 has limited 9GJ

L L L1 L1 T T T T [N T N A O B
"0 2 4 6 8 10 12 14 16 18 20
Eq
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