Data analysis at CMS
- - Exotic hadron study as an example
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QOutline

* Motivation of the analysis
* Steps of an analysis: from scratch to the end

* Dataset to ntuple
* Analyzer to make ntuple

* Analyze ntuple
* Background
* Fit the mass spectrum
* Significance



Motivation

* What is the exotic hadron /R

Pentaquark
Glueball

/ Meson N\ /" Baryon

Diquark-diantiquark

* Why we want to study exotic hadron

» Why at CMS

* CMS can provide data with high production energy
* And can provide more spin possibility than ee collider
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What channel we want to study

* ] /Y can be easily tagged/reconstructed

* Resonances in J /Y] /Y most likely contains at least 4 charm quarks
* Otherwise decays to /Y] /1Y will be suppressed

* Study the channel: J/Y] /Y - utu - utu™



How to do this analysis from scratch

* We now have chosen the channel:

pp{ H]/I/J]/I/J}—{M Hou M}

ﬂ ntermediate state\

Mother of J/psi pair

\Is there such signal}
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ﬁmal states

Objects recorded In data

\further study

~

Filter four muons from data for
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How to do the analysis from scratch

CMS detector

Dataset/MC at
Tierl & Tier2: —
AOD, MiniAOD,
NanoAOD Your algorithm
iIn CMSSW

Ntuples/trees in
root files

PP
collision HLT

Calibration
Reconstruction

Tracks/showers detected
by CMS detector

Analysis ntuples with ROOT/RooFit:
BKG shape, signal shape, efficiency, resolution-:
Fit to mass distribution (Set upper limit)
Significance, Systematic uncertainties

Generator:

: Digl &
SIgEL Simulation -

MC

i

2024/1/23 F_ERECMSEZESE 6




What/where Is the data
» Our channel: pp = X = J /Y] /Y —{utu~pt |

Dataset/MC at
Tiery & Tier2: — Ntuples/trees in
AQD, MiniAOD, root files
NanoAQOD Your algorithm
in CMSSW

* What data we should use”
* Unfortunately, no webpage which contains all datasets and their triggers
* Ask supervisor, colleagues, convenors
* Lookup in DAS: CMS Data Aggregation Service (cern.ch)
* Explore in PAmV: PdmVRun3Analysis < CMS < TWIki (cern.ch)

O &R | e * ¢ oo =
[CM: 3:;: Aggregation System (DAS): Home | Services | Keys | Bug report | Status | CLI | FAQ | . Yeat ;’:‘;A P d m\/ p a g e
4+ 2022 Era definition
results format: [list_ |, [50 | resultsipage, dbs instance prodiglobal |, (Search) (Reset) + Early Analyses Information . .
1 2022 Analysis Summary Table |_| n kS to d ataset N DAS
+ DATA
DAS page | .. o MC
Help: DAS queries + DATA e
DAS queries are formed by key=value pairs, for example M Prompt Reco ] 1 1
< ot e LReReco (ERAS A, B, C, D, E) - Apphed tl’lggel’s
20 it i Remark on the Dataset Definlion}+ ( ~ : )
The wild-card can be used to specify the pattern. The list of supported DAS keys can be found in Services sect] [ through the ERAs T ~ Wh at eVentS I n d atasets
Motoo £ [aYata



https://cmsweb.cern.ch/das/
https://twiki.cern.ch/twiki/bin/view/CMS/PdmVRun3Analysis

What/where Is the data
* From PdmV:

Prompt S .........................
NANOAOD Primary name
........... DASe of dataset
DASE? SplacedJet, JetHT, MET, Tau, DoubleMuon,
DAS MuonEG, SingleMuon, ScoutingPFMonitor,
ScoutingPFRun3, ParkingBPH [1-5],
,,,,,,,,,,,,,,,,,,,,,, DAS# ParkingDoubleElectronLowMass [0-5],
ﬂ D AS 7 D AS o7 ParkingDoubleMuonLowMass [0-7]
D v125 ZeroRias MinimumRias FGamma RTaaM
C A FE2 | hups//cmsweb.cern.ch/das/request?view=list&limit=508& nstance=prod%2FglobalBinput ygptaset30%2F*%2F*2022C-Prompt%2FMINIAOL

Then check the triggers/cuts of a primary dataset

z | Data Aggregation System (DAS): Home | Services | Keys | Bug report |

ety in confDB: ConfDB < CMS < TWiki (cern.ch)

results format: [list ), (50 v|results/page, dbs instance prod/globat” |, Can explore a” 9 COnfDB Web |nterface

dataset=/*/*2022C-Prompt*/MINIAOD . . T ~eh
datasets like this

Show DAS keys description Open remote config
Open Configuration
Showing 1—50 records out of 72. <first | p) - q Version  Craated
offline-run3 Z vi
By default DAS shows datasetWith VALID status. To query datas D AS p a g e use Search S——
dataset status=% dataset=/*/%2022C-Prompt*/MINIAOD Oy eges seriafiveisoron
-
Dataset] /BTag| 022C-PromptReco-v1/MINIAOD > idev
Creation\i 2022/07-20 15:24:54 Cross section: 0 Physics group: NoGroup Status: VALID Type: data ~ frozen
Release, Blocks, Files, Runs, Configs, Parents, Children, Sites, Physics Groups XSDB Sources: show < 2092
Dataset: /Commissioning/Run2022C-PromptReco-v1/MINIAOD T A
Creation time: 2022-07-20 15:22:35 Cross section: 0 Physics group: NoGroup Status: VALID Type: data rue
Release, Blocks, Files, Runs, Configs, Parents, Children, Sites, Physics Groups XSDB Sources: show v
- vi2
KAk —
Dataset: [DisplacedJet/Run2022C-PromptReco-v1/MINIAOD EfmH ik
Creation time: 2022-07-20 15:25:01 Cross section: 0 Physics group: NoGroup Status: VALID Type: data | “ I



https://twiki.cern.ch/twiki/bin/view/CMS/ConfDB
https://hlt-config-editor-confdbv3.app.cern.ch/

What/Where Is the data

* Trigger menus of a dataset in ConfDB

* Cuts of a trigger in ConfDB

nnuatdsets ragmu

BTagMu [J Deep search

< PATHS END PATHS  SEQUENCES  MODULES  ESPRODUCERS > Name Type

) Dataset

» == HLTDatasetPathBeginSequence (130)

- hitResults InputTag

[ ~ HH Dataset_BTagMu

I1tignoreMaskAndPrescale bool

am hitDatasetBTagMu (2) I1tResults InputTag

hitPreDatasetBTagMu (2) thi bool
row 00

»  HH HLT_BTagMu_AK4DiJet110_Mu5_v13 (4)

< "AINED IN SWITCH PRODUCERS SNIPP

» Ml HLT_BTagMu_AK4DiJet170_Mu5_v12 (4)
hitDatasetBTagMu = cms.EDFilter( "TriggerResultsH

hitResults = cms.InputTag( "\"\"" )

11tignoreMaskAndPrescale = cms.bool( false )

I1tResults = cms.InputTag( "\"\"")

throw = cms.bool( true )

triggerConditions = cms.vstring( [ "HLT_BTagMu_|
"HLT_BTagMu_AK4DiJet170_Mu5_v12", "HLT_BTag
"HLT_BTagMu_AK4DiJet40_Mu5_v13", "HLT_BTagM
"HLT_BTagMu_AK4Jet300_Mu5_v12", "HLT_BTagM
- "HLT_BTagMu_AK8Jet170_DoubleMu5_v2", "HLT_B
usePathStatus = cms.bool( true )

)

» m HLT_BTagMu_AK4DiJet20_Mu5_v13 (4)

HLT T
Paths

» m HLT_BTagMu_AK4DiJet40_Mu5_v13 (4)

+ HH HLT_BTagMu_AKA4DiJet70_Mu5_v13 (4)

» M HLT_BTagMu_AK4Jet300_Mu5_v12 (4)

* A dataset containing J/psi:

online

HLT_BTagMu

PATHS

/edaq/physics/Run2022/2e34/v1 2.5/

END PATHS SEQUENCES MODULES ESPRODUCERS

O Deep search

ESSOURCES

SWITCH PRODUCERS

- [i HLT_BTagMu_AMD\Jeﬂlﬂ_Muﬁ_vM(4)]

»

HLTBeginSequence (1420)

hitL1sMu3JetC80dRMax0p4 (2)

hitPreBTagMuAK4DiJet110Mu5 (2)

HLTAK4CaloJetsSequence (490)

hitBDiJet110L1FastJetCentral (2)

HLTBTagMuDiJet110L1FastJetSequencel 25 (2)

Trigger menu

hitBSoftMuonDiJet110L1 FastJetL25FiiterByDR (2)

HLTBTagMuDiJet110L1FastJetMu5SelSequencel 3 (2)

hitBSoftMuonDiJet110L1FastJetMuSL3FilterByDR (2)

HLTEndSequence (1518)

+ [ HLT_BTagMu_AKADiJet170_MuS_v13 (4)

» | HLT_BTagMu_AKADiJet20_Mu5_v14 (4)

+ [ HLT_BTagMu_AKA4DiJetd0 MuS v14 (4)

» ! HLT_BTagMu_AK4DiJet70_Mu5_v14 (4)

+ [ HLT_BTagMu_AK4Jet300_Mu5 v13 (4)

>

Cuts in a trigger

Labe!
hitBDiJet110L1FastJetCentral

Name Type
MaxEta double
MaxMass double
MinE double
MinEta double
MinMass double
MinN int32
MinPt double
inputTag InputTag
saveTags bool

< NED IN TASKS CONTAINED IN SWITCH PRODUCERS

hltBDiJet110L1FastJetCentral = cms EDFilter( "HLT1CaloJet",

MaxEta = cms.double( 3 )

MaxMass = cms.double(-1)

MinE = cms.double(-1)

MinEta = cms.double(-1)

MinMass = cms.double( 1)

MinN = cms.int32( 2)

MinPt = cms.double( 110)

inputTag = cms. InputTag( "hitAK4CaloJetsCorrectedIDPassed” )
saveTags = cms.bool( true )

triggerType = cms.int32( 86 )

Paths
HLT_BTagMu_AK4DiJet110_MuS_v14

Value

110

“hitAK4CaloJetsCorrectediDPassed”

true

SNIPPET

8 @8 8 @8 8 8 @ @7
z

a

[

a

a

<]

a

a

<]

a

a

/ParkingDoubleMuonLowMass0/Run2022C-PromptReco-v1/MINIAOD Exercise: how many
trigger paths containing J/psi for this dataset?
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Exercise: how many trigger paths containing J/psi for this dataset?

e ConfDB Web Int

erface = Configurations

- Open remote

Open remote config

Make a selection

Open Configuration

Created Creator Reiesse Tog
0 v
Rowsperpae 0[] ten
caline
offin-des
o’

Open remote config

Open Configuration

® Version  Created Greator Belease Tag
offline-run3 o o v
Rowsperewe 0[] 1ion
Search
= nsitive e

“ | Click to choose

offine-run3 irozen 2022/ 2034/1 2TV

MODULES

Choose the
dataset and
on hlt path

O [ HUThsasetPint BoginSequeree (130)
(R —p—

) WePreDatasenDeoskiehuonLombdass (2)

0 [ b
1 [) Datssen_Ecallasen

[=Fa L =

yax

1 [ Datssst_ExaracaLTPhysiced

[STa [T — -

LT —) h¢

Open remote config

Open Configuration

0 Gase sensitive search

o

Vo

Createa Creatos Relusse Tag

mwpsrpsgr 0[] 1en

Click to choose

awvs
Darkm O
6 ovs
hitResalts IngutTag e D o
NtignareMaskAndPrescale ol fakse o o
HiResaits npusTeg oo
throw boul e o o
o N Al_Jpsi L1 4R _Derl pSRVT...
usePathStatus bacl true. o o
hitResults = ems InputTag "\"\™ )
tiggerCanditians = crs. wstring( [ "HLT_DimuonD_Jpsi3ps_Muan2 5", "HLT_Dimuord_Jpsi L1_dR_OeripSR_yT",
Lowhlosa_L1 e o v, HLT.DimsondLowbhsss_L1_4R_vT- HLT_Dimuont_Lwhlass_L1_6 38, <
e rigoers for the datase
imuond_Upsilon_L1_4pSer2pi_v]
", "HLT_Dirmien14_Phi_Barred_Seaguils_v7"
", "HLT_Dimucn18_PsiPrime_noCarr i_ve’,
[_Dimuocn24_Phi_noC: _vE",
:
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https://hlt-config-editor-confdbv3.app.cern.ch/

From dataset to ntuple

* Signal channel: pp = X = J /Y] /¥ —>[H+H_H+H_]
* Dataset: /ParkingDoubleMuonLowMass0/Run2022C-PromptReco-v1/MINIAOD

Dataset/MC at
Tierl & Tier2: & Ntuples/trees in
AOD, MiniAOD, n root files

NanoAOD Your algorithm
in CMSSW

* Write an analyzer, analyze data anc.JI produce ntuples:
WorkBookWriteFrameworkModule < CMSPublic < TWIki (cern.ch)

° csh or tecsh users:
Setu p e nV source /cvmfs/cms. cern. ch/cmsset default. csh
bash users:

source /cvmfs/cms. cern. ch/cmsset default. sh

* Setup CMSSW

¥ create a new project area

cmsrel CMSSW_ 12 0 0

cd CMSSW_12_0_0/src/

20: cmsenv



https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookWriteFrameworkModule

Write an analyzer

* Create an analyzer package

Write a Framework Module

First, create a subsystem area. The actual name used for the directory is not important, we'll use Demo. From the src directory, make and change to
the Demo area:

mkdir Demo

cd Demo

Note that if you do not create the subsystem area and create you module directly under the src directory, your code will not compile. Create the
"skeleton" of an EDAnalyzer module (see S\WGuideSkeletonCodeGenerator for more information):

mkedanlzr DemoAnalyzer

Compile the code:

cd DemoAnalyzer

scram b

* Create a ConfFile_cfg.py in DemoAnalyzer/python, example link
* Run the job

cd into the DemoAnalyzer/python directory and do:

cmsRun ConfFile cfg. py

2024/1/23 E_RPECMSESE
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https://twiki.cern.ch/twiki/pub/CMSPublic/WorkBookWriteFrameworkModule/ConfFile_cmssw1200_v1_cfg.py.txt

Write analyzer

* Analyzer module Is executed to filter data and make ntuple

import FWCore.ParameterSet. Config as cms

cmsRun ConfFile cfg. py

process = cms. Process ("Demo”)

process. load ("FWCore. MessageService. Messagelogger cfi”) To run the Whole dataset you
need run crab job instead of
running it locally.

process. maxEvents = cms. untracked. PSet ( input = cms. untracked. int32(-1) )

» ~ »
process. source = cms. Source ("PoolSource”,

# replace ‘myfile. root’ with the source file you want to use Th|S COﬂﬁg f||e then iS an inpUt
fileNames = cms. untracked. vstring( Of the Crab JOb COﬂﬂg ﬂle,
[’ file:/afs/cern. ch/cms/Tutorials/workbook twiki2021/MinBias pythia8 14TeV 100events. root’ ] Wh|Ch uses the dataset name to
) . .
Input data files identify data

process. demo = cms. EDAnalyzer[ DemoAnalyzer’ ,] The analyzer mOdU|e/paCkage

tracks = cms. untracked. InputTag C generalTracks’)
)
process. p = cms. Path (process. demo) 13

* Exercise: create a DemoAnalyzer following above instruction or the link

M


https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookWriteFrameworkModule

Write an analyzer
* Write codes in the DemoAnalyzer then compile and cmsRun

) . root [2] demo->cd()
* Save a histogram and a tree in output oot 13] 15
* DemoAnalyzer/plugins/DemAnalyzer.cc EEE

root [4] I

1 header files:;

edm: :EDGetTokenT<TrackCollection> tracksToken_;

TH1F *h_pt;
TTree *treeil;

2 Member data In class detinition: insigned int rukn;

1ed int eventNum;

2

int nTrack;

DemoAnalyzer ::DemoAnalyzer(const edm::ParameterSet& iConfig) d: - *vec_pt;
: tracksToken_(consumes<TrackCollection>(iConfig.getUntrackedParameter<edm: :InputTag>( . e> *Vec_px:
))), runNum(©), lumiNum(©), eventNum(©), nTrack(®), vec_pt(©), vec_px(“), vec_py(?), vec L

*Vec_py,
-pz(9) { fd::

*Vec_pz;

edm: :Service<TFileService> fs;
h_pt = fs->make<TH1F>(

3 CO nStru Ctor treel = fs->make<TTree>(
treel->Branch( , &runNum,
treel->Branch( , &lumiNum,
treel->Branch( , &eventNum,
treel->Branch( , &nTrack,
treel->Branch( , &vec_pt);
treel->Branch( , &vec_px);
treel->Branch( , &vec_py);
treel->Branch( , &vec_pz);

Example at: /publicfs/cms/user/zhangjg/cms2024sysu/CMSSW_12_2_0/src/Demo/DemoAnalyzer



Write an analyzer

4 fill histograms and trees in analyze()
5 Modity DemoAnayzer/plugins/BuildFile.xml

void DemoAnalyzer::analyze(const edm::Event& iEvent, const edm::EventSetup& iSetup) {
namespace edm;

name=

runNum = iEvent.id().run(); —
lumiNum = iEvent.id().luminosityBlock(); name=
eventNum = iEvent.id().event(); =
nTrack = name
(const auto& track : iEvent.get(tracksToken_)) { name=

Name=
(track.charge() < 0) 5
nTrack++; name=

h_pt->Fill(track.pt()); <flagS EDM_PLUGIN: />

vec_pt->push_back(track.pt() )B
vec_px->push_back(track.px());

vec_py->push_back(track.py());
vec_pz->push_back(track.pz());

t
treel->Fill();

runNum =

lumiNum =
eventNum =
nTrack =
vec_pt->clear();
vec_px->clear();
vec_py->clear();
vec_pz->clear();

Example at: /publicfs/cms/user/zhangjq/cms2024sysu/CMSSW_12_2_0/src/Demo/DemoAnalyzer




Run the analyzer

* Add output part in DemoAnalyzer/python/ContFile_cfg.py
* cd DemoAnalyzer; scram b; cd python; cmsRun ConfFile_cfg.py

[zhangjq@lxslc784 python]S r -L demo_out.root
root [8]

Attaching file demo_out.root as _file®...

(TFile =) @x5628ba@

root [1] .1s O

TFilex* demo_out.root UtDUt
TFile* demo_out.root .
KEY: TDirectoryFile demo;1 demo root flle

root [2] demo->cd()

(bool) true

root [3] .1s

TDirectoryFile* demo demo

KEY: TH1F h_pt;1 h_pt

KEY: TTree ;1 my tree 1

root [4] treel i

FWCore.ParameterSet.Config
process = cms.Process(

process. load(

process.maxEvents = cms.untracked.PSet( input = cms.untracked.int32( ) )

process.source = cms.Source(

fileNames = cms.untracked.vstring(

)

process.TFileService = cms.Service(
fileName = cms.stri

Tree > my tree 1
*Entries : 8 : Total = 45480 File Size =
Tree compression factor

*Br 8 runNum : runNum/i

process.demo = cms.EDAnalyzer(
tracks cms.untracked.InputTag( *Entries : 0 : Total Size= One basket in
) +*Baskets : J . Basket Size= 3 2 Compression=
zrocess.p = cms.Path(process.demo) LumiNum/i
Entries : B : Total Size= bytes One basket in memory
= *Baskets : 0 : Basket Size= 3200¢ Compression= L .
* Exercise: add above codes 10 save |[F -
n 2 ¢ eventNum/i &
: . Total Size= 49 One basket in
* 3 8 : Basket Size= Compression= ;
L] L}
a tree and a hlstogram and run it ,

*Entries : 8 : Total Size= g One basket in
*Baskets : J . Basket Size= )08 bytes Compression=

*Br 1 :vec_pt . vector<double>

Example at: /publicfs/cms/user/zhangjg/cms2024sysu/CMSSW_12_2_0/src/Demo/DemoAnalyzer 1o



Fvent selection

* To suppress bkg:

* cuts In analyzer step and ntuple analysis step
pp = X = ]/ /Y - ptpm et
* Example cuts:
* Detector acceptance/coverage: p; and n of tracks
* Tracks should be muon: MuonID

* J/Y candidate: mass window of muon pair; vertex fit of muon pair
« X > J/Y] /Y - utuutu: vertex fit of two J /Y and four muons



Background estimation
* Combinatorial background: non-J /Y] /1Y process

* Background from non-resonant process 1
p Lo L /Y

—— Q2

6§ T——=—— 72| J /1

* Non-resonant single parton scattering, NRSPS===

* Double parton scattering, DPS  c———) STvTE | [/

* MC simulation for NRSPS & DPS P
* For DPS, another method is ‘event mixing’ e | H

2024/1/23 %:EEPCMS%/V\'% Ds:' T S S S I ‘ve 18



Fvent mixing for DPS shape

* DPS essentially contains two independent J /s

/Y
z| /P

* |dea: artificially make events with independent J /s

Eventl Event2 Event3 g 0F-
UZ

\

= ::

MU /i/P) My /pI/b) M /] /) M /] /)

8.5 9
M{J/pJd/y) (GeV)

* Exercise: get M(J/YJ/¢P) shape from event-mixing using MC in

/publicfs/cms/user/zhangjg/cms2024sysu/toy_dps/dps_mc.root

* Copy mix_event.C in the same path, and add code in line 61-73
* Full example i1s mix_event_done. /JQ the same path

2024/1/23 TP ECMSZEL 19



Fit to mass distribution
* A toy M(J /Y] /W) distribution

* Signal: three interfering relativistic BWs

N

H | B
‘ 4&%‘%}1‘ i il

N *35: o

Lo ‘ %wy _/}r Se8e 00
55 85 9

MJ/pJ/y) (GeV)

60

* Background: DPS L | o
é 120; l ? Toy:B
N 1002— W *tl +
80;— ]+ [1;#

40

3
[

O~

* Signal yields and parameters?
* Significance?

2024/1/23 E_RPECMSESE

20



Fit to mass distribution

° DPS Shape fNRDPS(x) — \/E : eXp(—a ' xf) ' (p() + P1 - Xt + P2 - xfz)’
Xp =X — X, Xg=2Mjy.

a = 0.24358,p, = 0.23137,p, = —0.041952,p, = 0.012206

* Relativistic Breit-Wigner:
 S-wave: L =0,B; =1

mI (m)
2

BW (m; o, To) = m3 —m? — imI (m)’

2L+1 m
[(m) =T, (i> —2 (B{.(q,q0,4))",

qo m

* Amplitude with interference:
f(m) = |ry - exp(i¢py) - BW; + BW, + 13 - exp(i¢h3) - BWs|?

* How to iImplement and use them in RooFit?



FIt mass distribution

* RooClassFactory::makePdf()
* Edit evaluate() function in MyDpsPdf.cxx

[zhangjg@lxslc704 test]S root -L

root [8] RooClassFactory::makePdf("MyDpsPdf", "x,MTH,a,p@,pl,p2")
(bool) false

root [1] .1s

Double_t MyDpsPdf::evaluate() const
{

2
fnrpps(x) = /X -exp(—a-x,) - (po+ p1-x +pa-x7),
double mx = x - : Xp =X —Xy, Xg=2Mjy.
double fth =

(mx <= 9) fth;
(mx > 9) fth = TMath::Sgrt(mx);
double exponent = TMath::Exp(-1 * a * mx);

root [2] .qg
[zhangjg@lxslc704 test]S 1s
MyDpsPdf.cxx MyDpsPdf.h
[zhangjg@lxslc704 test] I

* root —| -b —g "MyDpsPdf.cxx+"

[zhangjg@lxslc7684 test]S root -L -b -g "MyDpsPdf.cxx+"

double poly = p@ + p1 * mx + p2 * mx * mx;
double res = fth * exponent * poly;
res;

Processing MyDpsPdf.cxx+...

in <TUnixSystem: :ACLiC>: creating shared library /publicfs/cms/user/zhangjq/cms2024sysu/test/./MyDpsPdf_cxx.so
(MyDpsPdf) An instance of MyDpsPdf.
[zhangjg@lxslc704 test] I

* Then include .h, load .so In a root script, and use it as built-in pdf
Note: here and after, we use the roofit version in CMSSW_11 1 1

So first: cd some/path/CMSSW 11 1 1/src; cmsenv;
+ Or: cd some/path, cmsrel CMSSW 11 1 1/src; cmsenv; 22




Fit mass distribution

* In root script, include .h and load _cxx.so
* Use MyDpsPdf as a built-in pdf
E

A RooPlot of "mx"

0.012

[l ¢ = 0.24358,p, = 0.23137,
namespace RooFit; pl — _0.041952, p2 — 0.012206

void plotMyDpsPdf() {
gSystem->Load(

0.01

FTOjEeCLan o pan_upes

o=
o=
-
oo

RooRealVar mx(
RooRealVar R_MTH (

RooRealVar dpsA(

RooRealVar dpsP@ 0.006

DPS mass distribution in [6, 9] GeV

(
RooRealVar dpsP1(
RooRealVar dpsP2( ;
MyDpsPdf pdf_dps( , mx, R_MFH, dpsA, dpsP9, dpsP1, dpsP2); 0.004
RooPlot *frame = mx.frame();

pdf_dps.plotOn(frame);
0.002

TCanvas *c1 = TCanvas (
cl->cd();

frame->Draw() ;

c1->Print( );

0 = ce e v e e e e b gy
6.5 7 7.5 8 8.5 9
mx

o

* Exercise: wirte your own MyDpsPdf.cxx and use it to make a plot
* Example Iin the path: RS VEEzAE o]l ot Iz Ve Vil o -




Fit mass distribution
Pdf for interfering BWs

root [0] RooClassFactory::makePdf|("MyRelBW1BW2BW3Square", ”x,mass1,widtm,r1,phi1,massz,width2,r2,phi2,mass3,width3,r3,ph13”)l

Double_t MyRelBW1BW2BW3Square::evaluate() const
{

std::complex<double> bwl = ComplexRelBW(x, mass1, width1, r1, phil);

std::complex<double> bw2 = ComplexRelBW(x, mass2, width2, r2, phi2);
std::complex<double> bw3 = ComplexRelBW(x, mass3, width3, r3, phi3);
std::complex<double> sum = bwl + bw2 + bw3;

double res = std::norm(sum);

res;

Auxiliary files

void Com?lexRelBWFcn() { CompleXRelBWFchXX
}

ComplexRelBWFcn.h

double Q2(double sa, double sb, double sc) {
double res = (sa + sb - sc) * (sa + sb - sc) / /
(res <= 0) {
res = 0;

}

0id ComplexRelBWFecn();
double Q2(double sa, double sb, double sc);

uble BlattWeisskopf(double q2, double d, double ’
std: :complex<double> ComplexRelBW(double x, double mass

}

* First: root —| —b —g “ComplexRelBWFcn.cxx+”
* Then: root —| —b —q "MyRelBW1BW?2BW3Square.cxx+"
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Example at: /publicfs/cms/user/zhangja/cms2024sysu/myFit_test



FIt mass distribution
* Fit to the toy

& Toy

— it

90

80

— | BW1+BW2+BW3
I DPS

Events / ( 0.03)

70

MyRel1BW1BW2BW3Square pdf_bw123( ) , , 60
mass_bwl, width_bwl, r_bwl, phi_bw1,

mass_bw2, width_bw2, r_bw2, phi_bw2, 3

mass_bw3, width_bw3, r_bw3, phi_bw3); 40

30
RooFitResult *fit_res_model = model.fitTo(*data, Save());

double nll_model = fit_res_model->minN11(); 20
10

* Significance: | ]
1. Fit using hypothesis 0 model, get negative log |Ike|IhOOd nIIO
Fit using hypothesis 1 model, get nll1

2
3. 2Anll follows y? distribution
4

double pval = TMath::Prob(” * delta_nll, 1);
double significance = RooStats::PValueToSignificance(pval / ) ;

* Question: significance of what, or between which two models?

) Example at: /publicfs/cms/user/zhangjg/cms2024sysu/myFit_test/fitToy.C
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-1t using condor Jobs

* When you need do many independent fits
* Random sampling In parameter space to find global minimum
* Closure test
* Toy-experiment to evaluate significance

* Fit using condor jobs
* A ‘template’ fit script and related files
& output transfer files
* shell script[executable !] to run in condonworker node (condorRun.sh)
* Condor job description fiie {condorlob.jdl)
[ jingging@lxplus7Z ondorFitPackage]S 1s

Example at Ixplus: /afs/cern.ch/user/j/jingqging/public/cms2024sysu/CondorFitPackage

| Example at Ixslc7: /publicfs/cms/user/zhangjg/cms2024sysu/CondorFitPackage
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Fit using condor Jobs

* Condor job description file: condor]ob.|dl

 condor submit condor]ob.idl

niverse = vanilla

executable - condorrun.sh  EXecutable shell script to be run
arguments = $(SEED) in the server

should_transfer_files = yes
transfer_input_files = condorFit.sh, ./myFit, ./data

output = condorOutput/$(ClusterId).$(ProcId).out

error = condorError/$(ClusterId).S(ProcId).err
log = condorLog/$(ClusterId).log

+JobFlavour = |\/|aX JOb t|me

202471723 queue 1 SEED from seq 1 3 | SmeIt 3 JObS for SEED = 1’ 2’ 3



Fit using condor Jobs

* condorRun.sh
* Run singularity for CMSSW_11_1 1 and execute condorFit.sh

* |f do not need singularity, can change .jd| [ SIS aEwEEH

dorRun.sh executable = BEORCOFFILSA
condorkun.s arguments = S$(SEED)

CONTAINER_NAME= fitPackage=myFit
fitScript=
SEED=

CONTAINER_NAME= condorFit.sh

cp ../data/toy.root

VO_CMS_SW_DIR=/cvmfs/cms.cern.ch
/cmsset_default.sh

SINGULARITY_CACHEDIR=
; larit /af / / e Jatr s it Jet SCRAM_ARCH=s1c7_amd64_gcc820
singuiarlity run ars eos CVMTS etc/grid-security etc scramvl project CMSSW CMSSW_11_1_1
/pki/ca-trust : /evmfs /unnacked . cern.ch/registryv _hub.doc CMSSW_11_1_1/src

ker.com/cmssw/

* More materials for HTCondor

* CondorFitPackage/TrainingSlides.pdf
2024/1?23w AUl = root

solloo

. /makelib.sh

/dev/null



https://htcondor.readthedocs.io/en/latest/
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