PLR Code



SIRun4.cxx



iinstance().setGlobalKillBelow( D IWARNING)
Tstopwatch
timer.Start(});
rrandomGenerator()->5etSeed(0); //use clock, get different seed each run

Pretty self explanatory
Sets up a timer to time the process
kill warning messages

Make sure each run uses a different random
seed



RooWorkspace # = MakeWorkspacel);

* Creates the workspace using the
MakeWorkspace method from
“MakeWorkspace.h”

— Declares the RooRealVars r, S1, log10S2, phi, drift,
mWimp, and xsec and imports into workspace.

— Creates timeBin categories (whatever that means)
and defines exposure for each.

— Returns the workspace



ImportSignalModel SD(ws,thisWimpMass, usefnalyticIntegration, useFactorizedPDF, op, nucleon, useNuisParams);

e Uses “ImportSignalModel 5D” from
“ImportSignalModel.h” to import the signal
PDFs nrPop_z[z-slice] t[time bin]
(RooProdPDF) into the workspace.



double poimin;
double poimax;
//double events per zb;

double events_per_zb_par@;
double events per_zb parl;
RooArgList kLindCoeff;
if( usexsec ) {
ifstream LimitsPars ¥

int Linelter=0;
string Strin;
if(ILimitsPars){cout== i}
else{
double DoubleInMass,DoubleIn®,bDoublelInl,PoiMinIn, PoiMaxIn;
J/double DoubleInMass,PoiMinIn,PoiMaxIn;
while{!'LimitsPars.eofi()){

Linelter++;

LimitParameters_XSec.txt contents if(LineIter == 1){

mWIMP [GeV] (evts/zb)_par® (evts/zb)_parl poimin poimax gE‘tlinEI:Limi‘tSPar'SjS‘tr'InJ 1

5 -0.0169158 0.0229533 200 6000 }

7 -0.255225 0.413313 0.1 70

10 -©,892262 2,21958 0.1 10 else{ o o _

12 -9.91426 3.72013 0.16 S/LimitsPars=>DoublelnMass>=events per zb>=FoiMinIn==PoiMaxIn;
1y D eeT 2 s e LimitsPars >> DoubleInMass >> DoubleIn® >> DoubleInl >> PoiMinIn >> PoiMaxIn;
21 3.82891 7.61035 0.02 2 getllneEleltgPars,StrIn, ¥

33 10.8276 7.36004 0.02 1 if(fabs(thisWimpMass-DoubleInMass) < le-6){

50 14.8909 4.63995 0.03 1.2 poimin=PoiMinIn;

100 12.8643 1.12056 .05 2 S

200 7.69796 ©.181083 0.07 4 poimax=Po1MaxIn;

400 4,11083 0.00358812 0.1 6 events per zb par0=DoubleIn®;

1000 1.69626 -0.0162692 0.2 20 events_per_zb_parl=DoubleInl;

4000 0.429713 -0.00594765 0.5 90 break:

20000 0.0865611 -0.00163092 .7 600 AL

100600 0.0172476 -0.000251011 1.0 2100 I§

* Reads the line tor}responding to the current
WIMP-mass from the
“LimitParameters XSec.txt” text file and sets
the poi variables poimin, poimax, etc.
accordingly



ImportBkgModel (ws, JusefnalyticIntegration,useFactorizedPDF) ;
ImportwWallModel (ws);

ImportAccidentalModeliws);

Import8BModel (ws);]]

* Imports the various background PDFs into the
workspace. (I think, haven’t looked too much
into this chunk)



1f{useXSec == 1)4

colt==

cout=< <<polmin<s <=polmax=<endl;

J/RooRealVar roo_events_per_zb("events_per_zb", "events_per_zb", events_per_zb);
Jiws-=1mportiroo_events_per_zb);

Jiws-=factory("prod: :n5igixsec,events_per_zb}");

kLindCoeff.add (RooConstievents_per_zb _par@));

kLindCoeff.add (RooConstievents_per_zb_parl));

RooPolynomial EviPerZb kLind| , s -svar | J, kLindCoeff,0);
ws-=1mport(EvtPerZb_kLind);

ws->factory( )i

else{
cout==
ws-=Tactory( ¥
poimin = 0;
poimax = nPoints - 1;

1

* Creates a new RooRealVar “nSig”

— If useXSec is true, the poi variables from earlier
are used to calculate the value of nSig

— If false, nSig is just something between 0 and 100



Tstring str_simulModel( H
for (int tt=1; tt==NTIMEBIN; tt++) {

Tstring factory cmd = »Formati
Tttt tt);
ws->Tactory(factory cmd.Datal)); //signal coeff
factory cmd = ::Formatl
JTE, T, Tt

ws->factory(factory cmd.Datal(l); //Boron-8 coeff
factory cmd = :Formatl

Jtt, tt, tt);
ws->factory(factory_cmd.Data()); //accidental coeff
factory cmd = ::Formatl

JTt, L Tt
ws->factory(factory_cmd.Data(}); //Compt bottom coeff
factory cmd = :Formati
St tt, 1)

ws->factory(factory_cmd.Data()); //Compt rest coeff
factory cmd = crFormati Sttt Tt
ws->factory(factory_cmd.Datal(l); //Rn and Kr coeff
factory cmd = ::Formatl

Jtt, T, tt);
ws->Tactory(factory cmd.Datall); //wall coeff
factory cmd =
trFormat|
, tt,tt, tt, Tttt Tttt T, £t

tt, tt, tt, tt, Tttt
ws-=>factory(factory_cmd.Datal}); // sum signal and bkg model for this time bin

* Generating coefficients for each model and
combining them together to form a jumbo
PDF (I think) called “fullModel _timeBin[time
bin]”.



5tr_51mu1H6del += 15 ::Fnrmét[ i d Sttt
by

str_simulModel += ;
/4 Combing models of the Time bins.
ws->factory(str simulModel.Data());

* Together with the top line from the last slide
creates a new SIMUL (whatever that is) from
the four time bin models called “simulModel”

e This whole thing, though, would seem to be a
one-dimensional PDF that tells you how many
total events you should expect.



J/Make constrail
Jiws-=factory ("
if (useNuisPara

ws-=factory|

} else {
ws-=>factory|

?fHultiply whol
ws-=>factoryl

nt terms:
PROD: :constraints (comptonBottomConstraint, comptonRestConstraint, mKkrlonstraint)”);
ms) {

¥

e thing by constraint terms

e Create a new PDF “constraints” which is the

direct proc
constraint
to the wor

uct of all of the nuisance parameter
ndfs. (8 or 9 dimensional) Also add it
Kspace.

Create a new PDF “modelWithConstraints” that is

a direct product of the simulModel (tells you how

many total
PDF.

events to expect) and the constraints



ConfigureModel (ws,useNuisParams, useXsec);

* Creates a RooStats::ModelConfig object so
HypoTestinv demo knows what to do and
imports it into the workspace.

 Defines sets of variables into observables,
global observables, and nuisance parameters.

e Sets parameter of interest



float nBGTotal = ws-
+ WS-
+ W5 -
+ WS-
+ WS-
+ WS-

coute<endl;

cout=s=

cout=s=

cout==

cout==

cout==

cout==

cout=e=

cout=e=

cout<<endl;

=var|(
=var|
=var|
=var|
=var|
=var|

=< W5-
=< W5-
= WS-
= WS-
= WS-
= WS-

) -=getvall)
)-=getvali)

)->getval()
J-=getvali)

)-=getvali)

)-=getVali);

==endl;

=var|
=var|
=var|
=yar
=yari
=yari

V-=getvall) =<endl;
V-=getvall) =<<endl;
V-=getVal() =<endl;
V-=getval() <<endl;
V-=getval() =<<endl;
V-=getVall) <=<endl;

<< nBGTotal <<endl;

* Calculates the total number of background
events and prints the contributions.



ModelConfig * =(ModelConfig* Jws-=obj );

* Creates a ModelConfig object “bModel” from
the one imported earlier into the workspace.



f/ Read in WIMP search data

RooDataSet* searchData;
istring data string (dataFile);
unsigned extention = data_string.find last of(".");

unsigned data_is_root file = data_string.substr(extention+l) ==
if(dataFile && data_is root file) {
// 1t the input file is wvalid, read in the search data

TFile* f in = ::0penidataFile);
TTree *tree = (TTree*)f_in-=>Get( )i
f{TTree *tree = (TTree*)f_in-»Get("tl"
searchData = new RooDataset| Hyg - sget | ), Importi{*tree));
coutes SEarchData numEntrleSIJ
f in-=Close();
¥
else { // if not, generate one from the background model, and store
cout==<
coute< <<endl;
searchData = bModel-=GetPdf()-= generate[ ws-=set( ), nBGTotal);
searchData- >Sethame| Vs
I3

 Creates a RooDataSet “searchData” from data
in a provided root file.

If the provided file doesn’t have the .root

extension a data set is generated from the
background model. (Though | know from

testing that this doesn’t work correctly)



ws-=1lmporti*searchDatal;

e ...Imports the data set that was just created
into the workspace.



iflusexsec == 1){

Ws->var( J-=setVal((poimin+poimax)/2.0};
} else {

W5 -=var( ) -=setval(l.a);
}

e Sets the poi to a value (look for yourself to see
what)



if( runHypoTest }{

Jiws-=Printi);

//5tandardHypoTestInvDemno (ws, thisWimpMass, filenum, "ws", "model", "bModel",
i/ "obsData",0,2,0,10,1,10,ntrials,0]};

coute=< <<endl;

cout=s< <cthisWimpMass<=endl;

cout=< =<polmin<= <<poimax=<endl;

cout=< <=nPoints<=endl;

StandardHypoTestInvDemo (ws, thisWimpMass, filenum,
//"obsData",0,2,0,10,2,15,ntrials,0);
,0,2,0,nPoints, poimin, poimax,ntrials,@);

¥

* Runs the HypoTestinvDemo (the actual PLR)

* To me this is a big black box.

* Note there is no difference between “model”
and “bModel” except that the poi in model
has been set to 0.



cout =< << endl;
cout =< << timer.RealTime() =< << endl;
cout =< << endl;

* Tells you how long it took



ImportSignalModel 5D



WS->var| ) -=setVal(thisWimpMass);
Ws-=var| )-=setConstant| ),

e Sets value of the wimp mass mWimp defined
in “makeWorkspace”

* Makes the wimp mass constant



{/ Load NEST
gROOT->ProcessLine| )i
gROOT-=ProcessLine( I

 Compiles NEST.cxx and makes the functions
available to this file.



// Load Roo5ignalPDF
if (luseFactorizedPrff) {

gROOT->ProcessLinel Vs
} //only use factorized PDF

* Makes RooSignhalPDF.cxx functions available to
current file



// Define nulsance parameters and constraints
RooRealVar G2Varl , ,1.0,0.88,1.12);
RooRealVar G2Varo( ) ,1.8);
ws-=import(G2Var);

ws-=1mport(G2Vare);

RooRealVar kLindvar( . ,1.8,0,9,1.1);
RooRealVar kLindvaro| . ,1.0);
ws-=import(kLindVar);

ws-=1mport(kLindVaro);

RooRealVar NoMuisParam( , ,13;
ws-=1mport(NoNuisParam);

WS -=var|( )-=setConstant(1);

// Always wvary kLind, "useNuisParams" only refers to g2

 Creates several RooRealVars

e Sets the RooRealVar “noNuisParam” to 1 and
makes it constant (presumably to be used in
turning on and off G2Var)



1T (useNuisParams) {
ws->factory( I
Jfws-=factory("Gaussian: :kLindVarConstraint(kLindVar, kLindVarD,0.035)");

} else {
Ws->var| )-=setConstant(1);
Jhws-=var("kLindVar" ) ->setConstant(1);
i

ws->factory( )i

e Constructs a gaussian pdf called
“G2VarConstraint” if using nuisance
parameters, otherwise setting the RooRealVar
“G2Var” constant.

e Always constructs a gaussian pdf called
“kLindVarConstraint”



// Build the signal model PDF for each time bin
int NTimeBins = NTIMERIN;
for (int tt=1; tte=NTimeBins; tt++) {
if (luseFactorizedPDF) { //never use factorized pdf
// In this mode, simplyflimport the full 5D PDF (don't try to use analytic in

S tegration... not correctly implemented)
int inucleon; // factory command doesn't like chars, map to ints
iflnucleon=="p" }{inucleon=0;}
ifi{nucleon=="n"}{inucleon=1;}
ws->factory(T5tring:: Format(

- ,tt, tt,op, inucleon, (intlusednalyticIntegration));

I
s

* Loop through each time bin and create a pdf
of type “SignalPDF” called “nrPop[time bin]”
for each and add them to the workspace.



RooSignalPDF.cxx

* RooSignalPDF::RooSignalPDF



ClassImp(Roo5ignalPDF)

e Not sure what this is...



RooSignalFODF: rRooSignalPDF(const char *name,

int op,
Ji¢ char nucleon,
int inucleon,

1.0,1.1,1.15,1.2,1.35,
1.3,1.4,1.5,1.6, 1.8,
2.0,2.2,2.4,2.6,2.8,
3.0,3.5,4.0,4.5,5,
6,7,8,9,10,

11,12, 13,14, 15,

16,17, 18,19, 20,
22,24,26,28,30,
32,34,36,38, 40,

42,44 46,48 ,50,55};

*¥title,

RooAbsReal& _mWimp,
RoofbsReal& S1,
RooAbsReal& logl@sz,
RooAbsReal& r,
RooAbsReal& phi,
RooAbsReal& drift,
RooAbsReal& G2Var,
RooAbsReal& kLindVar,

const char

int timeBin,

bool usefnalyticIntegration

1o

RooAbsPdf iname, title),

mwWimp [ . ythis, mWimp),

S1i , ,this, 51},

logles2 | , ,this, logles2),

r . ,this, rl,

phi , ,this, phi),

drifti . ,this, drift),

G2Var| ) ,this, G2var),

kLindVar( ,this, kLindVar),

UEEAnalytchntegratlunE UEEAnalytchntegratlunJ

{
float ws_xbins [NRECOILE+1]={0,0.2,0.4,0.6,0.8,
|

Constructor. Just initializing
member variables. Rest
following




cout =< << timeBin =< endl;

cout=e= =<endl;
char nucleon='p"; //the roofit factory command doesn't like characters apparently, map them to ints
ifl{inucleon==0){nucleon="p";}

if{inucleon==1){nucleon="n";}

* Just check which nucleon we’re using and set
it accordingly.



// Don't create PDFs on the fly (requires running 1ibNEST in adwvance)
getHistsFromFile =

e Set flag to indicate that we’ve already
calculated the signal model histograms



thisTimeBin = timeBin;

// Initialize "previous" values of nuisance parameter multipliers
PrevG2Var = double(G2Var);

PrevkLindVar = double(kLindVar);

e Set variables that will be iterated to remember
previous values.



/4 Declare histograms (named with timeBin index to avoid memory leaks)
Tstring histname = c:Formati ,thisTimeBin) ;
WimpSpectrumHist= new TH1D(histname.Data(),histname.Data(),NRECOILE,ws_ xbins);

* Create a new histogram object to store the
wimp recoil spectrum.



/f Fil1l TH3F for spatial PDF

histname = ciFormati ,thisTimeBin];
RvsPhivsDtHist = FillRvsPhivsDtHistithisTimeBin);
RvsPhivsDtHist-=SetName(histname.Datal());

* Creates a histogram to store the spatial
portion of the PDF for the signal model



/f F111 51 ws. loglOs2 hisograms (conditional on fields)

/¢ Get our model bin def, X = r, ¥ = phi, Z = drift:

/¢ Though this was coded for general voxelization, our current Plan B+ has model bins that only vary with drift time
h_binDef = modelBinDef(thisTimeBin];

const int nModelBinsd = h_binDef-=GetNbinsX();
const int nModelBinsY = h_binDef->GetNbinsY();
const int nModelBinsZ = h_binDef-=GetNbinsZ();
// Loop over model bins. For each model bin, create new THZF* and fill it with 1ibNEST
int linearCounter = 0;
for (int ix = 8; ix = nModelBinsX; ix++) {
for {int iy = ©; iy < nModelBinsY; iy++) {
for {int iz = @; iz < nModelBinsZ; iz++) {
histname = TString::Format| ,thisTimeRin,ix+1,iy+1,iz+1,double(G2y @
S :':'.l
TH2D* h = new TH2D(histname.Data(),histname.Data(),NLOGS2BIN,LOG1052MIN,LOG1OS2MAX, NS1BIN, S IMIN, S1MAX);

J/ Fill this TH2F

if (getHistsFromFile) { // always get hists from file now
FI1lEFTSigHistFromFilelh, double(mWimp), thisTimeBin, op, nucleon,ix+1,1iy+1,1z+1};
h-=SetName(histname.Data()); h-=5etTitle(histname.Datal));

s

* Loop through each “model bin” (only voxelized in
z in reality) (continues in what follows)

* Create a 2d histogram for each bin to store the sl
vs s2 information from the signal model.

* Use “FillEFTSigHistFromFile” to fill each histogram



/¢ Append this to our list of models

51logleS2Hist array.push _backih);

A4 Now grab appropriate spatial hist

/¢ (Note: These are not currently used)

histname = crFormati ,ThisTimeBin,ix+1,1y+1,1z+1};
TH3F* hZ = FillRvsPhivsDtHist(ix+1, 1y+l, 1z+l, thisTimeBin];

h3-=5etName(histname.Datal));

h3-=5cale(l. /RvsPhivsDtHist-=Integral());

RvsPhivsDtHist array.push_backih3};

e Add the histogram to an array of histograms.
(one for each bin)

* Also add the corresponding spatial histogram



ImportSigHists.h

* FillEFTSigHistFromFile



double =1.08;
double =1.06;
h-=Reset();

e Set a couple of constants

* Clear the histogram of contents if it for some
reason already has some.



flopen Tlle

TString = T5tring::Format( @
S ,mMWimp, timeBin, op,nucleon);

TFile f(T5tring::Format(fileName.Datal), 1y

if (1f.IsOpen()) {cout == ]
-] << fileName.Datal) << endl; return;}

* Open the correct file

e Spit out an error message if the file couldn’t
be opened.



//grab correct hist:

TString = Tstring::Format( -}
-] ,timeBin, rEin, phiBin, dtBin, G2Var, kLindVar);

TH2ZD * = (THz2D*)f.Get( histname.Datal) );

tmp-=SetDirectory(0); // "detach" from file

f.Closel);

* Grab the correct histogram from the file in
which it was stored

— Create a new histogram
— Fill it with the “get” function
— Close the file



// Loop owver bin contents (not sure how else to do this)
for (int wx=l; xx <= tmp-=GetNbinsX(); xx++) {
for (int yy=1; yy <= tmp-=Gethbinsy¥(); yy++) {
h-=5etBinContent (xx,yy, tmp-=GetBinContent (xx,yy)};
I
I3

* Grab the data from the temporary histogram
and transfer it into the one passed to the
function.



ImportBkgModel.h

* ImportBkgModel



J/First make the PDFs using our bkg PDF class
if (luseFactorizedPDF) { // usual case
cout=< .
gROOT->ProcessLine( K |
I3

* Compile RooBkgPDF and allow us to use its
functions in this file



const int

 ‘nuff said



'_FStrinc_l type; /fonly used for labels here

* (V)



T5tring i /fonly used for labels here
cout== R
for (int tt=1; tt==NTIMEBIN; tt++) {
for (int =1; typelnt==numBkgs; typelnt++) {

/i/set labels

if(typelnt == 1) type =

else ifitypeInt == 2} type =

glse ifitypeInt == 3) type =

else if(typelnt == 4) type = i

* |nitiate loop through time bins and
background types

* Note numBkgs was set to 3 so Ar37 is not
currently used.



ofstream ;
leakagefile.open]l TString::Format( ,type.Datal), tt) );

* Opens a file to write information into based
on bkg type and time bin



ffcreate PDF
if [(luseFactorizedPDF) {//deleted other case for clarity, find in backup
w->factory(TString: : Format| @
€', type.Data(), tt, tt, typelnt));
}

leakagefile.closel();

1 /7 loop over bkg pop types
Y // loop over time bins
cout=s

* Creates a PDF of type “RooBkgPDF” hamed
[bkg type]Pop[time bin] and adds it to the
workspace. (Utilizes RooBkgPDF constructor)

* Closes the file opened earlier to log things.



//MNow create the scaling factors for each bkg type

//Each bkg term in the likelihood looks like:

ff r_bkg,timebin * N_bkg, timebin * PDF_bkg, timebin

{f where:

// r_bkg,timebin = N_bkg,timebin / sumOverTimeBins( N_bkg, timebin J;
ff

//Mote: the expected number of events stored in the bgws file

! are normalized to the full run 4 exposure, so we actually
/Y multiply by the livetime fraction of each time bin here

/f to get the correct expectation.



//0pen file to get expect number of bkgs -----------
TFile * = TFile::Open(bgModelFilename);
RooWorkspace * = (RooWorkspace*)bgModelFile-=Get( )i

* Opens the file with the background model.
This file just contains a rooWorkspace.

* Grabs a new workspace “bgws” from the file
just for backgrounds.



Jinew 3P0, dwall =3 cm

Double t ScaleComptonBottom = 1.8;

Double t ScaleComptonRest = (321.0/314.2)%(314.2/286.9)*(196.5/185.6)*(76.8/48.2);
Double t ScaleRnkr = (268.0/274.1)%(274,1/350.3)% (294 .3/679.8)*(388.5/283. );

e Hard-code scale factor variables.



Jfexpectations for each time bin:
Double t simNComptonBottom[NTIMEBINI;
Double t simNComptonRest[NTIMEBIN];
Double t simNRnKr[NTIMEBIN];
J/sums over time bins:

Double t simNComptonBottomTotal
Double_t simNComptonRestTotal =
Double_t simNRnkrTotal = 0.,
Jfscale factors

Double t comptonBottomScale[NTIMEBIN];
Double t comptonRestScale[NTIMEBIN];
Double t rnkrocale[NTIMEBINT;

:El.j
0.;

* Creates a number of arrays (and some
doubles, just for the totals).

— Expectations
— Scale factors

— (whatever this means)



//Get 1nfo from file
for{int tt=0;tt<NTIMEBIN; tt++){
simNComptonBottom[tt] = bgws-=var( TString::Format( T+l
&) )-=getVal()*livetime fraction[tt]*ScaleComptonBottom;
simNComptonBottomTotal += simNComptonBottom[tt];

simNComptonRest[tt] = bgws-=var( TString::Format| LEt+1) -
S=getval()*livetime fraction[tt]*ScaleComptonRest;
simNComptonRestTotal += simNComptonRest[tt];

simNRnKr[tt] = bgws-svar( TString::Format| ytt+l) ) -=getval()*livew
S time fraction[tt]*ScaleRnkr;
simNRNKrTotal += simNRnKr[tt];
Iy

Populate the simN arrays with data from the
nackground model.

Determine the totals from these arrays.



1T (DEBUG) coute< =<andl;
//Now create the scaling factors for each bkg type in each time bin:
for{int tt=0; tt<NTIMEBIN; tt++){

ofstream i

rnkr_scalefile.open{ T5tring::Format( Jtt+l) )
ofstrean ;

cb_scalefile.openi Tstring::Format( S EE+L) )
ofstream ;

cr_scalefile.open( TString:: Formati JtE+1) )

comptonBottomScale[tt] = simNComptonBottom[tt]/simNComptonBottomTotal;
comptonRestScale[tt] = simNComptonRest[tt]/simNComptonRestTotal;
rnkrscale[tt] = simNRnKr[ttl/simNRnKrTotal;

* Open files to keep track of the scale factors.

e Determine the scale factors for each
background based on the simN numbers for
each time bin and the totals.



Tstring rcv_name_ch = T5tring::Format( ,Tt+1);

Tstring rcv title cb = TString::Format| JTt+1);
RooConstVar scale ch{rcv_name_cb.Datal), rev_title ch.Datal(), comptonBottomScale[tt]);
w-=import(scale cb);

Tstring rcv_name cr = Tstring::Format( CTt+1);

Tstring rcv title cr = TString:: Formatl( LT+l
RooConstVar scale crircv_name_cr.Data(),rcv_title cr.Data(), comptonRestScaleltt]);
w-=1mport(scale_cr);

Tstring rcv name rnkr = Tstring::Formatl cTt+l);
TString rcv title rnkr = T5tring::Format( , Et+1);
RooConstVar scale rnkr(rev_name_rnkr.Data(), rev_title_rnkr.Data(), rmkrScaleltt]);

w->import(scale_rnkr);

* Create RooConstVars for each of the
background scale factors and import them
into the workspace.



rnkr_scalefile<< rnKrScale[tt] =<endl;
ch scalefile<< comptonBottomScale[tt] <<endl;
cr_scalefile<< comptonRestScale[tt] =<endl;

rnkr_scalefile.close();
ch_scalefile.close();
cr_scalefile.close();

* Write the scale factors to the previously
opened files and close them.



1f (DEBUG){

coutes wott+les <<endl;

cout=< << livetime fraction[tt] =<endl;

cout<= <<tt+lae << simNComptonBottom[tt] <<end@
coutes <ett+les =< comptonBottomScale[tt] ==endl;
coute< wott+las << simNComptonRest[tt] =<endl;
cout=s woti+las << comptonRestScale[tt] <<endl;

cout=s <<tt+les << simNRnKr[tt] <<endl;

coutes <ott+les << rnKr5cale[tt] <<endl;

cout==endl;

* Print debug information if DEBUG flag is on



Double T nBGTotal = simNComptonBottomTotal + simNComptonRestTotal + simNRnKrTotal;

cout<< <<endl:

cout<< << simNComptonBottomTotal <<endl;
cout=< << simNComptonRestTotal <<endl;
cout=<< << simNRnKrTotal <<endl;

cout=<< <<nBGTotal<<endl;

cout<<endl;

* Record the total number of background
events

* Print out the background numbers to console



//create variables for the nuisance parameter BG rates and their estimated values
RooRealVar nComptonBottom| . , simNComptonBottomsa

sTotal, 0, 4000);

s,

w->import(nComptonBottom);
RooRealVar nComptonBottomo ( . @
, simNComptonBottomTotal);

w->import(nComptonBottomd);

RooRealVar nComptonRest ( . , simNComptonRestTotal, 0=

4000) ;

w-=>import(nComptonRest);

RooRealVar nComptonRest@ ( , o
, simNComptonRestTotal);

w-=import(nComptonRest@);

//we don't want separate variables for Rn, Kr rates since their PDFs are ~the same

RooRealVar nRnKr{ . , SimNRnKrTotal, @, 4000*ScaleRnKr):

w-=import(nRnKr);

RooRealVar nRnKro( , , SimNRnKrTo®

stal):

w-=import (nRnKr@);

* Create RooRealVars for each background number
of events.

e Create a RooRealVar that will remain constant for
the mean of each constraing (ones ending in 0)



//create and set values of variables for the uncertsinties on BG rates

RooRealVar sigmaNComptonBottom( . )
s,0.2%simNComptonBottomTotal);

w->import(sigmaNComptonBottom);

RooRealVar sigmaNComptonRest( . ,B0.15%2
ssimNComptonRestTotal);

w->import(sigmaNComptonRest) ;

RooRealVar sigmaNRnKr( . ,0.3*simNRnKrTotal);

w-=import(sigmaNRnKr) ;

* Create RooRealVars for the spread of the
gaussian constraints



//create constraint Likelihoods tor the nuisance parameter rates
w->Tactory(
g);
w->Tactory(
w->Tactory( );

* Creates PDFs (gaussian pdfs, names
comptonBottomConstraint etc) to put a
constraint on these backgrounds.



bgModelFile->Close();
cout<< <<endl;

* Close the file containing background
information.



ImportWallModel



//fcout=<="Importing Wall Modelwn";

// Define nuisance parameters and constraints

// For now, these are place-holders for this toy model.
RooRealVar nwall( ] ,13.63,0.,10808.08)
RooRealVar nwallef ' ,13.63);

RooRealVar gmalwall{ . ,5.45);

//RooRealVar nWallSigma("nWalle","nWalle",);
ws-=>import(nWall);

ws-=>import{nwalle);

ws-=import{sigmaNwall);

* Creates rooRealVars for the number of wall
events, mean, and deviation of the gaussian
constraing pdf.

 Then add these variables to the workspace.



ws->Ffactory( )i

* Creates a gaussian pdf called “WallConstraint”
using the aforementioned variables.



int = NTIMEEIN;

gROOT-=ProcessLine| 1
ws-=importClassCode( ,kTRUE) ;
for {int =1; tt==NTimeBins; tt++) {
char [188]:
cout==cbhbuffer=<endl;
sprintf({cbuffer, Jtt, 1t

ws->factory(cbuffer);

Makes the functions in RooWallPdf accessable
to this file

Makes a PDF of type “WallPdf” called
“wallPop[time bin]” for each time bin using
the constructor found for the class RooWallPdf
and adds it to the workspace.




RooWallPdf.cxx

* constructor



RooWallPdf: :RooWallPdf (const char *name, const char *title,
RooAbsReal& 51,
RooAbsReal& logl052,
RooAbsReal& drift,
RooAbsReal& phi,
RooAbsReal& r,
int timeBin }):
RooAbsPdf (name, title),
S1{ , ,this, S1),

1og10S2 , ,this, logl0S2),
drift( * ,this, drift),
phi ( , ,this, phi),

e, r",this, r)

e |nitialize roofit variables to fed-in values



thisTimeBin=timeBin;

char wallInput[100];

sprintf(wallInput, ,thisTimeBin); //For re
sunning in SIRund Directory

[/sprintf(wallInput, "TB%d wallws 4xl.root",thisTimeBin); //For testing ie
«n WallModel Directory.

TFile Tin(wallInput, )i

RooWorkspace* wws = (RooWorkspace*)fin.Get( );

DataHist = (RooDataHist*)wws->datal );

DataHist-=Print();

* Open the appropriate wall model file.
* Retrieve the workspace from the file

* Retrieve a histogram with the background
model from the workspace.



ImportAccidentalModel



//Accidentals model uses (S1,logl0S2) hist from Tomasz and
//the RnKr spatial hist from each time bin

coutes<

//First get the (S1, logleS2) hist

TFile *bgModelFile = TFile: :0pen( 2
< )i

THZF *tmp = (THZ2F*)bgModelFile->Get( );

tmp->SetDirectory(@);
baModelFile->Close():

* Opens the file containing the accidental S1 vs
S2 model.

* Gets a 2D histogram with the model from the
file (called “tmp”)



RooDataHist ( . W-=argSet( ) ,Roe
soFit::Import(*tmp));

RooHistPdf ( , , W-=argSet( 2
< ), rdh);

w-=>import(rhp);

* Creates a PDF out of the previously loaded
root histogram and adds it to the workspace.

— Does this by creating a data hist out of the
histogram, then a rooHistPdf out of that dataHist.



//Next construct the full pdf by multiplying by the RnKr spatial hists
TString type = ;
for (int tt=1; tt<=NTIMEBIN; tt++) {

TString histname = TString: :Format( LIt
TH3F* RvsPhivsDtHist = Fil1RvsPhivsDtHist(tt,type);
RvsPhivsDtHist-=SetName(histname.Data());

* Creates a 3D histogram (intended for use as
the spatial pdf) for each time bin.

* Fills these histograms using the
“FillRvsPhivsDtHist” method.

— Uses the same spatial distribution as RnKr which it
feeds to this method as an argument.



RooDataHist spaceHist( . JW-=argSet( ) ,RooFe
«it::Import(*RvsPhivsDtHist, kKFALSE));

TString rhp name = TString::Format( LIt):

RooHistPdf spacePdf(rhp name.Data(), rhp name.Data(), w->argSet( 2
«7"), spaceHist);

w-=import(spacePdf);

* Creates a roofit pdf (of type HistPdf) out of
this 3d histogram.

* |Imports this pdf to the workspace.



// Take product of response and spatial PDFs
w->Tactory( TS5tring::Format( 2
S It tt) )

* Creates a full 5D pdf (called
AccidentalPop[time bin]) by taking the direct
product of the accidentals pdf and the spatial
pdf just created.



//Next setup the variables for constraint term:
Double t nExpectedAccidental = 0.0037788 * EXPOSURE; //this is Tomasz's estima®
ste for SZ2raw > 200 phd.

* Hard coded estimate of the number of
expected accidental background events.



//create variables for the nuisance parameter BG rates and their estimated valse
sues

RooRealVar nAccidental( . , NExpectedAz
sccidental, 0, 100);

w->import(nAccidental);

RooRealVar nAccidental®( @
g , nExpectedAcc1dental},

w->import(nAccidental®);

//create and set values of variables for the uncertsinties on BG rates
RooRealVar sigmaNAccidental( »

g ,0. 3*nExpectedAcc1denta1}* //30% Trom Tﬂmasz
w-:impert{51gmaNAcc1denta1},

* Create roofit variables for the number of
accidental events, the mean, and the
deviation of the gaussian constraint and add
them to the workspace



//create constraint Llikelihoods tor the nuisance parameter rates

w->Tactory( 2
< )i

cout<< <<endl;

* Create a gaussian pdf (called
“accidentalConstraint”) based on the
estimates of the number of accidental events
and the constraints and add it to the
workspace.



Import8BModel



" TString type = ,
for (int tt=1; tt<=NTIMEBIN; tt++) {

//First get the (S1, logleS2) hist

TFile *bgModelFile = TFile::0pen(TString: :Format( 2
L] rtt}}:
THZF *tmp = (TH2F*)bgModelFile->Get( ) ;

tmp->SetName (TString: :Format( LIt)),
tmp->SetDirectory(0);
bgModelFile-=Close();

* For each time bin, opens the appropriate root
file with the background model.

* Gets the 2D histogram with the B8 S1 vs S2
model from the file (names it tmp)



Tétrirg Response rhp name = TString::Format ( L 1t);

RooDataHist rdh( , W-=argSet( ) ,RooFit: :Import(*te
smp));

RooHistPdf rhp(Response rhp name.Data(), Response rhp name.Data(), w-=argSea
st ), rdh);

w->import(rhp);

* Create a roofit pdf out of this histogram and
add it to the workspace (called rhp)



// Now, grab RnKr spatial PDF for uniform distribution in real space (mappea
sd to 52 space)

TString histname = TString::Format ( LIt);

TH3F* RvsPhivsDtHist = FillRvsPhivsDtHist(tt,type);

RvsPhivsDtHist->5etName(histname.Data());

* Creates a 3D histogram (intended for use as
the spatial pdf) for each time bin.

* Fills these histograms using the
“FillRvsPhivsDtHist” method.

— Uses the same spatial distribution as RnKr which it
feeds to this method as an argument.



RooDataHist spaceHist( . ,w-=argSet( ) ,RooFe
¢it::Import(*RvsPhivsDtHist, kFALSE));

TString Space rhp name = TS5tring::Format( yIt);

RooHistPdf spacePdf(Space rhp name.Data(), Space rhp name.Data(), w-=argSete
| ), spaceHist);

w-=import(spacePdf);

* Creates a roofit pdf (of type HistPdf) out of
this 3d histogram.

* |Imports this pdf to the workspace.



// Take prmduzt of response and spatial PDFs
w->factory( T5tring::Format( ,tt,Response rhp name.Data
€al(),Space rhp name.Data()) );

* Creates a 5D pdf (called B8Pop) by taking the
direct product of the two histograms just
created.



//Next setup the variables for constraint term:
Double t nExpected8E = .16; // From Jeremy, 06302016

e Hard coded estimate of the number of
expected 8B background events.



//create variables for the nuisance parameter BG rates and their estimated valsa
sues

RooRealVar n8E( . , NExpected8B, 0, 5);

w-=import(n8B);

RooRealVar n8EO( . , N
sExpected8B);

w-=import(n8BO) ;

//create and set values of variables for the uncertainties on BG rates

RooRealVar sigmaN8B( L0.2*nExpectes
«d8B); //Jeremy: systematic=10%; Curt kLind systematic ~15%.

w-=import(sigmaN8B) ;

* Create roofit variables for the number of
background vents, and the mean expected
number and deviation for a gaussian
constraint.

Import these variables into the workspace.



//create constraint likelihoods for the nuisance parameter rates
w->Tactory|( )i

cout<< <<endl:

* Create a pdf (called B8Constraint) that is
meant to constrain the number of these
background events.



ConfigureModel



ws-=defineSet|
Sles..not sure if timeCat should be here - sjh
if {useNuisParams) {

] ws-=>defineSet|

- )

//nuisance parameters in the model:
ws->defineSet|

f/fdefine sets of wvariables (what are model params, observation etc.)
1: // event observabe

//"global observables', in our case the aux. estimates of BG rates:

ws->defineSet| ' ); J//parameter of interest in the model

S );
} else {
ws->defineSet|
S )
ws-=>defineSet|
S Vi
1
iflusexsec){
1
elsef
ws->defineSet| . 1;
Gel
1

//parameter of interest in the mod@

* Define sets of variables (not sure what this

means, just copying comment ©)

— Event observables (things events consist of)
— Global observables (expected numbers for each

nuisance parameter)

— Nuisance parameters (the parameters themselves)

— Parameters of Interest



//Tell RooS5tats what the data and hypotheses are so it can do stats

ModelConfig* model = new ModelConfigl , Ws);
model-=SetPdf(*ws-=>pdf( 1);
model-=5etDbservables(*ws-=>set| 1)
model-=5etParametersOfInterest(*ws-=set| 1)
model-=5etNuisanceParameters|*ws-=set| 1);
model-=5etGlobalObservables(*ws->set| 1);

ws-=>import(*model];

* Create a ModelConfig object that knows about
each of the things we just defined.

* |t apparently has functions called “setX” which
is how it knows what is what and what it can
do with what.



RooRealVar® = (RooRealvVar®) model-=GetParametersOfInterest()-=first();
ModelConfig* = (ModelConfig*) model-=Clone| )i

bModel -=5etName | 1;

poi-»setvalino);

bModel->SetSnapshot{ *poi );

ws->import(*bModel);

 No idea about the first line. Apparently
returns a pointer to the parameter of interest
(the first parameter of interest? Can it take
multiple? How many if that is what first refers
to? Presumably not arbitrarily many if there is
a separate function to access each).

* Creates a model called “bModel.” Sets poi to
0 and adds it to the workspace.

* Not sure what SetSnapshot is all about.



StandardHypoTestinv.C

e StandardHypoTestinvDemo



cout==

HypoTestInvTool calc;

J/ set parameters

calc.
calc.

calc
calc

calc

calc

calc

calc

calc

SetParameter|
SetParameter|

.SetParameter|
.SetParameter|
calc.
calc.

SetParameter|
SetParameter|

.5etParameter|
calc.
calc.

SetParameter|
SetParameter|

.SetParameter|
calc.
calc.
calc.

SetParameter|
SetParameter|
SetParameter|

.5etParameter|
calc.
calc.

SetParameter|
SetParameter|

.SetParameter|
calc.
calc.
calc.

SetParameter|
SetParameter|
SetParameter|

.SetParameter|

, plotHypoTestResult);
, WriteResult);
, optimize);
, useVectorStore);
. generateBinned);
, nToysRatio);
, maxPO0I);
, usePROOF);
. enableDetailedOutput);
, nworkers);
, rebuild);
, reuseAltToys);
. NToyToRebuild);
, rebuildParamValues]);
, massValue.c str());
, minimizerType.c str()):
. printLevel);
,initialFit);
,resultFileName) ;
, randomSeed) ;
,MAsimovBins) ;

 Creates an instance “calc” of the
HypoTestinvTool class.

* Sets relevant parameters of the object.



HypoTestInverterResult * = 0B;
r = calc.BunInverter(w, modelSEName, modelBName,
dataName, calcule
SatorType, testS5tatType, usells,
npoints, poimin, @
S poimax,
ntoys, useNumber@

SCounting, nuisPriorName );

* Run the HypoTestinverter and stick the result
in @ HypoTestlnverterResult called “r”



it ('r) {.I

cerr =<
& <= :rendl; return;

e Spits out an error message if running the
hypoTestinverter (or saving the result) didn’t
work.



cout== H
calc.AnalyzeResult({ r, calculatorType, test5tatType, usells, npoints,
::Format( . thiswimpMass , filenum)i
§);

* Analyze the reults using the “AnalyzeResult”
function from the HypoTestinverterTool.



StandardHypoTestinv.C

* HypoTestinvTool - constructor



RooStats:iHypoTestInvTool: :HypoTestInvTool() : mPlotHypoTestResult(true),
mWriteResult(false),
mOptimize(true),
mUseVectorstore(true),
mGenerateBinned(false),
mUseProof(false),
mEnableDetOutput(false),
mRebuild(false),
mReuseAltToys{false),
miWorkers(4),
mNToyToRebuild(108),
mRebuildParamvValues (@),
mPrintLevel (@),
mInitialFit(-1),
mRandomSeed (-1},
mNToysRatio(2),
mMaxPoi(-1),
mAsimovBins (@),
mMassValue(" "},
mMinimizerType(""),
mResultFileName() {

e Just initialize a bunch of variables.



StandardHypoTestinv.C

 HypoTestinvTool::SetParameter

Just looks for the parameter given as a string
and changes it to the value passed.



StandardHypoTestinv.C

 HypoTestinvTool::Runlnverter



RooAbsData * = w->datal(dataName);
if ('data) {
Errori , ,dataName) ;
return 0;
h
else
rrcout =< << dataName << :rendl;

* Loads the data to be used from the workspace

e Spits out an error if it can’t find it, otherwise,
tells you the name of the data set it’s using



if (mUseVectorStore) {

data-=convertToVectorStore()

* (V)



// get the modelConfig out of the file
ModelConfig* bModel = (ModelConfig*) w-=obj(modelBName);
ModelConfig* sbModel = (ModelConfig*) w-=obj (modelSBName) ;

if (!'sbModel) {
Error| . ,modelSBName) ;
return 8;
}
/f check the model
if (!'sbModel-=GetPdf()) {
Error( . ,modelSBName) ;
return 8;
L
if {!sbModel-=GetParametersOfInterest()) {
Error( . ,modelS5BName) ;
return O;
}
if {!'sbModel->GetObservables()) {
Error( ] lmndelSBNamei

return 8;
hy

* Loads in the background model (bModel) and the
signal + background model (sbModel) from the
workspace

* Checks to make sure that the signal + bkg model
has all the components it’s supposed to have



if (!sbModel-=GetSnapshot() ) {
Infol \ o
§ ,modelSEName] ;
sbModel-=SetSnapshot( #*sbModel -=GetParameters0fInterest() };
h

* Generates a snapshot if the s+b model doesn’t
already have one.

— | have no idea what this actually means, however.



// case of no systematics
J/ remowve nuisance parameters from model
if (noSystematics) {

const RooArgSet * 15Par = sbModel-=GetNulsanceParameters();
if (nuisPar && nuisPar-=getSize() = 08) {
td::cout =< << @
- << std::endl;
FooStats::SetAllConstant (*nuisPar);
}
if (bModel) {
const RooArgSet # bnuisPar = bModel-=GetNuisanceParameters(];
it (bnuisPar)
FooStats::setAllConstant(*bnuisPar);
1

b

Sets all nuisance parameters to constant if the
“noSystematics” flag is set true.



if ('bModel || bModel == sbModel) {

Infol . ,mo @
sdelBName) ;

Infol , -
S ,modelSEName) :

bModel = (ModelConfig*) sbModel-=Clonel(];

bModel->SetName (TString (modelSBName)+TStringl 1);

RooRealVar * = dynamic cast<RooRealVar*=(bModel->GetParameters0fInterei
€st()-=first());

if (!'wvar) return 0;

double = var-=getvall();

var-=setval(o):

bModel-=5etSnapshot( RooArgSet(*wvar) J;

var-=setWalloldval);

}

* |f there is no background model (or the same model
was provided as both signal and background), generate
one by cloning the s+b model and setting poi to 0.

* Set snapshot of the background model (whatever that
means) with poi set to O, then reset to old value (not
sure why this is done (maybe because it’s a pointer and
so leaving it 0 would damage the s+b model)).

* |f the s+b model had poi set to O, just quit.



glse {
if (!bModel-=GetSnapshot() ) {
Infol . -
< ,modelBName) ;

RooRealVar * var = dynamic cast<=RooRealVar*=(bModel-=GetParametersOfInta
Serest()-=first());
if (war) {
double oldval = var->getval();

var-=setval(e);
bModel-=5etSnapshot( RooArgSet(*var) J;
var-=setVal({oldval);

}
else {
Error( . ,modelBNa®
ame);
return 8;
}
h
¥

If background model doesn’t have a shapshot
already, generate one by taking one of the s+b
model with poi set to 0.



// check model has global observables when there are nuisance pdf
// for the hybrid case the globobs are not needed
if (type '= 1) {

bool hasN Param = (sbModel-=GetNuisanceParameters() &% sbModel-=GetNulsae
SnceParameters()-=getSize() = 8);
bool hasGlobzlobs = (sbModel-=GetGlobalObservables() &&% sbModel-=GetGlobale

S§0bservables()-=getSize() = 0);
if (hasNuisParam &% 'hasGlobalobs ) {
// try to see if model has nuisance parameters first

RooAbsPdf * c trPdf = Roo! ::MakeNuisancePdf (*sbModel, 2
S )i
if {constrPdf) {
Warning
=]
- . sbModel -=GetName () ) ;
Warning( 2
S 1;
¥

¥
¥

* Gives you a warning if the s+b model has
nuisance parameters, but does not have
estimates for the values of these parameters
(what this calls “global observables”).



// save all initial parameters of the model including the global observables
RooArgset tialParameters;

RooArgSet * allParams = sbModel-=GetPdf()-=getParameters(*data);
allParams-=snapshot({initialParameters);

delete allParams;

e Sure wish | knew what a snapshot was...

— Surprisingly doesn’t seem very easy to look up.



Jf run first a data fit

const RooArgSet * poiSet = sbModel-=GetParametersOfInterest();
RooRealVar *poi = (RooRealVar*)poisSet->first();
fd::cout =< =< pol->GetNama
Ge() == << poi-=getVal() << std::endl;

J/f fit the data first (need to use constraint )

TStopwatch tw;

bool doFit = initialFit;

if (test5tatType == 0 && initialFit == -1} doFit = false; // case of LEP tes#
St statistic

if (type == 3 && initialFit == -1) doFit = false; // case of Asympto®
Sticcalculator with nominal Asimow

double poihat = 8;

if (minimizerType.size()==0) minimizerType = ROOT::Math::M eriptions::Dew
S faultMinimizerTypel(];

else

ROOT: :Math::M erOptions::SetDefaultMinimizer(minimizerType.c_stri));

Infol . 2

i ]
ROOT: :Math::M ODptions::DefaultMinimizerType().c_str() );

* Get parameter of interest from s+b model

Determine whether you want to do a fit based
on your analysis

* Chose the type of minimizer you want to use.



* Leave off here for now, super confusing and
hopefully | can get away without
understanding it fully.



RooBkgPDF.cxx

* RooBkgPDF::evaluate

e So far as | can tell, this is called whenever the
value of the PDF needs to be evaluated at a
point (go figure). Never explicitly called in the
limit code, but invoked implicitly during the
hypo test inversion



// First step: get probability of being at this spatial point using the =2
«{r,phi,drift} PDF:

double spaceProb = 0.;

double binVolume;

int xbin, ybin, zbin;

int binFound = ©;

binFound = RvsPhivsDtHist-=FindBin(r,phi,drift);

spaceProb = RvsPhivsDtHist->GetBinContent(binFound);

//Get bin wvolume and normalize spaceProb by that

RvsPhivsDtHist-=GetBinXYZ(binFound, xbin, ybin,zbin);

binVolume = RvsPhivsDtHist-=GetXaxis()->GetBinWidth(xbin) * RvsPhivsDtHi=
sst->GetYaxis()->GetBinWidth(ybin)

* RvsPhivsDtHist->GetZaxis()->GetBinWidth(zbin);
spaceProb = spaceProb / binVolume;

Figure out what bin you’re in (in the spatial 3D
histogram PDF) for a given r, phi, and drift.
— FindBin returns a global bin number

— GetBinXYZ fills the bin number in each dimension into
the argumetns

— GetBinContent returns the value of that bin.
The volume of the bin in question is calculated.

Spatial probability is calculated as the value of
the bin divided by the volume of the bin.



// Next find which model bin we're in and retrieve the (51,1lo0gl052) diste
sribution
// for that bin. Then get the prob of being at this value of S1 and loge

1052

int rbin,phibin,dtbin;

int globalBin = h binDef->FindBin(r,phi,drift);

h binDef->GetBinXYZ(globalBin, rbin, phibin,dtbin);

if(Debug) cout<< << <<rbin<<",K '<=<@
sphibin<<" K6 "=<dtbin<<",6 "<<globalBin=< <<endl;

// Figure out which modelBin this corresponds to. Vector indexing startse
&« at zero, but ROOT TH1 binning starts at 1

int modelBin = (rbin-1)*NPHIBINSMODEL*NDTBINSMODEL + (phibin-1)*NDTBINSM=
s0DEL + (dtbin-1);

* Each “model bin” (combination of x, y, and dt)
has its own s1 vs s2 2D histogram.

* Figure out which model bin we are in (a global
number just incrimented each dt then phi
thenr)



. //50 we're at the rbin, phibin, dtbin in model space.
//Now get the prob of being at our given S1 and logl052

double erProb = 0.;

int erBinFound = B8;

erBinFound = S1logl052Hist array[modelBin]->FindBin(51, logl0S2);
if(Debug) cout<< <<erBinFound<<endl;

erProb = S1logl052Hist array[modelBin]->GetBinContent(erBinFound);
1T(Debug) cout<< <<endl;

// Multiply spatial prob. density by response prob. density
double prob = erProb * spaceProb;

 Determine the s1 vs s2 PDF probability (for
the given modelBin).

* Total probability determined by taking the
spatial probability times the energy space
probability (here “erProb”).



RooSignalPDF.cxx

 RooSignalPDF::evaluate

e So far as | can tell, this is called whenever the
value of the PDF needs to be evaluated at a
point (go figure). Never explicitly called in the
limit code, but invoked implicitly during the
hypo test inversion



 Re-Fill the
signal model
hists with the
models from
the
appropriate
file if the
G2Var has
changed from
the value used
in the

currently used
file.

/1 G2

if | ('getHistsFromFile && fabs(PrevG2Var - double(G2Var)) == .01)
|| (getHistsFromFile && fabs(PrevG2Var - double(G2Var)) >= .005 + .00001)) {
cout =< << double(G2Varse
) << << PrevG2Var << endl;
double params[2];

const int 1 BinsX = h_binDef->GetNbinsX();
const int nM insY = h_binDef->GetNbinsY();
const int r BinsZ = h_binDef->GetNbinsZ();
for (int ix = 0; ix < nModelBinsX; ix++) {

for (int iy = 0; iy = nModelBinsY; iy++) {

for (int iz = 0; iz < nModelBinsZ; iz++) {
int modelBin = ix*NPHIBINSMODEL*NDTBINSMODEL + iy*NDTBINSMODEL + iz;
TString histname = TString::Format( 2
S ythisTimeBin,ix+1,iy+1,iz+1,

double(G2Var),PrevkLindVar);
if (getHistsFromFile) {
FillEFTSigHistFromFile( S1logl®S2Hist_array[modelBin], double{mWimp), t=
shisTimeBin, 1, ;o Ax+1, iy+l, iz+1);
S1loglOS2Hist array[modelBin]->SetName(histname.Data()); S1logl@S2Histe
& array[modelBin]->SetTitle(histname.Data());
} else {
double Efield = h_binDef->GetBinContent( h_binDef->GetBin(ix+1,iy+1,iz+e
1) )
S1logl0S2Hist array[modelBin]->SetName(histname.Data());
511ogl0S2Hist_array[modelBin]->SetTitle(histname.Data());
//F1i115110gl10S2Hist (S11ogl0S2Hist array[modelBin], WimpSpectrumHist, doe
suble(mWimp), thisTimeBin, Efield, double(G2Var), PrevkLindVar);
}
}
H

}
if (getHistsFromFile) {
PrevG2Var = params[@];
} else {
PrevG2Var = G2Var;
}

b



e Re-Fill the
signal model
hists with the
models from
the

appropriate

file if the
kLind has
changed from
the value used”
in the
currently used

file.

// kLind
if |
N

cout <<
se(kLindVar) =< << PrevklLindVar << endl:
double params[2];

const int nl BinsX

const int 1 sY

const int nModelBins

for (int ix = 0, ix <

for (int iy = 0; iy

for (int 12 = 0;

1 =

(!'getHistsFromFile && Tabs({PrevkLindVar - double({kLindVar)) ==
(getHistsFromFile && Tabs(PrevkLindVar - double(kLindVar)) ==

.01)
.005 + .000=

01)) {
<< double

-

h_binDef->GetNbinsX();

h_binDef->GetNbinsY();

h_binDef->GetNbinsZ();

nModelBinsX; ix++) {

< nModelBinsY; iy++) {

iz < nModelBinsZ; iz++) {

int modelBi ix*NPHIBINSMODEL*NDTBINSMODEL + iy*NDTBINSMODEL + iz;

TString histname = TS5tring::Format(
ythisTimeBin,ix+1,iy+1,iz+1,

PrevG2Var, double(kLin

)|
r
L

dvar));
it (getHistsFromFile) {

FillEFTSigHistFromFile(S1logl0S2Hist array[modelBin], double(mWimp), th
JAx+l,iy+1,iz+1);

511ogl0S2Hist array[modelBin]->5etName(histname.Data()); S51logl0OS2Histe
& array[modelBin]->5etTitle(histname.Data());

} else {
double Efield

«isTimeBin, 1,

= h binDef->GetBinContent( h binDef->GetBin(ix+1,iy+1,iz+@

51logl0S2Hist array[modelBin]->SetName(histname.Data());

51logl@S2Hist array[modelBin]->SetTitle(histname.Data());

//Fil15110gl10S2Hist (S1logloS2Hist array[modelBin], WimpSpectrumHist,
thisTimeBin, Efield, PrevG2Var, double(kLindVar));

}
}
1
if (getHistsFromFile) {
PrevkLindVar = params[1];

} else {
PrevkLindVYar = kLindVar;
}

dow
suble(mWimp),

}




int rbin,phibin,dtbin;

int globalBin = h _binDef->FindBin(r,phi,drift);

h binDef->GetBinXYZ(globalBin, rbin, phibin,dtbin);

1T(DEBUG) cout<< << <<rbin<<", "<<phibin<<",K "2

s<<dtbin<<",K "<<globalBin<< <<endl;
// Figure out which modelBin this corresponds to. Vector indexing starts at zero, be

sut ROOT TH1 binning starts at 1
int modelBin = (rbin-1)*NPHIBINSMODEL*NDTBINSMODEL + (phibin-1)*NDTBINSMODEL + (dtb=

<in-1):

 Each “model bin” (combination of x, y, and dt)
has its own s1 vs s2 2D histogram.

* Figure out which model bin we are in (a global
number just incremented each dt then phi
thenr)



// First step: get probability of being at this spatial point using the {r,phi,drifa
st} PDF:

double spaceProb = 0.;

int binFound = @;

binFound = RvsPhivsDtHist array[modelBin]->FindBin(r,phi,drift);

RvsPhivsDtHist array[modelBin]->GetBinXYZ(globalBin, rbin,phibin,dtbin);

double binVolume = RvsPhivsDtHist array[modelBin]->GetXaxis()->GetBinWidth(rbin) * =2
<RvsPhivsDtHist array[modelBin]->GetYaxis()->GetBinWidth(phibin) * RvsPhivsDtHist array[mode=
s1Bin]-=GetZaxis()-=GetBinWidth(dtbin);

spaceProb = RvsPhivsDtHist array[modelBin]->GetBinContent(binFound) / binVolume;

* Figure out what bin you’re in (in the spatial 3D
histogram PDF) for a given r, phi, and drift.
— FindBin returns a global bin number

— GetBinXYZ fills the bin number in each dimension into
the argumetns

— GetBinContent returns the value of that bin.
* The volume of the bin in question is calculated.

e Spatial probability is calculated as the value of
the bin divided by the volume of the bin.



//50 we're at the rbin, phibin, dtbin in model space.

//Now get the prob of being at our given 51 and logl052

double HFDFﬂH =0.;

int NRBinFound = 8;

MRBinFound = 511091952H15t array[modelﬂln] >FindBin(logl®52,51);

int logl052bin, S1bin, blah

SllnglﬂﬁzHlst array[modelBln] >GetBinXYZ(NRBinFound, logl@S2bin,S1bin,blah);

double binArea = S1logl@S2Hist array[modelBin]->GetXaxis()->GetBinWidth(logl®S2bin)=a
i * SIIGQIBSZHist_array[modelBin]->GetYaxis{}->GetBinWidth{51bin};

iT(DEBUG) cout<< <<NRBinFound<<endl;

NRProb = S1lo0gl0S2Hist array[modelBin]->GetBinContent(NRBinFound)/binArea;

1T(DEBUG) cout<< <<endl;

// Multiply spatial prob. density by response prob. density

double prob = NRProb * spaceProb;

Determine the sl vs s2 PDF probability (for
the given modelBin).

* Total probability determined by taking the
spatial probability times the energy space
probability (here “NRProb”).



J// return unnormalized probability (RooAbsPDF has different methods for normalizatis

son)fj

return prob;

* Return the evaluated probability.



