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Overview

e« WARNING - This tutorial is incomplete

— Relevant parts of the retired ‘advanced’ tutorial
have beenmoved here.

e Scope of this tutorial

— Issues arising in building and managing
a large scale fit project in RooFit

— Use sin2b fit frame work as illustration: Focus on topics such as
e Blinding
= Managing and building a large number of similar PDFs
e How to deal with per-event errors
< Non-trivial plots (e.g. projecting out per-event errors)
e Setting up ToyMC studies for e.g. goodness-of-fit determination

e Writing new PDF classes
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RooFit users tutorial

Managing many PDFs

The sin2b fit as example
Automating PDF replication
RooSimPdfBuilder
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The sin2beta fit model in two slides

e Simultaneous fit of
— CP data to CP model and BReco data to mixing model

— Split data by tagging category and CP event type (Gold,Klong[IFR/EMC][ee/m])
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The sin2beta fit model in two slides

e Each Dt PDF is a convolution of a physics PDF
with a 2 or 3 gauss resolution model.

— The bias and width of the resolution model are
scaled with the per-event error
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Building complex simultaneous fits

e The essence of the sin2b fit is simple

— For each physics event type (CP-gold/CP-klong/Breco-mix)
there is one ‘prototype’ PDF

— Simultaneous fit would look like this

RooSi nmul t aneous si mPdf (“si nPdf”,” CP/ m xi ng PDF”, physCat) ;

si mPdf . addPdf (cpgol dPDF, " CP-gol d”) ;
si mPdf . addPdf ( kl ongPDF, ” CP- kl ong”) ; RooCategory in dataset

si mPdf . addPdf ( mi xi ngPDF, " BR- i x") defining event physics type

simPDF.fitTo(data,”fit options”)

— Data is subdivided by tagCat, KL-reco type etc
— Need to create many PDFs that trivially differ from each other:

e CP-goldPdf_Kao, CP-goldPdf Lep, CP-goldPdf NT1, CP-goldPdf NT2
CP-klongPdf_Kao_EMC, CP-klongPdf_Kao_ IFR, CP-klongPdf Lep_ EMC,...
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PDF replication: manual approach
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RooReal Var m("ni', "nean of gaussian", -10, 10) ;

RooReal Var s_A("s_A","sigm of gaussian A", 0, 20) ;
RooGaussi an gauss_A("gauss_A", "gaussian A", X, ms_A) ;
RooReal Var s_B("s_B", "sigma of gaussian B", 0, 20) ;
RooGaussi an gauss_B("gauss_B", "gaussian B", X, ms_B) ;

RooReal Var k ("k","ArgusBG kappa paraneter",-50,0) ;
RooReal Var xm("xni', " ArgusBG cutoff point",5.29) ;
RooAr gusBG argus ("argus", "argus background”, X, k, xm) ;

RooReal Var
RooAddPdf
RooReal Var

f_A(“f_A","fraction of gaussian A",0.,1.) ;

f_B(“f_A","fraction of gaussian A",0.,1.) ;

pdf _A(" pdf _A", "gauss_A+ar gus", RooArgLi st (gauss_A, argus_A),f_A) ;

RooAddPdf pdf _B("pdf _B", "gauss_B+ar gus", RooAr gLi st (gauss_B, argus_B),f_B) ;

RooSi mul t aneous si nPdf ("si mPdf ", "si nPdf ", type) ;
si nPdf . addPdf (pdf _A, "A") ;
si mPdf . addPdf (pdf _B, "B") ;
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PDF replication: automated approach

* .
f G(X’ m S) + RooSi mPdf Bui | der bui | der (pdf) ;
( 1-f ) *A( X: a, C) RooAr gSet* config = builder.createProtoBuil dConfig() ;
o (*config)["physhwodel s"] = "pdf" ;
%’04— (*config)["splitCats"] = “type" ;
o LeW (*config)["pdf"] = “type : f,s" ;
ﬂ'§35— RooSi nul t aneous* si nPdf = buil der. buil dPdf (*confi g, &D) ;
7%na— i i ) i
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PDF replication: RooSi nPdf Bui | der

e RooSi nPdf Bui | der is a factory class

— takes a collection of prototype PDFs

— builds a RooSi nul t aneous given a set of
parameter splitting prescriptions

— Configuration supplied by a RooAr gSet of RooStri ngVars

e Can be filled in a macro, or read from a file

e Simple build: One prototype PDF

Specifies which prototype
will be used in this build —.\4// prototype is gauss+argus of previous example

physhodel = pdf
splitCat = type
/'pdf = type : f,s
Specifies which categories

of the dataset will be used

to define data subsets .
Specifies how prototype ‘pdf’ should

be tailored for each data subset:
Parameters f and s should individual

per state Of t ype Wouter Verkerke, UCSB



PDF replication: RooSi nPdf Bui | der

[/ Build the sinultanous PDF
RooSi mul t aneous* si nPdf
RooSi nPdf Bui | der: :
RooSi nPdf Bui | der: :
RooSi nPdf Bui | der: :

RooSi nPPdf Bui | der:

RooCust om zer for sum
Splitting rules:

f is split by type
sis split by type
RooSi nPdf Bui | der: :
RooSi nPPdf Bui | der : :

bui | dPdf :
bui | dPdf :

= bui | der. bui | dPdf (confi g, data) ;
bui | def ;
bui | dPdf :
bui | dPdf :
: bui | dPdf :

| i st of physics nodels (pdf)

list of splitting categories (type)
processi ng physi cs nodel pdf

configured custom zers for all physics nodels

Cust om zi ng physics nodel sum for node {A}
Cust om zi ng physics nodel sum for node {B}

/1l Print the paraneters of the built PDF
si nPdf - >get Par aneters(data) ->Print(“v”) ;
RoOAr gSet : : par anet er s:

1) RooReaI Var : :
2) RooReal Var: :
3) RooReal Var: :
4) RooReal Var: :
5) RooReal Var: :
6) RooReal Var: :
7) RooReal Var : :

k -1.
Xm 9.
f A 0
f B 0
m 2.
s A 0
s B 0.

. 60000 C

00000 C
0000 C

50000 C Individual by t ype, as specified
. 50000 C

0000 ¢ Individual by t ype, as specified

60000 C
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PDF replication: RooSi nPdf Bui | der

e Build with =1 prototype

— To be used when prototype itself RooSimultaneous (e.g. sin2b)

Proto-RooSi nul t aneous prescription:

» Index category is physCat

= Associate physCat state CPCGol d with PDF CGol dPDF
Split data in subsets of e Associate physCat state BM x with PDF BRM xPDF
tagCat ~ runBl ock (" physCat)

k ohyshbdel = physCat : CPGol d=CPGol dPDF Bni x=BRM x PDF
/ 8

splitCat = tagCat runBl ock
CP&ol dPdf = t agCat X, Y, 2z, ...\
/ runBl ock . foo \\
tagCat, runBl ock : zaza
BRM xPDF = tagCat X, a, b\
runBl ock . bar

Specifies how prototype ‘CPGoldPdf’ should be tailored:
e Parameters X, y, Zz should individual per state of t agCat

« Parameter f oo should be individual per state of runBl ock

« Parameter zaza should be individual per state of tagCat and runBl ock

Specifies how prototype ‘BRMixPDF’ should be tailored ™ \youier verkerke, ucss



PDF replication: RooSi nPdf Bui | der

e Using the same prototype for multiple physCat states

— Split parameters by physCat to distinguish PDFs

The same prototype is assigned to 2 physCat states

7

physModel = physCat : KI Enc=Kl ongPDF Kl | fr=KLongPDF ...
splitCat = tagCat runBl ock
Kl ongPdf = tagCat L X, Y,2Z, ...\

physCat . foo

physCat,tagCat : bar

The parameter f oo will be individual for
physCat =Kl Ent and physCat =Kl | fr,
distinguishing the PDF for the two physCat states

f oo Kl Ent
foo Kl Ifr
bar { Kl Ent, Kao}
bar {Kl | FR Kao
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PDF replication: RooSi nPdf Bui | der

e Non-trivial parameters splits

— Sofar only ‘simple’ splits were used (grid structure)

tagCat = runBlock

tagCat runBlock

Lep Runl Run2a | Run2b
Kao

NT1

NT2

e Q: How do split a parameter in

Lep;Runl Lep;Run2a | Lep;Run2b
Kao;Runl Kao;Run2a | Kao;Run2b
NT1;Runl NT1;Run2a | NT1;Run2b
NT2;Runl | NT2;Run2a | NT2;Run2b

A — Lep;Runl Lep;Run2a | Lep;Run2b
Kao;Runl Kao;Run2a | Kao;Run2b

\ NT1;Runl NT1;Run2a | NT1;Run2b
S NT2;Runl | NT2;Run2a | NT2;Run2b

I

C

regions {A,B,C}?

A: Define a category function that
implements the transformation
(tagCat,runBlock) ® {A,B,C}

Options:

- RooGeneri cCat egory
- RooMappedCat egory
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PDF replication: RooSi nPdf Bui | der

e Given a category function super Cat as function of t agCat, r unBl ock

— Add super Cat as precalculated column to the dataset

dat a- >addCol um(super Cat) ;

— Proceed as usual, specifying super Cat as splitting category

physModel = pdf
splitCat = superCat
CP&ol dPdf = super Cat . zaza

)

— Must take correlations into account, specify superCat as auxiliary splitting category

RooSi mul t aneous* sinPdf =
bui | der. bui | dPdf (confi g, dat a, super Cat)

physhbdel = pdf

splitCat = tagCat runBl ock
CPCGol dPdf = tagCat S OX,Y,z, ..\
runBl ock . foo \'\

super Cat . zaza



PDF replication: putting it together for sin2b

e Using RooSI nPdf Bui | der the implementation
of the sin2b fit is easy.

— Given the prototype PDFs (CPGold,CPKlong,Bmixing), the
following builder configuration will build the full PDF!

physModel s = physCat : Gol d=CPCGol d BM x=BM xi ng
Kl Ent E=KLong Kl EntM=KLong Kl | fr E=KLong Kl | f r M=KLong
splitCats = t agCat
BM xi ng = t agCat . sig_eta,sig _deta, bgC eta, bgL_et a,
bgP_eta, si gC bi as,outl _bi as
physCat, t agCat . bgP_f, mbMean, mbW dt h, ar gPar, si gfrac
physCat . bgC f
CP&ol d = tagCat . sig_eta,sig deta, sigC bias,outl bias
physCat . nmbMean, mbW dt h, ar gPar, bgP_f, bgC f
physCat , t agCat . sigfrac
KLong = tagCat . sig_eta,sig _deta, sigC bias,outl _bias

physCat, tagCatL : kl Sig frac, kl BgCcK frac, kl KstBg _frac, kl KshBg_frac,
kIl NPLBg_frac, kl NPPBg_frac, kl PsxBg_frac

physCat . deGwkanSi g, deGW dt hSi g, deACut of f Si g, deAKappaSi g,
deGFr acSi g, dePol 11 Pbg, dePol 21 Pbg, dePol 31 Pbg, dePol 41 Pbg,
deACut of f SBbg, deAKappaSBbg, deGveanKSBg, deGWN dt hKSBg
deACut of f KSBg, deAKappaKSBg, deGFr acKSBg, de&MeanSi g,
de@&@W dt hSi g, de&QFracSi g, psi x_cpev
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RooFit users tutorial

Configuring your fit

How to manage your configuration data
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Configuration data

e Complex fits such as sin2b need lots of configuration data
— Collection of input datasets
— Structural definition of PDF
— Blinding string / configuration
— Initial parameters
e Use standard RooFit classes to
store your configuration data
— Each configuration item can be represented by a
* RooReal Var — Fit parameters etc
« RooCategory — Switches, options etc
* RooStringVar — File names, blinding strings etc
— A set of configuration values is represented by a RooAr gSet

— Roo0Ar gSet provides methods to write its contents to a human-
readable ASCII file and to read it back

Wouter Verkerke, UCSB



Configuration data

. _ _ _ Read file one section at a time
RooStringvVar charnDir(“charnDir”,”charnDir”,””) ;

RooStri ngVar charnfiles(“charnfFiles”,”charnFiles”,””) ;
RooAr gSet (charnDir, charnFil e).readFronfFil e(“config.txt”,0,” I nput Files”) ;

~ ~ J config. txt

[ I nput Dat a] <
All configuration

data labeled {
by name
[ Bl i ndi ng]
bl i ndi ngStatus = Bl ind
blindingString = No kstar in this fit
blindingSigma = 0.1
bl i ndi ngMPoint = 0.6

[CP/m xing-fit structure]

physModel s = physCat . Gol d=CPCGol d BM x=BM xi ng

splitCats = tagCat

CPCol d = tagCat . sig_eta,sig _deta, sigC bias
physCat . nmbMean, bW dt h, ar gPar , bgP_f
physCat , t agCat . sigfrac

[Initial paraneter val ues]

argPar _Col d
argPar _{BM x; Kao}
argPar _{BM x; Lep}
argPar {BM x; NT1}
argPar _{BM x; NT2}
mbMax

-24. 42 L(-100
-27.88 L(-100
-41.53 L(-100 - 0)
-33.86 L(-100 - 0)
-36.64 L(-100 - 0)
5.291 C

1 1
o O
N N



Configuration data

[ nput Dat a]

charnDir
charnFil es

[ Bl i ndi ng]

RooSi nmPdf Bui | der bl i ndi ngSt at us
configuration is bl ndingString

bl i ndi ngSi gma
already a RooAr gSet bl i ndi ngMPoi nt

of RooStri ngVars

Bl i nd

config.txt

I nf s/ farmbabar/ AWH si n2b/ data_run2/
dt _JpsiKs runl.fit,dt _JpsiKs run2.fit

No kstar in this fit

0.1
0.6

[CP/m xing-fit structure]

physhModel s = physcCat

splitCats = tagCat

CPCol d = tagCat
physCat

physCat , t agCat

[Initial paraneter val ues]

argPar _Col d
argPar _{BM x; Kao}
argPar _{BM x; Lep}
argPar {BM x; NT1}
argPar _{BM x; NT2}
mbMax

-24.42
-27. 88
-41. 53
- 33. 86
- 36. 64

5.291

L(-100
L(- 100
L(-100
L(-100
L(-100
C

Gol d=CPCGol d BM x=BM xi ng

sig _eta,sig_deta, sigC bias
nbMean, bW dt h, ar gPar , bgP_f
sigfrac

1 1
o O
N N



Configuration data

A RooAr gSet with all the parameters of a PDF can trivially be obtained

RooAr gSet * al | Parans = pdf - >get Par anet ers(data) ;
al | Parans->readFronFile(“config.txt”,”READ",” I nitial paraneter values”) ;

3 config.txt

[ nput Dat a]

Flag all charnDi r / nf s/ far m babar/ AW si n2b/ dat a_r un2/

initialized charnFiles = dt_JpsiKs_runl.fit,dt _JpsiKs_run2.fit
parameters [Bl i ndi ng]
bl i ndi ngStatus = Blind
blindingString = No kstar in this fit
Auolmatically | Bindnesiom = 0.1

list parameters not
initialized from file  [CP/mxing-fit structure]

Gol d=CPCGol d BM x=BM xi ng
al | Par ans->sel ect ByAttri b(“ READ’, KFALSE)->Print(“v")

sig_eta,sig _deta, sigC bias
physCat . nmbMean, bW dt h, ar gPar , bgP_f
physCat , t agCat . sigfrac

[Initial paraneter val ues]

. argPar _CGol d -24.42 L(-100 - 0)

Contents_ of “S_t : argPar {BM x; Kao} = -27.88 L(-100 - 0)
automatically includes : argPar {BM x: Lep} = -41.53 L(-100 - 0)
all split parameters i Y argPar_{BM x;NT1} = -33.86 L(-100 - 0)
introduced by : argPar _{BM x; NT2} = -36.64 L(-100 - 0)
RooSi nPPdf Bui | der . L "bMax = 5.291 C



Configuration data, advanced options

e Limited pre-processing available

# conents BaBar style
/'l comments C++ style
file = foo.txt // comments C++ style

BaBar-style and C++ style
inline comments allowed

Echo command prints user messsages
while reading the configuration

Include other configuration files
Recursion allowed

Conditionals with full C++ syntax.
All variables in the read RooAr gSet
can be referenced in the expression.
Nested conditionals OK

Abort statement forces RooArgSet::read
to fail with error states

[Initial paraneter val ues]
echo Now processing paraneter section
argPar _Gol d = -24.42 L(-100 -
argPar _{BM x; Kao} = -27.88 L(-100 -
argPar _{BM x; Lep} = -41.53 L(-100 -
argPar_{BM x; NT1} = -33.86 L(-100 -
argPar_{BM x; NT2} = -36.64 L(-100 -

I ncl ude common_par aneters. t xt

I f (runMode==r unhMbde: : Ext r aFancy)
fancyPar = 5.0 +/- 0.3 L(0-10)

el se i f (runMode==runMode: : Nor nal )
normal Par = 17.0 L(10-20)

el se

echo You can do this
abor t

endi f

0)
0)
0)
0)
0)



RooFit users tutorial

Blinding

Blinding fit parameters
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Parameter blinding

e What does blinding a parameter involve?

— Insert unblinding transformation between parameter value holder
and PDF object using that parameter value

PDF sees unblind

value of sin2b
RooAbs Pdf RooAbs Pdf

CP-Model PDF CP-Model PDF 4—\

N[ RooAbsHi ddenReal

sin2beta_ub

RooReal Var RooReal Var _/

sinZ2beta sin2beta

si n2bet a_ub is not
a parameter

: ) but a function
— MINUIT will vary blind parameter to ® invisible to MINUIT

value where the PDF has the best
likelihood in terms of the unblind parameter
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Parameter blinding

e Blinding-related classes in RooFitModels

RooBl i ndTool s Each method can take an optional
- replica of BaBar Bl i ndTool s class RooCat egory parameter that serves

: . as ‘blinding switch’ ® Disable blinding
%OBWE: ' ngg’; ?CI fl on, without structural change
ounpl i n se

RooUnbl i ndUni f orm Implementations of RooAbsH ddenReal
RooUnbl i ndCPDel t aT wrapping 5 different blinding methods
RooUnbl i ndCPAsym from RooBlindTools

e How to keep secrets

The purpose of blinding is to avoid
accidental exposure of the blinded parameter

e RooOFit is a toolkit, not a monolithic black box

Classes derived from RooAbsH ddenReal will never show their value in
Print () and other display routines

Unblinder functions never show up in any parameter list

The RooAbsH ddenReal : : get Val () method is prot ect - ed.
Cannot be called from the ROOT command line without explicit cast

To intentionally unblind call RooAbsH ddenReal : : get H ddenVal ()
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Parameter blinding

e Example implementation

/] Sin2beta vari abl e
sin2b = new RooReal Var ("si n2b", "sin(2*beta)",-1.0,4.0) ;

/] Blinding swtch [ category paraneter ]

s2b_bs = new RooCat egory("s2b _bs","sin2beta blinding state")
s2b_bs->defi neType("Unblind", 0) ;
s2b_bs->defineType("Blind", 1) ;

1

[/ Unblinding transformati on

sin2b_ub = new RooUnbl i ndPreci sion("sin2b_ub", "Unbl i nded Si n2bet a",
_blindString, cval, sigm,
*sin2b, *s2b_bs, kKTRUE) ;

/[l Use sin2b ub in fit where ever sin2beta input is needed

/'l Activatel/Deactivate blinding at any nonent
s2b_bs->set Label (“Blind”/"Unblind") ;
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