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1.Determine the PDF for fixed masses.
2.Parametrize the PDF w.r.t mass.

3.Conduct toy Monte Carlo simulation study to
check model for introduction of biases.

Key take-away: Student Project 2



1)

2)

3)

4)

Import the histogram for a mass

Build a model, using 2 Crystal Ball functions

* cballl(x, Ma Oy, Ny, al)

* Cb&112($, Ma 09, Ty, a?)

Fit model to Monte Carlo simulation of the

signal invariant mass

The decision to use Crystal Ball functions is
not fixed. We will try other functions.
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Key take-away: RooFit is used with all of its built-in options
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The pull distribution is good.
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Parametrize the PDF w.r.t. mass.

1) Import the parameter values and errors from .csv

files Parametrize sigma1 WRT Mass
_ _ ¥Z I ndf 0.752/1
. . — 0 : +0.
2) Fit each parameter to a polynomial § °F b 008884 £ 0.002163
- p2 -0.4165 + 0.00776
0.0045 — 0.2313 £ 0.02597
3) Notes: = p4 3.56 + 0.07451
—_— :_ p3 =7.344 £ 0.1749
*  We have parametrized the masses from -
75 MGV/C2 to 350 MeV/C2 Only. 0.0035:—
* The lesser and greater masses have 0.003|—
different shapes, and have not yet been B
fitted. MR
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Key take-away: Parametrization is working well between 75 MeV /c? and 350 MeV//c2




1) Still developing ROOT macro

Key take-away: We have not yet conducted a toy Monte Carlo simulation




1) arg_fit.C

Takes mass as an argument

Calculates PDF for that mass

2) parametrize_sigmal.C
* Takes no arguments
* Fits o, to a polynomial

3) parametrize_{other parameters}.C

Key take-away: The code will be documented. 6



1)

2)

3)

4)

fit_module.py

*  Takes mass value and a Dictionary of parameter values as arguments

. Calculates PDF for that mass

parametrize_module.py

*  Takes parameter as an argument

*  Fits parameter to a polynomial
parameter_control_module.py

*  Takes Dictionary of parameter values as an argument

*  Calculates new parameter values

*  Returns Dictionary of new parameter values
toy_MC_study_module.py

. In development

Key take-away: The code will be documented.
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All of the pull distributions are good.
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Smoothing Function Parameter WRT Mass

1 iteration 6 iterations

1) All function parameters were

Parametrize al WRT Mass Parametrize al WRT Mass

smoothed via an iterative - 57 il | ot oop B oo
F p1 220+ 1.546 E pt 18.29 + 1.056
m thOd " p2 1745+ 7.4 T2 {> P 145324786
e F P2 5554 + 24,34 E /—J/—/’ p3 49256+ 1599
. 14— p -6104 +51.18 E p4 -592 + 34.44
2) Two parameters are shown: = o ?
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Parametrize nr WRT Mass Parametrize nr WRT Mass
X2/ ndf 2.085/3 . 22/ naf 0742873
00— po -18.78+ 312 s r p? 12.98+ 12.54
F 1 3+606. = 3,78+ 259
C 52 -2%1? i 62(29603 20— EZ -13;)3.3 + 1467
80— p3 3223+ 4114 F p3 -96.88 + 2378
r sl
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40 :_ 10 ;
T 3
E s r
o— ol —
; P T T S (N S A N S S S H HN SO HNT SO AN HNY SIS S N ST ; ol e e e e e e e e e e b e e Ly
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.05 0.1 0.15 02 0.25 0.3 0.35
m(yy)[GeVic?] m(yy)[GeV/c?]

Key take-away: The iterative Parameter smoothing is working.




lterative Smoothing Code Snippet

loop_script.py x Wi parameter_control_module.py % 4r parameter_control_module.py X
1 fit_module 1 csv 30
2 parameter control module 2 statistics mean 31
3 parametrize module 2 32 alMean - mean(allist)

5 5 def parameterControlFunc(inDictionary): arMean = mean(arList)

os
o Bl 7 sigmalMean = mean(sigmallist)
sigma2Mean mean (sigma2List)

& ) AdMean mean (AOList)

16 10 n nlMean - mean(nllList)
1 i{ 21t;§€ %} 3 nrMean = mean(nrList)
o 2 10
12 Dict = {'al': [1l.8, -3.0, 3.C . 13 sigmallist - [] e
13 tantc el 3.0, 3.0, 0. 14 sigma2list = [] e
12 "sigmal’: EV 5, 0.00 15 meanlList [1 43
15 ‘sigma2': [0.0043, 0 5, 0.00 ABList 1 ot 5 Sk .
1 ‘A@': [0.5, 6.1, 1.8, 0.75, 1], 17 nllist = [] alMin = alMean - abs(alMean) inDictionary['al'][3]
17 ‘nl': [10.0, 0.0, 50.0, 0.5, 0.25], 18 nriist = [] arMin - arMean - abs(arMean) * inDictionary['ar'][3]
18 ‘ar': |10.8, 8.8, 50.8, 8.5, 9.25]} 19 paramMatrix [alList, arlList, sigmallist, sigma2list,
10 20 meanList, A@List, nllList, nrlList] sigmalMin sigmalMean - abs(sigmalMean) inDictionary['sigmal'][3]
2 2 sigma2Min sigma2Mean abs (sigma2Mean) inDictionary['sigma2'][3]
21 iter range(0, 6): 22 . : 3 ABGMin ABMean abs (ABMean) inDictionary['A8'][3]

> 23 paramNamelList ["al", "ar", "sigmal", "sigma2", "mean", "A0", "nl", "ar"] nlMin nlMean abs (nlMean) inDictionary['nl'][3]

3 24 paramName, paramList zip(paramNameList, paramMatrix)
52 5 ni mi 25 open('{}.csv'.format (paramName)) paramFile:
E;lfgﬂzse(ﬁ%ggg{ng}om -csv'): 2¢ readCsV csv.reader(paramFile, delimiter=',")

o 27 dCSV:
6 mass_index in range(3, 10): . ggﬁamLigiéappend(float(row[l])
27 fit module.fitFunc(mass_index, Dict)

nrMin nrMean abs (nrMean) inDictionary['nr'][3]

alMax alMean abs (alMean) inDictionary['al'][4]
arMax arMean abs (arMean) inDictionary['ar']1[4]

:; Dict parameter_control_module.parameterControlFunc(Dict)

sigmalMax sigmalMean abs(sigmalMean) inDictionary['sigmal'][4]
sigma2Max - sigma2Mean + abs(sigma2Mean) inDictionary[ 'sigma2'][4]
ABMax AOMean abs (A®GMean) inDictionary['A@'][4]
nlMax = nlMean + abs(nlMean) inDictionary['nl'][4]
nrMax nrMean abs (nrMean) inDictionary['nr'][4]

parametrize module.main()

Key take-away: The parameter_control_module calculates new parameter control values for each loop iteration. 10




DiPhoton invariant mass after 6 iterations

CBall Sum PDF with Data Pull Distribution CBall Sum PDF with Data Pull Distribution CBall Sum PDF with Data Pull Distribution
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Key take-away: All of the pull distributions are still good.
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Conclusion

1) To do list:
Complete toy MC study module.
Conduct toy MC study.
Adjust model as needed.

2) The toy MC study will show each parameter, its error, and its pull
distribution, allowing us to adjust our parameter controls more precisely.

3) I am enjoying the programming and am hopeful that the results will be
useful.

Key take-away: Id like to go to graduate school. 12




Key take-away:
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Key take-away: 14
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