PyROOT ile Veri Analizi
Temelleri



TH ve TF Sinif Aileleri

TH SINIFI TF SINIFI

* Disaridan aldigi verilerin histogramlarini * Matematiksel fonksiyonlarin grafigini cizdirir.
Gizdirir. * ROOT.TF1(): Tek degiskenli fonksiyonlarin

* ROOT.TH1D(): 1 boyutlu histogram cizdirmek grafiginitek boyutta cizdirmek icin kullanilir
i¢in kullanilr « ROOT.TF2(): iki degiskenli (z=f(x,y))

* ROOT.TH2D(): 2 boyutlu histogram cizdirmek fonksiyonlarin grafigini iki boyutta ¢izdirmek
icin kullanilir icin kullanilir. Ikinci degiskeni sifir varsayarak

tek degiskenli fonksiyonlarin grafigini de iki
boyutta cgizdirebilir.

« ROOT.TF3(): Ug degiskenli (f(x,y,z))
fonksiyonlarin grafigini ¢ boyutta ¢izdirmek
icin kullanilir.

* ROOT.TH3D(): 3 boyutlu histogram cizdirmek
icin kullanilir



Grafik Ornekleri

TH SINIFI TF SINIFI
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Kinematik Kesim

“Wto muon and neutrino 2011” by McCauley, Thomas from CERN Open Data
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Filtrelenmis ve filtrelenmemis veri.
Uygulanan filtre: (pt)>30 GeV ve MET>50 GeV



Yuksuz ve etkilesimsiz parcaciklar dedektor malzemesiyle
elektromanyetik etkilesime giremedikleri icin dedektorde iz
birakmazlar.

Bu parcaciklar, enine duzlemde momentumun korundugu
bilgisi sayesinde MET (Missing Transverse Energy) yani Kayip
Enine Enerji degeri ile arastinilir.

Carpismanin yasandigl boyuna ekseni dik kesen enine
eksende, carpisma oncesi ve sonrasinda toplam
momentumun sifir kalmasi gerekir.

Carpisma sonucu parcaciklarin enine momentumlarinin
toplami sifirdan farkli ¢iktigi durumlarda kayip olan
momentuma MET adi verilir.

Figure 1.4 One of Powell’s earliest pic-
tures showing the track of a pion in a pho-
tographic emulsion exposed to cosmic
rays at high altitude. The pion (entering
from the left) decays into a muon and a
neutrino (the latter is electrically neutral,
and leaves no track). Reprinted by per-
mission from C. F. Powell, P. H. Fowler,
and D. H. Perkins, The Study of Elemen-
tary Particles by the Photographic Method
(New York: Pergamon, 1959). First pub-
lished in Nature 159, 694 (1947).



Interaktif Histogram

1 boyutlu histogramda x ekseninin limitleri ve bin sayisinin kullanici tarafindan
disaridan belirlenmesi

Interaktif Histogram bin sayisi =
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Degismez Kutle (Invariant Mass) Hesabi

M = \/2ppipra(cosh(n —ne) — cos(dy — ¢2))

 Ozel gorelilikte enerji ve momentum godzlemcinin hizina bagli olarak
degisir. Ancak bu ikisinin kombinasyonu olan invariant mass, tum
referans sistemlerinde ayni kalir.

* Kisacasi gozlemcinin hareketinden etkilenmeyen degismez bir kutle
olcegi sunmasi ve ozel gorelilik ilkeleriyle uyumlu olmasi bu
parametrenin analizlerde kullanmak icin tercih edilmesini saglar.

* Sinyal ve arka plan gurultisunun ayrilmasinda buyuk rol oynar.
Bozunma sonucu olusan trunlerin histogrami ¢ikarildiginda arka plan
gurultisund olusturan rastgele surecler yayvan bir egri olustururken
gercek bir parcacigin Gretildigi yerde sivri bir tepe/pik olusur. Bu pik
noktasi, o parcacigin katlesini ele verir.



Event Weight

* [nvariant mass histogramlarinin event sayilarinin agirlik katsayisi
Ile carpilmasiyla uygulanan normalize etme islemidir. Temel
olarak U¢ ana amacla uygulanir:

* Simulasyon verilerinin olay sayilarint deney verilerinin olay
sayilarina normalize etmek: Simulasyonda, gercekte yasanandan
cok daha fazla sayida event gorulebilir. Simulasyonda uretilen olay
sayilarina ,olaylarin gerceklesme ihtimaline (cross-section) dogru
orantili bir sekilde veriye weight katsayilari uygulanir.



* Dedektor verimlilik duzeltmeleri (scale factors): Gercek
dedektorler simulasyonlarin aksine her parcacigi kusursuz
yakalayamaz, bu sebeple simulasyondaki verimlilik ile dedektorun
verimliligi arasindaki farki kapatmak icin her event, scale factor
( duzeltme faktoru) ile carpilir.

* Monte Carlo simulasyonlarindaki teorik belirsizlikleri, hatalari ve
eksiklikleri hesaplayip hata bantlarini hesaplamak icin kullanilir.



Istatistiksel Analiz

Invariant Mass Histogrami

1000 1

Histogramin tamamina bakmak, tum

2000 spektrumda bir uyumsuzluk olup olmadigini
anlamamiza yardimci olur. Verinin duzgun fit
edilmesinde ve simulasyon verilerinin gercek
veriyi ne kadar iyi temsil ettigini test etmede

0 ISe yarar.
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Tepe Noktasi

Dogrudan aradigimiz parcacigin kac adet
uretildigini verir. Pik bolgesine 6zel olarak
uygulanan fit islemleri ise invariant mass ve
dedektor ¢ozunurlugunin hassas bir sekilde

olculmesini saglar.

Mean

Variance

Standard Deviation

Masses

3.0843736344537818

0.3921691908895595

0.6262341342417862

Peak masses

3.09342552933628

0.001290814368485398

0.03592790515025052




Ust Uste Bindirilmis Histogramlar

* Histogramlari kiyaslama amacgli kullanilir.

Number of events

The invariant masses of two muons comparing high and low energy
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150 GeV sinirinin alti dusuk
enerji bolgesi, ustu yuksek
enerji bolgesi alinarak
histogramdaki tepe
noktalarinin kiyaslanmasi



[T T T T

SlslE]

Data Selection

Olay sayisini asama asama arttirarak parcacik
kesfi yapabilmek icin kag olaya ihtiyacg
duydugumuzu anlamak ve gurultuntn anlamli
sinyalden ayristigi noktayi gormek.
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Pseudorapidity Cozunurlugu Analizi

Yalanci hizliik ¢cozunarlugi, dedektorun ileri ve ug bolgelerinde ne miktarda acisal
duyarlilik kaybi yasandigini belirlemek icin kullanilan bir uzaysal koordinattir. Eksen
ve parcacik arasindaki acilyl tanimlar. Aci daraldikgca sapmalar artar.




Number of events per bin

Histogram for large n events (|n | > 1.52) Histogram for small n events (|n | < 0.45)

Histogram of invariant masses for the events where the Histogram of invariant masses for the events where the
pseudorapidity of both of the muons has been large pseudorapidity of both of the muons has been small
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TTree Yapilari

Sifirdan Ttree yapisi olusturmak:

. ROOT.Tfile() metodu ile yeni bir dosya olusturuldu

ROOT.Ttree() metoduyla bir TTree objesi tanimlandi

. Array() fonksiyonuyla branch tanimlandi ve Branch() metoduyla tree yapisina eklendi. ( Bu

ornekte tanimlanan branchler px ve py)

Bu ornekteki eventler for dongusu icerisinde numpy.random.normal() kullanilarak rastgele
uretildi.

Dosya Close() metoduyla kapanarak ROOT.TFile.Open() metoduyla okuma modunda tekrar
acildi.

Tanimlanan tree objesi Get() metoduyla geri cagirilarak bir degiskene atandi.

Event sayisi tree.GetEntries() metoduyla yazdirilarak bir degiskene atandi.

Eventler bir for dongusu icerisinde tree.GetEntries(i) metodu kullanilarak hafizaya aktarildi.
1 boyutlu px ve 2 boyutlu px py histogramlari ¢izdirilidi.



1D histogram of px distribution and 2D histogram of py vs px distrubiton. Data is randomly generated using
numpy library:
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Csv uzantili veriyi Ttree yapisina donusturmek:

Veri dosyasi bir Pandas DataFrame’ine yuklendi

DataFrame objesi ROOT.RDF.FromPandas() metoduyla RDataFrame formatina
donusturalda.

Veri, Snapshot() metoduyla bir root dosyasi icerisine Ttree formatinda kaydedildi.

i- Data format before as a csv file: ii- Data format after converting to a ROOT TTree:

Run Event pt chiSq xy \ Toplam Satir Sayisi:

173389 489963747 29.3153 e 6 i »

173389 490024840 .1461 A -0. 1.29 ‘ *Tree ee

173389 490102189 .7895 .019 0. . 084 *Entries 100000 : 8829609 bytes File Size

173389 490092121 31.2215 . . 9 .072 ' re on factor 40

173389 490193981 .9668 R ’ i

*Br 0

99995 171369 9 2292 .1032 0 i . *Entries : 100000 : Total 802645 bytes File Size
99996 171369 6914 -1.3926 -0. . .606 0832 *Baskets : : Basket ytes Compression
99997 171369 4 2467 :

8 171369 : .7469 - : _ _ A
171369 .4015 2. : ; i *Entries : 0000 : > vtes File Size

*Baskets : 6 : ske - B Compression
iso phiMET
0000 657 1308
3423 2 2 6686
.9748 . .3061

6.4897 4. -0.1166
4910 . .6251

*Entries : s E ize 802615 File Size
*Baskets : : e 32000 Compression=

802645 File Si
*:39195 9.2016 . ; 3039 32000 Compres
99996 6 5065 2.1850
99997 .6 .0953 -3.1020
99998 4.3 .4557 1887
99999 0. .3986 -1.2394

*Entries : 100000 : L S = 802645 by 5 File Size 417811
*Baskets : 26 i 32000 byte Compre .92

*Br 5
*Entries : 100000 : 4 802585 by File Size = 56008
*Baskets : s Si yte essior 2

(180 11 columns)

100000 : é 802705 by 3 368358
Basket Siz 32000 by C i .18
dxy/
*Entries : : Total Si 802645
*Baskets : 6 : Basket S 32000

*Entries : - l 2 802645 by File Size
*Baskets : : 32000 b) Compressio

*Br




t t Cross-Section Measurements



CMS data analysis tutorial: Exercise 1

Jun.-Prof. Dr. Christian Sander, Dr. Alexander Schmidt

September 2014

1 Warmup

The trigger for this tutorial selects events which contain one or more muons as discussed in the
documentation and explanation.

e Find out how often there is more than one isolated, reconstructed muon in data (histogram of
the muon multiplicity)! Where could these additional muons come from?

e Calculate the invariant mass of two muons of opposite charge (manually and /or using the ROOT
functionality of adding two fourvectors)! Only use isolated muons.

e Display the invariant mass distribution of two muons in a histogram (hint: try different axis
ranges)!

e Compare vour results to MC simulation (display simulation and data in the same histogram).
Make sure you select triggered events only for the simulated samples!



Muon Multiplicity
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N uon= 0 bin has nearly 70.000 events. These are events that do not contain any isolated muons.
N uon= 1 bin has nearly 180.000 events. These are events that contain a single isolated muon.
N, uon= 2 bin has nearly 10.000 events. These are events that contain two isolated muons.

N uon =3 bin do not contain any events.



Invariant Mass

1. ROOT.RDataFrame() ile .AsNumpy() metodu beraber kullanilarak
veriden muonun x,y,z duzlemlerindeki momentumu, enerjisi,
yuku ve tek carpismada kac muon bulundugu bilgileri veriden
cekildi, her bir branch bir numpy array olarak donusturulerek
array’lerin tamami bir pandas DataFrame’ine atandi.

2. Nmuon ( carpismada bulunan muon sayisi) 2 ve muon ¢iftinin
yukleri toplami sifir olacak sekilde filtreler uygulandi.

3. Ayni branch/array icindekiislemlericin .apply() metodu
kullanildi.

4. Kullanilan invariant mass formulu:

M = Eszum - (Pyg,sum + P)%sum + PZZ,Sum)



Dimuon Invariant Mass Spectrum

hist_mass
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Sonuclart MC Simulasyonlari ile Karsilastirma

1. Gercekveriicin uygulanan adimlar ve filtreler birebir simulasyon
verisine de uygulandi.

2. MC histogrami, .Scale() metodu ile deneysel verinin alindigi
toplam alana normalize edildi.



Invariant mass distribution of two muons obtained from Monte Carlo simulation:

Monte Carlo Simulation (Drell-Yan)

hist_massmc
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Overlaid histogram of data and Monte Carlo simulation:

Data vs Monte Carlo Comparison

hist_mass
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Beni dinlediginiz icin tesekkurler.



YEDEK SLAYTLAR



Sifirdan Ttree yapisi olusturma:

array array
numpy np
ROOT r

f out=r.
t out=r.
px=array
py=array(
t out.

t out.

px[0]=np.
pyl0]=np.
t_out. ()
f out. ()
f out. ()
(

Test dosyasi (treell.root) olusturuldu.

%)jsroot on
f=r.
tree=f.
hpx=r.
hpxpy=r.

nentries=tree.
1 (nentries):
tree. (1)
hpx. (tree. )
hpxpy. (tree.px,tree.py)

canvas=r.
canvas.
canvas.
hpx.
canvas.
hpxpy.
canvas.
canvas.




Csv uzantili veriyi Ttree yapisina donusturme:

df=pd.

rdf=r.
rdf.

(

Ttree olusturuldu

f=r.
tree=f.

(




1.

Finding out how often there is more than one isolated, reconstructed muon in data (histogram of

the muon multiplicity).
¢ Given data named “data.root” has been opened using ROOT.TFile.Open() method.

eNames of branches has been listed using the script below:

branch tree. {8):z
(branch. ())

¢ A function was defined to detect isolated muons. In this function, iso stands for isolation value,
stands for transverse momentum and relcut stands for threshold value for relative isolation.

(pt,iso, relcut=

pt==0:

(iso/pt) < relcut

e A for loop was used to process each event. Within the loop; necessary variables were defined,
Transverse momentum (pr) was calculated using the formula:

pr = \/pf +p}
and the previously defined function was applied to select isolated muons.
math
event tree:
n_isolated=

i
px=event.

py=event.
pt=math. (px**24py**2)
iso=event. i

isolatedmuon(pt,iso):
n_isolated +=
h mult. (n_isolated)

pt



Calculating the invariant mass of two muons of opposite charge (manually and/or using the
ROOT  functionality of adding two fourvectors), only using isolated muons.

For this task, the bin Np,,on, = 2 was selected to work with, since the objective was to calculate the
invariant mass of two isolated muons. ROOT.RDataFrame() was used together with the .AsNumpy()
method to convert the required branches into NumPy arrays in order to work with the data as a Pandas
DataFrame. Then the filters N0, = 2 and sum of charges=0 were applied, since the charges needs to
be of opposite signs. For calculations within same arrays/branches, .apply() method was used.

file rs
tree file.

df root=r.
data dict=df root. (columns=
df=pd. (data_dict)

(df. ())

Muon Px Muon Py Muon Pz Muon E NMuon Muon_ Charge
[4.859496] [-30.239874] [137.77649] [141.13979] 1 [-1]
[-23.376602] [-21.324467] [-21.486786] [38.247765] (1]
(] [] [1 [] [1

(] [] (] (] [

[21.0246] [15.292481] [38.08255] [46.11058] [1]

filtered dfl=df|(df
f df2=filtered dfl[(filtered dfl

For the calculation of invariant mass, the formula below was used.

M = \[Eszum - (sz,sum + Pyz,sum + Pzz,sum)
The two four-vectors mentioned were defined using the energy and the x, y, z components of
momentum.



Calculation script for invariant mass:

E=f df2
px=f df2
py=f df2
pz=f df2

invariant mass=np. t(E**2- (px**2+py**
(invariant mass)

37 88.946831
92 40.915272
109 89.886681
150 92.508911
158 87.331520

469270 103.110374
469294 90.998978
469308 93.526100
469329 0.396518
469373 60.848289
Length: 18703, dtype: float32




4. Comparing results to MC simulation (displaying simulation and data in the same histogram).
The same processes were applied to the Monte Carlo simulation data. The only addition was normalizing
the Monte Carlo simulation histogram to the total area of the experimental data using the .Scale() method:
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