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Parcacik Deneylerinde Neyin

Benzetimini Yapiyoruz?
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http://indico.cern.ch/getFile.py/access?resId=0&materialId=3&confId=a042790

Hizli Benzetim

®
 Neden? Geant gibi tam benzetimler ¢cok 1yi ama ¢ok yavas.

- LHC i¢in bir olayin Geant’dan gecirilmesi dakikalar aliyor, bizimse
milyarca olay iiretmemiz lazim.

& Coziim: hizli benzetim teknikleri...
= Sadece en yavas kistmlari degistirip baska sekillerde modelleme.
# Tiim algict modelleyip Geant’1 tamamen birakma.

“¢ Olaym incelenip, izlerin siiriilmesi vs. gibi adimlar:1 da modelleme.

2= Ornekler: AcerDet, ATLFast, FAMOS...
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Bir Algicin Cevabimin Modellenmesi

Qi Xy | | &
e Iz siirme (I¢ Algig) Inl<2.5

RPC: Resistive Plate Chamber
MDT: Monitored Drift Tubes
= Silisyum (pixel + strip) izsurucu CSC: Cathode Strip Chamber

= Gegis Isinimi izsuruclsi (TRT) e/m ayrigimi TGC:Thin Gap Chamber

= 2T solenoid ile

= b isaretleme etkinligi 7%50
@ Enerji Olglimii |n1<5.0

= EM kalorimetre : Pb-LAr, akordiyon seklinde

= Hadron kalorimetre : Fe/Sci (merkez), Cu/W-LAr(onkisim)——————g |

e Muon Olciimii |7 1<2.7 ID: o/p; = 3 x10* p, © 0.001 ATLAS

= 4T foroid spektrometre 6(d,)=15um at 20GeV Rz g
= MDT ve CSC : iz stirmek igin ECAL: o/E =~ 10%HNE(GeV) & 0.7%:__%;%3
= RPC ve TGC : hizli fetiklemek igin HCAL: o/E =~ 50% / VE(GeV) ® 3% | &

| = -
AAAAA
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PGS4

= SHW adiyla 1998°da Tevatron Run2 SUSY/Higgs Calistayr’ nda
geligtirilmeye baslandi. Asli yazari ve bekgisi: John Conway (UG
Davis).

& Sadece Tevatron’daki dedektorler degil, silindir seklindeki herhangi bir
YEF dedektorii icin parametrize edilebilir.

*& Son siiriimii PGS4:- 090401.

& Basit, hizh, fizibilite analizleri i¢cin uygun.

http://www.physics.ucdavis.edu/~conway/research/software/pgs/pgs4-general.htm
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PGS Kaynak Kodu

& Fortran ile yazilmis, g77 veya glortran ile derlenebilir, sadece
STDHEP kiitiiphanesine bagiml (ve bu kiitiiphaneyle birlikte

sunuluyor).

& Cekirdek kiitiiphane : PGS’in hemen hemen (iim gorevleri tek tek '
fonksiyonlar halinde kiitiiphanede yer alir.

% Siiriicii kabuk : Kiitiiphane fonksiyonlarini sirayla cagirir. Islem
tamamlaninca kullanicinin olayi ¢oziimleme kodunu isletebilir.

< Madgraph ile de gelen (pythia-pgs_V2.X.Y.tar.gz) ve LHC olimpiyatlari
icin tasarlanmis olan siiriicii adeta standart olmustu(r). Tetikleyicinin
azami turpanlarmi uygular ve ¢iktulart LHCO bigimde verir.
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Yaratilan
olay (Pythia,
Herwig,vs.)

Parcaciklar
STDHEP
biciminde
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e Algicin kapsama alani
(akseptansi)

e Algicin verimi

 Algic ¢cozunurligi

*Parcgacik/jet yapilandirilmasi

Olclilen olay
- LHCO
biciminde

Veri
cozumleme

(ROOT vs.)




<

*& Tiim son durum parcaciklarini isle, eger

algicin sinirlart icindeyse:

N

PGS Ne Yapiyor?

‘& Eger yiiklii parcaciksa, onun i¢in dogrusal bir 1z yap (manyetik alan olmasina

karsin biikiilme yok), izin sagittasinin ¢oziiniirliigiinii hesaba al.

N

= Kalorimetre 1 ve ¢ diizleminde karelere ayrilmis. Parcaciklar hangi kareye

yonlenmislerse orada enerjilerini yerlestir.

= elektron/foton: hemen tiim enerji EM kalorimetresine.

“¢ hadronlar: cogu enerji hadronik kalorimetreye.

“t muonlar: azami iyonlagma.
*¢ Enerji ¢oziiniirliikleri:
INEEN/ZESIERa b /eI EET

V. E. Ozcan, HPFBU | 4

Dikkat! Bu formil LHC'de cok iyi degil.

ok
A Ehad/Ehad i b/JEhad




PGS’den Ornek kod -

-~  Kalormmetrelerde Miionlar

pgs_rannor (rl,r2) Iki tane Gaussian dagilimli rastgele sayi lret
mu_ecal + rl* ! estimated from Mon
| EM-kalorimetresinde kaybedilen ener;ji :
(mu_ecal.lt.0.) mu ecal . ’
. ortalamasi 0.5 GeV, standart sapmasi 0.1 GeV
e_eca . . _ g
(e.gt.mu_ecal) olan Gaussian, ancak negatif olamiyor

e_ecal mu_ecal
c e - mu_ecal

) Eger kaybedilen eneriji, parcacigin enerjisinden
e =0. | fazlaysa: kalorimetreye parcacigin tim
enerjisini koy, parcacigin enerjisini sifirla.

mu_hcal + r2* ! estimated from Mo|

| . . .
(wu_hcal.lt.0.) mu_hcal = 0. | Hadron kalorimetresinde de ayni hikaye:
e hcal

e PO kaybedilen enerji ortalamasi 2.0 GeV, standart
e_hcal = mu_hcal ~ sapmasi 0.4 GeV olan ve negatif olamayan bir

c e - mu hcal :
- Gaussian.

e _hcal c
=

R ——— e ——————

V. E. Ozcan, HPFBU | 4 9




PGS’den Ornek kod -

. Kalormmetrelerde Hadronlar .

ecal_ frac 0.2 ! 25% of energy in electromagnetic
pgs_rannor(rl,r2) ! calorimeter...
ecal frac ecal frac + 0.05*r1 ! ...with some spread in fraction... .o o o .
- - i Yuzde elli ihtimalle
(ecal_frac.le.0.) ecal_ frac 0. ( : .
(ecal_frac.ge.l.) ecal frac 1. ( EM kalorlmetreSInde
(pgs_ranmar().lt.0.5) ! ...but only half the time does this occur blr muon glbl ener“
e_ecal 0.5 + 0.1*r2 ! in which case we treat it like a muon b”"akhyor. Geri kalan
(e_ecal.ge.e) ! in the e.m. calorimeter P )
acal_frac = 1. yuzde elli durumda,
(e_ecal.lt.0.) - .
ecal frac = 0. EM kalorimetresinde
ecal frac = e_ecal/e enerjinin I’astgele bir

yuzdesi birakihyor.

e_ecal ecal _frac * e

e_hcal = (1.0-ecal_frac) * e Sonra birakilan ener;ji
pgs_rannor(res_ecal,res_hcal) beklenen gézﬂnﬂrlﬂge
e _ecal = e _ecal + hcal res*sqrt(e_ecal)*res ecal ! ~80%/sqrt(E) for hadrons U)’gun blr §e|(i|de
(e_ecal.lt.0.) e_ecal 0. ! in e.m. calorimeter!? '

yayihyor.
e_hcal e_hcal + hcal_res*sqrt(e_hcal)*res_hcal ! ~80%/sqrt(E)
(e_hcal.lt.0.) e_hcal

V. E. Ozcan, HPFBU | 4 10
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D: Tekil renk yukleri,
bagimsiz kuarklar yoKk ;

® Hadronlagma, fragmentasyon:
“jet”ler.

® Koni veya kumeleme metodu.

V. E. Ozcan, HPFBU14



Jetler Hakkinda

# Koni temelli jeder: En yiiksek enerjili ve belli bir azami degerden
fazla enerjili kalorimetre hiicresiyle basla, cevresine bir koni ¢iz.
Koninin i¢ine diisen hiicrelerdeki enerjileri de ekle. Bu bir jet. Sonra
basa don ve geri kalan hiicrelerle ayni seyi tekrarla.

- Ciftlestirme temelli (kiimeleme) jetler (6rnek kijet): Birbirlerine olan
enine momentumlari, 151n eksenine gore olan enine
momentumlarindan belli bir kat kii¢iik olan hiicreleri birbirleriyle
birlestr, birlestirme yapilamayacak olana kadar devam et.

V. E. Ozcan, HPFBU | 4




Agir Jeder Hakkinda

10°
“t Eger jetlert baslatan partonlar c b

veya b kuarklar ise, bunlart o

“1saretlemek™ (tagging)

0%
miimkiin. W

1075 20 80 120 B0 200

* PGS jetin nereden geldigine e (e
bakiyor, sonra CDF 6l¢iimlerini

Q

efficiency

baz alarak, jet Kt ve 1)’sina gore
rastlanusal bir isaretleme g
yapiyor. =
Dikkat! Bu parametrizasyon LHC igin karamsar. S
0 ' 5 02 -1 0 1 2
Ayrica |n|<2 limiti LHC icin kisitlayici. pseudorapidity 1

V. E. Ozcan, HPFBU | 4



Bu ATLAS karti sadece Madgraph ile geliyor.

ATLAS ! Parametre grubunun adi

81 ! Kalorimetredeki eta hicrelerinin sayisi

63 ! Kalorimetredeki phi hiicrelerinin sayisi

0.1 ! Kalorimetre hiucrelerinin eta genisligi |eta| < 5
<<.>0.099733101 !.Kalorimetre hﬁcrelerinin phi genisligi | <>

0.01 ! EM kalorimetre c¢oziunurligu (sabit terim)

0.1 ! EM kalorimetre c¢ozunurlugu (*sqrt(E) terimi)

0.8 ! Hadronik kalorimetre c¢ozunurlugu (*sqrt(E) terimi)

0.2 ! Tetikleyicide kayip ET ¢oéziunurlugu

0.00 ! Kalorimetre hiicrelerinin verimsiz kenar kalinliga

cone ! Jet bulma algoritmasi (cone veya ktjet)

3.0 ! Kalorimetre kumeleme azami gekirdek enerjisi (GeV)

5D ! Kalorimetre kumeleme azami omuz enerjisi (GeV)

.70 ! Kalorimetre kimeleme/ktjet koni biyikligi (delta R)

.0 ' Iz siiriiciiniin dis yaricapi (m)

.0 ! Manyetik alan siddeti (Tesla)

.000005 ! Sagitta ¢oziunurligu (m)

! Iz bulma randimani

.30 ! En diisitkk iz pT’si (GeV) PGS G' d‘
§5 ! Iz siirme eta kapsami lr 1
.0 ! Elektron/foton eta kapsami | '
e :

0

: Muon eta kapsami Kartl

Tau eta kapsami

N M W N O O OB MK+ OO
(]
(0 0]

V. E. Ozcan, HPFBU | 4 14



Bazi Dertler

 Kartta verilenler disinda da bir cok parametre var PGS de.

Bazilar1 pgs kiitiiphane dosyasinda (pgs1ib . £). Ornegin, muon tetikleyici
randimani: muon trig eff = 0.98

Digerleri ise pgs siiriicii dosyasinda (pgs . £). Ornegin, LHCO siiriiciisiinde

tetikleyicideki azami momentum ve enerjiler:
S aLnCHEEE - M= SR Eay ieEient el O] SEnlie Sislaed e = SR 5l

< Kimi zaman iki yerde birden olabilir. Ornegin, muon tetikleyicisinin
kiitiiphane taniminda muon P1”sinin azami degeri 3 GeV olarak belirlenmis:
{ewey CeEan il o= o Er e sis S T6

 b-isaretleme gibi nispeten zayif olan baska bir durum tau benzetimi.
Sonuclar1 oldukca karamsar.

V. E. Ozcan, HPFBU | 4



LHCO Bicimi

** PGS’in once LHC Olimpiyatlari icin hazirlannus, diiz ASCII
dizgesindeki, neredeyse standart olan ¢ikt bicimi.

# tir eta phi pt jktl #iz Dbtag had/em duml dum2
0 39 1043

1 0 -1.350 3.341 26.11 0.00 0.0 0.0 0.00 0.0 0.0
2 1 -0.663 5.233 164.40 0.00 1.0 0.0 0.02 0.0 0.0
3 2 -0.589 4.675 147.62 Qs T =10 4.0 95.99 0.0 0.0
4 4 -0.629 4.998 308.94 85.25 12.0 2.0 0.33 0.0 0.0
5 4 -2.061 1.571 455.01 156.56 32.0 0.0 1.19 0.0 0.0
6 4 -1.954 2.699 24 .07 238", 3220 0.0 11.60 0.0 0.0
7 4 1.149 5.756 6.23 1.93 2.0 0.0 Sa e 0.0 0.0
8 .6 0.000 3.521 28.86 . 0.00 0.0 0.0 0.00 0.0 0.0

V. E. Ozcan, HPFBU | 4




LHCO Bicimi

“* PGS'in 6nce LHC Olimpiyatlari icin hazirlanmis, diiz A 39 numarali olay;

dizgesindeki, neredeyse standart olan ¢ikti bigimi. tet'k|e)"C|'OZ<;ZCU9U
# tiar eta phi pt jktl #iz btag had/em duml di«zZ
0 39 1043

1 0 =1 .350. . 37341 26.11 0.00 0.0 0.0 0.00 0.0 0.0
2 1 -0.663 5.233 164.40 0.00 1.0 0.0 0.02 0.0 0.0
3 2 -0.589 4.675 147.62 0.11 -1.0 4.0 95.99 0.0 0.0
4 4 -0.629 4.998 308.94 85.25 12.0 2.0 0.33 0.0 0.0
5 4 23061 15715045501 ~156./56% 320 0.0 172189 0.0 0.0
6 4 -1.954 2.699 24 .07 2.38 32.0 0.0 11.60 0.0 0.0
7 4 1.149 5.756 6.23 1.93 2.0 0.0 3.73 0.0 0.0
8 . 6 0.000 3.521 28.86 . 0.00 0.0 0.0 0.00 0.0 0.0

V. E. Ozcan, HPFBU | 4



“ PGS’in 6nce LHC Olimpiyatlart i¢in hazirlanmug, diiz AS” 4

LHCO Bicimi

dizgesindeki, neredeyse standart olan ¢ikt bicimi.

V. E. Ozcan, HPFBU | 4

# tir
0

1 0
2 1
3 2
4, 2
5 4
6 4
7 4
8 .6

eta

39

.350,
.663
58
.629
.061
.954
.149
.000

w o0 D B & & 00w

1043
.341
.233
.675
.998
.571
.699
.756
.521

26.
164.
147.
308.
455.

24.
.23

28.86 .

11
40
62
94
01
07

jktl

.00
.00
.11
.25
.56
.38
.93
.00

#iz

O O O O o o o o

o

d-

Y
0

©O O O O N & OO

O O O O O o o o

had/em

.00
.02
.99
£33
.19
.60
.73
.00

duml

OO O O O O O oOopo

o O O O O o o o

= foton
26.11 GeV
n=-—1.350
o p=3.341
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0




LHCO Bicimi

** PGS’in once LHC Olimpiyatlari icin hazirlanms, diiz ASCH
dizgesindeki, neredeyse standart olan ¢ikt bicimi.

V. E. Ozcan, HPFBU | 4

# tir
0

1 0
2 1
3 2
4, 2
5 4
6 4
7 4
8 .6

eta

39

.350
.663
58
.629
.061
.954
.149
.000

w o0 D B & & 0w

1043
.341
.233
.675
.998
.571
.699
.756
.521

26.
164.
147.
308.
455.

24.
.23

28.86 .

11
40
62
94
01
07

jktl

0.00
0.00
0.11
85.25
156.56
2.38
1.93
0.00

#iz

O O O O O o o o

o

d-

Y
0

O O O O N &»JO |O

o O O O O o o o

had/em

.00
.02
.99
£33
.19
.60
.73
.00

duml

O O O O O O pgo po

o O O O O o o o

dun

o0 @ @ @ @ © =

O O O O O O O cC

tur = |

#Hiz = |

pozitron
164.4 GeV




LHCO Bicimi

** PGS’in once LHC Olimpiyatlari icin hazirlannus, diiz ASCII
dizgesindeki, neredeyse standart olan ¢ikt bicimi.

V. E. Ozcan, HPFBU | 4

# tir
0

1 0
2 1
3 2
4, 2
5 4
6 4
7 4
8 .6

eta

39

.350,
.663
5819
.629
.061
.954
.149
.000

w o0 D B & Id 00 W

1043
.341
.233
.675
.998
.571
.699
.756
.521

26.
164.
147.
308.
455.

24.
.23

28.86 .

11
40
62
94
01
07

jktl

0.00
0.00
0.11
85.25
156.56
2.38
1.93
0.00

#iz

O O O O o o o o

o

d-

Y
0

©O O O O NN |» O O

o O O O O o o o

had/em

.00
.02
.99
£33
.19
.60
.73
.00

duml

O O O O O o pgo o

o O O O O o o o

du

O O O O O O ©™

O O O O O O cC

U~™4 numarali
jete yakin;
cevresinde 95
GeV'lik eneriji




LHCO Bicimi

** PGS’in once LHC Olimpiyatlari icin hazirlannus, diiz ASCII
dizgesindeki, neredeyse standart olan ¢ikt bicimi.

V. E. Ozcan, HPFBU | 4

# tir
0

1 0
2 1
3 2
4, 2
5 4
6 4
7 4
8 .6

eta

39

.350,
.663
SENE )
.629
.061
.954
.149
.000

w o0 D RBr &b 00 W

1043
.341
.233
.675
.998
.571
.699
.756
.521

26.
164.
147.
308.
455.

24.
.23

28.86 .

11
40
62
94
01
07

jktl

0.00
0.00
0.11
85.25
156.56
2.38
1.93
0.00

#iz

O O O O o o o o

o

d-

Y
0

O O O O NN & O O

O O O O o o o o

had/em

.00
.02
.99
<k
.19
.60
.73
.00

duml

O O O O pgpo go O o

o O O O o o o o

du

>

o O O O O
O O O O O C

jet
b-iSaretlenmi$
m = 85.25 GeV

“icinde” 12 iz




LHCO Bicimi

** PGS’in once LHC Olimpiyatlari icin hazirlannus, diiz ASCII
dizgesindeki, neredeyse standart olan ¢ikt bicimi.

V. E. Ozcan, HPFBU | 4

# tir
0

1 0
2 1
3 2
4, 2
5 4
6 4
7 4
8 .6

eta

39

.350,
.663
58
.629
.061
.954
.149
.000

26.
164.
147.
308.
455.

24.
.23

28.86 .

11
40
62
94
01
07

jktl

0.00
0.11
85.25
156.56
2.38
1.93
0.00

#iz

PO

12.
32.
32.

O O O O o o o o

o

d-

Y
0

O O O O N & O O

o O O O 0O o o o

had/em

0.
.02
.99
<k
.19
.60
.73
.00

00

duml

o O O O 0O o o o

o O O O O o o o

dur

YO O =

o O O O

O O O O cC

3 jet.
eHadronik = eEM




LHCO Bicimi

** PGS’in once LHC Olimpiyatlari icin hazirlannus, diiz ASCII
dizgesindeki, neredeyse standart olan ¢ikt bicimi.

V. E. Ozcan, HPFBU | 4

# tir
0

1 0
2 1
3 2
4, 2
5 4
6 4
7 4
8 .6

eta

39

.350,
.663
58
.629
.061
.954
.149
.000

W oo D B & b W

1043
.341
.233
.675
.998
.571
.699
.756
.521

26.
164.
147.
308.
455.

24.
.23

28.86 .

11
40
62
94
01
07

jktl

0.00
0.00
0.11
85.25
156.56
2.38
1.93
0.00

#iz

o O O O O o o o

o

d-

Y
0

oOf O O O N & O O

o O O O O o o o

had/em

.00
.02
.99
£33
.19
.60
.73
.00

duml

ogo© O O O O o o

o O O O O o o o

dum2
0.0
o/ kayip dikey
] enerji
1 px=—27 GeV
0
0. F%Fz_'ll (Se\/
0.0




LHCO Bicimi

** PGS’in once LHC Olimpiyatlari icin hazirlannus, diiz ASCII
dizgesindeki, neredeyse standart olan ¢ikt bicimi.

# tir eta phi pt jktl #iz Dbtag had/em duml dum2
0 39 1043

1 0 -1.350 3.341 26.11 0.00 0.0 0.0 0.00 0.0 0.0
2 1 -0.663 5.233 164.40 0.00 1.0 0.0 0.02 0.0 0.0
3 2 -0.589 4.675 147.62 0.11 -1.0 4.0 95.99 0.0 0.0
4 4 -0.629 4.998 308.94 85.25 12.0 2.0 0.33 0.0 0.0
5 4 -2.061 1.571 455.01 156.56 32.0 0.0 1.19 0.0 0.0
6 4 -1.954 2.699 24 .07 238", 3220 0.0 11.60 0.0 0.0
7 4 1.149 5.756 6.23 1.93 2450 0.0 Sia k) 0.0 0.0
8 .6 0.000 3.521 28.86 . 0.00 0.0 0.0 0.00 0.0 0.0

http://vl.jthaler.net/olympicswiki/doku.php?id=lhc_olympics:data_file format
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Delphes

Q | | | ®

¢ S. Ovyn, X. Rouby, V. Lemaitre, arxiv.org/abs/0903.2225 (Delphes 2)
*k C++ile yazilmig. ROOT kullaniyor.
* Bircok acidan PGS4’den istiin.

¢ Ileri ve sifir-derece kalorimetreler

*¢ Enerji ¢oziiniirliiklerinin matematiksel
modelleri ve kalorimetre hiicrelerinin

dagilimlar: daha detayh.

*& Siscone ve midpoint jet algoritmalar: eklenmis.
= ATLAS ve CMS icin sonuclar1 test edilmis.

** STDHEP ve LHE dosyalarim girdi olarak kabul ediyor. LHCO ¢ikus1 diginda daha detayli root
dosyalart veriyor.

*t Diizenli olarak giincelleniyor. Gegen yil Delphes 3 ¢iku.
https://server06.fynu.ucl.ac.be/projects/delphes
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EVENT

£ GENERATOR
[ Event Data
Input list
l\v
: Input convertor o
D p%es + ......
Smearing 7
Tracks o ?
Calorimetric towers
FASTIET -\ +
- Isolation :
HECTOR — Reconstruction Pz
- e W1 jets, E™, b, 1
Beamline transport
Output writer
.... - GEN tree
do - Analysis tree do
Trigger Display
? 2
yes yes
Trigger
L 3D Producer
Event Di
- Trigger tree splay

Output file '

Gen
Analysis
Trigger

18
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Delphes2
1 Testler:

CMS
Z-> 1T 38.2%
H(140) » " 36.3%
H(300) - " 47.3%

Delphes

324+ 1.8%
39.9 + 1.6%
49.7 + 1.5%

* Delphes’in alt benzetim adimlari

sonucunda cikardigi jet enerjisi, kayip
enerji, tau jet bulma islemlerinin tam

Geant4 benzetimi + gercek olay
yapilandirmasi sonuclariyla

karsilastirilmast...

* Cikarilan enerji ¢oziiniirliikleri ve tau jet
bulma etkinlikler:t ATLAS ve CMS

deneylerinin performanst ile son derece

tutarh.
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Resolution of x-component of MET [GeV]

o(E)E
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Delphes3

o 05 ©

30 = : — e  Energy-Flow Jets (Delphes)

P A wi, 0.45F- Particle-Flow Jets (CMS)
¢ Calorimeter ET (Delphes) ; 0.4 - o Calorimeter Jets (Delphes)
Calorimeter ET*° (ATLAS) 035 b o Calorimeter Jets (CMS)

; : : : ; : ) § Pl QCD events

1 0.25
WRILLE ++;++ 0.2

) [GeV]

25

miss
X,y

O'(E’

anti-k,, AR=0.5

20

0<m|<15

: ¢ MadGraph5 + Pythia + Delphes3
,..- -

15 0.‘{5

llllllllllllllllllll

10

UL

y PPoZiy* > W 0 AR
" MadGraph5 + Pythia6 + Delphes3 " 102

AP ENEPEPE EPRPEPE BPUPEP RPN PR BT p. [GeV/c]
2 4 6 8 10 12 14 !

N, i . 0.5 ¢

il 3 . Calorimeter Jets (Delphes)
= [& 0.45 E Calorimeter Jets (ATLAS)

-............. massmmsansenesefesnnsennsnasantintancennransragansancrnnsan

5

LI

o

anti-k;, AR=0.6

*¢ Yenilenmis, modiiler Delphes ... 03 _ o

Ml < 0.8

MadGraph5 + Pythia + Delphes3

= Olay goriintiileme. 2 LI

k& Parcacik-akigi (particle-flow) jetleri. 0.05 F

10? 10°
*& Pile-up testleri. p, [GeVic]

http://arxiv.org/pdi/1307.6346v2.pdf
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Pythia8 + Delphesile Bir Ornek

< | | | S

*t Halihazirda mevcut olan 6rnek programlardan biri ile baslayalim.

> cd ~/hepWork/pythia8/examples
> cp -p main20.cc zt+jet.cc

“t Kodun nasil derlenmesi gerektigini gorelim:

> make main20
g++ -O2 -ansi -pedantic -W -Wall -Wshadow -fbounds-check -l../include
main20.cc -o bin/main20.exe -L../lib/archive -Ipythia8 -llhapdfdummy

*t Biz kendi dosyamiz1 derleyelim:

> g++ -O2 -ansi -pedantic -WV -Wall -Wshadow -fbounds-check -l../include
z+jet.cc -o bin/ztjet.exe -L../lib/archive -Ipythia8 -llhapdfdummy
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Pyth1ad php Arayiizii

<‘> €« C [ home.thep.lu.se/~torbjorn/pythia81php/Welcome.php

PYTHIA 8 Index

Program Overview

Frontpage

Program Flow

Settings Scheme
Particle Data Scheme
Program Files

Program Classes
Program Methods
Sample Main Programs

Setup Run Tasks

Save Settings
Main-Program Settings
Beam Parameters
Random-Number Seed
PDF Selection
Master Switches
Process Selection

- QCD

-- Electroweak

-- Onia

- Top

Crurth Manaratinn

PYTHIA 8

Welcome to PYTHIA - The Lund Monte Carlo!

PYTHIA 8 is the successor to PYTHIA 6, rewritten from scratch in C++. With the release of PYTHIA 8.1 it now |
although PYTHIA 6.4 will be supported in parallel with it for some time to come. Specifically, the new version h
have reached the same level of reliability as the older one. This testing will only happen if people begin to worl
encourage a gradual transition to the new version, starting now. There are some new physics features in PYTF
but also some topics still missing, where 6.4 would have to be used. Further, many obsolete features will not b
studies again 6.4 would be the choice.

Documentation

On these webpages you will find the up-to-date manual for PYTHIA 8.1. Use the left-hand index to navigate thi
all possible program settings. All parameters are provided with sensible default values, however, so you need
study, such as choice of beams, processes and phase space cuts. The pages also contain a fairly extensive st
study the produced events. What is lacking on these webpages is an overview, on the one hand, and an in-deg

The overview can be found in the attached PDF file

A Brief Introduction to PYTHIA 8.1

T. Sjéstrand, S. Mrenna and P. Skands, Comput. Phys. Comm. 178 (2008) 852 [arXiv:0710.3820].

You are strongly recommended to read this summary when you start out to learn how to use PYTHIA 8.1. Note
version described there.

For the physics description we refer to the complete

PYTHIA 6.4 Physics and Manual

T. Sjéstrand, S. Mrenna and P. Skands, JHEP05 (2006) 026,

which in detail describes the physics (largely) implemented also in PYTHIA 8, and also provides a more exten

When you use PYTHIA 8.1, you should therefore cite both, e.g. like
T. Sjostrand, S. Mrenna and P. Skands, JHEP05 (2006) 026, Comput. Phys. Comm. 178 (2008) 852.

% Process Selection -> Electroweak Processes -> 241, 242
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Pythi1ad php Arayiizii

<‘> €« C [ home.thep.lu.se/~torbjorn/pythia81php/Welcome.php <>

PYTHIA 8

Boson and parton

PYTHIA 8 Index

Program Overview WeakBosonAndParton:all ( )On (») Off (default = off)

Common switch for the group of production of a single electroweak gauge boson, i.e. a gamma’*/Z*0 or a W"+-, in
Frontpage association with a parton, i.e. a quark, gluon, photon or lepton. These processes give first-order corrections to the ones in
Program Flow the weakSingleBoson class, and both sets cannot be used simultaneously without unphysical doublecounting. The

Settings Scheme
Particle Data Scheme
Program Files
Program Classes

Program Methods WeakBosonAndParton:qgbar2gmZg (¢)On ( ) Off (default = off)
Sample Main Programs Scattering q gbar -> gamma®*Z"0 g. Code 241.

current class should only be used to study the high-pT tail of the gauge-boson production processes (for LHC applications
atleast p7 > 20 GeV), while the ones in WeakSingleBoson should be used for inclusive production.

Setup Run Tasks WeakBosonAndParton:qg2gmZq (¢)On ( ) Off (default = off)

Scattering q g -> gamma”**/Z"0 q . Code 242.

Save Settings
Main-Program Settings
Beam Parameters WeakBosonAndParton:ffbar2agmZgm ( )On (o) Off (default = off)

Random-Number Seed Scattering f fbar -> gamma**/Z*0 gamma. Code 243.
PDF Selection

Master Switches

Process Selection WeakBosonAndParton:fgm2gmZf ( \On (o) Off (default = off)
- QCD Scattering f gamma -> gamma”*/Z"0 f. Code 244.

-- Electroweak

-- Onia

WeakBosonAndParton:qgbar2Wg ( /On () Off (default = off)

Cahanbbavinmn m ibvme S AINL i D ad~A NEA

- Top

Ernurth Manara tinn

% Process Selection -> Electroweak Processes -> 241, 242
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Pythi1ad php Arayiizii

Save Settings

<

The information on this webpage is only valid if you access the PHP dynamic webpages via a web browser, and does not
apply to the static HTML equivalents. With PHP, all of the settings in the PYTHIA program are represented by radio buttons
or fill-in boxes, that makes it easy for you to construct a file with your desired changes. This file can then be read into
PYTHIA by your main program to steer the whole run.

PYTHIA 8 Index

Basic instructions
Program Overview

The functionality of the PHP option is described in the following.
Frontpage
Program Flow Filename chosen: temp
Settings Scheme —
Particle Data Scheme Finish File RESET
Program Files
Program Classes
Program Methods o To begin with, you must specify a (temporary) file name in the box above. If the filename already exists on the
Sample Main Programs server, you will be requested to pick a new name.

« Once you have Submitted your filename, you can browse through the pages and make your selections. The values

Setup Run Tasks
P currently selected when you load the page are the default values.

Save Settings » When you have finished making your changes to a pat bitom
Main-Program Settings of the page. This will write the changes to your tempor: || ¢ Right Click to Save Target: temp + for that
Beam Parameters category again. RESET

Random-Number Seed
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Les Houches Olay Cakasi

PYTHIA 8 output to an LHEF

The above methods could be used by any program to write an LHEF. For PYTHIA 8 to do this, a derived class already
exists, LHAupFromPYTHIAS. In order for it to do its job, it must gain access to the information produced by PYTHIA,
specifically the process event record and the generic information stored in info. Therefore, if you are working with an
instance pythia of the Pythia class, you have to instantiate LEAupFromPYTHIAS8 with pointers to the process and
info objects of pythia:

LHAupFromPYTHIA8 myLHA(&pythia.process, &pythia.info);

The method setInit () should be called to store the pythia initialization information in the LHA object, and
setEvent () to store event information. Furthermore, updateSigma () can be used at the end of the run to update
cross-section information, cf. closeLHEF (true) above. An example how the generation, translation and writing methods
should be ordered is found inmain20.cc.

Currently there are some limitations, that could be overcome if necessary. Firstly, you may mix many processes in the
same run, but the cross-section information stored in info only refers to the sum of them all, and therefore they are all
classified as a common process 9999. Secondly, you should generate your events in the CM frame of the collision, since
this is the assumed frame of stored Les Houches events, and no boosts have been implemented for the case that
Pythia: :process is notin this frame.

The LHEF standard is the agreed format to store the particles of a hard process, as input to generators, whereas output of
final states is normally handled using the HepMC standard. It is possible to use LHEF also here, however. It requires that
the above initialization is replaced by

LHAupFromPYTHIA8 myLHA(&pythia.event, &pythia.info);

i.e. that process is replaced by event. In addition, the PartonLevel:all = off command foundinmain20.cc
obviously must be removed if one wants to obtain complete events.
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#1nclude "Pythia.h"
using namespace Pythias8;
int main() {

// Generator.
Pythia pythia;

// Process selection. Minimal masses for gamma*/Z.
pythia.readString("weakBosonAndParton:qgbar2gmzg = on");
pythia.readString("weakBosonAndParton:qg2gmZg = on");
pythia.readString("23:mMin = 50.");

// Z'nin tum kanallarini kapat, sonra sadece muonlari ac (main06.cc'den)
pythia.readString("23:onMode = off");
pythia.readString("23:onIfAny = 13");

// Create an LHAup object that can access relevant information in pythia.
LHAUpFromPYTHIAS myLHA(&pythia.event, &pythia.info);

// Open a file on which LHEF events should be stored, and write header.
myLHA.openLHEF("z+]et.lhe");

// LHC 8 TeV 1nitialization.
pythia.readString("Beams:eCM = 8000.");
pythia.init();

// Stoffe 1ini1tialization i1nfo 1n the LHAup object.
myLHA.setInit();

// Write out this 1initialization info on the file.
myLHA.1n1tLHEF() ;

// Loqp over events. .
for (int 1 = 0; 1 < 100; ++1) {
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Derle ve calistir

PYTHIA Error in StringFragmentation::fragment: stuck in joining
PYTHIA Error in Pythiaiinext: hadronLevel failed: try again
PYTHIA Warning in Multipartonlnteractions:ipTnext: weight above unity

PYTHIA Event and Cross Section Statistics

Mumber of even ma +- delta
Tried Selected imated) (mb)

q gbar -> gamma*/Z0 g
q g-> gamma*/Z0 g

Sum

meszage

Error in Pythiainext: hadronlLevel failed: try again

Error in StringFragmentation:ifragment: stuck in joining
Warning in Multipartonlnteractions:ipTnext: weight above unity
Warning in ParticlelataEntry::initBlimass: switching off width

: End PYTHIA Error and Warning Messages Statistics
fizikciBhpfbu20l? examples |$

> g++ -O2 -ansi -pedantic -W -Wall -Wshadow -fbounds-check -l../include z+jet.cc -o bin/z+jet.exe -L../lib/archive -lpythia8 -llhapdfdummy
> bin/ztjet.exe
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Delphes3

Q

*& Delphesd iin kullanimi:
> cd ~/hepWork/Delphes™/
> /DelphesLHEF —help
Usage: DelphesLHEF config_file output_file [input._ file(s)]
config_file - configuration file in Tcl format,
output_file - output file in ROOT format,
input_file(s) - input file(s) in LHEF format,
with no input_file, or when input_file is -, read standard input.

“t Delphes’in LHE kiitiiklerini kabul eden programimi ¢calistiralim:
> ./DelphesLHEF examples/delphes card ATLAS.tcl z+jet.root ~/hepVVork/

pythia8/examples/z+jet.lhe
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AR AR AR AR AR AR AR AR A AR AR AR AR AR

# Momentum resolution for muons
AR R R R R R AR R AR R R A AR R R R R AR RS

module MomentumSmearing MuonMomentumSmearing {

Delphes Cards

HARBHARBHAHHR
# Jet finder
HARBHARBHAHHR

module FastletFinder FastJetFinder {

set InputArray Calorimeter/towers

set OutputArray jetS

# algorithm: 1 CDFJetClu, 2 MidPoint, 3 SIScone, 4 kt, S Cambri

set JetAlgorithm 6
set ParameterR 0.6

set JetPTMin 20.0

set InputArray MuonTrackingEfficiency/muons

l set OutputArray muons

R S

# set ResolutionFormula {resolution formula as a function of eta and pt}

# resolution formula for muons

set ResolutionFormula { (abs(eta) == 1.5) * (pt > 0.1 && pt
(abs(eta) == 1.5) * (pt > 1.0 && pt
(abs(eta) <= 1.5) * (pt > 5.0el && pt
(abs(eta) == 1.5) * (pt > 1.0e2)
(abs(eta) > 1.5 && abs(eta) <= 2.5) * (pt > 0.1 && pt
(abs(eta) > 1.5 && abs(eta) <= 2.5) * (pt > 1.0 && pt
(abs(eta) > 1.5 && abs(eta) <= 2.5) * (pt > 5.0el && pt
(abs(eta) > 1.5 && abs(eta) <= 2.5) * (pt > 1.0e2)

}

1

= TCL ile yazilmis.
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Delphes ROOT kiitiigrii

.
<> ® OO X/ ROOT Object Browser
Browser ‘Eile Edit View Options Tools Help
Files I Canvas_1 lZJIEditoH |
& 1 T | Muon.PT l
:* v E;! Draw Optlon' I LI 10 I_l 1 I LI I L I L I _l LI I L I L l LI I L I 1 I_II
(_JPROOF Sessions - u -
{AROOT Files - .
=- ﬁgzﬂet root 8 l— .
~~~~~~ & |GEN;1 - -
E] _]Ana]ymsI B i _
- o A Taudet 61— —
------ -3 TauJet_size - B ] ]
..... ﬁJet [ .|- _
-3 Jet_size A | i
------ Z{JElectron = 7
----- 3% Electron_size o m
EJ zﬂMuon B _
P e & Muon.E > — -
""" & Muon.Px 0 —1 P P L T A l l L1 ||T|1 1 1 L1 l Ll lﬂ H 1 1—
5% Muon.Py 10 20 30 80 90
_____ g% Muon Fz Muon.PT
------ & Muon.Eta A I I I I I I I N
...... & Muon Phi Command I
TR ?_ — v | Command (local): | ~]
< | i L
Filter: | All Files {*.%) ]|
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LHCO ya Cevrim

“t Delphes RO OT kiitiigiinii LHCO ya cevirebiliriz:
> ./root2lhco z+jet.root > zt+jets.lhco

** Reading z+jet.root

** Input file contains 100 events
ok [

1(100.00%)

=i Exiting... [fizikciehpfbu Delphes-3.0.10]$ tail -15 z+jet.lhco

3 4 -2.452 0.383 24 .37 8.47 4.0 0.0 3.02 0.0 0.0
4 6 0.000 -2.656 7 .64 0.00 0.0 0.0 0.00 0.0 0.0
0] 98 C]

1 2 1.423 1.385 41 .67 0.11 1.0 0.0 1.01 0.0 0.0
2 6 0.000 1.168 13.51 0.00 0.0 0.0 0.00 0.0 0.0
0] 99 0]

1 2 -1.812 2.263 44 .45 0.11 1.0 2.0 1.07 0.0 0.0
2 4 -1.977 0.088 26.42 8.39 8.0 0.0 3.41 0.0 0.0
3 6 0.000 -1.133 52.36 0.00 0.0 0.0 0.00 0.0 0.0
0] 100 0]

1 2 1.077 -2.849 83.45 0.11 -1.0 4.0 0.00 0.0 0.0
2 2 0.128 0.838 17.46 0.11 1.0 3.0 0.01 0.0 0.0
3 4 -1.302 0.057 41 .74 8.48 7.0 0.0 1.37 0.0 0.0
4 4 2.218 0.344 23.78 6.40 4.0 0.0 2.94 0.0 0.0
5 6 0.000 2.847 6.47 0.00 0.0 0.0 0.00 0.0 0.0

[fizikci@hpfbu Delphes-3.0.10]1%

¢ EXROOT Analysis paketiyle bu LHCO kiitiigiinii de ROOT kiitiigii yapabiliriz:
> ~/hepWork/MadGraph5_ */ExRootAnalysis/ExRootLHCOIlympicsConverter
ztjet.lhco ztjet_|hco.root
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LHCO ROOT kiitiigii

. .ﬁl Electron

------ 3 Electron_size

® OO0 X/ ROOT Object Browser
Browser ’ File Edit View Options Tools Help
Files I Canvas_1 @QI Editor 1 |
é‘ V @ Draw Opt|0n l LI Muon.PT LI I L L I L L L l L L L I L L L I L L I L I L L I L L I LELEL
- 10— : -
(_Jroot - - -
(IPROOF Sessions B N
{AROOT Files g — -
E---c:@zﬂet_lhco.root B .
=1 #|LHCO;1 B i
----- ,ﬁlEvent 6— -
3% Event_size N B ] i
----- ,ﬁl Photon B 1 -
- 3 Photon_size 4 B I .

L L

: i 2 :

=) 4 Muon :

----- 3% Muon fUniguelD o H H ﬂ

o &Muon‘fBits o L A T A A e e e | 1 A
50 60 70

: 10 20 30 40
=\

------ 3% Muon.Eta

80

90
Muon.PT

------ 3% Muon.Phi Vo

- &Muon.Charge Command I

.. & Muon. Mtrk

Y

» | Command (local): |

< | | Il |

Filter: [ &Il Files (**) ~| ‘
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00 w 00

Algicrmizin Cozimiirliagii

K Urettigimiz ROOT kiitiigiinii kullanarak, algicimizin jét enerji
¢Oziiniirliigiinii ¢ikaran bir ¢cdziimleme programi yaziniz.

TLorentzVector mul,muz,jet,z;
TH1F *hMomCoz = new TH1F("hMomCoz", "Dik Momentum Farki", 100, - 200, 200);
TH1F *hDelPhi = new TH1F("hDelPhi", "Phi Farki", 100, -4,4);
Long64_t nbytes = 0, nb = 0;
for (Long64 t jentry=0; jentry<nentries;jentry++) {

Long64 t 1entry = LoadTree(jentry);

1t (1entry < 0) break;

nb = fChain->GetEntry(jentry); nbytes += nb;

// 1T (Cut(ientry) < 0) continue;

1t ( Muon_size <= 2 ) continue;

mul.SetPtEtaPhiM( Muon_PT[0], Muon_Etal@], Muon_Phi[1], 0.1057 );
mu2.SetPtEtaPhiM( Muon_PT[0], Muon_Etal@], Muon_Phi[1], 0.1057 );
jet.SetPtEtaPhiM( Jet PT[0], Jet Etal0], Jet Phi[0], Jet Mass[0] );

Z = mul + mu2;
hDelPhi->F111( jet.Phi() - Z.Phi() );

// buraya deltaPhi 1le 1lgili bir kod koyabilir miyiz?
// veya tam karsidaki jet'i mi aramaliyiz?

hMomCoz->F111( jet.Pt() - Z.Pt() );
1

hMomCoz- =Draw() ;
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Sefa

# Bulmaca: LHCO bicimini tanimladigimiz sayfadaki 6rnek olay ne olabilir?

1 z+jet coziimlemesini yapiniz (beraber tirettigimiz kiitiikleri kullanarak).
1+ Kendi hizli MC benzetiminiz (ikisinden birini segebilirsiniz):

“ PGS’de bir hadronun ve miionun kalorimetrelerde birakugi enerjinin fortran
kodunu gordiik. Bu kodlari alip birer ROOT betigine doniistiiriin. Rastgele
hadron ve miionlar kullanarak, kaybedilen enerjinin parcacigin
momentumuna gore nasil degistigini gdsteren 2 boyutlu histogramlar
cizdirin. Eklerdeki grafiklerle sonuclarimizi karsilastirin.

“¢ Alternatif 6dev: Opera miion spektrometresinin momentum ¢oziiniirligii
odevini hatirlayin. Bununla ilgili bir hizh simiilasyon programi yazabilir miyiz?
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FAZLADAN LEBLEBI
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StdHep bicimindeki olay kiitiiklerini
PGS veya Delphes2 ile kullanmak

® | | | &
* Bunun en kolay yolu, hali hazirda Madgraph ile sunulan ve onunla kullandigimiz pythia-pgs ve
Delphes paketlerini kullanmak.

= Madgraph’i yiiklediginiz dizine gecin.

+ Template dizininden yeni bir kopya cikarin ve oraya gecin: co -r Template
Eelsiltclot s el closcion:

= PGS/Delphes parametre kartiniz1 hazirlaym. (Tercih ettiginiz metin editorii ile Cards/
pgs_card.dat veya Cards/delphes_card.dat kiitiigiinii diizeltin.)

* Events dizinine gecin: cd Events

# Stdhep bicimdeki olay kiitiigiiniizii bulundugunuz dizinine pythia_events.hep adiyla
kopyalaym: cp kiitiginiizNeredeyseODizin/olayKitugliniiz
& aclaseweTaiscrahes

% PGS veya Delphes’i ¢alistirin: . . /bin/run pgs veya../bin/run delphes
+ Root kiitiigii olusturmak icin (ExRootAnalysis paketini de yiiklemigseniz):
../ ../ExRootAnalysis/ExRootLHCOlympicsConverter
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Delphes2

Q

*¢ Delphes2’in kullanimi (eski, sanal makinada yok):

> cd <DelphesKlasoru>

> /Delphes --help
Usage: ./Delphes input_file output_file [detector card] [trigger card]
input_list - list of files in Ntpl, StdHep, HepMC or LHEF format,

output_file - output file.
detector card - Datacard containing resolution variables for the detector simulation

(optional)
trigger card - Datacard containing the trigger algorithms (optional)

*t Kendi olay kiitiigiimiizii iceren bir girdi listesi hazirlayalim ve Delphes’i calistiralim:

> echo ~/hepWork/pythia8/examples/z+jet.lhe > liste.txt
> /Delphes liste.txt z+jet.root data/DetectorCard _ATLAS.dat data/TriggerCard ATLAS.dat
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