


”The predzctzms of the model are reasonable enough physzcally
’f"that we expect zt may be close enough to realzty to be useful n
-  designing future experzments and to serve as a reasonable
'fapproxzmatzon to compare to data. We do not thznk of the model 1

- - as a sound physzcal theory - -
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| Howto generatesimulated events: Pyhia (you already

learned Herw1g7)

*%/ Analy31s framework RIVET for partzcle level analys1s

‘% Now is a good tlme to ﬁre up the V1rtua1 machme (hope - 3

you have 1t )




% ne of t‘f‘e most W1de1y used for many years

% Relatlvely easy to 1nsta11 (along Wrth 1ts frzends HepMC

and LHAPDF6) and run onlme user manual
htto / / home then lu se/ ~torblorn/ thh1a82html/

Welcome hnl .

- % Run V1a Varlous mazniﬁij programs .



http://home.thep.lu.se/~torbjorn/pythia82html/Welcome.html
http://home.thep.lu.se/~torbjorn/pythia82html/Welcome.html

|+ Compile: make main42, should result in a maind2 executable in the directory.

- .f;~ﬁ'Input (whlch process to generate how many events colhslon energy, )‘51’9'5:]‘

P SPec1f1ed V1a a runcard ( Cmnd ﬁles) we WIH use ma1n42 cmnd

% > / ma1n42 ma1n42 cmnd eut hepmc f




File: main42.cmnd Change to 5000

This file contains commands to be read in for g thia8 run.
Lines not beginning with a letter or digit_efe comments.

Names are case—-insensitive - but spel#ings—sensitive!

The changes here are illustrative 0t always physics—-motivated.

l 1) Settings that wi
Main:numberQfEvents
Main:timesAllowErrors

fd in a main program.
! number of events to generate
I abort run after this many flawed events

I 2) Settings related to output in init(), next() and stat().
Init:showChangedSettings = on I list changed settings
Init:showAllSettings = off I list all settings
Init:showChangedParticleData = on ! list changed particle data
Init:showAllParticleData = off I list all particle data
Next:numberCount = 1000 ! print message every n events
Next:numberShowlLHA = 1 I print LHA information n times
Next:numberShowInfo = 1 I print event information n times
|
|
|

Next:numberShowProcess = 1 I print process record n times
Next:numberShowEvent = 1 ! print event record n times
Stat:showPartonLevel = on I additional statistics on MPI

! 3) Beam parameter settings. Values below agree with default ones.

Beams: 1dA = 2212 | first beam, p = 2212, pbar = -2212
Beams: 1dB = | second beam, p = 2212 pbar = -2212
Beams:eCM =

, Changé'to °1°§6‘°’6°6 Continued...|



! 4) PDF settings. Default is to use internal PDFs

! some pdf sets examples: cteq6l.LHpdf cteqg6l.LHgrid MRST2004nlo.LHgrid
#PDF:pSet = LHAPDF5:MRST20011lo.LHgrid

! Allow extrapolation of PDF's beyond x and Q2 boundaries, at own risk.

! Default behaviour is to freeze PDF's at boundaries. (:'153'1S;€3 t()

#PDF:extrapolate = on
process
of interest
(comment out
or remove)

! 5a) Pick processes and k1nemat1cs cuts
: Colour single ™ i of J/psi and chi_c.
gchcbar(3Sl)[3Sl(1)]g on, o0
Charmonlum gg2ccbar(3PJ) [3P1(1)]g on,on,on
Charmonium:qg2ccbar(3PJ) [3PJ(1)]q on,on,on
Charmonlum qgbar2ccbar(3PJ) [3PJ(1)]g = on,on,on
: pTHatMin = 20. ! |

ard process

I 5b) Alternative beam and process selection from a Les Houches Event File.
! NOTE: to use this option, comment out the lines in section 5a above

! and uncomment the ones below. Section 3 is ignored for frameType = 4.
#Beams: frameType = 4 ! read info from a LHEF

#Beams:LHEF = events. lhe UnCOI;T‘tPTeIéHrE‘Ft to read from For MonaSh:
| 6) Other settings?” Can be expanded as desired. (:l]ii[]g;(} t():

rite some of the values above, so watch out.
|

Tune:ee =7

| set long-lived particle stable ...

s:limitTau@ =

¢PATticleDecays:taudMax = 10 I ... 1f cxtau® >. 10 mm Tune:pp — 14




Z-boson production
and leptonic decay

I 5a) Pick processes and kinematics cuts.

WeakSingleBoson: ffbar2gmZ =on
23:0nMode = off

23:onIfAny = 11 13

23:mMin = 60

ttbar production
and semileptonic decay

I 5a) Pick processes and kinematics cuts.
Top:gg2ttbar = on

Top:qgbar2ttbar = on

24:0nMode = off
24:0nPosIfAny = 11 13
24:0onNegIfAny =1 2 3 45

W-boson production
and leptonic decay

! 5a) Pick processes and kinematics cuts.
WeakSingleBoson: ffbar2W = on
24:0nMode = off

24:onIfAny = 11 -11 13 -13

Minbias Events

I 5a) Pick processes and kinematics cuts.
SofQCD:inelastic = on

o S e s
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B m s used extenswely by the experlmentS

- % lut unless you are an expenmentahst 1t 1s probably too - ]

L mt1m1¢lat1n8 for you

. ‘% Many tlmes you ]ust want to qulckly look at s1mulated ’. _ﬁ




Based some‘what Qn An—dy«*»Bu_ckley;s LH13 tutonal:_ ==

% A generator agomstlc analys1s system for generators (no — 1

d1rect data analys1s‘) m C++ (now m C++11)

% Phys1cs plots from generator output (m HepMC format)

- data analySeS from dlfferent eXPel‘lmentS

f_ % Everythmg deﬁned m terms of stable fmal state ob]ects

: m Details: htt'_;s._.i:-?'-:_;afrivetehefor corg/



https://rivet.hepforge.org/

~ Analyses intended to be based on physical objects:

o Final state hadrons

o Jets (FastJet)

o Muons, Electrons (dressed)

o Bosons reconstructed from particles (rather than taken from event
record)

~~ Ve rsion 2.5 contains ~ 350 Analyses ( 195 LHC) f
e Monte Carlo validation and tuning, data preservation
- o Lots of code examples to get inspired




‘W Super convement bootstrap scr1pt to mstall (Rlvet and all 1ts -

dependenc1es) at ivrlvethe;' for _’.e or‘.:',},.~ .

Source Codes of ex1stmg analyses serve as useful examples

“‘%’ Helpmg the commumty by addmg your analy51s to the : £

ofﬁc1al 11brary



http://rivet.hepforge.org




% Since we are looking at Minbias events, lets try
> rivet -a ATLAS 2016 11467230 -a ATLAS 2016 11468167 -a
ATLAS_2017_I1509919 out.hepmc

# Output: Rivet.yoda
# Look inside the yoda file

# Plot with rivet-mkhtml Rivet.yoda

(--mc-errs)

# View plots by firefox rivet-plots/index.html




' Remember to remember the earher output yoda f11e to say _
“ out_py8 yoda (otherw1se 1t W111 get overwr1tten or you Can * ”

de -0 eut her7 yoda here)

«% Plot bot yoda flles together' .




BEGIN PLOT /ATLAS_2015_11343107/d18—x01—y01
XLabel=$E"{\rm{miss}}_T$ [GeV]

YLabel=Events

XMin=150

END PLOT

Labels formattlng

- controlled by correspondrng
- plot flle -

The data IS present m cerrespondlng reference yoda frle

17




- reference data to compare W1th

¢ ‘Useﬁﬂ’féfitezsting generator predictions.

You ean make a template r1vet-ml<ar1aly51s MC MyAna
N Fmd the MC MyAna cc ﬁle in the dlrectory (also |

MC MyAna mfo and MC MyAna plot)
% Look ms1de the cc ﬁler

There are many drfferent analyses in Rrvet oode reposrtory Usually one or
more examples shoulol be olose to What you are tryrng to do *

18



- #include "R1vet/Ana1y51s hh" = = =
~#1nc1ude "Rlvet/PrOJectlons/FlnaIState hh"

.‘»_namespace Rlvet { . - BaSIC mclude stuff |
- - - add new headers as reqmred -
/// @brlef Add a short ana1y51s descrlptlon here =

class MC_MyAna : publlc Ana1y51s {
publlc = =

/// Constructor - o
DEFAULT RIVET ANALYSIS CTOR(MC MyAna)

/// @name Analy51s methods 3-4.7

Continued... |




Expect usual C++ initlexecute/finalize type loop code structure

n /// Book hlstograms and 1n1t1allse prOJectlons before the run 1]
~void init() {» ;,L._,»-x-__v | = , aun

// Inltlallse and reglster prOJectlons . = = e
declare(FlnaIState(Cuts rabseta < 5 && Cuts :pT > 100xMeV),

FS" ) .
| // Book hlstograms —
. XXXX = bookProfilelD(1, 1, 1)

n_YYYY = bookHistolD(2, 1, 1),
\_ZZZZ = bookCounter(3, 1, 1);

Continued... |




/// Book hlstogréms.and 1n1t1allse prd]ectlons before the run
void init() { - =

Cuts::abseta <_5 && Cuts::pT > 100xMeV),

histograms
hookProfilelD(1, 1, 1)

pookHistolD(2, 1, 1 v - : -
bookCounter(3, 1, 1); Projections and

eclaration of two types
- of histograms

Continued.




/// Book hlstogréms.and 1n1t1allse prd]ectlons before the run
void init() { - =

Cuts::abseta <_5 && Cuts::pT > 100xMeV),

histograms
hookProfilelD(1, 1, 1)

pookHistolD(2, 1, 1 v - : -
bookCounter(3, 1, 1); Projections and

eclaration of two types
- of histograms

Continued.




4, .*% Observable calcu afo_r S,d"_‘_'ﬁom.an evént?rfoiéct out_the .

Phy Slcal 'b Ser"ab ;e.s.,;:? .

4%» j lready deﬁned m the framework -

'f_ff'}?wﬁ.Registeredwith amameiminit .
. Appliedtothe currenteventinanalyze

| "’0” AVOI‘IS unnecessary l‘epetmon in the code -




ChargedFinalState e VetoedFinalState
NeutralFinalState e DISFinalState

Q
Q
@ UnstableFinalState @ VisibleFinalState
o |dentifiedFinalState e HadronicFinalState




4% Declare at zmt by bookH1stolD or bookProﬁlelD (usual

name bmmng)

: 4%/' Can be autobooked from reference data‘

o Usalflimethodinanalyze




/// Perform the per event ana1y51s
VOld analyze(const Event& event) {

| = Heart of the code -
/// @todo Do the event by event ana1y51s here FI" hlstograms heref

" /// Normalise hlstograms etc.; after the run -
B v01d flnallze() { S

Normallze

normallze( h YYYY) // normallze to unity = =
~ scale(_h 2272, crossSectlon()/plcobarn/sumOfWelghts()) / norm to cross =
~ section - -~ - ~

_g,}ia_uogxﬂ

 Continued... =




Particle and Jet both have a momentum () method which returns
d FourMomentum.

Some FourMomentum methods: eta (),PT(),phi(), rapidity (),
E(), px() etc., mass (). Hopefully intuitive!




/1/ @name Hlstograms. -
// @i i h Hlstogram pomters
Profi e1DPtr XXXX, -

HistolDPtr _h_YYYY; declared

CounterPtr h_ZZZZ, j;;;;,’*v

oy

- {// The hook for the plugln system ]fj"
- B _DECLARE RIVET PLUGIN(MC MyAna) -




fe 0 plot mumber o charged parics and




_"#1nclude "R1vet/PrOJectlons/ChargedFlnalState hh" Added |n headers

 dec1are(ChargedFlnaIState(Cuts abseta < 2.5 && Cuts pT > 10@*MeV) "CFS")' |
- Prolectlon deflnltlon
bookHlstolD("Nchg" 20, 0 1@0) ;

E okHlstolD("pT" 40,0, 2@0) Hlstbgrams = - 'c_hanged-
- | declared | -

dcohétvFihaisfate& cfs‘= app1y<F1nalState>(event "CFS")'
double mult = cfs.size(); - -
_h_Nchg—>fill(mult); - In event Ioop

for (const Particle& p : cfs. partlcles()) {
hPT>AUp.TOGY); - calculate variables

and filled hlstograms

hg

_h_Nc
 h pT

~ normalize(_h Nchg) // normallze to unity

"v_'{normallze( h pT) Normallsed

H.stogram pointers

30




% Compﬂe by rlvet-buﬂdplugm R1vetMC MyAna so MC MyAna cc

% export RIVET ANALYSIS PATH $PWD (or use —pwd sw1tch)




| %« HepMC fﬂes tend to become unmanageably large (5000

events ~»1 GB)
% ften t1mes We need m11110ns of events

% We use flfO (ﬁle in, ﬁle out) wh1ch 1s 111<e a plpe One event
- enters gets processed only then the second event is

e

" f % Leok at Run sh f11e .(We w111 run that later)




TR AR TR S O S I i S L e A T e R S e S e e T e e f s et~ i

';#Slmple scr1pt to run gxthlgg and rivet together via a fifo

~ export RIVET_ANALYSIS_PATH=$PWD # Rivet needs to know where the analysis is
- export RIVET_REF_PATH=$PWD

- rm -rf my.hepmc, # just a protection
-mkfifo my.hepmc, # create the fifo file

- rm *.log # make sure log files are new

./main42 main42.cmnd my.hepmc > pythia.log & # run Pythia, output goes to the pipe, always good to have a log file

= - rivet -a MC_MYANA my.hepmc &> rivet.log # run Rivet over, input comes from the pipe

- rm my.hepmc,




MC truth

Filtering

Detector hits
Digi+Pile-up
N Trigger

Smearing "«




ations!




