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Appendix A

(A.1)

particle’s momentum in z-
direction. If the four-mome, AT 1ch er than the particle’s mass p > m

=T X (A.2)

|

where cosf = p,/p, a B 0 is the center-of-mass scattermg angle. Fig. A.1 shows

the direction of the beafneon ﬂz-a.ms anl{ﬁ A.2 shows the angle # on the

womne B U AVIEVIIWENNT

The rapld&'y y is used for dataganalysis in pazticle physics begause its distri-
butlonﬁ qtalﬁ @mou ﬁ % walt’y-‘ ﬁ)r%lnated from
the “velogity” term in the expression of the modified Lorentz transformation, as
will be clarify later. The modified version is preferred for doing data analysis

because it is more informative than the standard Lorentz transformation form.

To gain more insight of this notation, let’s consider the velocity ratio 3.
Since [ has values between -1 and +1, we choose hyperbolic function tanh, which
also has values between -1 and +1, to express 3 in term of rapidity “y.”
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? X-axis

Beam axis

proton proton

z-axis

553”; nte cattering angle with respect

Figure A.2: A diagram showis

to the beam direction.

7 x4

'I I!i'
W i¥

tanhy = — = .

o HANEUG NS
QRIAINTFUUAATNLIAY o

It is the velocity term in this expression that makes y to be called “rapidity”.

(A.3)

In Lorentz transformation, the rapidity can be written as shown below.

Instead of expressing v = L__ we write 7 in term of rapidity:
V1-v?/c2
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i coshy

1
"y = — —
v/1 — tanh®y \/1 - :%"ﬁ% v/cosh?y — sinh?y

= coshy. (A.5)

Using Eq. (A.5), the Lorentz transformation can be rewritten as follow:

t' = y(z — vt) = coshy(z = ) &= z coshy — (ct) sinhy,

(ct) = ex(t — vz/c®) =

) = (ct) coshy — zsinhy,

§ (A.6)

Y =y, é:; e —
| —
Z’:z. / .

For the CMS det
in Fig. A.3. ’

movement with fisld on. 1 cm Al dimansions u:‘%'m u_t_dﬂ

Figure A.3: The scale of rapidity of the CMS detector.
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A.2 Azimuthal Angle

The azimuthal angle (¢) is the angle on the plane that is perpendicular to the
beam line, as shown in Fig. A 4.

Transverse
xy-plane

4 Y-axis

Figure A.4: A diagr gl azinuth ngle () With respect to the beam
direction (z-axis) and mom

A.3 Transvers

The transverse momentum (P of momentum on the plane per-

pendicular to the beam di

ﬂ JR2epr T (A7)
RV ) ) ed g
A TR INgna Y

The mostqpotential background of our signal is the Drell-Yan process [55], a process
named after its two discoverers, S. Drell and T.M.Yan. The Drell-Yan process is a
mechanism in proton-proton or proton-antiproton collision when one quark in one
proton and one antiquark in the other annihilate into a virtual photon which then

produces a lepton pair. The Feynman diagram of the mechanism is displayed in
Fig. A.5.



93

Because of the ¢
Drell-Yan is believed t
of hadrons.

ark pair in the hadron, the

to probe the structure

A.5 Minimu

Minimum bias events aré e hose 10t /being Selected or not under any con-

straint. Consequently, mi e lots of background. Minimum

bias in hadronic interactions a ;’:‘u [ pt events; however there is some

chance that they possess

- -l
el

At the LHC1 L"-"‘ G , i ’ will be approximately

200 minimum bias events. L']

A6 puETJJEJ’J ﬂEJVl’ﬁW gIN3
e QW AREATRIUAND PRIV b s

time whi€h can lead to interfering effects between pulses when counting rates are
not low enough. In other words, pile up is an incidence that the tail of a pulse is

tapped by the next pulse.
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A.7 HEPEVT Ntuple Format

HEPEVT is a HEP (High Energy Physics) standard to store particle kinematics
information. In FORTRAN, HEPEVT is a common block as follows

PARAMETER (NMXHEP=4000)
COMMON/HEPEVT/NEVHER NHEP ISTHEP(NMXHEP), IDHEP (NMXHEP),

JG va

Each entry is deseribede ‘ ‘:}\:
Ll — 1\ N\
oy e \\\\\

NEVHEF ent. rumby
NHEP ke of Gt (
ISTHEP :
IDHEF

articles, partons)

Sther

and last "li ghter

ISTHEP ¢ .. status code

ﬁEﬂ 8 RNINEINT

verfex‘xyz and proﬂctlon time g

Q‘mﬂﬂﬂ‘i YA

More details of the HEPEVT entries can be found in PYTHIA manual (30].




Appendix B

CMKIN

B.1 CMKIN Maii-Sofirce Code

: \\\

'5\

\\ N

’ \ nd kine_make_ntpl_pyt.run.

The main source codes of @&MKT] rocesses datacards are the

two PYTHIA progrs l

B.2 Datacard E

For each physics process, £ ff.{ beiate ard files are listed in Table B.1

below. {__9"’ e

Table B.1: The QViiN-generated-physics processes and its datacard files

]
* Processes Fil -.“j ame

wﬁi“wﬂﬂ%’w TR
RN BTN

Drell-Yan Process dy2mu.txt

minimum-bias minbias.txt
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ki_pyt main.F

*

*¥$Id: ki_pyt_main.F,v 1.8 2004/10/11 14:47:05 karimaki Exp $
*

* $Log: ki_pyt_main.F,v $

*

#include "sys/CMS_machine.h"
#include "pilot.h" W
*CMZ > 5k [ gds_Taylor
*-- Author : Lucas T
*+DOC************** 3 x d ok ok ok k ok dkok ok ok ok ok ok ok ok ok ok ok ok kK

PROGRAM KI_P

*

*DOC  Author:

*¥DOC  Created:
3

KpDOC K ** % &%k kkkkkk *

#include "cmsi/c es /]
#include *cmsi/cmcde
#include "cmsi/cmcd
#include "kine/kicde
#include "kine/kicdes§/
*

k ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

INTEGER I

*
INTEGER ISEL,IFIL ,fsii"‘ /
SAVE ISEI, )
* T 2
LOGICAL I UWAR
* =
* q
* Initialisation phase
E 3
* E]uﬂ’él mlmmmm
CALL ivi a cards, etc.)
k3
. /. - lnlt
* "jmﬁ WTLAEIRNY
LYK o y A'initia atio

*** taudla usage
IF (JAKK1.GE.OQ)
&CALL PRETAUOLA (-1)

ISEL =10 ! Initialise selected event counter
IFILE = 0
IF (N_NFIL.EQ.-99) N_NFIL=N_NSEL
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*
£ 3
*
*  Event generation
S —
*
DO I=1,N;TRIG ! Event generation loop
NHEP = 0
NVRMCP = 0
CALL PYEVNT nerate PYTHIA event
k3

** tauola usage
IF (JAKK1.GE+0)
& CALL PRETZ

CALL. KI_

selection
£ 3

pendent event

IF (I_WANT) — v - was selected

& PEVT common block
IF (IDCWN.
CALL KI vent to ntuple file
ELSE
CALL KIR_Z
ENDIF
%K
IF
(MOD (ISEL, 10).EQ% w-—--“-—"'-—-="“--—-‘-—"-‘-“'-r-fd _NFIL).EQ.O0)
& WRITE &4#
& ' **KIMATIN* * o, ”'lected =',I,ISEL
* !

IF, (ISEL .N_NSEL) GO T  End of job
IFIL
L RENAME NTUPI‘E(IFILE)

Qlﬁﬁfﬁ%ﬁ”ﬁmﬂiﬂﬂﬂmﬂﬂ
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CALL KI_EVT_SEL (1,DUMMY) !KSEL-dependent selection terminat
CALL PYSTAT(1) !Write-out PYTHIA run summary

IF (JAKK1.GE.Q) CALL PRETAUOLA (1) ! srs insertion
IF (IDCWN.GT.0) THEN
CALL CLOSE_NTUPLE
IF (ISEL.GT.N_NFIL
IFILE

E_KI_PYT_MAIN

AU INENTNEINS
QRNTIIIINN A
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kine e_ntpl .run
#!/bin/csh
# Updated for cmsl130 30.01.03 / VK

LR R R T T T Y T N N N R R g
#
# CMKIN run script (to create a HEPEVT ntuple)

#

# Contact persons: Lucas Taylo
# Veikko K

#

HEHHHHHHH SRS HEHHH B R AR HHHH BB R HHHS

# g ‘ .
set GCCVER=/usr/locadégec—alt 2=

if (! -d $GCCVER S .»a S S ead/ogcc-alt-3.2
setenv LD_LIBRARY_PA i{/ "\\: ~,-ca1/11b

set DATACARDFILE=j j(- xﬁ\\\\\

set DATACARDFI dv

set DATACARDFILE=

set DATACARDFILE

set DATACARDFITCE=g0
set DATACARDFILE=gg

e G

#
set npyt=6225
set DATACARDFILE=data

if W 1 =F ${DATACARDFILE}
echo ' ' =
echo The file
exit 1
endif !f

#
set JOBNAME klnegake ntpl_py
set EXEFILE=${SC TCH)/${JOBNAME}${npyt}

o YAINUNTNEINS

echo '
echo The f11e $(EXEFILE} .efe does notgexist

SRR TERT T AATIVIEN Y

if (-f ${JOBNAME}.lis) mv ${JOBNAME}.lis ${JOBNAME}.lis_old
echo

echo 'Starting execution of ' $EXEFILE.exe

echo ' wusing datacard file ' $DATACARDFILE

echo on ‘date’
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${EXEFILE}.exe >${JOBNAME}.lis <<EOF
LIST

———————— Start of channel independent control cards ------—-—-————-
CMS energy (GeV)

ECMS 14000

PR s]
g
o
h
o
<
)
s)
ot
©n
ot
o
Q
[}
=t
0}
Ia}
o
ot
(]

TRIG 9999999

ile wanted

QAN N0
]
|
o

NSEL 10000

C ___________

C particle masse

C ______________

(&

C PMAS

C PMAS 23,1=91.187

C PMAS 24,1=80.22

C
MSTJ 22 = 2 hose unstable particles
PARJ 71 = 10. c*tau < 10 mm

c )

(Gl End offehannel independent control—

c V.

Commmm == Start ofrchannel dependent control Tards ----—-—-—————————

II ’
‘cat ${DATACARDFILE

EOF
#

g Inansweang.

echo $0 flqjshed on “date’ w1th status code 1
echo ------ccooe e Qe

eli’?ﬂlﬁ’]aﬁﬂ‘ifumﬂﬂﬂmaﬂ

echo $0 finished on “date’
€ChO  ——— -
endif

HERAHBHARH AR AR AR BRI R R B AR B R R R R R
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ZZ -> 2mu 2nu datacard

plplede!

(el lele] [eNeNe]

QAN

Pythia/JETSET parameters

First set random seed

MRPY 1= 563389
KSEL 213! use KIS_HZZ_ 4L

CFIL 'EVTO' 'zz_41.ntpl

KRUN 0
don't use PDF 1lik

MSTP 51=7

MSTU 21 ! & ;ig during program execution
* e unction

MSTP 81=1 'nmltlple parton 10t stions (1is Pythia default)

MSTP 82=4 !multip ¢¢ "&?‘ (see p209 CERN-TH
7112/93) EE—— ¥

PARP 82=1.9 [ R

PARP 83=0.5 -

PARP 84=0.4 I )

PARP 90=0.16

ﬂ Ut ANENINN3,

- mé@ﬁ%ﬁi&mwmaa

RCUT 3=0." !pt cut for mu+, mu-
RCUT 4=24 !eta cut for mu+, mu-

MSTJ 41=1 ! Switch off Pythia QED bremsshtrahlung



C PYTHIA Kinematics

(6
CKIN 3 =255
CKIN 41 =5.
CKIN 42 = 150.
CKIN 43 =5.
CKIN 44 = 150.

END

EOF

WW -> 2mu 2nu (nuba: .

nnNnN

MRPY
CFIL
KRUN

1= 123456
'EVTO' 'ww_Z1
0

cards below for i

MSEL
MSUB

0
25=1

Switch off or defi

MDME
MDME
MDME
MDME
MDME
MDME
MDME
MDME
MDME
MDME
MDME
MDME
MDME
MDM

MDM

MDME
MDME
MDME
MDME
MDME

MSTP

190,1=0
191,1=0
192,1=0
193,1=0
194,1=0
195,1=0
196,1=0
197,1=0
198,1=0
199,1=0

;x:aum‘namw BN

202,10/

maﬂnimumqwmaa

06,1=1 (W+ --> nu e+ ON)
207,1=1 ! (W+ --> nu mu+  ON)
208,1=1 ! (W+ --> nu tau+ ON)
209,1=0

51=7 ! CTEQ 5L in pythia 6.2

102
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c
MSTU 21=1 ! Check on possible errors during program execution
MSTJ 11=3 ! Choice of the fragmentation function

(&)

C multiple interaction parameters

C
MSTP 81=1 !multiple parton interactions (1 is Pythia default)
MSTP 82=4 !multiple parton interactions (see p209 CERN-TH

7112/93) ' '

PARP 82=1.9
PARP 83=0.5
PARP 84=0.4
PARP 90=0.16

This part is added

0 oo

RCUT 3=0.
RCUT 4=2.4

EOF

Drell-Yan Process pp

C

LIST

(8]

C Pythia parameteérs
(&)

(&

C First set random sge
(&

o 1= ssﬂz&JEJ’JVIEJTI‘iWEJ’]ﬂ‘i

TRIG 1000000

Nsﬂ‘maﬁﬂ‘ifumﬂﬂﬂﬂ']ﬂﬂ

CcFIL % EVTO', 'dy2mu.ntpl '

o
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C CMS energy, (GeV)
C

ECMS 1400

PYTHIA Particle Mass

[oNoNeNe!

PMAS 5,1=4.2 Imass of b quark
PMAS 6,1 =174.3 -
PMAS 23,1 =91.1882
PMAS 24,1 = 80.419

C
C PYTHIA Process Selec
c

MSEL = 0
then use MSUB) and
processes (1, then
processes (2, thei:

MDME 174,1=0

MDME 175,1=0

MDME 176,1=0

MDME 177,1=0

MDME 178,1=0

MDME 179,1=0

MDME 180,1 = -1

MDME 181,1=-1

MDME 182,1=0

MDME 183,1 =0

MDME 184,1 = &0 17 decav Sntomu——mma—— "

MDME 185,1 = 04 4.

user control (O,
ive: QCD hight pT
68), QCD low pT

91, 92, 94, 95)

MDME 186,1 =0 ﬂ au+

MDME 187,1 = 'Z decay into nu_tau nu=taubar
MDME 188,1 —-1 1Z decay 1nt au'- tau'+

MDME 189

ﬁ U Elﬁfﬂéﬂ mmﬂﬁm
MSTJ 2 IDecay those unstable partlcles

MSTP 51 = IChoose C Q5L

" A IETEIHRAINYN Y.

execut:L n

MSUB 1=1 lffbar -> gam/z0

PARJ 71 = 10. Ifor which ctau 10 mm
C
C This part is added
c :

RCUT 3=0. ! pt cut for mu+, mu-
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RCUT 4=24 !eta cut for mu+, mu-
C
C PYTHIA Kinematics
C

CKIN 1 =5. !(D=2. GeV) (CKIN 1,CKIN 2) = range of allowed
values for m hat = sgrt(s hat), the upper limit is inactive if
‘CKIN 2' is negative (D=-1.GeV),to avoid pythia6136 bug with low
higgs mass
C

PYTHIA Trigger

C

(&)

c -
C GENERATOR User-definee
C

C

C PYTHIA Rarely used

C

EOF

gamma* + gamma* -->j

LIST

Pythia paramete:

(@il K il o Ho i)

MRPY 1= 96154

e mummmwmn‘i

NSEL 10

C"I‘Qﬁ"']ﬂ‘ﬁﬁwmﬂ’]’mmﬂﬂ

[pN @]

NRIAQAIA
[%2]
(1]
ct
g
é
0}
Lo}

KRUN 1

CMS energy'(GeV)

[oNeNe]
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ECMS 14000.
PYTHIA Particle Mass

PYTHIA Process Selection

plolplleololioNs)

MSUB 137=1
MSUB 138=1
MSUB 139=1
MSUB 140=1

(@]

PYTHIA Kinematig

PheleleH e

CKIN 1=0,
values for m hat
'CKIN 2' is negativy,
higgs mass

ange of allowed
is inactive if
hia6136 bug with low

c
(&
c =
RcuT 3=0. I pt cut fo ._:5,;:[“':, . .
RCUT 4=24 !eta :
END v X )
EOF -

J.[ ¥

AULINENTNEINS
ARIAINTAUNM TN
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gamma + gamma --> muon+ muon- datacard

LIST

Q000

(@] pEelcloRoloNo! (plele

plierlle

hi
&
(o
c

Pythia parameters

First set random seed

MRPY 1= 140369
KSEL 0

TRIG 1000000
NSEL 10

CFIL 'EVTO"',

CMS energy (GeV)

ECMS 14000.

“m”ﬁus?%ﬁW3ws1ni

PYTHIA K1n tics

%ﬁﬂﬁ \l‘ﬁﬁeﬂé AR B B

'CKIN

is negative (D=-1.GeV),to avoid pythia6136 bug with low
iggs mass

This part is added

c

RCUT 3=0.° !pt cut for mu+, mu-
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RCUT 4=24 !eta cut for mu+, mu-

EOF

Minimum Bias datacard

€

(PR

0 AN PTVEY el L

Pythia/JETSET parametez:

First set random se

MRPY 1= 123456
KSEL 0

CFIL 'EVTO',

KRUN 0
don't use PDF libr

MSTP 51=7

ramt@ere R
_____________ Ao

MSTU 21=1 ! Chec} ;I on possible errors during.program execution
MSTJ 11=3 'Cho:Lce‘pf the fragmentatlon function

Qﬁ%&ﬁﬁﬂﬂﬂ’ﬁﬂﬂ’lﬂ‘i

MSTP 81=1 'multlple parto? interactions (1 is ﬁa default)

-TH

MSTP 33=3 ! K-factor in alfas scale: alfas ->

alfas (parp (33)*Q**2)

C

C

PARP 82=3.20 !pt cutoff for multi-parton interactions
PARP 89=14000. ! sqrt(s) for which PARP(82) is set

TRIG 100000
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Appendix C

OSCARgpd ORCA

- 7 =t

I'have included the BuildPiles and|! oufiglt awFEile for OSCAR and ORCA

in this appendix. The Build O/i!f ‘ \:,I'\\ ‘:;:‘:"‘ L.do in our executables and

the configuration files digple .// n‘{ etets k,!\ ‘ or the OSCAR (ORCA)
B -.k.,. N ‘\\

software.

C.1 OSCARAFilcs. =

e OSCAR BuildFile |

e OSCAR Run Configura ‘:‘"-'

Ly, = —
,

AU INENINEINSg
QRININTAUNNINYIAD



OSCAR BuildFile

<environment>

<lib
<lib
<lib

<lib
<1lib
<lib
<11b
<1lib
<lib

<1lib
<lib
<lib
<lib
<lib
<lib

<1lib

<l1ib
<1lib
<lib
<lib
<1lib
<lib
<lib
<1lib
<lib

<1lib
<1.3b
<1lib
<1lib

name=MuonSensitiveDetector>
name=TkSensitiveDetector>
name=Tk$imTrackSelection>

name=G4Configu
name=MantisApplig
name=MantisSimEv:
name—MantlsNotlflca
name—MantlsGeo et
name=MantisGe
name=Mantis
name=Mantis

name= BaseMa-l:tl

J

name=DDDInte

%ﬁﬂﬂ%ﬁa N ngns

igii%ﬁﬁﬁ:ﬁm SNUMINYIA

<Grou

<External ref=COBRA use=DDD>

<External ref=COBRA use=CARF>

<External ref=COBRA use=GeneratorInterface>
<External ref=COBRA use=Utilities>

<External ref=cmsim>
<External ref=geant4>

11}
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<External ref=geant>
<External ref=cern-generic>

<bin file=oscar.cpp></bin>

</environment>

# general
=

Configuration:List
Configuration:Hi
Verbose:test. =
MemoryDebug

CobraTrapFPE

TextColor =

#

=

#

CMSRandom: Seeds

3

# persistency

# 3

OutputDataSet = /System/QSCAR/z Specify the output dataset

GoPersistent = true
DBPopulator:LocaliMe
DBPopulator:Co P’ 2 - E-‘
DBPopulator:MaxbBS] £
DBPopulator:checkDBIn 1
DBPopulator : UnName Containers =1 @
DataSet :JobsPerDB =

DataSet : DBPo lIncreﬁdﬂh

MEJ’JVIEJ'VITWEJ’m‘i

physics: QGSPllst QGSC11s€ LHEPlist #FPFPlis

ﬂ‘ﬁmﬁﬁﬁﬂm&‘ﬂﬁmﬁiﬁﬁ”‘em

traPackages QGSPlist:MantisNtplReader:OscarExceptionHandler

*E}**##***

# run manager
# .
RunManager:PhysicsTablesDir = PhysicsTables
RunManager:StorePhysicsTables = false
RunManager:RestorePhysicsTables = false



RunManager:StoreRNDM = false
RunManager:RestoreRNDM = false
RunManager:Verbose = 1

#

# exception handler

#

OscarExceptionHandler:OverrideEnabled = true
OscarExceptionHandler:Verbosity = 2

#

#

#

#
#
#

sim trac

geometry

ks

EventAction:SaveSimTrac

DDDConfigFile

-

# VCAL

#

VCalShowerLibrary:

VCalShowerLibra cms/cmsim/cmdb/vcal
#

# physics

#

Physics:Verbose

#

Physics: DefaultCut =
ProductlonPhy51cs BulldP
ProductionPhysics:Elec

cut in mm

DDDParserInstanc(e){ ]
T !

]
[

Product10nPhys1:} S

#

#threshold for eBre

#

ProductionPhysics:PhresholdForElectron
event ge
select ag

avallable e

Zﬁﬂﬁt

Be chosen in ExtraPackages card

I o 3 3 3 3 3 3 3

HEAngnsinsnnsg

nerators (readé;s) Mantllhti Reader,

AN NI aLUE AT A,

if MantisNtplReader

#Specify the ntuple file from CMKIN

#

EventNtplReader:NtplFileName =
/root/CMKIN_4_0_0/examples/make_ntpl_jobs/ggvir_ffbar2.ntpl

113
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EventNtplReader:NtplID = 101
HepEventCmkinNtupleReader:FirstEvent = 1

if MantisGunReader choose

ParticleGun:Gun = FlatRandomPtGun

or FlatRandomEGun or FlatSteppingEGun

and configure for PID, MinEta, MaxEta, MinPhi, MaxPhi, MinPt,
MaxPt etc

see available ParticleGun
COBRA/GeneratorInterfacey
if MantisTxtReader, sp
EventTxtReader: TxtFil i ent .data

o3 I 3 N 3 I

#Generator:FirstEve
Generator:Maxim
#
# acceptance cu
#
Generator:ApplyP

#Generator :MaxPhiC
Generator:MinEtaC
Generator:MaxEtaCut
Generator:MinPtCut (
Generator:MaxPtCut (Mel FOT59
4 E

# vertex geherator
#
Generator

:VertexGeén
.

;: € rm— Y

if Gaussian

#
VertexGenerator: Mﬂxx

0.
VertexGenerator:Mea = 0.

VertexGener :Me = s
VertexGenerEﬁi =ﬂ ﬁﬂ ﬁ w EJ ’] ﬂ i
VertexGenerat i =

VertexGeneraur:Sigmaz = 53.0‘ - "
1@%:5‘1&% mﬁ%%lﬂ El\f]k'ﬁx ElaxY , Maxz

magnetic field

@xGenerator

U

HH 3 3 3 I

MantisMagneticField:UseMagneticField = true
MagneticField:Name = CMSIMField
gufld:delta = 1.0
G4PropagatorInField:Verbose = 0

it
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# avoid loobs, ping-pong between volumes, crashes
#

SteppingAction:KillBeamPipe = true
SteppingAction:KickOSteppers = false
SteppingAction:PrintKicks = false
SteppingAction:CriticalEnergyForVacuum(MeV) =
SteppingAction:CriticalDensity(g/cm3) = 1.e-25
SteppingAction:CriticalStepLength(mm) = 1.e-6
SteppingAction: chkLength(mm) ' )
SteppingActien:CriticalN: ’
# h,
# specific detector
#
TrackerSim: ThrowOnBa
CaloSD:CheckHits =

2.0

#

# number of even if NO_G4_MACRO =
false)

#

NumberOfEventsToBePx

#

# NO_G4_MACRO =
# =
#
#
NO_G4_MACRO = true
#

#G4InputFile =

# 3

# disable G4 verbosi
# (N
G4Verbosity =

command line

ﬂ'lJEJ’J‘VIEJ‘VI‘iWEJ’]ﬂ‘i
amaﬁnimumwmaa
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C.2 ORCA Files

e ORCA BuildFile

e ORCA Digitization Configuration File

e ORCA DST Recording Configuration File

AUt INENINeINg
ARIAATAUNNINGIAY
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ORCA BuildFile

#
# This is to write SimHits into a DB
#
<environment>
<Group name=CaloHitWriter>
<Use name=Calorimetry>

<ignore> To produce Muon ba 1,/ endcap and RPC hits </ignore>
<Group name=MuonSimHi :
<Use name=Muon>.

<ignore> To produce™
<Group name=TkHi
<Use name=Tracker>

<Group name=G3Re
<external ref=

<bin file=write
</environment>

#
# This is to write
#

<environment>
<ignore> To produce Ca orim </ignore>
<Group name= CaloHJ. ey wf’

<Group name= a

<Group name=Call
<Group name=Tr !F'
<Use name—Calorvlrt

<ignore> To produ all Muon dlgls </1gnore>
<Group n

Y BTN TNYINT

<ignore> To produce Tracke

RSEEEAE AT A Y

<Gro name-TkOscarReader>
<Group name=TkDigiWriter>
<Use name=Tracker>

<ignore> To store L1 global trigger </ignore>
<Group name=L1TRIGGER>
<Use name=Trigger>
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<Group name=G3>
<Group name=SimReader>
<external ref=COBRA Use=CARF>

<bin file=writeAllDigis.cpp></bin>
</environment>

i
# This is to produce a DST
#
<environments

<Group name=L1TRIGGE]

<Group name=CaloRe
<1lib name=EcalP

<Group name=Eg
<lib name= EgammaCal

<group name=METrecon

<group name=TKIZaeci
<group name=Pr
<lib name=PixelTrack
<lib name=TkPartialReco>
<1lib name= Tleng%FUp>

:;zzu;a:zﬁii:ﬁﬁ W INYNT

<group nam MuonIsolat10n>

:3:&imﬁﬁﬂ‘§m UNIAINYAY

<Use ame=TrackerReco>
<Use name—Vertex>

<Use name=Calorimetry>
<Use name=ElectronPhoton>

<lib name=PersistentJet>
<Use name=Jets>
<Use name=MET>
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<Use name=Trigger>

<Group name=RecReader>

<Group name=GeneratorCARFReader>

<External ref=COBRA Use=GeneratorInterface>
<External ref=COBRA Use=CARF>

<bin file=writeDST.cpp>To write standard DSTs</bin>

<bin file=writeStreams. cpp> ite standard streams</bin>
</environment> \

Digitization Configuration F: le'

MaxEvents = 1000

\\\ '”*-. to be digitized
InputCollections = ecify input dataset

OutputDataSet x\\\\\\; ify output dataset
# - minbias as 2x10” \\ ———————————————————
#PUGenerator:Collecti . \ n-1asO3/m1nb1asO3

#PUGenerator:Averag
#PUGenerator :MinB h
#PUGenerator :MaxBunch
#PUGenerator:First

A\

#-- database technicalities = . — — — — — — — — e ——
DBPopulator : Conhi ;
DBPopulator : MaxDassze
DBPopulator:chegkr
DataSet: JobsPerﬂ—
DataSet :DBPoolI ement =

EVD:Default = OnDemand

%ﬁgﬁﬁﬁﬁﬁﬁﬁ%ﬁﬂﬂiﬂi ______________

TrackerDlg :Location = gés
TrackerAssoc* :Locati oc1atlo ns =

ARG A NYNa Y

CR Ld¢ation = RecHits
HR:Location RecHits
CS:Location Digis

CT:Location = Digis

HT:Location = Digis
MuonDigisBarrel:Location = Digis
MuonDigisEhdcap:Location = Digis
MuonDigisRPC:Location = Digis

GoPersistent = true




MuonAssociationsBarrel:Location = Associations
MuonAssociationsEndcap:Location = Associations

MuonAssociationsRpc:Location = Associations

L1Tri

gger*:Location = L1Trigger

#-- what to store
TrackerDigi*:Request = Auto
TrackerAssoc* :Request = Auto

CD:Request = Auto

CR:Request = Nop

HR:Request = Nop

CS:Request = Auto

MuonDigis*:Request

MuonAssociations*:R

Ll1*:Request = Aute
#-- pileup selecti

PUGenerator:Averag

PUGenerator:Bu

PUGenerator:First

PUGenerator:

PUGenerator:

Calo:EBRY:]

Calo:EBRY:

Calo:EFRY:

Calo:EFRY:

Calo:ESFX:

Calo:ESFX:

Calo:HCAL:MaxBunch

Calo:HCAL:MinBunch

Muon:Barrel :MaxBunch =

Muon:Barrel :MinBunch

Muon : Endcap : Max (

Muon: Endcap: E-
#-- the paramete g
#- Tracker Tl
#only for pileup ixelDigitizer:AddPixelInefficiency
#- ECAL

CaloD

s:;zgéééﬁ?ﬁt%ﬁﬁﬁmw Mhib

CaloRecH1t calEndcap =

Ecal

:Barrel:noise = 0. 04

2

A RIASRII YN8 Y

EcalqEndcap noise = 0.150

Ecal:
Ecal:

Endcap:photostatistics = 1.8
Endcap:threshold = 0.45

EcalTrigPrim:Threshold = 0.3
CaloRecHit:Preshower = 1
Presh:noise = 0.000015
Presh:threshold = 0.000045
CaloRecHit:SuppressUsingEt = 0

120
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Ecal:SelectiveReadoutExceptionHandling =0
Ecal:SelectiveReadoutGridSize = 1
Ecal:SelectiveReadoutSingles = 1
Ecal:SelectiveReadoutSingles:Barrel:threshold
Ecal:SelectiveReadoutSingles:Endcap:threshold
Ecal:SelectiveReadoutSingles:usethreshold = 0
Ecal:SelectiveReadoutThreshold:high = 5.0
Ecal:SelectiveReadoutThreshold:low = 2.5
Ecal:SelectiveReadoutTowers :B rel:threshold
Ecal:SelectiveReadoutTowexrs:
Ecal:SelectiveReadoutTe

#- HCAL
CaloRecHit:
HCALBarrel:
HCALBarrel:
HCALBarrel:
HCALBarrel:
HCALEndcap:
HCALEndcap:

o o
o o

nn
o o
o o

Hcal:noise =
Hcal :noiseHF
Hcal:FADCcallbatlor
Hcal:FADCcalibatic
Hcal:threshold = 0.
Hcal:presamples =
Hcal:samples = 2
Hcal:CollectionFacto
CaloTrigPrim:Hc
HcalTrig:presdnptes——— —
HcalTrig:samples:
HcalTrig: Collecﬁn z
HcalTrigPrim:Th hold = 0.3

o ANgINNinYIns

DST Recordin Configuration rile

e SRR FRT SN TR %El

MaxEverts = 1000 // Specify number of events to be processed

GeaneUsed = true
HighLevelTriggerXML:XMLfile = 2x1033HLT.xml

# - generic selection - buggy
UseAllforDST = false



UseMCforDST = true
UseHLTforDST = true

# - specific.selection -
UseLltriggerforDST = true
UseVtxforDST = true
UseTkforDST = true
UseTkPx1forDST = true
UseCaloforDST = true
UseBasicClusterforDST = true
UseClusterforDST = true .
UseSuperClusterforDST = true
UseEndcapClusterforDST =
UseL2BarrelCandidate
UseL2EndcapCandidates
UseOfflineBarrel forDsd
UseOfflineEndcapforD
UseHLTElectronTrag
UseOfflineElectronTx
UseHLTPhotonCandigdé@tef
UseOfflinePhotonCandddz
UseHLTElectronCandidat
UseOfflineElectronCamdi
UseEGCalibrationfor®ST
UseMuforDST = true
UseMuL2forDST = true
UseMuL3forDST = tru
UseMuGlobalforDST = tnue
UseMuCaloEtIsoforDST
UseMuCaloEffIsoforDST =
UseMuTkPtIsoforDST =
UseMuTkEffIsoforD i
UseKtJetlforDST = ue ;1'
UseKtJet2forDST * 2

UselterConedetlfo

)
= true ' s

UselterConeJet2fo
UseBJetforDST = true
UseMETephtfo

zzzﬁzzzz&zﬁﬁsﬂ NINTNYINT

UseMETktJetf DST = true
UseMETparticleforDST = false

3::&%%%&%‘3& YRIAINYINY
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OutputDataSet = /System/DST/zz_41 // Specify the output dataset

OutputRunNumber = 1

CMSRandom: Seeds 47 2

===
GoPersistent. = true



SetUpClone:Reference = true
Digi:Update = true

DBPopulator:CommitInterval = 10
DBPopulator:MaxDBSize = 1.9

#---- the stuff for the Digis to add ----
CR:Request = Auto
HR:Request = Auto
Lltrigger:Request = Aut
LlTrigger*:Location
CR:Location = RecHit:
HR:Location = RecHi
Events:Location = w '
Collections:Location »
*SkipAssocBuilding

#--- the name of the
CombinatorialTrack#
PixelTrackFinderFro
PrincipalVertexFind
TowerBuilder:Persis
EGBCluster:Persiste
EGCluster:Persisten
EGSCluster:Persistent
EGECluster:Persistent =
EGCand*:Persistent =
EPTrack*:Persistent
EGElectron:Persis d
EGPhoton: Persistehit——=—true— - i
EgammaMC* : Persistén e
EgammaCalibObjecEIﬂe- I
L2Muon* :Persiste = true i
L3Muon*:Persistent - true

StandAloneMu Recon ctor:P is = e
'ﬁi&ﬂﬁ HEW N9
MuonCaloEtI

MuonCaloEff lator: Per51stent = true
MuonTrackerPtIsolator: Per51s ent =

RN SR AT NN Y

METRec@nstructor*:Persistent = true
CombinedBTagging:Persistent = true
BTagJdetWithTracksAlgo:Persistent = true
EgammaCalibObject:Persistent = true
HighLevelTriggerXML:Persistent = true
CombinatorialAndTrigger:Persistent = true
L2MuTrigger:Persistent = true
L3MuTrigger:Persistent = true
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L25PixelTauTrigger:Persistent = true
L25TrackerBTrigger:Persistent = true
L25TrackerTauTrigger:Persistent = true
L2JPsiTrigger:Persistent = true
L2TauTrigger:Persistent = true
L3BJetTrigger:Persistent = true
L2JetTrigger:Persistent = true
L2MetTrigger:Persistent = true
L25EleTrigger:Persistent =
L2EleTrigger:Persistent
L3EleTrigger:Persisten
L3PhotonTrigger:Persiste '
##--- where to storemimmmete- - _ - Sot e _____
CombinatorialTrackF
PixelTrackFinderFrg
PrincipalVertexFinde
TowerBuilder*:Loc
EGBCluster*:Locatic
EGCluster*:Locati
EGSCluster*:Locatios
EGECluster*:Locat i
EGCand*:Location = D
EPTrack*:Location
EGElectron:Locatic
EGPhoton:Location =
EgammaMC* : Location
L2Muon*:Location =
L3Muon*:Location = D
StandAloneMuonReconstruc-w5577“:E
GlobalMuon*:Locatio DeT - & Pk
MuonCaloEtIsolatg

MuonCaloEf fIsoldter*=rhocation—
MuonTrackerPtIsfgﬂ“
MuonTrackerEffIsolato
PersistentJetFinder*:Location = DST
METReconstructor*:Location = DST

CombinedBTagging*:
BTagJdetWi tﬁaﬁ
EgammaCal ibObj

HLTresult:L tion = ¢
HLTcandidate:Location = HLT

YRR AN INEIaY

DST Reading BuildFile

<environment>
<group name=RecReader>
<external ref=COBRA Use=CARF>

<lib name=Workspace></lib>

ARMRINING
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<group name=HLTXML>
<group name=HLTElements>
<use name=HLT>

<Use name=Vertex>
<Use name=Jets>
<Use name=MET>
<group name=BTagCount>
<Use name=BReco>

<group name=MuonR RE
<use name=MuonRe

<group name=MuonDS
<use name=Muon>

<group
<group
<group
<group name=
<group name=Ega

<group name=Egar

<lib name=EgammaO
<use name=Electro

<group name=L1TRIGG RoEEE < 2
<use name=Trigger> 55“,

<group name=QCal
<group name=Ca¥
<group name=TEiGd
<use name=Caloriiet
J
<group name=GeneratorCARFReader>

= BTN 03

<bin file CAExerc1se cpp name-Tutor1a1></b1n>

QRN TUNAIINYIN Y

<Archiffecture name=Linux__2.4>
BFARCH := Linux24-gcc3
</Architecture>

FILTEREDINCLUDE_tmpl=$ (shell $(SCRAMPERL)

$ (TOOL_HOME) /FilterIncludes $(wordlist 1,1000,$ (INCLUDE)))

FILTEREDINCLUDE_tmp2=$ (shell $(SCRAMPERL)

$ (TOOL_HOME) /FilterIncludes $(wordlist 1000,2000,$(INCLUDE)))
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FILTEREDINCLUDE_tmp3=$ (shell $(SCRAMPERL)

$ (TOOL_HOME) /FilterIncludes ¢ (wordlist 2000,3000, $ (INCLUDE)))

FILTEREDINCLUDE_tmp4=$ (shell $(SCRAMPERL)

$ (TOOL_HOME) /FilterIncludes $(wordlist 3000,4000,$ (INCLUDE)))

FILTEREDINCLUDE_tmp5=$ (shell $ (SCRAMPERL)

$ (TOOL_HOME) /FilterIncludes ¢ (wordlist 4000,5000, $ (INCLUDE) ) )

FILTEREDINCLUDE_tmp6=$ (shell $(SCRAMPERL)

$ (TOOL_HOME) /FilterIncludes $ (wordlist 5000,6000, $ (INCLUDE)))

FILTEREDINCLUDE_tmp7=$ (shell

$ (TOOL HOME)/FllterInclude | ist 6000, $ (words

DST Reading Config

CARFVerbosity
UtilVerbosity

CobraSignalHandler
FinalAbort = true - =
ForceExit = true .595';,
TextColor = false —_—
TimingReport = true ;5,”:' &
MemoryDebug = false b
MonRecAlisaBuilder = truc

’[ —
FirstEvent =0
MaxEvents = 1000

InputFlleCatalogURH‘

126

L 1Ly AL R s

InputCollectibns —/System/DST/zz 41

ammmmumawmaa
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C.3 DST Analysis Source Code

For DST analysis, the source codes for extracting muon information are DST-
analysis.cc and DSTanalysis.h.

[
¢

AUEINENINEINT
RIAIATUIM TN
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DSTAnalysis.cc

#include "Utilities/Configuration/interface/Architecture.h"

1

// This Class's Header --

/1

#include "Workspace/MyAna

/| C++ Headers --

e

#include <iostre
#include <iomanip>
#include <vector>
#include <string

//

// Collaborating Cla

/1

#include "TFile.h"

#include "TH1l.h"
#include "TTree.h"

#include "CARF/G3Event/interface/( oxy .h"
#include "CARF/SimE face/SimEvent.h". .
#include "CARF/BaseStmEvents fesd. b
#include "CARF/Reto ;

#include "CARF/Reco/in BC1ion . H

#include "CARF/Re ;/interface/Filt':eredRecCol"Jj

ection.h"

e RS RS

#include 'GeaLratorInterface/ ecParticle/interface
/RawRecPﬁicléj@ﬁiﬁﬁ , - -
#inclae " :l tox e Rumglglnﬂag a El

/RawReaParticle.h"

#include "Trigger/LlTrigger/interface/L1Trigger.h"
#include "HLT/HLTSteering/interface/HighLevelTrigger.h"
#include "Muon/PersistentMuon/interface/RecMuon.h"
#include "ElectronPhoton/EgammaElectron/interface
/ElectronCandidate.h"

#include "ElectronPhoton/EgammaOfflineReco/interface



/OfflineElectronReco.h"

const int MyAnalysis::MAXGEN;
const int MyAnalysis::MAXREC;

MyAnalysis: :MyAnalysis (const. string& filename) {

// first define a ROOT file \
theFile = new TFile (Fade

(sim) ", 100, 0.0, 200.
theHisto2 = new

(sim) ", 100, 0.0, 190.0);
theHisto4 = new T

theHisto5 = new TH
(sim) ", 100, 0.0,400.0);

theHistob = new THIF
(rec)",100,0.0,400.0);

erse momentum

theHisto7 = newyTH1E("HZ", “muor e: 0 2.8, 2.8);

theHisto8 = new THIF ("H8", "muor _eta (rec 2 8, 2.8);

theHisto9 = ‘f_ )0..0.,380.0);

theHistol0 = newE{ r:j 00 0.,380.0);
|

s ﬂﬁﬂ?ﬂ“’ﬂﬁl am NENS
”t?;'é'% i \iﬁ‘iﬁiﬂfﬁﬂl’wﬂ '1. Y

theTree->Branch ("Accept", &m _Accept, "Accept/B")
theTree->Branch("SingleMu", &m_SingleMu, "SlngleMu/B )Y
theTree->Branch("DiMu", &m_DiMu, "DiMu/B");
theTree->Branch("HLT", &m_HLT, "HLT/B");

// GEANT block
theTree->Branch("Ngen", &m_Ngen, "Ngen/I");
theTree->Branch ("Pxgen", m_Pxgen, "Pxgen[Ngen]/F");
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theTree->Branch ("Pygen", _Pygen, "Pygen[Ngen]/F");
theTree->Branch("Pzgen", m _Pzgen, "Pzgen[Ngen]/F");
theTree->Branch("Pgen", m_Pgen, "Pgen [Ngen] /F") ;
theTree->Branch("Ptgen", m _Ptgen, "Ptgen[Ngen]/F");
theTree->Branch("Etagen", m _Etagen, "Etagen|[Ngen]/F");
theTree->Branch("Phigen", m _Phigen, "Phigen[Ngen]/F");
theTree->Branch("Chagen", m _Chagen, "Chagen[Ngen]/I"):;
theTree- >Branch(‘Codegen', m_Code, "Codegen[Ngen]/I");
theTree- >Branch(“ngen' X @ "Vxgen [Ngen] /F") ;
theTree->Branch("Vygen", A% gen[Ngen]/F'),
theTree->Branch ("Vzgen'
theTree->Branch ("Invge TInvge en[Ngen] /F") ;
( R g[g]/)

/] reconstructed

theTree->Branc "N
theTree->Branch (" gl ‘Mhit S{Nmu) /1") ;
theTree->Branc ’ « 'MDOE [ Nm
theTree->Branch ("M€hi 2, "W&hg ] LE)5
theTree->Branch @\
theTree->Branch ( "Mj
theTree->Branch (" Z
theTree->Branch ("MChe I 13 ) ")
theTree->Branch (" ME )
theTree->Branch ("MPvy! A MPY ‘ ) ;
theTree—>B;anch("MPf )
theTree->Branch("MP", P-E
theTree->Branch (" MPt" e/ )/ ES)E
theTree->Branch (" “ntc MEta’;
theTree->Branch{ "MPhi", m MPhi
theTree->Brangh™MInv"; H-MT

275%5%};:&0%&1'; wﬂmw J1NT

MyAnalysis: :~ yAnaly51s()

ARIRININUNINY 1Y

theHistol->Write() ;
theHisto2->Write () ;
theHisto3->Write();
theHisto4->Write () ;
theHisto5->Write() ;
theHistob->Write () ;
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theHisto7->Write() ;
theHisto8->Write();
theHisto9->Write() ;
theHistolO->Write () ;

theFile->Close() ;

delete theFile;

// Operations --

[

/1

// analyze event

//

void MyAnalysis:: ent{G3] w2 N € U |
// . e
// run and event numbe (aidiis < 2
// ’ —
m_Run = ev->simSignal (}- X1
m_Event = ev->sim ( id( a ()
// 'y' b ‘
/| first check the- or
/] for the definiujan of the Level-1Trigger menu see:
// http://cmsdoc.cer: .ch/swdev/snapshot /ORCA/ReferenceManual
S ﬁTﬁﬂW%ﬁmﬁ 3
LlTrigger tr¥qy
m_Accept = 1trig.decision@;

RTINS Y

cout << "Level-1Trigger decision: " << m_Accept << endl;
cout << "Single/Di-muon trigger: "

<< m_SingleMu << "/"

<< m_DiMu << endl;

cout << endl;
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/1

// now check HLT

// for the definition of the HLT menu see:
// Data/HLTconfig/2x1033HLT . xml

//

/*
RecQuery q('nghLevelTrlggerXML ),

cout.setf(ios::boola ph,

cout << "High-Level < m_HLT << endl;

A ,ﬁi:jz::;etGlobalResponse();

dynamic_cast<Hig current() find (RecC

onfig(q)));

//vector< pair<stri = trigger-
>anaVetoPattern () !
vector< pair<stri
>anaResponsePatter ' _
vector<bool>: :cons : 2.begin() ;
vector< pair<stri
responseLegend.begin ()
1nE ceat = 1; -
while ( i != response.8aat) )

= trigger-

cout << setw(3) <<_cmtss g "o etw(5) << (*i) << " " <<
j->second << " Y &< }
i++; J++;
} w i
*/ .1

cout << " " << en%}

,,analyZe@uﬂqwﬂnsw 21N9
a“aﬁﬁﬁaﬁnimuwﬂawﬂwaa

//anal ze simulated event (GEANT information)

1

analyzeSimEvent (ev) ;

/I

/| analyze reconstructed muons

/1



analyzeMuons () ;

/I

/] calculate invariant mass

/1

calculateInvarlanMass();

/l
// £i11 ROOT tree

I

theTree->Fill () ;

1l
/1

void MyAnalysis::
//
/l

RecQuery qg("RawParfic
g.setParameter ("FakeDe
RawRecParticleStablefFi
RawRecParticleTypeFiltet :
RawRecParticleTypeFilter € q ] Yo" ¥
Capri::Multipl Fil J P ;
fl.add (&muonFileer)

fl.add (&electr Jet
Capri::MultipleE -ﬁ
f2.add (&stableFi Eer),
f2.add (&f1);

e et

chartlcles

133

for i it = cPartlcles begﬁF(), it 1= chartlcles end(), it++ )

‘**Qﬁﬂ‘a\iﬂ‘ifumﬂﬂﬂmﬂﬂ

I

// analyze GEANT information

1
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void MyAnalysis::analyzeSimEvent(G3EventProxy* ev) {

/l
// get GEANT muons and electrons from signal event (no pile- -up)

1

const float ptmin = 0.0;
const float etamax = 2.4;

cout << "GEANT muons:
int igen =.0;
int ntracks = ev->simSi () ->gps ->size();
for ( int it = 0; i ‘
SimTrack tk(ev-»
int ipart = tk
if ( abs(ipart)
string code
const HepLoren
float pt =
float eta = mo
/| float invmas
if ( pt > ptmi
int charge =
float phi = mo

if ( phi < 0)g

phi = (phi*180)/

;lect muons/electrons

",
’

const HepLorentzVedfors utsx: vertex() .position() ;
if ( vtx.perp() > 1'¢ﬁ§==-’f // select only prompt
muons/electrons & £L
cout. setf [
cout << > fixed)
<< se ;5 < " on

<< "pt H isipn (1) << pt<< " Gev "
<< "ch = " << setw(2)<< chargJ < W
<< "eta -f' < setw(6) << gsetprecision(3) << eta << " "

—— W’Iﬂﬂmﬁ%ﬂﬂﬁ: " s e
ﬂ“ﬁﬁﬁﬁﬂﬁﬁu YRIAINYINY

theHlst05>F111(pt),
theHisto7->Fill (eta) ;
theHisto9->Fill (phi) ;

if ( igen < MAXGEN ) {
m_Pxgen[igen] = mom.px() ;



m_Pygen[igen] = mom.py();
m_Pzgen[igen] = mom.pz();
m_Pgen[igen] = mom.rho();
m_Ptgen[igen] = pt;

m_Etagen[igen] = eta;
m_Phigen[igen] = phi;
m_Chagen[igen] = charge;

m_Code[igen] = abs(ipart);
m_Vxgen[igen]
m_Vygen[igen]
m_Vzgen[igen] ViEXS

igen++;
}
}
}

m_Ngen = igen;

1

// analyze reconst

//
void MyAnalysis::anal
RecQuery g("GlobalMuon ::;;_;,

:"'_‘!: "
RecCollection<Rec Gt it
RecCollectionsRég Muons . begin () ;

-
=

v R

int nrec = recr
cout << "Number [ S : < nrec << endl;

iF |

if ( nrec > 0)couf£< "Reconstruitjed muons: " << endl;

o ;ﬂummmwmm

while ( recmuons . en
if ¢ d = MAXREC ) break;

i . (

QA TR ETRN A Y
double ‘ch =Q( *muon) .chiSquared() ; ' ' '
double normChi2 = (**muon) .normalisedChiSquared() ;
m_Mhits[idx] = nmeas;

m_MDof [idx] = dof;

m_MChi2[idx] = chi2;

cout << setiosflags(ios::showpoint | ios::fixed)
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<< setw(2)<< idx+1 << '\t' << "number of measurements = "
<< setw(2) << nmeas << " "

<< "Chi2/DoF = " << setw(6) << setprecision(2) << chi2

<< "/" << setw(2) << dof

<< " = " << setw(6) << setprecision(3)<< normChi2 << endl;

/

/] state at closeat approach

1"

o yvertex in the transverse plane

FreeTrajectoryState*h .ipState();

1t traj ) {
GlobalVector moi
GlobalPoint pos
int charge
float pt
float eta
float phi
if ( phi <% g
phi = (phi*18@)/

m_MX[idx] = Pos

m_MY[idx] = pogtyf) ;
m_MZ[idx] = pés. ; -
m_MCha[idx] = ch .I}E': a0l

m_MPx[idx] mom. X -
m_MPy [idx] = mom.y ()5 v - |
m_MPz [ 1dx] O "!si";”*ﬁg
m_MP [idx] | =)
m_MPt [idx ] =
m_MEtal[id sl

m_MPhi [idx] ﬁ pni;

% "<< se wi!) << setprec151on( ) << pt<< " GeVv

<< "charge = " << gsetw(2) << gharge << " "gqu

RRUSEER sre=bibuen iadte 8%

<< "position = " << pos << endl;

theHisto2->Fill (pt) ;
theHistob6->Fill (pt) ;
theHisto8->Fill (eta) ;
theHistol0->Fill (phi) ;
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else {
m_MX[idx]
m_MY [idx]
m_MZ [idx]
m_MChaidx]
m_MPx[idx] = 0
m_MPy[idx] = 0.;
m_MPz [idx] 0
m_MP[idx] = 0
m_MPt [ idx]
m_MEta[idx]
m_MPhi [idx]

I on
1999

]
-

}

idx++;
muon++;
}

m_Nmu = idx;
}
/1

// calculate 1nvar1ant BsSs=

1l

void MyAnalysis::calc ”ﬂ%ﬁ:#%Ar
const double {‘&;;;::;ﬁﬁjiti,
const double ﬁ*ﬂ,

// @ .ll

// analyze sim evenr‘

(Mﬂummmwmni
R IN Jﬂ”’l’mﬁ’la

cout<<"==é===================================== ;
/l if (m_Ngen == 2){
for ( int i = 0; i < m_Ngen; i++ ) {
if ( m_Ptgen[i] < 5.0 ) continue;
double m = ( m_Code[i] == 13)? mm : me;
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HepLorentzVector

vlﬁn_ngen[i],m_Pygen[i],m_Pzgen[i],sqrt(m_Pgen[i]*m_Pgen[i] +
m*m) ) ;

for ( int j = i+l; j < m_Ngen; j++ ) {

if ( m_Code[i] != m_Code[j] ) continue;
if ( m_Ptgen[j] < 5.0)continue;
if ( m_Chagen[i] == m_Chagen[j] ) continue;
HepLorentzVector
v2(m_Pxgen([j],m_Pygen([j],m_Pzg , sqrt (m_Pgen[j]*m_Pgen[j] +
m*m) ) ;
try {

cout << 1

m_Invge
}
}
} catch (.#*®
cout £ "

3

if ( m_Ngen == SE——___ Y
cout<ccV==== .-- - =";
for ( int 1 ="

if { m Ptgen['“ < 5.0

double m = ( m Code[1] 13)‘> mm : me;

HepLorentzVecto
T R R
m*m) ) ;

for 1n = 1+1, j < 'm gen, j++ ) {

i f m Code[1]

CH RIS ] TN A

pLorentzVector
VZGn_ngen[jl,m_Pygen[J],m_Pzgen[j],sqrt(m_Pgen[j]*m_Pgen[j] +
m*m) ) ;
try {
double invm = vl.invariantMass (v2);
/| Check that muons are within Z mass window 75-105 GeV
if (abs(91. - invm)<15){
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if { m Code[i]) == 13)(
theHisto3->Fill (invm) ;
cout << i <<" " << invm;

m_Invgen([i] = invm;

}
}
}: ©ateh) (ws) |
cout << " exception caught" << endl;
} "

}
}

}

/1

// analyze rec even

1"

if ( m_Nmu

if (m_Nmu == 2) — \
for ( int i = Al U ¥ 5

A
if ( mMPt(i] <45.0) continle] ‘ \
HepLorentzVec ' b \
vl(m_MPx[i],m_MPy[i], : *m MP[i] + mm*mm));
for (ARt g = R
if ( m_MPt[j] <
if (m_MChal[i] ==
HepLorentzVector
v2(m_MPx[3], m_MPy{j T3] + mm*mm)) ;
s Wy
double ini A J
// Check flass window 75-105 Gev
iE (abs(9'j invm) <30 ¥
theHisto4>F}11(invm);

B WEANENTNYINT

cout <<U" exception ca%?ht' << endl;

CARIANIUANININY

)

.
’

else {
for ( int i = 0; i < m Nmu; di+% ) {
if ( m_MPt[i] < 5.0) continue;



HepLorentzVector
v1l(m_MPx[i],m_MPy[i],m _MPz[i],sqrt (m_MP[i]*m MP[i] + mm*mm) ) ;
for ( int j = i+l; j < m_Nmu; j++ ) {
if ( m_MPt[j] < 5.0) continue;
if (m_MCha[i] == m_MCha[j] ) continue;
HepLorentzVector

v2(m_MPx[3j],m_MPy[j],m_MPz([3],sqrt (m_MP[j]*m MP(j] + mm*mm));

try {

if (abs(9
theHisto4->Fidd.
m_MInv[i]

}
} idateh (uws
cout. <€ =

ﬂﬂﬂ?ﬂﬂﬂ’iﬂﬂ’]ﬂ’i
ﬂma\mmumwmaa
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DSTAnalysis.h

#ifndef MY _ANALYSIS_H
#define MY ANALYSIS_H

/1

// C++ Headers --
/b —

#include <string>

1l

/| Base Class Headers -

7
1

class TFile;
class THIF;

class TTree;
class G3EventProxy

// --Class Inter

class MyAnalysis {

public:

]

//] constructox 4

MyAnalysis (doris - ,"}’ oot ") ;
¥

/// destructor :i
virtual ~MyAna.

51S(),

”’;’;i:’;iﬁ"ﬁ&’samm W

private:

,,,mmﬂmmmm'mmaa

analyzeMCEvent(),

/// analyze GEANT information
void analyzeSimEvent (G3EventProxy*) ;

/// analyze reconstructed muons
void analyzeMuons() ;
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//] calculate invariant mass;
void calculateInvarianMass();

private:
TFile* theFile;

THIF* theHistol;
THIF* theHisto2;
THIF* theHisto3;
TH1F* theHisto4;
THIF*
THIF*
TH1F*
THIF*
TH1F*
TH1F*

TTree* theT

static const intfMAXGEN =150
static const int MAXR 4 150
int m_Run; ——
int m_Event; LM A S

bool m_Acc-w;'
bool m_SingleM
bool m_DiMu; -
bool m_HLT; J

int m_Ngen; ‘a o/

float ; 2
iee: sl bt £ Y17 WE 1)
float m gen [MAXGEN] ;

float m_Pgen[MAXGEN] ; ¢ o

ARIEEEA UNINYIA Y

int m_Chagen [MAXGEN] ;
int m_Code[MAXGEN] ;
float m_Vxgen[MAXGEN] ;
float m_Vygen [MAXGEN] ;
float m_Vzgen[MAXGEN] ;
float m_Invgen[MAXGEN] ;
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int m_Nmu;
int m_Mhits [MAXREC] ;

int m_MDof [MAXREC] ;

float m_MChi2[MAXREC] ;
float m_MX[MAXREC] ;
float m_MY[MAXREC] ;
float m_MZ[MAXREC];
int m_MCha [MAXREC] ;
float m_MPx[MAXREC] ;
float m_MPy[MAXREC];
float m_MPz[MAXREC] ;.
float m_ MP[MAXREC
float m_MPt [MAXR
float m_MEta [MAXREEH
float m_MPhi [MAXREG
float m_MInv[

¥

#endif

AULINENINeINg
ARIANTAUUNINGIAY
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