Chapter 5
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5.1 Analysis wi

The version of ORCA we d in"our wor o perform data analysis on
DST, we follow three=steps: '
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is shown in Appendix C.

In our work, we are interested in muons from two stages of the simulation
chain: the simulated (sim) muons and reconstructed (rec) muons. The simu-
lated muons are output muons from OSCAR. They include any muons that could

possibly be produced by any interactions inside the detector. These simulated
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muons are not yet being digitized, i.e. no electronic response effect is included.
The reconstructed muons are the final output muons from ORCA. These muons

are fully reconstructed, digitized and simulated. They are specifically selected by
the Trigger algorithm in “Global Muon Trigger” level (GMT), under the trigger
selection requirement. The GMT combines the results from two trigger subsys-
tems implemented in the Drift Tube (DT), Resistive Plate Chambers (RPC), and
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Figure 5 : The CMS muon trigger system. (picture from the CMS Collaboration,
The Trigger and Data Acquisition Project, CERN/LHCC 2000-038.)

The class {nterface and documentation about class method can be found in
ORCA Reference Manual [32].



64

After DST analysis, we finally obtained ntuple files in ROOT format which
will be analyzed by ROOT, an object-oriented analysis framework [33].

5.2 Analysis with ROOT

Root file is a klnd of ntuple file tha t; , )y, ROOT program to do data analysis.

Data obtained from partlcle ’) are commonly stored in ntuple

file format. An ntuple file .,,_L. level ge for which one of its entry

“ ”

contains pieces of da fOi-example, mmwan_ntup e file of track information,

each of its entry may con

d 18 0
polar angle, mass of partig ,' \\t\"

mentum azimuthal angle,

some manipulation on

the ntuples — for examiple; q \ .~ pes-of plots, curve fitting —
interesting physics is rey€aled throug o.o
£ /). (o
In the past, ntuplgffilg®ar lysﬁ PAW (Physics Analysis
Workstation), a FORTRAN hased programs foda ith the creation of object-
ﬂ ,' y
oriented technology, several m; cinvented for handling ntuple and start

to replace PAW. One of thé mégtpopular: OT [33]. Unlike PAW, ROOT is

based on C++ object oriented tech _p‘g 0g ,.! antage over PAW is its capability

to handle an impre 1 : - o, LHC and it is a “faster

and more efficient [ ﬁ)ff_'“'_:“ ‘ntupl p X |

¢ displayed anaiscussed in the following
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5.3 ReSlﬂtS and Discussions =
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In the miést recent investigations on studying the possibility of using W* and

The results obtaimd from ROO

sections.

Z° as luminosity monitor [15], [16], the results do not include the effect from
detector smearing, electronics response and background studies. In our work, we
have performed ‘a full chain of CMS simulation on W# and Z° production and
its background candidates. The final output from the simulation were in ROOT
file format. We then plotted histograms from the ROOT files for three physical
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quantities: Pr,n and ¢ for the muons and tried to analyze these plots. The
discussion of the results are divided into seven different topics: 1) Characteristics
of Muons from W# and Z°, 2) Comparison between Signal muons and Backgfound
muons, 3) The Invariant Mass Plots of Di-muons, 4) Detection Efficiency and

Acceptance and 5) Reconstruction Efficiency and Acceptance.

5.3.1 Characteristics of s from Z° and W=

Understanding the characteristies of u& * and Z° will help us apply

good selection criteria ta ; a.lculatmg the luminosity.

From 1,000 of q7 — t into OSCAR and ORCA,
we made plots for distribut \ ated, simulated and recon-
structed muons. Pr i Aon ﬁ«

(5.1)

sher d “rapidity”; and ¢ is the azimuthal
e :
angle. Some explanations cfir & the transverse momentum (Pr),

pseudorapidity (eta), and a ..é‘"ﬁ_

0 be found in Appendix A.

The results of'fth r“"':"::'—_g:‘—{-" Fig. 5.3 and Fig. 5.4;
same kind of plots fof-mue -1, (D,) are also shown in

these figures. g

113 (121 31121013 o
their Pr distri Ej r Pr distribution mostly lie in

the range of 0 < Pr < 150 GeV/c,%ith h ﬁhesﬂumber of a ﬁ ation at about

] AtXE LY arenitTe

coming fr6m W#* and Z° bosons in hadron collision at TeV scale [34]. The result

also shows that the CMS can successfully trigger and reconstruct muons of high

stics of muons

transverse momentum.

In the rapidity distribution, muons from Z° tend to form a peak around 0
GeV/c; while for those of W#*, they do not show a clear peak. The peak implies

that muons from Z° are more perpendicular to the beam line, or, in other words,
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central in rapidity. This is also in good agreement with the transversal nature of
muons from Z° produced at hadron collision at TeV scale [34]. For the case of
W#, we need to run more events to see whether there is a peak similar to the case
of Z°.

In the azimuthal angle distribution, we found that muons from W= and Z°

are distributed at all values of ¢, from 0° to 360°, with is no preference in any

directions. 7 \\ \
In summary, for this analysis se tion,@hat muons from W#* and Z°
are high transverse mom@en#im Huons and distr] A;-; over all angles of the plane

perpendicular to the beam di - are also central in rapidity.

Howeverr, for muons ffom_ nie 5 eed n . u ber of simulated events to
make justification.
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5.3.2 Comparison between Signal Muons and Background

Muons

In this section, we present comparisons between muons from signal (W* and Z°
production) and muons from background processes (Drell-Yan, v*v* — p~pu*,
7y — p~p* and minimum bias processes). The histograms are displayed in
Fig. 5.5, Fig. 5.6 and Fig. 5.7. The dlstmctlon in their distributions will be useful

in data analysis work involving the'sig ground isolation. In particular, to
be able to efficiently distinguish betweet om the weak boson production
and muons from the backgfound pr . e us that the muons that we

count to obtain the event sate (Il produced per second) for

calculating the luminosity afelia ; - are certainly muons from

the W+ and Z° particles analysis will be useful in the

Higgs search for decay che H — Wr*W- - I*v(p)
The discussions of N or generated muons. For

for the cases of simula ve postpone them for future

> B0 < Pr < 120 GeV/c )
compare to Pr dlstrlblgpns : A ®< Pr <6 GeV/c), except
for the Drell-Yan backgrgund The clear inction in Pr values show that if we

impose constra ﬂ]ﬂf} \E}?" Wﬁ ﬂl@e able to efficiently

remove all low sverse momentum ackgroun he and Z° signal.
6N s

not as hﬁ eis’s ssibility th can significantly

contaminate the signal of W* and Z° due to its Pr distribution range, 0 < Pp <
20 GeV/c. We need to investigate how much does it contaminate W* and Z°.
The investigation to find the Drell-Yan contamination is shown in the next analysis

section.

In Fig. 5.6, the rapidity distribution comparison of the generated muons is
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displayed. The figures show that the background have their 7 distributions with
no obvious peak. On the other hand, the rapidity distributions of muons from
Z° tends to form a peak at 7 = 0. Muons from W* do not form a clear peak,
supposedly because there are too few of them. This finding shows that we cannot
use 7 cut as a tool for removing the Drell-Yan background.

In Fig. 5.7, the azimuthal angle di

ibutions of generated muons from both
signal and background do not sk i

]
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Figure 5.5: Comparison of Pr distribution between generated 51gnal and back-
ground

’QW']ﬂﬂﬂ‘iﬂJ UA1AINYAY



73

L| Bias

s s !
L W v
’M‘
- /
| - ¥ . L 1 1 1
= N v 1 2
' F n
o eesidd
. f e -
- b, - .:
- . 7 .F -
o~ | 1
Ll
~ |
o .
et ; '
4
|
! ",
(0] -
} <
N
(I8
- | A J
T

AUEANININYING
Figure 5.6: Comfarison of 7 distribution between generated signal and background
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Figure 5.7: Comparison of ¢ dlstnbutlon between generated sxgnal and background
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5.3.3 The Invariant Mass Plots of Di-muons
The Invariant Mass Plots of Z°

We have also made an invariant mass plots for the generated and reconstructed Z o
as shown in Fig. 5.8. The Gaussian ﬁt was applied over the range 75 < M+,- <

105 GeV/c?, which is standard for h
meas values:

ass window. We obtain the following

MY _ =9134+0

wtp-

Mre = 91.34

wtrp—
The values are slight.
structed Z° ) from thg
0.0021 GeV/c?. The resu

very close. This resulf§ vg " - econstruction process in

oth generated and recon-
where Mz = 91.1876 +
ucted invariant mass are

our work.

As stated earlier in the last. 7%"-— 5 Sl e want to know how much the
Drell-Yan backgro _g} contaminate ou ntofZ=and %7 . In order to find the
contamination, we scd he . qq—7*/2° - ptu~

and plotted the invar@t mass o fro 2 the Drell-Yan process.

The invariant mass, M,,+‘,- of the di-muon can be found from a formula

ﬂ‘lJEJ’J‘VIEJVlﬁWEJ’]ﬂ‘i

My =\ B + By )2 — (Pt P — (B + PY )2 — @ + P

ARIANNIUARTINGTINE e

For W# flwe have not yet been able to construct its invariant mass because of

neutrino related problem. Consequently, we omitted the W* invariant mass plot

for future work.

The results of the invariant mass plots for generated Z° and Drell-Yan are shown
in Fig. 5.9. In this figure, the Drell-Yan invariant mass mostly aggregates at low-
mass value, 5 < M,+,- < 30 GeV/c? (5 GeV/c? is the cutoff value of the Drell-Yan
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in the event generation process to avoid wasting large amount of time to generate
muons at 0 GeV/c?). On the other hand, the Z° invariant mass aggregate at
about 91 GeV/c? with much smaller peak compare to the Drell-Yan. The two
aggregations are’ clearly separated, which convince us that an invariant mass cut
can be an efficient tool to isolate low-mass Drell-Yan background from the Z°
signal. Imposing a cut on standard Z° mass window (75 < M,+,- < 105 GeV/c?)
yield an integral number of 2146 event e total of 998390 generated events.

tail in the range of Z° mass
window, as shown a lower g s k. 5@ of the low-mass Drell-Yan
can contaminate Z° signal : ntan could result in inaccurate count

of the number of Z°, / ase u \ \ 2 precision of luminosity
f o ) ;..— - %,

measurement. To find L% effect the count of Z°,

we tried fitting a curve gof * mas "k\ ing polynomial degree 9
fit in ROOT program e **‘ ‘ , we found that there are

approximately 298 events 1 e ba the Z° mass window (75
< My+,- < 105 GeV /2 4 'F" our fittings are depicted in
| \

Fig. 5.10. , PG
&

298 events is ~ 298 — 27146 89% of the whole Z° events in the Z°
"'_‘“"—J_# 2/

Lot et

mass window. When_we late the lums ing.the Z° production, this

number should be ZJL=:J

After we s{lbtracgd Z%mass window, we plotted
the subtracted signal hown in Fig. 5 11. The Gausslan fit was applied to the
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The invariant mass plot of Drell-Yan + 2°
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Figure 5.9: Thﬂuvanan mass pl o I- muons f-ojm generated low-mass Drell-
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Figure 5.11: Drell-Yan’s tail.

5.3.4 Reconstrugtic eptance

AR

The luminosity will be effectgd by f', rec uction efficiency from a relation:

(5.3)

where Eff;,; is the «V .

For the reéonstr-mcion efficiency, we have

ﬂUﬂ%ﬂﬂﬂﬁﬂﬂﬂﬂi »
W W N1 £ R o

efficiency are displayed in Table 5.1.

Table 5.1 show that the reconstruction process has ~ 90% efficiency for
muons from Z° This is in agreement with the > 90 % efficiency of the muon
reconstruction design of the CMS detector [35]. For the case of W=, further

investigations are needed to check whether there are errors in our reconstruction



Table 5.1: The reconstruction efficiency of muons from Z° and W+.

Process number of | number of | efficiency
gen muons | rec muons
qq — Z°2° - 2ut2u- 2065 1885 91.28%
qq - WHW~ — u*u,(5,) 826 552 66.83%

algorithm or programmi
determine that how large (ocs-the
using W* and Z° prod ‘g

into OSCAR and OR! / /

In geometric accepts
conclusion as the casé™of
obtained good acceptanée

angle.

|

f“zf" ,._e_
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tlcal results.
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D) S i t&f reconstruction. However, to

fect the luminosity estimation

nore number of events input

ystem we have the same
.3 and Fig. 5.4, we have
e || < 2.4, and azimuthal
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