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Event selection and Monte Carlo sample used

= A specific trigger sample - CSA08 _QCDJetEt50 _S156 with luminosity 10 pb?
was used. Event selection is done in the following way:

- HLT conditions (threshold of 110 GeV on leading jet Pt) is applied.

- A MinPt threshold (50 GeV) is applied on all corrected jets.

Detector Effects

Q Closer look to see the source of detector corrections:
o Energy resolution
o Position resolution
» Effectonn, ¢
0 Resolutions on these quantities are obtained by studying the bulk

properties of Monte Carlo jets using full simulation.
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Jet Energy Resolution

Effect of jet energy resolution is approximated by a gaussian distribution applied to
generator level information with a resolution term consisting of a constant term,

stochastic term and a noise term.
6.0\ 1.4 \?2
o(pr) _ (_) + (—) +(0.043)2
PT Pr \V/PT

S o

In the barrel region (|n| <1.4)

In the endcap region (1.4 < || <3.0)

the functions were derived from MC over CSAQ8 JetEtxx samples

https://twiki.cern.ch/twiki/bin/view/CMS/CSA08Analets

Study the ratio of smeared and unsmeared quantities to see the effect of energy
resolution.
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Position (1/ @) Resolution

The effect of position resolution is studied by applying a Gaussian distribution to the jet
direction (in n and ¢) at the generator level with resolutions again consisting of 3 terms
added in quadrature.

For n: In the barrel region (|n| <1.4): T o(n) = \/(131)2 4 (0'25)2 +(0.026)2
pr \V/PT

In the endcap region (1.4 < [n| <3.0) and in forward region (3.0 < |n| < 5.0) region t

o(n) = \/ (%)2 + (%)2 +(0.017)2  and o(n) = \/ (%)2 +(0.025)°

For ¢: In the barrel region (|n|<1.4) T

o(¢) = \/ (2}’%): (%)2 +(0.004)2

Study the ratio of smeared and unsmeared quantities to see detector effects.

The combined effect of energy and position resolution is studied by smearing E, n and ¢
simultaneously and this joint effect is compared to the one observed from comparison
between Genjet and Calojet.

SUpTHESEfunctions were derived by Zhen Qi frofP MG BV&F ESR67PYTHIA QCD-samples in the Gumbo soup] 4



Effect on 3-jet invariant mass
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» We study the combined detector effects and compare that to the corrected/gen ratio.
s We also present the ratio of the combined detector effects (Smeared Gen*) to the corrected calorimeter jets.
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Effect on a 3-jet Scaled energy (x3)
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Effect on 3-jet cos6,

cosTheta3 cosTheta3
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Effect on 3-jet azimuthal angle (%)
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Effect on a 4-jet scaled energy (x6)
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Effect on Bengtsson-Zerwas angle (4-jet)
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Effect on Nachtmann-Reiter angle (4-jet)
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Systematic uncertainty due to Trigger Bias

O This analysis was carried out by events from a specific trigger path,
by using CSAO08 JetEt50 S156 samples.

O In order to see how stable our event selection conditions are we look at the
ratio of the distributions for JetEt20 sample to those for JetEt50 sample.

Sample Events Xsec [pb L[pb-1] pT min

(GeV)
m) | JetET20 3926 600 | 101 600 000 0.0386 30
JetET30 4131600| 21550000 0.1917 45
mmmm) | JetET50 4 010400 2 484 000 1.6145 75
JetET80 2 891 200 323700 8.9317 120
JetET110 3 980 000 88 730 44.8552 160
JetET150 4172 400 17 120 243.7150 220

Suvadeep Bose
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Topological properties of 3parton events — Systematic uncertainties

= Ratio of the JetEt20 sample with respect to the JetEt50 sample.
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O We observe that the uncertainties are bigger for kinematic variables and smaller
for angular variables.
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Topological properties of 4parton events — Systematic uncertainties

= Ratio of the JetEt20 sample with respect to the JetEt50 sample.
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O We observe that the uncertainties are comparable for kinematic variables as
well as for angular variables.

Suvadeep Bose QCD meeting 01/06/09 15



Systematic uncertainty due to Selection Criteria

O In this analysis the inclusive curve was derived by events from a
specific trigger path, simulated by using CSAQ08 JetEt50 S156 samples.

O Samples should be used, when the trigger is 100% efficient;
distribution might be biased if the sample is already used when the trigger
is not 100% efficient.

O We vary the HLT threshold by a factor of 0.9.

O Determine the sensitivity of multi-jet distributions to this effect:

Sample ptl, 4, 0.90 x pt1,,,

JetEt50 110 99

Suvadeep Bose QCD meeting 01/06/09 16



Topological properties of 3parton events — Systematic uncertainties

» Effect of the systematic uncertainty due to HLT selection.
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O We observe that the uncertainties are small for both kinematic variables and

angular variables.
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Topological properties of 4parton events — Systematic uncertainties

» Effect of the systematic uncertainty due to HLT selection.
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O We observe that the uncertainties are bigger for kinematic variables and smaller
for angular variables (~ 3%).
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Comparison of PYTHIA with ALPGEN (+PYTHIA)

ALPGEN Njets samples are generated in two steps:..

= Matrix element generation on N partons with ALPGEN, P; > 20 GeV
o Samples with 2,3,4,5, 26 final state partons.
= Parton showering by PYTHIA
o Showering by PYTHIA
o Combine different samples with their corresponding cross-sections and
number of events.
% We used the Summer07 production samples — ALPGEN njets produced with
CMSSW_1 6 7.

—— Pythia (CSA08)

» Here is a set of comparison plots

— ALPGEN

2 3 8
g§ 8888 88 8 8
LEARA ML R L) LN I I I

£ S 5 S5 S5 5 S5 5 5 o =
T T T |8,

for PYTHIA (CSA08) and ALPGEN. “F

Shown here are the pT distributions of

the first four calorimeter jets with —_— e p =
event selections as were used before. -

v" We notice PYTHIA and ALPGEN for these:

distributions match very well. £
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Comparison of PYTHIA with ALPGEN for 3parton events

| 3-jet Invariant mass |

Entries 185571

o' Mean 5329
s : RMS 2778 |
10 : Entries 298255
Mean 578.8
10° RMS 297.7 [
10 ...........................................................................
P ISR SRS S | :
10" .....................................................................
10?2 ___"_"_"_"_né .....................................................................
Cod Cod
0 1000 2000
5000 4000F
35001
4000-—
Entries 185571 000
Mean 0.8966
2500

3000 RMS 0.07233
Entries 298255
Mean 0.8886
2000| RMS 0.07674

1000 -

Leading JetEt>110

...... e = AlpgeN

kt6, MinPt(Corr)>50

2000F
1500
1000

500

0685 07 075 0.8 O
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Entries 185571
Mean 0.693
RMS 0.09392
Entries 298255
Mean 0.6883
RMS 0.09058

o
BS 08 085 1 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.B5 0.5 0.85 1

se

| Corr_cosTheta3 |

16000

14000 "Entries 185571
Mean 0.6232

12000 | RMs 0.2876
Entries 298255

10000 Mean 0.6808
RMS 0.2882

BO00

6000

4000

2000

¢ 01 02 03 04 05 06 07 08B 09 1

U There are mismatches

aooo | between PYTHIA and

_ ALPGEN which are more
woop 1l visible for the harder jets.

i Mean 0.4104
mof L O The angular variable

Mean  0.4231 (cos®j3) also shows

I RMS 0.1109 .
1000 - differences between

f M/ PYTHIA and ALPGEN.

oL (AEREARERE ANEREERENE SRR A RN |

o

01

02 03 04 05 08 07
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Comparison of PYTHIA with ALPGEN for 4parton events

| 4-jet Invariant mass

[ 4jet - Bengtsson_Zerwas angle |

i Entries 30873 . = Entri 19970
e i e v B Leading JetEt>110 E Mean 438
E Mean 788.9 a RMS 2594
C RMS 399.7 : 1200 Entries 3253'59
102 Entries 47926 |- kt6, MinPt(Corr)>50 - Mean 435
E : 1150 — RMS
E Mean 824.8 : _ C
B RMS 388 Alpgen 1100
10 E : =
E 1050 —
1 -
; : : 'IODD:—
10" : R I T - T R T R
: : g degree
[ djet - Nachtmann_Reiter angle |
102 N __________ "ml 2200~
AP B Ll i [ I | - - [Entries 30873
0 1000 2000 3000 4000 5000 6000  2000{] Mean 0.5505
| Emﬁes f7§:§
soof- 1000~ H 1800[| Mean 0.5482
PR L 1l RMS 0.293
Entries 30873 L |Entries 30873 r
ol
Entries 47926 | | Entries 47926 —
Mean 0.7716 600— |Mean 0.5814 ~
300~ RMS 0.1056 : RMS 0.09116 1400,_
200 400 =
12000 v Lo b b by e b b b b b oy
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
100 2001~
R AR Tk A 1 N T R R S XS TS % ¥R X —
O There are mismatches between
[Corr_gjet x5 [Corr_gjetx6 :
. oo PYTHIA and ALPGEN which are more
: Entries 30873 soo%— Entries 30873 Vi SI b | e fo r th e h ard er J etS .
80O Mean 0.375 r Mean 0.2583
r RMS  0.08994 s00[ RMS  0.08357
[ Entries 47926 I Entries 47926 )
o0 Mean  panes a0 Mean e Q0 The angular variables also show
00 differences between PYTHIA and
2001 ALPGEN.
100—
g o _QCD rmeeting 01/06/09
57 X K e - P L
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Different Jet Algorithms : Jet Multiplicities and Leading Jet Pt

x10

120'_ —kt4

. i —kt6

= SisConeb5 100 ~sis5

= SisCone7 oF —sis7
» Kt4 -
= Kt6 or
a0
20

%1050 304050 6 70 80 %0 100

[ NCaloJet passing HLT | With HLT cut: pt1>110 GeV

10°

—
(=]
L]

-
(=]
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—
(=]
[

-
L= ]
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=Y
(=]
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2
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Topological properties of 3parton events for different jet algorithms

| Corr_3jet_mass

\ Corr_cosTheta3 |

10° __ Corrected jets 30000 — Corrected jets
= C —kt4
- 25000 — | —kt6
al -
10 = C —sis5
C 20000 — .
- - —sis?
10? = -
B 15000 —
10 B —kt4 C
g —kt6 10000 :—
- —sis5 -
1 ) 5000 |—
P R BRI —sis7
0 1000 2000 3000 4000 5000 6000 o o oz
hGCorr_3jet_mass
| Corr_3jet_x3 | Corr_3jet_x4 | Corr_3jet_x5
18000 E— —ta Corrected jets 10000 7000— Corrected jet
16000— | —kt6 6000
14000— | —sis5 8000 -
- 5000 —
12000 — —sisT -
10000 6000 40001
8000 — 3000 —
woook 4000 — ktd - —ktd
- 2000— -
40005 2000 kt6 g kt6
2000F- —sis5 1000 — —sis5
E rearsl E N P EE P HE Y P B L [ I P B I I | . L E el L e 1, |TSIST
&65 0.7 0.75 0.8 0.85 0.8 0.95 1 E 5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.8 0.95 1 |JI] 01 0.2 0.3 0.4 0.5 0.6 0.7

hCorr_3jet_x3

hCorr_3jet_x4

hCorr_3jet_x5

0 We observe differences between different jet algortihms. Differences are more for harder jets, less for

softer jets.
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Topological properties of 4parton events for different jet algorithms

Corrected jets
10°
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P I P T
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e |

4000
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U We observe small differences
between different jet algorithms for
kinematic variables.

el LJIHITICTIIULT

variables as wel

Iﬁ;l‘\?
1 TUI

w
— Q
-5
(¢))
(7))
(9]
)

O We see kt6 and siscone5 match
closer than the rest of the algorithms.

U Distributions among same algorithms
for narrow/broad jets eg. (kt4 and kt6)
and (sis5 and sis7) are significantly
different for angular distributions.
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Distributions for multi-jet variables : kt4/kt6
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Distributions for multi-jet variables : sis5/sis7
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Summary

O We studied the detector effects. Effect of position resolution is not significant in all the

variables, even less for scaled energies. Effect of energy resolution is small for angular

variables but significant for scaled energies or masses.

O The simple Gaussian smearing model does not reproduce the net effect of detector
correction.

O Systematic uncertainties due to trigger bias was studied. The uncertainties are small.

0 We studied the systematic uncertainty due to event selection criteria. We see that the
effect is small (less than 5%).

0 The PYTHIA Monte Carlo samples were compared to Matrix Element calculations
(ALPGEN). We observe differences more in the angular variables. Among kinematic variables
differences are more visible for harder jets than softer jets.

O We studied the distributions for different jet algorithms. We notice different jet algorithms
give differences in the kinematic and topological distributions. The distributions for Kt6 and

SisCone5 algorithms look closer.
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Multijet Study : Motivation

O The essential features of QCD are provided by the vector nature of gluon and gluon self coupling.
These reflect on the so called colour factors which appear in various vertices.

W

T
S
X

C:

3-parton final states ! 4-parton final states

O Several tests of QCD sensitive to the spin and the self-coupling of gluons have already been
carried out in the earlier e*e"and hadron collider experiments based on study of angular correlations
in 3-jet and 4-jet events.

O Study of thee and four jet events allows a test of the validity of the QCD calculations to higher
order and a probe of the underlying QCD dynamics. The topological distributions of these multijet
events provide sensitive tests of the QCD matrix element calculations.



Different topological properties of 3-parton events

% 1+2—>3+4+5
s O Angles that fix the event orientation
“ ., k Cosine of angle w.r.t beam (cosB;)
of parton 3.
% O Azimuthal angle of parton 3 (¢5).
3-jet
O Angle between the plane containing partons
O Scaled energies: ordered in their c.m. frame: 1 and 3 and the plane containing partons 4 and
x =2E /8  where  Xg+X,+ X5 =2 (V") defined by
— 28ma)jk *_(ﬁ1xﬁ3)'(ﬁ4xﬁ5)
Alternately, X =— : ) COSY" =———F—————
SiN @y, +SiN Wy +8N g | B By [l Py P |

3 Scaled invariant masses of jet pairs: O The Ellis-Karliner angle, A, is defined as:

ﬂij:mij/\/g:|’lz3’4’5;'¢l |COS/1|=Sinw45_Sinw53

Sina,,

A set of kinematic variables for 3-parton: X3y Xz, Cosé,, >, COSA




Different topological properties of 4-parton events

1+2—>3+4+5+6
-
f,/f' f'7
S

.;_.--"f / /,_#"__’3.-"’;.#
e

T rf{f ' -’i
= N/
xEZfr

f.f" ;__x*' 5
e - O Bengtsson-Zerwas angle :
Angle between the plane containing the

two leading jets and the plane containing

O Scaled energies: ordered in their c.o.m. frame:

X =2E /s the two non-leading jets.
O Cosines of the polar angles : (P;%B,) - (P X Pg)
: COSAez =72 = 1= =
COSQ ’I = 3141516 p3>< p4 ” p5>< p6

0 Cosines of their opening angles : O Nachtmann-Reiter angle:

COSw;; I,] =34,56;i # | Angle between the momentum vector
differences of the leading jets and the two
non-leading jets:

COSHNR _ (ps_ p4)'(p5_ ps)

Suvadeep%(psggosei 1a)jk J COSZBZ J COSQR@ meeting 01/06/09 | p3 B p4 ” p5 B p6 | 31

J Scaled masses:

M =M /N80, j=3456 # |




Data set obtained from CSA 08 (S156) with cross-sections

Sample Events Xsec [pb] L[pb-1]
JetET20 3926 600 101 600 0.0386
000
JetET30 4131 600 | 21550000 0.1917
JetET50 4010400| 2484000 1.6145
JetET80 2 891 200 323700 8.9317
JetET110 3980000 88 730 44.8552
JetET150 4172 400 17 120 243.7150

= Each individual JetETxx sample is

treated like a primary dataset based

on a single jet trigger.

d As these datasets are highly biased
by construction we have decided to take
one MC sample and apply HLT cuts to
decide the kinematic range where the
sample is fully efficient.

L1(Corrected) | Prescale | HLT (Corrected) Sample p- Min (GeV) Events
Gev GeV

JetET20 30 3.926.600

15 1075 30 0.3
JetET30 45 4.131.600

30 1074 60 0.3
JetET50 75 4.010.400
| 70 100 110 2:5 | JetET80 2.891.200
100 10 150 3.5 JetET110 3.980.000
“5@een fose 1 200 GEPngging 01/06 S STV 4.171.600



Generator level MC production — Pythia and Herwig

 Generator level Pythia and Herwig samples produced privately in

CMSSW 2 0 _11.

PYTHIA datacard:

MSEL=0 I User defined processes,

MSUB(11)=1 ! Min bias process: ff->ff

MSUB(12)=1 ! Min bias process: ffbar->ffbar
MSUB(13)=1 ! Min bias process: ffbar->gg
MSUB(28)=1 ! Min bias process: fg->fg
MSUB(53)=1 ! Min bias process: gg->ffbar
MSUB(68)=1 ! Min bias process: gg->gg
CKIN(3)=30. ! minimum pt hat for hard interactions

HERWIG datacard:

IPROC =1500 I Process QCD 2->2
PTMIN =30.0

O Event selection was based on Genlet information.
d A Min py threshold of 15 GeV on all jets and
d Athreshold of 40 GeV on leading jet on top of the Min p threshold.

Suvadeep Bose QCD meeting 01/06/09
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Jet Multiplicities for PYTHIA and HERWIG at Generator

level

Clearly we have very
few jets passing the
conditions as seen
from

the mean of multiplicity
Indicating mostly dijet
events.

| Jet Multiplicity - PYTHIA | | Jet Multiplicity - HERWIG |
E Entries 100000 E Entries 99737
N Mean 2.595 I Mean 2.452
10* if RMS 1.359 . RMS  1.275
i Entries 47401 10 Entries 54975
———y Mean 2977 Mean 2.79
_._._,_.r'—-'-‘ -'_.__._,__lﬂ
N [ T RMS  1.364 RMS  1.253 | .~
10 3 Entries 100000 10° Entries 99737
Mean 42.71 "] Mean 66.16
it , [Rms 14.45 ;“"H RMS  17.32
108 |; ) rl
i3 LI.L‘ 10 L
104 1 1 with All JetPt>15 [ with All JetPt>15
—— with Leading JetPt>40 10 with Leading JetPt>40
T —— without any cuts Ll —— without any cuts
|\||-||ww|mw|||\ll\l\llll\lwliwl\ll\l\\II\ i \||\||lllwiwwlwi\I\\iwlwl‘llwl‘lwllI\I\
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Topological properties of 3-parton events
;’;T:s g%ffg e Leading JetEt>40
- RMS 250.2 -
100 ...| Entries 58657 |.... | K6, MInPHCorr)>15
k | Mean 453.6 [ :
; | rRMS 2537 | — Herwig 2400F L
10° 4 s Pythia 22003— 1000
zounf-
10 1800 Entries 28453 800
1600 Mean 0.9064
+a00| RMS 0.07172 [
1 g o I om0 Entries 26750 &0 - Entries 28453
— Lt . . = Mean 0.9004 Mean 0.7083
° 1000 0 1000 RMS  0.07352 r RMS 01018
E s0ob- a0 Entries 26759
800F F L Mean 0.7053
E sooF
F E r RMS 0.09866
7001 ["Entries e 200 (-
soob. | Mean 0.7459 : q.l:l:’.hu
E | RMS 0.2623 200 -
500 Entries 26759 0: Tl b brv b b bens P IRTRIRTRTINTNTE IRTRIRYRTANNRRI RTRTR IRTRINTRT]
E Mean 065 07 075 08 O0B5 05 085 1 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.5 035 1
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Topological properties of 4-parton events

| 4-jet Invariant mass
450 =
Entries 41945 | . 400 Entries 12372 P P
Leading JetEt>40 E Mean 07024 E | Mean 0.5983
:;as“ gggg 9 0 RS o106 400 RMS 01016
5. . 300:— Entries 13383 [ |Entries 13383
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- Entries 15521 1100 —___
1400 — Mean 4117 g Entries
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% The two Monte Carlo predict very similar distributions
fofsedledBerrergies but angular distributi®ns déffiersil /2%



Event Selection and MC data used

CMSSW_2 0 7 is used for this analysis.
One specific trigger jet sample is used for this anlysis:

CSA08 QCDJetEt50 S156 sample with luminosity 10 pb . This sample has an
equivalent pthat-min of 75 GeV. with 4,010,400 events being produced.

GenlJets and Corrected (L2L3 correction) Calojets are compared.
Event selection is based on Corrected Calojets for CSA08 sample.

Jets are selected in the |n|< 3.0 region (upto endcap).
Two jet algorithms are used for this analysis: SiSCone (R=0.7) and Kt (D=0.6).

For 3(4) jet studies the most energetic jets are considered, the jets being ordered in
their transverse energy (Et).

The jets are boosted to the 3(4) jet centre of mass frame and ordered in descending
order of their Energies (E) in the boosted frame.

Event selection is done in the following way:
1. HLT conditions (threshold of 110 GeV on leading jet Pt) is applied.
2. A threshold (50 GeV) is applied on all corrected jets.
3. Inclusive 3 jet and 4 jet events are selected.
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Topological properties of 3-parton events

| 3-jet Invariant mass |

| Jet Multiplicity |

- Entries 298255 .
Entries 4002200 10t = SO SO Mean 577.2 ... Leadmg JetEt>110
10° 5 Mean 2.394 = : RMS 308.1 :
H —— with minPt cond RMS 0.7048 r Entries 298255 ktﬁ’ MInPt{Corr]>50
5 T withHLTcond | | Entries 1174811 R U . S Mean 5788 | i — Geni
10 ; ,——""]—— without any cuts ' Mean 2.226 10 E RMS 297.7 Genjets
4l ;"rrlf RMS 0.6574 = —— Corrected jets
1075 i Entries 4002200 ~ !
H rlJ Mean 41.45 102 e B s
10° 5 RMS 12.74 =
102 éf LL!_LII 10 e T 112 ]
10 L -
B S [ TSRS SRR ANE R § ay R -
M = I L1 |- 1 1 IIII L |I"| L L
1 | I I | | | | N I I - \l u 1uou 2000 auou mou soou ﬁoou
0 10 20 30 40 50 60 70 | 80
No of corrected jets
g ok i
[ [Entries 298255 84001
[ | Mean 0.6878 E B
sooo[ 6000 7000 - 20000 ~ | RMS 0.2872 8350 E
r | Entries 298255 E
5000( Entries 298255 000 o [ | Mean 0.6808 so0p
Mean 0.888 15000~ | RMS 0.2882 F
woo| RMS  0.07662 000l g [ 2501
Entries 298255 Entries 298255 - Entries 298255 r 8200 E
Mean 0.8886 2000 Mean 0.6941 Mean 0.4176 10000 C E I
% RMs 007673 RMS  0.0923 ool [RMS o162 [ a150k
Entries 298255 Entries 298255 r E
2000 2000 Mean 0.6883 ) Mean 0.4231 5000 — 8100 F
RMS  0.09057 RMS 01109 il F | | |
1anol- o0 k Tonof 0 5170z 93 04 05 06 07 08 08 1 T 50 400 %0
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A AT TR PRI PR TET T A obenbvn bbb bl N AT T TR T ARTR T 1 Cos theta ¢
Scaled ioc: ordered in thei ; L Cosine of angle w.r.t O Azimuthal angle (@)
caled energies: ordered in their c.m. frame beam (cosOs) of parton 3.
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Topological properties of 4-parton events
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