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@ Introduction

» Jets Algorithms
« QCD & Jets Measurements
* New Physics with Jets
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Jets Algorithms




@ Jets: Footprints of Initial Partons
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@ HEP Interactions and Jets

. J.Alwall: http llcp3wk505 fynu.ucl.ac.be/Docs/Johan-KEK2006/
A_scihem?_tlc HEP - o WL et
Interaction \ ' 7iss
: : i 2
 Hard interaction e 7,
> Matrix Elements | %
(ME) calculations  -.-%"s. ’ | . 0"
- Parton Shower . 4-e.%" g
. . —"_TH-> “®-a 0
 Hadronization Caan| . _—

« Jets: flow of R :
hadrons around AN mig:

the direction of P NE-F WS
the initial parton TG4 a ALY

« Hadron / Parton /
Detector Jets
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From Partons to Jets (and back) g

*Partons (quarks and gluons) produced in high energy collisions
*Only hadrons observed due to color confinement
-Collimated flow of particles around initial parton : Jet

. initial partons — parton jets
Tshower

| corrections

. (many) partons —parton jets

lhadronization hadronization
corrections

v hadrons »hadron jets

Pile | Detector response  otect
Up | & magnetic field etector
corrections

lparton shower

detector e
—»detector jets
measurement

based on hep-ph/9506421
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Jet Algorithms

define a jet:
« associate final state
particles in a jet
* allow calculation of jet
quantities

2 main classes of jet-algos
Cone
*Clustering



@ Cone Algorithms
Maximize total transverse energy in a cone in rapidity-¢

below threshold above threshold
(no jets) (1 jet)

N ",
-------------

Cone-based algos not-infrare/collinear safe to all pQCD orders

Tevatron Run Il = new cone-based algorithm: MidPoint

1. Draw a cone of radius R around each seed (CAL tower with
E >1GeV) and form “proto-jet”

2. Draw new cones around “proto-jets” and iterate until stable
cone

3. Put seed in Midpoint (eta-phi) for each pair of proto-jets
separated by less than 2R and iterate for stable jet

4. Merging/Splitting

Cone-based jet algorithms include an “"experimental” prescription to resolve

situations with overlapping cones
This is emulated in pQCD theoretical

merged if common E is more «——— calculations by an arbitrary increase of
than 75 % of smallest jet the cone size : R > R' = R* R_,
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@ Clustering Algorithms

1. Calculate the distances
» Dbetween the particles d;
» beam distances d;z

2. Combine particles with smallest d; . (
If dz smallest => i = jet b
1. Repeat procedure until no particles left

 Only one parameter R,
» default R=1, but this has to be studied

« Approximate inversion of branching process

An2 + A¢2
R2

d. = min(E% ,E%)

]

~ Eq

L beam line
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@ Jet Algorithm Requirements: Measurable,
Calculable, Accurate, Robust

= Simple to use in experimental analyses

= |dentical procedure at parton, hadron and detector

= Must be infrared and collinear (IRC) safe => it can
be calculated order by order in perturbative QCD

» KT safe at all orders by definition
» Only seedless Cone safe at all orders

* Not very sensitive to hadronization
» Close correspondence between partons and final state hadrons

* Not too sensitive to underlying event and pile up
= Not ignore large energy deposits
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QCD & Jets Measurements
@ LHC




¢ Jets at LHC

* pp collision at 14 TeV . hep-ph/0611148
l &
CmS energy _ Oay<l
. . l<y<2
* Large jet cross sections oy

* Inclusive jet cross :>
sections at NLO
» Calculated using EKS

» LHC jet production o

» Dominance of gluon and
sea quark scattering

107% ¢

do/dpp [0b/GeV]

1071

» Larget phase space of R
gluon emission => extra p7™ (TeV/c) | o (nb) | Events/year
jets 0.2 100 ~ 108
10pb*in2008 [—> | 1w | o | ~w
2.0 1.0 x 10~* ~ 1
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@ Jets at LHC

 Jet multiplicities significantly higher at LHC as
compared to Tevatron, especially for gg initiated
processes

»Large initial state radiation

Total cross sections for tT production a(W+3 jets) > o(W+2 jets) for
saturated by tT + jet production for jet Pt leadinaie> 100 GeVic
p; values of order 10-20 GeV/c Saeinge

Eﬂﬂﬂ 1 I I | I I I I | I I 1 I | 1 I I 1 | 1 I I 1
1=10° 3
=)
A 1000 L ™, - :-v:1 !::b FML’,}:
" tt {NLD} 1';*"“';'0|1I r“‘.‘-:'-‘?' ---------- ':—: :|3|r~;;-L EIN{I_:;]DI _E
ﬂ 200 E o =W, cemmmee- W3 Jats (LD, CTEQEN) J
. E .
E 400 _E E 1
4 200 — 1000
< ' ]
g 1 - ]
okDepiph/0611148) . 1. <[ hep-ph/0611148
Eﬂ JH:I Eﬂ Eu — — 1|:I*:l I — ."Il:l:l — RI'I:IZI - -f-::ll:l —
Praw [GeV] Leading jet ET [GaV]

Figure 95. The dependence of the LO i+jet cross section on the jet-defining parameter pr min.| Figure 91. Predictions for the production of W+ 2 1,2, 3 jets at the LHC shown as a function
together with the top pair production cross sections at LO and NLO. of the transverse energy of the lead jet. A cut of 20GeV has been placed on the other jats in the
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@ Jets at LHC: Underlying Event, Pile Up

“Hard” Scattering

0Utgoing parton

Underlying Event (UE)
everything else in the event on top of
the hard scattering
« softer interactions from the remaining

partons in the colliding hadrons

* model description. e.g.: multiple-parton
interactions

proton

underlying event

final-state

outgomng parton| Y gadiation

Pile Up (PU)
Additional minimum bias (MB)
iInteractions overlayed to a physics

collision in the same beam crossing
» statistical effect: Poisson distribution

« 5 PU interactions at low lumi (1032cm2s1)
« 25 PU interactions at high lumi (1033cm-2s-1)
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underlying event

initial-state:
radiation
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@ Jet Cross Section Measurements

* Measurements of QCD cross sections and correct
evaluation of their errors with LHC data is of great
Importance

» QCD constitutes a background to almost all interesting
physics processes

» High p+ tails of inclusive cross sections are sensitive to
potential new physics

» Bad evaluation of the experimental errors of the
measurement or theoretical errors of predictions can mask
new physics or fake it (...)

 The main error sources are
> Statistical
» Experimental
» Theoretical
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Statistical Errors

&

1032cm-2s-1 with 40%
efficiency

e structure comes due to
mixing of different triggers
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2ol oo _-| « Estimation of stat. errors as a
= | — 10inversa _—— | funtion of jet p; for different
e mese] — _—— | integrated luminosities
: _—__—__ o »simple Poissonian statistics
il = »Jets considered with |n|<3
- — — * At 1fb-' : 1% error for 1 TeV jets
- « For more forward jets error is larger
M > (10% for 3.2<|n|<5)
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@ Experimental Errors

* In jet measurements experimental errors are
determined from

» Choice of jet algorithm
» Choice of the parameters of the jet algorithm
» Choice of input to jet algorithm

= Jets of calorimeter objects
= Jets of tracks
= Particle flow jets

* The above choices translate into
» Resolution of jet quantities
» Jet energy scale (JES) uncertainty

e Other

» Trigger efficiencies
» Luminosity measurement (unrelated to jet finding)
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@ Jet Energy Scale in CMS

calib. jet

at hadron level,
corr. for det. effects

Factorized multi-level corrections

!/ e
reco L1 corr L2 corr L3 corr I L5 corr L6 corr calib. jet
. g parton level
Jet Offset rel' Tl abs- | UE parton model dep.

Offset: removal of pile-up and residual electronic noise

Relative (n): variations in jet response with n relative to control region
Absolute (p+): correction to particle level versus jet p; in control region
Flavor: correction to hadron level for different types of jet (b, tau, etc.)
Underlying Event: luminosity independent spectator energy in jet removed
Parton: correction to parton level

e Default Corrections are to the hadron level
e Flavour, parton level and underlying event corrections are optional
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@ Jet Energy Scale (JES) g

A

* JES uncertainty
> 10% start-up
» 5% ~ 1fb-1
» 3% after some years
* Purely calorimeter jets

used for most studies so
far

« Addition of track jets

» Improve resolution
» Rejection of pile up

 Startup (source calib. + test beam + MC)

—
o

yjet Wit from tf
® 50% reduced b-tag

= 9
—
I

Z+ et

v full b-ta
\ Sk B RTT™
« Ultimate resolution
achievable with particle #ﬁa_’
flow jets 20 30 150 (log scale)
Jet p, (GeVie)

jet energy scale error (2%6)
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@ Jet Energy Scale with Top Quark Pairs

CMS Note 2006/025

oJetEnergySCalecanbeevaluated %130—_||||||||||||||||||||||||||||||||||||||||_—
using top quark events. S pe f P jﬂ:l + Actrue - =
. . @ — § Mean 09065 ) ]

* Use W mass constraint to calibrate © ook b [l [Fa Fparton/Ejet ]
' ' - 2 e T L T il B ]

JES for Ilght quark Jets E - 300 )1 Sgma_ 01506+00035 | ] 7
\z- b-jet g ‘: E

o et —--.‘_’Y e B Jﬁ K 7

. i 100 =g s s sl . ]

t 90 -

Light jets calibrated world average M_
With my, constraint | gghes---wserrmrm el

t 70
v

el Ziet 60
W _|||||||||||||||||||||||||||||||||||||||||

N 40 -30 -20 10 0 10 20 30 40
jet

A Ca pplied (I%)

‘b-jet

At start-up also calibrate b jets
using top quark mass constraint
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(U  Optimization of Jet Algorithms

hep-ph/0604120 > Three different jet algos considered
— " = Cone, MidPoint, k; cluster
e S »Low lumi sample of events
L - = ttbar (fully/semileptonic) and ttbarH
e T [ (semil. & hadronic)
h | ok = PU, UE, radiation (but no hard gluon
ICon e i e radiation)

teaneradus 3> Quality criteria defined

P = €.: event selection efficiency

T = Angular distance between jet and parton
S : » Energy difference between jet and parton
F <7 N = FracReco: combined angular/energy
- Ky T variable, fraction of well reconstructed
B I e e events
e = FracGood: fraction of selected and well
S reconstructed jets.
- T = FracGood = €, * FracReco
S S— ‘ . » Studied performance of algorithms versus

s their parameters using the quality criteria

M1dP01nt IIIII © k=l »>Not studied: detector effects, magnetic field

" jet cone radius D.Kcira, UCL/CP3: QCD and Jets Studies at the LHC 20
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* No apriori “natural” parameter values,
optimizations specific to final state topology

* As expected higher multiplicities would require
smaller radii of jets

* Present default CMS settings:coner

i
:
Q

Optimization of Jet Algorithms

=0.5, k; R=0.6 & 1.

et

In general, CMS (LHC) studies favour
smaller radii parameters

IC ke MC
hep-ph/ . . : -
0604120 jet radius R-parameter jet radius Owerlap Threshold
Value | FracGood | Value | FracGood | Value | FracGood Value FracGood

2 quarks 0.5 53.9 0.6 54.9 0.5 42.4 0.40 40.3

4 quarks 0.5 22.3 0.5 23.8 0.3 22.8 0.40-0.50 229

6 quarks 0.3 11.2 0.4 12.9 0.2 12.1 0.50-0.60 11.8

8 quarks 0.3 4.85 0.3 5.93 0.2 5.72 0.60 5.0

NS
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@ Flexibility

hep-ph arXiv:0712.3014

° There iS no unique _]et Tevatron: 55 < p, < 70 GeV (bin 04)
I 1¥1 4 I | I | | 4 I | | | | |
definition i r—— R e _
» Performance depends_?| 1 <1
on process and 8ol 1 8ol
kinematics o 1T
¢ MUSt be able and . ST .- cam . S "’ - F_”r;adronisation
should use different jet *0 02 04 06 08 1 12 14 “0 02 04 05 08 1 12 14
algorithms ) " | ) "
3t F‘wl;ia qq-l>qq - = 3L F‘Wllia ggi>gg - I
Example for physics gfﬁ . : gf:
effects: Hadronisation 5[ —========= 0
and UE i : s_i;co_ne ==== : :i : )
4 | | L | | mi P-::-Int | 4 JAT | L L | L L
D 02 04 06 08 1 12 14 D 02 04 06 08 1 12 14

« Effect changes for algorithms, sofne have smaller UE, Some

smaller hadronisation
» Large “R” — more UE,
» small “R” — more hadronisation
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@ Rejection of Fake Jets - Pile-Up

Pile-Up (PU) affects jet and MET reconstruction

*One of main causes of uncertainty in JES

*Adds randomness (Poisonnian distribution) to the event
»Affects also event selection

*Can be reduced using primary vertex constraints
= Jets at low momenta rejected by this method

=Several methods used in PTDR analyses CMS Note 2006/066
E D'M':_ with PV consiraint
‘E ﬂ_123_ —--—-- without PV constraint
* Work ongoing to define uniform 3 oib
method for fake jet rejection g I
- Studies with different jet algorithms = "
being performed 0.08-
« Can also use FastJet PU subtraction 0.0af A
=> see next slide J -
0.02- .—-'EF
IJ_ R Lo i

II|IIII 1
0 5 10 15 20 25 30 35 4(

nr. of recontructed jets
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@ Pile Up Sub‘rr'ac'rlon a la FastJ et

PU : Calo Fast KT
Z s =57.95 GeV, Z =41.$3 GeV

D=0.7

« Subtract PU using minimum bias
event-by-event subtraction procedure
of the FastJet package

MWoPU : Calo Fast KT
Lo, =4B8.45 GeV, £ =29.88 GeVf

PU Subtracted : Calo Fast KT
Z =3B 66 GeV, th=35.?1 GaV/

Normalized E\rant
=
o

» MC sample without and with addition <015
of PU contribution
> Low luminosity PU (10732) 5 0.1 —K
additional min. bias events per | 4
collision e S -
. . e T
« Z sample decaying into dijets C L |
) ; T T ||T‘_.':$:.-_.-':|=
» No JES corrections applied => Z 9720 30 40 50 60 70 80 90 zlm {s“;n

mass shifted

» With JES corrections goes to correct NE . 3 Petector vel(Cao)
value, here just checking the T F PU: Fast KT
subtraction N n'ag NoPU : Fast KT

0.7 A
 Subtraction works. Peak shifts back b & o £ p —ﬁ
to position before addition of PU osE | =5
« The larger the radius the larger the 0.4;
PU effects 03"

» Subtraction works nicely subtracing =

more PU for larger radii 015

65
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@ Choice of JetFinders at CMS Q

« Standard set of theoretically sound jet
finders

> kT with R=0.4, 0.6
» SiSCone with R=0.5, 0.7

» Used in the trigger
> lterativeCone with R=0.5

* Also available For Comparison
» MidPointCone
» Cambridge Aachen
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@ Jet Measurements: Exper'lmem‘al Er'r'or's
* 100pb-': reach ~2TeV @““

 1fb-1: reach ~3TeV

> ~10% events with

3

GE-scale/ 0
N
)

N

—
0

1

0.5

8lg

oT>1TeV
Only stat. errors shown

1 T T 7]
B Energy scale variation £ 3% ' _.E':
~  — — calibrated ref. jets : i
B 0.00 < |y| < 0.75 —+- H
B . 075< |yl < 1.50 : N
- — 1.50 < |y| < 2.50 : -
[ i . '_;
__ _|_ -I— “+- I _H__
I S — JF—’_;T__'—J'——'—_'_ -
e T .
g g T
B i | —‘."_1:_
B S 7
[, | L : l
102 10°

0

CMS TDR CERN/LHCC 2006-021

pT/ GeV

10°

10°
10°
10°
10°
107
10
1
10"
[
10

- JL =0.1fb’
- _do_4 fb =0.1 events

- —d P, GeV

GeV

 —TF

5[}{] 1000 ’15!3[} EEIDEI EED{] E!-DEID 35[}{] 4{]D{]

Exp. Errors: JES

P [GeV

uncertainty dominant
source of uncert. to

cross sections
> 15% at low p+
» 50% at high p;

CL/CP3: QCD and Jets Studies at the LHC
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@Theor‘etical Errors: Scale Uncertainty

jet

o = Z jXm Fo (X, 44p) - OX, fb(xzsﬂF)'O-a,b(XaaXb»ﬂR)'(1+5had)
a,b=0.,7.9
Factorization theorem: cross section as convolution of

PDFs and parton hard scattering cross section
*Scale uncertainty: uncertainty in hard scatter cross section
due to missing higher orders in the pQCD calculations.

»Evaluate scale [_Inclusive jets 0<y<3 | S
: : 5 02p i
uncertainty by varying El — naimras
both renormalization and  {"F —oone
factorization scales S . ]
- 005 i e e e —
betyveen half and twice B F et ==
their default value o SR DRSS o o
>Here default value is 008~ T
pR= “F= pThardest-jet 41.15—
»~10% uncertainty at 1TeV 15 ,
0.2 505508 ~603 5007006 12001400 1600 1800 2000
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@Theor‘eﬁcal Errors: PDF Uncertainties g

» Uncertainty in the hadron level cross section due to
the choice of the PDFs

o) 3 M T T T ;

H‘qﬁ [ fastNLO NLO (CTEQSM) | i

N 55 [ ok Dat0 .
 Evaluate uncertainty using — T ]
CTEQ6M set of PDFs o [ s0sy<as0 ;4

 Plot ratio to central PDF
used in the calculations

* Rises from ~5% at low
momenta up to +65%,-30%
at high momenta

D -| I | | | | 1 1 11 I
2 3
10 10 GeV
07.03.2008 - Sol Cress, Spa, Belgium D.Kcira, | CMS TDR CERN/LHCC 2006-021 pT e




@ Constraining the PDFs with LHC Data

« W and Z cross sections predicted exactly for LHC
 Rapidity for lepton decays sensitive to PDFs

» Simulate events (HERWIG6.505+CTEQG6.1) with addition
of a random 4% “systematic error” scatter on these
pseudo-data. Redo the PDF fit including them.

*Error on parameter A (xg(x)~x-A) reduced by 35%

s ZEUS-PDF @t ZEUS-PDF
5 ] ] s | i )
e before inclusion of e [ after inclusion of
W pseudo-data .1 W pseudo-data

‘; L s
- A
o
o
(op]
o 0.8
0
=g
>
¢
o °f  e*CTEQ6.1
< eaf Pseudo data

o =t —t
07.03.: o 1 z 3 4 S |y| %a, UCLK & 29



New Physics with Jets




@Sear‘ch for Contact Interactions at the LHC |

ZTI:A
= = Gy i) @y a;)
0" = SM(s,t) + € - Cpyt(s, t) + e CewPh (5 1) A2 uz_l LY Qi )WG0Y Q50

A=+1

New physics at a scale A above the observed dijet (dilepton) mass
Is effectively modelled as a contact interaction.

e Quark compositeness

e New interactions from massive particles exchanged

\ |

g g 2 q
3 i

8

M~A / g

@)
f
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@ Contact Interactions in Jet Rates

« Contact interactions: large rate at high p;, immediate discovery possible

» Error dominated by jet energy scale (~10%) in early running (10 pb-1)
= AE~ 10% not as big an effect as A*= 3 TeV for p>1 TeV.

» PDF uncertainty and statistical errors (10 pb-1) smaller than E scale error
« With 10 pb' we can see new physics beyond Tevatron exclusion of
N* < 2.7 TeV. But systematic errors are large

= 10°E Rate of QCD and Contact Interactions P S?ﬂ‘?iFiYiFY Yvitr‘ 10 pb' |
® = - o .
(5 B * S QCD & 10% energy error band T 8 3-5 :_ LO Calculations CMS Prellmlnary _:
QO 105 @ - C . 4 7
© 10 = in A" = 5TeV contact interaction 3 & 3 acb Errors for 10 pb .
) - L i O | e Energy Err (10%) .
§ 104 o 0 A" =3TeV contactinteraction | q;_; 25 | S B (ETEOE E
= ¢ 1 = CCJ o - |=B= A*=3TeV E

= é 3 ©1.5- B

- ¢, 15 0 eyt S ]

2 ¢ = O A e I

10 = go ¢ = T emmemmmmme=mmmntTT B

- . v 200 o o 1 ®© - g

L ® % VARV 06 o - c 05 - B 5

10 s P = O c TP, ot () W I I 0 O 8

2 - e %o = 5 0 eaasEERSRRRRRRAS

= CMS Preliminary °%¢vad & - l i

1 Gen-Level Simulation o, COSTmm— T

= c e v b by oy by by by g _4LC Ly by e e by Py 1A

200 400 600 800 1000 1200 1400 10.2 04 06 0.8 1 1.2 4

Jet P (GeV) ,

:
Jet P, (TeV)



@Con’ract Interactions in Angular Distributions’

Center of
Momentum Jet _ o
Frame \ o* Contact interaction is often
> < more isotropic than QCD

q g
/ Angular distribution has much

smaller systematic uncertainties
QCD Background than cross section vs. dijet mass

Signal Effects emerge at high mass

dN / dcos 6*

0 1
cos 0*
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@ CIs: Dijet Angular Distributions

vV 25 —
£ L[|--A"=5TeV .
% 20 AT=10TeV =
Q B + |
> [|[--A"=15TeV .
Z 150 -
in - ]
v o1 | -
N ]
L e
= I
z r -
6 L -
-; 0_|| II|II | II|IIII|IIII|IIII|IIII|IIII|IIII|II_
S 05 1 15 2 25 3 35 4 45 5

Dijet Mass (TeV)
+ Dijet Ratio = N(|n|<0.5)/N(0.5<|n|<1)

« Simple measure of the most sensitive part of the angular
distribution

« Measure dijet ratio as a function of mass
« Systematics on the dijet ratio are small
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@ Dijet Ratio

Syste

I‘l

QCD

A*=5 TeV

""""""""" A'=10 TeV

s A'=15 TeV

PDF Error (CTEQ 6.1)

Rel. Energy Error (+ 0.5%)
mmmm Jet E & 1 Resolution

1.5

0.5
Stat. Err. for 10 fb™

1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
1000 2000 3000 4000 5000

* Absolute Jet Energy

Scale

> No effect on QCD dijet ratio:
» Flat vs dijet mass
» Causes 5% uncertainty in A

« Relative Energy Scale

» Energy scale in |n|<0.5vs. 0.5 <

In| <1
+0.5 % achievable in Barrel

» Changes ratio between +0.01-0.03

D.Kcira, UCL/CP3: QCD and Jets Studies at the LHC
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matic Uncertainties

~—~ 0.7

______
_______
.

QCD and A*=5,10,15 TeV
S0o0SIcEINe Jet E & n Resolution
Relative Energy Error (+ 0.5%)

PDF Error (CTEQ 6.1)

1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1
2000 3000 4000 5000 6000

Corrected Dijet Mass (GeV)

1 1 | 1 1
1000

Resolution

» No change to the ratio when changing
resolution

> g;(/)sgematics bounded by MC statistics:

e Parton Distributions

» CTEQG.1 uncertainties, Systematics on
ratio <0.02

» No testbeam data above 300 GeV.
Discovery range in the regime where the
calorimetric response is extrapolated
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@ Dijet Resonances

New particles, X, produced in parton-parton They are observed as dijet
annihilation will decay to 2 partons (dijets). Aresonances: mass bumps.

8 q! q! g q! q! g %
© X o
Q
7] —_ —
9,9, 9 9. 9, 9
time | >
M Mass
Tevatron has searched but not found any dijet resonances so far:
0SS 71— 71 1 ]

=
= ! 2 03 *=125.0 :
—~ 02 t Z X .
= _:u 02 3
m A"\ R0LE + + E
¢IU 0 o = . : T § . + . + L -
2 | P + % E

-02 = £ 3
= X*/DF = 1.49 522_ E

04| CDF Run1 - ok DO Run 1

0 200 400 600 800 1000 R R R R R R
TWO JET MASS (GeV/c?) M (GeV/c?)
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@ Resonances in Dijet Mass

» Measure jet rate vs. corrected dijet
mass and look for resonances.

» Use a smooth parameterized fit or
QCD prediction to model
background

q* signals for

0.8 M=0.7, 2, & 5TeV

0.6

0.4

» Strongly produced resonances can
be seen

0.2

Fractional Difference from QCD
o
’LI\I|I\I|III‘III|III
]

» Convincing signal fora 2 TeV -
excited quark in 100 pb-1 0.2
» Tevatron excluded up to 0.86 TeV. o4 QCD Statistical

Errors for 100 p51

» Can also study resonances in Dijet  -06
Ratio (not discussed here)

-0.8—~ CMS Preliminary

0 1000 2000 3000 4000 5000 6000 7000
Dijet Mass (GeV)
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@ Conclusions
* Understanding of jets and QCD crucial for LHC

» Background to many searches
» Many processes have jets in final state
» There are jet-only-based searches

* Measurements of jet cross sections suffer from
theoretical and experimental uncertainties

» dominant experimental error: Jet Energy scale uncertainty.

= Can use W in top quark pair production to constrain this uncertainty
down to 3% level

» dominant theoretical error: uncertainty on PDFs,
renormalization scale

» Use Z and W production at LHC to reduce PDF uncertainties

e Searches using dijets can be performed:
» Contact Interactions: jet rates, jet angle (dijet ratio)
» Dijet Resonances: dijet mass, dijet ratio
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@ Reproducibility

http://www.lpthe.jussieu.fr/LesHouchesO7Wiki/index.php/Jets_nomenclature

Jet Definition
Jet Algorithm Final—state
Parameters N truth—level
Recomb. Scheme spec.

A

« Algorithms should be described properly in talks and
papers
* We should state clearly what we use

» Before it was not always possible to know what code was used

» CMS has made a lot of progress in this direction using external
libraries instead of embedded code

« Without clear description impossible to reproduce results
» In fact, even we ourselves will not be able to
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@ Jets at CMS

Input Digitized Sample
EGAL & REAL -JetAlgorithms
> Iterative Cone (IC)
ECAL Local Reco (1) » Mid Point cone (MCone)
Make Uncalibrated »SiSCone (seedless)
RecHits HCAL Local Reco »>k; Cluster } FastJet
Make (Calibrated) » Cambridge / Aachen —hep-ph/0512210

ECAL Local Reco (Il) RecHits

Mak; °ﬂ:|i!;rﬂted *Detector level Input

i »CaloTower, energy threshold of 0.5
GeV
» Particle Flow Objects

Calo Towers
Combine Ecal & Hcal cells »Charged Tracks

Into Calorimeter Tower

* * ot MC Ievel(S)
»4 momenta of true level particles
Jet Reco MET Reco (HepMC:: GenParticles)

Run Jet finding Algo Run MET Algo
On the set of towers On the set of towers
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@ Subtraction of Min. Bias - Method
M. Cacciari, 6. Salam hep-ph/0512210

Estimation of Jet Area

35

= Estimate area of each jet using “ghost” median ———--
par!cicles JetHsing 9 30 | method of ®
= Fill event with very soft particles e | subtraction o
= Recluster and count how many “ghost” -
particles fall in each jet £ 20t
= Possible since k; infrared safe = -
n.;:{.
10 |
» - ¢ ‘ 'S o .. -
5 ®s @ f—'—'—; '''''' L ] .'— - o~ @
Subtraction ol . .
v 2 0 2 |

« pt/area is uniform for the non-hard jets

« Use median to estimate background

« Subtract from each jet depending on surface

« FastJet provides standard methods for doing the above
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@ Dijet Resonances : Models
R. Harris

Dijet Resonances found in many models that address fundamental
questions.

*Why Generations ? — Compositeness — Excited Quarks
*Why So Many Forces ? — Grand Unified Theory - W' & Z°’

*Can we include Gravity ? — Superstrings & GUT — EG6 Diquarks

*Why is Gravity Weak ? — Extra Dimensions — RS Gravitons

*Why Symmetry Broken ? — Technicolor — Color Octet Technirho

*More Symmetries ? — Extra Color — Colorons & Axigluons
Model Name X Color JP I"/(2M) Chan
E, Diquark D Triplet 0* 0.004 ud
Excited Quark q* Triplet % 10.02 qag
Axigluon A Octet 1*  10.05 q9
Coloron C Octet 1~ 0.05 qa
Octet Technirho Prs Octet 1~ 0.01 99,99
R S Graviton G Singlet 2~ 0.01 99,99
Heavy W W* | Singlet 1~ 10.01 9.9,
Heavy Z Z" Singlet 1~ 10.01 qq
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