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Jets in the LHC era

At the Large Hadron Collider (LHC), jet production is the
dominant high transverse-momentum ( p_) process.

It gives the first glimpse of physics at the TeV scale.

Jet cross sections and properties are key observables
In high-energy particle physics.

Measured in e*e”, ep, pp, and pp colliders,

and in yp and yy collisions.

*Measurements of the strong coupling constant.
Information about the structure of the proton and photon.
*Tools for understanding the strong interaction

*Tools for searching for physics beyond the Standard Model.
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ATLAS Detector overview

Magnetic field: one solenoid surrounding the ID (2T), one toroid

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

(muon spectrometer - 4T peak)

EM calorimeter - two sections ~ JAW W1 =\ 5.
covering up to |[n| = 3.2. byl h\
High resolution on e/y objects. |
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

HAD calorimeter - 3 sections covering up to [n|=5
Good containment, good resolution for jet measurement

Muon system (4 different technologies) covering up to |n|=2.7
High precision muon momentum measurement (also standalone)
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ATLAS Calorimeter System

EM LAr: [n| <3 - Pb/LAr
calorimeter, high resolution for
e/y objects. e/h ~1.7

Central hadronic calorimeter
(TileCal): |n| < 1.7: Fe(82%),
scintillator (18%) - e/h = 1.36

End Cap Hadronic Calorimeter
(HEC): 1.7 < |n| < 3.2 - Cu/LAr

Tile barrel

Tile extended barrel

Lar hadronic
end-cap (HEC)

1.5<n|<3.2

LAr electromagnetic
end-cap (EMEC)

1.375<|n|<3.2

S _

two regions with % = F
changing detector N = 3
technology: | elecomagnetic

barrel

nj<1.4

In|~1.5

b & LAr forward (FCal)
In|~3.2 :

3.2<n|<4.9
non-compensating calorimeter !

Forward calorimeter: 3 < |n| < 4.9. First layer EM (Cu/LAr), the two remaining

layers HAD.

Highly hermetical (|n| < 5), non compensating calorimeters.

First QCD results in ATLAS
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Data Sample

In this talk: Dataset recoded by ATLAS in 2010:
Performance ~40 pb' at 7 TeV
Trigger Efficiency AR AR
E/P calorimeter studies
Jet Calibration

Jet Resolution

— n ‘ P
- ATLAS Online Luminosity \s=7Tev

50 [ LHC Delivered -
~ [__] ATLAS Recorded -

40 Total Delivered: 48.1 pb”
" Total Recorded: 45.0 pb”

Total Integrated Luminosity [pb™|

Properties 30"

Jet Shapes I

Trackjet and fragmentation o

A Decorrelation a

Cross Sections : :
Inclusive jet cross section 05 1905 40T 0809 03/
Di-Jet cross section Day in 2010

Multidet cross section
BSM: exclusions
Exclusions: DijetMass

Exclusions: Angular
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Data Sample

In this talk:

Performance

Trigger Efficiency

E/P calorimeter studies 10 g
Jet Calibration o'} QCDLO, ek
Jet Resolution 7 - crzum
Properties iz ' .
Jet Shapes o

Trackjet and fragmentation
A@ Decorrelation

Cross Sections

Inclusive jet cross section
Di-Jet cross section
Multidet cross section
BSM: exclusions

dlﬁ.-’dnd]":T =0 (nhTeV)

Exclusions: DijetMass £ (TeV)

Exclusions: Angular
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Trigger

MBTS: Minimum Bias Trigger Scintillators
(scintillators that detect activity in the forward region of the detector)
e In coincidence of the beam pick-up signal
* Inclusive Trigger
* No significant bias introduced to the jet measurement

] Collision Event at

Level 1 Jet Trigger:
ET In calorimeter elements

Element granularity:
Ap x An- 0.2 x 0.2
Jet finding:
sliding window
with steps of one element %Q%ZANAS
E_is computed in a window AL

2010-03-30, 12:58 CEST

Run 152166, Event 316199

of co nfigurable Slze. http://atlas.web.cem.ch/Atlas/public/EVTDISPLAY/events.html
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Jet Trigger Efficiencies

MBTS inefficiency:Negligible & T-[ T T T
from randomly triggered events & |
= 1 —olo—o » »
L] - i T I
L1 Jet Trigger T o8l | b
Inclusive jet efficiency: T |
Measured with respect to the 0.6 ° 1 -
MBTS trigger. | ATLAS
0.4 1 . -
The efficiency is for jets I I \s=7TeV, [ Ldt=7nb
with pT > 60 GeV 0.2‘_:& I anti-k, jets, R=0.4, |y| <238 ]
and |y| < 2.8 is above 99%. ! | * Data ° PYTHIA 6
IR A P I B e
% 50" 100 150 200 250 300

Similar studies done for different
jet algorithm sizes and different
regions in rapidity.
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Event Selection

Data Quality (DQ) used
to select the periods
with the nominal
performance of the

detector —— ) NS SATLAS
| | % EXPERIMENT
Primary vertex (PV) selection:
PV from center AU
Of AT |_ A S d etector http://atlas.web.cern.ch/AtIas/puinc/EVTDISPL\)\Y/events.htmI

MBTS Trigger and timing requirements: depending on the detector and
accelerator conditions of the different analyses presented here.

Effectively no bkg due to cosmic ray shower and beam related bkg left.

Negligible impact from pileup in data sample reported in these slides.
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SR SN Uncalibrated E
BN in event display

A EXPERIMENT

uuuuuuuuu 1 166198, Event Number: 100726931

Event with high
jet multiplicity

First QCD results in ATLAS




Jet reconstruction
and performance

First QCD results in ATLAS P. Francavilla
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Jet Reconstruction " Topological clusters

Inputs: -,
3D Clusters: =
find local cell energy maxima and
cluster neighboring cells
Pro: noise suppression

Projective Towers:
All the cells in Ap x An- 0.1 x 0.1
Pro: Stable under extreme conditions (useful to validate the clusters)

Jet Algorithm:
The Anti-K_(infrared safe) algorithm has been taken as the default jet
algorithm. djj = min(kZ?. kfj':')ARJ;jz-/F\’2

The Anti-K_is a sequential recombination jet algorithms with p= -1,

(Kt, p=1) which behaves like an idealized cone algorithm.
First QCD results in ATLAS P. Francavilla 14



Calorimetric calibration

Electromagnetic (EM) scale:
Baseline cluster calibration,
established using test beam
with e and u in the calorimeters.
Good estimate of the energy
deposited by yand e.

60-70% estimate of the energy
deposited for hadrons and jets

Hadronic Calibration. Why?:
In the ATLAS Calorimeters,

1.08
1.06
1.04
1.02

1

Average kinematic response

0.98
0.96

0.94

1.0

AntiKT, R=0.6, JES Calibration, 0.3<n|<0.8

¢ PYTHIA Nominal Sample, P, /pT
O PYTHIA Nominal Sample, E"/E

_‘_

—0-

ATLAS Preliminary

jet , MC truth jet

response

jet ,—MC truth jet

response

—0——o—

Monte Carlo QCD jets

o 58888y

6— —0—0—0-

20 30 40

10°

*Response to hadrons lower than response to electrons.
*Energy losses in inactive regions of the detector.

Hadronic Jet Calibration driven by MC description.

Correction factor: p “"* = C(p_*,n) p =

First QCD results in ATLAS

P. Francavilla

2x10?

10°

p. . [GeV]

T, jet
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Checks on the EM scale simulation

The simulation has been validated
using test-beam and collision data.

Checks on Collisions data:
= Select isolated tracks;
= Collect the energy in the
calorimeter around the track;
« Compare to MC.

<E/p>

<E/P> measured in
* In| <2.3
* 500 MeV < p < 10 GeV

The calorimeter response to isolated
hadrons shows agreement between
Data and MC at the 5% level for most

of the calorimeter.

First QCD results in ATLAS P. Francavilla

E/p P
o

Energy deposited
by hadrons in the
calorimeter will not
be well known in

carly data. ™,

Hadron track momentum
will be very accurate |
+]

| ATLAS Preliminary

0.6 <n<0.0 _:
R e Data2010 Ns=7TeV) N
[ Non-diffractive Minimum Bias MC ]
. i
L . ]
. ® . _
A |
—— . —
+

10 p [GeV]
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Jet Energy Scale
Uncertainty

Stability of the MC response.

Variations driven by test beam
and collision data

0.22

o
N

0.18
0.16
0.14
0.12

©
—

0.08
0.06
0.04
0.02

Relative JES Systematic Uncertainty

AntiK, R=0.6, JESI Calibration, 2.1<n|<2.8
Monte Carlo QCD jets, Data 2010

— [ ] Underlying event (PYTHIA, Perugia0) O Fragmentation (PYTHIA, Professor) ]
~ A ALPGEN, Herwig, Jimmy A Shifted Beam Spot 7]
:_ | | Additional Dead Material O Hadronic Shower Model _:
:— \{ Noise Thresholds ~ ====== LAr/Tile Absolute EM Scale —:
— n Relative Intercalibration 1 Intercalibration Data/MC ]
L JES calibration non-closure : Total JES Uncertainty _
- ‘\—\_Iﬁ ATLAS Preliminary .
- L l_|—|_%—:
- @ ['j O 0 ]
- '..'..'..'r.'.'.".%].'.:'.'.!.'..'.:..'..'..'..'..'..'1;.'.'..'."..'E.l.'..'..'.'.'.'..‘..E.'!.'.'.....‘.'...'.'ﬂ.'.'ﬁ'...‘.ﬁ.‘.?'ji
- 4 ! n —
- A A g ol i! E ] n
o i 1 a 1 9 ] a ] \&l X
2 2
20 30 40 10 2x10

3

> 018 B T T T T T T T T T ]
€ _ AntiK, R=0.6, JES Calibration, 0.3<[n|<0.8 ]
'_fC_U 0.16 Monte Carlo QCD jets N
) — [ ] Underlying event (PYTHIA, Perugia0) (@] Fragmentation (PYTHIA, Professor) —
8 0_14; A ALPGEN, Herwig, Jimmy A Shifted Beam Spot _
- N [ | Additional Dead Material O Hadronic Shower Model ]
O 0 1 2 __ v Noise Thresholds ~ ====== LAr/Tile Absolute EM Scale 1
-"é ) o JES calibration non-closure [ ] Total JES Uncertainty 7
5 0.1 =
& 0.08 I—Iﬁ ATLAS Preliminary =
{0 0.06F L 1
S - _
Zoo4- | B o o @ ; E
E  F pyoyed
v 002 ¢
0: Q I I 8 1
20 30 40 100 2x10° 10
P [GeV]
Dominant:

Hadronic showers model

Tile/LAr EM Scale

Noise description

Dead Material

n intercalibration

Smaller:

. 10° .
I:)JTGT [GeV] rilla

Hadronization
Underlying Event
Parton Shower
Pileup
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Jet Calibration VS.

Reference region

Small (~2%)
deviation at high
pseudorapidity

First QCD results in ATLAS

1.1:I | | | | | | | | | | | | | | | | | | | | | | | I | I:
1.08F Anti-k;R=0.6, JES Calibration ~ Monte Carlo QCD jets -
9 1.06}-50 < < 110 GeV Data 2010 :
8_1.04:— . _
6 1.02E ATLAS Preliminary .
L ¢ —$ ¢ E
00.98F . ——
2 ¥ ]
*50.96:— . -
00.94F —e— Data 2010 \s=7 TeV E
= 0.92F —=— Dijet MC E
09:| L1 1 | [ | L1 1 1 | L1 1 1 | L1 1 1 | L 1]
01.64;_...! ..... LU T VAU LA AL AL AL AL I
% 1.02;_ ......................................................................................... o —
g1 o
80-98?' ........................................................................................................................................................
0-96:'"'["“"“"'. ‘‘‘‘‘ L
0 0.5 1 1.5 2 25
Jet n
P. Francavilla 18



Jet Resolution

Z|< L LILIL ‘ T T | LI ‘ LI | T T 1 | LI ‘ LI | LI ‘ _I T .I | LI |
©

1—|§ 0.127 7] Monte Carlo (PYTHIA) ATLAS  Preliminary ~

- Data 2010 \'s =7 TeV ]

0.1 -

F 30 GeV <p <40 GeV

B ly|<2.8 ]

0.08~ Anti-k; R = 0.6 clusterjets_—

B EM+JES calibration ]

0.06— —

0.04( =

0.02F -

0 L | L1 | 11 ‘ 11 ‘ [ | Ll \_

2 0 02 04 06 08 1

-1 -0.8 -0.6 -O.AL‘-IO
A
Di-jet Events

A>2.8 and p_ [3“ jet]<10 GeV

3

" Jet1

Particle Level: G,~C, + 0 Radiation
Detector Level:

_ _ 2_ 2
A=(p [1]-p,[2]) / <p,> soyp- VO
o(p,)/p,=\2 G, V2<p_> |cos(Ag )|
Estimate of the unbalance
due to soft radiation.
First QCD results in ATLAS P. Francavilla 19




Jet Resolution

Main goal of the methods:
Check if the simulation
does agree with data.

Differences in the methods
due to unbalances

(even at particle level)
Data and Simulation

found to be in agreement.

The Monte Carlo simulation
describes the jet energy
resolution measured from
data within 14 % for jets

with p_>20 GeV and |y| < 2.8.

First QCD results in ATLAS

Ss(P )P,

Data)

Rel Diff ( Fit""<,

02

0.1

0.04

20

-2

.

" —— Dijet Balance: Monte Carlo (PYTHIA)
—l— Dijet Balance: Data 2010 \s =7 TeV

| —0O— Bisector: Monte Carlo (PYTHIA)

I | I | ;
FittoMC:ofp Jo, A Wi+ 8, +C°

Anfi-k R = 0.6 cluster jets
EM+JES calibration

Bisector: Data 2010 \s=7TeV

ATLAS Preliminary

=

? --------------------------------------------------
Dijet Balance Rel. D\f (Fu  Data) + _

Bisector Rel. Diff F\ Dala

P. Francavilla
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From the constituents
to the topologies

First QCD results in ATLAS P. Francavilla
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Jet Shapes

Energy flow around the jet core
_Inclusive jets

Calo

The distribution of

energy within the jets

IS reasonably well
simulated.

First QCD results in ATLAS

‘ T
ATLAS

anti-k, jets, A=0.6
pT>60GeV,|y|<2.8

Inclusive jets, Clusters

e DATA

PYTHIA 6
----- HERWIG++

m HERWIG 6 + JIMMY

JLdt:17nb’1,\s:7TeV:

SV Bp— ]

0 01 02 03 04 05

| ThACKS ATLAS

anti-k, jets, A=0.6

pT>60GeV,|y|<1.9

Inclusive jets, Tracks

JLdt:17nb’1,\s=7TeV:

e S B
- - i
o DATA el 1
PYTHIA 6 T Le-e--s

----- HERWIG++
. HERWIG 6 + JIMMY |

0 01 02 03 04 05

2" leading jet _

—~ 10F L -
- C ]
e Calo  amas :
i [Lat=17nb",Ns=7Tev ]
e
B anti-k, jets, A=0.6 7
i pT>30GeV,|y|<2.8
2" leading jet, Clusters
= kel —
| e DATA .
L PYTHIA 6 i
----- HERWIG++
T HERWIG 6 + JIMMY 1
1 1 1 ‘ 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6
C 10 : 1T # T T | T T T ‘ T T 17 ‘ T L T T T :
~ T RACKS ATLAS ]
Q L ]

det: 17nb", \s=7TeV ]
anti-k, jets, A=0.6 1

pT>30GeV,|y|<1.9

= d
2" leading jet, Tracks

. o DATA i

PYTHIA 6 i

----- HERWIG++
[ HERWIG 6 + JIMMY 1
Il L 1 1 ‘ Il Il Il 1 | 1 Il Il Il ‘ 1 1 1 Il ‘ Il Il 1 1 | Il Il Il Il

0 0.1 0.2 0.3 0.4 0.5 0.6



Tracks In jets: Fragmentation

The tracks are a useful input
to the jet clustering to study the

jet fragmentation in charged particles

and to improve the fragmentation

models used in the MC simulations

—_k
o

""|""|""||‘"oi'"'1""!'“'“""4”

=TT | IIIIIIIIIIII | L | L | L | L | L | L
——Data2010 Vs=7TeV
|| Pythia ATLAS MC09

anti-k, track jets R=0.6

24GeV<p,  _  <40GeV

ATLAS Preliminary

*

det =370ub’

OO

010203040506070809 1

Ztrack

=
8]
)

tr

Fraction of jets W|th N

0.2 g
0.182— ~ Data 2010 \s=7TeV _f
- [ | Pythia ATLAS MC09 _
0.16| anti-k, track jets R=0.6 -
014; _+_ 24 GeV < pT,Tracleet.<40 GeV _f
- ATLAS Preliminary i

0.1 2:_ J.Ldt =370pub"
0.1 -
0.08}- -
0.06 =
0.04f =
0.02- -

07||H|||

Lova v bel
2 4 6 8101214161820

Ntrack

track Jet
Ztrack= pT /pT
is the relative p_ contribution

to the jet.

cavilla
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Azimuthal decorrelation

Dijet production at leading order
(LO) results in two jets with equal

p. and correlated azimuthal angles Agp=m.
T First QCD results in ATLAS P. Francavilla
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Azimuthal decorrelation

=10
0 -
§ [ ATLASPreliminary :
ke '
g 10 ALPGEN, \s=7 TeV /——
% CpP>100GeV "] <08 P
Bl To0<p™ <210Gel / .
b f -
= [ /
107 E
10%E E
E ==+ 2 Partons E
10'3 -~ o | — J_ j |
m/2 2n/3 5n/6 n
AQ| [radians]

Soft radiation in dijet events starts to produce
a decorrelation in Ae.
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Azimuthal decorrelation

—
o
no
T

= ATLAS Preliminary
3 ALPGEN, \s=7 TeV
CpF>100GeV |y <08
160 <p™ <210 GeV

—
(e

1/6 do/dA¢ [radians™]

—_—
<=
IIIII T

~

Lol

3 Partons

==+ 2 Partons ]
1]

3l
10 /2 21/3

First QCD results in ATLAS

5n/6 | n
AQ| [radians]

P. Francavilla
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Azimuthal decorrelation

=10
0 -
§ [ ATLASPreliminary
T
g 10 ALPGEN, \s=7 TeV _/,—;
% CpF>100GeV |y <08 L
Bl To0<p™ <210Gel / .
0 - . ' ]
= [ /
107 E
2: ,o" - 4Pators
10 E_ 'l" 3 Partons _§
E 'o" = =+ 2 Partons E
10'3___." - | o - j I
/2 /3 5n/6 n

First QCD results in ATLAS

AQ| [radians]
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Azimuthal decorrelation

= 10%E
) -
§ [ ATLASPreliminary
T K
.g. 10 ALPGEN, \s=7 TeV f_—g
%L CpF>100GeV |y <08 /,.-;‘—-‘, :
i . ]
B oL 020Gy o [
- ” ,* ' -
Q - /,/’ .’ / -
- ” P
1 //, ’o‘
10°F 7/ , ‘ E
g o =25 Partons
L // x .
2'// o == 4Patons ]
10 E_ ,'/ 3 Partons _§
E 'o" = =+ 2 Partons E
10'3._-" - | _ N
/2 2n/3 5m/6 T

AQ| [radians]
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Azimuthal decorrelation

= 10%E
[0} -
§ [ ATLASPreliminary
T
g 10 ALPGEN, \s=7 TeV
% CpF>100GeV |y <08 ek
gk 160<p!™ <2106V / .
b - ' ]
= 0 /
10.1: == Y Partons -
: = +>5 Partons E
E / , ]
2'/// o == 4Partons
10 3 4" 3 Partons _§
i * =+ 2 Partons E
10'3__.;_4_ | — J_ j |
m/2 2n/3 5n/6 n
AQ| [radians]

The azimuthal decorrelation Ag is a test higher-order perturbative QCD
(pQCD) calculations without requiring the reconstruction of additional
jets and a way to examine the transition between soft and hard QCD

processes with a single observable.
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Azimuthal decorrelation

Alpgen shows the best agreement with data.
(Emission of extra patrons driven by the matrix element calculation )

7/c do/dA¢ [radians™]

f 3 =
10 ;
" ATLAS Preliminary 3]

i E o
: \s=7 TeV L F Z
b anikjisRe06 '=?F='_¥_->i- "

= jet jet AV

10 E pjT >100 GeV [y*[<0.8 - ;
joL  Data [Ldi=315 b’ = _)j"_;
= 0 pl>310Ge (x10) - %

1 | w 210<p™<310 GeV (x10?) +—%ﬂé- _)‘_*_;

E 0 160<p™<210 GeV (x10) e e

4[ 0 1104 <160 GeV (x10) e i
10 §_ systematic uncertainty #‘:ﬂ:’ _§
[ X Pythia , :
10_2 = Herwig L)Y & -
- W Herwig++ —o E
10'3 = || Alpgen | | | | | e
n2  2n/3  5n/6 n

First QCD results in ATLAS

A¢| [radians]

1/ do/dA¢ [ratio to Pythia]

pr>100GeV [y|<08

Data det=315 b
0 pre310GeV
a 210<0™<310 GeV
0 160<0™<210 GeV

—2

ATLAS Preliminary J._tj':p-%
\'s=7 TeV 4+

~ anti-k; jets R=0.6 e L 0

|

| T |

| .| J |

0 110<p?“<160 GeV %@:ﬁ‘—wﬁ1
systematic uncertainty l 1 | ]
Herwig ! :0

W Herwig++ 1
Alpgen I_&-_,ﬂ*? 1

] , | . | ) n 0
n2  2n/3  5n/6 T

A¢| [radians]
Similar agreement for the NLO calculation (NLOJET++)
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Cross Sections

First QCD results in ATLAS P. Francavilla
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Cross Section:
Inclusive Single Jet

Measurements of inclusive cross-sections are important
verifications of perturbative QCD and probes of new physics
(e.g. quark compositeness, etc.).

Cross Sections:
Inclusive single-jet double-differ. cross-sections as a function of p_and y

d°c/dP__ dly|

Transverse momentum: p_> 60 GeV Rapidity: |y| < 2.8

Jet Algorithm: Anti-K_ jets with R=0.4 and R=0.6

Integrated Luminosity: 17 nb™
The cross section is corrected by the detector effects

First QCD results in ATLAS P. Francavilla 32



Cross Section:

S 12 amikjos, A08 o
Inclusive Single Jet 5 L :
Bin-by-bin detector unfolding is usedto S  [=— 1
correct for all detector effects. £ 08 PYTHIA 6, \s =7 TeV -
Main contributions: [ Unc. from shape (x10)
«Jet energy resolution fluctuations L Une. from E resol. (x10)
«Detector efficiencies ol Unc. fromy resol. (x10) -
«Jet Cleaning cuts K :
Pythia MCO9 to derive correction factors: 0'2_ llllllllllllllllllllllllllllllllllllll j
Systematic uncertainties derived by: Lok L

R
700 800
p, [GeV

AR N O o A A
*Worsening the jet energy resolution by 15% 100200300 400 500 600
Altering the cross-section shape in Monte Carlo:

< 3% over the full p_range

This is motivated by the demonstrated good modeling of trigger
efficiencies, p_ spectrum shape, and energy flow around jet core in the

Monte Carlo |
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Cross Section: R=0.6
Inclusive Single Jet

-
o

»
(o)

Rapidity Regions __

; % I o I 3 L 1 O % 1T T 1 T ?
8 Ce- ATLAS S % 8 = anti-k, jets, B=0.6 _@— 50GeV <p <80GeV 3
%‘_ 10° = o <28 E O 10°F |Ldt=17np", Ns=7Tev E
l_.l— - - [:| Systematic Uncertainties ] B - - Systematic Uncertainties —©— 110GeV <p <160 GeV
8 10*E e~ [ NLOpQCD (CTEQ 6.6) x Non-pert. corr. = 2 10" & B nopaco ©TEQ66) x Non-pert. corr. e 10 Gev < p < 350 Gy E
= - = - T .
8 - anti-k, jets, R=0.6 ] -é" 1 06 _ -
10° —o— ' — — = —F 310 GeV < p, <400 GeV

= — J.L dt=17 nb"'  §Ns=7TeV) 3 o 1 05 -E _;I

102 B . | Q —r—————g—— ° 3

E —y— E b 4 L ——————— _

g —— 1 5 10°F 4

10 = 3 —© e =

1 B — 2L =

= o 10 - 3

_I 1 I I I ‘ Il 1 1 Il ': E

E, 2F T E 1 O :_D_—[l— e — —=
® 1-5F ° E - — = 3
= 1f 8 15 | 3
. N Ty - — L =

T of e L[ATLAS i
Q 0 . ) . . ) ‘ - 1 0 EI 1 1 | | 1 1 1 1 | | | 1 ‘ 1 1 1 | | | 1 | | ‘ 1 1 1 Ia
100 200 300 400 500 600 0 0.5 1 1.5 2 25 3
prieet] v

P, . max~ 600 GeV Theoretical uncertainties:
Data and theory are consistent Renormalization scale
Uncertainty in data larger than in theory. Factorization scale

PDF o

Dominated by jet energy scale. Fragmentation and Underlying event
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Cross Section:
Inclusive Single Jet

R=0.6

23
; 1 0 : T I T . T T T T T T T | T T T T [ T T T T I T T T T R
O 1 021 il anti-k, jets, R=0.6 ® |y <0.3(x 109 ]
= » =
-(..D_ 1019? det=17nb , \N's=7 TeV O 03<lyl<0.8(x10%
o) — Systematic Uncertainties =
Q 1 47 I NLOPpQCD (CTEQ6.6) xNon-pert.cor. M 0.8 <|y[<1.2(x 109 B
% 015?-.— O 12<yl<21 (x10% =
Q1013 —— A 21<ly<28(x10% ]
— -O- o —
S10° o ' .

o 10" '™ o= _o— B
- -m- o —a — |
of 40;__ =
10°F a0 —— | -
7 [E e ]
5[ —g— —]
1 0 S _E_—E— ]
30 —A— N
10°F R -
10E - ]
— —y— —
| —h— ]
10 —_—A— ]
10°FATLAS —— 5

10'3 | | | | | | ‘ | | | | | | | | | | | | | | ‘ | | | |
100 200 300 400 500 6C
p, [GeV]

Data / Theory

2;_ anti-k, jets, R=0.6, jL dt=17 nb"' N S.=7 TeV) _l_:%
[ SR =S —
OF- | yl<03 =
2%_ —@— Statistical error ; 03 <yl < O.8_§
— - — =
1 ;-.—.——. o —— ! . _é
— —— —]
OF- ' =
22_ [ ] systematic Uncertainties l 0.8 <y < 1.2
= | E
F =g g 7 . —
1 — e -~
OF- =
> — (Il NLO pQCD (CTEQ 6.6) x Non-pert. corr. 12<lyl <213
O | —
> ' ' ' x 21<|y<28
1 Py :'_4:;.’=—
oF | | | ATLAS
100 200 300 400 500 600
p. [GeV]

The p_spectrum in data and theory are consistent in all rapidity regions
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Cross Section:
Di-Jets

Cross Sections:
Di-jet cross-sections as a function of di-jet mass and angle.
d’c/dM_, d|y]|

I\/IL2 IS Invariant mass of first two leading jets with PT,1> 60 GeV and
PT, ,>30 GeV
= max(|y|,,lyl,) withy. and y, rapidity of two leading jets
dzolde dy

v=exp(ly1-y2|) ~ (1+cos 8)/(1-cos 6)
(Restricted to y = 0.5 |y -y,|<0.5 log(30) and y__=0.5 |y +y |<1.1)

max

M

max

Jet Algorithm: Anti-K_ jets with R=0.4 and R=0.6

Integrated Luminosity: 17 nb™

The cross section is corrected by the detector effects
First QCD results in ATLAS P. Francavilla
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Cross Section: ;
R=0.6 :
Di-Jets =u.L g
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— 1 018 — T T T T T T] C\'lg
> 10'7- ATLAS .
% 1 015 i anti-k, jets, R=0.6 —— 21 <y, <28 (x10° f
o :_\s=7Tev,det=17 nb™ ——12<,, <21 (x109) _]

o 013 - —x—08<ly]  <1.2 (x10% ] —
_g » — Systematic uncertainties —=— 03<lyl__ <08 (x 10 — E
% 10 i - NLO pQCD (CTEQ6.6) ~— Wl < 03 (x 10°) E ﬁ_

o™ ol x Non-pert. corr. Yoy ] o
B 10 - e = &
P = ., T - NS

10k e — =
— —_L — oy
10-1 ! 1 1 | o 1 g
o 2x10° ~10° 2x10° Y
M _, = Invariant mass of first m,,[GeV] £
’ =
. . . e
two leading jets with P_ > 60 GeV £

M

X

and PT2>30 GeV

—=max(lyl,lyl,)
= exp(|ly1-y2|)

50 — : =
45E- anti-k, jets, R=0.6 ATLAS —
40E- \s=7TeV, _[L dt=17 nb"!

35

~ (1+cos 0)/(1-cos 0'), where 6" angle in cm system

First QCD results in ATLAS
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Exclusions: Di-jet Mass

Events

By using the di-jet
measurements,

a first limit on new physics
can be studied.

Search for bumps in the
di-jet spectrum.

The fluctuation are
not statistically significant.

First QCD results in ATLAS
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Exclusions: Di-jet Mass

o)
Assuming a narrow <&
X
©

di-jet spinorial resonance,
the di-jet mass
measurement can be

used to exclude a certain
cross section for the
production of a

resonance at a certain mass

This result can be used to
exclude regions in the
plane masses/couplings
for effective theories.

First QCD results in ATLAS

'

— —— g"MCO09
q* Perugia0
------- q* MCQ9’

——e—— Observed 95% CL upper limit
N Expected 95% CL upper limit
N Expected limit 68% and 95% bands
N | Ldr=3.1pb"
,,,,,,,,, "N \s =7 TeV

ATLAS Preliminary
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Cross Section:
Multi-dets

A first step toward the measurement of complex QCD final states
sImportant as a measurement in itself
(i.e. to extract the strong coupling constant)
Fundamental to start the controls for the QCD background for
searches.
Cross Sections:
Multi-Jet cross section:
Multi Jet rates
p.spectrum for the 1%, 2™, 3", 4" jet (ordered in p.)

H_ distribution for different multiplicity
Cuts: leading jets: p_> 60 GeV, subleading jets p > 30 GeV
Jet Algorithm: Anti-K_ jets with R=0.6

Integrated Luminosity: 17 nb”

The cross section is corrected by the detector effects
First QCD results in ATLAS P. Francavilla
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Cross Section:
Multi-dets

o) | | — 71 3 =09y | | T
= h ATLAS Preliminary - %’._ : ATLAS Preliminary 1
L _ _ -1 -
© 10° s —— 2 0.4F R-D.E,‘[Ldt-ﬁ nb
C . i —a— Data s=7 TeV)+syst.
1 05 = — _; 03:_ £e - Alpgen MC+scale uncert. —:
g e _[Lat 7o E ——— —#— Pythia MC
I =0.6, = n 7 |
: == - 2F -
1 04 E_+ Data (\s=7 TeV)+syst. - 0 - * = i ]

- - Alpgen MC+scale uncert. . I
A ——— 0.1

T —&— Pythia MCx0.62

103 . i
O 3— | I I O 14-
= 2 =12
o 1: s 1
@ 1 © 0.8}
O & | | | | | O

O 3 4 s 6 0.6
Inclusive Jet Multiplicity

Alpgen describes better the data.
Pythia has a factor 0.62
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Cross Section:
Multi-dets
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Cross Section:

Mu

lti-dets

d o/d p_ [pb/GeV]
3 2 2 3 3 3

Data/MC
o = N
OUILUIND

First QCD results in ATLAS
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Cross Section: 3
Multi-Jets 2

T
H=Xp_of selected jets e

Inclusive variable to describe
the events.
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Cross Section:
Multi-dets

T T T
ATLAS Preliminary -

—
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By making the ratio, 08: ==
part of the systematics - ..
cancel out. i
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Heavy lons:
A first glance

First QCD results in ATLAS P. Francavilla
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Heavy lons: A first glance

Motivation
Collisions of heavy ions at ultra-relativistic energies are
expected to produce an evanescent hot, dense state.

High energy gluons and quarks are expected
to transfer the energy to the medium.
-> Jet Quenching (idea from Bjorken)

Highly unbalanced di-jet when one et

Is produced at the periphery of the collision
Status and Data with Lead-Lead
LHC started the Heavy lons Program at the
beginning of November 2010.
Vs  =2.76 TeV, Luminosity=17 ub’

~ 1600 events with jets with p_> 100 GeV
Triggered with MBTS

First QCD results in ATLAS P. Francavilla 50




Heavy lons: A first glance

Indication for this effect in the RHIC experiments
(i.,e. STAR)

Studies done looking at the suppression in the
particle production (i.e. charged tracks).
This is an hard way to study jets.

Track-jets (?): a natural asymmetry

due to different fragmentation.

Number of pairs
o o
— [

=

|

;

|.r LA B |

. —P+p

* Au+Au

St

ik ok

BT

Angle between high energy barticles

P. Francavilla
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Heavy lons: A first glance

A EXPERIMENT

.0’ @  Run 168795, Event 7578342
PSS Time 2010-11-09 08:55:48 CET
st \w\\\X\\

N,
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Heavy lons: A first glance

Peripheral Collisions

FCal FCal

Head-on collisions (Central collision)
produce more final state activities.
=> The final state activity is used to
separate central and peripheral collisions.
To avoid biases, the events are divided

In centrality bins according to the

FCal E_ measurement.
First QCD results in ATLAS P. Francavill:
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Heavy lons: A first glance

= (E[1]-E_[2]) / (E[1]+E_[2]) Big A = Big unbalalance
Event Selection: back-to back configuration Ag>m/2
E [1]>1OO GeV; E_[2]>25 GeV |y|<2.8

40- 10[};’

L 1
2 2.5 3

, Ap _ | _
Peripheral » Central
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Heavy lons: A first glance

= (E[1]-E_[2]) / (E[1]+E_[2]) Big A = Big unbalalance
Event Selection: back-to back configuration Ag>m/2
E [1]>1OO GeV; E [2]>25 GeV |y|<2 8

40- 10[};’

}ded

(1 x’Nm

A, A,

L 1
2 2.5 3

Peripheral | » Central
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Heavy lons: A first glance

= (E[1]-E_[2]) / (E[1]+E_[2]) Big A = Big unbalalance
Event Selection: back-to back configuration Ag>m/2
E [1]>1OO GeV; E [2]>25 GeV |y|<2 8

40- 10[};’

}ded

(1 x’Nm

L 1
2 2.5 3

Peripheral » Central
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Heavy lons: A first glance

= (E1}-E,[2) /

E [1]>100 GeV; E [2]>25 GeV |y

" 40-100% ]
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eyt
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[=1")3

(1/N
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}ded
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(1;"Nmt

(E.[1]+E.[2])
Event Selection: back-to back configuration Ag>m/2

Big A =

<28
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Big unbalalance
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L NN ATLAS
3 Pb+Pb
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® Pb+Pb Data
QO p+p Data
F [JHuNG+PYTHIA

1 I 1
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- = 1 L e
ConCIUSIonS ;;; 10 EE ATLAS Preliminary +Datadet=36_3pb"
G, 10%Em  \s=7 TeV
Q_l_'] 0_3 % — PYTHIA
g 4 = MC .(F'}-'thia LO + Parton Shower, normalised to data)
Exciting period for the QCD o 10 g L
< 107 E
analyses at LHC =19 ¢
10°K
. 107F E
A rich program Of 108 il antik, R=0.6 ]
= y'*'1<2.8 =
measurements begun 10°H ' ;]
: . 1oH =
with the LHC collisions. :%;f =
_ _ _ 500 1000 1500
Most of the analysis will be improved: p_ [GeV]

By using the complete 2010 statistics ( p_~1.5 TeV)

By a deeper understanding of the detector (smaller systematics)
LHC Plans for 2011: 200 days of proton-proton (~ 1-2 fb™")

And surprises may happens — Stay tuned.
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