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1. Jet reconstruction and performance
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Jet reconstruction in CMS

clustered from

Calorimeter Jets
¢ calorimeter towers

' correct Calorimeter Jets clustered from
using momentum of tracks identified particles

\‘ Jet plus Tracks

Track Jets
clustered from

tracks

Particle Flow Jets

hadron

reconstructed
using all detector (|
components o\

« Default jet clustering algorithms for p+p collisions:
» Anti-K; with R=0.5 (and 0.7)
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Jet energy calibration in CMS

CMS uses factorized approach

1. Offset correction: remove pile-up and noise contribution
(treated as uncertainty in presented results)

2. MC-t

ruth correction:
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Jet energy calibration in CMS — cont'd

3. In-situ residual correction:
 flaten jet response in n using di-jet p; balance method
 flaten jet response in p; using photon+jet Missing-E;
Projection Fraction method (MPF from DO)
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Jet performance in CMS

Jet calibration vs. n better than 1% per unit of pseudorapidity
Jet energy scale uncertainty: 3-5% over whole p; range

Jet energy resolution from dijet p; asymmetry method:

10% @ p+= 100 GeV

Jet position resolution in ® and n: ~0.01 @ p;= 100 GeV
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2. Jet properties
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Jet shapes

Integrated jet transverse shape:

Probe transition between pQCD

and soft gluon radiation

Sensitive to the quark/gluon jet mixture
Test parton shower event generators at non-perturbative levels
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Jet shapes — cont'd

« (Good agreement between data and theoretical models
observed

* At 20 < p;[GeV] < 50 Pythia tune DOT predicts slightly too
broad jets while Herwig++ predicts slightly too narrow jets
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3. Inclusive jets

CMS preliminary, 60 nb™ \s=7TeV
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Inclusive jets

Extending the high p+
limit beyond Tevatron reach

Accessing the low p; part
using ParticleFlow jet
reconstruction

Rapidity coverage |y|<3
Derived using three jet

types (Calo, JPT, PF)
yielding compatible results

Good agreement between -«

data and NLO QCD
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Update with increased luminosity
In preparation
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Inclusive jets — cont'd

Data:

« Ansatz resolution

unfolding to particle level
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Inclusive jets — cont'd

« Systematic uncertainties:
e Data:  Theory:

e Jet energy scale (5%)  PDF Uncertainty from CTEQG6.6

. Jet p; resolution (10%) * Hr. Mg uncertainty: p/2 2> 2 p;

« Luminosity (11%) * Non-perturbative corrections:
50% (Pyth|a6 HerW|g++)
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4. Di-jets and searches for new physics
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Di-jet event from 7 TeV collision

Run : 138919
Event : 32253996

Jet 1 Py 585 GeV

o -} et 2 p:.557 Gevi
n s w X Jet 2 p_: 557 GeV __
! " e }}" S X -
L St
2 ‘}N“,.--“ \
3 t“‘ s
4 ° 2
0
-2 (p

Two jets clustered using anti-k; algorithm with R=0.7
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Di-jet mass distribution

S

Data in good agreement with 212 S

Pythia6 + CMS simulation O N ;

Search for narrow resonances Sl N essamiars

decaying to di-jets with natural width 1,
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Di-jet centrality ratio
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« Di-jet centrality ratio: T ol CMS.
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Di-jet angular distributions
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5. Multi-jet final states
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Di-jet azimuthal decorrelation

Measurement of azimuthal angle S 105k o A >300Gev oY CMS
between two leading jets: P fgg:g&szgg oo 10
_gj S 10% 5 110 <p™ < 140 GeV (x10)

— - © - max e =0

A(pdljet - |(p1 (p2| _ {"—;i - o 80<pT_1 <110 GeV o
o 103?L=2.9pb

Sensitive to higher order radiation v e
w/o explicitly measuring the 10*
radiated jets 0

Low systematic uncertainties due
to normalization in each p; bin

Useful for tuning phenomenological
parameters (ISR) in MC event
generators

submitted to PRL

QCD Predictions
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— NLO
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o= =p7
CTEQ6.6
|

CERN-PH-EP-2010-086, ™~ A

5n/6
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Di-jet azimuthal decorrelation — cont'd

« Pythiab and Herwig++ in reasonable agreement with data
« PYTHIA8.135 used in this analysis. In PYTHIA8.145 comparison improve due to a bug fix

’-g 10%k @ P> 300 GeV (x10%) CMS *g 10% @ P> 300 GeV (x10%) CMS
= - o 200 < pT™ < 300 GeV (x1 0% ef = - o 200 < pT™ < 300 GeV (x1 0% 1
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3-jet to 2-jet ratio

Ratio of inclusive 3-jet to 2-jet cross section:

dO'g /dHT
do> /dHy

Plateau sensitive
to strong coupling

R3p =

Good agreement with
Pythia6b and Madgraph
within uncertainties

Update with increased
luminosity in preparation
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Hadronic event shapes

Event shapes provide geometric
information about energy flow

In hadronic events

Central transverse thrust:

maximum of projection on a o
transverse axis — 2 oy
Z o

In7 c=In(1-T ¢)
>iec [PLi - 7T
Measured in exclusive p; bins:

90, 125, 200 GeV
Essential for tuning non-pertur-

T| ¢ = max
Tl]

bative effects in MC event generators’

CERN-PH-EP-2010-072
submitted to PLB

0.20

0.05

90 <pq; < 125 GeV/c
- — pythias anti-ky (R=0.5)
L Pythia8 |n| < 1 3 —

Herwig++ e -

MadGraph+Pythia6
L Alpgen+Pythia6
|+ Data

Low systematic uncertainties due to normalization in p; bins

Dedicated talk by Matthias Weber (

ETH Ziirich)
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Conclusions

« Excellent performance of LHC in 2010

* Rich variety of results from high-p; QCD program at CMS

Rather precise jet measurements with first CMS data
Many analysis already exceed Tevatron reach

Global data characteristics correctly described by QCD
Detailed measurements of jets and their characteristics
constrain model building

Instruments for search for new physics evaluated on the
data

« All CMS public results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Backup
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The CMS detector
CMS Detector ..

Microstrips (80-180um)

PﬁX@“S ~200m2 ~9.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker IN|<2.5 GiiokniErex Eca
EC AL ~76k scintillating PbWO, crystals
HCAL In|<3
SOlEﬂOId ; \ PRESHOWER
Steel YOke " Silicon strips
Muons ﬁ ¥ ~16m2 ~137k channels
) ;'J(l :
".'Ifl‘ -~
4 ‘ 1
STEEL RETURN YOKE 5
~13000 tonnes /]
[~
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A -~ FORWARD
CALORIMETER
Steel + quartz fibres
HADR RIMETER (HCAL ~2k channels
Total weight : 14000 tonnes Brass +?ﬁ%€?‘gmmm (HCAL) . MUON CHAMBERS 3 < | r] | <5
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m | | < 3 Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T
g d n|<2.4
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Collected data in 2010

« 47 pb' pp data atVs =7 TeV
delivered by the LHC

« 43 pb' recorded by CMS
Overall data taking
efficiency greater than 90%
~85% recorded with all
subdetectors in perfect
condition

All subdetectors have at least
98% of all channels operational

Luminosity uncertainty is
currently 11%

Series1| 985 | 99.8 | 98.8 | 99.9 | 100 | 99.9

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 03 00:00 UTC)
T T T
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CMS trigger system

* Two-tiered system:
* L1: hardware, firmware (40 MHz - 100 kHz)
* HLT: high-level software (100 kHz = ~100-200 Hz)

. _ _ CMS preliminary, 60nb1 \s=7TeV
. Mmmum Bias Trigger s | 37 56 84 Iyl <0.5
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Jet performance in CMS — cont'd
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Inclusive jets — cont'd

CMS preliminary, 60 nb1 \s=7TeV CMS preliminary, 60 nb1 \s=7TeV CMS preliminary, 60 nb1 \s=7TeV
a 1_8 T UL T L N R E,‘ 1_8 T T T T T T T T 11T a 1 87 T UL T L R
o -+ Calo lyl <0.5 B o -+ Calo 05<Ilyl<1.0 ] o -+ Calo 1.0=<lyl<1.5 |
|_°E-‘ 1.6 - gpT ] ,'GE) 1.6 - gpT ] |_°E-‘ 1.6 - gpT ]
= 14 N\ PF = = 14\ PF = = 14 °FF =
© C ] @« C ] © C ]
® 1.2 ] © 1.2 ] ® 1.2 ]
(@] B ] 0o C ] o B ]
1 - 1 - 1_? IR R -
0.8 4| - 0.8 - 0.8 =t ! i -
0. 6} “ —: 0. 6} { 0. 6} i " F {
0. 4? —— Theory uncertainty % ——i 0. 4? —— Theory uncertainty i 0. 4? —— Theory uncertainty * i
0.2F [ Exp. uncertainty —— 0.2F [ Exp. uncertainty = 0.2F [ Exp. uncertainty =
L —— ansatz —— L —— ansatz ] [ — ansatz ]
L L L L L 11 1 ‘ Il 111 C L L L L 11 1 ‘ Il 111 C L L L L 11 1 ‘ Il 111

020 30 100 200 1000 020 30 100 200 1000 020 30 100 200 1000
P, (GeV) P, (GeV) P, (GeV)
CMS preliminary, 60 nb1 \s=7TeV CMS preliminary, 60 nb1 \s=7TeV CMS preliminary, 60 nb1 \s=7TeV
E,‘ 1_87 T T T T T T T T a 1_87 T UL T T T T a 1_87 T UL T T T T
o -+ Calo 1.5=<lyl<2.0 1 o -+ Calo 20=<lyl<25 ] o -+ Calo 25=<Ilyl<3.0 ]
,'GE) 1.6 - gpT ] |_°E-‘ 1.6 - gpT ] |_°E-‘ 1.6 - gpT ]
T o14F . = o14f . = 1.4f °FF .
© C ] © C ] © C ]
® 1.2 ] ® 1.2 ] ® 1.2 ]
0o C ] (@] C ] o C ]
1= = 1= = 1= =
0.85 R 0.8/ R 0.8/ R
0.6 4 0.6f | 4 0.6 .
0. 4? —— Theory uncertainty i 0. 4? —— Theory uncertainty - i 0. 4? —— Theory uncertai i
02K [ Exp. uncertainty = 0.2 [ Exp. uncertainty = 0.2 [ Exp. uncertainty =
L —— ansatz ] [ — ansatz ] [ — ansatz ]
C L L L L 11 1 ‘ Il Il 111 C L L L L 11 1 ‘ Il Il 111 C L L L L 11 1 ‘ Il Il 111

020 30 100 200 1000 020 30 100 200 1000 020 30 100 200 1000
P, (GeV) P, (GeV) P, (GeV)

CMS

31

Andreas Hinzmann

Jets & high-pT Hadron Production in p-p collisions




Di-jet azimuthal decorrelation — cont'd
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