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K\A - CMS
Y. Introduction |
. @CD mea§urements are of great 7 7oV LHG marton Kinamatics
important in order to: S —
X, = (M/7 TeV) exp(=y)
— Test pQCD in a new energy 10t o-m

regime, in a totally unexplored
kinematic region.

— Provide constraints on PDFs, ¢ S ----- ‘

measure strong coupling
constant, study initial and final < 1o
. 2
state _radlatlon and parton 2 _. M= 100 Gev
showering effects. G |
— Tune Monte Carlo generators in 'O
order to better describe the data. 102; v=/,0 4
;M:10Gev
— Measure and understand the [ HERA fixed ]
main background to most new F arget
wl wl ul

physics searches, or get a 10 sl ol
. . 10 10 10 10 10 10 10 10°
chance to have a first glimpse of

. X
something new and unexpected.
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@ ATLAS and CMS Experiments

— Electromagnetic Calorimeter (ECAL)

Return Yoke

\ : LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker

3 8Ha¢£i>2icCalorimeter(HCAL) Muon Chambers '. 2 . O T Semiconductor fracker
pi;(e|s Pixels,Si strips & Straw tubes

o/pT~ 1.5:10“pT(GeV)0.005 o/pT~ 3.8:10pT(GeV)20.015

Electromagnetic Calorimeter Electromagnetic Calorimeter

oE/E = 2.9%/NE(GeV) @ 0.5%20.13GeV/E OE/E = 10%/NE(GeV)20.7%20.2GeV/E
Hadronic Calorimeter Hadronic Calorimeter

oE/E = 120%/NE(GeV) @ 6.9% oE/E = 60-100%/NE(GeV) @ 3%

Muon Spectrometer Muon Spectrometer

opT/pT = 1% for low pT muons opT/pT <10 % up to 1 TeV muons

~ ()
opT/pT = 5% for 1 TeV muonSN_ Saoulidou, Univ. of Athens, Greece 3




CMS

Data Collection

CMS Integrated Luminosity, pp

npr-=p»

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC ' ' ' f ' ' '
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Most of the measurements shown in this talk are from the 7 TeV running period
Some new results from 8 TeV are also going to be shown

All results shown can be found at:
https://[twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Jet Reconstruction

P, [GeV] | = ?_'_'_m'kv R=1_= |

npr-p

%

* Anti-kt clustering algorithm :  zi° R

with a cone R = 0.5 and 0.7 for e
CMS and 0.4 and 0.6 for ATLAS,
which is infrared and collinear safe,
geometrically well defined, and
tends to cluster around the hard
energy deposits.

 Calorimeter Jets (ATLAS +
CMS) : Clustering of Calorimeter
Towers composed of ECAL and
HCAL energy deposits.

A

¥ tral :
449 ¢ neutral |
X hadron

- Particle Flow Jets (CMS) : TR

Clustering of Particle  Flow \>

JGT

candidates constructed combining
information from all sub-detector charged

hadrons
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CMS

Jet Energy Scale
CMS 7 TeV CMS 8 TeV

CMS preliminary, L = 4.7 ! (s=7 TeV CMS preliminary, L = 1.6 ' (s=8 Tev
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(\‘\ A = CMS
! et Energy Resolution
A .
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Theoretical Tools

+ Perturbative QCD calculations @ NLO ° Non-perturbative corrections

— NLOJet++/JETPHOX for multl-p_artc_)n interaction
and hadronization.

npr-=p»

- fasthLO . -7 T~/ e+ Parton showering effects
PDFs |8 /& (POWHEG)
Matrix’ i
Element , Parton level

......................

PDFs N
~ . Showering:.~/§/- 3 K/
R h S ps

* Parton distribution functions (PDF) IS
- CT10 - LO QCD Morite-Carlo generators

— MSTW2008 — PYTHIAG, PYTHIAS8

— NNPDF2.1 — HERWIG++

— HERAPDF1.5 — ALPGEN
> — ABKMO09, ABKM11 _ _ — MADGRAPH 8
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% Inclusive Jet Cross Sections : 7 TeV
) d’o _ Conpord . N

Jjets
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20 30 10° 2x10 10 |
p. [GeV] % cT10 i
T
0.6 1 1 L Il 1
— MSTW 2008 200 300 400 00

1000 20
Jet P, (GeV)

=== NNPDF 21

_____ HERAPDF 1.5

« CMS 5 fb-1 results submitted to PRD, full error correlation matrices will be
available

« Some PDFs describe the data better than others : these measurements
useful for PDF tuning and for constraining PDFs
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% Inclusive Jet Cross Sections
) ATLAS 2.76 / 7 TeV Ratio
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« Most of the experimental uncertainties 2
cancel out in the ratio. 2
N—
= - - E
- Ratios of cross sections useful in order to 2= = wa
. . i [ JER — Unfolding
constraint and differentiate between —— s - Others
different PDF sets. 402
:
10
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Ratiowrt CT10

JL dt=37pb
Vs=T7TeV
anti-k, jets, A=04

Py Data with

statistical erro

Systematic

uncertainties

= NLOJET++
o (b=p exp(0.3y7)) x

MNon-pert. corr.

=ia: HERAPDF 1.5

Ratio to NNPDF2.1

Dijet Cross Sections : 7 TeV
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r r r —— T r .
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CMS and ATLAS results ~ consistent (given slight differences like cone-sizes, y

definitions)

Some PDFs describe the data better than others : these measurements useful
for PDF tuning and for constraining PDFs

N. Saoulidou, Univ. of Athens, Greece
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* If NP is present it will show up in the “standard” QCD measurements!
» Standard QCD measurements, PDF tuning and uncertainties , VERY important

A
for NP searches!! N. Saoulidou, Univ. of
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@ The strong coupling constant : ag

1/ B . U ] 0.2 K effects of extra spacetime dimensions
fine structure 0175 - \on the running of the strong coupling
0.15 ;— n: No. of extra dimensions
| ~0125 £
g s
= 0T F R
0.075 ;_ I, =200 GeV ‘ Nn=1
0.05 F \
- K. Dienes, E. Dudas, T. Ghergetta N “{1:2
- 0.025 5_ arXiv-hep-ph/9803466 n=3" \\
15 ]6 . O —llll 1 | IIIllI| | | | I |
Q [GeV] 10 10 10
Q (GeV)
 Fundamental QCD quantity
» Least known of the three coupling constants.
* Running of ag sensitive to new physics!
N. Saoulidou, Univ. of Athens, 13
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Y Three to two jet ratio and ag
CMS

N _\ ‘ T T T } T T T ‘ I T T ‘ I T T I T T T I I I _J
mm O 2? CMS Preliminary i —_~ '_I T T 7T T T T T T T T T T T T T 1T I I_
i \}5: 7TeV i % 0.24 = CMS Preliminary =
0.18 anti-K,R=0.7 - 3 0.22F CMS Ry, : 0g(M,)=0.1143" —
- - 0oEd e CMSR, ' E
0.16— — Bl & A DO inclusive jets —
B ] 0.18E o DO angular correlation T
014~ 1% 0.16 E
0.12/ =T 0.14 =
- & ] 0.12 ) —
ol p E 0.1F =
O .08 [ ,’:%/ . Data (le=5.0 fb) ] 0.08 f_ g
B I NNPDF 0,(M )=0.106 - Min. Value c -
-l NNPDF a,(M )=0.119 - 0.06 — | l | —
0.06[- & NNPDF o, (M )=0.124 - Max. Value ' s 3 '
- z - 10 10 10
004l ool e L1 Q (GeV)
200 400 600 800 1000 1200 1400

P, (GeV)
* Ratio mostly insensitive to many systematic effects

* Ratio sensitive to the strong coupling constant.

* First and very precise measurement at the TeV scale.

N. Saoulidou, Univ. of Athens, 14
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CMS

‘CMS New Jet Mass

CMS Preliminary, L = 5 fb at \'s = 7 TeV, Trimmed AK7 Dijets CMS Preliminary, L = 5 i at s = 7 TeV. Trimmed AK7 Diets

— 10 T

n>»

I —— T T 1 | —— L .
> 8 El Statistical lJncertalnty - ‘I‘otal Uncertainty | ---------- Herwig++, LS | | % 1_% — 5.‘_£L'_‘_\__ 1000 < pAv\{G—K 1500 GeV [ '_é_‘i-T‘? —
‘_|8 10 O 220-300GeV(x10°) M 300-450 GeV (x10') [1 450-500 GeV (x10’) & 500 -600 GeV (x 10°) = 0_51 : S e — ::
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o 10° = 1 é =
> 2 =
(_8 <(E—) 105 0'8 =
© 4 2
kb 103 9 =
10 0.5 =
102 & 0 i
2 -
10 & 1.? =
1 . 0.8 — —
107 15 =
1 —=
1072 02 =
10 2 —
5 —
104 ol =
10° 0 =
10 : i 13 220 < p'V° < 300 GeV =
107 L1 11 Lo b oty e 0 L 00 0.5 ; =
0 50 100 150 200 250 300 % 50 100 150 200 250 300
VG
m}Ve (GeV) m\Ve (GeV)

« Jet mass used to discriminate between massive (SM or new physics)
particles decaying to jets from QCD.

 Jet “grooming” techniques are designed to separate jets from the decay of

‘heavy boosted particles from quark/gluon initiated jets with large mass.

15
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Jet Mass

C.A R=1.2 Algorithm
MCs used : Pythia, Herwig++
CMS New ATLAS

CMS Preliminary 2011 N5 =7TeV,L =502 fi" T S S
/é\1 08 T T T T T T T T T T T T T T (U 2 w—|8 0.025 TATLAS _a 2010 Data,_[ Leo pb" ]
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91 o'+ o H'erv]riag s data"10? 150220 GeV _| -.O(E 1.55 b| c [ Cambridge-Aachen R=1.2 Statistical Unc.
B T . oIT " Split/Filtered with R__ > 0.3 ]
.g | |:]Stat, Uncertainty o data*—'oi, 220-300 GeV _| e 1 —lo 002_ 200 < p. < 300 Gquq Total Unc. _
S={ [ [OTotal Lhcertainty . O 0.5 C - 1T|y| s —— Pythia
& [ PV — 1
91 & = A data™0", 300450 &V: E 0 0.015—
= N
= - % 2 :
- p= - (U —
0.01—
10° = ®15 -
1 21 s
= O 0.5 0.005|~
101 4 = of :
= (e
— 0] 18: E
r © 2 3 16t 3
107 e R e S 14 E
Q / o 4E
- L — S 05 i
g L Ll 0 ' ' pE 5
10° ———— 0 50 100 150 0.4E )
0 50 100 150 02)~20 40 60 80 100 120 140 160 180 200

cal2ft, jet mass (GeV) cal2ft, jet mass (GeV) Jot Mass [GeV]

Z+jets Jets

Better agreement with MC using V+jets events with CMS : better
simulation response for quark-originated jet w.r.t. gluon ones.

16
N. Saoulidou, Univ. of Athens, Greece




kr splitting scales

npr-=p»

ATLAS New
\do ~ the transverse momentum of the highest-pT jet

= 10_1 T T T T T T 17T T —l; _g 4 - T T T LI -
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@ - JLdt=36pb™" 1 3 = V/do > 20 GeV -

o 103 __ W — v | © L F T7C Mc@NLo
v 107 = = 25 POWHEG+PYTHIAB Wy =
© = —e— Data (Syst + stat unc.) ] - + -
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= —— SHERPA (MENLOPS) 5 i5F e it ]
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107 = ——— POWHEG+PYTHIAB = 1E r——alt=> - .
- ~ —~ POWHEG+PYTHIA8 -— F ~ = e _
_ = 05 = — i
- 0F | | ———
s "CE E o WL . E

S 10 ] Sy - B == e S
S : I ==t~
= = = 05 ==
it - | 1 1 1 | -
101

» Each step of the kt algorlthm |d|ger\;t|f|es the parton pair most likely produced

by QCD interactions and hence mimics the reversal of QCD evolution. Aim
of measurement is to improve theoretical modeling of QCD effects.
» The Vdk contain information about the pT spectra and substructure of jets
» The “hard” region (Ndk > 20 GeV) dominated by perturbative QCD effects
and the “soft” region dominated by MPI and hadronization

N. Saoulidou, Univ. of Athens, Greece
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S Dijet Angular Distributions

Chus, |
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&
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1
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X chosen since QCD flat as a function of it . y

« Experimental uncertainties dominated by jet resolution and relative (vs n) JES
(absolute cancels)

 Theoretical uncertainties dominated by non perturbative corrections and
renormalization scale.

« Good agreement between data and theory. Highest mass bins sensitive to

— contact interactions. _ . 18
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Photon reconstruction & identification '

[ ]
nrer-»

Photons are key objects for both calibration and major discoveries.

« Photons are isolated energy deposits in the ECAL, with no charged track
pointing to them, and with a shape compatible with a photon
electromagnetic shower. CMS likelihood

Shower Shape Definition

= = 2 E( E nlwl
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- - L] L] - w 7 E W
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Inclusive Photon Cross Section
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@ Summary - Conclusions

*” Experiments have excellent understanding of jet reconstruction and
calibration as well as photon reconstruction and identification,
leading to experimental uncertainties lower than the theoretical
ones.

npr-=p»

« Using these physics objects precision QCD measurements have been
performed that are being used for testing of new physics models,
constraining and tuning PDFs, extracting the strong coupling
constant and its running, study the effect of various jet algorithms.

* Results from ATLAS and CMS are, in general, in agreement. Work is
just starting on “standardizing” many aspects of the measurements
(like cone-sizes, bin-sizes etc) where possible in order to further
facilitate comparisons and common usage.

« There are many more new and interesting ongoing analysis,
mostly with the 8 TeV data, and results are imminent, so stay

tuned!!
N. Saoulidou, Univ. of Athens, Greece 22
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Inclusive Jet Cross Sections
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Inclusive Jet Cross Sections : 7 TeV
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Some PDFs describe the data better than others : these measurements useful for

PDF tuning and for constraining PDFs
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CMS and ATLAS results ~ consistent (given slight differences like cone-sizes)
Some PDFs describe the data better than others : these measurements useful

for PDF tuning and for constraining PDFs
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Jet Calibration
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Non perturbative corrections

 Non perturbative  corrections  1.45 1T
needed to go from parton to |<0.5
particle level, and hence be able to
compare theory with data.

0
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JetPhox Predictions

NLO pQCD
— JETPHOX1.1,CT10 PDFs, BFG Il FF
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Non Perturbative Corrections

* Non-perturbative effects increase
energy in isolation cone

. . . . 1.10
« Correction is obtained by comparing s -
.. : : 1.08~ « D6T(CTEQ6L1) PYTHIA 6.4
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 ~3% overall correction applied to the
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Photon Reconstruction

Photons are key objects for both calibration and major discoveries.
(H->yy and BMS searches)

« Photons are isolated energy deposits in the ECAL, with no charged track
pointing to them, and with a shape compatible with a photon
electromagnetic Shower.
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Fraction

CMS New

Jet Mass
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particles can be produced with significant Lorentz

boosts => decaying into quarks the masses of the evolved jets can be used to
discriminate them from lighter objects generated by QCD.

 For large boosts decay products emitted as collimated groupings into small sections
of the detector => resulting particles can be clustered into a single jet. Jet “grooming”
techniques are designed to separate jets from the decay of heavy boosted particles
from quark/gluon initiated jets with large mass.
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Photon reconstruction & identification

unconverted y converted y
Er[GeVl | e (R(hn) 7 ep™ astat  ep®™ 0 usut | epx (Ruph)?  enCxstat  epmiMC L gy
0<n<0.6
20-25 0.597 + 0.021 0.621 + 0.001 0.613 + 0.001 0.648 = 0.024 0.667 + 0.002 0.679 + 0.002
25-30 0.689 + 0.025 0.697 + 0.002 0.686 + 0.002 0.733 + 0.035 0.761 + 0.003 0.759 + 0.003
30-35 0.769 + 0.024 0.756 + 0.002 0.746 + 0.002 0.777 + 0.033 0.821 + 0.004 0.818 + 0.004
3540 0.792 + 0.023 0.793 + 0.003 0.784 + 0.003 0.820 + 0.025 0.851 + 0.005 0.849 + 0.005
4045 0.816 + 0.026 0.822 + 0.004 0.806 + 0.004 0.893 + 0.049 0.886 + 0.006 0.882 + 0.006 . .
45-50 0.847 + 0.022 0.846 + 0.001 0.835 + 0.001 0911 + 0.036 0.899 + 0.002 0.896 + 0.002
50-60 0.874 + 0.018 0.864 + 0.001 0.856 + 0.001 0.930 + 0.029 0.923 + 0.002 0.919 + 0.002 AT LAS effl CIency
60-80 0.902 + 0,013 0.889 + 0.001 0.883 + 0.001 0.956 + 0.027 0.939 + 0.002 0.936 + 0.002
80-100 0.918 + 0.008 0.908 + 0.001 0.905 + 0.001 0.962 + 0.030 0.956 + 0.001 0.955 + 0.001
100-125 0.926 + 0.005 0.914 + 0.001 0912 + 0.001 0.969 + 0.023 0.962 + 0.001 0.961 + 0.001
125-150 0.934 + 0.006 0.918 + 0.001 0917 + 0.002 0.977 + 0.023 0.969 + 0.001 0.968 + 0.002
150-175 0.930 + 0.008 0.920 + 0.001 0918 + 0.001 0.985 + 0.017 0.971 + 0.001 0.970 + 0.001
175-250 0.933 + 0.008 0.918 + 0.001 0917 + 0.001 0.987 + 0.016 0.971 + 0.001 0.971 + 0.001
ECAL Barrel (|| < 1.4442) ECAL Barrel (5| < 1.4442)

ET MC DATA MC Ratio y/e ET MC DATA MC Ratio 7y /e
20-35 84.18 +0.20% 86.73 £+ 1.69%  1.032 £ 0.003 20-35 69.38 £0.18% 69.58 + 2.80% 1.060 + 0.004
35-45 87.27 £0.19% 89.28 £ 1.27% 1.025 4+ 0.004 35-45 7278 £0.18% 71.94 +2.09%  1.047 4+ 0.007
45 -inf 88.50 £ 0.23% 89.04 £+ 1.83%  1.005 £ 0.005 45 -inf 74.93 £ 0.22% 7248 +£292% 0.995 4 0.008

TOT  86.30 +0.12% 88.41 £ 0.89% 1.012 £ 0.002 TOT 7190 £0.11% 71.31 +147% 1.028 4+ 0.003
ECAL Endcap (1566 < || < 2.5) ECAL Endcap (1566 < || < 2.5)

ET MC DATA MC Ratio 7y/e ET MC DATA MC Ratio 7y /e
20-35 87.40 £ 0.25% 92.24 £270%  1.035 £ 0.003 20-35 71.30 £0.28% 71.07 £3.94% 1.074 £ 0.006
35-45 91.33 £0.22% 9143 +£243% 1.008 £ 0.005 35-45 77.63 £0.24% 75.19 +£3.34% 1.028 £ 0.008
45 -inf 9255 + 0.26% 91.06 4+ 3.23% 1.013 + 0.005 45 -inf 80.87 +0.31% 73.48 +4.98% 1.006 £ 0.009

TOT  90.05 £ 0.14% 9159 £ 1.60%  1.009 £ 0.002 TOT 7585 £0.15% 73.31 +£231% 1.019 £ 0.004
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