LA EXPERIMENT g s SN,
Hard QCD at Pt "l
the LHC

CATLAS —

whywedoit, how | .8 ~/ B
we doit, whatwe =% |/
learnt so far e

CMS Experiment at LHC, CERN
_ /| Run 133450 Event 16358963
\'| Lumi section: 285

Sat Apr 17 2010, 12:25:05 CEST

E (GeV)
80
ol
40

»  Jet2 _

]
) v L. -
% — ‘:. . T e
-2 .' 45 o -
n ° ks - E
. -
x .
‘\




Guidelines

Probe QCD in a new energy regime and with
unprecedented detector coverage

Learn the lessons from the past, and provide state-of-
the art publications that could serve as an example for
the future

Collaborate with the theory community, some times as
early as in the analysis preparation phase, and make
results available using common tools (HEPData, Rivet)



More specifically, | will talk about

Jets

triggers, calibration, JES

Jet proprties: shapes, fragmentation, mass

Inclusive and dijet cross section

b-jets

azimuthal de-correlations and jet veto
Photons

Inclusive and di-photon cross-section
Vector bosons

Inclusive production
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LHC performances: 2010 vs 2011
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Interest of 2010 data lies in
the low pileup, and in the low
prescales of soft triggers
(most of low-Pt jets and
photons taken in the first
months of 2010!)
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Triggering on jets

Last year in Atlas we had a rich jet trigger menu, with
Inclusive jets, dijets, multijets, sum et; also topological
triggers cutting on An or A® were used.

The menu is even more complicated this year, with
asymmetric multijets, low-pt thresholds seeded by the
random trigger and virtual thresholds

Since typically each
trigger takes a constant
rate (0.5 Hz), apart from
et the highest momenta
the collected luminosity
IS proportional to the
running time rather than

0. QBB 565665 100 FHb"120 OF e : to integrated one.
p* (GeV) '

{a} efficiency for different data periods (b} efficiency over all data periods




Particle-flow in CMS

4 Sophisticated “particle flow” — o
reconstruction algorithm ¢ Toetecr >
- exploits the excellent tracker ’
performance and the fine ECAL f H
granularity i1

¢ particle-flow

ul

4 Reconstructed individual particles
according to their detection signature
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Energy scale calibration in Atlas

In 2010, lacking enough statistics to perform a
proper in-situ calibration with y-jet balancing,
calibration constants have been derived from
MonteCarlo. For added stability, calibration
constants were applied to the sum (em+had), not
separately to the two components.

+  ATLAS Preliminary NEssiiesll Correction factors depend on jet Pt and
v 36< <44 eta, and have been cross-checked with
test-beam data, single-particle response
and track jets. Also cross-checked with
limited statistics using y-jet and dijet
balancing. A proper calibration
accounting for the energy deposited in
. each calorimeter layer is used in the
Antik, fr =06, EM-JES analysis of 2011 data
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Are they reaIIy Jets as we expect from QCD?

— Jet shapes (aTL-PHYS-PUB-2011-010)
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Central Transverse Thrust]

— Pythia6 4 Event-shape variables

"""" Pythia8 - central transverse thrust

----- Herwig++ | th t mi

.. MadGraphsPythia - central thrus minor

_____ Alpgen+Pythia6 - probe QCD radiative processes
e Data it 0 e - sensitive to 2] and 3j topologies

- dijets events have small values

4 Experimental measurement
- anti-kt, R=0.5, PF Jets
Ns=7TeV,L= 32pb‘

I I B A ™ - event-shape variables from the

0 8 6 4 central jets in 3 bins of Pt max

i -3.2pb
T ¢ =1 — max Li|Pi-fir| - cancellation of many jet unc.
P Pl - unfolding using the SVD method
_ LilPLi Xiire]

Yibli




e 4 Data vs MC comparison

- Pythia6 and Herwig++ predictions are in good
agreement with the data

- Pythia8 agrees with the data in the 2 lowest
bins, but shows a dijet deficit in the highest bin

- Madgraph and Alpgen show a similar
discrepancy with the data (overestimate of dijet
events)
» further investigation revealed that the ME
generators reproduce the leading-jet pr
spectrum, but produce harder second jets




Properties of calorimeter jets: mass, y12
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Variables Vdi2 = min(pra, pre) X 6Rap

d,, (a.k.a. k; splitting scales, y-scale, y,)

Add-on variable usable to enhance analyses using jet mass
Measure of hardness of final k; splitting in a jet

J.M. Butterworth, B_.E. Cox, J.R. Forshaw Phys. Rev. D 65 (2002)
M. H. Seymour Z Phys C62 (1994) 172

Splitting and Filtering (a.k.a. BDRS filtering, C-A filtering)

Take jets and search for symmetric splittings with large mass
drop, recluster filtering out large angle radiation. Yields new
jets which can be treated as heavy particle candidates.

Include additional cut qu > (0.3 here.
J. M. Butterworth, AD, M_ Rubin and G. P. Salam Phys. Rev. Lett. 100, 242001 (2008)

b




Flltered mass: stable vs pileup!
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Inclusive jet cross section for antikt jets: (0.4, 0.6 width in Atlas, 0.5,
0.7 in CMS) jets after detector unfolding.

CMS, 34 pb™ \s=7TeV
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Ratio with NLO + soft corrections
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omparison with various Pdf sets
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Comparison with Powheg (0.4)
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Dijet cross-section and ratio (0.6)

~ T
; 10223__|| \ N B \||£1 |28| 10|8_ :&101?__ -
ﬁ’ 10 B Systematic uncertainties —+ 1.2<|y | ax<2'1 ) 1 06)—_ 0 C CMS . IY'M{D'S E
3 ol REIYIAOWEAVE TN | 4 0 05l <10(10) -
o 107F [ nopacp(cTEQes) —h— 08<l, <12 X103 3 - L, =36pb 10l <1510 3
< — xNon-pert. COIT. —5—0.3<‘y‘max<0.8 (X100)—_ D_ B nt [ | . ":Ynm": . {H ]
21016__ <03 K10 u1012'_ \5=7TeV 0 15<lyl  <20(10% ]
= - < i v 20<ly  <25(x 10 ]
T, 10"k T, 30 & [ anfikR=07 ]
r 0 Ty E —
S 10 N
B = _A-_ _ OO ! Y 7
N‘D 1010 s A L OOO.O "V' - U_-'
| - A 0 v _ -7
. o by % vv B >
10 —o— - . 'A"“ A OOO W N T
- - B by, 0 I NS
4| . DDDD iy L [®)
107 '.'..._._ B s
ik i, R=08 %, DEthD -
10 \s=7TeV, j Lot=37pb '-o... s —— pQCD at NLO @ Non Pert. Corr.
‘ * | 9L PDF4LHC
1__ ' ' ] -
CATLAS Prefiminary |3 0 100 T -_
| b= =p
10-2 1 | L] | 1N - F "R 'T -
10" 20’ {2 345 0'2 0'3 ' -
m,, [TeV] ' '




Ratio wrt CTEQ 6.6 Ratio wrt CTEQ 6.6 Ratio wrt CTEQ 6.6 Ratio wrt CTEQ 6.6

Ratio wrt CTEQ 6.6

Pdf comparisons

V<3 ATLAS Preliminary

2x107  3x10" 1 2

210" 3x10” 1 2

3107 4407 1 2 3

21<ly| <28

max

[Ldt =37 pit
N5 =7 TeV

anti-k jets, A=0.4

P Data with
statistical error

Systematic
uncertainties

NLO pQiCD x
MNon-pert. carr. :

CTEQ 6.8
— MSTW 2008
= = NNPDF 2.1

== HERAPDF 1.5

2

Ratio to NLO (CT10)
in

0.5

Ratio to NLO (CT10)
in

- CMS Data / NP
CT10 APDF (CL&8)
MSTW2008
NNPDF2.1
HERAPDF1.0
ABKMO9

CMS L=36pb" -Js=7TeV
Dijet Mass Anti-k; R=0.7
0.0 < |yl < 0.5

CMS Data / NP
CT10 APDF (CLES8)
MSTW2008
NNPDF2.1
HERAPDF1.0
ABKMO9

CMS L=236pb" ~s=7TeV
Dijet Mass Anti-k; R=0.7
2.0 = |Vl oy < 2.5

1




2- to 3- Jet fraction vs pT and HT(2)
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IS It the hard scattering or the shower?

MCatNLO / POWHEG
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An indirect way to look at higher
orders: azimuthal de-correlation

Pure dijet final states have to be back-to-back because
of momentum conservation. Any deviation from that is
an indication of higher-order terms
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tegrated gap fraction

S 1 s =
-% N = —=— Data 2010 3
8 CE e -+ PYTHIA 6 AMBT1 3
a 0.8 o o HERWIGH+ =
8 = o ALPGEN + E
= D HERWIG/JIMMY 3
0.6— —
055 =
0.4 =
— nnr&lﬂnrj-.. T_ E
03F" Leading p, dijet selection BRI
0.22— Q,=20Gev. 0l Oiz
- 90 < p_< 120 GeV =
01 ! E
o :_. P R N N Ly __
@ 147 ATLAS
Q 12—
Q |
= 1 ey d—t [
0.8—
0.6 —
0 1 2 3 4 5 6
Ay
T 2_4 TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT
o B T I | T T | 1]
bd.l — — T dm —
= 2 2'_ D total systematic uncenainty ]
o eeL PYTHIAG 72 .
= - PYTHIAG Z2, no MPI -
© T mm=== PYTHIAG D6ET _—
27 —— HERWIGE + JIMMY r+-_ L
L memmee HERWIG:+ 2.3 | N
18" o =
SO . ._|_" ]
1.6+ T o o . —
1.4
120 CMS Preliminary i
i VS = TTE‘U’,JLG[ = 5pb’
1= p. > 35GeV, |y < 4.7
-I Ll I | I 111 I Ll I || ii 1 Ll I I | I [ I

0

1 2 3 4 5 6 7 8 9

AY|

SV

Gap fraction

|'j'H\|IIII|HI\‘\HI|IIII|HH‘HI1‘£-§I‘HH‘\IITj

Leading P, dijet selection
Q, = 20 GeV
2<Ay<3

—=— Data 2010
- PYTHIA 6 AMBT1

s LO generators

HERWIG++
ALPGEN +
HERWIG/JIMMY

Lo bbbl

|_1\H|IIII|HI\ |1l

700 150 200 250 300

350 400 450 500
p, [GeV]

total systematic uncertainty
FYTHIAR 72
= PYTHIAE 22, no MPI
FYTHIAE DET
—— HERWIGE + JIMMY
HERWIG++ 2.3

CMS Preliminary 5 = ]‘TeU,det = 5pb

p, > 35GeV, [y| < 4.7

|
7
|—|—

1 2 3 4 5

6 7 B




Com arlsons W|th Powhe/HEJ
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Gap vs pl _veto and jets in the gap
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Photon identification

ATLAS: Isolation variable ETIso computed using
cells from both EM/Hadronic calorimeter in a

cone AR<0.4 around the vy, subtracting the central
5x7 cells.

» Corrected for transverse energy leakage of photon
candidate in above region

» Jet-area corrections (a la Cacciari-Salam) help sto
mitigate the effects of in-time pileup (O(500 MeV))
Other pileup effects small compared to uncertainty

in the above method

Conversion

CMS: use of
converted photons
at low-Pt, isolation
criteria at high-pt
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Inclusive photon cross-section
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Di-photon measurement (ATLAS)

4-dimensional
background subtraction,
for leading and sub-
leading jet
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E™[GeV]

A sample, sub-leading candidate
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Di-photon results
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5 Di-photon Signal Extraction

CMS-QCD-10-035

CMS preliminary+s =7 TeV L = 36 pb™
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4 Reconstruction
- photon candidates based on identification & isolation preselection criteria
- E11>23 GeV, Et2 > 20 GeV, Ryy > 0.45 in n-9,
4 Signal yield
- signal extracted statistically
- ECAL isolation template
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Diphoton cross-section (CMS)
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W identification (ATLAS)

Single lepton triggers Sl A A A
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W identification (CMS)
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Z-> || selection (ATLAS)
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Z->|l selection (CMS)
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Total cross section (ATLAS)

Comparison made in the fiducial region to minimise

extrapolation uncertainties and be more sensitive to Pdf
NNLO predictions based on FEWZ and DYNNLO
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Ratio of Cross Sections
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o W differential charge asymmetry : A(n;) =

oW (m)-o"™ (m)

oW (m)+oW ™ (m)

e Update of recent ATLAS muon measurement combining electron and muon
channels together
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Conclusions

Could only rapidly flash some results, full list growing
every day

Analysis of 2010 data almost complete (stay tuned for
Imminent inclusive jets/dijets), but it will take some time
to exploit full potential of 2011 data due to pileup

Most bread'n butter measurements have been
performed, and in general good agreement with theory
has been found

It is time now to challenge more complex
observables, like jet substructures and corners of
phase-space



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42

