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Outline

e LHC Performance
 Soft QCD!?

e Jet Production
* B-jet Production
 Jet Internal Structure

Stringent tests of pQCD - '\“‘{}\
* Prompt Photons L and important backgrounds %L—b
w“

* Photon+jets in searches for new physics =
“:ﬁﬁ:f@ﬁ:‘}/ :
* W/Z+jets Production Some of the topics not covered in this talk
*  W/Z+HFs * Many results from Soft QCD, particle correlations,...
— * Fragmentation Functions
* Final Notes * Diffraction, Rapidity Gaps, Forward Physics

* Hadron Spectroscopy
* Heavy lons

(1) Only few examples out of ] ] .
many available results ... See contributions to parallel sessions
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Spectacular LHC performance

More than 5 fb-1 on tape
per experiment (ATLAS/CMS)
-> (around 40 pb-1in 2010)

2010 : on average 2 interactions/crossing
2011 : significant increase of pile-up
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Many of the results presented

here used the 2010 data at 7 TeV
Some of the measurements are
unique since they require low pile-up
Some analyses already included

the full 2011 dataset (7 TeV)
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candidate with 11 pileup even



| Nat. Commun. 2 (2011) 463 o'nelastic (pp) l%l @E

(see also Eur. Phys. J. C72 (2012) 1926) - %

Fundamental measurement
Input to cosmic ray physics, .....

) Data 2010Vs =7 TeV:£ > 5 x 10°

Schuler and Sjéstrand: & > 5 x 10
PHOJET (Engel et al.): &>5x 10°

single-diffractive

80: A Data 2010\'s = 7 TeV: extrap. to & > mf,/s } X
— Uncertainty (incl. extrapolation) . . . .
B ——- g;:huklerznésljasn;gf contributions from non-diffractive P
60_— ] Achglitetal.(arXiv:1102.1949) and diffractive processes
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E=M,?/s > 510° (M, > 16 GeV)
(about 10% extrapolation to full acceptance)
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Soft QCD

(charged particle multiplicity )
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Essential for a proper modeling of
low p; jets, jet vetoes, isolation, etc..

N, /(N AnAg)

MC/Data

MC/Data

Transverse region
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The activity in the transverse region reaches
a plateau indicating that MPI/UE somehow
decouples from the rest of the event

Data intensively used to tune the MC mddels
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Jetp; >4 GeV, |Y|<1.9 - —

g ? ? i— 15 - 24 GeV —E

g 10k ATLAS - - or E

= = = 0.05E- =

5 = = eF 10 - 15 GeV =

[ - = - =

= e - - DERRS -

FE —=— Data 2010 «Js=7 TeV h‘z"'- 3 = 0.2 . 6 - 10 GeV .

- —— Pythia AMBT1 b - ﬁg -cE =

101 - Herwig++ 2.4.2 — T 0 1:_ =

SH—— Herwig++ 2.5.1 UE7 = = VE ATLAS -

— Pythia 8.145 4C ] Z b ShE : .

2L - -« - Pythia6 Perugia 0 — =) = = 3

10 = Pythia6 Perugia 2010 N % gg_ 4-6GeV o o AMBT | 3

-4 Pythia DW S =z F I e e uer 3

1 D—ﬂ E_ ke Phc}jet|+ Pythias % ‘_I“_; 0.1 - o P;’mégg; e _§

© 06;_ PO L o g ) 10 15 20 NZ:h5

o = - e P — . . jet

= g-;; L i o3 Track jets allow to access low p;jetand "

= = =iy Fodg oty T TS oy . .

S ohmmefEL L T e study the transition between soft collisions

S| -2 F T = and the pQCD regime
-0_4:— Hm%"tt_.J*-_ "F*‘"'ha
5678 10 20 30 40 10°

Charged Jet P, [GeV]

Important input to future MC tunes
Complementary to MB and UE studies °



[pb/GeV
5m

15
=10

Data

Stringent test of pQCD predictions

(sensitive to quark compositeness)
anti-K; jets with R=0.4, 0.6
Jet p; > 20 GeV, |Y| <4.4
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compared to NLO pQCD predictions

(including non-pQCD corrections) and to
NLO ME + PS (POWHEG) with different
PS + UE/MPI implementations

Inclusive Jet Production
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Measured cross section in agreement
with NLO pQCD predictions

Clear sensitivity to the details of the
NLO ME+PS implementation
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NEW !!

Inclusive Jets

anti-K; jets with R=0.7
Jetp; >114 GeV, |Y]| <25

15 CMS Preliminary L = 4.7 fb" Vs =7 TeV anti-k; R =0.7
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Measurement up to almost 2 TeV for central jets

0.2 0.3

Good agreement with NLO pQCD predictions (5 PDF sets considered)
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Data at the edge of the phase space in the forward
promise to further constrain the gluon PDFs

(in a region with limited p; where
no new physics is expected)
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A Di- J ets 4.8 fp-1 NEW! ATLAS-CONF-2012-021
T [ ]
L Stringent pQCD test
A M ; >260GeV (sensitive to new dijet resonance production)
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Invariant masses up to 5 TeV
Reasonably well described by NLO pQCD
(some tension at very large dijet masses)
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Using the full 2011 data set
Good agreement with NLO pQCD predictions 14
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Inclusive b-hadron production
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B-jet Forward Production
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Dijet (bb) production
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Sub-jets
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cevpuep20203 - sUD-jet
structure

One example of a very active field motivated % ¥ 8% %
by the search for the SM Higgs (H-> bb) and
heavily boosted new particles decaying into dijets
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Inclusive photons

(cross section for isolated photons)
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Inclusive photons

(cross section for isolated photons)
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W/Z+j ets (electron and muon channels)
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Summary

Spectacular performance of the LHC machine
and the experiments in 2010-2011

The experiments carried out a wide and
comprehensible program of precise QCD
measurements compared to SM predictions

Overall, good agreement is observed with QCD predictions
This requires the use of the newest theory tools
(NLO + PS, high-multiplicity ME+PS.....)

A solid ground towards eventual future discoveries
of new physics... but more data and work needed
in some areas (like, for example, W/Z+HFs)

More will come with 2011 analyses
(performed in a challenging pile-up configuration)

Total Integrated Luminosity [fb

In 2012 LHC plans to deliver about 20 fb! of data at
8 TeV opening a new phase of precise QCD analyses

A combination of 7 TeV and 8 TeV should translate into
constrains of model uncertainties like, for example, PDFs.
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~ [ LHC Delivered
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Phys. Rev. Lett. 107, 132001 (2011)

Inclusive Jet Production
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Sub-jet multiplicity
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54fo1 Di-photon Production

Very relevant for Higgs, SUSY, ED searches
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Di-photon Production
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