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A\ Jets at the LHC

Abundant production of jets — hadron colliders are “jet laboratories”
Learn about hard QCD, the proton structure, non-perturbative effects ...

i Run : 138919
§ Event : 32253996
Dijet Mass : 2.130 TeV

a Jet 1 p.: 585 GeV

Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element Hadrons
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A\ Jets at the LHC

Abundant production of jets — hadron colliders are “jet laboratories”
... and the strong coupling o, . Least known fundamental constant!

{m-g CMS Experiment at LHC CERN
o ;/\_1 Data fesgrded: Sun Jan 27 08720:02 2010 CEST
> . RaniEvent: 138760/ 114607131
= Eumi'sections599

Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element Hadrons
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CMS & Luminosity

CMS
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(Di-)Photons =

Higgs or no Higgs?
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AN Di-Photons at 7 TeV >
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Good description of many diphoton
and jet observables by investigated
Theory predictions.
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\ Photons at 13 TeV

- No new results yet on photon+X or photon+jet+X from CMS :~(
- But first performance studies for Z — ppy at 13 TeV :-)

Event selection: p ,, > 20 (10) GeV, p, > 10 GeV,70 GeV<M <110 GeV,
MWIY + Mw <180 GeV, photon id + isolation

MMY invariant mass Photon pT
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\ Photons at 13 TeV

- No new results yet on photon+X or photon+jet+X from CMS :~(
- But first performance studies for Z — puy at 13 TeV :-)

Together with Z — ee essential for corrections to photon selection efficiency!

Isolation (charged) in barrel Isolation (charged) in end cap
42 pb™ (13 TeV) 42 pb™ (13 TeV)
= CMS E;:l:;"f e Data CMS E;ﬁﬁp e Data
Preliminary ¥ simulation Preliminary | Simulation

Events /0.2 GeV

Events / 0.2 GeV
2

[ IIIIIII| [ TTTIT

FT_

2 25 3 107 . , 2 25 3
PF Charged Isolation [GeV] PF Charged Isolation [GeV]

S=
DUJ

g 05 i T8 2 25

CMS DP-2015/013.
Klaus Rabbertz London, UK, 02.09.2015 QCD@LHC 2015 10



CMS/!

Al CMS Jet + Photon Summary

Mar 2014 CMS Preliminary

$ 7 TeV CMS measurement (L <5.0 ™)
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Klaus Rabbertz

All Inclusive

High transverse Momenta

CMS Experiment at LHC, CERN

Data recorded: Tue May 25 06:24:04 2010jCEST
Run/Event: 136100 /103078800

Lumi section: 348

Every jet counts

London, UK, 02.09.2015
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= CRas, |

\ Inclusive Jets |
Agreement with predictions of QCD at NLO over many orders of d2(7 5
magnitude in cross section and even beyond 2 TeV in jet p_and X O

dprdy

CMS-PAS-SMP-12-012 (2013),
CMS-PAS-FSQ-12-031 (2013),
CMS-PAS-SMP-14-017 (2015).

for rapidities |y| up to ~ 5
Similar picture at 7 TeV, 8 TeV (left) or NEW 2.76 TeV (right)

Data vs. NLO pQCD
®non-perturbative

anti-kT, R=0.7, 8 TeV, 2012 corrections

anti-kT, R=0.6, 2.76 TeV, 2012

Klaus Rabbertz

London, UK, 02.09.2015
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\ Inclusive Jets + PDFs p.. 4

Agreement with predictions_ of QCD over Constrains PDFs
many orders of magn_itude in cross section “Harder” gluon at high x compared to DIS
and beyond 2 TeV in jet p. .
d“o 5
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| Inclusive Jet Ratios: “2.76/8.07 2

New from CMS: : -

- cross sections at 2.76 TeV Ratio atE_ = ?'76 and 8.0 .TeV -

- ratios to 8 TeV — at least partial cancellation of uncertainties
Shown — more precise comparisons

- double ratio to theory
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| Azimuthal Decorrelations at 8 TeV

CMS

A@, in bins of p., for p.>100 GeV, p., > 200 GeV, |y, |, ly,| <2.5
- dijet LO configuration is always A, =T
- deviations through multijet production
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A 3-Jet Mass 2
A\
Sensitive to a_ beyond 2—2 process (¢ CMS. | 5-be_1 (7TeV)
2 é
CMS, EPJC 75 (2015) 186. |
NLO with 3-4 partons (NLOJet++) & 1qof B
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Klaus Rabbertz

London, UK, 02.09.2015
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antiproton

M. Wobisch

CMS:R,,

- Ratio of inclusive 3- to
inclusive 2-jet events

- anti-kT R=0.7

- Min. jet pT: 150 GeV

- Max. rap.: |y| < 2.5

- Scale: Average dijet pT

- Data 2011, 5/fb

CMS, EPJC 73 (2013) 2604.

Klaus Rabbertz London, UK, 02.09.2015

3- to 2-Jet Ratios

CMS/!

g _\ | T T ‘ T T | T T | T T ‘ | | 1 ‘ T ]
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0.12 T S
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Similarly described by CT10 or MSTW2008

Deviations observed with ABM11

as(My) = 0.1148 + 0.0014 (exp)

+0.0018 (PDF) +

0.0050 (theory)

Dominated by theory uncertainty!
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A

Fits with top-pair Production

Top-pair production is especiall

sensitive to:

CMS/!

m°® and a_and g(x,p.?) as the main production process at LHC is from gg

Using only the ttbar cross section measurement (dilepton channel)
combined fits are not possible. Fixing the gluon to one of 5 PDF sets,
however, it is possible to extract m P while fixing a_ or vice versa.

as(Mz) = 0.1151 + 0.0025(exp)

+0.0013

—O.OOll(PDF)
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le mtpoe H constraln as T T | T T T | T T T | T T T | T T T | EI T T | T T T
LB
Vs = 7 TeV; mi°® = 173.2 GeV Defauit o.g(m, ) of respective PDF set 2 é
— T T T I T T T I T T T I T T T :
2 n CMS, L = 2.3 fb" ]
& 220[ c.gp- Top++ 2.0, ABM11 i ABM11 H Ly H
- e Top++ 2.0, CT10 ] : |
200 — ..o Top++ 2.0, HERAPDF1.5 7] CT10 H ¥ IEI
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180 — == Top++ 2.0, NNPDF2.3 | Ll i HERAPDF1.5 H ¥ H
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og(m.) CMS, PLB 728, 496 (2013), JHEP 11, 067 (2012).
Z
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\ CMS a_ Summary %
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H1 multijets at low Q2
EPJC 67:1 (2010)

H1+ZEUS (NC, CC, jets
H1-prelim-11-034, ZEUS-prel-11-001 (2011)
ZEUS incl. jets in v'p

NPB 864:1 (2012)

H1 multijets at high Q’
arXiv 1406.4709 (2014)

CDF incl. JEtS
PRL 88:042001 (2002)

DO incl. jets
PRD 80:111107 (2009)

D0 ang. correl.
PLB 718:56 (2012)

Malaescu & Starovoitov (ATLAS incl. jets)
EPJC 72:2041 (2012)

ATLAS N
ATLAS-CONF-2013-041 (2013)

CMS R
EPJC 75:2604 (2013)

CMS ff cross section

PLB 728:496 (2014) N N LO
CMS 3-Jet mass

EPJC 75:288 (2015)

CMS incl. jets
EPJC 75:186 (2015)

World Average
Chin. Phys. C 38:090001 (2014)

|
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PDG a_ Summary . *
S
Sept. 2013 1 1 A I
0 (Q) ZDEALE v T decays (VLO) T-decays O
= Lattice QCD (NNLO) ] |
a DIS jets (NLO) Lattice o
03 | 0 Heavy Quarkonia (NLO) I
o e'e jets & shapes (res. NNLO) DIS O :
® Zpole fit (N>LO) e*e” annihilation Or—
v pp—> jets (NLO) . !
02 Z. pole fits —=o—
. N P L T
0.11 0.12 0.13
0.1} a’s (MZ)

|

— QCD 0x(M,) = 0.1185 + 0.0006

Dominated by

Lattice Gauge Theory

1 10 Q [GeV] 100 / 1000

CMS data, but not in average
since only NLO theory!

PDG, Chin. Phys. C 38 (2014) 090001.
Klaus Rabbertz

London, UK, 02.09.2015

O{S(Mz) = 0.1189 =

AOég(Mz)
= 0.5%
as(Mz) P

- 0.00006

DG92: 2.4%
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L b L

Summary

Some LHC Results at 8 TeV still to be finalized ... and 13 TeV ongoing
Data quality makes jet measurements PRECISION PHYSICS

Of course, we hope that our results are not only precise,
but also “accurate” :-)

Theory definitely entered regime of NLO as Standard
But still theory uncertainty dominant, NNLO required at least ...!
... and photon data and PDFs.

Many PDF/a, relevant measurements from LHC ongoing or in near future
— reduction of uncertainties possible
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Summary

Some LHC Results at 8 TeV still to be finalized ... and 13 TeV ongoing
Data quality makes jet measurements PRECISION PHYSICS

Of course, we hope that our results are not only precise,
but also “accurate” :-)

Theory definitely entered regime of NLO as Standard
But still theory uncertainty dominant, NNLO required at least ...!
... and photon data and PDFs.

Many PDF/a, relevant measurements from LHC ongoing or in near future
— reduction of uncertainties possible

Thank you for your attention
and the invitation to speak here!
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| Dijet Angular & EW Corrections >

Better agreement theory vs. data WITH ew corrections
— ~ 5% higher exclusion limits for searches
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NNLO Scale Dependence

80 GeV <p. <97 GeV
60

¢ JetpT at NNLO (gluon-gluon only)
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Klaus Rabbertz

London, UK, 02.09.2015

w/p

T

CMS/!

Drastically reduced

scale dependence!

Gehrmann- de Ridder et al.,

PRL110 (2013), JHEP1302 (2013).
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\ QCD at the LHC
Huge accessible phase space
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VS, |

Jet Energy Scale and Pile Up

B\

But:
New situation in 2012 at 8 TeV
with many pile-up collisions!

ATLAS Z — pyu candidate

with 25 reconstructed primary vertices:
(Record beyond 70!)

CMS from 5/fb (7 TeV, 2011) CMS from 1.6/fb (8 TeV, 2011)
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Tevatron

LHC 14 TeV

Background:
Non-prompt
Photons from
Decays, e.g.
™, n

Photon Production

Formerly underexplored process:
— high fraction of fragmentation photons, cured by isolation
— theory available at NLO, sensitive to — gluon (PDF)

Isolated

Tevatron, pp — v, +X @\/'s=1.96 TeV, y=0

Inclusive

Tevatron, pp — 7, +X @\'s=1.96 TeV, y=0 R, =04 E™<2GeV)

= had
R, =04, E*<2GeV)

= Coloion: o o — i ¢ c 0 T G
% 0.7 207

g 06 £ 06

@ 7]

% 05 % 05

§ 0.4 Anmhiiationqgig=—429 § 0

8 Annhilation2qigr—

< 0.3] 203 gigE g
(7]

FUCI LIS TSNS
200 300 ‘ 20
Er (GeV)

= had
(R, =04 E™<4Gev)

200 300
E; (GeV)

= had
R, =04 E™<4GeV)

100

30 40 50

100

Cooioni e — 1 ¢
ConptoNAGIg="q

Anniiationsqig=17.g

FraY SO
20 3040

200 300 1000
Er (GeV)

200 300 1000 810 100

E} (GeV)

20 3040 100



	Title
	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 31

