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The CMS detector

Pixel
Tracker
ECAL
HCAL
Muons

Solenoid coil

Silicon tracker (pixels+strips) Lead tungstate crystal ECAL
Hermetic (|n| < 5.2) HCAL Muon system (RPC, DT, CSC) 3.8 T field

Ferenc Siklér: Review of QCD results from CMS



The detector at work
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A minimum bias pp event at CMS
2011: /s =7 TeV High pile-up (average at 15)
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2011 data — pp mode

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC) CMS Integrated Luminosity/Day 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
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Mode than 5 fb~! collected
More than 100 pb—! per day towards the end

p-Pb test and pilot physics was not possible
Problems with proton injection line (septum)

To be repaired for next year, now running in Pb-Pb mode
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Physics

e Physics topics

— QCD = this talk
x Hadrons
x Jets
* Photons
— Forward and diffraction
— Heavy ions = Anna’s talk
— B physics
— Electroweak
— Top
— Higgs
— SUSY
— Exotica
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Inelastic cross section
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® proton-proton inelastic data = total proton-proton v E811
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FWD-11-001
Tinel(Pp) = 68.0 £ 2.0(syst) + 2.4(lum) + 4(extrapolation)mb
By vertex counting using pile-up events
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Spectra of charged hadrons
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PRL 105 (2010) 022002
For dN/dn combination of three methods

Full tracks; tracklets with bckg subtraction; hit counting with corr’s

Tsallis fits: combination of low-pp exponential and high-py power law
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Spectra of charged hadrons — /s dependence
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Higher (pr), accelerated increase of dN.,/dn density
Input for theory
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Spectra of charged hadrons — high pt
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Jet triggers used to extend reach, nice match with first results
Power-law trend, flattening and high pr is not seen, scaling in xp
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Spectra of charged hadrons — models?

<:PT:> at 7 TeV

dN/dn at 7 TeV
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Pre-LHC tunes are usually off
Good agreement with some analytical models (saturation)
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Spectra of strange hadrons

e Analysis

— Reconstruction with decay topology
Kg—> 7T+7T_,_f_\|_—> p_7r_, A— prT,
= Arm, 2 = AnT

— All results for |y| < 2.0

— Reconstruction efficiencies are validated

by lifetime measurements
ML RN B

T T | T T T ]

CMS
—+—\s=7TeV:1=89.0+0.1ps |
—=—\s=0.9TeV:1=89.3+0.2 ps -
Statistical

uncertainties
only

CMS Experiment at the LHC, CERN
Run/Event: 123596 / 12886346 I "

Candidate KO Event 102l t,0,=89.53£005ps

Ferenc Siklér: Review of QCD results from CMS 11



Spectra of strange hadrons — models?
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— (pr) is much better described
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Event-by-event multiplicity
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JHEP 01 (2011) 079
e Models

— With varying success, no model gets everything right at 7 TeV
Pythia8 matches the total multiplicity,
but predicts too many high pr particles at large n
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Event-by-event multiplicity
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JHEP 01 (2011) 079
e KNO scaling

— WU(z) = (n) P, was shown to be independent of /s
— True for || < 0.4, but it is violated for |n| < 2.4
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Hadron correlations — angular — data

(a) pp 0.9TeV (b) pp 2.36TeV (c) pp 7TeV
—_
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JHEP 09 (2010) 091
e Analysis

— Particles tend to be produced correlated, in clusters
— Extensive studies exist at lower energies
— Count the number of track pairs in (An, A¢) bins
signal and background (mixed events with similar z,;, and multiplicity N)
— Look at the ratio

R(An,A¢) = (N - 1) (FUR2R% - 1)>N

Gaussian in An, broader at large A¢
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Hadron correlations — angular — a simple model

Final State e Independent cluster model
\ / /;,./,. — Clusters are produced independently
. — @ y E — They decay isotropically into hadrons
e — Only two parameters:

cluster size K. s, cluster width ¢
(A
R(&n) = (Kepy 1) | 5asy — 1]

4 »  Hadrons A 2
. R ['(An) x exp [—( 50 )}

R(An)

Ferenc Siklér: Review of QCD results from CMS

4 (b) pp 2.36TeV

R(An)

4t (c) pp 7TeV




Hadron correlations — multiplicity dependence

(b) MinBias, 1.OGeUf‘c-=pT¢3.DGeWc (d) N>110, 1.UGEWc<pT<3.UGEVIc

R(AN,A¢)
R(AN,A¢)

JHEP 09 (2010) 091
Pronounced new structure at large An at A¢p =~ 0
Effect is maximal in the 1 < pp < 3 GeV/c range
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Hadron correlations — multiplicity dependence
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Associated yield for the near-side of the correlation function

integrated over the region of 2.0 < |An| < 4.8
Origin of the effect? Likely QCD
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Hadron correlations — Bose-Einstein

e Analysis

— Correlation between identical bosons
— The size of the correlated emission region can be inferred
— What to measure? Difference of four-vectors, Q = \/—(p1 — p2)?
— Parametrization
R(Q) = C[1+MAQr)] (1 +6Q)
effective radius r, strength X, long range correlation ¢
Q(Qr) is the Fourier transform of the emission region

e Uncorrelated background distributions?

— pairs from same event
opposite charge; opposite charge with one track p inverted; same charge with
p inverted; same charge with p rotated in the transverse plane

— pairs from different events
random; similar dN/dn; similar total invariant mass of charged particles

Combined reference sample was used
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Hadron correlations — Bose-Einstein
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Ratio of signal and uncorrelated background distributions
Combined reference sample is used
Extracted radii in the 1.5 — 2 fm range, A = 0.62

Exponential function is favored, Q(Qr) = e~ ®"
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Hadron correlations — Bose-Einstein
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Dip?

Fit with a parameterization describing the time evolution of the source

by means of a one-sided asymmetric Levy distribution
T. Csorgé et al, PLB 663 (2008) 214

Ferenc Siklér: Review of QCD results from CMS 21



Underlying event
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Look at particle production wrt to a high energy object (track or jet),
mostly in transverse direction

Important field for MC tuning, understanding of the interaction process
Sensitive to new effects, e.g. multi-parton interactions

Ferenc Siklér: Review of QCD results from CMS 22



Underlying event

>

1.2

1/ AnAAY <N

oo o O
N N O

1.

1.

6

4

=

CMS

et
-
.

+ Data, 7 TeV
- Data, 0.9 TeV
—PYTHIA-6 Z1, 7 TeV
— PYTHIA-6 Z1, 0.9 TeV _
----- PYTHIA-8 4C, 7 TeV —
----- PYTHIA-8 4C, 0.9 TeV |
charged particles

(b, > 0.5 GeVrc, In| < 2, 60° < |Ag] < 120°) 1

OO

20 40 60 80 100
Leading track-jet P [GeV/c]

2.5
©
2 2
O,

N
o 1.5
N
V
=
3 1
<
ey
f 0.5
—

CMS

+ Data, 0.9 TeV

—PYTHIA-6 Z1, 7 TeV |
— PYTHIA-6 Z1, 0.9 TeV -
----- PYTHIA-8 4C, 7 TeV A
----- PYTHIA-8 4C, 0.9 TeV

charged particles

(b, > 0.5 GeVre, In| <2, 60° < |ag] < 120°) :

20 40 60 80

100

Leading track-jet P [GeV/Cc]
JHEP 09 (2011) 109

Particle densities, sum of pp in the transverse region

The hard scale of the event is defined by the hardest track-jet
UE activity shows a sharp increase up to pr of 10 GeV
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Underlying event
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Other event properties
New Pythia tunes based on these and previous data
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Jets

CMS Experiment at LHC, CERN Jet 1
Run 133450 Event 16358963 2 N

Lumi section: 285 N

Sat Apr 17 2010, 12:25:05 CEST | / '

i
i
A !
3

-

Sophisticated reco (particle flow)
Jet clustering, energy calibration, scale, resolution, uncertainties
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Inclusive jet cross section

CMS L =34pb” \s = 7 TeV
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PRL 107 (2011) 132001

More to come with this year's data
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Inclusive jets

Vs = 200 GeV

e STAR cone 0.2<|n|<0.8

fastNLO

http://projects.hepforge.org/fastnlo

PP
DIS

Q2 from 150 to 5000 GeV?
Q?: from 125 to 5000 GeV?

Q2 from 150 to 5000 GeV?
Q% from 125 to 5000 GeV?

pp-bar

| pp, pp: incl. threshold corregtions (2-loop)
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- NLO plus non-perturbative corrections
: | | | - ‘ | | | | Ll ‘ |
2
10 10
p; (GeV/c)
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data / theory
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w

N

inclusive jet production

in hadron-hadron collisions

Vs = 200 GeV
= STAR 0.2<n|<0.8 (x 130)

Vs = 546 GeV

o CDF 0.4<n|<0.7

Vs = 630 GeV
e DJ [n|<05

Vs =1.8TeV
o CDF cone 0.1 <|n|<0.7
e DI cone 0.0<|n|<0.5
Vs = 1.96 TeV

4 CDF k; 0.1<ly/<07
o CDF cone 0.1<]y|<0.7

fastNLO

http://projects.hepforge.org/fastnlo

1102 Jequisides

PP

e D@ cone 0.0<|y|<0.4
a

u
H*”””ﬁ ‘*”ﬁ' ﬁ+&4ﬁ, gy

all pQCD calculations using NLOJET++ with fastNLO: .
o (M,)=0.118 | MSTW2008 PDFs | u = 3pq
NLO plus 2-loop threshold corrections and non-pertufbatj

M % Vs =7 TeV

ATLAS anti-k; R=0.6 |y| <0.3
ATLAS anti- kT R=0.4 |y|<0.3
CMS  anti-k; R=0.5 |y|<0.5
jet

ve corrections
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The big picture
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Dijets cross section

>17f - -
(D) - CMS ° Mmax <05 -
t = _ 36 pbt o 05<ly| <1.0(x 10y A
g i Lin = P m 10<lyl,, <15(x10%)
=1n12L \s=7Tev o 15<ly|,, <20(x 102) ] _
‘%O " anti-k. R=0.7 V2O M s 2000 ¢ Analy5|s
= [ . i : : :
_Db o+ i — Anti-kp particle flow jets
22 1070 ] with R = 0.7
g - = — Again good agreement with NLO
G 10°F - theory
i ] — Mass range from 0.16 to 3.5 TeV
T pQCD at NLO [0 Non Pert. Corr. ] .
107k SDEALHC § — Extending up to |y|maez < 3.0
i o =K. =pr* i
02 03 1 2 3 4

M, (TeV)

PLB 700 (2011) 187

More to come with this year's data
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Dijet angular distributions

%—’ 0_7_— —+— Data CMS
5 - Q+CD prediction \s =7 TeV -
R — N Z2Tev L =36 pb’ et
'cs5 Y : M; >22TeV (+0.5) CM frame
o F 6
:| -
*ﬁ
P P
— pY17Y2 ~
X =E¢€ ™ 1—]cos 6*]
L_‘-l T . . .
0'3; 0.85<M, <11TeV (+0.2) [ Why |mp0rtant?
= 0o, <ossTev (O — Gives additional insight to the QCD
0'2::—_._ _05<M, <065Tev (0D dynamics
. 035<M, <05Tev (009 — Stringent test of perturbative QCD and
0l = o .
. 025 < M, <035 Tev sensitivity to new physics
_I | 11 1 | 11 1 | 11 1 | 11 1 | L1 1 | 11 1 | 11 1
> 4 6 8 10 12 14X 16 Very good agreement
dijet

PRL 106 (2011) 201804
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Dijet A¢ distributions

ol

pI*™ > 300 GeV (x1 0% CMS
200 < pI** < 300 GeV (x10°) -
140 < p:ax <200 GeV (x10?)
110 < pI™ < 140 GeV (x10)

[rad™]
SU'I

dijet
>

[m]

deuet
dijet dA(P
o
™

o 80 <p™ <110 GeV ]
"o 1035_L=2.9pb'1
- \s=7TeV / A
Loyl <11 a

e Why important?
QCD Predictions

107 = Lo — Indirect probe of multijet topologies
- — NLO — NLO is necessary to describe
1027 M=, = Pr azimuthal decorrelation
- CTEQ66
T o e Good agreement
/2 on/3 57t/6 n g
dlet[rad]

PRL 106 (2011) 122003
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3-jet/2-jet cross-section ratio

Systematic Uncertainty

N T T LI LI | LI LI | T LI T | LI LI

N N ]
nd 1 CMS L, =36 pb™* —
I s=7TeV anti-K ; R=0.5 |
0.8 T s ot e e i G

L ’{.‘,.:.l.’—
- See” I |

®.
~ :
0.6~ /& "
: ; . Data :
| PYTHIAG tune Z2

04> ... PYTHIA6 tune D6T B
y — — - PYTHIA8 tune 2C 1
j — + — MADGRAPH + PYTHIAG tune D6T }
S ALPGEN + PYTHIA6 tune D6T §
02 ......... HERWIG++ tune 2.3 ]

O | | | | | | | | | | | | | | | | |

0.5 1 1.5

PLB 702 (2011) 336

2 2.5
H.- (TeV)

e Why important?

— Ratio of cross sections as function of
scalar sum (Hr)

— Not sensitive to many experimental
uncertainties

— Could be used for measurement of ag

All generators agree for Hy > 0.7 TeV
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Photons

CMS Expanment at LHC CERN
Data recorded: Mon Sep 27 02:29:14 2010 CEST
Run/Event: 146713 / 1'?952253'?

Lumi section: 178

Orbit/Crossing: 46487568 / 1807

Several sources: qg Compton, qq annihilation, fragmentation
Isolation and conversion templates; statistical signal extraction

Ferenc Siklér: Review of QCD results from CMS
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Isolated prompt photons

%108— CMS Preliminary p+p - y+X

S i = = 1 —— JETPHOX

S 107 — \s= 7 TeV, Lint =35.9 pb 6
= ——2.1<|n|<25(X10°
S —e— 1.57<|n| <2.1(X10%

T

—— 0.9<n| <1.44 (X 109

a1 <08 e Analysis

d?o/dE
=
(@]
~

— Combination of conversion and isolation

template methods
— From 25 to 400 GeV
— Cross section is slightly overestimated

. at low Er

— NLO pQCD JETPHOX

— CT10/BFG I, uF:pf:pR:ET -
107 — MPI and hadronization corrected f
| | | | | | | | | |
30 40 50 60 10 2x10° 3x10°
E; [GeV]

PRD 84 (2011) 052011

Good agreement with theory
Large number of photon measurements, could be used soon to constrain the gluon PDF
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Diphotons

CMS \'s=7TeV, L =36 pb’
nl < 1.44, Er, > 20, 23 GeV

% 1 - —— Theory DIPHOX + GAMMA2MC|
Q) E —o— Measured ]
= - —— Stat. uncertainties N
io) - —+— Stat. @ syst. uncertainties .
\% I Theoretical scale uncertainties |
- - PDF + o uncertainties s
>. [ ]
T\EJ 107 4 o Why important?
o) r ,::::i,:::: ] . .
go] ] ] — Probing  perturbative QCD, NLO

calculations and PDF

0% 1 1 E — lIrreducible background for Higgs search
e } ,,,,,,,,,, f (H =)

10'35— E
:I L1 | | L1 1 | | L1 1 | | L1 1 | | L1 1 | | L1 | I:
0 50 100 150 200 250 300

m,, (GeV)

arXiv:1110.6461

Discrepancy at low m.., due to collinear photons
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Summary

e CMS QCD

— Rich physics (19 journal publications and several preliminary results)
— Good match of data and theory
— Precision measurements based on 2011 data will follow

— https:/ /twiki.cern.ch /twiki/bin /view /CMSPublic/PhysicsResultsQCD

Ferenc Siklér: Review of QCD results from CMS 35


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsQCD

	Titlepage
	The CMS detector
	The detector at work
	2011 data – pp mode
	Physics
	Inelastic cross section
	Spectra of charged hadrons
	Spectra of charged hadrons – s-.4 dependence
	Spectra of charged hadrons – high pT-.4
	Spectra of charged hadrons – models?
	Spectra of strange hadrons
	Spectra of strange hadrons – models?
	Event-by-event multiplicity
	Event-by-event multiplicity
	Hadron correlations – angular – data
	Hadron correlations – angular – a simple model
	Hadron correlations – multiplicity dependence
	Hadron correlations – multiplicity dependence
	Hadron correlations – Bose-Einstein
	Hadron correlations – Bose-Einstein
	Hadron correlations – Bose-Einstein
	Underlying event
	Underlying event
	Underlying event
	Jets
	Inclusive jet cross section
	Inclusive jets
	Dijets cross section
	Dijet angular distributions
	Dijet -.4 distributions
	3-jet/2-jet cross-section ratio
	Photons
	Isolated prompt photons
	Diphotons
	Summary

