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) Early measurements of Pseudorapidity and A
Charge Multiplicity Production @ CMS

First CMS physics results

Single particle spectra
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Observation of Long-Range, Near-Side Angular
Correlations in Proton-Proton Collisions at the LHC
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Angular Correlation Technique
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Two Particle Angular Correlation (1)

CMS 7TeV pp minimum bias Wave-func.
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Short-range correlations (An < 2):
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Two Particle Angular Correlation (2) -

CMS 7TeV pp minimum bias




: Data & MC as a function of Energy

CMS pp Data
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~ Short-Range Correlation (An <2) vs

Energy

s =7TeV 1-D “projection” to An axis
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PYTHIA describes energy dependence
= Matches cluster width &

= Underestimates the cluster size K.
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K. # of correlated particles
d: extent of correlation in N
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Mean & High Multiplicity pp collisions

High Multiplicity events

are rare in nature
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Correlation in High Multiplicity Events
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Jet peak/away-side correlations enhanced in high multiplicity events
Abundant jet production in high multiplicity sample
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a) MinBias, p_=0.1GeV/c b) MinBias, 1.0GeV/c<p_<3.0GeV/c
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~ More MC models ... A
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Increasing multiplicity

1-D projected R(A¢}) at large An
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Zero Yield At Minimum (ZYAM)

Associated yield: ~—

Quantify the Ridge
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Cross check: Calorimeter information
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The “Ridge” 1n pp and Heavy Ion

CMS pp 7TeV, N>110 PHOBOS AuAu 200GeV

4
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Hydrodynamic flow
o) QGP model

Similar “ridge” 1in high multiplicity PP and Heavy Ion!

(even p; dependence)
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g Interpreting “Ridge” requires more work A

Interpretation:

Multi-jet correlations

Jet-Jet color connections Jet

Jet-proton remnant color connections
Jet-remnant connections + medium

R(AN,AQ)

Glasma (+ radial flow)

Color
" —— Glass
> Condensate
Observed long-range, near-side
correlations in high multiplicity events
e Signal grows with multiplicity Hydrodynamic flow
e Effect maximal in 1< p; <3 GeV A
 Not reproduced by generators \ :,;&‘\/ _ Quark
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CMS CMS Experiment at LHC, CERN

< | Data recorded: Mon Nov 8 11:30:53 2010 CEST
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Lumi section: 173

—_
=2
[ —1
[

—_
o
[
[

=+=DELIVERED

*I-"J “#=RECORDED
0 L T T

e 1T 19 1AT 1143 11145 117

f'ﬁ 95% efficiency

1st Heavy lons collision
already started
at the LHC!

o
—
[

Inverse miliBarns



-
Heavy lons: Z>e*e,u

Data recorded: Mon Nov 15 08:22:35 2010 CEST
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Observation of diffraction in proton-
proton collisions at 900 and 2360 GeV

CMS PAS FWD-10-001
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Diffractive Di-Jet Candidate at 7 TeV
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Enriched SD Sample =» |E(HF+) <8 GeV
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Measurement of forward energy flow
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Strange Particle Production

Ks, Al & E
CMS PAS QCD-10-007

-> Proper interaction for Anti-Proton needed in
Physics list before ratios of A /Anti-A , etc can
be reported
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Comparison with previous experiments
& event Generator
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Charge Multiplicities

CMS PAS QCD-10-004




KNO Scaling and C, Moments
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® Probability distributions P (s5) of producing
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/Cq Energy Dependence - Scaling Violations A

=» Correlations between particles produced
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Charged particle transverse
momentum spectra

JetTriggered: CMS PAS QCD-10-008
Minimum Bias: CMS PAPER QCD-10-006 (PRL)




" Comparison of Differential Yield with
Prewous Experlments
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A robust prediction of pQCD hard processes is the power-law

scaling of the inclusive invariant cross section with x. = 2p,/ Vs
=> Expected to be valid for p;> 2GeV




Comparison of Differential Yield with
Generators including the low p;
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Underlying Event

PAS-QCD-10-001
PAS-QCD-10-010

=» See P. Skands talk
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In general: Poor description
by these generators.

Now we have better
alternatives ...
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Conclusion

s CMS Working well

* Low pT measurements already showing unexpected

results

» Latest PYTHIA Tunes incorporating our early
measurements are better

e More to come...
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