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          o A. De Roeck 
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          o G. Bilei, L. Fano', A. Lucaroni
 
    * Trieste University
          o D. Treleani, F. Ambroglini2



few words on CMS

UE in central region
+ jets
+ leading track
+ DY

UE in forward region

MPI specials
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CMS Central detectors:
ECAL+HCAL |η| ≤ 3
Tracker |η| ≤ 2.4

pT> 70 MeV
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CMS Forward detectors:
Hadron Forward Calorimeter HF: 3 ≤|η| ≤ 5
Castor Calorimeter: 5.2 ≤|η| ≤ 6.5
Beam Scintillation counters BSC
Zero-Degree Calorimeter ZDC

TOTEM detectors:
T1 (CSC) in CMS endcaps, T2 (GEM) behind HF
T1 + T2: 3 ≤ |η| ≤ 6.8
Roman Pots with Si det. up to 220 m

Remember - CMS design choice: 

optimize performance for muon/
track momentum resolution and 
electromagnetic energy 
resolution....

Now working on: Particle Flow

combine in optimal way 
information from all 
subsystems should considerably 
improve resolution, especially at 
low jet pT
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Performances and detectors choice

expected jet energy 
resolution 
(in this plot form di-jet 
balancing)

expected tracking performnaces

10 5 Conclusions
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Figure 9: Tracking performance for an ideal tracker (circles), for a misaligned tracker as ex-
pected at start-up (triangles) and for a misaligned tracker with use of the APE tool (squares),
for charged particles with pT > 0.9 GeV/c from the MB (left) and JET (right) samples: track
reconstruction efficiency, fake track rate and relative pT resolution, as a function of the leading
charged jet PT.
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Figure 9: Tracking performance for an ideal tracker (circles), for a misaligned tracker as ex-
pected at start-up (triangles) and for a misaligned tracker with use of the APE tool (squares),
for charged particles with pT > 0.9 GeV/c from the MB (left) and JET (right) samples: track
reconstruction efficiency, fake track rate and relative pT resolution, as a function of the leading
charged jet PT.
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Figure 9: Tracking performance for an ideal tracker (circles), for a misaligned tracker as ex-
pected at start-up (triangles) and for a misaligned tracker with use of the APE tool (squares),
for charged particles with pT > 0.9 GeV/c from the MB (left) and JET (right) samples: track
reconstruction efficiency, fake track rate and relative pT resolution, as a function of the leading
charged jet PT.

4 2 Determination of the Jet Energy Resolutions
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Figure 2: Comparisons of jet pT resolutions from the asymmetry method and MC truth for
SISCone R = 0.7 jets with |η| < 1.1 (left) and 1.6 < |η| < 2.7 (right). The statistical uncertainties
correspond to 10 pb−1 of data.

and pjet3
T = 0 GeV is taken as a systematic uncertainty. This accounts for the possibility that the

functional dependence of the data resolutions as a function of the 3rd jet veto threshold might
not follow a straight line; d) Unsmearing correction: the difference between the resolution
obtained with and without the application of the unsmearing correction is considered as a
systematic uncertainty.

The total systematic uncertainty is derived by adding all these individual contributions in
quadrature and is indicated by the yellow band in Fig. 3. The good agreement between the
jet resolutions derived by the dijet asymmetry and the MC truth demonstrates that the method
could be used reliably to obtain the jet pT resolutions in data.
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Figure 3: Ratio between the jet pT resolution obtained with the asymmetry method and from
MC truth for SISCone R = 0.7 jets with |η| < 1.1 (left) and 1.6 < |η| < 2.7 (right). The yellow
bands indicate the total systematic uncertainty.

Ideal
startup
startup+APE 5



Several level 1 (hardware trigger)
strategies depending on instantaneous lumi:

Zero bias: beam bunch crossing time
100% efficient for all data, but not
effective at startup conditions

Min bias HF single:single sided forward
hadron calorimeter
efficiency:  81% non diffractive

    15% diffractive

Min Bias HF double: double sided
forward hadroncalorimeter
efficiency:  47.5% non diffractive
                 0.6% diffractive

Zero bias + 1 Pixel Track: at 900GeV
efficiency: 99% non diffractive
             ~60% diffractive

‘Ideal data’:
One single collision per bunch crossing
(no pile-up) 

MinBias Trigger

DIS09, 26-30 April, Madrid Min Bias and UE at CMS 5

CMS min bias data

HF

3 < |!| < 5

• Several level 1 (hardware trigger) 
strategies depending on instantaneous 
lumi:
– Zero bias: beam bunch crossing time

100% efficient for all data, but not 
effective at startup conditions

– Min bias HF single: single sided forward 
hadron calorimeter

efficiency: 81% non diffractive

15% diffractive

– Min Bias HF double: double sided 
forward hadron calorimeter

efficiency: 47.5% non diffractive
0.6% diffractive

– Zero bias + 1 Pixel Track: at 900GeV

efficiency: 99% non diffractive

~60% diffractive

• ‘Ideal data’:

One single collision per bunch crossing

(no pile-up)
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UE measurement plan in central region

Analysis strategy builds on Rick Field experience 
at Tevatron 

• Combination of MB and 
jet triggers based on leading calojet:

– PT(calo) > 20, 60, 120 GeV/c 

• Charged jets: SiScone with R=0.5 
applied on charged particles with 
pt >0.5 GeV/c and |η|<2 

– Standard CMS track reco 
– Startup alignment and calibration 

• 3 main regions of interest wrt leading 
charged jet: toward, transverse, away 

• 2 main density observables in each region: 
– Charged particle density: dN/dηdφ 
– Scalar sum of  charged pt: dptsum/dηdφDIS09, 26-30 April, Madrid Min Bias and UE at CMS 8

Underlying event

• Analysis strategy builds on Tevatron
experience (R. Field e.a.)

• Combination of MB and jet triggers 
based on leading calo jet
– PT(calo) > 20, 60, 120 GeV/c

• Charged jets: iterative cone with R=0.5 
applied on charged particles with pt >0.5 
GeV/c and |!|<2
– Standard CMS track reco (pt > 0.9 

GeV/c) adapted and re-optimized

(50% more charged tracks)

– Startup alignment precision taken into 
account

• 3 main regions of interest wrt leading 
charged jet: toward, transverse, away

• 2 main density observables in each 
region: 
– Charged particle density: dN/d!d"

– Scalar sum of  charged pt: dpt
sum/d!d"
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UE measurement plan in central region

Why charged jet ? 
4 5 Reconstruction of hadronic tt events
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Figure 2: Jet pT response with respect to the GenJet associated to the initial leading parton.
The relative response is plotted as a function of the corresponding GenJet pT, separately or
calorimeter and TrackJets originating from quarks and gluons, with no energy corrections. All
jets are clustered with the kT algorithm with D = 0.6.
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Figure 3: Jet η resolution with respect to the GenJet associated to the initial leading parton.
Resolutions are plotted as a function of the corresponding GenJet pT, separately for calorimeter
and TrackJets originating from quarks and gluons. For CaloJets the η direction is corrected to
the position of the primary interaction vertex, determined with the charged tracks. All jets are
clustered with the kT algorithm with D = 0.6.

JME-08-001

+ well matched in ΔR<0.2 (>~60%)
+ better resolution than calorimetric jet at low pT

in addition:
+ better control of systematics at startup
+ intrinsically free from Pile-up 

“early” measurement region
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from the ratio of the 
observables (builded 
using different 
tracking thresholds)
 ->  
inefficiencies from 
tracking can be 
mainly reabsorbed

9

The observables (densities) have to be corrected in order to take 
properly into account tracking inefficiencies 

from MC/RECO ratio -> corrections
(warning: old results, tracking not optimized)

+ low-pT -> efficiency 

+ high pT -> fake

! ! !"#

$%&&'()*+,-./012343$%&&'()*+,-./012343
55+,-+./012343+%!607'3+34/8'+1037+&''74/9

Ratio of the charged density profiles (dN/d d ) in the " #

transverse region for  pt >  1.5 GeV/c and pt > 0.9 GeV/c.
Charged tracks in | | < 2."
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MinBias stream other QCD streams

UE measurement plan in central region



1 pb-1
10 pb-1

1) event based corrections
from MC/RECO ratio -> corrections
(warning: old results, tracking not optimized)

+ low-pT -> fake contribution in MinBias sample (up 
to 10%)
+ high pT -> 5% from stat
+ systematics from MC model (up to 7% on ptsum, 
less than 5% on the track density )

2) mix of event and particle based corrections 
(work ongoing - 

following CDF, ATLAS...)
+ efficiency 
+ vertexing
+ trigger bias

weighted with the values of the event-level corrections. This histogram is needed to provide the proper
normalization factor for the analysis.

After filling the histograms, a vertex range is chosen and the vz variable is integrated out. In
the case of dNch/dη , the pT variable is integrated for pT > 150 MeV; in the case of dNch/d pT , the
η variable is integrated over−2.5 < η < 2.5. Each η-bin or pT -bin is then divided by the total number
of events, calculated by integrating the weighted event distribution histogram over N and vz. Finally,
the distribution is normalized by the inverse width of the bins. No correction was made for the effect
of the pT cutoff in the reconstruction. However, the stability of the results will be tested by varying
the pT cutoff in data.

The distributions are presented for the sample events accepted by the minimum bias trigger. For
this analysis MBTS 2 is used, and are labelled as MB. The MB distributions have only been corrected
for the acceptance and efficiencies associated with reconstructing tracks and vertices. To obtain the
NSD distributions to allow comparisons with other results, the MB distributions are corrected for the
trigger bias.

The correction procedure can be expressed mathematically for one bin, corresponding to a certain
region of phase space, in the following way. The number of particles P and number of interactions I
are calculated as:

P(η ,vz, pT ) = ∑
events

∑
tracks

(Ctrk(η ,vz, pT ) ·Cvtx(η ,vz, pT ) ·Ctrig(η ,vz, pT )), (8)

I(vz,N) = ∑
events

(C̃vtx(vz,N) ·C̃trig(vz,N)). (9)

Tracks are weighted by the track-to-particle correction Ctrk(η ,vz, pT ), by the track-level vertex cor-
rection Cvtx(η ,vz, pT ) and the track-level trigger bias correction Ctrig(η ,vz, pT ). Events are weighted
by the event-level vertex correction C̃vtx(vz,N) and the event-level trigger bias correction C̃trig(vz,N).

For a given vertex range [V1,V2] the dNch/dη and dNch/d pT are then calculated as:

dNch

dη

∣∣∣∣
η=η ′

=
∫ V2

V1

∫
P(η ′,vz, pT )d pT dvz

∫ V2
V1

∫
I(vz,N)dNdvz

, (10)

dNch

d pT

∣∣∣∣
pT =p′T

=
∫ V2

V1

∫
P(η ,vz, p′T )dηdvz

∫ V2
V1

∫
I(vz,N)dNdvz

. (11)

To exercise the analysis chain, the complete reconstructed sample was divided in half: one part
was used to calculate the corrections and the other used as ‘data’ input to the analysis.

Figures 12 and 13 show the corrected pseudorapidity distribution (pT > 150 MeV) and the cor-
rected transverse momentum spectrum (|η | < 2.5) for the MB and NSD event samples. Statistical
errors on the corrected distributions are shown. The aim was to achieve statistical errors on the cor-
rections of less than 2% per bin. The errors are mostly negligible since sufficient statistics were used
to determine the correction factor. Data in regions where small statistical errors could not be achieved
(i.e. near the edges of the acceptance) are not included in the analysis.

4.5 Systematic uncertainties

The systematic uncertainties have been estimated by changing the parameters in the generation, re-
construction or analysis and then re-evaluating the corrections and applying them to the analysis input
sample. Although many of the systematic uncertainties are correlated, the different effects are studied
here independently. The systematic uncertainties investigated include:

16

STANDARD MODEL – A STUDY OF MINIMUM BIAS EVENTS

17

739

Systematics sources (main contribution highlighted) 
Track selection, Secondaries, Vertex reconstruction bias (PV_z), Misalignment, 
Beam-gas, particle composition, Trigger

10

UE measurement plan in central region



+ difference among the Monte Carlo models can be exploited

+ spread at high pT is mainly due to lack of Monte Carlo event

+ statistical errors are compatible with 10 pb-1 of data-taking

UE measurement plan in central region

9
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Figure 7: Same as in Figure 6 but using tracks with pt > 0.5 GeV/c.
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Figure 8: Ratio of the UE event observables, computed with track transverse momenta pT >1.5
GeV/c and pT > 0.9 GeV/c: densities dN/dηdφ (left) and dpsum

T /dηdφ (right), as a function of
the leading charged jet PT, in the transverse region, for an integrated luminosity of 100 pb−1

(uncorrected distributions).

11



from the ratio of the observables (build using different tracking thresholds)
 

+ lower sensitivity to different Monte Carlo models 
BUT

+ inefficiencies from tracking can be mainly reabsorbed (better control of 
systematics from detector)

UE measurement plan in central region
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Figure 8: Ratio of the UE event observables, computed with track transverse momenta pT >1.5
GeV/c and pT > 0.9 GeV/c: densities dN/dηdφ (left) and dpsum

T /dηdφ (right), as a function of
the leading charged jet PT, in the transverse region, for an integrated luminosity of 100 pb−1

(uncorrected distributions).
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UE measurement plan in central region

observables are the same

The PT of the boson is used to define a direction
 

DY topology

Data at 1.96 TeV on the charged scalar PTsum density, dPT/dηdφ, with pT > 0.5 
GeV/c and |η| < 1 for “Z-Boson” and “Leading Jet” events as a function of the 
leading jet pT or PT(Z) for the “transverse” and “away” region.  

The data are corrected to the particle level (with errors that include both the statistical 
error and the systematic uncertainty) and are compared with PYTHIA Tune AW and 
Tune A, respectively, at the particle level (i.e. generator level).

  
 

“Toward” 

“Transverse” “Transverse” 

“Away” 

Z boson or Jet

[Rick Field, HERA/LHC]

Universality of UE ?

CDF
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UE measurement plan in central region
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Figure 20: Charged jet production at 14 TeV. Charged tracks in the transverse region. (left) = Ratio between
density of charged particles with pT > 0.9 GeV/c and pT > 0.5 GeV/c versus the transverse momentum of the
leading charged particle jet. (right) = Ratio between average charged PTsum density with pT > 0.9 GeV/c and
pT >0.5 GeV/c versus the transverse momentum of the leading charged particle jet. Data from different triggers
are superimposed: (red squares) = Minimum Bias; (blue circles) = JET60; (green triangles) = JET120. (points)
correspond to the raw (uncorrected) reconstruction level profiles; (histograms) correspond to the generator level
profiles for the events passing the reconstruction level selection.
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Figure 21: Muon-pair production at 14 TeV. Relative mass shift of the reconstructed muon-pair invariant mass
with respect to the same object defined at generator level. Error bars indicate the resolution.

are reported in Fig. 22.
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Figure 22: Muon-pair production at 14 TeV. Density of charged particles, dN/dηdφ (left) and average charged
PTsum density, dPT/dηdφ (right), with pT >0.9 GeV/c and |η|<1 versus the muon-pair invariant mass. (empty
circles) correspond to the raw (uncorrected) reconstruction level profiles; (full circles) correspond to the generator
level profiles for the events passing the reconstruction level selection.
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LHC expectations (Rick) CMS “measurement” (cmsnote 2006/067)

Ratio PT>0.9GeV/PT>0.5GeV (PT tracks threshold)

ratio can be used to reduce systematics 
from corrections (as for the jet case)

still sensitive to different model 

gen
reco
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With MPI: 
Large  energy of trigger in CASTOR,

Higher particle multiplicity in central region 

Without MPI: 
No, or very small, correlation
  

QCD events

PYTHIA:
-Rick-Field's CDF tune A    (tune A)
-Sandhoff-Skands tune 0  (tune S0)
-MI switched off

(CASTOR particles smeared according to beam test data + 1 GeV noise cut applied.)

UE measurement plan in the forward region
long range correlation and MI
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With MPI: 
Large  energy of trigger in CASTOR,

Higher particle multiplicity in central region 

Without MPI: 
No, or very small, correlation
  

Top events

Top events much higher activity in the UE

PYTHIA:
-Rick-Field's CDF tune A    (tune A)
-Sandhoff-Skands tune 0  (tune S0)
-MI switched off

(The UE event depends on the hardness of the reaction.)

UE measurement plan in the forward region
long range correlation and MI

16



One has to distinguish between the two  topologies : 

The pairs can be  isolated using the variable: 

 & considering theΔΦ(+) between  pT1 + pT2 e pT3 + pT4

MPI specials - 3 jets+gamma
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Tevatron: 
σeff ~12 mb 

CMS plans the same 
analysis to estimate σeff 

 

CDF

D0

MPI specials - 3 jets+gamma
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The basice idea consists in studying  the rate N of minijet pairs as a  functione of a  
pT.threshonld of the pair  leading jet  ( Infrared Safe )

Where  σinel = σsoft + σHard 
“S” = Single Interactions, “D” = Double Interactions, “Hard” = Inclusive

MPI specials - direct measurement

19
D. Treleani [Phys.Rev.D76:076006,2007]



+ Minijets are reconstructed by tracks clustering and are characterized by a very low  pT threshold
+ The minijets are paired  in Δϕ & pT balancing
+ Number of pairs <-> number of interactions 

+ the measurement is  independent from the geometric acceptance
+ yet high dependence from radiation

misura di σeff(pT)

MPI specials - direct measurement

Number of Pairs

MPI OFF

Number of Pairs

MPI ON

20
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New physics in Underlying Event
Quirks and Signals of New Physics in the Underlying Event 
Roni Harnik (Stanford U., ITP & SLAC) , Tommer Wizansky (SLAC) 
arXiv:0810.3948 [hep-ph] 

Why in Soft Signal ?

+ Searches for new physics focus on hard objects. 
+ Every event in a hadron machine has an additional 

soft component - underlying event 
+ New strong dynamics may lead to a large amount 

of energy going to many soft objects - an 
“anomalous underlying event”

order one mix
of signal and
background
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Figure 4: Calorimeter energy deposition in the toy detector simulation. The distribution is shown
for (a) bound state radiation with %100 of the energy released in photons, (b) bound state radiation
with %10 of the energy in photons and (c) a minimum bias event.

3.4 The Signal and the Background

For the purpose of our analysis we generated 500 signal events and 500 minimum bias events.
The minimum bias events were generated with PYTHIA [16] tune A. In Figure 4 we show energy
deposition in the calorimeter for three sample events. The first is a signal event for which all the
bound state energy was emitted in photons. The second is a similar event but with only %10 of
the energy in photons, and the third is a minimum bias event.

3.5 Analysis – Spherical Harmonic Decomposition

We have seen that a significant fraction of the energy released in soft photons does indeed reach the
calorimeter. However, In order to identify an event as a bound state decay the angular distribution
of the photons must be measured. This provides a unique data analysis challenge since most
triggering and clustering algorithms are geared toward the identification of hard objects. In Figure
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Figure 4: Calorimeter energy deposition in the toy detector simulation. The distribution is shown
for (a) bound state radiation with %100 of the energy released in photons, (b) bound state radiation
with %10 of the energy in photons and (c) a minimum bias event.

3.4 The Signal and the Background

For the purpose of our analysis we generated 500 signal events and 500 minimum bias events.
The minimum bias events were generated with PYTHIA [16] tune A. In Figure 4 we show energy
deposition in the calorimeter for three sample events. The first is a signal event for which all the
bound state energy was emitted in photons. The second is a similar event but with only %10 of
the energy in photons, and the third is a minimum bias event.

3.5 Analysis – Spherical Harmonic Decomposition

We have seen that a significant fraction of the energy released in soft photons does indeed reach the
calorimeter. However, In order to identify an event as a bound state decay the angular distribution
of the photons must be measured. This provides a unique data analysis challenge since most
triggering and clustering algorithms are geared toward the identification of hard objects. In Figure
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(including other channels).

(multipole analisys,
track multiplicity, etc.)

S/B ∼ O(1)
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Control sampleSignal sample

between samples

SM µ+µ−

Figure 2: A schematic flow chart of a strategy for searching for anomalous underlying events in our
example of squirk production.

2. Identification of signal and control samples.
We would like to determine if the new physics discovered in step 1 is associated with an
anomalous excess in soft particles. For example, a resonance in W+photon can be interpreted
as a fundamental heavy W ′ which contributes no new soft physics. If the origin of the BSM
excess were a W ′, the underlying component of the signal events is strictly a long distance
phenomena and would thus be similar to the underlying component in SM background events.
In order to test whether a new anomalous component in the underlying event appears in
correlation with the hard signal, we can compare the underlying part of events in the signal

to additional missing energy from hidden glueballs [13]. As will be described later, one may assume glueball emission
is suppressed, in which case, the smearing of the peak is reduced and the signal-to-background will improve. In this
work we will pick S/B∼ 1 but the results can easily be rescaled to other signal-to-background values.
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UE Studies
Case I - a hard signal was discovered    :-)          
We want to learn more about NP.

“Control sample”Signal region

Compare the UE events 
in the control and 

signal samples. 

Does not require 
monte-carlo of UE.

Is this a W`
 or

 Quirks?

UE Studies

Case II - The hard search is background dominatedDijet Resonance Search
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Assumes 100% annihilation at rest

NIC = 2

Search instead for di-jet + lots of soft stuff.
Use UE to reject background.

Case I - a hard signal was discovered           
We want to learn more about NP.  Case II - The hard search is background dominated 

Dijet Resonance Search
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New physics in Underlying Event

Radiation - Uncolored Squirks

∼ 0.1 - 1 GeVωγ ∼

Λ2

mq̃

Eγ/Eglue ∼ 10− 100%W
+

p p

γ’s

γ
production axis

or glue

We model the radiation semi-classically.
“Antenna pattern”

[Jackson ch. 14]

w/ Wizansky - arXiv:0810.3948

Colored Quirks

p p

jet

soft π’s

jet

Eπ ∼ sub-GeV

Mrenna’s monte carlo:
Quirk ends are taken as a QCD hadron.
Collision excites a hadron.  (               )
Hadron decays by pion emision.

γ ∼ 1− 2

Spherical distribution

w/ Huang, Luty, Mrenna

new strong force:     SU(3)xSU(2)xU(1)xSU(N)
                                    matter: q’=(SM quantum numbers, N) 
                                    if λQCD’ < q’, q’ is a squirk

uncolored quirk

colored quirk

expected signals:

+ high track 
multiplicity

+ Calorimetric 
signals



how to make things working
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+ having a working accelerator
+ understand signals 
+ reconstruct tracks
+ build observables
+ compare and tune
+ publish

Correctly estimate tracking performances is needed to build corrections and reduce 
systematics, how ?

+ using Monte Carlo 
starting from charged spectra reconstruction using pixel hits (see Krisztian talk) 
-> first tune for LHC -> extract tracking performances -> 

refined tune for LHC with UE observables
+ using data

MinBias are pions, extract pion reconstruction performances from B0->D*lv, 
D*->D0pi 

+ relative performances (sub-detector tracking)
SiStrip only, pixel only, SiStrip+pixel



next
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CMS setup a rich (and complete) plan to measure UE activity. In addition some 
specific MI analysis is studied

The idea is to focus on tracking system, at startup. In this way one should simplify:
+ uncertainties coming from JES and calorimeter calibration 
+ enlarge the sensitivity to soft interactions, more interesting energy scale to 
tune non perturbative processes at LHC

My opinion is that this kind of meeting are useful/needed: 
+ the 2 detectors are complementary, from some point of view
+ all communities should have an interest in reaching soon the best QCD 
dynamic understanding at TeV scale
+ it’s an interesting synthesis between experimentalists and theorists
+ A not so large but active group is already existing and cooperative working, 
often transversally to detectors membership
(see MPI@LHC “permanent” workshop)


