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Compact Muon Solenoid 

M. Diemoz - INFN Roma  
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Preparare e capire i rivelatori 

•Calibrazioni & Allineamenti ma non solo 

•La comprensione del rivelatore 
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Lavoro preliminare 

Beam Halo Muons (Hadrons) 

Machine induced secondary particles that 

cross the detector almost horizontally  

particular useful for  

    alignment and calibration - endcap region.   

Cosmic Muons 

High energetic muons that traverse  

the detector vertically 

particular useful for alignment  

    and calibration - barrel region.   

Beam Gas Interactions 

Proton-nucleon interaction in the active detector volume (7TeVEcm=115 GeV) 

resemble collision events but with a rather soft pT spectrum (pT<2 GeV)  

All three physics structures are interesting for alignment, calibration, gain  

operational experience, dead channels, debug readout, etc … 

Beam 

“Pre-Collision Physics Structures” 
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Pre-collisions 

2008-2009 un lungo commissioning con muoni cosmici e dai primi fasci 

• Allineamenti 

• Calibrazioni 

• Sincronizzazioni 

• Comprensione campo magnetico 

~ 1 miliardo 

Cosmici 

~ 1 milione 

Beam halo 

~ mille 

Beam splash 
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Cosmico in CMS 



Villa Gualino 10/11-05-2011  M. Diemoz - INFN Roma 6 

Cosmici  

Energy deposited by muons 

HCAL 

ECAL 

radiative ionisation 

Points- data 

total 

s~250um 

MB4 

MB3 

MB2 

MB1 

Muon Chambers   

Point Resolution 
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Campo Magnetico in CMS 

• Mappatura del campo 

effettuata in ottobre 2006 

– Precisione ~5x10-4 

 

 

 

 

KS 

Mpp- M KS 

4.0 T 3.9 T 

Si può verificare il valore del campo  

magnetico usando ad esempio  

il picco di massa dei KS o delle J/ 
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Measured by Field Mapper (at 2, 3, 3.5, 

3.8, 4 T) in 2006 MTCC 

TOSCA  field map agrees < 0.1%  

NMR probes inside solenoid confirm 

agreement scale < 0.1%  between 2006 

and 2008  

In the Tracker Region 

Compare tracker vs stand-alone muon 

momentum scale: 

-stand-alone muons, momentum is over-

estimated by 20% 

Field model overestimated the field in the 

iron yoke. 

In the Return Yoke 

material effects 

Campo Magnetico in CMS 
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Splash events: ECAL timing 

wonderful source of synchronous hits in the whole detector 

Time resolution within a tower  s=1ns 

1 clock = 25ns 

Previous settings based on synchronization 
with laser events (fiber length to reproduce 
collision timing)  

Splash events allowed to time in the 
detector at 1ns level  

9 

h detector coordinate 

splash direction 
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Allineamento: tutto si muove 

I rivelatori si muovono nel tempo per effetto del campo magnetico 

e delle condizioni ambientali, es. variazioni di temperatura e umidità 

Spostamenti di una delle bobine del magnete di ATLAS 

misurata dal sistema laser di allineamento delle camere mu 

Procedure di allineamento: combinano sistemi ottici e tracce per seguire gli spostamenti 

recuperando la risoluzione intrinseca nella misura delle traiettorie delle particelle 

• Tracce: ne servono tante, metodo non adatto a seguire movimenti “veloci” dei rivelatori  

• Sistemi ottici (laser & LED): misura on-line, l’accuratezza è di pochi micron 
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Effetti disallineamento 
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Allineamento Tracciatore 

Esempio di studi di sistematica: 
L’impatto di vari scenari di 

misallineamento del Tracker sul picco 

della Z Effetto a 10 pb-1, 100 pb-1, 1 fb-1  

Goal  ≤10 mm nei pixel 

50 mm nelle strisce per 10 pb-1 

Pixel: 720 moduli  (barile) 

Si-Tracker:~15,000 moduli 

con eventi di collisione 

Minimum bias/Jets 

J/Psi, Upsilon m 

W, Zm 
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Performance Tracciatore 

distribuzione h 

distribuzione f 

risol. VTX primario 

risol. IP- longitudinale 

risol. IP- trasversale 
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Performance Tracciatore 

m/mPDG = 1-(0.7±1.4)10-4 

m/mPDG = 1+(1.9±0.9)10-4 

2 tracce alta qualità e 

carica opposta 

Vertice V0 15s (rf) da VP 

Scala di momento  

corretta a 0.1% 
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Performance Tracciatore 

K 
p 

dE/dx stimato dalla carica depositata negli hits del Si-tracker (readout analogico) 

si può usare per identificare le particelle a bassi valori dell’ impulso 
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B-Tagging 

 Validati diversi metodi di b-tagging alta efficienza/purezza  

 Eccellente allineamento e performance del tracciamento 
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B-Tagging all’opera 

Candidato con 2 jet da quark b 
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Spettro massa invariante m+m- 

m+m- widths: 

J/  30 MeV 

     70 MeV 

 

Invariant mass resolution at the Z peak ~ 1% 
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Tracciatore: Pile Up 
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Materiale di fronte a ECAL 

•Vari metodi, conversioni g,  

Interazioni nucleari, check perdite 

di energia e scala di momento. 

•Incertezza sul materiale <10% 

sistematica sulle grandezze 

fisiche correlate alla quantità 

di materiale <1% . 
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CALORIMETRO EM - CLUSTER e/g 

h distribution 
f distribution 

timing resolution 

1 GeV 4.5GeV 

energy distribution 
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ECAL: Calibrazione  

THIS IS THE KEY ISSUE TO MAINTAIN PHYSICS PERFORMANCE 

IN POTENTIALLY VERY PRECISE CALORIMETERS s(E)/√E ~ 2-3 % 

inter-calibration constants 

algorithmic corrections 

(particle type, momentum, position & clustering algo) 
Account for energy losses due to containment variations  

amplitudes 
absolute energy scale 

Cluster 

Ei 

TBD 

From single channel electrical signal to Ee,g 
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Why precision matter so much? 

background 

H   gg good 

resolution 

mgg 

H   gg bad resolution 

Signal = constant  

integrated B  sgg →  

S/B  1/  sgg 

… but sgg = f(scalo) 

s(calo) defines the energy 

resolution for energy E.  

Response to monochromatic 

source of energy E  

Perfect 

good 

bad 

Calorimeter signal 
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Calibration before LHC Start Up 

Test Beam: 

Cern electron 

beams. 

 

From 15 GeV 

to 250 GeV. 

(2004-2007) 

Laboratory 

measurements 

during crystal 

qualification 

phase. 

(2000-2006) 

Beam Splash: 

In September 2008 

and November 2009, 

beam was circulated 

in LHC, stopped in 

collimators 150m 

away from CMS  
red = ECAL, green=ES, blue=HCAL  

beam 

Channel 

intercalibration 

with cosmic 

muons (only 

Barrel SMs) 

 

(2006-2007) 

cosmic muons 

A very intense 10 years long pre-calibration campaign. Several orders of  

magnitude in energy: from 1 MeV of Co60 source to 120 GeV electron beam. 
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Calibration @ Start Up 

• Test Beam at Cern (50 GeV) 

         10 Supermodules on electron beam  

   (intercalibration accuracy ~0.3%) 

• Cosmics Calibration (20 MeV) 

    36 SMs (~1.4-2.2%) 

• Light Yield Measurements (LAB Co60 1 MeV) 

    36 SMs (~4.5-6.0%) 

 

Combination strategy: 

Select best calibration available 

Combine when comparable  

precision from two sources  

Problem: delay in crystals delivery, can not expose all ECAL on Test Beam 

Energy scale set at Test Beam  

with electrons of known energy 

Inhomogeneity at the construction: 

11.2% due to xl different Light Yield 

pre-calibration precision of 0.3%-2.2%               

ci 

BARREL 

START UP 
EE 
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Calibration in Situ (use physics) 

Intercalibration precision goal is 0.5%. Main contribution to the constant term 
of energy resolution (all the others minimized!). 

 Several methods to calibrate in-situ: 

• φ-symmetry calibration: invariance around the beam axis of energy flow in    
minimum bias events. Intercalibrate crystals at the same pseudorapidity, 
other methods are needed to intercalibrate regions at different 
pseudorapidity. 

 

 

 

 p0
 and h calibration: mass constraint on photon energy, 

use unconverted g’s reconstructed in 3x3 matrices of crystals.  

 High energy electron from W and Z decays (E/p with single electrons and 
invariant mass with double electrons). High luminosity required. Helpful at 
the startup only for energy scale. Testing also J/ψ. 
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A fully functional Tracker is   assumed. 

Method minimizes difference btw PTK 

and EECAL. 

The main difficulty is the 

Bremsstrahlung in the tracker material 

in front of the ECAL 

Event selection aimed at rejecting 

events with high Bremsstrahlung 

The calibration precision attained 

depends on h.  

5 fb-1 

Calibration studies: Wen 
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p calibration 

DATA MC 

p0 
g 

g 

Pros 

High Statistics 

xl by xl inter-calibration 

Energy scale calibration 

Cons 

Reco of low energy g 

High energy g overlap 

Sizeable  background 

)cos1(2 21 p  EEm

Di-photon invariant mass 

Calibrated photon energy 

p0 mass peak at right position 

Minimum peak spread 



Villa Gualino 10/11-05-2011  M. Diemoz - INFN Roma 29 

Combine available methods 

By combining methods 

the inter calibration 

precision reach 0.5% 

in the region with less 

material in front. 

Of course this precision 

will improve with time 

(collected statistics). 

But remember,  

monitoring the variation  

of the crystal’s response 

is essential! 
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The effect of the resolution 

Hγγ 

Barrel 

Higgs Boson Mass Resolution 
If light, it will take a while… 

Relative Higgs mass resolution  

versus mis-calibration.  

 On paper resolution on g g invariant  mass: 

 CMS 0.7 GeV 
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Spettro massa invariante e+e- 

e+e- widths: 

J/  52 MeV 

    149 MeV 
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Jets 

Contribution from 

• Physics:  

• Parton shower & fragmentation 

• Underlying events 

• Initial State Radiation & Final State 

Radiation 

• Pileup form minimum bias events 

• Detector:  

• Resolution 

• Granularity 

• Clustering:  

• Out of “cone” energy losses 

 

We are not going to measure single hadrons… 

Use physics events to understand jet energy reconstruction: 

g / Z (→ ll) + jet, W → jet jet, ... 
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JETS 
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JETS: USE CALORIMETERS 
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Particle Flow 

Use the best system you have to measure all particles in the event 

Identification and reconstruction of: 

• charged hadrons (~ 65%Ejet) 

• neutral hadrons (~ 20% Ejet)) 

• photons (~ 15% Ejet) 

 

Cluster single particles in Jets 

CMS: 

• high B 

• excellent TK 

• granular ECAL 

Strong improvement 

in JET/MET resolution 
Multijet @ 2.36 TeV 
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PF: combine detectors 

CALORIMETERS IMPROVE 

THEIR PRECISION WITH  

ENERGY ON THE CONTRARY 

OF TRACKING DEVICES. 

TO USE THIS FITURE YOU 

MUST BE ABLE TO ASSOCIATE 

A TRACK TO THE RIGHT  

CLUSTER AND TO 

SEPARATE CLUSTERS OF 

DEPOSITED ENERGY IN A 

DENSE ENVIRONMENT LIKE 

A JET. 
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Particle Flow.vs.CALO JETS 

MC 

MC 

Jet response: 

About 65% of Jet Energy measured 

with tracks. No invisible energy and 

no energy dependent electromagnetic 

fraction in the hadron shower. 

Jet resolution: profits of Tracker 

excellent momentum resolution, 

The benefit is lost for very high 

energy Jets. 
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Particle Flow.vs.CALO JETS 

Measure jet response and jet pt resolution balancing 2jet events or g+jet 
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Equalizzazione dei Jet 

•We can quickly equalize at “ low Et” and then we 

run out of statistics 

•In a few days reach an absolute calibration at ~5% with 
jet – gamma balancing 

•In both cases need MC to extrapolate to high energy 
jets 
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MET: un indicatore di nuova fisica! 

Missing Energy searches only after 

 you have understood the detector 

Measuring Missing Energy is an experimental challenge because 

all “anomalies” in the measured event will contribute to the missing 

energy tail.  

Unfortunately the “experimental” anomalies are more frequent than 

the “physics” anomalies ! 

Sorgenti primarie di MET:  
•Bakground dal fascio  

•Cosmici 

•Problemi nel rivelatore 
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ECAL DEPOSITI ANOMALI 

Deposito energetico diretto nella regione 

di amplificazione dell’APD. Neutroni, protoni… 

Accende 1 solo cristallo, si elimina su base  

topologica 

75 keV in APD  

equivalgono a 

~ 5 GeV di energia 

nel cristallo 
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Missing ET (MET) & Detector 

First step to measure MET: 

understand what is going on in 

your detector! 

Beam background, cosmics, 

various kind of noise some of  

which not really expected. 

CMS 

CLEAN YOUR DATA 
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Missing ET (MET): the performance 

Fit: 45%√Σ ET 

MUCH BETTER THAN WHAT EXPECTED 

CMS 
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Capiamo il rivelatore? 

Produzione di W e Z 



Villa Gualino 10/11-05-2011  M. Diemoz - INFN Roma 45 

Capiamo il rivelatore? 

Z→tt 
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CMS PENSA DI SI! 


