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Compact Muon Solenoid 
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Outline 

ÅCMS @ LHC: motivazioni generali 

ÅI sistemi traccianti 

ÅI calorimetri 

ÅIl commissioning e le performances 
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Standard Model Dopo LEP 

Total Luminosity : 1000  pb- 1 

20 Million Zõs 

40,000 W +W -  

A few Higgses?  

Precision:  0.1 % 

Energy: 88  ­  209.2  GeV 

1989-2000 LEP Run 

1989-- >2000 

Courtesy of G. Rolandi 
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INPUT 

Global Fit allo SM 

Mean: 0.22 ° 0.28  
Sigma: 1.1 ° 0.4 

Internal Consistency of the Standard Model?  

Largest discrepancy (-2.9s) well inside  
statistical expectation;  

c2 probability = 8%.   Just fine.  

Pull distribution = Normal Gaussian?  
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La misura indiretta della massa del top 

mtop prediction from EW fit verified, 

has been an impressive result! 
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Higgs dietro lôangolo? 

SM Global Fit (misure di 

precisione LEP, Tevatron, 

e altri esperimenti): 

mH < 193 GeV (95% CL)   

Il Modello Standard gode di ottima salute: 

  mH  (GeV) 

Limite diretto LEP: 

mH > 114.4 GeV (95% CL) 

MANCA UN PEZZO CRUCIALE! 
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Misura di Mtop & Mw 
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Misure precise da LEP200 & Tevatron 



Villa Gualino 10/11-05-2011  M. Diemoz - INFN Roma 8 

Misura di Mtop & Mw 
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Correzioni radiative & SUSY 

2005 
LEP2/Tevatron prel. 2008 

Additional quantum corrections from SUSY partners 
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LHC: new energy fronteer 

1011 

LHC alla caccia di segnali rari! 

Å A spanne:              

un fattore 2 in s equivale ad     

un fattore ~10 in luminosità 

 

Å Energia limitata dal raggio 

dellôanello esistente 

 

Å LHC deve operare ad alta 

luminosità: 

luminosità finale di 

disegno: 1034 cm-2s-1 

 

ÅAlta frequenza eventi 

ÅGrande fondo QCD 

 



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

La luminosità 

Å La sezione dôurto dei processi interessanti (Higgs) sono 

  assai piccole (~pb = 10-36 cm2) 

Å Se si vuole osservare un numero ragionevole di eventi in  

  un anno (1y=107 s) assumendo una qualche efficienza di  

  rivelazione (e =10%) 
 

Maé 

Jet 

Jet 
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LHC ¯ una ñfabbricaò! 

Frequenza di produzione di eventi a luminosità 1034 cm-2s-1 
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LHC @ CERN 

p p H 

µ + 

µ - 

µ + 

µ - 

Z 

Z 

Beam crossing 10 7 Hz 

Proton collisions 10 9 Hz 

Parton collisions  

New particle production 0.1 Hz  
Higgs, SUSY ...  

7x1012 eV   beam energy 

1034cm-2s-1 luminosity 

2835           bunch/beam 

1011             protons/bunch 

7.5 m (25 ns)  

Measurement of: 

mass 

charge 

spin 

production cross section 

decay modes 

 ñgeneral-purposeò experiments covering 

 as much of the solid angle as possible  

Nev = sevñL 

1236 

Magnetic Field  

p (TeV) = 0.3 B(T) R(km) 

For p= 7 TeV, R= 4.3 km 

a B = 8.4 T         



Villa Gualino 10/11-05-2011  M. Diemoz - INFN Roma 14 

Gli Esperimenti ñGeneralistiò a LHC 

ATLAS A Toroidal LHC ApparatuS (general purpose) 

CMS Compact Muon Solenoid (general purpose) 
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Max Machine Luminosity 1034 cm-2 s-2 

sinel = 100 mb     ­   109 events/s 

 shiggs = 1 pb         ­   10-2 events/s 

1 crossing/25ns 
20 events/crossing ­ 1000 tracks 

Neutrons: up to 1017 n/cm2 

Gammas: up to 107 Gy * in 10 years 

ÅGranularity (105 ·107 channels) 

ÅSpeed of response (25-50 ns) 

ÅDAQ + trigger (109 ­102 ev/s) 

ÅHigh radiation resistance 

LHC EXPERIMENTAL CONDITIONS 

Life is not so easy! 

Unprecedented conditions for detectors 

(* 1 Gy = 1 Joule/Kg) 
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La particella guida: Bosone di Higgs 

 

Gli stati finali completamente adronici 

dominano ma sono inutilizzabili a 

causa del fondo di QCD. 

 

Cercare stati finali con leptoni e fotoni 

isolati (nonostante statisticamente 

sfavoriti) 
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Regioni di massa 
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Richieste sul rivelatore  

ÅBuona risoluzione elettromagnetica (|h|<2.5) 
ü< 1% sulla massa invariante di 2 elettroni a 100 GeV/c2 

üRicostruzione del vertice primario e/o misura direzione g 

üReiezione di p0 

ÅBuona identificazione e risoluzione per mu (|h|<2.5) 
ü< 1% sulla massa invariante di 2 muoni a 100 GeV/c2 

üRiconoscimento della carica fino a >1 TeV/c 

ÅBuona risoluzione in eneria mancante ET
miss e massa 

invariante di sistemi a due jet 
üCalorimetria adronica estesa fino a |h|~5  

üSegmentazione laterale Dh x Df  < 0.1 x 0.1 

ÅBuona capacità di tracciatura nel rivelatore centrale 
üB e t tagging (rivelatori a pixel)  
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Collisioni pp at 14 TeV at 1034 cm-2s-1 

H­ 4 muons: 

the cleanest (ñgoldenò) 

signature 

 

Reconstructed tracks 
with pt > 25 GeV

20 min bias events 

overlap + 

     H­ZZ  

             Z ­mm 
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5 floors building 40 

at CERN  

ATLAS & CMS:  

multipurpose detectors, same physics goals, different detection philosophy. 

(ATLAS is the big one!) 
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Compact Muon Solenoid 

4T solenoid, muon 

chambers in return  

yoke. Good muon 

momentum measurement 

needs central tracker 



Villa Gualino 10/11-05-2011  M. Diemoz - INFN Roma 22 

La Misura Chiave 

ÅTHE issue: measure momenta of charged particles (e.g. 

muons); so which measurement ñarchitectureò? 

ÅBasic goal: measure 1 TeV muons with 10% resolution 

ÅReminder: in a constant magnetic field B over trajectory 

length L,  for N measurement points and spatial resolution 

s per point 
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Choice of magnet : CMS 
CMS: SC Solenoid (azimuthal angle bending)             

B=4T over 1.2m + 2T over 3m :        Needs s=100mm 

  ̧I=20kA(SuperConducting), 2.4GJ 

 ̧Challenges: 4-layer winding to carry 

enough I, design of reinforced superC 

cable 

 

J Uses 20mm beam spot redundancy 

J Only one magnet 

K Solenoid Ÿ measures  Pt  

(and becomes worse in P as  

polar angle increases) 

K Iron core Ÿ dominated by multiple 

scattering; but excellent when  

combined with inner tracker CMS Calorimetry 

INSIDE SOLENOID 



Villa Gualino 10/11-05-2011  M. Diemoz - INFN Roma 24 

Il magnete di CMS 

4 layers: NbTi 

Insert Pure Al 

EB welds 

Sc cable 
AL alloy AL alloy 
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CMS ï MAGNET SYSTEM 
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Solenoid composed by 5 modules 

(CB-2, CB-1, CB0, CB+1, CB+2) 
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Return Yoke 

11 elements: 

      5 wheels 

      3+3 endcaps disks 

 

70 alignmentôs points with 

origin in the center of the coil 
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Detectors for CMS 

The choice of the magnet influences the rest  

of detector design, in particular CMS (should 

be compacté) made a challenging choice on  

electromagnetic calorimetry and tracking. 
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Densità di Tracce 

Densità di tracce per unità di rapidità a distanza r dal vertice a  h =0 : 

~ 30 / r2 

L=1034 cm-2 s-2 
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Sistemi per Muoni 

The muon chambers are installed at r > 4 m and are shielded by the 

calorimeters. Here the pileup is not an issue and the constraint on the 

response time is relaxed. Gas detectors can be used to cover the 

large surfaces needed for muon detection. 

While these detectors integrates many bunch crossings they must be 

capable to identify the bunch crossing of each particle that they track. 
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Sistemi per Muoni 

CMS identifica e traccia i muoni nel ferro di ritorno del campo magnetico  

di 4 Tesla. Questo fornisce una prima misura della sagitta che viene poi 

rifinita usando lôassociazione della misura della traiettoria nel sistema  

tracciante interno. 
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Muon Tracking Systems 

250 camere DTs     

468 camere CSCs   

912 camere RPCs 

triggering 
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Camere DT  

Risoluzione spaziale:  

Singola cella ~ 200 mm 

Camera ~ 100 mm 

Mylar  

Electrode 

Strip  

Wire 

42mm 

13 mm 

Super 

Cell 
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Risoluzione in momento 
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Risoluzione in funzione di h 
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RPC SYSTEM 
Gas mixture 

95.5 C2H2F4  

3.5 iC4H10  

0.3 SF6  

+ RH 50%  

Main Unit of a RPC:  

Single Gap (SG) 

Two SG coupled with  

readout plane in between 

ÅBakelite thickness: 2 mm 

ÅBakelite bulk resistivity : 

 2-6 1010 Wcm 

Å Gas Gap width: 2 mm 

ÅOperating voltage: 9.2-9.8 kV 

Main characteristics of the RPCs  

used in CMS: 
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RPC SYSTEM 

Efficiency > 95 % 

Time resolution < 3 ns 

Cluster size < 2 strips 

Å muon identification 

Å muon transverse momentum assignment  

Å very good timing  (25 ns / bunch crossing) 

Ą Bunch crossing assignment  

Å low sensitivity to  neutron and gamma 

Ąirradiation (up to 1 Gy) 

Å expected maximum hit rate: ~100 Hz/cm2  

Chamber Requirements 

Efficiency 


