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ResultsIntroduction
The Compact Muon Solenoid is a general purpose proton‐proton  Two main steps in commissioning the Drift Tube calibration procedures:
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detector designed to run at the Large Hadron Collider.
Two main steps in commissioning the Drift Tube calibration procedures:
Proof‐of‐principle with Simulation Data: 2008 Computing Software and

point of the fit to the rising edge of the 
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approximate constant value of 54.3 μm/nsec 
is observedMean value of rising edge of the Time Box:The Drift Tube System in CMS is a tracking detector is observed. 
Fluctuation are originating from:

Mean value of rising edge of the Time Box:
‐ Time Of Flight from the interaction point

The Drift Tube System in CMS is a tracking detector.
The experimental signal: Fluctuation are originating from: 

‐ vertical Super‐Layers 
Time Of  Flight from the interaction point 
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‐ An average value ~ 507 nsec is shown, Drift Time of the electrons which migrate to the anode wire
‐ uncertainties in the arrival time of cosmicsconsistent to the input time pedestal Measure of  time‐space relationship

The precise knowledge of the Drift Time and of the Drift Velocity ‐ Cell non linearityadded to the drift time at simulation levelThe precise knowledge of the Drift Time and of the Drift Velocity 
requires an accurate calibration of the DT System

‐ Fluctuation due to time of propagation 
f th i l l th i ( 2 )requires an accurate calibration of the DT System. 
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The goal of the Calibration procedure is to determine:
Two main sources of Drift Tubes non linearity:

Angle of tracks
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The slope of the rising edge distribution has resulted to be  on average  ~3 nsec

‐ Time Pedestal from the TDC measurement ‐> Drift Time
Two main sources of Drift Tubes non linearity: Magnetic field
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Applying the formula the resulting Time Pedestal value is closed to the one used at Time Pedestal from the TDC measurement   Drift Time
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The time measured by TDC contains the Drift Time + other contributions: CThe time measured by TDC contains the Drift Time  + other contributions:

tTDC = t0pulses + t.o.f. + tprop + toffset + tdrifttTDC  t0  t.o.f.   tprop  toffset  tdrift

Time Pedestal definitiont = t – k×σ(t )
Drift Velocity calculated with the Mean Distribution of the standard

Time Pedestal definition 
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ttrig = tmean – k×σ(tmean)

tTDC TDC measurement
Drift Velocity calculated with the Mean 
Timer technique
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D Cosmics have random arrival time while 
CMS trigger designed for bunchedThe Method: time pedestal (ttrig)
CMS trigger designed for bunched 
muons (40 MHz) with fixed t.o.f.→Magnet field residual perpendicular to

The Method:
Th i i d i fi d i h h i l f G i muons (40 MHz) with fixed t.o.f. →  

additional smearing of (25/√12) ns ≈ 
Magnet field residual perpendicular  to 
wire is present in some of the Drift Tube

The rising edge  is fitted with the integral of a Gaussian to measure  g ( / )
400 μm

wire is present in some of the Drift Tube 
chambersthe pedestal of the drift time.

The Time Pedestal is related to the inflexion point of the rising edgeThe Time Pedestal is related to the inflexion point of the rising edge 
through a k factor that is tuned by requiring the minimization Th l lifthrough  a k factor that is tuned by requiring the minimization 
f id l th t t d hit iti The distribution of the σ of the residuals for the triggering sectors

The real life: 
of residuals on the reconstructed hit position. The distribution of the σ of the residuals for the triggering sectors  

i i di ti f th l ti bt i d t th ttCosmic Run At Four Tesla (CRAFT) is an indication of the resolution obtained at the pattern The Time Pedestal Calibration is computed with Super Layer granularity Cosmic Run At Four Tesla (CRAFT)
recognition level which shows a value of 550 μm. 

The Time Pedestal Calibration is computed with Super Layer granularity

t t pulses + t o f + t + t + t A straight line fit leaving as additional free parameters the
Drift Tube Calibration with Real Data:

tTDC = t0pulses + t.o.f. + tprop + toffset + tdrift
A straight line fit leaving as additional free parameters the 
drift velocity and the time of passage of the muon providesTime Pedestal depends on the Drift Velocity used in reconstruction ‐ Interchannel Synchronization ttrig = tmean – k×σ(tmean)
drift velocity and the time of passage of the muon provides 
th t d h b l ti f ~200

Time Pedestal depends on the Drift Velocity used in reconstruction.
‐ Noise Calibration the expected chamber resolution of ~200 μm.  Hardware 
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Drift Velocity depends on:    gas purity, temperature, pressure

‐ Time Pedestal Calibration
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‐ Drift Velocity Calibration

Effective Drift Velocity influenced by impact angle and magnetic field.
The fit provides also a Interchannel Synchronization

Effective Drift Velocity influenced by impact angle and  magnetic field.
Two possible algorithm: parameterized Drift Velocity

better refined linear 
Interchannel SynchronizationTwo possible algorithm:    ‐ parameterized Drift Velocity

linear constant Drift Velocity choosing
• Inter‐channel synchronization is the signal path length to the readout constant value of the 
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Resolution = √2/3 Vdrift * <σTMax> Q
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The trend of the graphs shows stepping functions which reproduce the distance of the FE 
boards in each chamber from its centrePrompt Calibration Work Flow boards in each chamber from its centre.
Maximum Interchannel sync correction ~10 nsec

Prompt Calibration Work Flow
ConclusionMaximum Interchannel sync. correction   10 nsec.Requirements: robust, automated, short latency procedure Conclusion
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The underlying picture shows the global reconstruction of a muon cosmic trackThe Calibration constants
Alignment & 
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Noise Calibration The underlying picture shows the global reconstruction of a muon cosmic track 
during CRAFT data taking which crosses two opposite sectors in the

The Calibration constants 
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during CRAFT  data taking which crosses two opposite sectors in the 
CMS central wheel This is the best evidence that the Drift Tubes

are computed at the 
CERN Analysis Facility
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Physics DQM
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w Very low number of noisy cells ≈ 20 in the whole DT system ‐ < 1‰
CMS central wheel. This is the best evidence that the Drift Tubes 
System Calibration is fully commissioned
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The Constants are Validated at CAF and transferred to the experiment Online DB (Oracle 
B k d P l ORA hi h S HLT t i ORCON) d t d t th ffli DB
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(Oracle Back end Pool ORA Serves offline reco at Tier0 ORCOFF) Noise in the Drift Tube System
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(Oracle Back‐end Pool‐ORA Serves offline reco at Tier0 ‐ ORCOFF) . Noise in the Drift Tube System 
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set up10‐20 % of total bandwidth are used as calibration data input ‐Stable for all data taking period
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CMS Drift Tube System is well prepared for the calibration challenges for the

10 20 % of total bandwidth are used as calibration data input. 
A Data reduction processed by the Central CMS Computing Facility (Tier0) skims the event  ‐ Not influenced by B field, and by 

CMS Drift Tube System is well prepared for the calibration challenges for the 
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content (Alignment and Calibration Streams ‐ AlCaReco) e.g. for Muon Calibration the  the presence of other detectors
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Muon Digitations product are saved.  ‐ concentrated in more internal 
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