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 Inputs for Fast Simulation

// Vertexing 3 layers Material Budget = 0.05%

double si_vtx_r_pos[] = {3.3,4.35,5.4};

double si_z_vtxlength[] = {28, 28, 28};

double si_thick_vtx = 0.05/100.*9.37;

// Barrel Material Budget 0.55 %

double si_r_pos[] = {13.34, 17.96};

double si_z_length[] = {34.34, 46.68};

double si_thick_bar = 0.55/100.*9.37;

// Micromegas: Material Budget 0.4 %

double BMT_r[4] = {47.72, 49.57, 75.61, 77.46};

σr ϕ=σz=10. /√(12)μm

σr ϕ=σz=10. /√(12)μm

σr ϕ=σz=150μm

https://github.com/alisw/AliRoot/tree/master/ITSMFT/ITS/FT1

Original code 

Baseline-2.0

B: Barrel, 
P: Positive, 
N: Negative

Conceptual Design Report for the Upgrade of the ALICE ITS (Pages 53-58)

https://cds.cern.ch/record/1431539/files/LHCC-G-159.pdf

https://github.com/alisw/AliRoot/tree/master/ITSMFT/ITS/FT1
https://cds.cern.ch/record/1431539/files/LHCC-G-159.pdf
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 Inputs for Fast Simulation
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Fast-Simulation Code Details

➢ The code works for Barrel layers where track model is implemented

➢ Main Idea is to start the track with collision vertex and angle theta (eta), propagate to the Radius 
correspond to the transverse momentum 

➢ Start back propagation with an extrapolation to each layer and updating the measurement in covariance 
matrix due to detector spatial resolution and multiple scattering effect (Kalman filter) see more detail in back 
up

➢ Finally propagate the track to the vertex and evaluate the DCA, Momentum, pT resolution

➢ I tried this code for Baseline2 tracker performance and with adding an extra TOF layer also some other 
studies in back up

➢ We can also add TPC but need to configure 

several parameters, so it can be very useful for a quick check
From wiki
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p
T
 Resolution

 Fun4All Points (All Markers),  Blue dotted line (DD4HEP), Magenta (Fast Simulation-dotted lines)
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Momentum Resolution

Assuming 1/p
t
 and Tanƛ uncorrelated (slide 13)

 Fun4All Points (All Markers),  Blue dotted line (DD4HEP), Magenta (Fast Simulation-dotted lines)
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Transverse Pointing Resolution vs p
T

 Fun4All Points (All Markers),  Blue dotted line (DD4HEP), Magenta (Fast Simulation-dotted lines)
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Transverse Pointing Resolution vs Momentum

Fun4All Points (All Markers),  Magenta (Fast Simulation-dotted lines)
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Longitudinal Pointing Resolution vs p
T

Fun4All Points (All Markers),  Magenta (Fast Simulation-dotted lines)
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Baseline2+BTOF

Track with Hit PointspTmin=0.3∗3∗0.027=0.0243GeV /c

TOF Layer detail:

Radius = 52.5 cm, 

Material Budget= 1%

σr ϕ=15μm

σ z=2.8/√(12)cm
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Baseline2+Barrel ToF Layer
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Baseline2+Barrel ToF Layer
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Transverse Pointing Resolution vs p
T
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Transverse Pointing Resolution vs Momentum
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DD4HEP 

➢ Previously, I presented simulation study using Fun4All

➢ Since we are using DD4HEP therefore, I started learning about the framework

➢ Installed the software and started looking at the examples

➢ Finally produced a material budget plot using material scan on the next slide

➢ Still learning and getting more familiar with it 
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Material Map using DD4HEP

Thanks Shuji 
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Summary

➢ Compared Fun4All, Fast-Simulation, DD4HEP results in the Barrel region.

➢ Study of Baseline2 Tracker+ Barrel Time of flight using fast simulation code.

➢ Started working and getting experience with DD4HEP with running example of material scan.

➢ Additional training sessions and guidance from the software working group will be very helpful to contribute 
in the future developments for tracking in the central framework. 

Thank You !!!
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First Layer at different Positions from Vertex



22/02/22 Baseline 2 Tracker Simulation 19

First Layer at different Positions from Vertex
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First Layer at different Positions from Vertex
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First Layer at different Positions from Vertex
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First Layer with Different Material Budget (r
0 
= 3.3 cm fixed)
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First Layer with Different Material Budget (r
0 
= 3.3 cm fixed)
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First Layer with Different Material Budget (r
0 
= 3.3 cm fixed)
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First Layer with Different Material Budget (r
0 
= 3.3 cm fixed)
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DCA Evaluation

https://desy.de/~fedorch/L3_helix.pdf

p
T

)

π /2−ϕ0

sin ϕ0=
−(x0−xr)

δ

cosϕ0=
( y0− yr )

δ

Signed DCA = δ

ϕ0=tan−1(
p y
px )

Reference point (primary vertex in our 
case), DCA point (x

0
,y

0
) and (x

c
,y

c
) are not 

in straight line

(x0−xr)×(−sinϕ0)=−δsin ϕ0×(−sin ϕ0)

( y0− y r)×(cosϕ0)=δcos ϕ0×(cosϕ0)

δ=−(x0−xr)(sin ϕ0)+( y0− yr)(cosϕ0)

δ=−x0(sin ϕ0)+ y0(cos ϕ0)

 (x
r
,y

r
) = (0,0) Primary Vertex

In ALICE local y is rotated by α (=φ
0
) w.r.t Global 

hence local y is simply the DCA
xy

 

y l=−xg sinα+ ygcosα=−xg sinϕ0+ yg cosϕ0

https://desy.de/~fedorch/L3_helix.pdf
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Material Budget

VAC_BE_PIPE0

BE_PIPE1

If we see blank plot: check z-position in GeoManager
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Material Budget

AU_BE_PIPE2

support_pos

X
X0

=
0.2cm

8.87889cm
=0.0225
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Material Budget

Vertex

Barrel
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η
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X 0

)
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Taking care of η dependence
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Micromegas Material Budget

Micromegas
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TestDetectorup.C

void DetectorK::SolveViaBilloir(Int_t flagD0,Int_t print, Bool_t allPt, Double_t meanPt, char* detLayer) 

static AliExternalTrackParam probTr; // track to propagate

probTr.Print(); // Print at each 
propoagation

enum {kY,kZ,kSnp,kTgl,kPtI}; // track parameter aliases (5 because one fixed by position)

enum {kY2,kYZ,kZ2,kYSnp,kZSnp,kSnp2,kYTgl,kZTgl,kSnpTgl,kTgl2,kYPtI,kZPtI,kSnpPtI,kTglPtI,kPtI2}; // cov.matrix

p
T

R

z

)

λ

Y

X

p
T

) φ

Covariance matrix = 5X5 matrix; 5(5+1)/2 = 15 independent entries

Track Parameters (Local): ( y , z ,sin ϕ , tan λ , q / pT)

Local coordinates rotated by alpha with respect to Global coordinates

trPars[kY] = 0; // start from Y = 0

trPars[kZ] = 0; // Z = 0 

trPars[kSnp] = 0; // track along X axis at the vertex

trPars[kTgl] = tgl; // dip (for eta dependence)

trPars[kPtI] = charge/pt; // q/pt 

double *trPars = (double*)probTr.GetParameter(); // Reset to 0
double *trCov = (double*)probTr.GetCovariance(); // Reset to 0

// put tiny errors to propagate to the some larger than outer radius

trCov[kY2] = trCov[kZ2] = trCov[kSnp2] = trCov[kTgl2] = trCov[kPtI2] = 1e-9;
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Global to Local Coordinates (ALICE)

X
g

Y
g

) α

X
l

Y
lIn ALICE: Local coordinate system rotated by α w.r.t Global 

coordinate system (see figure) 

* external param0: local Y-coordinate of a track (cm) *

* external param1: local Z-coordinate of a track (cm) *

* external param2: local sine of the track momentum azimuthal angle *

* external param3: tangent of the track momentum dip angle *

* external param4: 1/pt (1/(GeV/c)) 

f
X
: local x

On cylinderical surface:

f x
2
+ y2

=R2

Bool_t AliExternalTrackParam::GetXYZ(Double_t *r) const {

// This function returns the global track position

r[0]=fX; r[1]=fP[0]; r[2]=fP[1]; // local coordinates

return Local2GlobalPosition(r,fAlpha);

}

AliExternalTrackParam.cxx lines: 1944-1950

Bool_t AliVParticle::Local2GlobalPosition(Double_t r[3], Double_t alpha) const {

//This function performs local->global transformation of the track position.

// When called, the arguments are:  r[0] = local x,  r[1] = local y,  r[2] = local z, alpha - rotation angle. 

// The result is returned as:  r[0] = global x,  r[1] = global y,  r[2] = global z

Double_t cs=TMath::Cos(alpha), sn=TMath::Sin(alpha), x=r[0];

r[0]=x*cs - r[1]*sn; r[1]=x*sn + r[1]*cs; // From the above matrix

return kTRUE;

}

AliVParticle.cxx 65-85

(
X g
Y g)=⟨cosα

sin α

−sinα

cosα ⟩(
X l
Y l)

https://twiki.cern.ch/twiki/bin/viewauth/ALICE/AliDPGtoolsTrackProperties

https://twiki.cern.ch/twiki/bin/viewauth/ALICE/AliDPGtoolsTrackProperties
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TestDetectorup.C

Initial Parameter

Parameter at larger than last layer

if (!PropagateToR(&probTr,last->radius + kTrackingMargin,bGauss,1)) continue;

Reset Large errors on diagonal
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TestDetectorup.C

Propagate the track to last layer MM4

Upate measurement with Rphi Resol 
and Z-resolution 

MS Correction on Covariance 
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TestDetectorup.C

Propagate the track to last layer MM3 
(Extrapolation)

Upate measurement with Rphi Resol 
and Z-resolution 

MS Correction on Covariance 

Propagate the track to last layer MM2 
(Extrapolation)

Upate measurement with Rphi Resol 
and Z-resolution 

MS Correction on Covariance 
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TestDetectorup.C
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TestDetectorup.C
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TestDetectorup.C
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TestDetectorup.C

σdcaRϕ

2

σdcaZ
2

σdcaRϕ

σdcaZ

σ pT / pT

σ1 / pt

(1 / pt)
=

1 / pt
2
∗σ pt

(1/ pt )
=

σ pt

pt

P=
√(1+ tan λ

2
)

(1 / pt)

Momentum Resolution is evaluated by standard error 
propagation
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Geometry Details (B-2.0)

https://wiki.bnl.gov/athena/index.php/Tracking

https://wiki.bnl.gov/athena/index.php/Tracking
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Forward Tracker (P-2.0)
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Backward Tracker (N-2.0)
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