SVT+SSD alignment
  
1. Definitions:

Track parameters:  t = (xv, λ,φ,ξ≡1/pT) = (xv,d)
· xv = (xv,yv,zv) - primary vertex ;

· λ - angle between track and xy-plane (dip) and 

· φ - angle between track projection on xy-plane and x-axis;
· ξ = 1/pT - signed inverse momentum, 
· curvature 1/ρ[cm] = - 2.9979251×10-4 Bz[kG]/pT[GeV/c].
Helix:

· x(s) = xv, + ρ × (cos(φ + s×cos(λ)/ρ) – cos(φ));

· y(s) = yv, + ρ × (sin(φ  + s×cos(λ)/ρ) – sin(φ));

· z(s) = zv, + s×sin(λ);

s – distance in space along the track to the given point x from xv.

Measurement:

         m = (u,v,w≡0) – measurement in local coordinate system;

Prediction:

       p = f(t,a) = f(t0,a0) + H × (t - t0) + A × (a - a0) = 
              f(t0,a0) + V × (x - xv) + D × (d – d0) +  A × (a - a0)

where Jacobians:

H = ∂f/∂t(t0,a0); A = ∂f/∂a(t0,a0); 
V = ∂f/∂xV(t0,a0); D = ∂f/∂d(t0,a0);

Measurement plane (ideal) a0 =(R, t) is defined by translation vector (t) and rotation matrix (R).
         l = R × (r – t),  l and r are local and global coordinates, respectively.
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where d,t and n are drift, transverse and normal direction in SVT and SSD wafer position definitions.

Prediction on ideal plane:

        p = (up,vp,wp≡0) = l = R × (r – t)
Misalignment is defined by Δt and ΔR:
       Δt = (Δu,Δv,Δw);

and
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Corrected prediction:


[image: image3.wmf] q = (uq,vq,wq≡0) =ΔR ×(R × (r – t) - Δt) = ΔR×(px  - Δt), 
[image: image4.wmf]
prediction with accounting of misalignment i.e. a = (ΔR×R, t+ R-1×Δt).
Condition wq  = 0 in straight line approximation
             px = p + h×j;

             ī∙q(h) = ī ∙(ΔR×px  -  ΔR ×Δt) =  ī ∙ ΔR × (p - Δt) +  h×ī ∙(ΔR×j) =  0; 
where: h – step, 
j = (tu,tv,1)/√(1 + tu2 + tv2 ) = (cos(θ), cos(ψ),cos(υ)) - direction cos at ideal measurement plane 
and ī = (0,0,1).
            h = - ī ∙ ΔR × (p - Δt) 
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   ≈ 
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where ‘q’ and ‘p’ correspond to real and ideal predictions.

Derivatives corrected prediction with respect to uncorrected ones:

[image: image22.wmf]  ∂q/∂p = I, i.e. ignore second order effects
Derivatives corrected prediction with respect to alignment parameters:

  l = (Δu,Δv,Δw, Δα, Δβ, Δγ);
  h = (Δβ(up-Δu) + Δα(vp-Δv) + Δw)/(cos(υ)- Δβ×cos(θ)  - Δα× cos(ψ)) ≈ Δw/cos(υ)
  ∂h/∂(Δu) = -Δβ/(cos(υ)- Δβ×cos(θ)  - Δα× cos(ψ)) ≈ 0;

  ∂h/∂(Δv) = -Δα/(cos(υ)- Δβ×cos(θ)  - Δα× cos(ψ)) ≈ 0;

  ∂h/∂(Δw)=    1/(cos(υ)- Δβ×cos(θ)  - Δα× cos(ψ)) ≈ 1/cos(υ);

  ∂h/∂(Δα) = ((vp-Δv)(cos(υ)- Δβ×cos(θ)  - Δα× cos(ψ)) - (Δβ(up-Δu) + Δα(vp-Δv) + Δw)(-cos(ψ)))/(cos(υ)- Δβ×cos(θ)  - Δα× cos(ψ))2≈
                         vp /cos(υ);

  ∂h/∂(Δβ) = ((up-Δu)(cos(υ)- Δβ×cos(θ) - Δα× cos(ψ)) - (Δβ(up-Δu) + Δα(vp-Δv) + Δw)(-cos(θ)))/(cos(υ)- Δβ×cos(θ)  - Δα× cos(ψ))2≈

                         up /cos(υ);

   ∂h/∂(Δγ) = 0;

   ∂h/∂l = (0,0,1,vp /cos(υ), up /cos(υ),0);
    q    ≈ 
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∂(uq)/∂(Δu) = -1 + ∂h/∂(Δu) ×cos(θ) = -1;                             ∂(vq)/∂(Δu) = 0;
∂(uq)/∂(Δv) =  0;                                                                    ∂(vq)/∂(Δv) = -1;
∂(uq)/∂(Δw) = ∂h/∂(Δw) ×cos(θ)  = cos(θ)/cos(υ)  ;                    ∂(vq)/∂(Δw) = ∂h/∂(Δw) ×cos(ψ)  = cos(ψ)/cos(υ) ;                              
∂(uq)/∂(Δα) = ∂h/∂(Δα) ×cos(θ)    = vp ×cos(θ)/cos(υ);          ∂(vq)/∂(Δα) ≈  ∂h/∂(Δα) ×cos(ψ)   = vp cos(ψ)/cos(υ) ;                              
∂(uq)/∂(Δβ) ≈ h×cos(υ)+ ∂h/∂(Δβ)×cos(θ)≈up×cos(θ)/cos(υ);∂(vq)/∂(Δβ) ≈  ∂h/∂(Δβ) ×cos(ψ)   ≈ up cos(ψ)/cos(υ);
∂(uq)/∂(Δγ) ≈  vp  - h×cos(ψ) ≈ vp ;                                        ∂(vq)/∂(Δγ) ≈  -(up -h×cos(θ)) ≈ -up ;
∂(q)/∂l = ∂(uq,vq)/∂l = 
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[image: image26.wmf]
j = (tu,tv,1)/√(1 + tu2 + tv2 ) = (cos(θ), cos(ψ),cos(υ)) 
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Functional:
mij– measurement for j-th hit associated with i-th track in event.

hij = fj(ti,aj) = fj(xi,di,aj) = f j (x0i, d0i,a0j) + Vij× (xi – x0iv) + D ij× (di – d0i) +  A ij× (aj - a0j)
Gij- inverse error matrix

       Φ = χ2 =   (Τ×χ – ψ)+×G×(Τ×χ – ψ)  = 
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 (mij– hij)+ ×Gij× (mij – hij) =

[image: image29.wmf]å

å

i

j

εij+ ×Gij× εij;
ψ  = εij = mij - f j (x0i, d0i,a0j) = εij0 - f j (x0i, d0i,a0j) + Vij× (xi – x0iv) + D ij× (di – d0i) +  A ij× (aj - a0j)
χ = (xi – x0iv, di – d0i, aj - a0j) = (Δxi,Δdi,Δaj);
εij = εij0 – (f j (x0i, d0i,a0j) + Vij× (xi – x0iv) + D ij× (di – d0i) +  A ij× (aj - a0j));

½ ∂ Φ /∂( xi, di, aj) = Τ+×G×Τ×χ  - Τ+×G× ψ = 0; χ = (Τ+×G×Τ)-1 ×Τ+×G× ψ;
½ ∂ Φ /∂( xi, di, aj) = 
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i
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εij+ ×Gij× ∂εij/∂( xi, di, aj) = 0

½ ∂ Φ /∂( xi) = 
[image: image31.wmf]å
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j

εij+ ×Gij× ∂εij/∂( xi);
Condition to stay on measurement plane:
   u’ = u +  







_1194253418.unknown

_1194256978.unknown

_1194439888.unknown

_1194440034.unknown

_1194427662.unknown

_1194439819.unknown

_1194253793.unknown

_1194256607.unknown

_1194253558.unknown

_1193821869.unknown

_1194245806.unknown

_1194245876.unknown

_1194245850.unknown

_1194108430.unknown

_1194110595.unknown

_1194108457.unknown

_1194101461.unknown

_1194104134.unknown

_1194101338.unknown

_1193821492.unknown

_1193821524.unknown

_1193821257.unknown

