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2D Materia Modeling for Planar Geometry

¢ SeedTracker uses ay? function for essentialy all decisions

m 2 takesinto account residuals from the helix fit, any pulls required to meet
kinematic constraints (eg p; > xx), and in the future will include any pulls
required to meet geometric constraints (eg track just missed end of strip)

¢ For most tracks, hit resolution is dominated by multiple
scattering errors
= Need to do agood job of modeling multiple scattering errors
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2D Planar Geometry

¢ Detector Model has
1000s of individual
geometry elements

¢ Inefficient to model
material for each
element individually

¢ Group together all
elementsthat are
daughters of a common
compact.xml definition

¢ Mode grouped
elementsasthin
cylinders or disks
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2D Geometry Trouble

¢ Setting up SeedTracker to use planar hitsinstead of virtual
segmentation hits was up and running within ~1 hour of first
attempt
m SeedTracker was designed to be flexible on where hits came from
¢ Cosmin began looking at hit residuals, and saw very large
tails
¢ Problem was traced to errors in material modeling

m Coordinate transformations from local to global coordinate systems was not
being done

= Enormous amount of material lumped in small region

m Tracksthat traversed this region were given enormous multiple scattering
errors, leading to large residuals since outer tracker hits were effectively
ignored
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%D Geometry Trouble - Solved

¢ New geometry system developed by Jeremy and Tim has
hierarchical architecture

¢ Properties of each element are stored in bottom level of
hierarchy (shape, material, local coordinates)

¢ Once at the bottom of the hierarchy, no methods exist to

transform your local coordinates back to global coordinates
= Not aproblem for DetectorElements, which provide these methods

= However, we want to pick up all dead material, not just the DetectorElements
¢ Need to construct a*“path” as you work your way down from
the top of the hierarchy to the bottom

m Given such apath, you can get the local to global transform

m Cosmin finally got this working yesterday after 2-3 weeks working with Tim
and RP to understand geometry system

¢ Thiswas much too hard to make work correctly!!
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2D Forward Tracking

¢ Forward tracking differs from barrel tracking in two
fundamental ways

m Stereo sensor pairsin the forward region
m Measurements coordinates are effectively r*¢ and r, not r*¢ and z

¢ Handling stereo hits ended up being fairly complicated

¢ Change in measurement coordinate was fairly straight-
forward
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D Stereo Hits

¢ Tracker endcap stereo layers are separated by 4 mm in SIDO1

m Thisdistanceis nearly 3 orders of magnitude greater than the ~7 um intrinsic
resolution for a strip sensor

¢ Unlessthetrack istraveling normal to the sensor planes, the

X-y hit position will be different in the two stereo sensors

m Hitsformed from a stereo pair will in general end up in the wrong place
unless you account for the direction of the track

m ~1 mrad resolution on track direction needed before hit resolution is dominant

¢ Conundrum for tracking in the forward direction:

m Can't fit the helix without knowing the hit positions
m Can’'t determine the hit positions without knowing the helix
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3D |terative Solution

¢ A track seed’'sfirst fit is used to estimate helix so multiple
scattering errors can be calculated

m For thisfirst fit, calculate stereo hit positions assuming the track is from the
origin, with large hit position due to uncertainties in the track direction

¢ Thetrack seed isimmediately re-fit including multiple
scattering errors

m Usetrack direction and helix errors to generate a corrected position and
covariance matrix for each stereo hit

¢ Additional fits are performed as hits are added to the track
seed, further reducing uncertainties in the track direction
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<D Stereo Hit Coordinates

¢ Let sensor coordinates be given by u, v, and w
® U isthe measurement coordinate
m Vv isthe coordinate along the strip direction
= W isthe coordinate normal to the sensor surface

¢ Take sensor origin to be the point in the sensor plane (w=0)
where u=v=w=0
¢ Hit positionsin the stereo layer pair are then given by
r =0, +u,l, +Vv,V,

r,=0,+u,U,+ V.V,

¢ The stereo hit coordinate is obtained by taking the midpoint
between the hit positions in the two layers
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<P Straight-Line Track from Origin

¢ For thefirst fit, we assume we have a straight-line track from
the origin in calculating stereo hit posiitons

L=y

O, +u,u, +v,v, =70, + yuu, + VvV,

¢ 3 linear equations in 3 unknowns (7, V,, and yv,)
m Solvable, but algebraically messy
= Don't even want to think about error matrix...
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2D Straight-Line Track from Origin |1

¢ Problem s mpI Ifies cons derably If we assume sensors are
paralel U, xV, =U,xV, =W

¢ Can now solvefor v, vy, V,, and hit position

—

,_ G, e
O, W
V. = (02 T UU, — 7/01_ 7/U1U1)0U2
1 YV, e U,
O, +u,0,— 70, - yu,i,) el .
v, = Oz Uty =70, = yUith) e Uy 0,00 =—0, o0,

Ve U,

r:(l‘l'?/) O +uu +(O +UU 7101’\_7/”1”1)'“2\71
yVieu,

Richand Partridge i



)

2 Track with Known Direction

¢ Second fit uses track direction from first fit to estimate stereo
hit positions
¢ Assume momentum vector is constant between sensor planes
L=n+7p
O, +ul, +v,9, =0, +u,i, +V,V, + ¥ P
¢ Can solve for unmeasured coordinates and hit position
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<D Hit Position Uncertainty

¢ For first fit, use previous equations with uncertainty:

o(pel)=2/12
¢ For fitswheretrack direction is known, there are two
components to the hit uncertainty:

= Uncertainties in measured coordinates u, and u,
m Uncertainty in track direction
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-§D* Hit Position Uncertainty 1

¢ Coordinater given by

F201+U101+(02+U2U -0, —
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¢ Measured coordinate contributions;
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2D Hit Position Uncertainty |11

¢ Direction Derivatives:
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D Hit Position Uncertainty 1V

¢ Hdix derivatives:

Hia: ap
T oX

o
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2D Hit Position Uncertainty V
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%D+ Hit Position Uncertainty VI

¢ Put it all together to form the covariance matrix for the hit

m Let D bethe 3x3 matrix containing the direction derivatives
m Let H bethe 3x5 matrix containing the helix derivatives
m Let Cy bethe covariance matrix for the helix parameters (o, dy, ¢y, Z,, tani)

¢ The covariance matrix for the hit position is then given by:

Cov:<5F5FT>

1 25 0T 2. 50T TRT
= (Gulvzv2 +0, ViV, )+ DHC,H D
(Vl'uz)
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22" Impact of Stereo Hits on Hit Infrastructure

¢ Thisrequired some replumbing of the hit infrastructure used
by SeedTracker
m Added strip class to encapsulate strip information for stereo hits
=  Added public methods to retrieve corrected hit position and covariance matrix
m Incorporated methods in stereo hit class to set helix direction and uncertainties
used in calculating the corrected hit position and covariance matrix
¢ TrackerHit classis now rather over-loaded with
functionality...

¢ Persistance of thisinformation may be an issue in the
future...
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<P Helix Hit Issues for Forward Tracking

¢ Only major issues is handling measurement coordinates
¢ For forward disks, we measurer*¢ and r, not r*¢ and z

¢ Hedlix fitter assumes we arefitting z vs s (sis the x-y path
length of the track
2=2,+Stan 4
¢ Tothe extent that r* ¢ measures the bend coordinate, the

orthogonal coordinate r measures the non-bend coordinate

m Inthisapproximation, take or = ds
m Thisisn't exactly true because atrack that has curved is not perfectly radial
m Not clear if thisisimportant — ignored for barrel as well

¢ Usean effective error in z for the s-z fit:

0z = or tan A
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" First Results
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