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Setting up the stage:

© Motion of electron 1in a uniform magnetic field
o gBy = mv?/R —> p =gBR — p|[GeV]| =0.3 - B[T] - Rlm]
o Getting the momentum from two measurements in the first layer (7,) and the last layer

(74) of the tracker

o Getting the predicted position 1n the exit plane and 1n the last layer
® Depending on the predicted position from the signal, coming up with a new distance
cut (details later).
© The track fit 1s done with the Single Value Decomposition (SVD).
© The mimimum of singular value corresponds to the solution of the linear least square.
o A flat cut on the fit parameter 1n many signal tracks does not perform well.
® (Good for high track multiplicity but bad for low track multiplicity bunch crossing
® Solution 1s to come up with different cuts on the fit parameter for different track
multiplicity.
e Within 5% 1s the relative difference between actual signal tracks and the seed
tracks found from the algorithm — 1rrespective of the signal track multiplicity.
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plGeV] =0.3-B[T] - R[m]

Positions prediction, Using More Realistic Dipole

Trackine

From Noam
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Setup from GEANT4

Circle equation wrt the origin at the centre of the circle defined by the track: X? + Z? = R?

exit
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Tangent equation: Z = m - X 4+ c. The tangent gradient, m, is -1 over the gradient of the radius at the point where the
tangent is defined, i.e.. m = — 1/(AZ/AX) at the point (Z X

exit ? exit)

R2 Want to exploit this
m=—1/(AZIAX) = — (Xoxyg = 0)/ (Zeyiy — 0) = — (\/R2 - L§>/LB =\ 72" W correlation to reduce
B more background
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Putting Z, = Lg+ D, or Zy = Lg+ lpO; A > 2 or Z

it = Lg1n the Xtangent expiession, 1t 1s possible

to get the prediction for the distance x from the beam axis (z = 0), recalling that: x = R — X, ocn

Any point far away from this line is not interesting .
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Tight Tracks and Loose Tracks Scenario Depending on the Hits in the Tracker
Layers

* The seeding algorithm always starts from one hit in layer 4 (outer layer) and
one hit in layer 1 (inner layer).

Representative diagram of the LUXE tracker
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4+Expected number (nExpected) of hits are obtained Loose case

by the projection of line joining 71 and 74 and see how many hits expected in layer 2 and layer 3 given the direction.

If the projection road goes through the inactive material between two chips, then expected hit in that layer is 0.
+Tight case if expected hit equals to obtained hit (nObtained == nExpected)
+Loose case if obtained hit is one less than expected hit (hObtained == nExpected - 1)

4+Any other scenarios are rejected from further processing. .



The First Run with the Updated Algorithm

 Usual Seeding Algorithm cuts (discussed before, in backup)

+ SVD parameter cut

Second fit parameter < 0.1 and Third fit parameter < 0.05
+ distance from the expected analytical line in x;;, ;. - X;;..4 line

The distance d <5 mm
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The Run with the Tighter Cuts on SVD parameters and Distance d (and py )

_ Plot made from FastSim by Noam
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* Usual Seeding Algorithm cuts (discussed before, in backup)
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+Put different cuts on steps!

4+Steps are determined by the crude
estimation of the signal+background
multiplicity from the tracker

4+Crude because no fit cut done to find
out the proper seed multiplicity

4+ A polynomial function fits the number of

seeds without fit with the true signal

tracks.

4+High multiplicity case: > 960 possible

crude seeds

+Medium multiplicity case: 65 < and <= 960
4+Low multiplicity case: < 65

Second SVD
Parameter

Third SVD
Parameter

PY [GeV]
distance d [m]

Way Out: “No One Cut Fits All” (unfortunately)

Number of seeds (w/o fit) vs number of true signal tracks
- 14.2 + 2.67x + -0.012x*2 + 1.19E-04x"3

A crude
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the tracks
available in
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Result with the Hybrid Step Cut

--- Summary ---
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4 Things are better in the low end.

4High end can be optimised even more.

4 The message is clear: playing with different
cuts improves the situation.

4 Sasha’s updated samples now can find actual
sighal tracks on the layers — this will help us
iIdentify more suitable cuts to improve the
situation even more!
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combinatorics. x_Exit and y_Exit at the dipole exit from the best fit line

* Bring us as close as possible to the true-signal tracks

 When we have the proper signal-tagging branch in the trees we will re-derive and optimise the cuts properly.

* Sasha produced them already, need some time to reprocess.

 Some kinematic distribution plots are attached to the agenda page:_Link

 Work with the photon+laser to evaluate the algorithm there as well.
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https://indico.desy.de/event/28340/contributions/94620/attachments/63276/77248/SeedAlgorithm_TrackerPlots_Dec28_2020.pdf




Momentum from 2 measurements: Simple Magnet
Dipole setup

To get R, need to extrapolate the track backwards to the dipole exit plane and
obtain the x,,; coordinate then intercept with the x = O line to find z. ;5 — .

Tracking layers
7 Extrapolation 1s done using 2 points at layer 4 and 1

X...o Lp+b Lg+ b
tanH _ exit _ B s R — h B and
. Z R ’ xeg)(it
+ X tan
tan 6 = s R =h B exit
Aexit Aexit
p(e‘)z LB + xgxit/ h hLB
R=h = — + Xexi
Xexit Xexit
hLg — Yk “uk
RS pseed — 03B . I xexit and p seed — ~/ O, pseed ° pseed
Xexit ek Ik

where p, can be a random number drawn from the truth distribution at the vertex
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z4: 4176.5 [mm], z0: 2748 [mm], zExit: 2562.5 [mm], D4: 1614 [mm]

Numbers

Ldipole

12

From Noam
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The seeding algorithm

« Keep unique set of tracks from first layer and last layer of
tracker.

* Overlap region is removed (by cutting on x value of the
tracks) from
the outer stave of first layer (innermost) and from the
inner stave of
the last layer (outermost).

 Loop over all pairs in layers 4 and 1, now only positron side
(x>0).

* Reject pair of clusters if

* |x1| > [x4| or they have different sign

== |z4]

> 5.4 mm

< 20 mm and |x_exit| > 165 mm

 If not one cluster in the road of 130 um connecting
vector r1 and r4 in both layer 2 and layer 3.

The seed energy is greater than 17.5 GeV or less than
0.5 GeV.

 The seed energy is calculated from the track.

Apply the SVD fit parameter cut and distance cut
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SVD track fitting

® A common application of the singular value decomposition (SVD) i1s 1n fitting
solutions to linear equations.

® Suppose we collect (x;, y;) data, which can be fit to some linear homogeneous
equation ax; + by; — ¢ = 0. If we have our data in a matrix A, and the

coefficients in some vector v, we can write this problem as Av = 0, where

we’d like to figure out what v 1s given A
© We usually have more data than coefficients, in which case we can’t solve this

@ However, we can fit v to A 1n order to minimise the value of Av via SVD

@ Suppose we take the singular value decomposition of A - A = UZV!

® If one of the singular values 1s 0 then we have an exact solution

® If none of the singular values are zero, we have no exact solution

® However, 1t can be shown that the smallest singular value corresponds to the
solution of the linear least squares fitting problem

® Namely, if we want to find the least squares fit to the data, we need to look at
the smallest (usually the last) singular value and read the respective column of

V to get the best fit coefficients (a, b, ¢)

From Noam
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