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The Mu3e Experiment

3 aims to observe the charged lepton flavor
violating (cLFV) decay u'—e‘ee” with an
ultimate sensitivity of 1 in 101® y decays [1]

3 utilizes a highly granular (o(x)~25um) and
ultra light pixel detector (0.1% Xo/ layer) re-
quiring accurate alignment of all components
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Pixel layers

The General Triplet Track Fitis a new
method for track based alignment,
by fitting track and alignment
parameters simultane-
ously while including

MS and hit un-
certainties

2025 Data

3 108 pixels were installed (2 layers
with 8 and 10 ladders respectively)

3 in total 30 sensors had mechanical damage or
were lost before/during operation

3 additionally, some of the sensors showed inefficiencies
and missing links
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3 1 week of stable data taking

Misalignment

Main sources of misalignment in the Mu3e detector:

3 limited construction precision : afgif’f ~ 100 um [2]
‘ 2 effects of thermal expansion  : 2" ~ 100 um [2]
e-l-
3 rotations (a,B,y) and translations (u,v,w)

a deformations, e.g. stretching, torsion and bowing
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Alignment Strategies
@ Mechanical alignment
3 performed during ladder assembly
@ Optical alignment
3 uses high resolution metrology data (post construction)

(3) Track based alignment

3 uses tracks from Michel positrons (U™ — e'vevy)
3 fits the track and alignment parameters through
minimization of a y? function

High resolution image of the sensor
positioning on an assembled ladder

General Triplet Track Fit

The General Triplet Track Fit (GTTF) [3] is a fully analytical track fit based on hit triplets and divided
into three steps: the Triplet Parametrization, an optional Triplet Fit and the Global Triplet Track Fit.
The momentum p (o< %/k) is obtained by minimizing the residuals ¢ and the MS angles AY = (A®, AD)

LE—1 §|E|_ T, ’§|12|_\213k+1 LE—1 Lk L+1
e ————— PR ===
X X B x 5%/ \%;"‘:‘:\- X

F R ? | | | |
s S 0 B Rt . & MS uncertainties | Hit uncertainties
A B . £ nseat =1 AQ2 . (p, &) AD2 . (p, )| i
TEaig L 4 X = 5 5 + Z 0L V5 Ok
3 1=0 @MS,] (I)MS,j k=0
| . - S 2
(NEFFLCLENCIES The non-iterative and modular form of GTTF makes it highly parallelizable. Furthermore, the
;
R Gl 0 track dependent 4 function can be extended by track independent alignment parameters a
60 -40 —20 0 20 40 60
z [mm]
ortex detector hi N W a The y?% function becomes the sum of
ertex aetector nit maps or iayer 1 and ilayer I
o ’ many individual track ¥? functions "\ /” Track CallCiEe,
Results R N parameters 2
Vs = Z X (,gi’w, ;. a) G TF parameters

€ - L i=1 ]
= 0.15 — antel;;i::’;/nmlssmnmg Run 2025 0 alignment parameters
= N . .
-% [ 10° p stops/s, Runs 5700-5719 are fitted once by GTTF - Slrnultaneous computation of
o 01p , _ alignment and track parameters
= - —— a using only 4-hit tracks
&) — — —
5 o5 —_—— = - e with a y%dof < 15 and
gt E o — Ip| > 40 MeV =
- = = = .
O L T T X reference: ladder 7, layer 2
— — _ , _
o o sty f‘"gnrze”t (4-hikacls) a six alignment parameters per
< | —&— Laver
- —— e Lazerz layer & ladder (a, B, v, ro, z, ) OUthOk
N — 120x120 matrix
T | Epa— | l | X Referlence ladder | ><
— 2 4 s 8 10 / 3 General Triplet Track Fit provides a robust and scalable solution for
Ladderindex @ the effect of ladder & layer . ,
a i " determining hundreds of alignment parameters at once
Computed alignment correction by the GTTF along z per ladder alignment on the recon-
s 01n struction Is more sig- a2 high parallelizability makes GTTF well-suited for online alignment
% 6.6 - Mu3e Commissioning Run 2025 —— Unaligned geometry nificant than sensor
- . - . . .
L0 = P’i”m’”a'y/ Melrology cerrected level alignment a2 GTTFcan be used for track based alignment of the Mu3e
T 0.08 & 10° p stops/s, Runs 5700-5719 : i : L ,
2 S GT TFAlgnment (4-hit tiaeke); (metrology) detector ensuring its optimal performance
t 0.07 E —— Beam based + metrology
S 006F n References
£ 0051 _,,._I_'ﬁ"l_,_ _h—H_,_I [1] K. Arndt et al., Technical
o] T i W e
= | ' Iment, Nucl. Instr. Meth.
0.02 -~ — [2] U. Hartenstein, Track Based Alignment Funded by
0_01E for the Mu3e Pixel Detector, PhD thesis (2019) DF Deutsche
i | | | | I | | | | I | | | | | | | | | | | | | | I | | | | I | | | | | | | .
% 1 2 3 4 5 6 7 [3] A. Schoning, A General Track Fit based on Forschu ngsgememschaft

reduced x?

Reduced x? of tracks reconstructed using different alignments
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