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srrmmmenmmcmemmmmnrenvemememewss]  The ATLAS Inner Detector [—meremcommmocmmsnnmemmseey poeeewd  Alignment Problem and Requirements =~y
The ID (Inner DeteCtOI‘) iS the inner mOSt S)’Stem traCker Of ATLAS (A TorOidaI LHC ApparatUS). It iS deSigned tO r The detector misalignments affect the track Parameters resolution‘
provide hermetic and robust pattern recognition, excellent momentum resolution and both primary and § #
¢ secondary vertex reconstruction for charged tracks. The ID is composed by three sub-detectors: Pixel, SCT § } ““Ll0"" A& The strategy to solve the alignment problem has ,
(SemiConductor Tracker) and TRT (Transition Radiation Tracker). different steps: 3
{ . 7}  Assembly and survey measurements:
Frel Detector S(.:T Dizgsess TRT Dgtgctor i I External measurements of the as-built detector. ,
Pixel SemiConductor Tracker Transition Radiation Tracker 1 4 . 3
I ! * Frequency Scanning Interferometry: §
I 3 A laser alignment monitoring system of the SCT.
,' Measurement Discrete space-point Stereo pairs of silicon micro-  Average of 30 hits per track 1 (" Apparent Position | [ Real Positon | * Track based alignment algorithms: |
i strip i To achieve the ultimate precision (Um).
k; Detector type Pixel detector Micro-strip silicon detectors ~ Gaseous straw tube elements ,, REQU'REM ENTS: The knowledge of the alignment constants f
! ¥ should not lead to a significant degradation of the track parameters §
A” d I I dff L h: I 44 I) 7 E a nd-cap semiconductor fracker " H 1 M
MEEEES Gl © different types ength:144 cm barrel, 37 cm EC T E-GOp Bemlconclor o § goals (degradation of tracking resolution less than 20%).
} Resolution  [4xI15um? (*)  23um (R), 580 um (2)(*) 130 um (%) Inner Detector
¥ Pixel’s SCT
‘x; Modules 1744 4088 176 ,, ) DI Barrel End-Cap Barrel End-Cap §
g f § Required !
3 Layout 3 layers (barrel 4 layers (barrel 73 layers in 3 rings (barrel i - R
%3 d)f ( d ) 2%9 d)', ( d ) 2 |60yt | 8 . (40f ) (*) The ATLAS Experiment at the CERN Large hadron 3 % PreC|S|0n ® (Hm) 7 7 12 12
x3 discs (end-cap) x9 discs (end-cap) x160 straw planes in our- Collider, JINST3 S08003 It Z (um) 20 100 50 200
plane assembly units (end-cap) t 3
. : FSI ( FREQUENCY SCANNING
e A —— I Ao Track Based alignment algorithms e ( Q recomamieny
»,; i} INTERFEROMETRY) |
The alignment algorithms work with a track X 2 sensitive to misalignments. The X2 is built from the track residuals. § % A i detic orid of -
The X2 is an implicit function of the alignment parameters and it has a minimum in the aligned geometry. 1§ aser alignment system (geodetic gri N e
i length measurement between nodes) is + IETEE L e T
i 1§ installed in the SCT detector. The FSI | & Eﬁ:% :E;x”% i
tiresiduals : r=hit, .. - hit(w,a),, 1 | X2 definition: X2 minimization: i1 provides knowledge about the stability of '
[ rance between the . ErT(n W) The algorithms use the X2 |§ § the detector with time (842 grid line length t
1y d and hi Extrapolated X = ¢ ¢ minimization with respect |} § are measured simultaneously each 10 min).
: It measured an It Tracks % U . FSI h . .
; . all nment arameters to t ¥ Slng , one can achieve a PreC|S|On
extrapolated Where r are the residuals that depend 5 P 11 < | ID lensth ision in 3D
K d find the real geometry. i 3 MM along ength (precision in
, ) ion on track parameters (1) an §f 1 ~5um). It can measure relative rotations
| ) (=] alignment parameters (a). § § (clocking of barrel) and radial deformation. % - lzeis
¢ 14 Will be used intensively in the early runs. - '
The ID has 6008 modules to align. Most of the modules have 6 DoFs.There are several alignment algorithms working § § Sl software chain
in the ID detector: L ee——
' : . 2 ,/
f roemmmsnseance]  SILICON SYSTEM  Jrommsmmmnoans ————————— 7 S 7T S——————— N The Weak Modes are deformations that leave the track X
3 * ' i almost unchanged.
. 1 * Based on the the x> minimization. i 3 ¢ Thereare some tools to determine these weak modes:
f GlobalChi2: - : ‘ *  Inter module correlation . {18 e Cosmic rays and beam halo.
i ¢ Based on the X2 minimization. { e TRT with respect to silicon system. i &7 : z
: ) : | ‘ i 1 & * Vertex and beam spot constraint. ,
i o  Uses biased residuals. 3 4 1 3t
it Scattering is taken into account. i 1 e Use FSI Information. %
t1 ¢ Huge symmetric matrices are created (34992 1 { 1
DOFS) & — — Alignment Parameters fit: “ ' AR AD AZ
,‘v: rr.a;.\s;::r:a..k ters fit: olane 2y blane XY y ' Ra(!ial Expansion Curl (Charge assymmetry) Telescope (COM boost)
2 o A 20 Y 4 : _, (distance scale)
'§ LocalChi2: ; dx L f 9 R < :
k¥ ¢ Same principle as the GlobalChi2 algorithm. i Wits: 71,2802} “‘{fh o, a= Ty T, T, R R R, z | ¥ f ' ? l > '
3 . . D Alignment levels ) . | I >
§i{ * Unbiased residuals. | D Aliggment ,ﬁ : X < i
§! * No dependence with respect to the track 3 Fratuanon f
¥ ; " definition : Minimization respect to the : [ (arY ,r,'?f". far\" 3 A Elliptical (vertex mass) Clamshell Skew (COM energy)
 § parametgrs. . ':/ - z r (r.aV ' r(r.a) aligl:mwn:i paran’néﬁ*ra: e _IE ‘il W aal E\E: Hr] (Vertex displacement)
§ ° No Multiple Coulomb Scattering. P/ | dy’ o' dn Lo § Lo i % N 7=
i ¢ Needs to solve 6x6é matrices (6 DoFs per module). Nor converpence da ox da da \*!En RS . ]t ¢ 4 [ Ner
: a=a -lb.: o & ';" . : e " ", =‘ { II 3
- ﬁ Alignment corrections: W b imferrmistiom of fhe comariance matrix and ; 2 ~a\ L \ J
| s information of tee covariance matrix an R T _>\~ S g
RObust: \' Cuugjig;:l;c ﬂ M — _M“]‘V A the tracks parameters fit :7; —— 't —D 4
ii o Uses centre residuals and overlap distributions. I e —————— S : % Bowing (COM energy) Twist (CP violation) Z expansion X
% . 3 FINAL ALIGNMENT CONSTANTS Methods of resolution, matrix : 2 , (distance scale) )
}v : ° Uses local x and y residuals. 3 a inversion, diagonalization,,... § 1 \\L "l \ n ‘\‘1\ —
¥i * Overlap residuals for adjacent modules. DETECTOR GEOMETRY ’ e =| v @
it o 3 DoFs per module (plane parameters:Tx, Ty, Rz S | () \ S
P (plane p % Rz) i} —
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§ I Analignment was performed using the cosmic rays data obtained in |
§ The ID alignment is done on several levels corresponding to different granularity of the detector. i 2008. . o . - .
; 1 ¥ The residuals distributions using each silicon algorithm are showed }
f § inthe plots: g
; Level 3 (5832 alignable structures ) ¥ ]
Level 1 (4 alignable structures ) Level 2 (31 alignable structures ) '- f'
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