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= The Inner Detector (ID) of ATLAS:
= Intrinsic resolutions
= Alignment goals

= The alignment procedure:

= Alignment levels
= Alighment sequence

= M8+ Alignment:
= Main results
= Alignment prospects for 2009+

= First-pass alignment (summary of M8+ & improvement)
= Tackling systematic biases

= Summary + Outlook
= (Unresolved alignment riddles so far)
= (ID-related studies with M8+ Cosmics)
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ATLAS Inner Detector

Intrinsic Resolutions
R =1082 mm

¥ TRT:
= Polyamide drift tubes

= 992 modules:

= Barrel: 3 rings, = 73 straw layers
= ECs: 2x40 wheels: X 160 straw planesTRT

= Intrinsic resolution:
= 130 um (R®D)

[ SCT:

= 40 mrad stereo p-n Si microstrips: L R = 554 mm
= Nominal pitch: 80 um (R =514 mm
= 4088 modules a 2 sides & 4 wafers:

= Barrel: 4 layers, = 2112 modules R =443 mm
= ECs:2x9rings, 2 2 x 988 modules SCT

= Nominal intrinsic resolution:
= 17 x580 um?2 (R® x Z) L R =299 mm

R =371 mm

= Pixel:

= n-type oxygenated Si pixels:
= Nominal size: 50 x 400 um?
= 1788 modules a 2 wafers: R = 122.5 mm _————
= Barrel: 3 layers, = 1456 modules (.= A8 5 oarn _,._———-——"‘"’""’\\\ S
= ECs:2x3rings, £ 2 x 144 modules R =50.5 mm ,
= Intrinsic resolution:
- 10x115 um? (RO x Z R=0mm |

Pixels
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= The mounting precision of modules is finite:
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= The mounting precision of modules is finite:
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Database: All modules perfect

Détabase: Modules on actual positions
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= Determine the position of modules in situ:
= Hardware-based methods (e.g. optical survey, FSI)

= Track-based approaches

= Assume that tracks are helical + dE/dx
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= The mounting precision of modules is finite:
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= Determine the position of modules in situ:
= Hardware-based methods (e.g. optical survey, FSI)

= Track-based approaches

= Assume that tracks are helical + dE/dx
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Alignment Procedure

= References
= https:/twiki.cern. ch/twnk|/b|n/vnew/AtIas/GIobaICh2Approach
= https:/itwiki.cern.ch/twiki/bin/view/Atlas/LocalChi2Approach
= https:/itwiki.cern.ch/twiki/bin/view/Atlas/RobustApproach
= https:/itwiki.cern.ch/twiki/bin/view/Atlas/TRTAlignHowTo
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Declared TDR goal for alignment:

= Degradation of tracking parameter resolution by < 20 %
due to misalignments!
= Required alignment precision:
= Pixels: O(7 um)
= SCT: O(12 um)
= TRT: O(30 um)
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Declared TDR goal for alignment:

= Degradation of tracking parameter resolution by < 20 %
due to misalignments!

= Required alignment precision:
= Pixels: O(7 um)
= SCT: O(12 um)
= TRT: O(30 um)

= The above is for random misalignments

= Very important, too:
= Absence of any systematic biases to track parameters!
= These are due to “Weak mode” deformations of the detector

= (covered briefly today, INT or PUB note in spring 2009)
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Re-aligned:
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Define superstructures of modules:
= Reflecting the detector geometry + build specifications
= Typically: superstructure misalignments large!
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Define superstructures of modules:
= Reflecting the detector geometry + build specifications

= Typically: superstructure misalignments large!

= Level 1:
= Pixel detector
= SCT barrel
= SCTECA
= SCTECC

TRT ECs

2. 7 superstructures
2:41 DoF

SCT Barrel

ID Alignment with M8+ Cosmics
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Define superstructures of modules:

= Reflecting the detector geometry + build specifications
= Typically: superstructure misalignments large!

= Level 2:
= Pixel Barrel: 3 layers
= Pixel ECs: 2 x 3 disks
= SCT barrel: 4 layers
= SCT ECs: 2x9disks

0 : 32 x 3 modules

= TRTECs: 2 x40 disks

2: 207 superstructures
= 2:1146 DoF

ID Alignment with M8+ Cosmics
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Define superstructures of modules:
= Reflecting the detector geometry + build specifications
= Typically: superstructure misalignments large!

s Level 3:
= Pixel Barrel: 1456 modules
Pixel ECs: 2 x 144 modules
= SCT barrel: 2112 modules
= SCT ECs: 2 x988 modules
(no TRT structures at L3)*
2: 5832 modules
3. 34992 DoF
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* L3 for TRT: individual straw alignment. Not planned in the near future...
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Define superstructures of modules:
= Reflecting the detector geometry + build specifications
= Typically: superstructure misalignments large!

= NotonlyL1,L2,L3!
= E.g. pixel barrel staves (122)
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Define superstructures of modules:
= Reflecting the detector geometry + build specifications
= Typically: superstructure misalignments large!

= NotonlyL1,L2,L3!
= E.g. pixel barrel staves (122)

LXResMean_Pix_B_L1_Sec11_Hist = Parabolic displacement
Eofp0 347 . 7,004 _|_ of modules in local x

£ 10.93 4+ 1.478 plane of O(500 um)

8 boo 6.814 +- 0.4623 = Corrections

3 CN2/Ndf= 1.713 implemented

Sbso
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Beam Spot (first-pass)

Si Alignment

Centre-of-Gravity Corr’n

TRT Alignment

Q

Centre-of-Gravity Corr’n

Full loop: multiples of 24 h
Cross-checks on shorter time scale

Beam Spot (final)
l

Alignment Chain

Alignment stream

<Physics stream

~ Constants to database?
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Alignment Chain

Beam Spot (first-pass) Alignment stream

Si Alignment

Centre-of-Gravity Corr’n

g

Reconstruction o

<JI<J

n iterations

TRT Alignment Solve for Alighment

Centre-of-Gravity Corr’n

Update Aln. Consts.

Full loop: multiples of 24 h
Cross-checks on shorter time scale

Beam Spot (final) Physics stream

~ Constants to database?

ID Alignment with M8+ Cosmics -18- Oleg Brandt, Univ. of Oxford



M8+ Results: Alignment

= References
= https://twiki.cern. ch/twnkl/bln/vnewlAtIas/ApprovedPlotslD
= https://twiki.cern.ch/twiki/bin/view/Atlas/ApprovedPlotsTRT
= http://lindico.cern.ch/categoryDisplay.py?categld=3I1116

ID Alignment with M8+ Cosmics -19- Oleg Brandt, Univ. of Oxford



= ATLAS was in 24/7 full operation mode Sept.-Dec. 2008!
= Took cosmics and beam splash data
= Many lessons learnt (trigger, timing, DAQ, calibration)

o

Rate averaged on one day <10
N 0.6 2 = -
£ : £ 450 All Tracks
g . 3 = )
€ os— FullL1rate .:‘ & A00E e B-field on
g N 5 = .
g : recorded (no LAr) °| 3 WO | B-field off
0.4/~ (} o £ 300
" & =
: o 4 5 2oL
- Rl New TRT £ 205
0.2 '/s fast-OR atL1 2 45F
n / 2 -
- S E 100/
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0 40 50 60 70 L 50 80 70

10 20 30
/ Days since 14th of September 2008 Days since 14th of September 2008

HLT cosmics filtering learning curve:
Timing + tracking efficiency + alignment + reduced prescales!
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s Collected cosmics data: |:

= With B-field ON:
= 2.6M ID tracks
= 880k with >0 SCT hits
= 190k with >0 Pixel hits .

= With B-field OFF:
= 5M ID tracks
= 2M with >0 SCT hits
= 230k with >0 Pixel hits

ATLAS 2008-10-18 13:45:05 CEST event:JiveXML_91890_572371 run:91890 ev:572371 geometry: <default> Atlantis

B-field
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/

o
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/
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ID Alignment with M8+ Cosmics

Collected cosmics data:

= With B-field ON:

= 2.6M ID tracks

= 880k with SCT hits

= 190k with Pixel hit
= With B-field OFF:

= 5M ID tracks

= 2M with SCT hits

= 230k with Pixel hits

ATLAS 2008-10-04 03:58:54 CEST event:JiveXML_90731_62340 run:90731 ev:62340 geometry: <default>

T
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M8+ Alignment: Residuals
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Established procedure to estimate uncertainty on track

arameters: -
P full track ¢

= Splittrack in 2 halves ¢
= Refit each
= Compare track parameters:

. dO’ ZO’ q)s q/p, 0

upper track

------------

lower track

ID Alignment with M8+ Cosmics -26- Oleg Brandt, Univ. of Oxford



Established procedure to estimate uncertainty on track

arameters: -
P full track ¢

= Splittrack in 2 halves ¢
= Refit each
= Compare track parameters:

3 dO’ ZO’ (I)s q/p, 0
track
Reminder: track\ parameter def’n

upper track

............

lower track

ID Alignment with M8+ Cosmics 2/7- Oleg Brandt, Univ. of Oxford
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M8+ Alignment: q/p+
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= Disclaimer:

= The following is what we believe to be a possible scenario
for the ID alignment in 2009 - no guarantees implied :)
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= We have already quite a decent alignment set:
= Due to M8+ cosmics!

= Whatis shown above is the real performance of our detector
on data!

= Many thanks to the collaboration for collecting M8+ data!
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= We have already quite a decent alignment set:
Due to M8+ cosmics!

What is shown above is the real performance of our detector
on data!

Many thanks to the collaboration for collecting M8+ data!

M8+ alignment constants beware-s:
= Validated and well-understood in barrel only

= The upper and lower quadrant of the barrel have the best
alignment
= Performance not directly transferrable to collision data:

Stronger contribution to performance distributions:
well-aligned parts with much statistics!

Typical angle of impact different

ID Alignment with M8+ Cosmics -33- Oleg Brandt, Univ. of Oxford
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= We have already quite a decent alignment set:

Due to M8+ cosmics!

What is shown above is the real performance of our detector
on data!

Many thanks to the collaboration for collecting M8+ data!

M8+ alignment constants beware-s:
= Validated and well-understood in barrel only

= The upper and lower quadrant of the barrel have the best
alignment

= Performance not directly transferrable to collision data:

Stronger contribution to performance distributions:
well-aligned parts with much statistics!

Typical angle of impact different
Excellent starting point for alignment with collision data!

ID Alignment with M8+ Cosmics -34- Oleg Brandt, Univ. of Oxford



Before First Beam:

Expected Alignment Performance

I wyw Jan 09 | Jul 09 | Aug 09 Sep 09 |
l elolulwlolalalalolsloalolalolols lolsls
3|5 | :
T K 2 ATLAS
§ 7 ? E ! g g 9 continuous
G § 4 * § 5 run
E : 2 g 'é %g|3
HEIEE E HHAE
Shice weeks
gca's;neBON D25 77292224724%%:
PIX [
SCT
IDgen 22 I
TRT 22
LAR
TIL
L1/L1Cal
MDT/CSC
RPC
TGC
Lumi/Fwd
RunCtrl
DAQ/HLT
Trigger
Shift Leader
SLIMOS
DCS
DQ ?
Tier 0 2 P |22 ?
s o
LHC schedule independent if T.. = October 1%
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Before First Beam:

Expected Alignment Performance
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Before First Beam:

Expected Alignment Performance

= We hope to quadruple the cosmics statistics:
= Fast TRT-OR: ~0.25M ID tracks w/ pixel hit per week!

= So far: alignment ] . I e | e I T ’|’n w -
Ilmlt.ec! by : i P :
statistics... i § M P i
= Expect to reduce ; : |2 § 3 g S | il
the impact of AHHE : 3 H HHE
P E[B[8 AE
misalignments e o
on track param. [ [
resol’n by ~1.5 |5 , [
= Try understand % -
possible biases ]
(deplet’n depth, |
mechanic LumifFd
instability, etc.) [t
= Areaof highly g™
active research! g ,
Tier 0 2 172 [?7 2 < -
LHC schedule independent if T.. = October 1%
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After First Beam:

Improving Alignment Performance

Very soon O(day):
= Reliable EC alignment (L1, L2)
Soon O(week):
= Vertical / horizontal modules: similar alignment performance
= Decent EC alignment (L3)
Fairly soon O(month):
= Alignment of somewhat similar quality to CSC...
Reach limit: systematics dominating:

= Not understood detector effects:
= e.g. depletion depth?

= “Weak Mode” deformations:
= Leave the %2 (almost) unchanged

Q

§ = Bias track parameters

";) = E.g. “curl” around Z

_Ov = FSI could detect their change in time in the SCT

ID Alignment with M8+ Cosmics -38- Oleg Brandt, Univ. of Oxford



12 Year After First Beam:

Start Understanding Weak Mode Deformations

Example: bias-free g/p measurement:

= Proof of principle: MC with “curled” geometry A¢p ~ R:
= Bias: Ap/p~13% at 50 GeV since q/p; -> q/p; + 0 <

= Powerful weapon:

= Cosmics:
= Traverse all of the ID!
= Work well only in barrel :(

= End-caps:

= use E/p constraint:

= Ansatz:
calo response same(") for e* and e-
Curvature bias in opposite dir’n

= Therefore:
Ei/pr=E/p->E/p+qgEd if

) besides 2m, and matter-antimatter detector effects: believe well below 0.5%

ID Alignment with M8+ Cosmics -39- Oleg Brandt, Univ. of Oxford



2 Year After First Beam:

L1 Weak Mode Deformations Example: E/p constraint
= Look atZ->ee MCin

end-cap C:
[7;) ) T T | I I T [TTT I TT T I 7711 (7] O T T[T T [ TT I [T AT [T AT [ TP I [T AT [T I T[T T I TT 713
Bacof 3 B450F 3
'54505 e"‘ #entries: 4251 1 & e # entries: 4229
B400F 4 S400F =
S - mean: 1.367 i %5 C mean: 1.565
#3950 fit max p: 0.964 | 3 #350F fit max w: 1.140 | 3
300E Er.onpn:0003 3  S00F Err.on: 0.004
250F 3 250F =
200F 1 200F -
150F 4 1s0F E
100F 4 100F =
50F 3 s0f 3
O_LHJIIIIIIIIIIIIIIIII : 0: .
0 05 1 15 2 25 3 35 4 45 5 005 115 2 25 3 35 4 45 5
ET/prore:’ inthe EC C E./p, fore inthe EC C

= Touse E;/pr=E/p->El/p+ qE;d:

= <E>~37GeV

= 0~0.0024 GeV-! (consistent with §,,,,, = 0.002464 GeV-)
= Use § as an external constraint on 2 in alignment

= Curvature bias recovered! (consistent with 0)

ID Alignment with M8+ Cosmics -40- Oleg Brandt, Univ. of Oxford



« Day1:
= InDetSi_Day1-04
= InDetTRT_Day1-04
= Day 100:
= InDetSi_Day100-04
* InDetTRT_Day100-04

Based on our M8+ experience define two alignment sets:

ID Alignment with M8+ Cosmics -41-
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Based on our M8+ experience define two alignment sets:

= Day1:

= InDetSi_Day1-04

= InDetTRT_Day1-04
= Day 100:

= InDetSi_Day100-04

- InDetTRT Day100-04 600

RN
o
o
o

[ I

800

mber of tracks

400

Comparison:

® Aligned géometry
u=-11um, 6=49um

© MC perfect geometry
u=0um, c=34um

u=-2um, c=50um

Performance in M8+

VS LK)

Day 1 Constants
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= Based on our M8+ experience define two alignment sets:
« Day1:
= InDetSi_Day1-04
= InDetTRT_Day1-04
= Day 100:
= InDetSi_Day100-04
* InDetTRT_Day100-04
= More info on Day 1/100 tags:

s https:/itwiki.cern.ch/twiki/bin/view/Atlas/InDetAlignmentDataBaseTaqgs
= More validation plots (also for day 100):

http:/lindico.cern.ch/getFile.py/access?contribld=8&resld=0&materialld=slides&confld=55889

= See talk by Sebastian Fleischmann
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= ATLAS Inner Detector alignment progressing well:
= Serious-size cosmics dataset taken in autumn 2008
= First constants produced in no-time!
= Since then constant alignment improvement
= A lot of reco software improvements, too!
= Validation plots look good!
= (see backup slides for more plots)
= Still some riddles to solve with alignment
= Many sorted out already!
= The rest is well addressed!
= Many ID-related studies underway
= See Trevor Vickey’s talk...
= Produced misalignment sets:
* For “day 1”
= For “day 100”
= See Sebastian Fleischmann'’s talk for the tau use case!

ID Alignment with M8+ Cosmics -44- Oleg Brandt, Univ. of Oxford
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= Alignment prospects for 2009+ look great!
= Good first-pass alignment already there!
= Hope to quadruple cosmics statistics
= So far clearly statistics-limited
Even better alignment once beam is there:
= Especially in the ECs!

= Soon after first beam:
= Tackle systematics!

ID Alignment with M8+ Cosmics -45- Oleg Brandt, Univ. of Oxford
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= Alignment prospects for 2009+ look great!
= Good first-pass alignment already there!
= Hope to quadruple cosmics statistics
= So far clearly statistics-limited
Even better alignment once beam is there:
= Especially in the ECs!

= Soon after first beam:
= Tackle systematics! /"

N

= We are ready for data! . -~ '
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= Alignment prospects for 2009+ look great!
= Good first-pass alignment already there!

= Hope to quadruple cosmics statistics:
= So far clearly statistics-limited

Even better alignment once beam is there:

= Especially in the ECs!

= Soon after first beam:
= Tackle systematics!

= We are ready for data!“i— "y,-;;ﬁ
y &

= ATLAS note on ID alignment with M8+ cosmics:
= In preparation!
= Upcoming:
= LHC Alignment Workshop (14-15 June 2009)
= http://indico.cern.ch/conferenceDisplay.py?confld=50502
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= References:
= ID Alignment EVO Meetings:
= http://lindico.cern.ch/categoryDisplay.py?cateqld=31116

= ID Cosmic data analyses:
= http://lindico.cern.ch/categoryDisplay.py?cateqld=3143
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= Alignment procedure using B-field ON and OFF tracks:
= <r,>(B-field ON) — <r,>(B-field OFF) ~ 5 um (only!) in pixels
= Manifestation of detector movement? Scale 5x smaller
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1t=0.00384 mm, 6=0.195 mm .
UnBiased Residual for the TRT Barrel 1

1=-0.00491 mm, 6=0.2211 mm

3000

2000

1000

0 3
Residual (mm)

s Understood:

= tails from L/R mis-assignments from Si prediction
= Fixedin 14.5.2!
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Look at track parameter biases

= Observe correlation:
= Adjyand global Z
= Ag/p and global Z

ID Alignment with M8+ Cosmics -52- Oleg Brandt, Univ. of Oxford



Look at track parameter biases

. T
= Observe correlation: |—,
= Adjyand global Z %OSE_
= Ag/pandglobal Z—, [S [
e =is
= QE
E <+ Ady,[mm] §°'65
C 04
0.014|— ;
[ 0.3 l _l_
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Riddle: Alignment Constants

in Different Releases
Statistically significant difference in alignment constants

between:

U) _III|III’III|III|III|III|III|III_
= Nov. 08 j‘% 700~ e GX2 Nov08 {% ATLAS Preliminary
= Dec. 08 5 u=-11um, 6=49um SiUp-SiLow Tracks
= Feb. 09 © 600 ©Gx2 Decos

) u=-6um, c=53um

= Maybedueto £ ;y,
tant S 0 GX2 Feb09
constan c u=7um, c=67um

improvement of 400
reconstruction
software:

= Pixel clustering 5
= Depletion depth
= High voltage 100

= Investigations Ol L ey
ongoing! R A dO [mm]

300

II||III||III||III||III||II|||III|

IIIIIIIII‘IIII‘I!II||II|||III|III

gz
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| =) M8+ Results: ID-related LR

= References:
s https://twiki.cern.ch/twiki/bin/view/Atlas/ApprovedPlotsID
s https://twiki.cern.ch/twiki/bin/view/Atlas/ApprovedPlotsTRT

= u*/uratio: day 3 of jamboree (LBNL) (+ other sources):
= http:/lindico.cern.ch/conferenceDisplay.py?confld=52750
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= Could well be the first ATLAS publication:
= Aim for the PDG!

1.6

PDG2008 .

1.5 - [L3C =
h MINOS <

1.4 | . <>¢¢<%—

3 '

Fo/Fy

12 wm il
"
ATLAS ?
1.1 sl a2 sl sl s
1.0 10 102 107 10
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= Understand important issues along the way:
= Energy loss versus trajectory
= Acceptance & Efficiency
= trajectory, trigger, detector, Selection
= Resolution of track parameters
= Charge mis-identification
= p7 bin migration

Medium track selection

o
(7

»n “°I——MC INDET
- Acceptance edge D oas MC SI
effects N p
x 10F=arre 10° g . - EXP_SI
& 935 -eeeee EXP_INDET
O o3
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= Just an appetizer:
= Aim for PDG-class publication!

Understand p meas’nt

= Many more interesting o T TN D
= ]
plots to look atand  £0.12| . '.h ID and MS! . DATA
] 3 - ATLAS preliminary
systematics to 8 T o —MC
0 T 2008 cosmic data I
understand ! g o1
2
g 0.08 ]
mzs; | | : Energy loss | :
o + I }
e =1.23£0.05(stat) | 406 btw. ID and Ms | .
21 - -
150 0.04 J | :
PDG r ‘ | -
T | \' |
: 0.02~ L Iﬂ I B
0.5:— i ] | Il “u% | Ill -
:H“H“““ T T T T T Y 0 H 1 Ll 1 11 H—t
00402030 a0 0 e 0 s0 o0 qo0 —15 -10 -5 0 5 10 15

Momentum [GeV/c] | p (Inner Detector) - p (Muon Spectrometer) [GeVi/c]
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One of the first things looked at:
= Lorentz angle:

B
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% 'Understanding crucial for alignment!
= Depletion depth also important for B=1!

= Folding our ignorance of Lorentz angle into alignment?
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Lorentz Angle in M8+
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= Consistent with expectations for non-irradiated detector!
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Pixel Timing Studies

= Very important to get right:
= Proper calibration -> proper ToT measurement

= Higher precision in clustering
= Better vertexing!

Run: 91338, IDCosmic Run: 9180840 esmic
T 1T T 1 rfrrrrrrrrrere et (= i o o —— e T L e
2500 ~—&-— BLay Crate #0: Mean = 96.75 n3] 4507 T ~—&— BLay Crate #0: Mean = 75.43 ng]
I = —@— BLay Crate #1: Mean = 87.58 na s ~—— BLay Crate #1: Mean = 79.72 ng:
= BLay Crate #3: Mean = 83.20 ng| C BLay Crate #3: Mean = 75.70 n3]
2000 i & L142 Crate #4: Mean = 78.17 na 350 - ~— L142 Crate #4: Mean = 79.73 ng
- | i L142 Crats #5: Mean = 78.08 ng| s L1+2 Crate #5: Mean = 76.73 na
n = ] L142 Crate #7: Mean =72.1 7 xa. 300 : 9 L142 Crate #7: Mean =79.36 naE
1500 B ) —%— Li+2Crate #6: M a) = 7300 ng] - —&— 142 Crate #8: Mean = 79.68 ng]
- - : 250F \ =
- . before | - oo after | :
1000_ e * 10 - é —0 g
. - 150 ' .
- —.—'Fr Y - [ —a— .
i ML . 100F ]
500 e ) s o -
C ] H ] S0F : ]
% 2 4 6 '8 10 12 14 % 2 4 6 8 10 12 14
T ” .
time” — L1A (by crate) [bins of 25 ns] L1A (by crate)
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= There are 3 Si and 1 TRT alignment algorithms:
= Global ¢2: R o
« Minimise X’=) ' V7lr
= wirlt alignment parameters:

i drt ._qdr\—1 drT 1 ) dr dr  Ordm
()a.=—(z —V %) Z —V~"r. with =

tracks da tracks da ‘ da da T orm da
= Local y2:
= Similar to Global %2, but with
dr  Or
da ~ Oa

« Matrix V"lin block-diagonal form, easy soluble, more iter’s

= Robust Alignment:
= Based on centering residual and overlap residual distributions

= TRT Alignment:
= Similar to the Global ¥? algorithm

= References: proceedings of talks in:
x  https:/Itwiki.cern.ch/twiki/bin/view/Atlas/AtlasIDAlignPresentations
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Silicon Alignment Levels

Geometry Level | Structures (DoFs) “ Pixel Structures (DoFs) SCT SCT Structures (DoFs)
1

4(24) complete pixel detector 1(6) 1 barrel + 2 endcaps 3(18)
15 7 (42) 2 barrel half-shells + 2 endcaps 4(24) 1 barrel + 2 endcaps 3(18)
16 11 (66) 3*2 barrel half-shells + 2 endcaps 8 (48) 1 barrel + 2 endcaps 3(18)
2 31 (186) 3 barrel layers + 2*3 endcap discs 9 (54) 4 barrel layers + 2*9 discs 22 (132)
25 -(3) - -() - - ()
2.3 - - () - -0
25 -() - -() - -()
3 5832 (34992) 1456 barrel + 2*144 endcap 1744 (10464) 2112 barrel + 2*988 endcap 4088 (24528)

TRT Alignment Levels

Geometry Level TRT TRT DoFs

1 barrel + 2 endcaps 17 no alignment correction around the global Z-coordinate in the barrel

N HI

32*3 barrel modules+ 40*2 endcap wheels  (32x3) x 5 Dof + (40x2) x 6 Dof = 960
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In all following plots for Si:
= pr>2GeV, |dy|<60mm, |z,|<400mm (through pixel b-layer)
“Golden” runs: 91885, 91888, 91890, 91891, 91900, NewT

- @ Aligned geometry
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~ OMC perfect geometry
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In all following plots for Si:

= pr>2GeV, |dy|<60mm, |z,|<400mm (through pixel b-layer)

“Golden” runs: 91885, 91888, 91890, 91891, 91900, NewT
&)25000; ||| l|| LI L ||I III LI LI ]II III Illl_l_' g 4000+-_I I. T T | T I T T ] I T T T l I' I. I I__l_
S _ @ Aligned geometry 179 - @ Aligned geometry ATLAS Preliminary
= - u=-1um, 0=30um 15 - p=0um, 6=174um TRT Barrel -
S c 3500 ]
QQOOOO_“M_C perfect geometry N 8 - ]
g W#=0um, o=24um . 12 3000F =
S (JNominal geometry (\ s - .
§15000(- H=-oum, o=123um -| & 2500 E
= i 15 2000E -
- ATLASPreliminary | < - .
100001 SCT Barrel - 1500 =
: 1 1000F =
5000 ol ] - -
i e /’ = 1 500 E
0%%4 03 02 01 -0 01 02 03 04 03 05 0 05 1
x residual [mm] residual [mm]

= For TRT:
= No min. pg, |dy|<100 mm (through pixel), >45 TRT hits
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Alignment with M8+ Cosmics: Results

= pr>2GeV, |dy|<60mm, |z,|<400mm (through pixel b-layer)
“Golden” runs: 91885, 91888, 91890, 91891, 91900, NewT

ATLASPreliminary |
SiUp-SiLow Tracks |

I T 1 1 T T T 1
. @ Aligned geometry

— wu=-9um, o=166um

- OMC perfect geometry
- pu=4pum, o=151um

- [JNominal geometry
|~ u=85um, 0=396um |

|

In all following plots for Si:
= 7 SCT hits, 3 pixel hits, 1 b-layer hit
g L ‘. ! N [T L ' e T g
o - ®Aligned geometry ATLASPreliminary | 9
E qppof- W=1hm,o=4%um SiUp-SiLow Tracks | &= 1000
O -~ OMC perfect geometry 1 ©
é 1000} u=-1;.1m, 0=32um é 800
= . [JNominal geometry =
c c
800[
- 600
600|
i 400
400}
200] 200

9.

02 04 06 08

A dO [mm]
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Alignment with M8+ Cosmics:

In all following plots for Si:

Results

= pr>2GeV, |dy|<60mm, |z,|<400mm (through pixel b-layer)
“Golden” runs: 91885, 91888, 91890, 91891, 91900, NewT
= 7 SCT hits, 3 pixel hits, 1 b-layer hit

T I T 1 I I T
- @ Aligned geometry
600~ p=0x10" o=4x10"
- OMC perfect geometry
n=0x10"* 0=3x10*

[INominal geometry

number of tracks

400

200

T "-m -
0 0.002

1 1 l 1 1 T I T
ATLASPreliminary |
SiUp-SiLow Tracks |

0.004
A phi

number of tracks

L B B IR BB IR I BUREL
- ®Aligned geometry ATLASPreliminary
3000[~ u=0TeV", o=5TeV" SiUp-SiLow Tracks ]
- O MC perfect geometry .
2500 wu=0TeV' o=4TeV' N
_ [JNominal geometry i
2000 — u=-1 3TeV' 0=14TeV' —
1500[ q ]
1000[ ]
500 ]
o ]
-%.4 -03 02 01 -0 01 02 03 04
AQ/p_ [GeVT]
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= pr>2GeV, |dy|<60mm, |z,|<400mm (through pixel b-layer)
“Golden” runs: 91885, 91888, 91890, 91891, 91900, NewT

300
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200

150

100

50

0

T | T T T | T T T I T T T , T
@ After TRT-SCT alignment ATLAS Preh'minary
w=-5e-05 radians, 6=0.0006 radians H
# Before TRT-SCT alignment

u=-0.00123 radians, =0.0009 radians

T | T T

b (3 +*¢
YA *
. ‘:‘“lﬁ.l“ I 1 1 1 | l‘l 1 vl: .
0.004  -0.002 0 0002 _ 0.004

In all following plots for Si:
= 7 SCT hits, 3 pixel hits, 1 b-layer hit
C _I|\|||I|||I||I|||II|I\II [T ] (I)
% 0'5: ® Aligned geometry 5 j‘%
g ~ ©MC perfect geometry ] 3;
9. 0.4~ o Nominal geometry u 5
£ B e}
£ B g
Q L
% 0.3 i “
.5 ~ ATLAS Preliminary
~ SiUp-SiLow Tracks
0.2 B
0.1 {:HM } -
- H*’} | I §
A T AR AR R A A A .h . } Al AR AR .
00 10 20 30 40 50 60 70 80 90 100
p; [GeV]

U .
0" - ¢,"" (radians)
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In all following plots for Si:
= pr>2GeV, |dy|<60mm, |z,|<400mm (through pixel b-layer)
= “Golden” runs: 91885, 91888, 91890, 91891, 91900, NewT
= 7 SCT hits, 3 pixel hits, 1 b-layer hit

= Cross-check with the Local x? and Robust Alignment:

T_ﬁJ I

® 800 T T 2 gool T I —_—
S ®GX2 | ATLAS Preliminary S - ®GX2 . ATLAS Preliminary -
5 700F M=-1um,o=4%m SiUp-SiLow Tracks — = 7o~ H=8M.0=168um 0 SjUp-SiLow Tracks
o LX2 = - OLX2 ‘ .
2 600 p=32um, c=47um -4 2 600— p=7pum, 6=165um .
% = U Robust = § 'Robust ,
c 500 -~ p=-Bum, 6=84um S 500 u=-lum, c=237um
400: 400ﬁ
300 = 300
200
100

200" I
100" j . .

—_;.i‘-h‘l l T ——

Q306 04 -02

04 06 08
A dO [mm]

ID Alignment with M8+ Cosmics -/0- Oleg Brandt, Univ. of Oxford



In all following plots for Si:

= pr>2GeV, |dy|<60mm, |z,|<400mm (through pixel b-layer)
“Golden” runs: 91885, 91888, 91890, 91891, 91900, NewT

= 7 SCT hits, 3 pixel hits, 1 b-layer hit

Robust Alignment:

SRR EAT IR EAA L LA AR I EA A M A A ER I
®GX2 ATLAS Preliminary —

u=0TeV", 6=5TeV"’ SiUp-SiLow Tracks
LX2

n=0TeV" o=5TeV"’ .
I Robust

p=0TeV"' o=6TeV"’

= Cross-check with the Local x? and
&’ [ s S . . . . . I . —_— T — &) :\
3] ® GX2 | ATLAS Preliminary S 3000
2 =0x10%, 6=4x10" ||  SiUp-Si &
s 400— M ' ' SiUp-SiLow Tracks _ =
e Lx2 p s 2500
2 n=0x10", o=3x10 O N
S 300 Robust 5 2000
= n=0x10" 6=8x10" <
1500
200 -
1000
100~ : :
B - 500—
() s . e e — 0
-0.004 0.004
A phi

A N AN T T R .
-0.04-0.03-0.02-0.01 0 0.010.02 0.03 0.04
AQlp_[GeV]
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= Compare the constants at L1 between:
= GX2: see Vicente’s talk in ID week (rel. 15.X.Y nightlies)
= LX2%: see Roland’s talk in ID week (rel. 14.5.0)

= RA: this talk (rel. 14.5.2)

Ty (mm) Ty (mm) T, (mm) Ry (mrad) Ry (mrad) R, (mrad)
N ) N
GX?2 -0.955 -0.606 -0.400 0.056 0.019 1.107
LX2 -0.766 -0.376 -0.293 -0.044 0.109 1.901
) ) )
RA -0.911 -0.774 - - - 2 593
-0.945 -0.808 - - - 2 629
RA Dec.

= GX2?, LX?2 -> many thanks to Roland & Vicente
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= Itis not easy to compare the L1 constants:
= Some of L1 misalignments “absorbed” in L2, L3
« From Vicente’s talk in ID Week (but not GX? effect only!):

| Local Pixel align correction - ATx |[Entries |  Local SCT align correction - ATx || Enties
Mean 0.0847 Mean 0.4267
0w RMS . 0 RMS Ly
2 gleceijeesseridecnnnns P PP ‘ve+{ Underflow 0 2 gl P U Underflow 0
* - : : L Ovedlow 0 € 3 : ' ' Queglow 0
w : : w 3 v
] b S (1 AR
Y - Sttt - |/ ML - S it e 7:_ .................................................
-] RRRE SUCTTTPUCRPL IRPUPRRPPREPY S | (S eURPUR ETTTRRE
.................................. o :
] D L.
4;_ ............................... e v v oS AL
3:__ ............................. RUULEL ...
L ] R el UL }
| iy ;
| il 1l ] 0: | il ] 1
01 02 03 04 0.0 0.2 0.4 0.6
ATx,,, (mm) ATXg-r (Mmm)

= pixel + SCT stave shifts imply a net global rotation -> R,!

= Ways to “retransfer” them into L1?
= CoG for Pixel and SCT separately?
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Alignment Levels: “Superstructures”

Define superstructures of modules:
= Reflecting the detector geometry + build specifications
= Typically: superstructure misalignments large!

= Level1.5,1.6, 2.5, 2.6,2.7,2.8 et al.:
= Pixel barrel half-shells (2 x 3)
= Pixel barrel staves (144), highlighted below

= Alignment Levels:
= imply chronology
= Larger superstructures -> larger statistics!
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