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Outline

* Tests with cosmic tracks to check the alignment status with and

without magnetic field
* Validation of the SSD survey
* lterative module-by-module alignment: results for SPD

* SDD alignment and calibration

* Millepede implementation

If not specified 2008 cosmic data 5
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ALICE ITS and reference frame

Detector
Coordinates: b
local x ~ r¢ coordinate z

Silicon Strip Detector

Detector resolution (um)

X Z
SPD 11 100 |
SDD 35 25

SSD 20 830 Silicon Drift Detector



13/09/2009 Quinto Convegno Nazionale sulla Fisica di ALICE ~ A.Rossi,Univ. di Trieste

Track-to-points residuals

Procedure:

0) Select a set of volumes to refit the tracks (“volFIT”) and a set of volumes to
inspect (“volINS”);

1) Refit the tracks using only the points in the volFIT;

2) Calculate the residuals in global coordinates between the newly fitted track
and its points on the volINS. The residuals are defined as follows:

“ ” (ptr _(ppt 2 2
Q" Res(rop)=—2 V(X,,—X )+(Y,,—Y, ) (=local x)
cptrk_ (ppt
'z Res(Z)=Z,-Z
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Tests with track-to-point residuals, B=0

Fit the tracks on the Top SPD Half Barrel
Extract the residuals on the Bottom SPD Half Barrel

SPD: Top Vs Bottom

140 E VOIFIT
12000 not aligned E Tob'SPD HB
1000 . . - '
-realigned with .
800 : .
- Millepede ] vOIINS
S0 ' - Bottom SPD HB
400 M. Lunardon E
200 E

sote sasrer o | e J | | |
-0.6 -0.4 -0.2 0 0.2 0.4 0.6
Residuals in rp [cm] 5
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Tests with track-to-point residuals, B=0
REQUIREMENT: at least 4 points in the VoIFIT VOIINS

1300:— Entries 32594
- | |[RMS  0.00529
1600
i Constant 1746
1400 Mean 0.0003317
1000 ) 7
(aligned)f | :
] VoIFIT

600/ i

400

200

(NN NN N EE !

-0.015-0.01-0.005 © 0.005 0.01 0.015
cm

Sigma(re) = 26 um 6
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Tests with track-to-point residuals, B=0
REQUIREMENT: at least 4 points in the VolFIT

&

Entries 32594

RMS 0.00529
Constant 1746
Mean 0.0003317

Sigma 0.002625

-0.015-0.01-0.005 © 0.005 0.01 0.015

cm

Sigma(re) = 26 um

zsnﬂl—lllllllllllllllllllll

41319

Entries
_ H RMS 0.005003
2000~ Constant 2265
B Mean 0.0001445
1500 SPD2 Sigma 0.002638
(aligned) |
1000 .
5001 .
GIIIIII|IIII|IIII|IIII|IIII|IIIIII

-0.015 -0.01-0.005 0 0.005 0.01 0.015

cm

Sigma(re) = 26 um

VOIINS
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Tests with track-to-point residuals, B=0
REQUIREMENT: at least 4 points in the VolFIT

VOIINS

O

Entries 32594

RMS 0.00529
Constant 1746
Mean 0.0003317

Sigma 0.002625

400

-0.015-0.01-0.005 © 0.005 0.01 0.015

cm

Sigma(re) = 26 um

i Entries 15219
G600

I RMS 0.002637
4I}ﬂ-—

[ Constant 1641
EM_—

- Mean 4.094e-06
IDM_—

oo

“1 (ideal

200

ﬂ- JJI_IJ

Sigma 0.001742

Sirr*u tion

geometry)

IIIII|IIIII JIILI

0.015 -0.01-0.,005 0 0.005 0.01 0.015

Sigma(rg) = 17 um

cm

VvoIlFIT
Alignment with Millepede

(->M. Lunardon ):

* similar performances for
the two layers

* not far from the ideal
result 8
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Statistics and pt distribution with B0

2008 cosmic data

Number of points per track
for both B=+ 0.5 T cases

PPl —

60
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20

= B=+05T

D— 4ﬂﬂf

= B=-05T

10F

éPomﬁve
?Negéﬁve?

Al

I

o ""I""I"":

L

~1500 tracks in total :

~—3 4 5 6 7 8 9 10 11

—+
—+ _
—+ -

(=Ipnn
%]

i .
oo

11 11 1 | | | 11 | | 11 1 | | | —
10 12 14 16 1
p,(GeV/c)

fNPoints

p, distribution for B=+0.5

(positive and negative particles)
Ipt measured with ITS only! 9
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Tests with track-to-point residuals, B=+0.5 T

REQUIREMENT: at least 4 points in the VoIFIT
2008 cosmic data

100~

so- SPD1

60

Entries 1523

RMS 0.004556
Constant 88.88
Mean 0.0003099

Sigma 0.002538

20

0

| IIII|IIII|IIII|IIIIII_|-L||—|_I-|I-|I-

-0.015 -0.01-0.005 0 0.005 0.01 0.015

cm

Sigma(re) = 25 um

VvolINS

90l lﬁ Entries 1470

an:— RMS  0.004705
b | Constant 87.86

70

6{]:— SPD2 1| Mean 0.000339
C Sigma 0.002613 VOIFIT
- VoOIlINS

400

30F a

20F

10F HJLMM

n:fmllIIII|IIII|IIII|IIII|IIIJ-|"TL1H—

-0.015 -0.01-0.005 © 0.005 0.01 0.015

Sigma(re) = 26 um 10
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Tests with track-to-point residuals, B=-0.5 T

REQUIREMENT: at least 4 points in the VoIFIT
2008 cosmic data

1°°L Entries 1469

i RMS 0.004894
8ol

i Constant 85.7

- SPD1 Mean 0.0005592
60|

[ (aligned‘ || sigma 0.002625
40
20}

G-I-ﬂ 11 I|II|I|IIII|IIII|IIII|II|-IT|’-|IJ:-H-I'I-

-0.015 -0.01-0.005 0 0.005 0.01 0.015

Sigma(re) = 26 pnem

SD VOIINS

VoIFIT
After the alignment with Millepede (->M. Lunardon)

the residuals distributions for the SPD are:
* close to the ideal result

* independent from the
* presence of the magnetic field
* polarity of the magnetic field
* similar results for inner and outer SPD layers
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“Extra Clusters” in overlapping regions

By design, there is an overlap between adjacent modules \ __A__y_ o

both in the transverse plane and along the Z direction e \ N \
(not for SPD). The overlap region is ~1-2% per layer. = e . \ |
> a fraction of tracks with two points on the same layer / /] - \ \\ /
very close in space and whose positions are sensitive to 7 \J\ \ / X>/
the relative misalignment of the adjacent modules | | \ N | //+

examples of overlaps in the SPD

12
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“Extra Clusters

By design, there 1s an overlap between adjacent modules
both in the transverse plane and along the Z direction
(not for SPD). The overlap region 1s ~1-2% per layer.

> a fraction of tracks with two points on the same layer

Quinto Convegno Nazionale sulla Fisica di ALICE

n overlapping regions

A.Rossi,Univ. di Trieste

-

mispositioned

very close in space and whose positions are sensitive to

the relative misalignment of the adjacent modules

Results with Millepede (->M. Lunardon)

: Entries 1935 | Possible to get an estimate of the
250/ S P D Mean -1.231 . ] . .
- RMS 36.86 | average residual misalignment:
200F- DATA: 2 I ndf 137.9/ 60
- . Prob 4.548e-08
- not realigned Constant ~ 242+7.8 ExtrClust
1501~ _ Mean  -1.398+ 0.468 v O'( X, )N ~14 um
ool realigned Sigma  19.56 + 0.43 o \/5
sol c ~ 20 um
- -> talk by Marcello for a more
0300 200 00 o0 100 200 300

track-to-extra-cluster Axy [um]

detailed analysis
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SSD survey validation

14
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SSD survey validation

Inner Layer
34 ladders
22 modules each

radius ~ 38 cm

QOuter layer
38 ladders
25 modules each

radius ~ 43 cm

The initial position of the SSD modules are determined by two distinct sets

of survey measurements:

* optical measurements -> modules positions on the ladders
* mechanical measurements -> ladders positions with respect to the cone

The values found were tested and validated using cosmic tracks 15
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Track-to-track “residuals”

real position in

* Consider a single sub-detector
space

assigned
position

* Split each track in two parts
* Upper VS Lower
* Outer Layer VS Inner Layer
* Compare:
* tracks directions in the XY and YZ planes
* AXYatY=0 (->M. Lunardon)
* AZatY=0

easy to relate the observed distributions to effective “local” spatial

o’ 207 (Ap) . | ! + !

obs 2 2
rINNER r OUTER

resolutions, e.g.
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SSD survey validation: track-to-track

and track-to-point residuals

track-to-track A@

2000 real - assigned]

1800~ POSItion | 5gition |

1600
1400
1200
1000
800
600
400
200

0720.001 -0.0005

No Survey
Survey

With Survey

Entries 21143
Mean (fit) -0.019
(mrad)
Sigma (fit) 0.072
(mrad)

c = 0.072 ranad
1L
loc eff = 28 l.l.m

0.001
rad

RAd (cm)

INS
ladders track-to-point
r¢ residuals
(means of the distributions)
0.02|-
VoIFIT

-0
- No Survey +
-0.0-Survey t

laddernumber

Large improvement using the Survey

Compatible results with the two approaches

17
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SSD survey validation: extra clusters

* “Extra clusters
in adjacent
modules on the

same ladder

®* Not sensitive to
misalignment
between ladders

Inner SSD layer

Outer SSD layer

entries

QG QG I|||||

No survey

nosurvey | ' | survey survey

80 80|

entries

Constamt  42.34 + 2.08 Constant 78.23 £ 3.83 Constant 52.93 + 2.79 Constant 7229 + 3.69

?D'Mean 2,954 £1.955 § | Mean 2. 767+ 1.051 70] Mean -5.999 £ 1.4 Mean -A.677 £1.088

Sigma 4752+ 143 Sigma  24.84£0.70 Sigma 26.2+0.8

BDLSigma 35.82 + 1.21

Out

c"=24pum 0¢°"=26 pm

Compatible with survey

_____ F Ay

-gﬂﬂ-E-mD -50 0 50 10 5 ED

Ay [um] g
SSD residual misalignment after Survey:
- modules with respect to the ladder < 5 um

- position of the ladders <20 um 18

precision (5 tm)

] 1 |
| |

D o Lo = =
-200-150-100 -50 0 50 100 150 200
Ay [1m]
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lterative-module-by-module
alignment

19
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Iterative module-by-module alignment

Minimize module by module a y*> function of the alignment parameters

Assumptions

* The misalignments parameters of the modules are not strongly correlated
* The number of modules crossed by the tracks passing through the module

under study must be large ﬂ

> The influence of the misalignments of the modules on the fits of the tracks is
not systematic and statistically sums up to zero

> To take account of the residual correlations between the results:
* the procedure is iterated until convergence is reached
* the modules are realigned according to a sequence based on the number of
tracks passing through them

Further improvements from track selection (%> of the fits, rejection of outliers)
20
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Iterative module-by-module alignment

Take advantage of the survey and fix SSD

-> act as a reference
Align SPD with a hierarchical approach:
* SPD barrel, half-barrels and sectors w.r.t. SSD
* SPD modules including SPD 1n the fits

Extra Clusters: SPD data

140" H Entries 1323
i Mean -1.34
1200 RMS 36
g Mean(fit) -1.1+0.6
1o0; Sigma  20.0+0.5
sﬂ}.
Aillepede
60 P c=20p
40 _
201 NJ} \kh
:l | S | | L |-—l—l‘||’J L1 | L1 n—rL Lot | 1 l |

-gno =200 -100 O 100 200 300
track to extra clusterﬂm [1 m]

160
140
120
100
s0F
6o
a0-

20r

Iterative |

_I Ll |.J .—I‘LI‘HI'JJ

|

L Mean(fit) -1.5+0.6

|

|Ik\—n—llllnl

rrrryprrr T T T T T T T T T
2000
18002— SPD \ %
16005[)/¥T7\
1010t realigned| O = 90 um
1200?— i g
1000 TRIIGNE i %
soo?
600/ =
u Glocal 15 Mm
4001
Entries 1350 2001
Mean -1.59 -
RMS 362 -3b00 -2000 -1000 0 3000

Sigma 21.4+0.5

The performance is very
c =21 um close to that of Miy/epede
T

local x eff.

~ 15 um

-gno =200 -100 O
track to extra u'.:lustt=ermj [1 m]

-> residual misal. < 10 um

100 200 300
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| | | /
Comparison with Millepede "V~
A

e X o Y ren®Y e 270 G’?@SS
. ©
: of QL
St - red line y=x
“r (ideal result)
e : >
w0 %n&l_ﬁlld;\‘\;g&l&uﬁl& Mlllepede

Lm 80, 1er 100 LE Distribution of 8¢_ :3¢___ N
M¢WMdgmm s

" *Global coordinates
low sensitivity with
cosmic tracks * Inner SPD layer

* Correction for a global rototranslation of the ITS 22
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Comparison with Millepede

Inner SPD layer —4
Distribution of 8X_,.:8X  .an Distribution of &Y, :5Y__, | | Distributionof 6Z_ %Z, | =
ﬁm— 1501:-;— 2000[- (.
0f 1000F o
oof. *| b o = >
E ¢ | =2 O e b module stats
=, \ofa W Mt ssalv s 3_\ oF o ° “oits eGP0 dadle S oAl PRETR VT W Ve
E F . | - |
A 500 ;— -1501):— . -m:—
-2000: 1 P T T |= L L R _m:: S E 'i/; L1l |! 1 1 I [ | ; -5.'-.."‘"3".1": 1 I I | |! 1 1 | ; TWO (al mOSt)
10 |n.|p|..;;|.im;‘;;fl o Hpﬂiﬂtisﬂ o Hp-uint‘:sﬂ

independent methods

Distribution of oy __ :6y___ | |Distribution of 80__ :50

Distribution of 30 :80_

3 — S with similar
@: O performances
é m:: W e tadedigs 'gém: : y fewd 2t B2 s @

w T T a» | 2 I * cross check

o - : * systematic errors

“4 . - R * “weak modes”

Npoint” oot Npoint?

The larger outliers <- low statistics 23
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Prellmlnarv results with 2009 data

\ D

70
60
50
40
30
20

10

3

eltaX at Y=0 with abs(X0)<1cm
Entries 1732
Mean -7.01
RMS 92.5
¥2 I ndf 379137
Prob 0.426
Constant 58.9+22
Mean -10.1£1.5
Sigma 47.2+1.5

mean=-10 um
6=47 um

track-to-track distance [um]

(=

| Overlapping clusters distance |

45

40

35

30

25

20

15

10

~ Entries 910
= Mean -3.99
- RMS 30.5
- x2 | ndf 26.7 1 37
= Prob 0.895
= Constant 36.2+1.7
- Mean -3.06 £ 0.69
= Sigma 17.9+ 0.6
= mean= -3 um

3 6=18 um

E 5 I k i | i | | ! |
00 -100 100 200 300

point-to-track distance [um]

SPD standalone before global run

* 20k tracks with 3 pts SPD collected

~1700 tracks selected:

* at least 4 pts in the SPD

* 2 in the top HB, 2 in the bottom HB

* required to be in modules

considered “well aligned” (>50
counts) last year

*d <1cm

With 2008 Millepede alignment:
* Resolutions very close to last
year values!

* The means slightly # 0 (was 0):
further analysis in progress

24
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Silicon Drift Detector:
alighment <« calibration

25
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Silicon Drift Detector Time Zero calibration

Two strategies developed on simulated data A

L 4

. .. e . toav=t+ A e/ V
Time Zero from minimum drift time b MAXTT0 T TMAXE S DRIFT
Time offset extracted from time distribution of ' '

drift distance = 0 and should be measured at time =
0.

The minimum drift time observed (t > 0) is the Drift Time (ns)
0 ® True position

measured clusters \
Particles crossing the detector on the anodes have \

time zero

O Reco position

Time Zero from track-to-cluster residuals

* Time Zero extracted by exploiting the opposite
sign of residuals in the two detector sides

* A bad calibrated time zero leads to overestimate
/ underestimate the drift path on both drift sides

and therefore to residuals XMEAS — XTRUE of
opposite sign in the two sides
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Time Zero from residuals (l)

* Calculate the residuals between cosmic track
(reconstructed in SPD and SSD) and cluster coordinates
separately for the two drift sides

peak distance = 2v ;- At,
< >
| hTotxsDDlocL z<0 | SDDxlocLeft | hTotxsDDiocR <0 SDDxlocRight \
—— Entries 2359 12—V Enties 233
w0 Drift side: RMS 0.1324 Drift side: RMS 0.1480 At = d
- left Mean(fi) 0.1142 109~ right Mean(fit) -0.1142 O 9y
80| u‘ Sigma  0.0466 | Sigma  0.0412 DRIFT
I 80 2284
g i ~ ~176ns
*r sl 2:-6.5
i mean = +0i114 cm | mean = -0.114|cm
40— I |
= 40—
20— L -
I l’ 207 Iterative
0_ o_l.lni.Jlnh.ldm.M.'.uM ) Jm«ﬂﬁllﬂul#ﬂ}-lnlninlﬂu] Ll adjustment Of to
-1 -08 -06 -04-02 0 02 04 06 08 1 -1 0.8-06-04-02 0 02 04 06 08 1

Xlocal(clu)- Xlocal(track) [cm] Xlocal(clu)- Xlocal(track) [cm] 27
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Time Zero from residuals (ll)

* Result after iterative calibration of time zero + geometrical re-
alignment of SPD and SSD + exclusion of SDD modules with

problems in on-line determination of drift speed

“ Next step: more refined analysis including module-by-module time zero (and drift
speed for problematic modules) as free parameters in Millepede minimization

| Xloc resid. Layer 4 Left A

‘ Xloc resid. Layer 4 Right A

140

;_Drift side:
120
- left

100/—
80—
60

40

-0.4 -0.2

v. di Trieste

SDDxlocl eft SDDxlocRight
Entries 3083 140l Entries 2864
RMS  0.0876 Drift side: RMS  0.0831
Mean(fit) -0.0019 m__ right Mean(fit) -0.0055
Sigma  0.0343  '°F Sigma  0.0335

mean = -0.0019 cm so-

40

201
I ) % g&“_ﬂ

0.2 0.4

Xlocal(clu)- Xlocal(track) [cm]

-0.4 -0.2

0

mean = -0.00

0.2 0.4

Xlocal(clu)- Xlocal(track) [cm]

55 cm

28



13/09/2009 Quinto Convegno Nazionale sulla Fisica di ALICE ~ A.Rossi,Univ. di Trieste

SDD calibration with Millepede

Local x coordinate in the drift direction: X, =1 (L - (- tO)VD)
L is the maximum drift length, # the measured drift time

t, and V, are the time offset and drift speed known 1nitially with limited precision.

Assume an error for each sensor: a time offset § t, and a drift speed § vV,

Local shift in drift direction (linearized): 6 x,= +(51¢ JV,—oV D(t —t O))
Geometry only Geometry + Calibration

o
-
T

0-1 5__ ......... ................... ................... | .................... ................... _ ................... .........

£ .

5 . 5

® [ ®

_g 0-1_.: 1 O B Dt e .g 1) Y [ SIS PSS SRS NSRRI SO SISO RN -
- =

o o

xo-os_- ........ xo-os__

T ik ® &

0 ] Q ]

2 D__ o vt s 2 0__ .“.=

_0_05_: i w wpe ................... ................... ......... _0-05_: o :‘“ !
) T OO, 5000 00 00 0000 S SO e
'0.15_I T | T T T | T TTT | T TTT | LI | TTTT | L | TT '0.15_| T | T TTT | T TTT | TTTT | T TTT | ITTT | rTTT | LIl

-3 -2 -1 2 3 -3 -2 -1 0 1 2 3 29

1
X local, cm X local, cm
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Conclusions

* Tools to check and to monitor the status of the I'TS alignment are ready and
have been tested both with and without magnetic field

* Confirmed the good quality of Millepede alignment for SPD and SSD

* The SSD survey has been validated using cosmic tracks and can be used as
the starting point for the alignment

* The SDD calibration 1s ongoing
* [terative module-by-module alignment: SPD alignment
* alignment quality

, compatible with Millepede
* transformations parameters

> promising method for cross-checks and systematic errors evaluation

* Preliminary test on 2009 data: last year alignment results still valid 30
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Extra

32
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Iterative module-by-module alignment

Minimize module by module the ¥ function

X’ Z A= (SRX+67)) (CM+C) (R = (S RIS +67))

k

a linear function of the alignment parameters ( § 7 is the translation vector and OR is

the (0 )rotation matrix for small angles)

The sum runs over tracks (PCA -> extrapolated, cl = cluster, C are the point cov. matr.)

“Point of Closest Approach”

To take 1nto account the uncertainty on the module
position we construct the PCA:

* propagate the track to the plane of a module where a
cluster not used 1n the fit of the track lies

* take the extrapolation point

* enlarge (> 1 cm) its variance along the track direction

A assigned

cluster

real cluster and
module position

-
X

33
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lterative alignment: test on simulation

Distribution of 5X__:5X__, |Di5tribution of 8Y 1Y, ‘ | Distribution of 5262, | | 1’:”:5“ RMS , blue=<iTo> | red=5Y RMS , blue=<3Y> | red=5Tz RMS , blue=<5Tz>
E ||||||||||||||||||||||||||||||||||||||||||||||| _IIIIIIIIIIIIIlIIIIIIIII|IIII|IIII|IIIIIIIIIIIII_ IIIIIIIIIIIIlIIIIIIIII|IIII|IIII|IIII|IIIIIII
| S S R A R R A B E[TS I DL BRI LRI N RRAR) AR = O H s R HE [
soof- ] local y (um) =i local z (um} : B o
local x (um) o sy ool ) : tof-1- :
50 ] sof 3 I i ;] _
of ok 3 5P R :
of s} 3
al ; NEEEEE L :
100 ] I _
-Sor -150 1 [
00| =L ln
_zuo N i . : N N N N N N
00kl bl Ll P T I P ATV HPTIIT PIHEPPA IE: TR A R A0 RO AR TR P AR A P
-100-B0 -60 -40 -20 0 20 40 GO -100 -850 o 50 100 -150-100 -50 0 50 100 150 1152 253 35 4 45 5 1152 2573 315 4 45 5 1152 25 3 35 4 45 5

Scatter P|0t= Recover Vs Input values .15 5fThe distributions Fecovered-input.

|Dm"bumn of bll' bll' LID‘;stribution OF ecaicaran ‘ Lg‘itnbmmn of 5¢mlc=5¢m, ‘ | red=5Psi RMS , blue=<3Psi> | | red=5Theta RMS , blue=<iTheta> |retl-5Phl RMS , blue=<3Phi> ‘
I I I I I I I : I I I I I I I E I I I ‘I I I I é ? ;II!IIIIIIIII'I|||||||||||IIIIIIIIIIIIIIIII!IIIE ? -II!IIII!IIIIlIIIIIIIII!IIII!IIIIIIIII!IIII!II_ @ I I | I | I | I I i
150 —: 150 e (mdeg) —: 150 - . E Ean:_\ H Eis: I I HE
100 3 100 3 100f . o 3 25_+ i
sofF 50 50 <L : — 105 : 10
of ok ok L F
- 15__..5\.. 5L
-80F S0 S0 F - i
] 1"__ .- . . k
100 -~ ] 100 ., ] 100 . {g ] o
7 1 5__. - [ LA
w y(mdeg) | Lo (mdeg) IR 3L o
gpghoelondin b bl bl d BT T Y01 VLU0 POV FOTH P PR IO T YTPU ST PV P01 PP et VR I o g g : : g g ‘; 3 : : :
-200-150-100 -850 0 50 100 150 200 -200-150-100 -50 0 50 100 150 200 znmsmnn S0 0 50 100 150 2nu &b } | } et } | l oo dp b 20 o
Red Iine _ perfect alignment 1152253354 455 1152 253 354 455 1152253254455
- N iteration N iteration M iteration

* statistics: 200k tracks RMS of the distributions recovered-input
® input misalignments: “uniform’ distribution, between +3 times the resolutions

® 6 pts per tracks required 34
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Results with this summer cosmic data

2009 cosmic data (SPD standalone before global run)
Use 2008 alignment results and test them on the new data

Millepede lterative

| Delta XY at Y=0 plane |

| Delta XY at Y=0 plane |

1807 Entries 1974 | 120~ Entries 1584
1901 A Mean 6.268 | Mean 22.58
140t RMS 189.7 - RMS 209.7
120 80— 2 [ ndf 29.52 /16
- v2Indf  18.56/16 i x
100 sol Constant 106.4+ 4.5
C + |
80— Constant 161.7+5.4 B Mean 8.492 + 1.635
60— Mean 10.57 + 1.29 a0l Sigma 50+ 1.7
40— Sigma  48.16+1.21 -
C 20—
i3 mj h : ”Lﬂ%m
0 :|.—. 1 bonloohod Mnb—.ﬁl.—"“—".—"ﬂj—n—n 1 | 1 M Bl dfefl oo ke | ook ool o ul_rL [ nin n|'||I||—| 0 1 I"-"""‘-lul_‘_qjl'l 1 1 | 1 1 1 1 s e v—l—
-1000 -500 0 500 1000 1000 -500 0 500 1000
dXY (um) dxy um

* Resolutions very close to last year values!
* The mean ~10 micron (was 0): further analysis in progress 35
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SDD calibration with Millepede

35( Mean -0.0005534 Mean -0.0004344
SPD and SSD are fixed from previousam RMS 0.03935 - 0.03452
: : 25(

SDD varied with: Mean  -0.001301 Mean  -0.0004746

1) geometry free 20( Sigma  0.03339 | Sigma 0.02782
2) geometry + calibration free e
1000-
ALL MODULES ~ o

0__ = | | | | T T 1 | T 1 I

-0.15 -0.1 -0.05 0 0.05 0.1 0.15
X residuals, cm

~185 wm improvement in the SDD resolution

after the calibration

(st1ll far from the nominal value due to the trigger jitter) 36
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SDD calibration with Millepede (lI)

. . Entries 25638 Entries 25638
SPD and SSD are fixed from Previous| .. 0.0002093 Vean -0.0003936
alignment step. . Y s 0.03264
SDD varied with: § Constant  664.8 Constant 1055
1) geometry free s WS Mean  -0.0004318
2) geometry + calibration free E S Gk Sigma 0.02633
400{
only those modules for which the
V__ calibration is essential a0
o itz O=ADIZ00 i

-0.15 -0.1 -0.05 0 0.05 0.1 0.15
X residuals, cm

~320 um improvement in the SDD resolution

after the calibration

(st1ll far from the nominal value due to the trigger jitter) 37
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Comparison with Millepede

i hXDiff hYDiff 2 hZDiff
- T e Differences between the
] < recovered parameters for
I the inner SPD layer
oum
m:— hPsiDiff - hThetaDiff 7— hPhiDiff
s:— Rl:a: 4::35 ':: R:: -35.41 :: R::Sn l115.?
% X residuals for SPD1 me residuals for SPD2
; qulﬂ-”njl wtlllib Lo Jlis vgm.. I I T .H.H.. .”..l 1eoo0- | :_ Entries 161444
200 150 100 500 50 100 150200 00 300 200 100 0 100 200 300 400 r Entries 1233119 Roan =
mdeg g Mean  -1.986
2000 Mean -0.909 7000~
soook: RMS 2407
RMS 15.09 F
Differences between points f ot
positions with the two - o
recovered geometries 2ol E
0_|||.-||||||]?\4_L4.g4|| nE i IR I AR A

pm um
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Track-to-track residuals, AXYatY=0

real track

* Split each track in two (e.g. upper VS lower)
* Compare:
* tracks directions in the XY and YZ planes

X o AZatY=0

>

When only the four points on a single detector

assigne (->same o) are used to fit the tracks

position w real position in

space easy to relate the observed distribution to the

spatial effective “local” resolution

2
l Fourer ™ T INNER>

2 2
2. r INNER+ ¥ outeR 39

e.g. 0 (x, )=o’(A XYy:())

loc
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SSD survey validation: Track-to-track
and residuals analysis

Ao
220 | - : Nosurvey SOOL | T T T T [ T T [ T T [ T | Nosurvey [

u Entries 21143 - Entries 21185 ||
20005— realn  assigned] Mean -2.453e-06 450 Mean  67.46 |
18001 POSHOT ' position f} | gms  0.0002219 4005_;'0 Survey | RM; 1442
1600 F ourvey urvey

[ Survey 3505 . Constant 376.2+ 39
1400 - |

- Constant 1865+ 20.2 3{]0:— Mean 115.7+ 3.4
12005_ Mean -1.936e-05 £ 5.592e-07 250 f— S 418.9 £ 3.1 _
1000 - ]

- Sigma  7.236e-05 + 5.524e-07 200 O = 440 }HT]

800 5 7
~ O = 0072 ml’ad 150 @ —
" No Survey Il - .
s00F- A s —58um 1000 C = 27 {m
s00p “UTVEY loc H 501 E
057007 —0.0005 0.0005  0.001 06000 4000 -2000 O 2000 4000 6000
rad AXY at Y=0 (um)
spatial effective resolution | Large improvement using the Survey
2 2 . .
020 (A@) Nl——+— Same results with the two variables

"inwer  Tourer 40
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SSD survey validation: residuals

ro residuals on the inner SSD layer with the tracks fitted on the outer one

@ 900r = 0.03f
c C ] -
g _ ~ | No Survey
3 800 L= 20um .
= E No Surve 2 o0sf
5 F - Surve
5 700 - y
£ £ Survey "
S 600 0.01~ - -+ + T
c = B e —— + g
500 :.,.:I:I"' e +
C 0 I
300 -0.01
- - +
200—
= ~0.04— - +
100—
I L
0: |||||||||||||||||III/'/ L nﬂ-lIlIIlIIIIIIIIIIIIIIIIIIIIIIIIII
-0.04 -0.03 -0.02 -0.01 O 0.01 0/,.02 0.03 0.04 B 1] 5 10 15 20 25 30
RA¢ (cm) laddernumber

(x Yo )y
o\x ~

loc
spatial resol V1.9

Large improvement with the use of the survey

The results are compatible with those obtained looking at the tracks properties
41
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