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The ATLAS Inner Detector

* Provides tracking of charged particles for |n|<2.5

» Consists of 3 sub-detectors:
* Pixel Detectors
« Semicondictor Tracker (SCT)
 Transition Radiation Tracker (TRT)

Silicon strips/pixels
} detect particles

{ Many layers of gaseous straw tubes
interlaced with Transition Radiation foils.

* During normal running, tracking volume surrounded by 2T magnetic field.

The SCT consists of:
* 4 concentric barrels.
» 2 endcap sections: 9 disks - labelled 0-8 in what follows.

Endcap Disk Ring Total Number of
Outerm=0 Middlen =1 Innerm =2 Modules
0 d=0-51 ®=0-39 / 92
1-6 d=0-51 ®=0-39 d=0-39 132
7 d=0-51 ®=0-39 92
8 d=0-51 / / 8




SCT Modules
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Most modules consist of 4 silicon sensors:

* 768 sensor strips ~12cm in length (bondgap in
middle).
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* 2 sides glued back to back at a stereo angle of 40
mrad to provide space points.
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« Strips in the barrel are aligned parallel to the
solenoid field and beam axis and are at a constant
pitch of 80 um.
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» Sensors in the end caps are aligned radially and
are wedge shaped, their pitch varies(57-94 um) and
widens towards larger radii.
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View from outside

Over-ground Cosmic Tests (in SR1) towards Side A

Barrel Tests: April — June 2006.
Endcap Tests: October — December 2006.

» Cosmic rays triggered with 3 layers of scintillator strips.

 Arranged for large angular distribution of cosmic rays hitting scintillators
& instrumental sectors of the TRT & SCT whilst balancing demands of
selecting tracks of decent length whilst maintaining an acceptable track
rate.

" Scintilator HSC2 & HSC3

y
» Barrel Setup:
« Opposite sectors of the SCT and TRT barrels were cabled and sideview (view from interaction point)
tested. 1/8 of TRT barrel and ¥ of SCT barrel (468 SCT modules). =l —
« Recorded 450,000 events. E 360 o oo E‘L? """"
« Endcap Setup: 300 “‘5“““”"“@“‘5‘“’“‘5"’
« One quadrant of SCT endcap C (247 modules) and 1/16 of TRT 2%} |
endcap C wheels were tested. 200}
« Recorded 2.5 million events. 150
100 ¢
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Motivation for my work...

SCT Barrel Efficiency Measurement — As performed by Dr Helen Hayward (. Abat et al. Combined

performance tests before installation of the ATLAS Semiconductor and Transition Radiation Tracking Detectors, JINST (2008), 3, PO8003)

For each reconstructed track in an event that remained after a track quality cut the algorithm:
* Removes hits located on the SCT barrel layer under investigation (active layer).
* Refits track excluding these hits.

» Extrapolates refitted track to the active layer (using perigee parameters) to obtain an
intersection point with a module.

« If intersection point is within sensitive area of module (Fiducial) it is included in the
denominator of the efficiency calculation.

« If SCT cluster is found to be located within a set “Road Width” from predicted position, an entry
is also made of the numerator of the efficiency calculation.

Results Method

E 1 :\ T 1T T T T TTTT TT 1T T \(\E \At!)a\t \et \all IC:IO"‘nIblin‘elq . . N
2 0,998 performance tests before] o Distances between clusters and predicted track positions
o = E nstallation of the ATLAS; .
£ C \ Cosmic Data semiconductor and] PlOtted as residuals.
g 0.996 - Trans¢|0n Ra d|at|or}
5 0.9941 W - JiN\TT&C ;’)‘?fejji‘fjjz * No magnetic field: Residuals can be quite large (low
2 0.992 0 T I 1 momentum cosmic rays, large scattering effects).
s UL b i ]
S5 0.99f - o I o o s *2 mm road width chosen to neglect multi scattering

_— | 1 effects.

C 73 _

0.986 1 * Results from data before and after global 2 alignment

i 9845 —o— Nominal alignment 1 performed.

0.982| —=— Global Chi2 alignment 1 « After alignment unbiased hit efficiency in all barrel layers is

0.98 e loc il il el 14e ] measured to within specifications (>99%). 5

0 05 1 1.5 2 25 3 35 4
layer and side



And now my work...

SCT Endcap Efficiency Measurement: Method 1: Method

For each reconstructed cosmic event that remained after an initial quality cut the algorithm:
* Removes Space Points located on the layer under investigation (active layer).
* Fits a track excluding these hits.
» Extrapolates fitted track to the active layer to obtain an intersection point with a module.

* If intersection point is within sensitive area of module (Fiducial) it is included in the
denominator of the efficiency calculation.

* If Module strip is found to have registered a hit is located within a set “Road Width” from
predicted position, an entry is also made of the numerator of the efficiency calculation.

* Track Quality: See later.
u s  Fiduciality: Anywhere within module

that is at least

E; = N (predicted hitswith strip hits near by); * 2 mm from bondgap.

N (predicted hits)ij « 1.5 mm from module edges.
Where predicted hits are from extrapol ations . 1}6?sr|?sm from any masked strips
paSSi ng qua“ty cuts. * Road Width: Choice of 6 mm used in

code development to avoid scatterigg
and misalignment effects.




SCT Endcap Efficiency Measurement: Method 1: Track Fitting and Extrapolation

Originally hoped to use internal software back tracking tools, however | found these not to be
suited for these tasks. | therefore utilised my my own custom made algorithms:

Track Fitting
* Least square fit of space points outside active disk.
* Require 3 SP’s outside active disk (for meaningful x2)
« Algorithm fits track z = p,x+p, = q,y+q, to n data points at (X;,y;,Z;).

» Minimises action S to find parameters. i
S =3 (zi— (1w +p2)* + 3z — (qy +a2)°
i=1 i=1

= 22 = 23 () =
— = =2 rizi—(prri+p)) =0 — = =2} (z— (T +p)) =0
'F-)f;'l ; = 1 [2]) "-)J”z — i
as ! a5 JuiEy . N
— = =2 y(n—(nwm+e)=0 z— = -2 (zZi—(quwitaw)) =0
51 > il — (0 + ) o >
= nY i Tt 2 Tidiim % P2 = —LZ i — D1y i)
n\_'_Lez—L'E Lyoag)? i=1 =
s L/ T n
n = M2z it = Lzt Ui 2ui=1 % gz = —LZ _"jiz?h}
”E? l'!" _LT‘ '!Jz]z i—1 |

Track Extrapolation
« Extrapolate track with initial position X, = (X,,Yo,Z,) and direction p to a position
X, = (Xo+SPxYotSPy,Zo+sp,) on a module on the active layer.

* s = (X,,.n-Xy.n)/p.n
X, is the position of the module centre and n is the normal to the module.



SCT Endcap Efficiency Measurement: Method 1: Track Quality

* Fitted tracks are subjected to a quality cut.

» Define ¥2/ndf quantity to measure quality of fit.

Sigma’s taken from widths of residuals
obtained with no %2 cut.

Differences in x and y coordinates

between fitted track and space points | Res'du/alﬁ«fma -Side 0, Outer |
used to fit the track at the z coordinate :“}”

of the space point. \

X \
n (dxz;) +(5yz)/
2 i=1 T2
X _ Zf Tdisk,
n -+ 2
*

Errors in 2D (x and y)

n space points
used to fit the
track,1=1,..,n
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SCT Endcap Efficiency Measurement: Method 1: Fan Type Geometry of Modules

Wmax
x=0

- dist ;

‘. . . ..
Y e 7 Extrapolated ‘ Predicted Position at (X,Y,)

Using similar triangles:
e W=(Wmax+Wmin)/2
e I=W*L/(Wmax —Wmin)

Again using similar triangles can
show that the distance we want to

measureis:
LU
.lfls(]. + _F) - --rp
n

d =




SCT Endcap Efficiency Measurement: Method 1: Efficiency Results

(Wlth lendf < 30 and InCIdent ¢ > 230) [ Module Efficiency, S.P. Extrapolation (Method 1) ‘ SPModuleEfficiency
Entries 16
I Mathad 1 Average Effiziznay va Inzident Angle auts I 5 17 Mean 5.967
c - RMS 3.423
A +
- 098
540 =L +
f AANNAE IS
35 -
0.96% + +
0.9 +
0.92f
0.9
4 - ATLAS
5 10 15 20 25 30 35 :r: cu::s 0.88| work in
i progress
| Method 1 Average Efficiency vs Ch#/ndf cut 0.86_
P ‘I i 1 | | | | | 1 | | | 1 | | 1 1 | | 1 1 | 1 1 | |
g1 0 2 4 6 8 10 12
% . 2*Disk + Side
0.95 i
MMMM
Ty ..
0sk ™ Average efficiency throughout detector = 97% as y2/ndf > 0
Efficiencies lower than expected
o8l ATLAS
[ Vr"(;’”:e'gs Suspect cuts are still not successfully separating all the good
ool Prog tracks from all the bad.
0 10 20 30 40 50 60 70 80 90 100 10

Chi®/ndf cut



SCT Endcap Efficiency Measurement: Method 1: Individual Module Efficiencies
(with ¥?/ndf < 3.0 and incident ¢ > 23°)

e Can use this method to calculate efficiencies for each individual module.

» Useful monitoring tool for identifying modules with problems!

/

Module Efficiency: Disk 2, Outer Ring “

&

L

Efficiency
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SCT Endcap Efficiency Measurement: Method 1.:

(with ¥?/ndf < 3.0 and incident ¢ 23°)

Residuals for Disk 1:
|

Resolution Results

Dimk- ROG - 5P D 1, Side §, Ousar |

£ xcf
o
: ATLAS
3 work in

progress

Disk: N0 - 5P Extrag, Disk 1, Side 0, Midds ||

ATLAS
work in
progress
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H Emniries.
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work in
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| Dhmkc- WO - &P Dbt 1, Sids 1, Gusar | =T = Disk: DD - SPExiag, Cisk 1, Sida 1, Midds | | = | Dimk: RO - SFExtrap, Dink 1, Skda 1, Innar

i F Maan -DU0 T " Maan 1408 "
L MNE  psdi ® - F nMs #302 ¥ g
Sub i b
- = = 25 =™

“F ATLAS ATLAS £ ATLAS

ok _ work in

: work in 20f work in 25
sf- progress : [ Progress
e progress

Rscidiis) i)

1 1.5 .
swcidual jmmf

Distributions are not centred on 0 - Misalignments!

All residuals are within roadwidth, but ¢ >> 23 um (design detector resolution).

(For mean’s and sigma’s of all distributions see backup slides).
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SCT Endcap Efficiency Measurement: Method 1: Resolution Results
(with ¥?/ndf < 3.0 and incident ¢ 23°)

» Can extract Module Resolution (o) from residual distributions by subtracting track prediction and
alignment correction uncertainties.

* Residuals larger than expected detector resolution (23 um) due to multiple scattering.

» Module resolution can be extracted by plotting ¢ in bins of y2/ndf of the unbiased track. As this quantity
decreases track uncertainty becomes negligible.

* Plotted here for disk 2, side 0 to maximise statistics.

| Resolution Plot for disk 2, side 0 |

E 0.8

E

E 07 Q}ﬁlﬁ Low statistics mean bigger

E progress binning than in barrel case.
0.6

Resolution obtained factor of

0 10 higher than it should be.
o4 + Scattering effects and
0.3 | —+— Misalignments!
0.2

F....I....I....I....I....I....l....I....I....I....
o 1 2 3 4 5 6 7 8 9 _ 10
Chi/ndf
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SCT Endcap Efficiency Measurement: Method 2

Due to problems of Method 1 discussed already a further efficiency measurement
approach was considered.

This measures the ratio of single to double hits in the layers of the SCT endcap.

Define € = efficiency of one side of a particular disk.
X = predicted hit with strip hit within road width.

Define ratio R = !
P( @ ) = g? X = predicted hit without strip hit nearby
01 01 01

I)(hL ot TH‘ or TLTL ) a(l-e)+(l-e)zs+&2 = &(2-)

= N(hitonside0 && hitonsidel)/N((hitonside0 && predonsidel) || (hitonsidel && predonside0))
= €/(2-¢)
= ¢ = 2R/(1+R)

Since in general € # ¢, # €¢,;,what we are really measuring is € = 2¢,¢,/(gy+€,)
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SCT Endcap Efficiency Measurement: Method 2: Results

Method 2 Average Efficiency vs Ch#/ndf cut

‘ MOdUIe EffiCiency ‘ SPModuleEtticiency2
Entries 9
> T Mean  3.386
_% ST | + RMS  1.951
298
l'“: -
1
0.96
0.94]
0.92)
0.9
i ATLAS
0.88- work in
- progress
0.86—
7\|||‘\|||‘|||\||\\|||\||III|\|||
o 1 2 3 4 5 6 71
Disk

- 1
g [~
o P
o ¢
m -
0.95-
0.9
0.85 ATLAS
: work in
i progress
0.8_lllllIlllllllllllllllllllllllllllllllllllllllllll
o 1 2 3 4 5 6 7 8 9 10

Chi®/ndf

v Only extrapolations resulting in at least one efficient hit on one side of the active module

are entered into the efficiency calculation.

v Only uses good events!

v No dependence on y?/ndf cut...

v Throw as many bad tracks as you like at it and the efficiencies measured will still be

accurate.
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SCT Endcap Efficiency Measurement: Method 2: Results

Can separate g, and ¢, by measuring the following ratios:

Ry = N(xX)/(N(ox)+N(xx))
= €0e1/((1-ep)e +epe,) = €
And:

R; = N(xx)/(N(x0)+N(xx))

= gg€q/(g(1-81)+e0E) = €,

All efficiencies in first 5
disks are around the
design specifications
value of 99% ©

Not enough good
statistics for other disks

| Method 3: Module Efficiency |
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Conclusions

» Despite a data sample full of multiple scattering, low energy events, | have developed an
algorithm to accurately measure the module efficiencies of the SCT endcap.

» Residuals (and low efficiencies in method 1) show bad resolution and misalignment
problems that need sorting.

» Cut based efficiency method 1 works but is contaminated by bad tracks. However it is
useful for identifying modules with problems.

» By requiring an efficient hit on at least one side of the module under investigation, good
tracks can be isolated. Method 2 measures disk efficiencies to be within the design
specifications (~99%).

Thank you for listening... Any questions?
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SCT Endcap Efficiency Measurement: Method 1: Resolution Results
(with ¥?/ndf < 3.0 and incident ¢ 23°)

Mean of Residuals

Show large
misalignments!

But no alignment data
has been included in
the software setup,
so this is expected.
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SCT Endcap Efficiency Measurement: Method 1: Resolution Results
(with ¥?/ndf < 3.0 and incident ¢ 23°)
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