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LHC-ATLAS Experiment

ATLAS detector 44m
LHC (Large Hadron Collider)

End-cap disk layers



Beam Test

goal
efficiency study of pixel detector » tracking resolution must be
v’ structure effect less than 10 um

pixel detector

get track of particle
telescope




Beam Test @Frermilab




Experimental Setup

SVX4 telescope




SVX4 telescope track reconstruction



Merit of Tilting the Sensors
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this time, tilted sensors by 10 degree ;



Data Processing

Hit Selection
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Residual Distribution (after alignment)
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Position Resolution of Sensor

Assumption

® Track is parallel to the Z axis
® Each sensor has almost same resolution

) . 2
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Analysis of Position Resolution

Factors
® fluctuation of dE/dx cluster charge
according to the FWHM of cluster charge, _ — o b0
ot g o a3 ol
QtOt 4000:—
_ X101+ x20; 3
Q1 + Q>
5 V2(width) Q;Q,6Q -
X (Ql +Q2)2 Q 1000_5_— 7
f Q1= Q;, L e
~4 pum 0 20 40 charge[10°e

® multiple scattering ~2pum

® noise of ADC ~ 1 ADC ~ 1ke
(this effect is included in 6Q)



Tracking Resolution

Evaluating by weighting of each sensor resolution

O x—track [l’lm] O'y—track [I-lm]
3 3

v Enough resolution ( < 10 pum ) for evaluating pixel sensor
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FE65 pixel detector



track vs hit Correlation
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Residual Histogram
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To Do

* Draw Hit Efficiency map

like this
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Backup



High Luminosity LHC
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Silicon Strip Sensor (Telescope)

13mm
: N
strip sensor
15.4 width 50 um
mm # of strip 256 8 sensors
thickness | 300 um . (X, y)
N/
SVX4 chip 4layer
=% v charge readout(8bit ADC)
| '1 v 128ch ,
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Convert ADCto Charge

v'Evaluate pedestal of each strips

v'charge = (ADC-pedestal) X gain

3 —_
ADC Cchannel vs adc Ox channel vs adc Oy chargel10e7] ~ channel vs charge Oxy
200 | o T SR 200 T
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X Y
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Hit Selection & Clustering

charge

v’ hitselection it threshold

(ADC) > (pedestal) +9 X (pedestal width)

v’ centroid method I:> local hit postion %

\/ strip #

cluster

cluster charge [103e7] local x vs cIuster charge localy vs cluster charge

Charge_Dist_0
Entries 67832

LocalPosition_vs_TotCharge_ 1 |

Mean 2.749e+04
RMS 1.114e+04




Definition of Global Coordinate




Prealignment

v'Convert local position to global position

v'Calculate difference of hit positions of first layer and other
layer, then shift the each layers

S - %i’ !f

difference of X positions

v’ x shift & y shift
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Shift

v'3 pointsexcluding target layer |f‘> tracking

v'mean of residual ) correction

j, t;g::esidual !7 l 1.8 !7

T 1T *» 0 -

2500

1500

» v After correction, mean of
residual equal to zero

1000

500

-100 0 residualx[um] -100 O residualy[pum] 27



Rotation Y axis. X axis

track position x hit position x’

v'residual x = x—x’ correlates to x

v'slope of “x vs residual x” T estimate Y axis rotation



Rotation Z axis

track positiony

track position x

v’ residual = x—x" correlatesy
v’ slope of “y vs residual x”

3

estimate Z axis rotation

track positiony

track position x
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Rotation (before alignment)
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Rotation (after alignment)
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TDC cut
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alignmentBIDIZRZER
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i1 5 R B D EH

MEDRREEICEZET D IT7 V53—

® THHBERDIELET
cluster chargeMIEL Y. 6Q~2.4 ke

cluster total charge DIEMNLRIELY
X101+ x50,

Q1+ 0,
V(= x5)? (Q76Q7 + Q7 602)

cluster charge

Charge_Dist_0

Ox = @+ )
450,

220,
~3.9 um

® ZEHE, ~4um

® ADC(@noise ~ 1ADC ~ 1lke
SQIZEEND

Entries

60

charge[103e]



Data Structure of detectors

_ SVX4 (telescope) FE65 (plxel sensor) | TLU (trlgger)

EventNumber

TimeStamp O X O
ADC @) X X
ToT X O X

However, There is mismatching of EventNumber...
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TimeStamp

timestamp (SVX-TLU) difference_of_TimeStamp

250

200

150

/\ here : mismatching

100

50

0

-50

_ III|III|III|III|III|III|III|III|III|III|III|III
100O 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

entry#
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TimeStamp

timestamp (SVX-TLU)  difference_of_TimeStamp

250

200

here : mismatching

150

100

50

SVX TLU

-50

_ III|III|III|III|III|III II|III|III|III|III|III
1000 200 400 600 800 1000 12004400 1600 1800 2000 2200

SVX TLU

13651
13674

13684
13703
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TimeStamp

FE65y

60
50
40
30
20

10

correlation disappear
after event mismatching occurred
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TimeStamp

v'Making list of EventNumber whose TimeStamp matching
— This will resolve mismatching between SVX4 and TLU
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However, there is also mismatching between TLU and FE65
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