Tilt angle <==> Crossing angleIn the ATLAS Silicon tracker, several effects will cause tracks to cross the detectors with a finitecrossing angle in the r-f plane They will influence the:EfficiencyPosition ResolutionMaterial Budget(Xo & $$)Beam tests have been done with varying crossing angles to map out this effect.We consider here:Finite detector size: skew [SK]6.4cm detectors @ min. radius r= 30cm= 6.1deg@ max radius r= 54cm= 3.4degLorentz Angle: [LA]2 tesla field, electrons: 2*7.9=15.8degAngular opening for 1GeV particles [CP]@ min radius r=30cm= 5.2 deg@ max radius r=54cm= 9.3 deg

Sharingdecreases the charge collected on one stripCrossing angleStrips crossed(ca)300*tan(ca)/8050.33100.66151.00201.36251.75282.00302.16Beyond crossing angle of 15deg,: no single strips hit (always sharing!).Beyond crossing angle of 28 deg: always sharing of three strips(The beam test data do not show this because both strips have to collect charges of more than 1fC to show the effect. But the efficiency is affected.)

Finite size arctan (3.2/30) = 6.1deg1 GeV particles: p=0.3Br, r=1.67m arcsin(15/167)=5.2deg arcsin(27/167)=9.3degLorentzangle:: 2*7.9=15.8 degLEFT:Effective crossing Angle15.8+6.1=21.9degPositive 1GeV Particles: 15.8+6.1+5.2= 27.1Negative 1GeV Particles: 15.8+6.1-5.2=16.7

-+Drifting Electrons:15.8 deg

xRIGHT::Effective crossing Angle15.8-6.1= 9.7degPositive 1GeV Particles: 15.8-6.1+5.2= 14.9Negative 1GeV Particles: 15.8-6.1-5.2= 4.5Effective Crossing Angle: L.A. - S.K. + C.P. - T.A. L.A. = 15.8 S.K. = atan(x/r) C.P. = charge*asin(r/334)

Position Resolution: somewhat better for larger angle( s h a r i n g )

051 0 1 5 2 0 2 5 11 . 2 1 . 4 1 . 6 1 . 8 2- 5 051 0 1 5 2 0 Resolution as a Function of Crossing Angle[ T h r e s h o l d 1 f C , 7 5 m i c r o n P i t c h )

Single HitDouble HitAll TracksMultiplicity

Position Resolution [micron]

MultiplicityRotation Angle [o ](H8_95)

Efficiency: better for smaller crossing angle (sharing)

02 0 4 0 6 0 8 0 1 0 0 1 2 0 012345

071 4

Efficiency [ % ]A v e r a g e Threshold [ fC ]A T & T 3

Efficiency [ % ]Threshold [ fC ]" E d g e " A T & T Rotation [ o ](H8_95)

Overlap (material+$$) better for smaller tilt angleExtra Material as a function of tilt angle (ta):r = 3 0 c m tilt (ta)Extra Area 1/cos(ta)Due to gap=tan(ta)*sin(5.2)Total50.4%0.8%1.2%1 0 1.5%1.6%3.1%1 5 3.5%2.4%5.9%2 0 6.4%3.3%9.7%r = 5 4 c m tiltExtra Area 1/cos(ta)Due to gap=tan(ta)*sin(9.3)Total50.4%1.4%1.8%1 0 1.5%2.8%4.3%1 5 3.5%4.3%7.8%2 0 6.4%5.9%12.3%

Crossing angle as a function of tilt anglefor three locations on detector and both charges of 1GeV particles@ r-30cm: LA= 15.8, SK = 6.1CP= 5.2LEFTC e n t e r RIGHTA v MaxTilt+-+-+-027.116.72110.614.94.515.827.1225.114.7198.612.92.513.825.1423.112.7176.610.90.511.823.1621.110.7154.68.9-1.59.821.1819.18.7132.66.9-3.57.819.11017.16.7110.64.9-5.55.817.11215.14.79-1.42.9-7.53.815.11413.12.77-3.40.9-9.51.813.11611.10.75-5.4-1.1-11.5-0.211.5F o r m u l a LA+SK+CP-TLA+SK-CP-TLA+CP-TLA-CP-TLA-SK+CP-TLA-SK-CP-TLa-T

- 2 0 - 1 0 01 0 2 0 3 0 - 5 051 0 1 5 2 0 Effective Crossing Angler = 30cm

Left Corner, +

Left Corner, -Center, +Center, -Right Corner, +Right Corner, -

Crossing Angle [degree]Tilt Angle [degree]

@r=54cm: LA= 15.8, SK = 3.4 CP= 9.3LEFTC e n t e r RIGHTA v MaxTilt+-+-+-028.59.925.16.521.73.115.828.5226.57.923.14.519.71.113.826.5424.55.921.12.517.7-0.911.824.5622.53.919.10.515.7-2.99.822.5820.51.917.1-1.513.7-4.97.820.51018.5-0.115.1-3.511.7-6.95.818.51216.5-2.113.1-5.59.7-8.93.816.51414.5-4.111.1-7.57.7-10.91.814.51612.5-6.19.1-9.55.7-12.9-0.2-12.9F o r m u l a LA+SK+CP-TLA+SK-CP-TLA+CP-TLA-CP-TLA-SK+CP-TLA-SK-CP-TLa-T

- 2 0 - 1 0 01 0 2 0 3 0 - 5 051 0 1 5 2 0 Effective Crossing Angler = 54cm

Left Corner, +

Left Corner, -Center, +Center, -Right Corner, +Right Corner, -

Crossing Angle [degree]Tilt Angle [degree]