Tilt angle and Crossing angle in Silicon TrackersHartmut SadrozinskiSCIPP, UC Santa CRUZ, Santa Cruz, CA 95060 USAIn the ZEUS Silicon tracker, several effects will cause tracks to cross the detectors with a finite crossingangle 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]3 cm wide detectors @ min. radius r= 6.5cm= 13deg@ max radius r= 14cm= 6.1degLorentz Angle [LA] in 1.5T field:holes1.5*1.85=2.8degelectrons: 1.5*7.9=11.9degAngular opening for 0.5 GeV particles [CP], r = 1.11m@ min radius r=6.5cm= 1.7 deg@ max radius r=14cm= 3.6 deg

Sharing decreases the charge collected on one stripassume 300 micron thick detector with 80micron pitchCrossing angle caStrips crossed[deg]300*tan(ca)/8050.331 0 0.661 5 1.002 0 1.362 5 1.752 8 2.003 0 2.16Beyond crossing angle of 15deg, no single strips hit (always sharing!).Beyond crossing angle of 28 deg: always sharing of three strips

Finite size arctan (1.5/6.5) = 13deg0.5 GeV particles: p=0.3Br, r=1.11m arcsin(6.6/2/111)=1.7deg @r=6.5cm arcsin(14/2/111)=3.6deg @r=14cmLorentzangle:1.5*7.9=11.9 deg electrons1.5*1.85=2.8 deg holesLEFT:Effective crossing Angle 11.9+13=24.9degPositive 0.5GeV Particles: 11.9+13+1.7=26.6degNegative 0.5GeV Particles: 11.9+13-1.7=23.2deg

-+Drifting Electrons:11.9 degDrifting holes2.8 deg

xRIGHT::Effective crossing Angle 11.9-13.0=-1.1degPositive 0.5GeV Particles: 11.9-13+1.7=0.6degNegative 0.5GeV Particles: 11.9-13-1.7=-2.8degEffective Crossing Angle: L.A. - S.K. + C.P. - T.A. L.A. = 11.9 (e-), 2.8 (h+) S.K. = atan(x/r) C.P. = charge*asin(r/222) for 500MeV particles

Position Resolution: somewhat better for larger angle (sharing)

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 angleFor complete coverage even for 500MeV particle need to overlap the detectors in r-fExtra Material as a function of tilt angle (ta):r=6.5cmtilt (ta)Extra Area 1/cos(ta)Due to gap=tan(ta)*sin(1.7)Total[deg]50.4%0.3%0.7%1 0 1.5%0.5%2.0%1 5 3.5%0.8%4.3%2 0 6.4%1.0%7.4%r = 1 4 c m tiltExtra Area 1/cos(ta)Due to gap=tan(ta)*sin(3.6)Total[deg]50.4%0.5%0.9%1 0 1.5%1.1%2.4%1 5 3.5%1.7%5.2%2 0 6.4%2.3%6.7%

Crossing angle as a function of tilt angleThe effective crossing angle depends onthe charge collected (holes on p-side, electron on n-side)=> Lorentz angle,the location on the detector and radius=> Skew anglecharge/momentum of the track and radius=> charged part angletilt angleWe evaluated it forelectrons and holesmin (6.5cm) and max (14cm) radiusthree locations on detector: center and two extreme edgestwo charges of 0.5GeV particlesConclusions A tilt angle of about 7o , i.e. the average of the electron and hole Lorentz angles, is the bestcompromise to minimize the effective crossing angle.

Crossing angle vs tilt for electrons @ r= 6.5cm: LA= 11.9o, SK = 13.0o CP= 1.7oLEFTC e n t e r RIGHTA v MaxTilt+-+-+-026.623,213.610.20.6-2.811.926.6224.621.211.68.2-1,4-4.89.924.6422.619.29.66.2-3.4-6.87.922.6620.617.27.64.2-5,4-8.85.920.6818.615.25.62.2-7.4-10.83.918.61016.613.23.60.2-9.4-12.81.916.61214.611.21.6-1.8-11.4-14.8-0.114.81412.69.2-0.4-3.8-13.4-16.8-2.116.81610.67.2-2.4-5.8-15.4-18.8-4.118.8F o r m u l a LA+SK+CP-TLA+SK-CP-TLA+CP-TLA-CP-TLA-SK+CP-TLA-SK-CP-TLa-T

-30-20-100102030-505101520Effective Crossing Angleelectrons, r=6.5cm

Left End, +0.5GeV

Left End, -0.5GeV

Center, +0.5GeV

Center, -0.5GeV

Right End, +0.5GeV

Right End, -0.5GeV

EFFECTIVE CROSSING ANGLE [deg] TILT ANGLE [deg]

Crossing Angle vs tilt for holes @ r= 6.5cm: LA= 2.8o, SK = 13.0o CP= 1.7oLEFTC e n t e r RIGHTA v MaxTilt+-+-+-017.514.14.51.1-8.5-11.92.817.5215.512.12.5-0.9-10.5-13.90.815.5413.510.10.5-2.9-12.5-15.9-1.215.9611.58.1-1.5-4.9-14.5-17.9-3.217.989.56.1-3.5-6.9-16.5-19.9-5.219.9107.54.1-5.5-8.9-18.5-21.9-7.221.9125.52.1-7.5-10.9-20.5-23.9-9.223.9143.50.1-9.5-12.9-22.5-25.9-11.225.9161.5-1.9-11.5-14.9-24.5-27.9-13.227.9F o r m u l a LA+SK+CP-TLA+SK-CP-TLA+CP-TLA-CP-TLA-SK+CP-TLA-SK-CP-TLa-T

-30-20-100102030-505101520Effective Crossing Angleholes, r=6.5cm

Left End, +0.5GeV

Left End, -0.5GeV

Center, +0.5GeV

Center, -0.5GeV

Right End, +0.5GeV

Right End, -0.5GeV

EFFECTIVE CROSSING ANGLE [deg] TILT ANGLE [deg]

Crossing angle vs tilt for electrons @r=14cm: LA= 11.8o, SK = 6.1o CP= 3.6oLEFTC e n t e r RIGHTA v MaxTilt+-+-+-021.514.315.48.29.32.111.821.5219.512.313.46.27.30.19.819.5417.510.311.44.25.3-1.97.817.5615.58.39.42.23.3-3.95.815.5813.56.37.40.251.3-5.93.813.51011.54.35.4-1.8-0.7-7.91.811.5129.52.33.4-3.8-2.7-9.9-0.29.9147.50.31.4-5.8-4.7-11.9-2.211.9165.5-1.7-0.6-7.8-6.7-13.9-4.213.9F o r m u l a LA+SK+CP-TLA+SK-CP-TLA+CP-TLA-CP-TLA-SK+CP-TLA-SK-CP-TLa-T

-30-20-100102030-505101520Effective Crossing Angleelectrons, r=14cm

Left End, +0.5GeV

Left End, -0.5GeV

Center, +0.5GeV

Center, -0.5GeV

Right End, +0.5GeV

Right End, -0.5GeV

EFFECTIVE CROSSING ANGLE [deg] TILT ANGLE [deg]

Crossing angle vs tilt for holes @ r= 14cm: LA= 2.8o, SK = 6.1o CP= 3.6oLEFTC e n t e r RIGHTA v MaxTilt+-+-+-012.55.36.4-0.80.3-6.92.812.5210.53.34.4-2.8-2.3-8.90.810.548.51.32.4-4.8-4.3-10.9-1.210.966.5-0.70.4-6.8-6.3-12.9-3.212.984.5-2.7-1.6-8.8-8.3-14.9-5.214.9102.5-4.7-3.6-10.8-10.3-16.9-7.216.9120.5-6.7-5.6-12.8-12.3-18.9-9.218.914-1.5-8.7-7.6-14.8-14.3-20.9-11.220.9163.5-10.7-9.6-16.8-16.3-22.9-13.222.9F o r m u l a LA+SK+CP-TLA+SK-CP-TLA+CP-TLA-CP-TLA-SK+CP-TLA-SK-CP-TLa-T

-30-20-100102030-505101520Effective Crossing Angleholes, r=14cm

Left End, +0.5GeV

Left End, -0.5GeV

Center, +0.5GeV

Center, -0.5GeV

Right End, +0.5GeV

Right End, -0.5GeV

EFFECTIVE CROSSING ANGLE [deg] TILT ANGLE [deg]