September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10Choice of the Tilt Angle of the Silicon StripDetectorY. UnnoPhysics, KEKunno@kekvax.kek.jp

Abstract

Argument on the efficiency for 1 GeV/c charged particlesrecommends the choice of the tilt angle of the SCT silicon stripdetector to be ‡8 deg. Position resolution has the very shallowminimun and affects the choice of the tilt angle little.

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10Angles which offset the incident angle to the detector¥Tilt angle¥Edge-clearance angle of the detector (width)¥Dispersion angle of the 1GeV/c tracks in 2T magneticfield¥Hall angle of electron carriers (in the n-strip readout)Limit on the incident angle (measured from the drift axis) fromthe beamtest data[1]¥Hall angle (electron) in the 2 T magnetic field frommeasurement: 15.7 deg.¥Use the n-side efficiency¥Interpolation from the 50 mm and 100 mm pitch data¥Limit on the charge collected at ‡2 fC¥Partial depletion operation up to 2 x 1014 p/cm2¥Then, incident angle must be < 20 deg. for ~2 x 1014p/cm2Other considerations¥Material increase with tilt angle (Max at edge)¥Radial spatial separation and overlap to cover the 1 GeV/cparticlesChoice¥Tilt angle ‡8 deg

[1] Beam tests of a double-sided detector with fast binary readout before and after proton irradiaton, Y. Unno et al.,KEK preprint 96-7, to be published in Nucl. Instr. Metho.

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10

r w

) )

]

]

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10

+

»

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10

00.20.40.60.8101 0 2 0 3 0 4 0 5 0 n - 5 0 m n - 1 0 0 m n - 1 5 0 m

E f f i c i c i e n c y ( a t 1 f C )

A n g l e [ d e g ] ( a )

y=4.2cmVbias=120V p - 5 0 m p - 1 0 0 m

A n g l e [ d e g ]

E f f i c i e n c y ( a t 1 f C )

( b )

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10

00.511.522.533.5401 0 2 0 3 0 4 0 5 0 n - 5 0 m n - 1 0 0 m n - 1 5 0 m

Median Pulse Height [fC]

A n g l e [ d e g ]

y=4.2cmVbias=120V

( a )

p - 5 0 m p - 1 0 0 m

Median Pulse Height [fC]

0( b )

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10

00 . 2 0 . 4 0 . 6 0 . 8 11 . 2 00 . 5 11 . 5 22 . 5 33 . 5 4

Depletion depth ratio

Fluence [x1014 p/cm2]D e p t h ~ �V=�Fluence

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10

-30-20-1001020-505101520 r_left=30 cm r_left=40 cm r_left=50 cm r_right=30 cm r_right=40 cm r_right=50 cm

Incident angle (to drift axis) [deg]Tilt angle [deg]

012345678-505101520

Max material increase [%]

Max material increase [%]Tilt angle [deg]

-0.500 . 5 11 . 5 22 . 5 33 . 5 -505101520

Radial separation [cm]

Overlep/both ends(r=50cm) [mm]

Radial separation [cm], Overlap [mm]Tilt angle [deg]

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10Resolution¥Best resolution at the maximum charge sharing:tan-1[pitch/depth]¥Pitch = 80 m, depth = 300 m: 14.9 deg.¥Hall angle offset: 15.7 degChoice¥Tilt angle: 1 degComment¥Improvement over the nominal resolution of pitch/�12 issmall

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10

01 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 01 0 2 0 3 0 4 0 5 0 n - 5 0 m n - 1 0 0 m n - 1 5 0 m p - 5 0 m p - 1 0 0 m

R e s o l u t i o n [ m m ]

A n g l e [ d e g ] ( a )

Non-irradiated detector

A n g l e [ d e g ] ( b )

y=4.2cmVbias=120V0

R e s o l u t i o n [ m m ]

September SCT week, Sep. 10-13, 1996Y. Unno, 1996/09/10Conclusion¥The best tilt angle for the efficiency is the Hall angle ofthe electrons, i.e., 15.7 deg.¥To obtain good efficiency for the tracks with theirmomentum more than 1 GeV/c, the tilt angle of thesilicon strip detector in the barrel region is to be Tilt ‡8deg.¥ The best tilt angle for the position resolution is the angleto have the maximum charge sharing, i.e., 1 deg., but theminimum is shallow and the resolution is as good as longas the incident angle (to drift axis) <20 deg.¥The smaller the tilt angle, the better the amount ofmaterial, and the better the overlap of the adjacentdetectors (in circumferential direction).¥A few degree of variation can be allowed for engineers todesign the real detector system.¥Thus, the tilt angle: 8 ~ 10 deg.