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To connect tracks from two detectors correctly, it is necessary to
determine the values of offsets along the X-, Y-, Z-axes and rotation
offsets around these axes. The main idea of this method is to determine
offsets by fitting the real data distribution by analytical functions. The
method can be applied to offset determination for one detector relative
to another detector or for one part of the detector relative to its other
part. The detectors should be placed perpendicular to the beam axis.
The geometric position of the detector is determined by 6 parameters:
X, Y, Z coordinates and rotation matrix around these axes. Z is the
beam axis.

A fast method allows one to determine the 6 values:

Zoffsets Yoffsety Zoffset; & (3, 7y for one detector relative to the other
detector. This method is a simultaneous fit by the functions F1 and
F2 for real data dependence A¢ versus ¢ and AO versus ¢, where

¢ = F1(¢, ToffsetyYof fsets O[,ﬂ,’}/);

—9— = F2(¢7 Loffsety Yoffsets Zof fsety X, ﬂ’ 7);
A¢ = ¢detectorl - ¢detector2;

AB = @detectorl - @detectorZ-

¢ is the azimuthal angle of the track;
© is the polar angle of the track;
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« is the rotation angle around the X-axis;
f is the rotation angle around the Y-axis;
7 is the rotation angle around the Z-axis.

The fit is simultaneously performed for A¢ and A®. F1 and F?2
are analytical functions.  Their forms do not depend on the software
of a specific experiment. The form of these functions depends on the
geometry of experiment and on the direction of the coordinate axes. F1

and F'2 obtained using the rotation matrices and some transformations
are the following:

Rma:v M]. * R + M2
K mei" arctan T1 RiIo R+ L2 -dR
Rmaa: - Rmin
. R2 .
— fRi':':z [arctan g — arctan VNI 1}1?'1 fR]\-:—?TI; + N3] -dR
Rmaz - Rmz’n '

where

M1 =sin(¢—~)-E —cos(¢—~)- H;

M2=2Z2-F -sin(¢—7v)+Z-sina-cos(¢—~)— By,
Ll =cos(¢p—v)-E+sin(¢—v)- H;

L2=2Z7 F -cos(¢—7)—Z sina-sin(¢p—v) — A4,
N1 =E?+ H?
N2=2-E-(Z-F-Ay))—2-H-(Z sina— By);
N3=(Z-F - Ay)*+(Z-sina— B,)?
T1=—cos¢-sinf+sing-sina - cos 3;
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T2=27-cosa-cosf3— Zoffset;

Ap = Toffset + COS P + Yogfset - Sin P
By = Topfset - SING — Yot fset - COS P;

E =cos¢-cosf+sin¢-sina - sin j3;
H = cos a - sin ¢;

F =cosa-sing;

Ag = Toffset - COSY + Yoffset * SINY;
By = Toffset - SNy — Yopfoer - COS7Y;

Rpor and R, are the maximum and minimum radii of the detector,

respectively.

In considered case, the initial matrices are the following:

1 0 0
M, =10 cosa sina
0 —sina cosa

cosp 0 —sing

M,=1 0 1 0
sinf 0 cosB
cosy siny 0
M, = | —siny cosy 0
0 0 1

In case under study, the resulting rotation matrix is the following:

A=M, M, -M,;

cos 3-cosy cos f-sin y —sin g
A= sin a-sin §-cos y—cos a-siny  sin a-sin B-sin y+cos a-cos v sina-cosf

cos a-sin 3-cos y+sin a-siny  cos a-sin B-sin y—sin a-cos v cosa-cosf3
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Figure 1: The A¢ and A© distribution before SIDC2 geometric calibra-
tion. Matching between the SIDC1 and SIDC2 detectors.



L SIDC1-SIDC2: Delta Phi Delta Theta after correction I
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Figure 2: The A¢ and A© distribution after SIDC2 geometric calibra-
tion. Matching between the SIDC1 and SIDC2 detectors.
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Figure 3: The A¢ and A© distribution before any geometric calibration.
Matching between the SIDC and TPC detectors.
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Figure 4: The A¢ and A© distribution after SIDC2 geometric calibra-
tion. Matching between the SIDC and TPC detectors.
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Figure 5: The A¢ and A© distribution after SIDC2 and TPC geometric
calibration. Matching between the SIDC and TPC detectors.
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Figure 6: Fit of real data distribution by the functions F1 and F2.
The plot of A¢ versus ¢ (an interval of 0.-6.28 rad) and A© versus ¢
(6.28-12.56 rad). Black stars are the real data dependence and empty
rhombuses the fitting functions.



The flow of particles at angle © (along the detector radius) is the
same. Having the real data plot of A¢ versus ¢ and A© versus ¢ and
performing a simultaneous fit of this dependence by the functions F1
and F'2, we can obtain 6 parameters: Zoffsets Yoffsets Zoffsety Xy By e
This method can be applied to any two detectors or to any two parts
of the detector (placed perpendicular to the beam axis). This method
used to determine 4 parameters (Zoffset, Yoffset, Zoffsets Y), Was tested
for the experimental data. The values of o and 8 were equal to 0.
The geometric calibration of SIDC2 relative to SIDC1 (Silicon Drift
Camera) and TPC relative to SIDC was carried out. It is necessary
that the systematic errors in the mean values of experimental data
should be negligible in comparison with the statistical ones.

After the offsets for SIDC2 had been determined relative to SIDC1,
matching between SIDC1 and SIDC2 changed slightly, in error bound-
ers, (figs.1 and 2), but the matching between SIDC and TPC changed
greatly (figs.3 and 4). Then, after offset determination for TPC rel-
ative to SIDC, matching between SIDC and TPC was additionally
improved (fig.5).

Figure 6 shows the plot of A¢ versus ¢ (an interval of 0.-6.28 rad)
and A© versus ¢ (6.28-12.56 rad). The real data dependence is denoted
by black stars and the fitting functions by empty rhombuses. The
rhombuses do not coincide with the black stars because there are other
reasons of mismatching, not only a geometric shift reason.

This method can be applicable to matching testing between two
detectors.
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Ileyenosa O. 10. E1-2002-12
BoicTphlii MeTON reoMeTpUYecKoi KanuOpOBKH JETEKTOPOB
U NPOBEPKM M3TYHHIa MEXIY ABYMS HETEKTOPaMH

IpennoxeH OBICTPBI MeTON TIeOMETPHYECKOH KanuOpOBKM AETEKTOPOB.
OcHOBHas Hfiest 5TOr0 METOMla — OIpPEe/IEHHEe CMELIEHHIH OQHOrO AETEKTOPAa OTHO-
CHTEJIbHO APYToro (WJIM OOHOM YacTH JETEKTOpa OTHOCHTESIBHO IPYyroi) ¢ IoMo-
IpI0 (PUTHPOBAHUSA 3aBHCUMOCTEH, MOTYYEHHBIX HA OCHOBE 3KCIIEPUMEHTAJIBHBIX
JOAaHHBIX, AHAIMTHYECKMMH (PYyHKHHMSMH, KOTOpbIE OINMCHIBAIOT IepeMelleHUe
B IIPOCTPAHCTBE OIHOTO JETEKTOPA OTHOCUTENIBHO APYroro. AHamuTHYecKue QyHK-
LIMM TOJTy4€HBl Ha OCHOBE MCIIONb30BAHMS MATPHL BpAlleHUsA. DTOT METOX MOXET
OBITH MCIIONB30BaH VIS MPOBEPKH KayeCTBa M3TYMHIA MEXY ABYMS JETEKTOPAMH.
JleTexTOphl pacrioNoXeHsl NEPIEHAUKYIIPHO K OcH Iy4ka. (MB3TYHHT — COOTBET-
CTBHE APYT APYTY ABYX 4acTel TpeKa, 3aperMCTPHPOBAHHBIX ABYMS Pa3HBIMH IETEK-
TOpaMH. )

Pa6ota BeinosnHena B JlabopaTopuu Bbicokux aHepruit OUSIHU.

Ipenpunt O6beANHEHHOrO HHCTUTYTA SNEPHBIX HccnenoBanuid. Iy6Ha, 2002

Petchenova O. Yu. E1-2002-12
Fast Method for Geometric Calibration of Detectors
and for Matching Testing between Two Detectors

A fast method of geometric calibration of detectors has been proposed.
The main idea of this method is to determine offsets by fitting the real data distri-
bution by analytical functions which describe the motion of one detector relative
to another one. This method can be applicable to offset determination for one
detector relative to the other detector or for one part of the detector relative to its
other part. The detectors should be placed perpendicular to the beam axis.
The form of analytical functions depends on the geometry of experiment and
on the direction of the coordinate axes. The analytical functions have been ob-
tained using the rotation matrices. This method can be applied to matching testing
between two detectors.

The investigation has been performed at the Laboratory of High Energies,
JINR.
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