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PacueT noHAEPOMOTOPHBIX CWI, NEHCTBYIOINX Ha Tailn-KaTOPHMETP,
Ha OCHOBE MPOCTPAHCTBEHHON MOJIENIH B paMKax riporpamMMsl Tosca

Lenesto paboTh gBnseTcs MonydyeHUe HOBOH MH(IOPMALMM 1O pacrpeiencHHUIo
HOHAEPOMOTOPHBIX CWJI, INEHCTBYIOIIMX Ha Tain-kanopuMmeTp getektopa ATLAS
(LHC, CERN). Ing oueHKH pacripefieneHus fons BONU3K pa3nuuHeix obnacrei, rie
BBIYHCIIAIIMCH CUITBI, ObIJIa HCIIONB30BaHa CYLIECTBYIOIIAS IPOCTPAHCTBEHHAS MOJIeNb
IeTeKTopa, NOCTpoeHHasd ApM nomouu nporpammel Tosca. IlonyuenHsle mogpo6HbIe
pacnpesieniellds CHI BAOJIb PA3NIMYHBIX FOBEPXHOCTEH MO3BONAIOT JIyyllle FOHATH
MeXaHUKy (PYHKLMOHMPOBAHHS CHCTEMBI.

Pa6ota BoimonHena B Jlaboparopuu sinepubix npotneM OHSIH.

Coobumenne OObeXMHEHHOrO HHCTHTYTA SACPHBIX HCCenoBaHuil. Oybua, 1997
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Calculation of the TileCal Magnetic Forces Using 3D Tosca Model

The purpose of the given paper is to contribute to the new summary (taking
into account the latest information) of magnetic forces, acting on various parts
of the TileCal of the ATLAS detector (LHC, CERN). To get an impression
of the field distribution in the vicinity of the objects under consideration of existing
3D Tosca field model of the detector was used. The detailed distribution of forces
along the border of various parts of the system, derived here, is valuable
for understanding the mechanics of system performance.

The investigation has been performed at the Laboratory of Nuclear Problems,
JINR.
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- Problem formulation
The pUrpeSe of the glVen paper is to contribute to the new summary (taking into
account the latest |nformat|on) of magnetic forces, acting on various parts of the
TlleCal (glrder Barrel, Extended Barrel, forward shielding disk)'.
Estlmat/on of the forces when both the solenoid and the toroid- are on. It
requtres atruly 3D computer model of the system.
‘e Detailed distribution of forces along the border of varlous parts of the
. system
* Coupling forces between the barrel and the extended barrel.

Computer models

To get an impression of the field distribution in the vicinity of the objects under
consideration the existing 3D Tosca field model of the detector was used®. This -
model implies an ideal detector magnetic system- (without any additional metallic
objects). The information was used to calculate the field distribution at the iron-air
interface surfaces. for estimating the forces, acting on various parts of the TileCal.

The well known 2D POISCR program® and the 3D IE (constant magnetlzatlon)
approach were also used" for the con5|stency cross-check of the 3D PDE (OPERA-
3D) method

Integrated forces, acting on various surfaces

) The azimuthal force density values, integrated along the correspondmg linear
length of the surface (Z-length or R- -length), are given in Figure 1. All of the coils
(solenoid, BT and ECTs) are on. As was predicted in Ref. [], the maximum force
was applied to the girder surface and directed along the radlus to the BT. The total
radial force, acting on the girder part corresponding to the BT coil,- would be "about
1700 kN/coil. The value is in good agreement (for this type of calculattons) with the
value 1350 kN/coil indicated in Ref. [>).

The total coupling force between the Barrel and the Extended Barrel, pushing
the finger region from the Extended Barrel side in the direction of the Barrel (along
the Z-axis), is of the order of 500 kN.. This force is connected with the solenoidal
field to a large extent. There is an air gap of the order of 1 mm between the Barrel
and the Extended Barrel.

The forces -applied to the external TileCal surfaces (BT side of girder and ECT
side of shielding disk) are largely defined by the fringe field of the toroids. Thus, they
are close to zero when the toroids are off. Similarly, the forces applied to the internal
surfaces are defined by the solenoid field and would be zero when the solenoid is off.
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Force density distributions

Force distributions along the outer girder surface (averaged over azimuthal
period 45°) is given in Figure 2.The magnetic field (absolute value) and the force
distribution along the azimuth at the outer girder surface are given in Flgure 3. In this
Figure the azimuthal positions of the toroid coils (BT and ECT) are also shown
schematically. As a consequence of the azimuthal variation of the force density on
the outer girder surface, the maximum force applied to some of the TileCal Barrel
modules (situated at + 7.5° from the BT coils) is of the order of 180 kN. For the
Extended Barrel modules it is ~ 80 kN. In Figure 4 the total force, applied to various
Barrel and Extended Barrel modules is given. The maximum axial linear density of
the force acting on the module angular width can be estimated as follows:

3.5 (MN/(rad*m)) x 2 / 64 (modules) ~ 34 (kN/m).

The field map at the m|dplane of the detector (Z=0) is given in Flgure 5. The
aZImuthaI varlatlon of the field is quite clearly seen there.

The density of the coupling force between the Barrel and the Exfended ’Barrel
(along the Z-axis) has also azimuthal variation due to different girder magnetlzatlon
from the BT side (see Figure 6 ).

The force distribution along the TileCal inner surface is given in Flgure 7 There
is no need to average the force density along the azimuth: no field variation takes
place for these surfaces. The discontinuity in the curve corresponds to the TileCal
crack region between the Barrel (left side of the curve) and the Extended: Barrel
(right side of the curve). '

The force distribution along the shielding disk surfaces (averaged over azimuthal
period 45°), as seen from the TileCal and ECT sides, is given in Figure 8 (part 1, force
density magnitude < 0.6 kN/(mxrad) and Figure 9 (part Il, force density magnltude
.-<40 kN/(mxrad). -

)

Conclusions

¢ The maximum force is applied to the girder surface of the TileCal and is
directed to the BT.

* As a consequence of the azimuthal variation of the force density on the
outer girder surface, the maximum radial force applied to some of the TileCal
modules is of order of 180 kN (barrel) and 80 kN (extended barrel).

) » The forces applied to the external TileCal surfaces are defined by the
fringe field of the toroids and they disappear when the toroids are off. Similarly,
the solenoid defines the forces applied to the internal surfaces of the TileCal.

e The detailed distribution of forces along the border of various parts of the
system denved here, is valuable for understandlng the mechamcs of system
* performance.
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Figure 1 Magnetic force density, applied to various TileCal surfaces (averaged over
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azimuthal period 45°).
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Figure 2 Radial force density distribution along the outer girder surface (averaged

over azimuthal! period 45°).
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Figure 3 Magnetic field and radial force density distribution along the azimuth at
the outer girder surface.
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Figure 4 Radial force acting on various TileCal modules
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Figure § Field map in the girder region for Z=0
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Figure 6 Axial force density distribution in the inner (R=390 cm) and outer R=418 cm)
girder shells at the finger position (Z=320 cm).
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Figure 7 Radial force density distribution along the TileCal inner surface
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Figure 8 Axial force density distribution along the shielding disk‘surfaces
(averaged over azimuthal period 45°), part-l.
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Figure 9 Axial force density distribution along the shielding disk surfaces
(averaged over azimuthal period 45°), part-il.
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