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Large TlleCal Magnetlc Fleld Slmulatlon -

The ATLAS magnetlc neld map has been estlmated in- the presence‘
-of the hadron t11e calorlmeter This is an 1mportant issue in- order to quantlfy?:
‘the needs for mdmdual PMT. sh1eld1ng, the effect on the scmtlllator hght yield
and its 1mp11catlons on.the cahbratlon The. field source is based on a central_;
solen01d and 8 superconducting air-core toroid coils. The maximum induction-
‘value in the scmtlllatmg tiles does not exceed 6 mT. When an iron plate is used ‘
0 close the open drawer wmdow the field 1n51de the PMT near to the exterided .
,‘barrel edge does not ‘exceed 0.6 mT Estlmatlon of pondermotlve force,
dlstrlbutlon, acting on individual -units of the system: was performed VFf
electromagnetlc software OPERA-TOSCA and CERN POISCR code were used .
‘for the fleld smulatron of the system i 2

'Problems JINR

i prgpfiﬁt‘dk the Joint Institute fot Nuclcar Research. Dubna, 1994 -



1 Formulation of the problem

3003 and
P S

o Calculation of the ATLAS space map for the field 1ns1de the magnet and for fringe
fields outside the magnet [1] Submxttmg calculated field map into various similation
programs. . .

¢ Calculation of the magnetlc field of scmtlllatlng tile. calorlmeter in order to quantlfy the
PMT shielding and the B ﬁeld eﬂ'ect onwscmtlllator [2] R

' o Study of umformlty dxstortlons arlsmg from the geometrlc effects

- Calculation of the eﬂ'ect of ﬁeld ﬂux dlstortmn in the feet reglon of T]leCal.

- Calculation of the effect of ﬁeld dlsturbances due to studles in the tile zone.

. Estxmatlon of pondermotive force dlstnbutlon,yactmg on 1nd1v1dual units of the system

SRR ¥
~ The force between Barrel and Extended Barrel [2]

— The attractive forces between-end-cap' toroids ‘and Barrel toroids through the
yoke [3].

~ Mechanical tolerances/forces arising from asymmetries [1]?

2 The adopted ATLAS simulation'model

Schematically various aspects of system are shown in Figs 2.1+-2.3. In these Figures there
are identified the only elements of the detéctor which are field sources or magnetlzed media.
ATLAS coil system constructed with the help of the preprocessor. OPERA-3D" [4]4s shown in
Fig. 2.1, One can see the solenoid in the very centre, 8-coil Barrel toroid around the solenold
and on both sides of the system - very si phﬁed 1mages of the end-cap tor01ds Minimal
part of iron needed for calculatlons is’s ; d Fig 2'0n alf of the T11eCa1
iron along the Z-axis (Fig. 2.2
. taken irito consideration.- Proper
were assigned at the enclosuré
symmetry condltlon has been ta

the slots for tiles (but it still has not been done up to now) Magnetic characteristic for steel.
08 was taken f om [5 6]. Y ' ‘

3 Magnetlc ﬁeld n. t,he scmtlllators o

3.1 Simplified model representation results

Calculation with the 2D code POISCR [7] for the system configuration in the polar R-Z
coordinates was used for the simplified model [8}. No stray field from coil toroids is included
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Figure 2.2: 3D iron model for TOSCA calculations* 7% ¢ 5* ¢,
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Figure 2.3: Barrel and Extenided Barrel 4 Sectors cross-section in XOY plane

v

into calculation: We need this model to get an impression of the flux line distrib;ltion and
to find out where there are places within TileCal absorber with the maximum field values.
Thls would give us the most critical points as far as the field lines penetration into tile
region concerned. From these calculations orie ¢an see that such points are situated along
the border, namely, at the corners of Barrel and Extended: Barrel contour. ! ’

We can make an estimation for the'lower limit of the field in the TileCal assuming that the
total flux ‘coming out of solenoid is uniformly distributed over; Barrel and Extended Barrel
cylindrical surface at the Rein. Then we shall get Ba.,m,g, =~ 0.13 T at this TileCal surface.
This rather low value as compared with solenoid field 2 T reﬂects a.geometrical factor
connected with the much larger cross- -section area for the flux in the TileCal in relation to
the cross-section of solenmd This can be compared with the Barrel field value for R,,,.,., Zomin
which is equal to 0.4 T.

3.2 Results with a more re’alistié tile structure

1t is constructed as the previous model but with inserting the real tile structure regions into
the most critical points with the maximum induction value in the TileCal iron. These points
have been found out in the previous model. The purpose of the model is to get a feeling .
what thé ‘makimuin field value Would be‘inside thé tile regions of the TileCal. = = .t
Firstly the real tile structure area was introduced at the Barrel corner with the Rin and
Zomaz values. In Fig.3.1 field values along the 1st from the Barrel edge { Z= 2.9275 m) and
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Figure 4.1: Barrel toroid stray field pattern near the TileCal support part o
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. , - o R the 2-nd ( Z=2.9175 m) R-columns are given. One can notice that for the region with the
T ‘ R ' maximum iron field 1.6 T the maximum induction value in tiles does not exceed 6 mT£2mT
' .which is safely below desired limit 10 mT. h

One could also expect the tile field increase with ra.dlus in the v1c1mty of the Barrel corner

. Z ‘{9' _75 ’“41 3; N ' : v With (Rmazs Zmaes )- But in this region situation differs from the corner with’ (R.,..,., maz )
AN ?01;(;: _x ;1’ e"f(;es R R ‘ as there is thick'solid return flux iron connecting Extended Barrel and Ba.rrel along Z-axis

e 3 and safely screening tile slots from the magnetic flux penetration, :
‘_Ej 4t 2D calculations near Z = 0 show that the flux lines are = parallel to the Z-a.xxs and the
z sk _tlleﬁeldlsalsonomorethanGmT B L
- :

2} B

o : ] 4: Magnetlc ﬁeld at the PMT locatlon S

P PRV 3? 38 ' ‘Here we malnly shall consider the three—dlmensmnal model (3D) of the TlleCa] ma.gnetlc

R . o » ﬁeld dxstnbutlon [9] with the help of the VF softwa.re TOSCA [4] g
4.1 Central (Z ‘E 0) TileCal barrel plane ‘ -
e ! ‘ : Y This set of calculations was done. with the only Barrel toroid coils with the nonzero current.
Figure 3.1: Field inside tile regions for various number of rows with the real tile structure . The rest of the ATLAS coil system was without current at all.. )

' PR .'In Fig: 4.1 one.can observe that the toroid stray ﬁeld shows 16" poles beha.vwr in, the
' .region bétween the Ba.rrel toroid.and the TileCal, R = 4.2'm =+ 5. 0 m. In thls Figure the
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length of vectors represents in relatlve units an 1nduct10n value at the pomt There is only
torord in the system, ( no 1ron, no other corls) In the support part the tor01d stray ﬁeld
_,va.rles from 80 mT at R—380 cm to 200 mT at R—420 cm N

On the outer surface ofiiron exposed to the tor01d stray field the maximum ﬁeld value is
.~ 08T. The maximum field occurs-at the azimuth of the toroid conl ‘ahd:in: between the two

1 ‘ N

“toroid:coils. v et L e g et T T e Y e e s e

Field at the PMT location is not more than 0.4 mT for thé Z = 0 plane (4 gauss in
Fig. 4.2). In this Figure three curves correspond to the low (394 cm), middle (400 cm) and
upper (408 cm) radii within,the radial range 6f the PMT locatiori windgws: ;The.maxrmum
PMT location field is at the middle azxmuthal position of the iron taken Tor calculation
which, could bé,explained by the.normal induction. component. penetration; into, the PMT
region from the outer support part: . So Jow.PMT. field level could: not: be. of;.any. surprise
because at the given iron field level the relative permeability of iron is very high for steel-08
( = 3000). This calculation also confirms the resu]t of the 2D POISCR calculatlons w1th the
PMTreglonﬁeldof~015mT S A :

" Now we'have the field 1eve1 “6f fmote than: Awo orders ‘of maghitide’ less than it has been
estimated = one year ago and reported 4t the TileCal* collaboration meetmg (31 01- 94 and
"2:02:94)° [2] The réason' for this dramatic: change in’'the fleld lével is modifiéationis’ of ‘the
’parameters and probably some methodologlcal xmprovemexits in conductmg the’ éalctlations.

‘ 4.2 Edge of the end-cap (Zmu-plane )

On the outer surface of iron exposed to the toroid stray field the maximum field value is

=, 1.5 T. This is & twice higher field level than in the middle of the Barrel part which could '

be explained by the Barrel toroid stray field flux lines-attracting to the TileCal iron.’ :

Due to'the open PMT window at the edge of the Extended Barrel the rather large outside i
toroid field of &2 120 mT gradually decreases from the edge (Z=614.6 cm) down along Z—axrs o
ms1de the TileCal PMT wmdows : '

4.3 Shieldin'g at the edge of the end-cap -
Havmg in mind the result of section 4.2 one should probably foresee some extra set-up for the -
PMT shielding at the Extended Barrel edge where there occurs the hlghest ﬂux penetra.tlon,
to the PMT location.

"Naturally, one can use the same 10 cm thick iron plate to close the open PMT window as
it was successfully used for the outer radius of the support part. On the left side of Fig. 2.2
one can notice the proposed shielding ring separating the PMT windows from the torond
stray field? :

Of course, the plate would be substantially magnetized { = 2 T) but the ﬁeld msxde the
PMT window near the‘Extended Barrel edge became no more than 0.6 mT (6 gauss) now.

5 The return ﬁux ﬁeld map

Now we. switch on the current only for the solenold w1th the rest of the ATLAS cml system
without the current at all. )

The iron surface maximum field value is in the support part inside the so—called crack
region {10] between the Barrel and Extended Barrel part-of the TileCal. On the inner
surface of the support the field is 1 T and on the outer surface & 0.6 T. This happens due
to the return flux of the solenoid and was already observed in the prevnous calculatxons with .-
the help of the POISCR code [7].". '

Near the crack region (Z = 294. 7 cm <+ 344.7 cm) the PMT locatxon field is not more tha.n
0.3 mT due to the support magnetlzatlon from the solenoid return flux.

Although this field is ~ an order of magnitude of one obtained with Barrel toroid the
combined magnetization of the support part from the toroid and solenoid could give a rapid
rise in the PMT field in this area because of nonlinear effects in ferromagnetic material.

As toroid and solenoid induction vectors have always a 90° angle between them, in the
worst case one could expect & 50% of the total field level increase due to geometrical but
not algebraic addition of the induction vectors in this region. In this case an approximate
value of the maximum field value ‘could be 2 1.5 T in iron. This field level seems to be still
tolerable as the relative permeability of steel-08 at this induction is still high ( =~ 1000).

The situation also is a bit simplified due to the fact that the upper part of the support
(in Fxg 2.3) shields the PMT from the torord stray field and.the lower part conducts the
solenoid return flux (separated-functions devrce)



At the April 1994 ATLAS week there was d1scuss10n concermng the problem of the crack
region between the Barrel and the Extended Barrel of the end: cap region [10] Presently a
gap.of 50 cm.is foreseen, bridged only, partially by the structure connecting the flux returns;
at_the outer radius.  .The.tile calorimeter, community brought .up. the question if this gap-
should be "plugged™ with calorimetry, leaving of course sufficient space for services, cables
and, electronlcs for the; detectors inside the tile calorimeter. . Filling the gap. would. also.be
helpful to reduce neutron backgrounds to.the muon chambers, and the above- mentioned
problem with. the PMT location field would be completely solved e B S

One could also insert more iron for the support part in the crack regron In ‘the limiting
case of filling the whole crack region with iron our calculation shows only 0.2 T magnetrzatlon
of iron near PMT location (5 times léss than in thie previous case)! But in'this case'tile field
can increase somewhat and some intermediate solution should be adopted then.

"Dué to’ results obtalned here the problem of the md1v1dua.l PMT shleldlng is conslderably
simplified‘and the’drawers méchanics’ gettmg much simpler. ‘Substantial : saving of ‘the ma-’
terlal cost and manpower for R&D will take place. The decision could be taken to abandon
' the expensrve hlgh magnetlc permeablllty matenal ( p metal) for the PMT shreldmg
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