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.Nessi M. et al. • 
}.arge TileCal Magnetic Field Simulation . 

. The ATLAS magnetic field:map has· been estimated in the presence 
of the hadron.tile calorill_leter: .This is.an importanJ issue in.or~er to quantify 
the needs· for individual PMTshielding, the· effect' on the scintillator light yield 
and its implications on, the calibration.· The field,source is based on a centraf 
solenoid and 8 superconducting ai;~core toroid coils. The maximum induction 
value in the scintillatingtiles.does not exceed6mT. When an iron p1ate is used 
. to close the open drawer\:..i~dow the field inside the PMT near to the ·extended 
barrel edge does not exceed 0.6 inT. Estimation of pondermotive force 
distribution,· acting on individual units of. the system ·was performed. VF· 
electromagnetksoftware OPERA-TOSCA and CERN POISCR code wereused, 
for the field siinulatiori of the system. · · · ... , ' 

· The inv:estigation has· been performed at the Laboratory of Nuclear 
_Problems,-JINR .. 

. Preprint of the Joint InstituteforNuclear Research. Dubna, 1994 
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1 Formulation of t1ie'-problem 
',<>: 

-~' n .,, ;_ ' 
~" ', J•1" ' 

' 
• Calculation of the ATLAS space_ map f~r the field inside the magnet and for! fringe 

fields outside the magnei"[l]: Submitt_ing calculated field map into various simulation 
prog_ rams. ·:•., ··' · · · ·, 

•• i ,, 

• Calculation of the ~ag~eti; fi~ld ~f s~li:itillating tile. calori~~ter ,in order to quantify the 
PMT shielding and .the Bcfi~ld effect;oril s~iiitillat0r t2J:. . : . . : 

'•·•:. :-,·< •. ~· .···+-- .··-: •. ,, __ :~:,_ ~-., ·~_~.,~_-'\' '", .. , 
• Study of uniformity distortions .arising from the geometric effects: 

','' '~ ,. . • ., . ''-.,.;. •: ,. ',, •I• : ,'."\, ,_ • ;••1. .'•-..·,; •, ',,~ . l 

- Calculation of the effect .. of field flux _distortion in the feei. region of TileCal. 

- Calculation of the effect ~tfield distu;ba~~sa~~-t~ studies in the tile zone. . •. 

• Estimation of pondermotive force distribution, acting'•on individual units of the system: 
I ( / ,: -·-,•/ ·-\~ '> r 

- Th~ force between Barrel and Extended Barrei' [2). 

- The attractive forces between' etid-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 syste~ are shown in Figs 2.1+2.3. In these Figures there 
are identified the only elements of the.detector whicli are field sources or magnetized,media. 
ATLAS coil system constructed with the help of the preprocessor OPERA-3D•·[4fi'~ shown in 
Fig. 2.1. One can see the solenoid in the very centre, 8-coil Barrel toroid around the solenoid 
and on both sides of the system - very si1I1p!ified images _of _t.h~ ~.!l.d.-c;;'}P,_, toroids. ¥inimal 
?art of iron needed ~or ca!culati~:.1.~)8~~~o~Mffi~-t~i?f~d.f_it:3•~rP~!f:(~!f 0~ the TileCal 
iron along the Z-ax1s (Fig. 2.2),.and· only 4 $ectors.,along .the .'P~Co9i:dmate (Fig. 2.3) were 

, .. , • ~• •t•.; 't ,I.';·,", ;' · ff'•~, ,. . l, ,; ·, •·• ·••· .•. • ... ' , ,,;/ ,,., • 

taken irito consideration,. Pror,er' bound,ary. ~~µditi?n{ refl1;cting t~1f syrµtn,etry of the system 
were assigned at the enclosurtrJ}Ji~Uegioii,9!;cal~\t1~ti<l~>,.I~eri~dicalAl?ng 'P -coordinate 
symmetry condition has been takeri'jrito <,:orisj~_~ratiqn/Tlie active sedi~µ'. ~hould be replaced 

' ~· -~'·•,,,:·~ .,· .. ·,,-•:_.,.,'-1+-· 11,1t,_:O,,'"!l·y.,.'t~'',f~ ... . ' 

by iron with a suitable packing'factor,,;,·0:76•at1d'ahisotrop1c·properties taking into account 
the slotf for tiles (but it still has not been done up to now). Magnetic characteristic for steel. 
08 was !:i,ken from [5,6). 

3 Magnetic field ,in-,the::scintillators , ,,:,: ,•' 

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 · 

0t:rt.e1:.r.; 1I:;~·w11 t~:11!il'yY ! 
U!l~itm-.u. ut c.,~J1a.:a1mO ,1 

_6vi~Jlir!OTEtlfl :--~ 
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Figure 2.1: ATLAS coil. syst~m 
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Figure 2.2: 3D iron ~odel for TOSCA'calculations ;; 
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Figure 2.3: Barrel ind Extended Barrel 4 sectors cross'.section in XOY plane 

into calculation, We need this model to get an impression of the'flux line distrib~tion and 
to find out where there are places within TileCal absorber with the maximum field values. 
This would give us_ the most critical points as far as the field lines penetration into tile 
region concerned. From these calculations one can see that ~uch points are situated along 
the border, namely, at the corners of Barrel and Extended- Barrel contour. 

We can ·make an estimati~n for the,lower limit of the field in the TileCal assuming that the 
total flux coming out of solenoid is uniformly dist~ibuted over :Bar'rel, and Extended Barrel 
cylindrical surface at the R,,.;,.._ Then we shall get B.v~rage ~ 0.:13 T at this TileCal surface. 
This rather low value as compared witli,'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 solenoid. This can_ be compared with the Barrel field value for Rmin, Zmin 

which is equal to 0,4 T. · · · 

3.2 Results with a more realistic tile structure 

It 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. Tlie purpose of the model is to get a feeling . 
what''the 'malcimuin fi~ld va]ue·would be'iriside Uie tile regions of the TileCal. . 

Firstly the real tile structure area was introduced at the Barrel corner with the Rmin and 
Zma:z; values. In Fig.3.1 field values along the 1st from the Ban:el edge { Z= 2.9275 m) and 
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Figure 3.1: Field inside tile regions for various number ofrows with the real tile structure 
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Figure 4.1: Barrel toroid stray field patte!n near the TileCal support part 

the 2-nd ( Z=2.9175 m) R-columns are given. One can notice that for the region with the 
maximum iron field 1.6. T the maximum induction value in tiles does not exceed 6 mT±2mT 
which is safely.below desi~ed limit 10 mT. . . . .. . . . _ _ .. _ . ' . . 

One could also expect the tile field increase with. radius in the vicinity of 'the Barrel ·corner 
with ( R.na.,, Zma., ). But in this region situation diffe~s from the corner with ( R.n;n; Zma,; ) 
as there is thick·solid return flux iron connecting Extended Barrel and Barrel along Z-axis 
and safely screening tile slots from the magnetic flux penetration. 

2D calculations near Z = 0 show that the flux lines are ~ parallel to the Z-axis and the 
tile field is also.no_ more than 6 mT. 

4 Mag~etic field at. the· PMT · l<>cati?.ri 

Here we mainly shall consider the thr~imensionalmodel (3D) of the TileCal magnetic 
field distribution [9) with the help of the VF software TOSCA [4]. . .. 

4.1 Central (Z = 0) TileCal barrel plane 

-This set of calculati~ns was done.with the only Barrel toroid coils with the nonzero current . 
The re'st- of the ATLAS coil system was without current at all. . . . . . . · . · . 
. In Fig. 4.1 one.can observe that the toroid stray field shows;l6 ~ poles behavior in. the 

. region between the Barrel toroid and the TileCal, R ~ 4.2 m + 5.0 ~- In. this Figure the 
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length'of vectors represents in relative units an induction value atthe point. ,There is' only 
toroid in the system (no iron, no other coils). In the support' pait the toroid stf'ay fi~ld 
;vii:r'ies f;oni' 80'.mT' ~t'R~380 '~ri:i'tci'2cio' inT at R,,;,420'~m'. . . . . . , . '.' ... • : 
. . ,. ( •• ' ! ' ' • I j '. • ' ! ' ' ' . ' 'l ;, . . . -: .- ; . 'j . l I ~ ·. ' I,., ... ' . 

Ori the outer surface of-iron exposed to the toroid stray. field the maximum'field value is 
~ 0.8 T. The maximum field occurs at the azimuth of the toroid coiJ:and:in between the·two 
toroid coils. , • ,° ': 1. ·, . < , , • . ' , · • -• .. , · · . , ·.. , , · , , . · 

,·, ..• -,. ;, ,·• ••• 1'' ,·,,; • ',·•. ,, 

Field at the PMT location is not more than 0.4 mT for the Z ~ 0 plane ( 4 gauss' iii 
Fig. 4.2). In this Figure three curves correspond to the low (394 cm), middle (400 cm) and 
upper ( 408 cm) radii with/J'!-,th~ ra<!i<1-l ri~ge 6{ thy fM'.(Joc!\tion r--in99~~-1 '.!'1;tf;I]1aximupi 
PMT location field is at the middle azimuthal position of the iron taken for calculation 
which. could be, explained by the ,norm.al induction. ,component.penetration, .i.ntit the PMT 
region from the outer support part: . Sq low. PMT field level could: llOt: b_e.· of, .any surprise 
because at the given iron field level the relative permeability of iron is ~ery high for steel-OS 
( ~ 3000). This calculation also confirms the result _ofthe 2Q POIS CR calculation;, with_ the 
PMTregionfieldof~0.1_5mT .. n/;;_'.,\ ,.·,;!•,:' ,,_:: ;(;_ i' ::: .\: 1..-1.::;"• ··' '-: 

'''Now' wi/ h'.aiv~ tlie ficld level, of iri~re thin tw6 ora.e~s '6f magnitude 'lesi th'aii it' has be~n 
estimated ~. oi;ie year ago and repbrtecl. at' the TJ!e'Caf! collabciratioO: ineeting {31 :0·1 ~~4 in'.d 

'2,-02:94} [2] ,: 'fhi'reasoii' for thj's 'dram,ati~ charige 
I 
in_ the fl.eld ·1~v'eUs_ moilificatiolrti' of'the 

'paramettirs'\i.nd l)roliably some methodolcigical'i'rnprove'irierlts iri' coriductihg the'talculations. 

·,6 

4.2 Edge of the end-cap (Zmaz-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 • 
toroid field of::::: 120 mT gradually decreases from the edge (Z=614.6 cm) down along Z-axis · 
inside the TileCal PMT windows_ 

4.3 Shielding at the edge ~f the end-cap 

Having in mind the result of section 4.2 one should probably f~resee some extra set-up for tlie 
PMT shielding at the Extended Barrel edge·where there occurs the highest flux penetration 
~~™T~d~ . . , , 

Naturally, one can'use the same 10 cm thick iron plate to close the ope~ PMT window as 
i_t 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 toroid 
stray field: , 

Of course, the plate would be substantially magnetized ( ~ 2 T) but the field inside the 
PMT window near the Extended Barrel edge became no more than 0-6 mT (6 gauss) now. 

5 The return flux field map 

Now we switch on the current only for the s'6lenoid with th~ rest of the ATLAS coil system 
witho{it the current at all. 

The iron surface maximu~ field° value is in the -s~pport part inside the so---call~d crack 
region [10] between the Barrel arid 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 previous calculations with 
the help of the POISCR code [7].';: 

Near the crack region (Z = 294.7' cm+ 344.7 cm) the PMT location field is not more than 
0.3 mT due to the support magnetization from the solenoid return flux: 

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

As toroid and solenoid induction vector~ 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 mll,iCimum field value could be ::::: 1.5 T in iron. Thi~ field level seems to be still 
tolerable as the relative permeability of steel-OS 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 Fig: 2.3) shields the PMT from the toroid stray field and.the lower part conducts the 
solenoid return flux (separated-functions device). 
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At the April 1994 ATLAS week there was discussion concerning the prnblemof the crack 
region between the Barrel and the Extendi!lBarrel of1tli~: ~rid~~ap ;egi~n t10( Pr~sently i 
g\l,p of,~0 cm is ,fm;eseen, bridged only, partially by the structure connecting the flux returns, 
at J}ie, outer, radius. .The-,tile c11,lorimeter. community brought up the question if this, gap: 
should be,~plugged"· wHh ~alorimi;try, leaving of course sufficient space for services, cables 
and, eli;ctr~nics. for the:, ~etectpr~ i!Jside the .tile calorimeter. , Filling the gap,,would, also, be 
helpful to reduce .ne~tron: backgroun~s to ,the muon chamj:>ers,and 'the above-mentioned, 
problem with the PMT location field would be completely solve.cl.'. 

One could also insert more iron for the support part in the crack region. In the limiting 
case of filling the whole crack region with iron our calculation shows only 0.2 T magnetization 
of iron near PMT location (5 times less than in th'e previous case)f But in this caseitile field 
can increase somewhat and some intermediate solution should be adopted then. , 

Due to reii~lts obtained her~: the problem of the individuai PMT shielding is '~onsider~bly: 
sirnpiifi~d and the i dr'aw~~s 'mechanics; g~ttii~g ~uch ~impler. 'Stibsta'ntial saving' ?f.the ~a-' 
terial cost and manpower for R&D will take place .. The decision could be taken to abandon 
tlie e,ipensive liigh1magneti.c:' pei'rrieability materi~l ( 'µ-metal) fo'~ i"he PMT shielding: '' . 

t,: ' ,, \ ; , ·.• . '· ., ': . ."• ,, , I' ' ~ "i i:. . , ; ' . , ' . . • j ,' '. • _; , . ' I . 1 • : • 

:~' ;\ ' f,''1 •t,I' I/\' 

References 
.,,,, ,; 'ii;' ·'' !, 

(1] F. Dydak and P .. ,Jenni. Questi~ns toLHCC Magnet Expert Panel, 10 Nov 1992: ' ', 

(2] M. Nessi. Status of B-field calculations and return flux design. Presentation to the 
TileCal- collaboration meeting (31-01-9f.}A4.2-02,94;). _,:·.1,; :i, , , ., ,111 f , 

(3] W. Kozanecki (MUO-TR-180). Report on the highlights of the Toroid meeting held at 
"·, CERN o~ 27 'January 1994., (see also minutes of the Toroid rne'etitig' held at' Sadriy' 'ori 

27. Jan. 1994). In:, Minutes of the Muon Working Group Meeting' 2 FebruarJ 1994. '•:·· 
, •. ".. I',-, J'f , ' ' > ,'•• I ! ·,, 1,'. I 

(4) ·Tosca· User Guide. Version 6.3. 1993. ' -- ,! ' 
' , •. . ' 

(5] , s.i Vorcizhtsov et al: Per~~~biiit~· M~~u~e~~nts with the, S~st~~~ti~ Error Corr~cti~;: 
, by Calculation of St~nd -M~gnets. Ap~il 3, 1993. SDC-93-486.. '· · · · · · · 

[6]' V.V.Kukhtin. · Measurements of a Magn~tizatfort. c~~ve for' the Iron Samples. 
CERN/EP/NA.~4 Note; August 2i, 1984. ·." 'i ' . . . · 1 

' .i:' '' 

(7] CERN Program, Library Writeup ,T602. ·. 
• , ' : '' • ' ; : f • ~ ' , ; ; \ ~' , ', ·, " •, ,, , l ' , , -: ; • , , , ', ,: • ,' .' , : C ; ; :' 

1 
"·,,, I ·,. I' ' _•~ : 

(Sl,M,N~~~i et .aL Computer Mod,els,,for ~he.J.'ileCa! M,agn,~ti~fifl~ Di,strib~tions;,ATL~S 
In~erp.al,l'{o,te Til,e,CalJfO;Q12, 9,1',l~y 19,94. ; . , \,, : 

(9] M.Nessi ·et al: TileCal Magnetic Fiel'd Simulation; ATLAS l~t~rnal'Note Til~CaJlNO-

" '0:,8,:2,4 June,199}.
1 

, . ·.:·' ": . , ·. , • •• : , .', ,':',, .'.~,::·:,:·.,::,·, ''.\ •• ·~:'.; ,::·. ,;:,. ;,/',: .' 

(10], M,.NessL Summary, of the recent:,activities of.the Tile: i:alorimet:er,detector:,u:nit,iJn: 
. : Minutes of the ATLAS.Plenary Meeting held on 21 and122 ~pril. 1994!•:,i,i: d :; .~J'•i ti,: 

> -} •.<'! ;,/}l~1J"; ~.''>!•',7,1'.Ll',/I') •,:;~•(! ;.'!j;f.)"/ _IJ~{)i1 lf:,•' 

Received by Publishing Department 
on December 13, 1994'. 

8 


