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!lat.. in the SOC Muon Cl'aambers and Optimal Design

~. This is a crude estimation of the rate. in muon system. It
containa also an attempt to optimize design with respect: to muon

. rates. Attention i8 paid lIlostly to the forward direction: 1.6 <
ETA < 3.

There are several different sources o~ charqed particles in the
muon chambers. One of them is the muons which are hard enough to
penetrat.e the calorimeter. This waa e8timated by ~.Sakaifl11U\c:l
me[2]. The two results are similar: 10MBs outside the caloriJneter
and 500KHz outside the steel toroida (at 10**33 luminosity). Here
I present a full GEAN't/GSBISHA. simulation althoug'h with a
simplified detector model.

GEANT SIMULATXON

Two-jet events were simulated with the ISAJBT code, 5 < jetpt< 50
GeV. The cross section of this process is about. 100mb, slightly
dependent on ISAJET version.

The simplification of the detector model is as follows:
calorimeters are structurelesa, they are just the bulky piec.. o~

material. The material is a mixture of iron and plastic with a
density of 5.5, radiation length- 2.65 ca, and nuclear abaor:bt.ion
length 26.4 CID. May be it is not an opt:.ima.l. proportion, I don't
know. fte s_ approach was talten~or t.he chamber. and centr:al
tracker.

Another simplification deal.s wit:h the forward calorimeter. My
former experience in EMPACT ShOlfS that the backaplasb from tbe
forward calorimeter does not matter very IIlUch. So the
optimization study was made wit.hout it. The influence at the
forward calorimeter was studied separately and was shown to be
not crucial.

Shielding (Absorber) geometry was m.odified slitbtly as cOIQparecl
to LoI design: it. inner surface has a radius 10 em mor:ethuin
the project!ve desiga.· 'this i.~ done to make t:he:libsorber
invisible from the XI? and ~by tbi....ana to avoid particl.. 901bq
directly from IP to absorb4tr. '!hie &ls19D is similar to one
worked out by the muon integration group 91/4/17 (see l'ig'.l).

In order to get ..~ g'004 iclea of the optimal absorber thickness .tbe
following software trick wall done. Absorber was cU"V'ided to 7
layers: 4*5 + 3*10 em thick and rate was watched in each layer
separately, •• to see how fast it decreases with thickn•••.

Standard energy cuts for GBZISHA'were applied: 10HeV for hadrOftS and
lMeV for elect:rones andgauunas.

TheprOVX'&ID running on VAXSTUION 3100-38 1:.ak.. about: 8
:t~:1:~~1\1:. wit-bOut f'orw~4 calQJ;.:iJAet:er and about:: .•()'.~D~b'Y!Dt

Let: U8 consider a11 chargecl pa.r:t1cl.s coa1ng totb.e imier
absorber sur~ace. l'iCl.2 a), b) show where do they come from, the
ax.. are Z and radius ot a vertex. The conclusion is that 92' of
them come from the vacuum pipe wall. Sere and throughout of this



paper the vacuum pipe is assumed to be made of Aluminum 1 DIll
thick. The other 8' come f'rom scattering in the air and decays.

.. Hadronic Puncht:hrou911 is neqligib1e, which agre•• with (1] and
contradicts a wide-apr.ad prejudice. Fig. 2c)ahowea the energy of
hadrons coDling frora 'the primary vertex and hit'ting the front face

~of the end-cap calorimeter. Why should there be any signif'ican1:
punchthrough for a 12 Lambda calorimeter?

CONCLUSION' 1: TIISVACUUM PIPB DESIGN IS BX'l'RBB:KLY IMPORTANT

2

paOJBCTIVB PIPS DESIGN
.' .'ffl~~~':':>;

Why the interaCt:ions in the pipe lfa11 are so significant?
Obviously this is due to the very small angle: if a particle
traverses a 1 mm wa11 "".t an angle of 2 mrad (2 em at 10 Ill) it s... a
half-of-meter of Aluminum and that's a lot. The next step wa. to
chanqe the vacuum pip. shape and to make it more close.1:o projective
one. For this de.~~. t=.h. probability to hit 1 mm thick wa11 at few
meters distance shou14be small. The pipe shape was takenf'orm (3), no
optimisation done for the moment. l'ig.2d) is similar to b) but for
projective pipe, it .howes the pipe shape well. Still the pipe role i.
a dominant one: 75' of interactions take place in the pipe wall.

For the case of projective pipe de8i9O, particles hit the shielding at
smaller angles: compare rig. 3 a) and b) • This has a very clear
geometrical reason : the source is located predominantly at 2.5 • frOID IP
(see rig. 2d). For 'thia reason shielding should be more effective.

About 90% of charged particles, hitting the shielding are electrones.
The energy apec1:rua of' hadrons (toge1:her with muons) is shoWD in
l'ig.30). Thi. give. an idea of how good the absorber should be.

l'ig.4 gives the comparison of two pipe designs in terms of rate VB.
absorber thickn•••• 7he gain is ~ order of magnitUde. The words -Nuoa
Level" on Fig.4 show rouqhly the rate of muon. coming throUCJh the
end-cap calorimeter. So a good design should bring the flux of other
charged particles down to this level or 1e... It should be noted t.hat. a
50 CDl thick ab.orbeJ:'<ia not. enough for conventional pipe design while it
is adequate tor pro:tect:ive one.

CONCLUSION t 2: Pao~TIVE P'IPB IS MUCH BBTTD

ABBOUD.

A lead absorber waa :con.idered till now, but iron i. cheaper and better
mechanically. Whatqan one expect from iron? Almost the same. In both
cas.. the absorbertia. aore t'.han enough radiation lengths to ab.orb an
electromagnetic component. A8 to hadron. and muon., the.e two material.
are very similar to................•....ach other .in nuclear ab8 Qq»t i on length and dB/dz.
l'ig.4 showes this c~ari.on. The dif'f'.renc~f. DOt: very b19.

,.

Th. crazy idea to _pet.ize an iron ab*orber was checked also. When
entering an ab.or~"hi.ch ia magnetized in the longi'tudiJ'lal directiOll,
charged particle .t.~. a helix-like moti~·.wbieh 1nor:eue. the path.
That is true, but,appeaJ:s to be uniaport:~;2for:'a tiel. of' reasonable
strength. I'ro.I'''.~. one can .e. some iDdication t.hai: a magnetised
absorber is bett..~;...t. it. maximum depth but. this is not significant
statistically: 3·~.·.9aina1: 10 •

..<.-,"", .', •• ".~[).I;'i,."':,,! ,.~!.·..,",.·~,i '":':':~lm.iJ_hf~.'::':;f:.~~,,.,',1,~)...."..•.'",.;,.".".-,... .
Anotherexoi:ic po..,-~~l1:.Y, • '1'uDC)st:en ab8orber, wa. studied a1so. ~
.u_mary of pipe.·'~~4-_/ab.orberatudi..i.given in 1"19.4 and Tab1..
1 r 2. Tab].e 1 contal4" rOUCJh·. data while Table 2 bas t.he rat.. Domalised
to the number of events.



CONCLUSION f: 3: IRON IS ABOUT AS GOOD I'OR A8S0RBEIl AS LEAD.

... COHCLU8XOH t .. : TUNGSTEN ABSOllBBlt. CAN SS MADE 01' BALI' AS THIC1C AS
AN IRON/LBaD ONJI.

j

In the ne" SDC drawing of 91/4/17 the forward calorimeter ia pushed
closer to IP a8 compared to LoI. I don~ t know whether is it possible to
withstand the double radiation doze or not, but as to the muon
chambers this it is OX. I'C works as a plug protecting everything
behind it. To emphasize this idea I have changed a litt1. ita
design (see rig.5). First, I made it 3 meters thick instead of 2
meters. Assuming the material mentioned above this is 12
absorption lengtha. Second, this last meter has cone-shaped hole
to col1imat.e the products of intaract:ion. I don't know how
important are theae two changes, it should be cheeked.

Fiq.6 showes the distribut:ion o~ the entrance point of charged to the
shielding along the beam-line. The curve "No Forward Calorimeter­
corresponds to the study presented above while the other curve includes
Fe. Both curves are normalized to one interaction in the IP. The Fe
position is shown by the arrow. Surely, FC stops everything. The excess
of the rate upstream of t.he Fe is due to backsp1ash, it is not very
larqe, so the pipe shape/absorber study done without it: is reasonable.

CONCLUSION f 5: I"OMAN) CALOlUHBTD. IS A GOOD PLUG.

CONCLUSION t 6: BACltSPLASHI"MM TO FC ADDS ABOUT 30% TO THE
IN'tBJtACTIONS Dt TBB BEAM PIP••

'!'he new drawing bas a 1 meter-wide gap between the barrel and endcap
1:.oroids for cabling and personal aceess . '1'hi.s qap doean' t a:t:tect
chamber. rat.. much. On the sample of 200 events they have: 1'W4 - 0
hite, I1f5 - 0 hits, BW2 - 0 hits.

CONCLUSION t 7: 1'JIB GAB IS NOT DANGltaOUS FOR. TBB CHAMBER. MoTES •

• BRO~OSAL 01" A NBW ABSOUD DESIGN

It folIo.. froa above that the lIlost important part of the absorber i.
the about 3 meter long piece bet.ween t.he endeap calorimet.er and. the
first toroid.,~s piece maybe .. 40ne of 25 c:a thick Tungsten saving
space for ligbi: ,cab.orber agaislst neutrons (a.. later) or forobUtben
acceptance. '!'be part which corresponda t.o t.betoroid may be ...11y
l:8la.oved. beca~.... toroida th....1ve. ar. good a1)sorb.rs. The lll.'-t. part
(behind I"C) ia not: very important: and may be doAeof30 em t:hiCk'.t••l.
This d.esign is shown in rig. 7. The amount of Tungsten 18 about 100 tons
for each arm..

Charged particle flux across ~e absorber at different. depths was used
.s & cri~e~lua till now. Bu~ not all of theae particl.. hit muoo
cti~N:i~av•• "o~·,,,ar.tO\W····.··r•••oaa~. roZ' eJC:UlPle .. paJ:t,i,Q19,OU be
absorbed. in tQ. at..l tocoidor go bet:....n chaebers at large &1\91•. 80
the actual ch-..r. rat•• shoulclbe lower than juat t.he flux penei:raeing
absorber. Z gua.. the.. t.wo va1.. are to aome extent proport.iODal to
each other and the proportionality Coefficient Should be det.er.ained.



Pipe shape optimization should be done taking into accoun't
accelerator requirements, mechanical stability, fabrication
fe.sibil-ity, etc •••

PROBLEMS

Two problems are obvious now. First is the 810w neutrons. ftle
flux of neutrons above the energy threshold of 10 MeV i. rather
low: about 1 neutron/interaction in two first chamber. and much
lower in the last chambers. But how many of them are below this
threshold? These slow neutrons can convert to protons in a

. chamber increasing the rates. GHBISHA code does not deal properly
with slow neutrons and this is why it becomes really a problem.
Another t.ransport code should be used.

The second problem is the trigger. Even in a simplified model without .c
t.his (or similar) code yields about 200-250 events/day which is too alow
to qet to the actual trigger rate.
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Fig.2. a), b): the origin of clu:'qed particles which hitting ~•. ".W:•.ldinq
c): the energy spectrum of hadrons from IP hitt.ing the endcap calorillleeer; ­

d): the same as a) and b) but for projective beam pipe design.
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Fiq.3. a): the distribut.ion of t.he an9'~. at. which charged particl.'htta !:he
absorber for the conventional pipe design; b): the same forth.
projective pipe design; c): energy spectrum of the hadron. and muons
hitting the shielding.
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Fig.4. The integrated :flux of the" charged particles through the absorber va

absorber tn:r.cJtneS8 -ror various d••igns.- The upp.rmo.tcU~~··corr.apondS- .
to the conventional cylindrical pipe and the lead absorber. All other
curves are for the project!va pipe design and dif'~erent absorbers:
lead, iron, magnetized iron and ..... t.\Ulg.~.n. All curv.IIl.~ ~}')~ized to
one interaction in the IP. "Muon Level" showes roughly~··t:herate or
charged" partic~es (dominant1y muons) coming throuqh the endcap
calorimeter.
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Table 1. The input data for the Fiq. 4. Nmu is a number of muons which Q
come throuqh the enc1cap calorimeter. (

=-_.... • _ .- • • •m. 41i .

PUS/USOMD. ! TtJBB/Pb I CONB/Pb I con/l'. I CONS/Haq I CONB/lf
-~--------~--~I-~-~~---~-I---~------I---~--~--~l----------I----~--·----

,,- vents 210. 415. I 420.. . I 305. I 470.
----~---~----I~--~------I------~---l----~-~---I-----~~~-~,---~~-~~----

Nch( Goa) I 388485 I 115290 102641 79344 115794
---------~--~--~-I~~-~--~---I-·------~-~J---~--~--~l-~-------~I------~---~-

Nch( 5cm) 13680 I 2176 I 3683 I 3140 1 931
------------~----Iw----~----I--~-------r-~-~~-----J----------I-~----------

Nch (10em) t· 5386· 1738 I .,,10'~ .. ,.1 I~tt 114 .. ,.
----,--------..--..-I ..--·~., ...--..- t • ...---------1 ~-.-~~~~:,~.~,~-I".... _.-.._--~ ...--.. I-... - ...........·~__:- .......

Nch (15cm) 2442 273 419 t 373 ., .
-~-~--~---~-~----I~--~------t~--~--~---I~--~-~~---I-----~~---l-~----~----~

Nch(20cm) 1213 I 120 t 196 I 166 I 16
------------~--~-I----------l---~------I~-----~~--t----~-----I-------~--~-

Nch(30cm) f 346 I 38 4' I 33 3--------- ....-- ....----1---..·,----·..-..·, ....--------... ,---'~-,~~,---: ,---...-......---l-~-- ...--------
Nch(40cm) 101 21 1.5 t 12

-----------------I-~-~------I~-------~-I---~--,~--~l---~------l----~----~--
Nch(50cm) 46 14 10 3 2

-----------------l--------~-I--------- ...-I~--~--~---I----------1------------
6 7 t 12 7 12

I .H •••••• '.M ••.--. ..._-=-_... _..._..._----------------------------..



Table 2. The same as the Table 1 but normalized to the one event:. /0

~... •••••• •• •• •• • I .• I I ••

PIPB!ABSOuaa !'t1BB/Pb COD/P!) I CONS/... I CONB/llag t CONS/.
-~---,------"'-~-I~-"-"--"--I---""-'--'-"'--I-"""'--"'-"''''-I..-~ ..IIIIIIt----''I---''-''''---~-

",- -ent:. I 210 1 415 I 420 I 305 I 470
~~-~~-~~~~~~I--~---~~~~I---~~-~--~-I-~----~~--l--~--~-~~~I-~----------

Neb( Oem) t 1849.929 I 277.807 I 244.383 t 260.144 1 246.370
-----~-~-----~--I~---~--~--I-----~---~I-~----~---I----------I---~--~--~--
Ncb( 5cm) 65.143 f 5.243 1 8.769 I 10.295 I 1.981
-----~--~-~-~-~-I----~----.. I---~-~----I----------I----~----~l------------
Nch(10ca) 1 25.648 11.,778 I 2.574 I.. 3.010 I 0.413----_......-...~..--..~---I-- .....--.----I ~- ...---..----I--........--.......... I---.....-..--... I-------,..-....-
Nch(15cm) 11.629 I 0.658 I 0.998 I 1.223 I 0.096
-~~~~~-~---~-~--I-----~---~I----~---~~-I~---------I~---~-----I-----~--~~-~
Nch(20cm) f 5.776 I 0.289 t 0.467 I 0.544 I 0.034
-------~--------I---------~t--·-------l--------~-l---------~I--------~-~-Nch(30cm) I 1.648 I 0.092 I 0.110 f 0.108 f 0.006
--~----~-~---~··-I---------~I·-~----~-~I~-~~---~--I----~~---~I~-·---------
Nch(40cm) 0.481 I 0.051 t 0.036 I 0.039 I 0.009
-------~------~~I~---~-----I~---~~--~-I----------I----------1------------Nch (SOem) 0.219 I 0 . 034 to.024 to.010 I 0 •004
----------------I----~-----t----------I---~------I---------~I~--------~~-0.029 ! 0.017 r 0.029 r 0.023 I 0.026
-------~-~------I---·---~--I~---~~~~--I-~-----~-~l----~-~---I-~-----~~-~-



ROOM

Fig.5. The forward calorimeter

FCAL specifications 19/4/91
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Peon.
PHf1 = deg 0
DPHI = deg 360
NZ = 3
Z = em -t50
RMIN =: em 3.308
RMAX = em 128.071
Z = em 50
RMfN := em 3.808
RMAX -em 148.035
Z = em 150
RMIN - em 13.808
RMAX - em 158.018
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/2.

Fig. 6. The Z-<1istribution (along the beam line) of the charged particl••
flux· through the absorber surface. Two curves are obtainedwt~ aDd
without the forward calorimeter. The arrow showes the position o~ the·
forward calorimeter front face.
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AJ.exei ltu1ik 28.3.91, SBeL, D&11••

This is the :firat: st.ep of evaluati.Dg o~ t:be rat:... in the .lorwu:d -.oil
syat:... Only muon rat.•• are oaloulatecl her., ot:her. will:1)e .val~ecI

lat.r. The model us.d i. very .!rd.1.aJ: 'to that of YO.~98n.i.~
events in Pi: interval of 5-!OQeV wen generat:..clbyI~..i~D'"ItaoD
decays to muon and neutrino were simulated. 'then .t.opp~,power'of the .
filtera was taken into account.: 2 GeV :for the Calorimtrt.:c(10 ~. len.),
2.25 Gev for Toroid. (BTA<1.6, ,1.~5.<:t~~~,C?~1&.f.1t;t,,:t!,;,> . a!~'(OfO.t.<t

~:::;p:~~ :00; ~~~) ~fAJ~~i;':~n~'(g~tO:4rll.r-i6:.·3 '~(;tUiiIH.
AD are. of BTA<3 i. con.iderec:l.~~:p~~~~;,~'.f;:, •.....•""~'lC'~<''>;.~~';ic'';~'f:1' ••.·.: ., "t""';.,

. ,.'l:, , c .'.:' ~~-~.'_~ )~',_~:~~~-;:f"":"-~~"":~,,'''-'':'-'J. ,'·~'-'<:'.ii'.';:'<~ ~

The results are very similar to tho•• of Yoah1hid.e Sakai' too.

5.85*'10**6 '.
2.03*10**5
5.63*10·*5
3.70*10**.
2.41*10·*5

(Mu-NU mode onlY)'~·;!:".

(from P1- and It-decays aost:ly)

47
2
o

4836 • 3446(1'1) + 1263(l<lt~r~

247 • 190 (decay) +p~ ....
, ';- . ~

Piona produced
Pion. decayed
kons produced
Keons decayed
Muons produced
Muon. survived
after Cal..
Huon. survived
aft:er Toroid
Above Cherenkov
thr.eholc1 (Nitroqen)
~ > 10 QeV
»t: > 20 QeV

Muon 2:at... are: 10 1Gl. a~ter Calorimeeer and 0500 Jdb after "0%'014.
Huon rat.. are dominated by clecay muons.

1'19. 1-5 show that. only soft: f'ract:ioA o~ initial hadron apectra dec.p and.0 muon .-pec*rua is soft too. 1'19'.6 show.. the rap1dit.y.dia1;ri.!::natlon of
lIlUons. The rate i. decr••sed. by aaIly orcle.. ra of ..Pitude.... ···bytlUa."., "f1.1t.en
(C&l.or1JDet.er and 'toroid). 1'19'.' 7.ho... the fract:loA.O' .c;Ieoay ~.r
calorimeter. . .

The rate. given here are irreducible, eo they put tb.~~~;).iait ~or the
actual. rat... The next. s~ep which we are qoiq to do 'l'" ua"YuZ'l
Gornuahkin) ia to evaluate 'the nOIl-.8\lOQ rat•• which pU:~• .,,:111" be
higher. 1'h18n..<18 GBANT/QH]IIBBA calcuJ.at:ion. in some r.aliat.ic geoIDIIt.ry
and opt.J.mization of the exper1Jllent.al ••t.up. .

'·>"'~~·"."'·'~'""""",,",""''''''·~lA';''oo.;t,o~....-, ..,~~, -"",_,~
"'.'-.' . ", .,,_.. ~ - '.
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