APPENDIX F

ALIGNMENT CONSIDERATIONS

F.1 General Remarks

The snlmaid will e manted in the warm here of the OO crmetat and it final position
fiwed nAing fidiaeial marks placed an the anter saenm jacket of the mAagnet erpostat which
preclict the lneation of the eail inside after it 18 eonled And eoergized. In ganeral it in possible
to meamire the locations of meh fichiedals ta .28 mm (1010 in) or so in x and 7, and pechaps
7 ag well, in some coandinate evehan that can be refarred o the remailer of the detechor
aned nltimately to the ealliding heame (eg. & sebem based an the detectar ceober heam)].

By mpecifying that the fotal radial noeertaiohy in the location of the ooil inmide the
eryoatat does oot eaneed imm, the the angular nneertainty in the direction of the field
AxiR does oot eaoeed o 2 % Bmmf28Am = 4 mrad. The murvey tolecanes (128 mm) da
ot Appreciably increases thin when the field is referenced to the TeVatron.

o arder that the initial misslignment: not Agnificantly degrade owee time (doe ta thermal
ar magnetic cyeling] we specify that the magnet cold mam mppeort smtem locate the ol
eprodnadbly o Az, twice the initial placement Acmiraey, £ (L5 mm, so that the total
miralignment; never paceed £+ hmm.

The rilicnn microsatrip And aantillator fiber tracking systams will e moimbed in the bare
of the magnet and aligned o it ao that the axes of the trackemrm And the magnetic field ave
parallel to the same tolerance. Thoe the maximim misrdlignment between the Axis of the
finld And the axin of thess trackers will aleo oot eoceed = 4 mrad.

In what fallowns we show that thin toleeanes in mifficient to preserve necmaary Aliznment
af the magnet bath for machine requirements And far tracldng requirements.

K it in determined that the fidd of the magoet in oot mfficietly acorately koown from
the mamifactiirer's ppecificaticmn, then the field can be mapped t0 find the fisld Axis with
reapeat to fidneinl marke on the ermetat. In this eventuality, the fimal Angular misalisnment:
between the magoetic field And the TeVatron ar the tracking sysbem can be reduced to A
fraction of 4 mrad.

F.2 TeVatron Requirements

It in necmpary that the salencid not generate dlosed arbit distartione in excees of L0x W0~
m (. Gaderre, FNAL AD, private communicaticn] in the ame of the mashine after the
ptared eame leawe the interactinn print. While A fringing salenaddal fildd onnoentrie with
the team And paralld to it cAnnat cAnre beam rbeming, one mtated by an Angle @ Abont
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Any Axin perpendicnlar to the heam ean. If the magnet is in fact misalizoed by mich An angle
f the interal

fﬂ.ﬂ:fﬂmﬂ:ﬁﬂiﬂ'

in nonmern Along the beam path, and thin integral oeoeratea & net pteering foree on the eam.
Hera wa write O, for the awerage of the fisld B, tenoa owee the magoet leogth, and £ the
length ower which thin average filed in affective. Note that if the magoet in alizned tao the
herm 0 that & 18 merq, the beam nes] oot even he precisely concentric with the field sinos
the remilting field inteeral remaina zen Ar long an the field at ope eod in spmmetric with the
finld at the ather.

The closed arbit distarticn amplitnde of the stored beam at point k genecated by a
nen-reara "errar field™ integral 45 ,.Z at the interaction paint £ i given by

ny = VB IBZ
- 8 Eﬁﬂ'

wheare Jr- in the beta finetiom at the iohecaction peint, 8, the beta finetion At pednt k. and
B, in the wam guide field strength and g the machine rading.

Since for A beam partiele of mamentium p the gnide field abeys p = (.40, we hawe at
injertinn, Hep= 1801/ = BMNT'm and at fattap, B, p= A0013 = N0NTm.

At the interactinn poigh, § = 2m, and in the ares § = Wim. The condition that the
elomnd arhit distartione oot exoeed L » LI*m then implies that the " error field™ intesral
abey

ot lﬂ‘“‘ﬂﬁ,p
2 LN

Nowr B in rmalleat at injeckion, so woe find we most hawe for thin most serece cane

8,2 -

8,2 = (077 T'm.

We approximate the Actiial "error field™ integral for the solenoid misalizned by an angle
a AR A 2 Teala field affectioe over the phymical length of the eadl, 2568 m.

d8.Z = fﬂeﬂ & 20T » 3 hm » tenow.

Then hn
m tem 107 1101138
(' =\1l. ok,
k= :
B
= ldmred.
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Noiba that during eallirionn Sz in mmaller by & fackor of abont Aghk And the goide feld
term in larger by A fackor of mix Ao that during eollinions the eandition is easily met.

The mppart ayrtem of the magnet musk maintain the rotatinnal Aligonment of the maznet
to the taleranoe obtained in arder to e nmefil at the TeVatmon., For safety, we choose a
specification that muaranteen the miralisnment to be mbetantially lees.

F.3 Tracking System Requirements

Becrime A direct meamirement of p_ in provided by the tracling syetem and the magnetic
firld of the solenaid, is it necessary to exAamine how reaicial rmall relative misalignments
betmren the tracdeers And the magnetic feld will affect the Aecuracy of thin meamirement.

(It in natedd that the trading avetam is likely to participatein part of the Lerd L5 trigger
ma it will nltimatey be eceeraTy to coomider how misralisnment of thin smtem can bise auch
A trigzer. For emample if the tracking system in part of A p_ threahold eetimation for the
trigmer, then if it in dinplacesd laterally A coag - dependance an the trigger threehald weonld
reenllt. Additionally if the traclking system in to be 1eed to obtain track sfibe or secments for
the trigger. then the effect of misalisnments of the field an this trigger must e meamined.
Such trigrer-dependent topics Ave nat eonAidered in the following. They may wwell generate
eanmtraints that are mope sevece than those discnssed heran) .

Stidien hawe been made of the realntion in p_ promised by the filll nperade mlicon and
seintillaticon-fiber tracler syehame. The reslts are eba-depmdent and have heen eetimated
far event wertices at 2 = (1 and far = > 3 (ree Figuore F.JA).

The errar in p_ increases with eta And in larger for = > A, but o key an the maost
piringent needs, w8 quote the senlt for et = 01 and = = (0

e 0LE @ 000

where the firat term deecribe multiple seathering And the secand is doe o measmement;
errams. Perfect Imowledge of A perfectly alisned nniform field wean ueed to deselop thin reenlt,
And o pattern recognition confumion wae indnded. The undulations in the corees stem
from the traneitinos in comecage between the eods of the tracker barrels And the discs At the
specifie valinen of et imealwed.

Frr a particle with e.g. p_ = L Gevfe, mghly the lower limif desired in I¥? UTpgrade,
the "geametry” term in 3 » LI,

For A particle maving in A magoetic feld we hawe,

_ 0ax8,
P="F

where K = mirvatiime = ljn"R. Thm
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) _ B | A
r * B2 K
deseriben bow the menmirement nneertainties contribite to o (p_) if the nunesrtainties in
the knowledze of the valies of the fild are Allowed to coofribate. Ik is reasonable o oequice
that theee additicmal nneertaintien nob exceed LK of thore from the debermination of the

eurvRtume, 1.,

(B
H,

< 8w urt

at L G fe.
F the DM? npgrade fracling aystan i misalizned with reapect ta the field by A amall angle

., then An nneatainty in the walue for B, is geoecated:

B2 b Bﬁ’mwm.ﬂ'[ﬂ]

b i ) B

[

MNewr if
AB, = B _ g phen
AH. = _ﬂiﬂf‘hﬂﬂﬁ:ﬂr
Af= _ —r
B, = &
For e = 4 mrad,
ﬂ]ir =R ur®

This remaing eqamfartably emaller than the limit specified] abhowe,

F.4 Vertex Resolution Due to Misalignment

Minnlisnment of the tracling system with reepect to the magnetic fild can alea introdoee
erTore in the determination of the = of A secondary interackion verbe

F the fracling syetem in perfectly aligned to the magnetic fisld then H, and Oy are
neminally zera. Heweser, if the magnet axin in miraligned by an angle a then B, and B, are
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o H, » . Thee nocartainties. while ther do oot contribote directly to the measurement; of
n_ far aoy track, dao enohribite o the nneertainty of the location of the 2 of a2, A seonndary
TRrhAX.

Cridely, if & straight line in fit ta & trajechary p| which in actially eurving due to a field
H_= H, ®a, then an angular nneertainty in the trajectary of the track is infroduced that
cAn be characterized by the total angle of bend of the frack at ite midpaint.

The eurvatura in not large: forewn ap) =1 Gevje frack, R=pfilAx 8 =13
w4 » W™ =417 metemn. Taking the radial dimension § ~ 1. 16m of the mlicon tracker an
the characteriatie lagth, then

F=03x%8_%Sjp.or

A8 = L Rzl

Sich An Angular mismeamirament wold comtribite Ao eroor At the werbex of AE = Hx A=
477U~ = 27 micrans. The resalution of the tracker, for eg. B — & — pepe; calenlated
withent: thin effect, han heen given [1] an g, = 220 microns. Evidently the field misalignment.
a = 1 mrad will nat significn okly apail this eealuntion

We onnelude that if the magnet in conefracked to readilyachiemed eoginesring toleranoes
then the tracea Aysteme cAn b inefalled ioha it And alizned to fidueials on it aeing shandard
aptical mreey techniques. The cootribition to nneertainkes in the meamirements of particle
p_. ar to the = eoordinate of secondary wertices from errom Ariming from thie process Ave
entirely negligible

Indeed, a8 wan with the case for the CDF salencid[4), even if the misslignment: angle has
bwen determined mquite precrdy by a fild-mapping exeradae it can be eotively ignomed.

By An alternate viewpoint, nominifarmities in 8, sbemming from the dmign of the mammet
iteelf excendl A fow parts in ¢me hundred for extreme frajectories in the tracker, sn the
additional nommnifarmity As eetimated in the foregaing doe fo & Amall misalignment of the
magnet AxiA in eokitely neslizible
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Coefficientsa and b

Figure F.1 Resolution of the D@ Upgrade Tracker
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