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Abstract:

An investigation has been made of the possible performance
improvements of the muon system with the addition of a fourth superlayer
and also with the inclusion of a vertex constraint. It is recommended that
space be reserved for the addition of a detector layer outside the cryostat in
the barrel region for a potential improvement in the resolution and
increase in robustness/redundancy. The endcap resolution is found not to be
subject to improvement with the addition of an extra layer. The vertex
constraint is likely to yield significant improvement over the whole angular
range and provision should be made to measure and maintain the required
global alignment of the vertex detector to permit it's useful inclusion in the
muon detector track reconstruction.
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ABSTRACT

An investigation has been made of the possible performance
improvements of the muon system with the addition of a fourth
superlayer and also with the inclusion of a vertex constraint. 1t is
recommended that space be reserved for the addition of a detector
layer outside the cryostat in the barrel region for a potential
improvement in the resolution and increase in robustness/redundancy.
The endcap resolution is found not to be subject to improvement with
the addition of an extra layer. The vertex constraint is likely to yield
significant improvement over the whole angular range and provision
should be made to measure and maintain the required global alignment
of the vertex detector to permit it's useful inclusion in the muon detector
track reconstruction.

We have made a study of the improvement in performance and robustness
to be expected from the addition of an additional superlayer external to the
magnet and also by the inclusion of a vertex constraint in the determination of
muon momentum from track measurements. The currently envisaged "baseline”
magnet and muon system were used as a starting point for this investigation.
The "baseline” system is of course a moving target and the details presented
here may not be relevant for long , however the qualitative results and
recommendations are expected to be valid for the GEM project.

Since the baseline GEM system is now being defined many structural
decisions about the detector will be made in the near future which may preclude
what would eventually be desirable changes and/or additions to the system. In
this light we undertook a study of the potential performance gains to be
garnered from:

1) The addition of an additional superlayer downstream of the minimal
three superlayer array required for a stand alone muon system.

2) The inclusion of a vertex constraint in the determination of the
muon momenturn.

Both of the above additions to the minimal three point concept would
carry with them some direct costs for hardware and, perhaps more
importantly, require that care be taken during the definition of the system that
their eventual inclusion not be blocked.

One might seek performance improvements of two very different kinds
from any potential change to the muon system. The first is, of course,
improvement of the momentum resolution. The open solenoid with forward
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flux concentrator which we are in the process of adopting yields transverse
momentum resolution about twice as good in the barrel region compared to the
end cap region. It would be desirable to improve the forward resolution to
approach more closely at least the currently anticipated performance of the
barrel system. The second reason for undertaking a change or addition to the
current system would be to make the system more robust in the sense of
providing measurement redundancy. In particular, the vulnerability of the
muon system to failure of the first superlayer by inundation with hadron and/or
electromagnetic punch-through or other event associated background has always
been a source of great concern. If this layer is swamped, because of unexpected
high backgrounds at luminosity of 1033/cm2 at startup or at the eventually
anticipated 1034/cm2 , the three layer system currently envisaged would be
useless. This nightmare scenario can be avoided if a backup measurement
system is available either by the inclusion of a robust vertex constraint in the
muon analysis or the inclusion of an additional superlayer at larger distances, or
both. The safest backup might seem to be the external superlayer since direct
measurement of a vertex point may be impossible due to a common mode
failure of the tracker and muon system under high general or local rates. It may
be argued that the vertex point will anyway be available through the spatial
determination of the transverse beam position using tracks alone if the beam is
stable enough. Obviously we will exploit this possibility if we can.

For reference, Fig. 1 shows the baseline transverse momentum (Pt)
resolution. We note in passing that the resolution is significantly degraded for
Prless than ~ 100 GeV/c . This will be the case if Landau fluctuations of the
energy loss are not recoverable calorimetricaly. In any event much of this
degradation should be avoidable using the momentum measurement made in the
central tracker.

For this study we assumed that the magnet coil and cryostat present 10
radiation lengths to a track passing through the coils and incident on an external
barrel superlayer composed of two planes of detectors with the same precision
and alignment properties as the internal barrel array.

In the end cap region we ignored the additional material that may be
present in the flux concentrator support (the energies of interest here are higher
than in the barrel region and the multiple scattering is correspondingly less
important) and added a two plane superlayer with the same precision and
alignment properties as the internal system downstream of each of the sections
of the (split) internal system.

In Figs. 2-4 we show the ratio of the transverse momentum resolution
with the external chambers to that of the baseline system, for
several values of the separation of the external superlayer from the last internal
superlayer.

In Fig 5, for the same configuration as in Fig. 2, we show the degradation
of the resolution of the three plane system which results if the first plane is not
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available and the external layer is. In the barrel region, for pseudorapidity(n) <
1, the resolution has been degraded by roughly a factor of two from the
baseline performance for tracks with Pt above 1000 Gev/c. The low energy (<
500 Gev/c) resolution is seriously compromised over the whole barrel region.
In this scenario the measurement available for 1< m € 2 is virtually useless ,
whereas the domain 2< 1 € 2.5 is marginally usable (e.g. sign determination
will probably still be possible) . The reason for the poor performance of
external planes at more forward angles is the field distortion caused by the flux
concentrator and the general divergence of the magnetic field as it leaves the
poleless magnet.

For the vertex constraint studies we include a vertex constraint as an
additional measurement with a precision of either 100 um or 200 pm. for the
coordinate transverse to the beam and 6 cm/¥12 for the longitudinal coordinate.

In Figs. 6 and 7 we show the improvement obtained over the baseline
performance by the inclusion of the vertex constraint.

In Figs. 8 we show the combined effect of the vertex constraint and the
external arrays for the case of Fig. 2.

In Fig. 9 we show the resolution obtained if the first superlayer
fails but the vertex is still available either as a direct measurement or through
knowledge of the beam position. In the barrel region the resolution is limited by
multiple scattering to about 10% at low Prand, in fact, is improved with respect
to the baseline above 1250 Gev/c . In the end cap region the situation is similar
with the multiple scattering limit occurring at somewhat lower P,

In Fig. 10 we show the resolution obtained for the case of Fig. 2 if the
first superlayer fails but the vertex and external array are available.

We would like to draw several conclusions from this information and to
make several recommendations:

1-- The addition of the external chambers makes a significant
contribution to the high energy resolution of the system mainly in the barrel
region. In the small angle region the magnetic field shape at large distances is
such that little gain in the resolution is achievable .

In the barrel region, up to about 35°, there is significant improvement above
500 GeV/c and this approach may be a cost effective way to improve the
resolution.

We recommend that a region outside the magnet cryostat be left as clear
of impediments as possible to permit the future inclusion of an external
chamber array at least 3m. away from the third superlayer.

The alignment requirements for these external chambers is not as
stringent as for the internal array by perhaps a factor of 2. The dependence of
the resolution upon the radiation thickness of the coil is very weak because of
the expected small number of radiation lengths in the coil/cryostat and the
proximity of the coil to the additional superlayer (for some examples of this
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situation and additional discussion see IMPROVEMENT OF MOMENTUM
RESOLUTION USING MEASUREMENTS OUTSIDE THE MAGNET-
LARRY ROSENSON-7/11/91-included in this GEM note as an

Appendix). While the alignment specification is not so tight on the external
array, the fact that there is no line of sight between inner and outer systems
presents a conceptual and engineering challenge .It may, for example, be
desirable to design tubes between the inner and outer cryostat walls, passing
through the coil and cold region, to provide alignment sight paths. ‘

One may be led by practical considerations to place the external chambers
on the outside of the magnet cryostat container if it evolves into a thick enough
annular cylinder.

2-- The inclusion of a vertex constraint in the analysis would result in an
improvement across the whole angular region of 10%-30%
above 1 TeV/c. It is probably worth implementing the vertex determination if at
all possible since this is the only way we have thought of to improve the
performance in the endcap region short of significantly increasing the total
number of planes in the original 3 superlayers. The cost here will be largely in
the development and implementation of a method of transferring the location of
the vertex chamber to the reference frames of the main muon chamber array.

We recommend that conceptual and engineering studies of such an
alignment system be undertaken as soon as possible to insure that competing
design requirements do not preclude the eventual inclusion of the vertex
constraint .

For completeness, in Fig. 11 we display the progressive improvement of
the transverse momentum resolution if we successfully implement the above
recommendations.



dP /P,

dP./P_

P‘, RESOLUTION INCLUDING
ENERGY LOSS FLUCTUATIONS

Iwnytestiosn.ini

0.5 [ — I —
t —_—— 250GaVig
—— 500GeVia
4| —+—750G0VIe
0.4 —n— 1D00G VI
—— 1250G e V/e
e 1500C R Vie
—e— 1750GeV/e
0.3 7| —m—2000Gevre
0.2
—
T N P
[——— e ]
]
0.1 --——-______“__
0 i N
0 0.5 1 1.5 2 2.8
PSEUDORAPIDITY
Jwaylestionn. x|
P, RESOLUTION INCLUDING —e— 10QsV/e
R
ENERGY LOSS FLUCTUATIONS S
0.06 ——— ———— . ——70QeV¥sc |,
1 T | —+—1v0Gevie [
f————o..| —+— 1300eVie
[ —e—170auV/
0.08 1 \\ aVie
0.04 ]
0.03 =g
0.02
0.01
[ ]
0o +——— . T 4

0.5

1

1.5

PSEUDORAPIDITY

Fig. 1



dl".I,J’PT

(4P 2iPrlyopeext/(9PT/PTlapy

05 Y— T Y !'v-rﬁ-v— —_r——r— A r—r—r—r
.

| —t——e 7 v
0.4 +— S500eVie

0.3 | —m—2000Gevic |
[ '
1 L =49 m.
1 *c
0.2 _L.w........... Lblr =30 m. JRRRS SO

=] s

Jwaytestioen it

P' RESOLUTION WITH EXTERNAL SUPERLAYERS
INCLUDING ENERGY LOSS FLUCTUATIONS

—a— 350Ge ¥/
—a— 500QsVie

——r— 1000GeVic
—— 1250CeV/e
~—a— {500GeVie
3 —8— 1750Q Ve

U S S hd b PR W S

0 0.5 1 1.5 2 2.5
PSEUDORAPIDITY

IMPROVEMENT OF P, RESOLUTION WITH ADDITION OF AN EXTERMAL SUPERLAYER

Ly, and L,, BEYOND 3'9 BUPERLAYER IN
BARREL AND ENDCAP RESPECTIVELY

plptresind.ixi

s + — Ty

1 +—rr-f———t

0.9 ﬂw Lt =4

| —e— 26000 vre

0.8 E— A- \ |
L S
7 / | ~—»— 0000 Vo ]
- z% it | ]

—_— 1250GeV/e

0.6 — evie
S = I b

—— 2000GeVia

o.s I Y FY S

-0.5

1 t.5 2 2.8
PSEUDORAPIDITY

Fig. 2



{dP1iPrlgpr,ext/(9PT/Pr)apy

(9P1/Prlypiaant/ (9P T Prlypy

MPROVEMENT OF P, RESOLUTION WITH ADDITION OF AN EXTERHAL SUPERLAYER

Ly,, *™d L, BEYOND 2" sureaLAYER M

BANREL AND ENOCAP RESPECTIVELY

As8pteninl.ixt
1 L - Ld L L g A
—_‘_-e—._,__’-—’&/ 1
0.0 |1, =a0m}—|
bar = 3.5 m.
&
0.8
]
0.7 —»—3500avVie | |
—a— 500GeVic
| —a— T750GeVia
! w—n— 1000Ge¢Viec
0.6 —+—— 1260CGeVic
- —a— 1500GeVic
—®— 17850GeVie
—8—2000QeV¥Y/e
0.8 . P P S
-0.5 0 0.5 1 1.5 2 2.5
PSEUDORAPIDITY
Fig. 3
IMPROVEMENT OF I‘" RESOLUTION WITH ADDITION OF AN EXTENNAL SUPEALAYER
Ly, *nd L, BEYOND 3" SUPERLAYER IN
BARAREL AND EMDCAP RESPECTIVELY
Aptpiesinlixl
1 T T T T P———y
m___"__/"
0.9 = 3.0 m.
- ——
L =25 m. //
bar
T ———— ] %
0.8 -y
1]
_ —
0.7 - | —e— 28000 vie ]
L e e —e—500GeVie |
o A —t—T50GeVie 4
o —%— 10000sVre |
] ——1250Qe¥ic | — |
0.6 13 —e— 150000 V/e
—&— 1780GeVie
—8— 2000GeV/e
I AT I A S

Q
o
.
[
-

1.5 2 2.5
PSEVDORAPIDITY

Fig. 4



dPTIPT

(4P Py teaxt/ 18P Prlgg,

Swaylasitoen.in
P‘r RESOLUTION WITH EXTEANAL SUPERLAYERS

INCLUDING ENERGY LOSS FLUCTUATIONS

WITHOUT FIRST SUPERLAYER
1007.‘—.ﬁ7'...—' — ]

t —a-- 250GeV/c 3
—8— 500G Vi

f wma— TS0 G e V/ e
i —n——1000CGeVic
——t— 12500 Vi
10 +— —a—— {500CsVie |..

F —8— 17500eVic 1
[ ~—R—=— 2000GeV¥/c J
! i :
3 !..= =49 m. ' 1

i :“‘--.._____
L,, =30m :jk!s
1 g —

o] o
e | ..

0.1
0 0.5 1 1.5 2 2.5

PSEUDORAPIDITY

DEGRADATION OF P, RESOLUTION WITH ADDITION OF AN EXTEANAL SUPEALAYER
AT Lygs ™ L BEYOND " SUPERLAYER IN BARREL AND ENDCAP RESPECTIVELY

BUT WITHOUT 1* SUPERLAYER - NO VERTEX CONS‘I’MM'MM
100 r—r—r—r——————f———r—r—r—f——r—— Ty

L =49 m.

1
L1 L = 3.0 m,

ber

P

—— 1500aVie
~—a— f00GeVie 1
—t——TE00sVia
—w— 1000Ge Vit
—t— 13500 Vie

10 T —+— 1500GeVie
| | —®—— 17500 Vie L

—E— 1000GeVie /

0 0.5 1 1.5 2 2.5
PSEUDORAPIDITY

Fig. 5



onrtl(dPT’PT)ug

(dP_/P.)

dPTIPT

Swaylurtiosn.an

P'l NESOLUTION INCLUDING

ENERGY LOSS FLUCTUATIONS
AND A 200pm, VERTEX CONSTRAINT

o.s | r ———y T 2 v v v |
—e-— 250C8Vie ]
—ea— 500GeV/e J
0.4 +— —— 7500aVie
- —~— 1000GeV/c ]
——— 1250GeVIe /I'/ ]
—+— 150000 Vi
—e— 1750GeV/e n / 1
0.3 T |—w— 2000Gevic | 4//,./
0.2 ,//ﬁ_,__._"*
0.1 ﬂyﬂ
=] _______,_,.—-—-to—-——'
[ e — |
0 R - . .
0 0.5 1 1.5 2

PSEUDORAPIDITY

IMPROVEMENT OF P, RESOLUTION WITH THE ADDITION OF
A 200 ym. VERTEX CONSTRAINT

A48_Tonw 4y

0.9

r

0.7 7

/.—-

"]

ek

/i__
/-c—

—2

N
)

N

=

[
S
—/

0.8 ==t
/

| —e—2s50aavie
- §000sVie
—te—T80CeVie
——— 0000 eV/s

1280GeVie
—a— 1500QaV¥/e
-—t— 178000 Vic
~—8— 2000GeV/¢

i

7

™o

T

X
T ¥

0.5 1

1.8 2

PSEUDORAPIDITY

Fig. 6




dPT!PT

NdPLIPL) L

+vant

(dP_/P.}

P, RESOLUTION INCLUDING
ENERGY LOSS FLUCTUATIONS

AND A 100um. VERTEX CONSTRAINT

Iwayivatoen.iny

0.4 1T

-fvﬁ‘r—rr

—e—250GeV/ic
—a-—500GeVY/e
| —t=—T50CGeV/e
= 1 000G ¥/
————1250GeVie
——a—— 1500GeV/c
—@®—17150GeV¥V/c
—®-—2000GwY¥/e

L e r—

0.2

-

1.5

PSEUDORAPIDITY

IMPROVEMENT OF P, RESOLUTION WITH THE ADDITION OF
A 100 ym. VERTEX CONSTRAINT

AW8_Tondint

1
0.8

\

e R
NN

/-L\
R

0.7 5

"

N

0.6

—e— 250G eVie
—a— §00Qs Ve
——t—e-730GeVie
—r— 10000 eVie
—— 250G eVie
—t— 15000eVie
—u——17%0Q¢V/e
—a-——2000Ce¥ic

N

W

0.5

1 t.5

PSEUDORAPIDITY

Fig. 7



dFTIPT

I(dPTIPT)"‘

TIPT)zpioo!hv"l

(dP

GEM PT RESOLUTION 3 POINT MEASUREMENT + EXTERNAL SUPERLAYER

3 m. AND 4.9 m. DOWNSTNEAM OF 3 SUPERLAYER
IN BARREL AND ENDCAP RESPECTIVELY
+ 200 pm. VERATEX CONSTRAINT 4sepueriaiim 4:30:19 Pl ame

T Ty

D.4 T —eo—2800evie
[ —o—500GeVie
———T50GeV/e
—=— 000G V/e
0.3 | —+—1250GeV¥ic ||
[ | —+— t1s00GeVie
| —eo—1750GeYic

F | —®—2000GeVie
0.2 4
0.1 -
e
R —— ] +
0 PP Ay s — — L ——
0 0.5 1 1.5 2 2.8
PSEUDORAPIDITY

IMPROVEMENT OF F«‘ RESOLUTION WITH ADDITION OF AN EXTERNAL SUPERLAYER

3 m. AND 4.8 m. BEVOND 2% supenLAYER W BARREL AND ENDCAP RESPECTIVELY
+ A 200 um. YERTEX CONSTRAINT

1 . — 400piranintan
- /.—_:_ v - v ———r——

- L// -o—/_'JL—

0.8 - VAN ]

iyt t o

— —u— §00GeVie
——T800eV/e
—— (000 Qe Ve
——t— 1280Q e Vie
—a— 1§00QeV/ie
—— 1750QeVie

L L]
A\

0.4 P BN e et —WM— 000G Ve
0 0.% 1 1.5 2 2.5
PSEUDORAPIDITY
Fig. 8

ih



dPT{PT

(dFTIFT)lIi1-n-varﬂ(dPTlPT)s pt

Iwapisstoen.in
PT RESOLUTION WITHI NO FIRST SUPERLAYER

AND WITH A 200um. VERTEX CONSTRHAINT

P

T L T Y I T v T T T " T T L N A
0.5 7 1

—o— 15000 V/e
—e—500Ga Ve
0.4 +— —t——150Ce¥ie
——1000QeVie
—+— 1250CGeVic
—s— 1500C e V¥/c
—®— 1750QeVic
0.3 | —s— z000GeVre

5

¢ 0.5 1 1.5 2 2.5
PSEUDORAPIDITY

‘DEGRADATION' OF P, RESOLUTION WITH HO
1" SUPERLAYER AND WIIN A 200 pm. VERTEX CONSTRAINT

480ptresinl.ixt

10 T —a L Y Y Y

|

|
)
/]

\_;
%f}

—a— 25008 V/e
~-—a— §00GeVie
—t— 75000 Vie
—— 1000GeV/e
— {250GeV/ie
—— 15000 s Vic
—®— {7500aVie
——2000CGeV/e

2 A A A A A i A 1 A A i i L i ' A A A A A A
0.1 T 1

0 0.5 1 1.5 2 2.5
PSEUDORAPIDITY

Fig. 9



dPTIPT

“’T”T’Spho:il(d FT’PTlSpt

I N R X |

AND WITIN A 2000un. VENTEX COHSTRAINT
EXTERRAL SL'S AT L“=4.9 m. AND Lb"aS.O m,

0.5 fi S T -
.

—o— 250CeVre

—o— §00GeVie
Ao | —*— 15000 v/e

0.4 —w— 10000 eVic 1

—— 2500 aVie

—a—u )500G e Vit

—e— 1750GeV/ic

-
0.3 [ | —®—~2000Gevic|™ 7//.’/
/. /

|

; gt *N..__.\ |
‘\'\

0 0.5 1 1.5 2 2.8
PSEUDORAPIDITY !

‘DEGRADATION' OF P, RESOLUTION WITH ADDITION OF AN EXTERMAL LAYER
AT Lygr "™ bt . BEYOND 3" SUPERLAYER IN BARREL AND ENDCAP RESPECTIVELY

BUT MO 1" SUPERLAYER AND WITH A 200 wm. VERTEX GONSTRAMY

"o e —r—r T .
L =49 m. i
[ 1]
L = 3.0 m.
bar l"—/—\/-.-u
/ \

H\
R n— -

e Nl T 3
ey -
&1 |~ 4
fT——0= ]

—e— 15000 V/ie 1

! —e— §000eV/c

—e—760GeVie
[ —n— 000G eVie ]
——+— 1250GeV/e
—t— 1500CeV/e
—S— 1780CeV/e
—B— 2000GeV¥/e

1 PN S B} U W S . WY Wl W T S T T PR T T Y
0. L t

o 0.5 1 1.5 2 2.5
FSEVDORAPIDITY

Fig. 10



dP,l.'P

0.2 -

ot

P, NESOLUTION INCLUDING

EMENGY LOSS FLUCTUATIONS
AND A 200nm. YENTEX CONSTRAINT

dp _/P

ENENGY LOSS FLUCIUAIIONS

" —— Euo-w. L— -

R R B o400 R N0 o |

L-/-__‘—"

0.3 - S— //’:___j___

/ -

°""f_"__--—__:;._ ot /74]1,1]_“
0.1 femer = ;__:/‘//_ ..
P s—— B g [N

| —
ol -1
o a s o N "
] 0.5 t 1.8 2 2.8
PSEVDORAPIDITY
Swaptesiigan.tnl

Putpteriioen .l

P RESOLUTION WATH EXTENHAL SUPERLAYENS
INCLUDING ENERGY LOSS FLUCTUATIONS

Fig. 11

9.8 ‘
S = -
== 890V
P T— Ao f—— 1ROV - el St of
f .4 —n— 19000 Vi¥ ‘7‘/ I
—— 1AV
—— 15OV / |
—— 11390avIs =1 —.J
—W— 100000 ¥1¢ . 0.3 +— | —a—eendevie || o5 —aniind
[N — J—
. L =dfm, ]
L -

TR R A 0.2 F— |t =30 ™ |- ﬁj—_ﬂ
“:-—9!5::-!: ot e ::—-—-—j ,Z_’J__-__.
] m———=——_ *.‘—-_-—-*

- ‘ A F— A P A S S — e
0 9.5 ' 1.8 2 2.8 0 0.8 1 1.8 2 2.5
PSEVOONAPIDNTY PSEUDORAPIDITY

[
T
QEM |" RESOLUTION 3 POINT MEASUREMENT » EXTENHAL BUPERLAYER
3 w. AHD &3 m. DOWHSHEAM OF 3™ supEnLAYEN
= 1N BARREL AND ENDCAP RESPECTIVELY
o.8 + 200 pm. YERTEX CONSTNAIRT staquesiine ¢ P00 wany
) 0.4 | j—~e—15000viq | —
—em AN Q8 Vi
——r1stsvIe s
—— 10800 VIe
. - 0.3 b | —— 5000w | — ==
. —a—— 1EEROe e /r.-
-
4 3=
______r/__.:.,__..r——
rl A e,
0 0.8 1 1.8 2 1.5
] PSEUDORAPIDITY



APPENDIX

IMPROVEMENT OF MOMENTUM RESOLUTION USING
MEASUREMENTS OUTSIDE THE MAGNET

LARRY ROSENSON - MIT --7/11/91

ABSTRACT

The consideration of a magnet geometry with no return iron over
most of the barrel region opens the possibility of significantly
improving the momentum resolution of the system at high momenta (i.e.
P > 500 GeV/c) by the addition of an additional Superlayer of detectors
outside of the magnet coil. It is conjectured that this will be a cost
effective design approach and it is proposed that such a feature be
incorporated into the engineering design studies for the magnet and
muon system.

It has been ‘decided to pursue design studies on a magnet with a
superconducting coil and with no return iron in the search for economies
in the design of the detector. This approach immediately suggests the
possible exploitation of the more open configuration by the extension of
the muon system to include measurements outside the coil. Such
measurements promise improved momentum resolution due to the
effectively larger sagitta that will be measured if the effective point
measurement errors can be kept approximately the same as for a
measurement system all contained within the field. In addition, the use
of a superconducting coil will tend to keep multiple scattering effects
small. it is the purpose of this note to point out that such an approach is
indeed feasible and in fact, that the potential gains are large enough to
justify further investigation ol such contigurations.

in Fig. 1 we show a schematic drawing of the muon detection
system. :

We initially consider a detection system composed of the first
three Superlayers, among which 16 layers of detecting planes with
point resolution go« 150 pm. are distributed. All three Superlayers are
assumed to lie inside the magnet so only the chamber material itself
will give rise to relevant multiple scattering along the track. If
Superlayer #1 and Superlayer #3 are separated by L the optimal position
of Superlayer #2 is at L' = L/2. We call this arrangement the 'Sagitta’
configuration. The optimal distribution of the 16 planes between the
three Superlayers is then N1 = 4, N2 = 8 and N3 = 4, where N1, N2 and N3
are the number of planes in Superlayers #1, #2 and #3 respectively. We
assume that the chamber planes are made of material with 0.025
radiation lengths per plane, giving 0.2 radiation lengths in Superlayer



#2. The uncertainty in momentum arising from imperfect alignment is
taken into account by adding in quadrature to the ith Superlayer point
resolution , oo/YNj , a term, cext , 10 account for the distribution in
residual misalignment between the Superlayers, and a term, oin/VNj , to
. account for the residual misalignment of planes with respect to each
other within a Superlayer . We take co=150um. , Gext = 25um.

and oy = 50um. in this example. The magnetic field B is taken equal to
1.0 tesia and the measuring interval L=5 m. The momentum resolution is
shown in curve a) of Figure 2 .

As a second example we consider a three layer measurement
provided by the same 16 planes but now placing the third Superlayer
at D = 2 m outside the magnet coil. The coil is assumed to present 4
radiation lengths to the muon track. Superlayer #2 is moved
downstream from it's previous location at L' = 25 m to L' = 3.2 m (this
would be the the optimal position if there were no multiple scattering
in the coil and detectors) Again we distribute the 16 planes optimally
(within roundoff) resulting in N1 = 4, N2 = 8 and N3 = 4. We call this
arrangement the 'Qutside Lever Arm' configuration. The momentum
resolution is shown in curve b) of Figure 2.

From Figure 2 we see that the Sagitta measurement is better at
momenta well below 250 GeV/c and the Qutside Lever Arm measurement
is better at momenta well above 250 GeV/c. This behavior is
qualitatively true for any range of values of the radiation thickness' of
the coil and detector planes likely to arise in practice. The difference in
performance is significant in both momentum regions and if a choice
had to be made between the two approches it would have to be made on
the basis of Physics priorities and prognostications which are very
difficult to make at this time.

A simple redeployment of the 16 layers can give us the best
features of both measurement strategies. We retain three Superlayers
inside the field in the geometry of the 'Sagitta’ measurement and with a
sufficient number of planes to provide almost the optimal Sagitta
measurement and we add a fourth layer to the system at D = 2m. outside
the coil. We take as an example N4 =4, N2 =7 and N3 = 3 and N4 = 2. We
show the resulting momentum resolution as curve ¢) in Figure 3. Curves
a) and b) from Figure 2 are shown for reference. it is clear that with
this 'Four Point Measurement' configuration we essentially completely
recover the low momentum Sagitta measurement and almost completely
recover the high momentum Qutside Lever Arm behavior.

In Figure 4 we show the dependence of the Four Point Measurement
on the radiation thickness of the coil over the range 2 < ngoy < 10, where



neoit is the number of radiation lengths in the coil. The relative
insensitivity of the basic result to the coil thickness is an important
aspect of the robustness of the Four Point Measurement as a design
concept.

, As is well known, the most important sensitivity of the detector
. system is to the quality of the alignment of the system. In particular
the main effect is due to relative misalignment of the Superlayers
which we have parameterized with ocex . In Figure 5 we show the
variation of the Four Point Measurement momentum resolution to cext
over the range 0 < ogq £ 100 um. All the other parameters have the same
values as in curve ¢) in Figure 3. Significant degradation of the
resolution occurs for oex = 50 um. A comparable sensilivity occurs also
for the Sagitta strategy and is shown in Figure 6.

It is fair to ask whether one will be able to achieve the same
quality of alignment for the proposed Fourth Superiayer which lies
outside the magnet coil and can only with some difficulty be physically
or even optically coupled to the inner three Superiayers. In Figure 7 we
show the sensitivity of the resolution to variation in Cexi-Superlayer #4 ,
the alignment uncertainty of the fourth Superlayer, for the range
25 pum.S Gext-Superlayer ¥4 S 200 um. All other parameters are the same as
in curve ¢) of Figure 3. From Figure 7 we see that as long as
Cext-Superlayer 24 S 100 pm. we will not degrade the momentum resolution
catastrophically. ,

In conclusion it appears that a significant improvement in the
momentum resolution at high momenta( a factor of about 0.7) can be
obtained over that achievable with a Sagitta measurement by
redeploying several detector planes to the outside of the magnet. The
alignment requirement of such a Superlayer must be carefully studied to
see whether it presents any insuperable problems. The possible gain in
resolution would seem to be large enough to strongly suggest the

inclusion of this approach in the cost effectiveness optimization of the
magnet/muon system.
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In a region with uniform magnetic field, B, the track first crosses
detector Superlayer #1. It then crosses Superlayer #2 at L' and
Superlayer #3 at L, at which point it passes through the coil and leaves
the magnetic field. An optional fourth Superlayer is located a distance D
outside the coil. Measurements are made of the y; by suitably averaging
point measurements in the measurements made in the N; planes in the
ith Superlayer. The 'Sagitta’ measurement may be thought of as utilizing
only Superlayers #1, #2 and #3. The 'Outside Lever Arm' measurement
may be thought of as utilizing only Superlayers #1, #2 and #4. The 'Four
Layer * measurement uses all four Superlayers as drawn.
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Figure 2
Momentum resolution for the Sagitta and Outside Lever Arm strategies.
Curve a - Sagitta Measurement; Curve b- Outside Lever Arm.
Measurement



Sagitta and Outside Lever Arm Momentum Resolution
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Eigure 3
Comparison of Four Layer Measurement Momentum resolution with that
of the Sagitta and Outside Lever Arm strategies. Curve a - Sagitta
Measurement; Curve b- Outside Lever Arm.Measurement;Curve c) - Four

Layer Measurement.



Variation of Four Layer Measurement }fomentum Resoclution
with coil radiation thickness.
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Eigure 4
Variation of Four Layer Measurement Momentum Resolution with coil
radiation thickness ,nqoit . The lowest curve corresponds to Neejy = 2
radiation lengths. The curves successively correspond to increments of
Neoil = 2 radiation lengths.
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Figure 5
Variation of Four Layer Measurement Momentum Resolution with
Superlayer Alignment. The nominal configuration is the lowest curve

corresponding to cext = 25um. The successively increasing curves
correspond t0 Ogxt = S0UM., Cext = 75uM.aNd Cgxt = 100um.
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Variation of Sagitta Measurement Momentum Resolution with Superiayer
Alignment. The nominal configuration is the lowest curve corresponding
1o cext = 25um. The successively increasing curves correspond to

Cext = S50uM., Gaxt = 75um.and Gext = 100pm.




Variation of Four Layer lMeasurement lNomentum Resolution
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| Segitta
0.081 200 pum
100 pm
50 um
0.06% 25 pnm
0. 04
D.021
—+ + + + + P(GeV/c)
200 400 600 800 1000

Eiqure 7
Variation of Four Layer Measurement Momentum Resolution with
Superiayer #4 Alignment. The four iowest curves correspond to
Cext-Superlayer #4 ranging from 25 pm. to 200 um. The highest curve,
labeled 'Sagitta’, is a reproduction of Figure 2 curve a) for comparison.
it is close to the limiting resolution from the Four Point Measurement
for a completely useless coordinate measurement by Superlayer.#4 and
gives a scale for the degradation arising from misalignment of this
Superlayer.
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