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Abstract:

Agenda, attendees, and presentations of the GEM SSCL/Muon
Meeting held in San Diego, CA May 11, 1993.
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Draft Agenda for San Diego GEM Muon Meeting
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{I} Plenary Session: May 10, 1993

Overview of the Muon System, Status, and Motivation of Design Choices

o Overview of system and design choices Frank Taylor (20 min.)

o Chamber and alignment details Gena Mitselmakher (20 min.)
o Layout of chambers and support structure Frank Nimblett (20 min.)
{II) Parallel Session - I : 8:00 - 14:00 May 11, 1993

The Huon Group Meeting will emphasize the preparation for the defense of the
TDR before the PAC. Each speaker is asked to bring a first-draft of his talk.
We will attempt to have a short version dry-run of the parallel session we
have to conduct for the PAC meeting. The focus of the discussion will be on
addressing the engineering and performance action items. The convenor (the
first name shown in brackets below the subtopics list) of each topic is
responsible for about 20 min. of formal presentation and 10 min. discussion.
"Experts” for subtopics are indicated by brackets beside the subtopic. They
are reguested to cover the specific subtopic. All speakers please prepare a
rough draft of your talk, a list of outstanding issues, and plan of attack
of how to answer them. The convenor should coordinate with the experts.

Run—-through of TDR defense - Parallel Session*:

A S —— A T ] - i i R T o e . T e i i i e PO o e

{1) Overview of muon system
— design considerations and justification of choices

{Marx (Taylor to standin at San Diego) B:00 - B:30)

{2) Chamber technology
- summary of R&D program leading to CSCs (Mitselmakher]}
- performance characteristics of CSCs {Polychronakos)
- realization of technology: mechanical and electrical design
- parameters outstanding to be determined by R&D

- summary of layout of chamber system (strip size, no. of chambers,
etc.)

[Whitaker 8:30 - 9:00]

{3) Alignment system and technology choices
- description of "false sagitta method"” [Mitselmakher])
- layout of alignment system
- straightness monitor technology choices
- tracks

-~ R&D program to answer remaining questions (Wuest]
~ vertex constraint

[Paradiso 9:00 - 9:30])

(4) Support structure
truss structure driven by chamber parameters and alignment scheme
-~ s80lid angle coverage and enhancements
- stress analysis
~ vibration stability
-~ interface to magnet and chambers
- fabrication of parts, assembly, and installation in magnet



v Ay AL suscazlacion in GEM
e ——
- access

{Nimblett/Belser 9:30 - 10:00)

{S) Trigger scheme and performance-
- delta phi vs sagitta: definition of primatives and their resolutions
nonbend plane .
beam tagging
block diagram cf electronics
summary of trigger rates

i

[atiya 10:00 - 10:30)

{6) Simulation of backgrounds
-~ neutrons and photons
~ muon-associated electromagnetic

fGavrilov 10:30 - 11:00)

{7) Simunlation of muon system performance
- 3ustification of shape and size of magnetic field [Rogenson]
- resolution performance (energy loss fluctuations, MS, chamber

resol'ns) ([Rosenson]

- pattern recognition [Dingus]
~ results of hit level MC {(reconstruction, resolution) ([Wenaus]
~ rate capability
- coverage { 2 layers vs 3, and use of the CT and calorimeter)
-~ performance on physics benchmark processes (Ho and 2Z')

[McNeil 11:00 - 11:30])

{8) Construction of chambers and their commissioning
- plans for chamber factories [Johnson)
- discussion of chamber factories
- commissioning of detector [Wuest])

[Wuest/Johnson 11:30 - 12:001
{9) oOorganization and plans
- regponsibilities chart ("boxology")
~ major milestones (R&D, S5, chambers, alignment)
[Taylor/Baker 13:00 - 13:30]}

Postmortem of Cost Review
[Gustavson 10 min}

Summary discussion and action items
[Group 13:30 - 14:00]
* PAC Plenary Session to be given by Taylor
{3) Parallel Session - II 14:00 - 17:30 May 11, 1993
Joint meeting with elements of CT and Calorimeter groups to discuss ways to

optimize the coverage and performance of the muon system using all systems of
SEM. Details to be announced later by Ken Lane and co.

Agenda of PAC Muon Parallel Session May 24 - 2B, 1993
fote: We will have a full dress rehersal of the PAC talks during the May 19 -
!0 meeting at SSCL. All speakers should come prepared to give a complete
un through.



:1) Owérviev of muon system

~ design considerations and justification of choices
[Marx 1/2 hr]

(2) Chamber technology

sart (a)
- summary of R&D program leading to CSCs
[Mitselmakher 1/2 hr])

~ performance characteristics of CSCs: resolution, L-angle,
requirements

[Polychronakos 1/2 hr)

tolerance

-~ reallzation of technology: mechanical and electrical design

summary of layout of chamber aystem (strip size, no, of chambers,
ete.)

-~ parameters outstanding to be determined by R&D
[Whitaker 1/2)

“3) Alignment system

part (a)

- general description of "false sagitta method”
(Mitselmakher 1/2 hr)

part (b)
- layout of local alignment system
-~ gtraightness monitor technology choices
- tracks
- global alignment
- vertex constraint
{Paradiso 1/2 hr]
part {c}

- RED program to answer remaining questions
(Wuest 1/4 hr]

(4) Suppo:t structure and installation
truss structure driven by chamber parameters and alignment scheme

- - gtress analysis

- wvibration stability

- interface to magnet and chambers

- fabrication of parts, assembly, and installaticn in magnet

- access

- so0lid angle coverage and enhancements
- {Nimblett/Belser 2 hr)

(5) Trigger scheme and performance
- delta phi vs sagitta: definition of primatives and their resolutions
nonbend plane
beam tagging
block diagram of electronics
summary of trigger rates
{Atiya 1hr]

LI T

16) Simulation of backgrounds
- neutrons and photons
- muon~associated electromagnetic
{Gavrilov 1/2 hr)

FS

'7) Simulation of muon system performance

art {a})
- justification of shape and size of magnetic field



- regolution performance {(energy loss fluctuations, MS, chamber
resol'ns)

- results of hit level MC (reconstruction, resolution)

(Rosenson 1/2 hr)
part (b)

- pattern recognition

- chamber occupancy considerations

- coverage ( 2 layers vs 3, and use of the CT and calorimeter)

- performance on physics benchmark processes (Ho and zZ')
[McNeil 1 hr]

{8) Construction of chambers and their commissioning

~ plans for chamber factories and industrialization of chamber design
{ Johnson 1/2 hr]

- commissioning of detector
(Wuest 1/2 hr)

{9) Organization and plans
- responsibilities chart

- major milestones (R&D, SS, chambers, alignment, installation)
{Taylor 1/2 hr)
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Name Org Tel # E-mail

Aftya, M. BNL (516) 282-3067 Atiya@BNLDAG

Baker, Howie Draper {617) 258-3411 hbaker@draperf.com.gov
Balagura, Vladir ITEP/SSCL (214) 708-4478 balagura@SSCVX1

Belser, Curt LLNL (510) 423-2472 BELSER@LLL.LLNL.GOV
Bonushkin, Yuri SSCL (214) 708-3078 BONUSHKIN@SSCVXI
Chen, Zukun SSCL (214) 708-6059 ZCHEN@SSCVX1

Dingus, Peter SCL (214) 708-6260 Dingus@SSCVX1

Fackler, Orrin LLNL {510) 423-1766 Fackler@neu.linl.gov
Ferguson, Tom CMU (412) 268-2744 Ferguson@CMPHYS
Gamble, Mike SSCL (214) 708-6301 gamble@SSCVX1
Gavrilov, Vladimir ITEP/SSCL (214) 708-6385 GAVRILOV@SSCVX1
Glebov, Vladimir SSCL (214) 708-6321 GLEBOV@SSCVX1
Gaigalas, Dan SSCL (214) 708-3266 Dan_Gaigalas@qmatil.ssc.gov
Guo, Yanan SSCL (214) 708-4457 GUO@SSCVX1

Huang, Linzhi IHEP SCS:IHEPVX::HUANGI1
Johnson, Coleman SSCL (214) 708-1188 JOHNCOLE@SSCUX1
Korytov, A. MIT (617) 253-7587 korytov@mitlus

Lau, Kwong Houston (713) 743-3600 Lau®@uh.edu

Newman, Harvey Cal Tech (818) 356-6656 Newman@cithex

Nimblett, Frank Draper {617) 258-1393 NIMBLETT@DRAPER.COM
Osborne, Louis MIT (617) 253-2396 OSBORNE@MITLNS
Paradiso, Joe CSDL (617) 258-2413 neuromancer@draper.com
Parlier, Garland SSCL (214) 708-6377 Parlier@SSCVX1
Polychronatos, Vinnie BNL (516) 282-3982 POLYCHRON@BNLDAG
Prokofiev, Oleg SSCL prokofoe@sscvxl
Rosenson, Larry MIT (617) 253-7595 rosenson@MITLNS
Shank, Tim Boston U. (617) 35306028 shank@cbsgil.bu.edu
Stocker, Frank SSCL (214) 708-6025 STOCKER@SSCVX1
Taylor, Frank MIT (617) 253-7249 FET@MITLNS




VanBibber, Karl
Vorobyov, Alexei
Waters, Laurie
Wenhaus, Torre
Whitaker, Scott
Wuest, Craig
Yanagisawa, Chiaki
Yost, George

Yu, Bo

LLNL (510) 423-8949
PNPI

LANL {505) 665-9816
LLNL (510) 423-1813
Boston U. (617) 353-8916
LLNL (510) 423-2909
Story Brook (516) 622-8105
SSCL (214) 708-6028
BNL (510} 282-5184

VANBIBBER1@LLNL.GOV
VOROBYOV@LNPIL.SPR.SU
WATERS@LAMPF.LANL
WENAUS@PDSF
scott@buphyc.bu.edu
WUEST@LLNL.GOV
CHIAKI@SBHEP
Yost@SSCVX1
Yu@BULDHG
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- X — 1\ -z
Objectives and Action Items Covered:

» Check non-projective alignment corrections

« Check alignment monitors pulled in from chamber
edges in phi

» Investigate Endcap Configuration
* Investigate hybrid strategies (i.e. axial/projective)

« Thermal effects
J. Paradiso

\ PAC outline San Diego/SSC, 5/93
GEM /




C.S. Draper Laboratory
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~

Analysis Package '

- Old (10/92) MATLAB projective/axial analysis hacked up again to get a
glimpse into new configurations

« Modified to do some statistical analysis a' la Ostapchuk, i.e.

- Inject errors into monitors (axial and projective)

- Injects alignment xfer errors, axial/projective handoff error

- Inject errors into chamber z-coordinate

- Smear LOS projectivity (always focused, however..)

- Incorporate bunch width along z

- Randomly displaces/rotates chambers according to Andre's TDR table
- No sag assumed in chambers as of now; rigid-body model

* No Lorentz Chamber tilt 0 Pre-Conrection Sagitta Emor
500 =
Sagitta error pre-correction: e
g 300} |
=13 mm . ]
100

L_\ o-l 03 0 05 1
G EM | VST Ave 2688 Residual (microns) X104
2
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C.S. Draper Laboratory

) ) ) i ) ) ) L ) )

? Projective Offset Correction )

!

% 4\&3 Lens ' Simple Example:
/7

4¥(s°urce.- Middle Chamber rotated
77 by calong y:
V4

4 S=y_cotbtano— d

IP LOS Focus

* Do linear interpolation over z-coordinate of middle chamber (from LSQ fit).

- Subtract the known value of d from the middie-chamber z-interpolation
coordinate (i.e. lump all errors here).

SER becomes singular for larger projectivity errors.

\ « Correction helps for small non-projectivity; relevant measurement j
3
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€.S. Draper Laboratory

Non-Projective LOS; Statistical \

300 Sagita Enor Aftey Alignment Correction 1500 Sugitia Bnor Afier Alignment ' Comrection
s c =38 pum | 6 =8 pum
. 0ok | . 1000 -
g A0} g 500
10|
-(;00 A -50 [1] 50 100 %IO Avg: .1 9«‘5‘50 o X %0 1%
RpEigys0 Ave: 2908 Residual tsnicrons) R e Reshanslfrieront
5 cm z-shift; uncorrected 5 cm z-shift; corrected
. _ | | _ | Subtract z
a0 Sagina Envor Afler Alignment Comection 500 Sagina Eror After Alignment Cotrection of.fset from
"l 6=17 ym wl G =34 um middle-layer
wol ol interpolation
§ ol i coordinate
00k " 00k
300 -50 [7] S0 100 -(iuo <30 [1] 50 100
%‘;srnﬁrog Avg: 001307 Residual (microns) awm‘wﬂoﬁ Avp:0.479 Residual (_miuum)
\ 10 cm z-shift; corrected 20 cm z-shift; corrected
GEM
4
{ 4 4 | | | 1 ¢ 4 {
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6,93

\ 60% /

"RMS
c=15pum

c=13 ym

c=22puym !

c=25uym !

(AO = 22 uym)

\ ¢ = 34 pm séLN
GEM : —

"X Chamber Edge

Monitor Location

6‘0% of Chamber Edge

Ideal; no SLM

pro;ectlwty errors

1.5

il

25 ym SLM error
13 pm Xfer error

1.2

-
15 mm (outer)
z-coord. error

1.1

il

+3 cm SLM
projection error

1.05
-

4.25 cm bunch
smear

Seholite i AT Alsguiusad Ol bon.

% } C= 15pm

w L Sl Guiiagy
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C.S. Draper Laboratory

5/93

Chamber Edge

Sagms Erver Afer Algsawnt Corraction

~[G= 34 um

3 o ? 3
Crwenflow, O Avy:-0.001922 i
vyt vE: Ragicusl tmicrons)

Sagitts Brror A frer A lignmest Comection

bt

) o []
Owrliow: 0 Avg:-05123
RMS: 234

Roahdval microns)

GEM

wt ¢ =26 UM
ool
zof
200} 4
1sof. ]
Il N *
sn} .
:liu - [ _ﬁ
Drartiow2 Ave: 0.26 Rz idusd imicronr)
“@n Sagis Brror Anse Alsnment Comw tion
¢ =23 ym

Z-Projectivity Compensation

4.25 cm bunch
smear

With Z-shift
correction
implemented

More precise
10 pm SLM's
(as with tested systems)

60% of Chamber Edge

Sagirts Brvor Aer Aligament Correction

0 =36 um|

L1

250

Overflow: 0 Avg: 1,22

RIVG: 3631 Kacidwil {micron)

Surt Bna Afier Abgawent Conerlror

G = 29 pm]

§ 3

-
5 T

< - M 14

w-:;-;‘- Avg o2 Rearduil (mac botar)
300 Suis Broow Afeet NMIC%
| o =25 um
A0 .
1
Fe Y
10k

Overiow: 0 Avg: -0.7957
Friniviedd Rasidul pkcaoun

Also reach s = 25 ym with 25 ym SLM's
and 20% less chamber positioning errors
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C.S. Draper Laboratory

JAP

Initial Endcap Look...

0=10°
Propagate quadratic down Assume zero quadratic
from 30° monitors component at 10°
’ . Frartty Boer Aot Alumasynz Ooivarsas, 06, Furalmor Aler Abguvem Greacros
c=13pum iﬁ} Ideal; no SLM, - ! ¢=12pm
v projectivity errors .
M":t‘;? o m Sty A T e
0, Sagwa Breor adwr Abgasmess Comeron ©o Saswta Ercr Arwr Akpamsens Comeenon
-t | 25 uym SLM :
| m error -
c=15um ;- H - | o=20pm |
g 13 pm Xfer error iy o=<CH
m;:u [ To i Y ] £ 0o
IS A o Pesavd oweat Gfew s A 0205 o)
c=23pum ;" 1 1.5 cm (outer) - o= 25 um
™ y-errors "
2‘&3’%‘3 ““°”:’o l-‘---:-u» * = Lty A ONE bt I
s=24um ;™ Projectivity error, : - 16 =26pm
\ =cthm i, corrected beam-smear ‘- |
GEM ?'_.&‘:g,," Ang 0T Pasided puacronr) ° | m';g,? Aw mo'” m..:u-m * = 7
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C.S. Draper Laboratory

I
) F
M o o ET) Wo
Ovrr?&\;zg Avg: 1169 Residunl (nicrons)

Ideal; no SLM, Projectivity errors

Sagitia Brror Aner Alignment Comection

3

-1 - : [y

\ Projectivity, Bunch smear,

|GEM 60% ¢ spacing

=

Note: BL1 Used Not TDR

Sagine Error A ler Alignment Correction

b c=21um |
E
1004 1
ki -50 0 50 Wo
Mmﬂ Avp: 0559 Resichmd (ncrons)

25/10 ym SLM, 15/10 ym wire,

cornie

10 pm handoff

Sagitta Emot After Alignment Comection

- d 6=27um ;

100 50
fralow=0 Ave:-1953 Residual (microns)

12/10 pm SLM, 10/5 pm wire 8



Again, BL1 not TDR!

2 Sets of nested straight ness monitors for opposit e corners
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Sagitia Eror Afis Aliginent Comreotion
c=3.Tum _
]
]
\ T
R A W
8 AE O Meio vmicmn

Ideal; no SLM, Projectivity errors

Sagina Enor After Alygnment Comrection

c=29um

C.5. Draper Laboratory

0 50 100

W -0
GRtynd Ave: 00345 Residaal imicrons)

Projectivity, Bunch smear,

60% ¢ spacing

$00 Sagitts Brror Afier Alignment Comre dtion

b c=20pum
400 F y
e k1S
¢ mr '
j3e ] 3 J
[
ki "50 0 (7] 100
mg{; Avg: $.9196 Residual (ricrons}

25/10 ym SLM 10 um handoff

Sagitta Error Afeer Alignment Comection

¢ =26 pm ;

SEEEN

—

100 50 /) 50 100
R0 Ave:-0.0045 Residual (microns)

12/10 ym SLM
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C.S. Dreper Laboratory

Source Lens Detector

2
[:]
. A
v 2 Axial Paths on each  //f 2 Axial Paths on each i
a side of superlayer side of superlayer o
T | G- g N g
J'\
3 Proj. Paths 6 Proj. Paths "T .
(6 = 90°) (6 = 40°) 3 Projective Paths
g (6= 307
L | F
§ d— s

b) All-Optical Axial/Projective Comprimise

« One SLM with added projective information through middle
- To be simulated (MATLAB code not set up appropriately)?
« Could adapt wire approach with added (single) middle projective path

\ Not compatible with theta overlap!!

GEM

s
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C.S. Draper Laboratory

GEM

8 Constralnts on toupled cham

23] (B) 80 A2 (8] (2D B
TRt Joseih For s0iss. dosoph For siisa (4TT0733) woueph Far s3tin (4 750/9%)
TO:Ptice Marx

[ CCiuomm Mervarth, Frank Mimblet
L _
Subject: Time:] 1:51PH
FFF":E "E":] fConstraints on couplea chambers |

Mike:

[ looked quickly at the positioning constraints on the coupled chamber pair in phi If we run 4
monitors here (i.e. two on each tower instead of three), a major constraint is introduced into the z-axis
(beamline) rotation of each separate chamber (i e. "hinging"), as we had discussed in the meeting (three
monitors are needed to define the quadratic interpolant, as Gena and Andrey had demonstrated).
Displacements and other rotations can still be described adequately by the two monitor systems and a
linear interpolation, but the rotation about the z-axis must be additionally limited. If we assume that
the major sagitta error introduced from the z-rotations is due to the mis-monitored delta-y displacement
[Eq. 7 in TN-93-333 and Eq. 5 in TN-92-150], which should be limited to sigma = 180 pum [compare to
the 60 ym that we had calculated for Baseline I in TN-92- 125, where our towers were 3 times wider in
phil, we must keep the z-rotations of the separate chambers to within sigma = 0.3 mrad for the middle
superlayer and sigma = 0.5 mrad for the inner and outer superlayer. There may also be coupling to
the other coordinates that can make things more restrictive, but this limit on the z-rotation is probably
ball-park, and should get things started.

In the case where we would have only 3 monitors per chamber pair, the same z-rotation restriction
again applies. There is now an additional restriction on x (the sagitta coordinate), however; the transfer
from the shared alignment element (in the middie) to EACH of the chambers in the pair must be within
our quoted 10 microns and the radial position Ay £ 150 pm (and stay there).

As you would assume, these restrictions apply along the z-length of the chamber as well. The
monitors will measure at the edges, and the chamber deflection will have to be properly described by a
linear interpolation along z (assuming that chamber sag, etc. have been adequately parameterized or

separately monitored, as we'd discussed). Add SLM to measure

. A’ hinging; relax z-rotation
Regs. -Joe- limit? (iike in endcap)
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593

SGH Allgent Dlscussmns

Joe Paradiso, Jacques Govingnon, Mehdi Zargem: (SGH) 5/7/93

« Axial/projective alignment favored
- Concern about identifying chamber sag

- Some interest in midpoint alignment monitor along chamber,
depending on results from structural model

- Discussed ideas of making sectors self-contained alignment frames;
i.e. aligning in r-phi and z with proximity sensors and/or wires
(handoff error accumulation? useful in survey?)

- Discussed concept of using structural segments as "rulers”; i.e.
measuring proximity and displacement along struts as
lower-precision measurement (i.e. Ay to break ambiguity and widen
range).

 Discussed the application of optimal estimator to blend all information
(orthogonal SLM coordinate, structural model, thermal data, muon
data, etc.), thus increase range/robustness of sagitta correction.

- Suggested that the 200 um global alignment could be backed out by a
good structural model and intelligently located thermal sensors

GEM

\JAP

\ - Such feats currently performed on radio telescopes . j
12

{
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C.S. Draper Laboratory

583 JAP

« Calculations from CERN AT report, 8/24/92, J.C. Gayde, C. Lasseur
- Displacement proportional to double integral (as with muon momentum).

m °C/m
dum) = | | Gis)sinpd’s = LL2(£ sinp -w— Foruniform
[ 2 AR thermal gradient
}__.._:7/ ? Assume p = 90°, L =9 m (worst case). Then:
_I I oo At = 2° C over detector half (10 m) % 6= 8 pm
o 4 § for8< 10 pm
".’.//9': '§ Measure temperature & compensate (structure
10 wartcase focally and chambers will be monitored regardless)

- Local thermal gradients

- First integral contributes quadratically only over regions with ,
nonzero (dT/dr); second integral ramps linearly in between.

- For 5 pm displacement and (dT/dr) extending 50 cm along & ] T
perpendicular to LOS, we can specify the local gradient: o I bl 1 ~

L

\ (dT/dr) < 1° C/m near source (at 9 m); (dT/dr) < 2° C/m near lens (at 4.5 m)
GEM | | 13
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|GEM

Hardware Tests

- Video Straightness monitor (and quad-cell version) tested with large
box fan blowing full-tilt onto optics table to emulate air conditioning,

turbulence.
- Both systems seen to function perfectly under these conditions.

- Measurements actually better (less noisy) than those taken without
fan blowing (quantitative data coming).

- Local, varying thermal gradients are randomized.
- Don't need infamous cardboard tubes!

- System goes to hell when heat gun blowing on optical path (as
expected; a very extreme condition!!).

- The mini Chinon camera was tested at the Bldg. 44 magnet

- Major shift in output image quality occurs at low field (B <1 KG)

- This was not unexpected, as there seem to be ferrite-core inductors
on the card

- This unit is fine for tests (i.e. the alignment test stand), but it should

for operation in the GEM magnetic field.

be robustified (or another device located; i.e. the single-chip camera)
%

{
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Position-encedad

Target
Camera \ \arge
SL3 (a) SL3 (b) SL3 (c) SL3(d)
Coarse (i.e. = 200 pm) ’ / 3 r 7/
' f Position measurement ’ ¥ (optional deW:g:)nf %/i,' ’/
3 Projective Paths if naeded... projective pa pe%

Non-Overlapped Case

SL3 (d)
4 /
v.?,o’b/ ’ ’/ , 7/
SL3 (a) SL3 () o

3PrajecmPaths

FITT i &
FITTic T0ie B R =] = §

SICIEE 2220 BREFE SR N S

Video Proximity Monitor (VPM)

A mini SS camera {such as we now have) on one chamber images positiocn-encoded tag
on the adjacent chamber, determining x' and y' with very high accuracy. The z' distance
may be determined to sufficient accuracy by measuring the scale between features on
the encoded tag (or, if needed, a coarse position measurement may be able to be determined
by using a simple proximity sensor). This system is sensitive to the angle of sight between
the camera and tag (which is why | bypassed it for previous consideration), but the lever
arm along z' can be made very short (i.e. a cm or s07?), and a measurement of the Az is made
at each site, pulling out the effects of chamber rotation. The rotation angle may also be
determined by measuring the perspective skew of the tag image. The code on the tag can be
significantly finer that the code now used (since we are short range and won't suffer from
diffraction limit problems that currently occur over 9 meters), and illumination will be trivial.
One problem, however, is that rotations about the x' axis may not be sufficiently well determined...

19
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P.2716

Muons in the calorimeter.

Y.Efremenko
ITEP/ORNL

1. Muon Pt.

2. Muon energy loss correction in calorimeter
3. Noise in calorimeter.

4. Instrumentation of SBC
5. Endcap region.

6. Conclusion

19
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As was shown before (GEM-TN-269, 349)
for muon with Pt higher,then 100 GeV the

‘calorimeter influence on the muon resolution
is negligible.

At the same time, muons with
the low Pt (10-40 GeV) are very important

for the Higgs detection.

Higgs mass
{GeV) 2
H-:ﬂ'
H{EW)—yyiX LEP
H— af

H—IT\W

[ e
st e e

Integrarted fuminosity
[ PN 3womn K 30 i1 M oo

The more difficult for detection Higgs in 4

is the Higgs with the mass 140 - 185 GeV
where the Z0 mass constrain doesn’t work.

20
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53 13:¢ URNL HIGH-ENERGY GRP.#6155762822° -

Muon rapidity

150 GeV Higgs in 4 muon channel

e wl. ////W%%/W%/M%///MM//A/ N
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Muon energy loss correction in calorimeter.

1. Using calorimeter information \
Combination.
2. Using the most prebable: value

Pt 20 GeV, Muons near eta Q.

800 o
Mean ! 11641
AMS | 0.2280
400
200

Muon energy loss in LH cal., GeV
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Geant simulation.

EM
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Muons Pt 10, 20, 50, 100, 500 GeV
Rapidity region near 0.0 and 0.9

One point for endcap Pt 20 GeV 7172.0

AE,= E (P, +k,E +K,E.t+ K.E_+C)
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Pt 20 Ge¥, Muons neareta 0
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Muon Non-efficiency near eta=0.
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CONCLUSION

. 1. Barrel calorimeter is strongly affect on the
resolation of muons with Pt less than 30 GeV.

2. Influence of the Endcap calorimeter on
the muon is low.

3. Increasing of the pileup noise at the
high luminosity will strongly affect on the

efficiency or resolution of the low Pt muons.

4. For the low momenta muon there is almost
no difference how many sensitive layers

(from zero to ten) are in SBC.

The real improvement will appear if SBC
would have more than 25 sensitive layers.
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R.Hende
GEM MUOh qu‘l'em Per'ForMnce. - Pa'H-ern Rec.osnii-ion
The GEM Muon System with 67636 (8:6:6 i endcap )

CSC layers n SLIISLL:SL3 provides high pattern recognition

Up Yo an exceeding 107 emts \luminasity .
Foll muon system simurlo&iov\ has been per{ogfned (SIGEM)
Cons'iderhg e 'lmpcx(i of chkgromds from:

* Muoh -induced electromagnetic background particles

* hadron PUY\C-‘\'Harous‘v\ (Uhcorrela:l‘ed and correlated )

o uncorrelated nevtrons awd associaled qammas
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Pa_H’\'.rn Re.c.ognHion in the GEM Muon dSystem

Tasks . e e

o-— L . - -

. ..~-FMd road Cow'co.mmj muon -\mc.k u)t’cl. k\gh eq:idencs mmlmo.l
““ umhg \'rac.k o.ss;gﬂ me nt-; moclera‘ke. prc,c.\siov.---—-w—

- O“Flnd muon--Rits - unc.ompfomlsed by bcxdcgrouv\d.s Yo pe,rform |
o Prec_‘sg_ rg_cms'\’ruc,'\'lovl O"' momenium :

\. " Recenstruck o Proje.c,\'iun"' R -

A)Y "Stleck geod muen \’u'\'s ’from charge, dlsi-rukoho,, an CSC

T T TTiesolution  Ol2wm & Mﬂ-ue <2aWe we S’rrtp
.o ________-__c._o,“‘promi secl — . e ____P'.‘.t-k

) __C;:@'_rom'\Se.A hits shill usefol find read, less usefol ‘For—iu_omre.(‘.

b).. Fit moon hits inte d track seqments with leose X canstraint

“Minimum é qood moown hits’ i superlayer = opsd track- u3M~ﬁ+'
" high  efficienty minimal fake track segments

c) Fit ¢ track seqments from different superlayers

‘Z -:‘W}*ruc% ZIR pro,c.c'l-lon o{- -}mks o ‘0052.[\5 fid s“'m\sk’c e
line  through -\-ke_ tp .

- P ——

3. "AsSign ¢ and 2R p'rajcc_ﬁ'@.g to same track
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Track reconstroction efficiency and fake track,rate is function

of CsSC eccupancy;,
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I pQ:‘l*er“’re-"Co%h.l"‘} an 'Pe f ‘(:Orm ance ‘gat‘ iSO\Q.*ed Brer.t  peda
moons, ( no Qcc.ep'\'av\ce \osses here )

Gobd Arack’ sesmen‘} = mmmom 3 unc.oanromlsed la ers
W a S\JPQ.(" \:!Qf :

Table 4-10. Probability for having good track
segments for isolated muons in: ‘

a) all three superiayers

s e e Muon pr Rapidity Range Fo e i st
.' . (Gev) . ' ._-.-':. S

01-. 0.50- 092- 138~ 186~ 7 T

20 099 089 08 097 098 -

- -

100 0.99 0.98 0.6 095 0.96

§00 0.97 0.8 0.94 083 0.89 1

0.93 0.90

b) middle and outer superiayers only

Muon pr Rapidity Range’
(GeV) :

S TP 0.1~ 050~ 092~ 138 1.86- . . -°
T . 050 082 134 186 246 Fe

20 0.99 099 096 098 0.99
100 0.99 099 096 0.97 0.98°

a
- L ami
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Uncosrelated Punc.l\-‘r\mroUgsk

—

CSC QOcevpancy < 1% @ 107w ®s =D <37 inefficiency
fof .JU

Corre ated Punghﬂrough - Muons in Jets

£E — X(indud‘mg isolated Vepton)
— wt . — JJ*
%

— b—> ¢,
Lo w —s
Y Z
Muom in b -jet s net isolated = ‘m the jet.

= 200 GeN/c by PYTHIA

min

G(.nel‘d:"e-d Mt = ZSOG%_! ) P-e‘

Forced de cay through b > W +Xx
- Lo sy

r = aTengt =1

Make cone around hottest (i)

r

<PT>JJ = 3‘\&%\’ CEJ,):?O GeV <e >.:J-j¢+ = ‘-' °
44

Simolate all par""udes
in cone with SIGEM

< Neone ) = &y




Lt — bb—a,c +why
LL»w" '—’LLC-*V-*;:
- :

Particles In cont

F=vay'sag©<|)

about most energetic W simulated

by S1GEM

NN

\ -

N S

l e \
, ' y -‘:.
\"l

XN
\\ \\




745 GeV W' in Cone wWith the W l



Po:l-’rem fecoc_\n'l'\'ion per@ormahce -ror Mmuoans in

b‘%f'je.’fs from \‘;‘3\‘ Pr hp'de.co.xjs,

(no oacceptance losses here )

w
Table 4-11. Probability of having good track segments in a) all tnree supenayers ana o) me micaie ana outer =
superiayers only, for muons in b-jets compared with isolated muons.
Rapidity Range -
a) All Three Superlayers 0.1-0.5 0.5-0.92 0.92-1.34 1.38-1.86 1.86-2.46 -
bop+ X <p'r>=39GeV - 0.99 0.99 0.98 0.97 0.96
Isolated u: p*r =20 GeV 0.99 0.99 0.98 0.97 0.s8
Isolated u: p*y = 100 GeV 0.99 0.98 0.96 0.95 0.96 @
b} hcgi:il;ﬂe and Outer Superlayers 9.1—0.5 0.5-0.92 0.92-1.34 1.38-1.86 1.86-2.46
bau+ X <p'r>=39GeV 0.99 0.99 0.98 0.98 0.97
Isolated u: p'r =20 GeV 0.99 0.99 0.96 0.98 0.99 ii
Isolated u: pyr =100 GeV 0.99 0.96 0.97 - 0.98
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Patdern Recogni{ion for ?kx,slc.s‘- Benchmarks

USE SIGEM Yo simulale muons i GEM

L e A R T S L T 1Mol <240
Ma (GeV) Yoo wih al) 3.0 with all Yo with Acceptan w
3 supeflayers Jsuperloyers + ot least for
'\ with at leasd 2 suptriayers L IER AT
2 super loyers
150 1 42,67 52.7 % 54.0 J 547,
400 4H5.0 7o 56.9 7% 51.97% % _
200 471.4% 53.0 % 5917 73 7%
‘1' —_ oty l"‘l,u' <24¢ -~ 817 acceptance
Mz’ = 4TeV
2w with all lw with all w0 with ot least _
3 4
3 superlayers 1..:::-}1":::‘21‘1. 2 soperlagers

< svjer layers

59.6 7 .S 7o 72.6%
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Muon track searching ond fitting.
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S1GeM V2.0 -
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SIGEM_ V2.0
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Summary of Muon Meeting

» Working Meeting to go through PAC
presentation

- fine-tuned agenda of muon parallel
session

« Progress on muon simulation
- Yuri Fisyak SIGEM 2.0

- Torre Wenaus Hit Level MC results
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SENT BY:SSC LABORATORY : 5-14-93 ‘11:39AM :  GEM PROJECT DEPT.-~ 617 253 1755:# 2/36

. Ga‘vr'\e.w Y / 1/93

—

MUON  BACKGROUNDS

o HADRON PUNCHTROUGH
& DECAY MuUous
= CAHLORTMETER DELTH

o NEUTRONS /(GRMMAS/ACTIVATION
= SHIFLDING DESTGN

0 MUON TWDUCED [/ SHOWERS
2 3-RAYS
D MIN. CLEAR SPACE
BETWEEL ABSORBER £ CSC

e CoSmic RAyYS

= CALIBRATIOU &
COMMISSTONIANG.
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SIGEM* Page 1

SIGEM structure

I have borrowed L3 idea about using GEANT for simulation of systems
and subsystem as combination of different level detailization descnptlon of
these system: .

e Level 0 — NO detector or subdetector at all.
e Level 1 — System as a "dead” material

e Level 2 — Simplified description (= mixture level Ca.lonmeter with
GFLASH) with HITS

e Level 3 — Full description (Barrel accordion) with HITS
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SIGEM | Page 2

SIGEM consists of the following packages:

o si — SIGEM 2.00/00 930501 12.42 GEANT3/GEM SImulatlon progra.m
steering;
— *SIGEM — Pilot for complete Simulation
— SIGEM — High level steering routines for event Simulation
msaEE—— S
— SIUSER — User routines for event Simulation
- IEVN:; — routines control one event . K\“ '-
— SISTEP — routine related to one step/hit
e
— SIHSTA - h.lstogra.ms o
~ SILUND — Pythia version for GEANT o
— SIDATA — FFREAD cards definition "
— SITRIG — trigger related topics
—~ SIRUN — FFREAD Run cards for standard GEANT fun '

— SICOM — Command (script) files for creation library and exe-
cutable files . T,

— SIPYTH — Run cards for standard PYTHIA/JETSET ~ .

————— e e - e . -
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SIGEM Page 3

¢ xs — XSGEM 2 00/00 930501 12.31 eXperimental Setup of GEM de-
tector, TDR version;

— * XSGEM — General geometry routines for GEM experimenta.l

setup

— * XSTRAK — Description of the central Track detector

— * XSCALO — Description of the Central Calorimeter

— * XSMUON — Description of the high precision Muon chambers
— * XSMAGN — Description of the Solenoid

— * XSFFSH — Description of the Flux CONcentrator

— * XSPIPE — Description of the beam PIPE and beam QUADrupole

regions

e ut — UTGEM 2.00/00 930501 12.34 GEM utility routines;

— * UTBODY — General utility routines for simulation and recon-

struction simulated data

— * GEANT DEV — Specific GEM / GEANT3 / HBOOKA interface
— * DUTIL/DRPACK/DMPACK/DVPACK — double precision part

of KERN lib

s tt —TTGEM 2.00/00 930501 12.56 GEM TiTle data base TDR version;
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SIGEM Page 4

~ * *TT GEM Pilot patch for GEM titles

— * TT GEM GEM materials, tracking media, standa.rd rota.tmn ma-
trices and GEM as a whole

— * TT FIELD Field map

— * TT PIPE Beam pipe

— * TT TRAK Central tracker

— * TT CALO Calorimeter

— *TT MEMB Membrane

— * TT MUON Muon system

— * TT MSUPP Muon system support

— * TT FFSI Forward field shaper

— * TT MAGN Superconducting solenoid
— * TT QUAD Low beta qua.drupole;

— * TT SETS SETS and DETector definitions
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SIGEM

e gf — GFLASH 1.41/00 930125 17.54 by Stefan Peters;

o gc — CALOR 1.00/00 930427 14.36 by C.Zeitnitz;

o re — REGEM 2.00/00 930501 12.46 GEM REconstruction.

— * REFUTY Kalman Fit UTiLY | _
~ * RETSEG finding and fitting of track segments

Page 5

— * RETRAK GEM implimentation of GEANE package. .
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SIGEM Page 6

M Digitization has not yet implemented. For the muon system this topics
| is in the agenda. Hopely it will be done by (V. Ba.lagura. +. ITEP) in the
nearest one.- two months. S ey e
SIGEM is installed and supported now on VAX/VMS HPUX a.nd SUN
as interactive, debug and batch version. The examples of dJﬁ'erent detector,
view are shown in Figures.: v
The SIGEM status can be expressed as the followmg

4"

e There is up to date (TDR) version for the GEM muon system mclud.mg

the Draper support structure and some elerhents of chamber construc-

o The calorimeter factually corresponds to the November Base line 2 de-
sign. GFLASH is installed, debugged but not yet tested in the sense of
comparison full GEANT simulation with GFLASH results '

e The Central Tracker model is ma.m.ly con'esponds to the N ovember Base '
line 2 design. : :
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/. Ba!agura
TTEPRP/ S

May 12, 1995

Muon trigger
mode’

@ Descr/'pfl'Oﬂ or the
model

real strips

virtual strips

w‘réuaj clusters
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o resolution and etfsiciency
cu rves

o Sagitta or AO7
Trigger based on the
cutting of the road ir
- 3-dimensional Space 4%
combines all available
informalion for the ZLrigger
— includes  rat urally bots
dagitta _and AY  methods
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Descripiion of Zhe model

o bosed on SIGEM
‘ | (Yu FI'S_L/GA’)

Takes indo account :

< Geomelry
- Multiple scattering

- M enexgy loss
— Flectromagnetic  backgrounds

o Discreteness due to S${rips

o (harge sharing bet ween
Strips

o (fust ering
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Decinition of the
tower

assOciated with
virtuol strip

Barrel Endcap
virtual dtrip = {ower

with ot least 4 strips in
ditterent layers wilh
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Number of virtual strips
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Derinition or Zbe
virtuol cluster
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Number of virtual clusters
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Inefficiency
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Inefficiency
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Barrel
/
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R /
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Sagitta vs theta (barrel)
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Pt=50,20,10 GeV (barrel)
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Pt=50,20,10 GeV (barrel)
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Pt=50,20,10 GeV (barrel)

L. | [ D L ] L I L L L ] | I DL L
0.3 — —
B 7]
0.2 — —
0.1 — —
0 i .-.-,"-/. 7040, \\3&\\\\\\&\&*&\ E&.,l ! |_
0 25 50 75 100

Ap,s (strips) f

148



-

SENT BY:SSC LABORATORY

0.3

0.2

Pt=50,20,10 GeV (barrel)

+ 5-14-93 : 1:43PM :  GEM PROJECT DEPT.-

617 253 1755:220

C ]
.

_I]lllllilllll]l1ll|

25 50
Ap,s (strips)

149

tr v

1




SENT BY:SSC LABORATORY : 5-14-83 ¢ 1:43PM :  GEM PROJECT DEPT.- 617 253 1755:#21

Pt=50,20,10 GeV (barrel)
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Pt=50,20,10 GeV (barrel)
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Trigger efficiency (barrel)
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Trigger efficiency (barrel)
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Trigger efficiency (barrel)
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Rotation Symmeffy .Wi'ﬂ)iﬂ
each ¥ sedor == Mumber of
parometers =z (e.g %4,%-%)
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Trigger efficiency (endcap 2)
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Trigger efficiency (endcap 1)
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Trigger efficiency (barrel)
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