GEM TN-91-21

GEM Collaboration Council Meeting
at the SSCL

October 2, 1991

Abstract:
Transparencies from the GEM Council Meeting at the SSCL on
October 2, 1991 are presented.
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Collaboration Council Meeting
October 2, 1991
SSCL 9:00 AM
Building 4 Auditorium

Agenda

9:00 am General Business (Barish and Willis)

9:30 am Discussion of Detector Decisions

-Magnet {Stroynowski)

-Muons (Taylor/Ahlen)

-Calorimeters (Brau/Adair)

-Inner Tracking (Morgan/Baltay/Musser)
-Electronics-DAQ (Shaevita/Marlow)

11:00 LO! Physics Questions (Paige/Lane)
12:00 Lunch
1:00 LO1 plans (Barish, Yost)

1:30 Engineering/Costing (Sanders/Marx)
2:30 Adjourn
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Collaboration Council Meeting
October 2, 1991
3SCL S AM
Building 4 Auditorium

Agenda

am General Business (Barish and Willis)
:30am Discussion of Detector Decisiona
~--Magnet (Stroynowski)
~-Muons {(Taylor/Ahlen)
~-Calorimeters (Brau/Adair)
-~Inner Tracking (Morgan/Baltay/Musser)
~--Electronics-DAQ (Shaevitz/Marlow)
11:00 LOI Physics Questions (Paige/Lane)

SV

12:00 Lunch
1:00 LOI plans (Barish, Yost)

1:30 Engineering/Coating (Sanders/Marx)

&3

+ 30 Adjourn

- v en e e e

After 3pm there will be a meeting of the Executive Committee.

Some of the subsystems groups will be having meetings in breakout room:

After the Executive Committee meeting there will be a practice session or PAC
presentations

.y e Gy . e A S T e WS e

Thursday October 3
Morning Session will be in the Auditorium and will be open.
GEM presentations will be from 9:30 - 12:00
All are welcome and encouraged to attend.

Afternoon sessions will be closed or involve a small number
of GEM representatives (eg. Exec Committee and Spokesmen)

- - D e R D . T — — o - - — -

In addition to the Council meeting and the PAC meeting, the following
sub-group meetings are currently scheduled:

Calorimetry Oct 1 Auditorium
Muons Oct 1 Cafetorium
Computing Oct 4 Cafetorium
DAQ/Trigger Oct 4 Strategy Room (in center section of B4)
Tracki Ot 3 BDIKY Larse & -
These room assi ts are tentative. Please check the sign at the Use: ’

Office for possible changes.
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Co-Chairs

PAC

Barish, Willis

: Collaboration
: Councll
Sec. J. Reldy

General Institutes
Assembly

Subsystems

- Calorimeter—Brau, Adair
-Muons—Ahlen, F. Taylor
-Magnet—Stroynowski, Mashke

- Tracking——Morgan, Musser, Baitay
- Trigger/DAQ—Marlow, Shasvitz

- Computing for Simulation and
Analysis—McFarlane, Newman,
Zhv

Executive Committes

LOI Task Force

—-Physics—Paige, Lane, Zhou,
Branson

~Detector Parameters, Cost,
Schedule—Marx, Sanders

- LOI Document—Yost, Durden Accountability
Sandet ' ' Management Plan
8, Marx Vaidate Technical
Declsions

-R&D, Enginesring, Tests,
Beams—Baltay, Chen,
Gordon, Mockett, Webb

- Collaboration Growth & Life—
Ferbel, Sulak, Chen, Winn
(USSR) (China) (Korea) etc.
hd7-1791
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INITIkLLY 3> OPTIoNS :  VNSHIELDED MAGNET
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&
MAGNET DESIGN PARAMETERS \

Single Double Coil
Centeral induction (T) 0.8 0.8
Inner radius, cryostat ("free bore") (m) 8.3 8.3
Outer radius, overall (m) 9.5 12
Inner length, door to door(m) 29 29
Measurement lever arm (m) 3.8 3.8
Mass of windings (i) 440 500/700*
Mass of cold structure (t) 330 450
Mass of cryostat vessel (t) 550 845
Mass of iron poles (each) () - 2950 7000
Radial pressure on windings (kPa) 260 390/-110*
Stored energy (GJ) 1.8 4.1
Inductance (H) 1.5 3.3

*outer-coil/inner-coil

MILLER0129.2.91
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The Decision Group approved the recommendations of the Magnet Technical
Panel to proceed with the single superconductiong coil option for the LOIL.
This option is significantly less expensive then either the two-coil system
or cthe iron-shielded system. It also presents minimal technical risks.

The unshielded coil can be used without wviolating any existing enviromental
or safety requlations. It will produce a fringe field of up to about 35
~auss at the surface above the experimental hall with the area of about

180 by 200 m where field will exceed 10 gauss. Such area can be marked

by fence or hedge. Higher fringe fields are expected in the experimental
hall, where local shielding of sensitive equipment and special handling of
ferromagnetic tools will be necessary. There are ample examples of
facilities operating with substantial fringe fields. These range from

MRI hospital installations, through Bubble Chamber’s magnets to

magnetic fusion confinement devices (MFTF, HETF and FENIX at LLNL,

ALCATOR C-MOD at MIT Plasma Fusion Laboratory and others). Proof

of existance of equipment working in such fringe field is available.

The base-line design for the LOI will consist of the central ceil with
straight poles. It has been recognised that the field integral in the
forward direction is too small. Ideas for improvement of the field at
small angles exist, but the engineering work on such options will te
postponed for later part of this year. This decision is motivated by
the limited funds and time available and by desire tc produce properly
eng neered and costed base-line design £or the LOI.

Single coil option allowes feor future upgrades of the muon system
by nmlacing additional chambers outside the coil. No work is planned
on such option for the LOI.

for the LOI, the base-line design will be optimized for the cost, size
and field value producing the same muon measurements resolution.



OTHER DESIGN [SSUES

* COOLING — NAMVLAL COAVECTIVE FLOW ( THERMAL SYPHoN)
~ CRYOGENIC SYSTEM MAY BE COVPLED /PATTERNED
oN THE ACCERLERATR CRYO SYsSTEM

+ (ONDYLTOR - CLOSELY COUPLED TO THE MANV FACTURING

Peocess
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~ MANY OPTIONS ROULD HO&K
- SAPETY MAQGIN LARGEST PRk " RoPE-in -ConduT”
~ STRONG- RECOMMeNDATION Fok R2AD

*  SCHEDULE - DEPENDS ON MANWVFACTURING SCHEMES MD
PROCVREMENT PLANS
~ INCRERSED NuMBER OF PaRAwst Ppins
AND PLEFAMR\CATED ComfPonNewTs
~ WINDING IN sgecrnionN's

— NO FIELD TEsTING AT THE SURFACE
- COMPLETON 10/95



FIGURE 1|

MAGNET NATURAL CONVECTION
(THERMAL SYPHON) LOOP

' QUENCH/VENT
| BURST DISC/RELIEF

q’é‘

1000 fiter MAGNET HELIUM SUPPLY T

 —15 em DA
/ 1.2 % QUALITY

3-5 M |
“ 10 ¢m DIA
52 GOOLING TUBES SUPPORT
25 om e (L3 cm DIN CYLINDER
SUPPORT
CYLINDER S
1.5 cm DIA )
COOLING TUBE 5 em DIA

CROSS SECTION



4:23 14 3 121194 474195 2 6/5/95 ' yo/5/95 6
nstall winding wind coil ¥ wind coif #2 convert winding PR ——
looling siation 1o assambly v ¥
stalion
B/24 758 12.68 10/25/95 B.68
1125/96 7.68 2126196 7 68 B/28/G6 4 68
4/129/94 3 B8/1/94 4 12/1/94
“ostall bobbin manul fab bobbin #1 tab bobbin ¥2
tooling
112395 768 7,25/95 7.68 114/24/95 7.68 ! z
4723194 3 2/1/958 6
insiall coil assembly assemble coil assembly #1
tooling siation 5 d
-
10/25/95 14.68 /uzms/ / 1 8.68
T1r4 2/1/95 3 574195
4129 3 B/1/94 3/ 194 3 ‘
sl shield fab 1ab nner tab outer shield \ fab inner shield fab outer shigld ¥2
tooling shiold #t *1 ®2
12721.94 468 3/23/95 4.68 123195 4.68 9/25/95 4.6 1212695 4,68
4/29/94 3 ar1s94 11/1/94 2 195 3 414495 2
nstall vac vassal fab fab guter vac fab inner vac fab outer vac vassel lab inner vac
toaling vessel ¥ vessal ¥t *2 vassal ¥2
. 3/23/95 4.6
12/21/94 4.60 8 5/24/95 4.68 @/24/95 468 10/25/95 4.68
4/29/94 8/4195 4 4/8196
install test stand and complele and lest coil assy #1 cnmpla;es:nd‘t;sr coil
looling ¥y
|
4/264 17.68
26196 8/28/96 8.68 1243096
Earliest Start Duration
GEM Magnet
Assembly
Schedule
CvJ ul
81274181
Stack

t atest Finish

mag coil assys
completed

872
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HFTE MFTF, FENIX AT LLNL
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MRI FaciLiTiEs AT HOSPITALS

- SleELp ~1l GAVsSS AT HIEHT OF 60w
~ NO OBviovs OTHER HEALTH HA2ARD S

¢ OPTIONS UNDEA STuVDY

- PENCE AROUND S GAvss
- RESTR\CTED ACCEES

PERIMETER
Folk PECRPLE HITH PACEHAKERS
— SHIELDING OF THE COUNTING HOUSE (~4is0k)

- SHIEIDING oF SURFACE WITH \RoN PLATES
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o Frintns FIELD )0f THE AL

LaRGE | =2 k6GAVSS NEAR THE DET:ECTOR
W0 — 3¢c0 GAVSS NEAR LCWER C(DUNTING HOUSE

OPERATIONAL ISSVES ADDRESSED/SOLVED  IN CTHER

FAWUITIES

FEr<ONNEL PRCTECTION SYLTEM HAS To RE N PLACE

NG GENERAL ACESS HiTh FlELD ©N
PERSONNEL TRAINIKG MAY BE NEEDED

SENSITIVE EQVIPMENT HAS To BE SYHIELOED
MoToRL  CANS PUMPS ...

FSRECMAGNETIL ORJELTS HAVE To BE SECVReED

BeCu TECLS ToR WORK N THE FIELD

§. ASSESSMENT OF GEM MAGNET AdvisolY PANEL

STATS (F THE ART MAGN

* MAGNET - FEASIOLE HATH SUE STANTIAL
* QISKS - ACCEPTAGLE ENGINEERINGE (HALLENGE
® TiiAE . LHEDVLE
STRAONGLY
SURENME

“TI6HT puT POSSIBLE
DEPENDS ¢ PROCVREMENT AND MANVFACTUAING

* COST = $ 991 M INCLUDING 5% ConTierogpt_ ~



Current Magnet Cost Estimate

Tech Panel Mods
Subsystem Design 11.7
Coil Forms 7.0
Conductor 7.7
Winding (incl tooling) 12.0
Thermal radiation shields 2.3
Vacuum vessels 8.2
Cold mass supports 7.4
Coil assembly 6.4
Poles 11.1
Power/protection system 5.7
Cryogenics & vacuum 11.2
installation 2.1
Managemenvtintegration 13
Total $94.1M

o 5% CONTINGENCY T NCLUDED



©. FORWARD DIRECTION - POSSIBLE |MPROVEMENTS

—

¢ PT:OLUTION AS PROPOSED NoW AT el

@ ISSVE PUT ON BaCK BYRNEL DVE TO LACK OF TIME AwWD
MONEY FOR KELL ENGINEERED SOLvTIiON

* IDEAS EX(ST
BENT POLE
ALD-CN SOLENOID

eNILL cOST >$5M PER END



Definition of GEM Muon System

Function:

¢ Muon identification -
Track outside 10 to 12 A calorimeter
(< 366 Xo if Pb)

e Muon charge assignment

® P, trigger ( Pt > 50 GeV/c )
Segmentation: 3 cm barrel
3 mm endcaps

Rates - Level 1: 104 to 10° Hz/ 1034
Rates - Level 2: 102 to 103 Hz/ 1034

e Beam crossing tag: (r < 5 ns)

e P, resolution:
SPH/Pu x5 X
for 500 GeV/c m = 0 (90 degrees)
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Physics that Muon System addresses:

Process: Resol'n required
H -->Z20"Z0 >4 * ok

Zo*">2l.l. * * %

Heavy onium states --> 2 hard to do
(0 =~ 1/M2 and T' = M%)

tt -> e+ pn-+ '
W W and W Zo* scattering * o
SUSY kox

Gocod resolution: sPu/Py < 5 ¥ at 500 GeV/c

*

Good resolution helps
Good resolution needed
*** Good resolution absolutely necessary

* &

]Cr-am . F. D:JA‘\K

o Need o evaluate P-cr'j(avmance /reacﬁon

0SS muoh Sj:i-cm euelves,



Progress since last GEM Meeting 9/5/91:

(1) GEM Muon Group meeting 9/6/91:
- Discussed technologies pros & cons
- Agreed that Ahlen/Nimblett/Taylor would formulate
a recommendation of technologies to retain for LOI
and R&D up to Proposal.

(2) Decision Group at CIT 9/19/91 to 9/21/91:
- Technologies as proposed accepted.

(3) GEM Muon Group notified of technology choices 9/23/91

(4) Engineering Coordination meeting 9/26/91requested:
- Develop specifications of system
o function
o channel count
o resolution, etc.
- Determine the mechanical specs.
- Rough out services needed (HV, gas, etc.)

(5) SSCL Decision Group meeting 9/27/91
- Harden the specifications of each system for PAC
presentation 10/3/91.

(6) GEM Muon Group meeting 10/1/91:
- Present specifications for LOl systems
- Develop a coordinated R&D program

TASK: develop a muon system by summer
'92 for GEM Proposal



Proposed Technologies for LOI

(a) Momentum Determination and Trigger:

Central Region: @ > 30° (0 < y < 1.3)
Pressurized Drift Tubes (PDT)
Limited Steamer Drift Tubes (LSDT)

Endcaps: 9.5% < @ < 30% (1.3 < m < 2.5)

Cathode Strip Chambers (CSC)
(LSDT as backup)

(b) Beam Crossing Tag:

Central region:
Resistive Plate Chambers (RPC)
(Scintillators as backup)

Endcaps:
Cathode Strip Chambers

(c) Second Coordinate Determination:

Central region:

Level 2 'hf:j.

Level i‘tr;j.

Resistive Plate Chambers for PDT option (& divisien )
Limited Streamer Drift Chambers (.Gdu‘l/.‘s:cu/ Strips)

Endcap region:
Cathode Strip Chambers



From EOI to CIT Meeting considered:

L* Chambers
Demanding technology all wires in

common gas volume. Lorentz angle
effects large.

LSDT made of plastic (larocci tubes)
Mechanical design difficult to align
tubes to desired accuracy.

Straw Tubes

Hard to construct long tubes which
can be pressurized.

All options could be made to work. Decisions

based on ease of construction, operational
robustness, effort to achieve resolution.

- Performance/Cost



Fof’Bq.v-ra:.' P/M E:' Leve| 2 Tr.‘ﬂﬂgr

Pressurized Drift Tubes (Al or Fe)

Advantages:

- Used in B-fields (HRS and CDF) Exaw.
- Can pressurize: ox =~ {/pP1/3

- Modular construction
- Not sensitive to angle of incidence (cyl-sym)

Disadvantages:

- Second coordinate by charge division

(rate limited?)
- Hard to support wire (sag must be understood)
- Gas seals at high pressure must be robust



Tresel'n ~ 3‘1)/«»- do 2B

depending ow gas , Pressure

Drift Trajectories For
Electiron Swarm
Centroids
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Limited Streamer Drift Tubes

Advantages:

Fast risetime and large puises of Limited Streamer
Second coordinate possible by orthogonal strips
Modular construction

Open profile for mass production wire stringing

DisadVantages:

- Precision resolution in B-field to be demonstrated
- Rate effects of Limited Streamer mode to be
understood

- Radiation hardness of Limited Streamer mode

Muen seam (0.5 Tev/e at FNAL) 7o B- {ie)d

Gar"}t ~ IZO/"\’W\ L.s. rnodefga.)(e as

"Cq H)c:Cﬁ;:COI]
“ll:ie9:20

G-.Str'i'o X q&-/um $a/f. Pf&r. tmode
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Fovr P, 6, Level j,+('533-er' Ih Endeas
Cathode Strip Chambers

Advantages:

1

Good pattern recognition (3-d with pads)
Fast response for beam tagging
Flexible mechanical design for endcap geometry
Position resolution insensitive to gas, HV, etc.
Full functionality in one technology:

triggering, beam cross tagging, P, Z

t

Disadvantages:

Channel count high (300 k for endcaps)

Precision operation in B-field to be demonstrated
Electronics plant nontrival (1% channel-to-channel)
Few planes ==> sensitive to background (§-rays)

(

/ - . ,
R Strip X 56 U S !n/‘-s’h C Strip 'J‘G’%,L~a‘~1l¢
A, Sthado: |i1y.) )
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Smm

SEvips :
E
n
[Tg)
.

Honeycomb panel

Cathode Panel

:t.‘:c::z:r:::rz:r"zr;:rr:rz‘rrr o

e

L Strip Panel

Cathode panel subassembly
less top spacer

Subassembly: (low precision)
Cathode panels, one side - 1mm
Spacer bars - 2.5mm
Honeycomb panel - 25mm

|

Subassembly: (high precision)
Strip panels, one side - 1mm
Spacer bars - 2.5mm
Honeycomb panef - 25mm

/— Shielding Panel

Gas Pad Chambers Study.Z
C. Grinnell 09.08.91 page 1/2



Position Resolution vs. Anode Charge

for a Single Chevron Cathode

(5.4 keV X-rays, 12mm readout spacing, 50% Ar + 50% C2Hs gas mixture)
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Resistive Plate Chambers

Advantages:

- Fast and large pulses for beam cross tagging
- High pattern recognition capability
Z-coordinate (needed for PDT option)
Pu - trigger
- Simple and inexpensive construction (glass?)

Disadvantages:

- Noise characteristics to be understood
interference with other systems?
how many planes needed for clean trigger?
- Rate limitations to be understood
- Operation in B-field ?
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Engineering Program:

(1) Technology non-specific:
(a) Alignment system (superlayer-to-superlayer)
(b) Support structure for superlayers
(c) System aspects: gas, power, cabling
(d) Access (scaffolding)
(e) Electronics layout - high end
at SscL

(f) Test rig {=BtM to evaluate technologies

(g) Evaluate B-fields/ muon system performance

(2) Technology Specific:
(a) Large scale prototypes of PDT, LSDT, CSC, RPC
(b) Develop internal alignment system
(c) Test rig for Lorentz angle measurements

(d) Develop electronics for chamber readout,
triggering, and beam cross tagging.

Cham birs Cohffhﬁﬂnad

v
wost estimatess (344 53)xl2x 125 = 8130 m
~ ?

t

in hallConst. Theriot
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Cost Model: N = 8:8:4 inm; N = 4:4:3 in endcap; endcap muon cost = 172 of
barrel muon cost; muon cost praportional to chamber area; magnet cost proportional
to (stored energy) (/3); resolution = 5% at 90 degrees at 500 GeV

[ ]

BASELINVE

N=40 w= Cost
B:0.57T | | — Muon Cost
~— B Cost

== Cost (N x 2)

4 5 6 7 8 9 10
Magnet Radius (m)
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Stability of L3 Alignment

for 3 Layers of Chambers
4um
Reproduces after 1 Year
< 3
3 Distance = 3.0 meters
10
= |J )
0 5 10

Time
(days)

1§
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M UON SYSTEM ATTACHMENT POINTS

S

-

Central Mombrane
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Baseline performance:

Sagitta measurement:
Barrel region (6 > 3009):
S= 0.3 B AR2 / 8P sin®

Endcap region ( 300 > 6 > 9.50 ):

S = 0.3 B AZ2 tan6e/ 8Pp cosé

Momentum resolution depends on:
Pu, ey —> given
B L2 —_> wants to be large

AS —_— hit resolution
alignment errors
muttiple scattering
§(AEN) calorimeter
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RATIO OF MOMEMTUM RESOLUTION :
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GEM BASELINE + THIN POLE + 3 EXTERNAL PLANES

SP/P fNull_P_P_BL+THIN.T
MOMENTUM
0.15 7T —e—0GeV/c
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—+—200.GeV/c
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—eo—1000.GeV/c

0.1

-~ i —————
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. e ee—E—y—

0.05

S W . |
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Possible improvements to baseline resoi'n:

(a) Constrain the primary vertex in trajectory
fit:

For ¢ vertex =100 um:

§PU/Pu at S TeV/c improves by factor of 0.5 to 0.8.
Less improvement at lower momentum.

(b) Adding planes external to coil:

For 3 planes at AR =3 m and AZ =5 m:

SPu/Pu improves at 1 TeV/c by factor of 0.65 at 90°.
Less improvement at lower momentum and angle.

(c) B-field shaping at forward angles:

(_Cusp)option improves SPu/Pu by 0.5 at = 2.5

Note: Thin Pole versus Thick Pole:

A(SPU/Pu) < 20 ¥ between options
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Summéry:

Made selections of technologies for further R&D

Developing an R&D program for uitimate
technology selections by summer 1992

Studying cost models of magnet/muon system

Considering (inexpensive) extensions of baseline
design to improve resolution.

In the next few months:
o Need to start full-scale engineering

o Need to setup machinery to evaluate muon
system performance as design of detector
evolves.

Energy loss fluctuations in calorimeter
Muon system resolution versus design
Pattern recognition versus design
Trigger rates versus design

o Contribute to global integration of GEM
detector
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September 13, 1991

TO: Barry Barish and ﬁill Willis
FROM: Bob Adair and Jim Brau
SUBJECT: Calorimeter Group Consensus

The GEM Calorimeter Group met at the SSC Laboratory September 4th and 6th
to review the GEM calorimeter options. During this meeting the group
developed a clear consensus on its recommendation to the GEM Collaboration

for next year's R&D plan. This consensus is summarized in the following
statement:

The GEM Calorimeter Group wishes to continue R&D on two
calorimeter systems during the next year. These two systems
include one with a very high resolution electromagnetic section,
which the group finds highly desirable, if feasible, and one
which offers a conservative approach, but also with a high
resolution electromagnetic section.

With this end in mind we wish to continue R¢D on

* BaF2 EM
* Scintillator Hadron Calorimetry

* d
C mmr the barrel and LXe for the endcap
The choice of scintillator technology (lisuid or sgaaﬂiéﬁtg
is being reviewed and will be chosen s ¢ e Lol.

We also wish to pursue RsD on ;a;gi;g_gilg;ﬁnfigx and have
a coordinated research plan with liquid argon an quid
scintillator options.

Finally we are reviewing the physics arguments and
performance potentials for adﬁiﬁﬁ@iﬁ*‘i‘i We will attempt
to develop a consensus on a or this subsystem as soon
as possible.

This consensus developed following a thorough review of each technology

in which the proponents of each were asked to answer in writing and orally
the questions and concerns expressed by others in the group. These reports
are contained in the GEM Technical Report, GEM TN-91-00009.



GEM

A PRECISION LEPTON-PHOTON
DETECTOR FOR THE SSC

e CALORIMETRY GOALS:
DRIVEN By PHYSICS

— The Highest Resolution Calorimetry
System for Leptons and Photons

— Within Budget and Schedule

— Radiation Hard

— Complementary to SDC



GEM

PHYSICS GOALS LEAD To
TWO SYSTEM APPROACHES

¢ LOWER RISK SOLUTION EXISTS;
NEEDS HIGHER EM RESOLUTION:

= LIQUID ARGON With Fine
Sampling Accordion EM

¢ HIGHER RISK SYSTEM, With POTENTIAL
LARGE PERFORMANCE GAIN:

= BaF,; CRYSTAL EM, With
SCINTILLATOR HCAL

o NOTE: Radiation Hard Production
Not Yet Achieved

— Requires One Year of R&D
— Expert Review Panel



GEM

TWO COMPLEMENTARY
APPROACHES

RESULTING IN THE HIGHEST
FEASIBLE RESOLUTION

¢ LIQUID ARGON With ACCORDION EM;
Liquid Krypton Option

~ Intrinsic Stability
= Ease of Calibration

— Tested in Large Systems (With Plates)
= Small Systematics

~ Radiation Resistant
~— Uniform
e BaF, CRYSTAL EM, With
SCINTILLATOR HCAL

— Intrinsic Higher EM Resolution

— Higher HCAL Speed:
= Lower Noise in Isolation Cone

~ Effective Compensation:
= Small Constant Term for Jets
With HCAL e/nr =~ 1

— More A for a Given Radius



GEM CALORIMETRY

e COMPLEMENTARY STRENGTHS:

INTRINSIC RESOL’N «= LOWER RISK
and SPEED TECHNOLOGY

o_COMPLEMENTARY TASKS for EM:
og/E = (a/VE & b)%

BaF,; + SCINT. HCAL —- LIQUID ARGON
Reduce b < 0.5% Reduce a < 7%

t
=+ Oesicn and SMULATE

aAsr a JUBdeTECTOR
o f GEM_
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BaFo + CALORIMETER SYSTEM:
Scintillating Fiber (SF) or
Liquid Scintillator (LS);
Liquid Argon Study

Choice of One Scintillator HCAL
By Early November

HCAL SUBSYSTEM GOALS:

¢ Complement the BaF',:
A X A¢p ~ 0.08 x 0.08

= Good Jet Resolution

= Missing E1 Resolution,
(With Forward HCAL)

= Improved Lepton ID and
Measurement

¢ Rapid Development: Ready for GEM
System Choice By Design Report

= Beam Test By Summer 1992
e Maximize GEM’s Physics Capability



BaF, + HCAL CHOICE:
GENERAL QUESTIONS:

Answers In October

e Conceptual Design Layouts
With Dimensions:

= LS: Module, Layer Structure,

Fiber Readout
= SF': Module Structure, Fiber Readout
= LAr: Segmentation, Cryostat, Readout

= ALL: Mechanical Structures and Supports;
Access/Assembly/Disassembly Scheme

e HCAL Depth ()); Dead Spaces






4§ My M-~ [T Structural/Support Rings - 1
P o L~
E:_.G_. — w_y T BaF2 Support
f ] B
'<rll’ ‘ - ;.. . Cableway
” ' ‘; i,
'-.,‘!! |\
| ,“ . 389.0 mm
T
. Wﬂ“@“‘ﬁ-ﬁﬁmﬁ ‘
| arlum Fluor ey
Tracker

- _ Y

t——————1 500 mm——»

[t 2300 mm——»-

- 5450 mm -

~ Spaghetti Hadron Calorimeter
Lead Shot Filled/ 0.10 Segmentation .
G.03.5C.00038 Rennich

Barium Fluoride EM Calorimeter



- 5260 mm

/ FEEDTHRU / FEEDTHRU

- f ST I

4000

|
3

IEM Lambda

R T T

]
£
i

ambd

Barl ide .3 Lambda

- . GEM Incomplete
] Total Thickness: 11 Lambda Liquid Argon Calorimeter Incomplete

. - . K 14
GAITA00M9 Bivinm Fluoride TM Seetion e0mn!




Liquid Scintillator Hadron Calorimeter
Sampling structure scheme

Clearance
60 mm g 108 mm [ Support tube 60 mm
! | - | (0J6 A
b ~— [ 20 mm Fe (wall)
Last —w (1! y L 0RTA
chamber \ _
(— 19 layers
142 mm | | «— Coarse sampling
—— ~ 40mn/Pb+3mn/LS
R 3600 mm | ' #3401 A
<
40 layers
> —-a——  Fine sampling
20mm/Plo+3Smm/LS
457 N +020 A
[ 40mm Fe
T | -
T— | 024 A
R 1400 rn [ E-M calorimeter
Bafe /[ ——1 182
TOTAL 1173 A
( App = 173 mm
Are = 168 mm
AS(;i = 1000 MM
N y




BaF, + HCAL CHOICE:
PHYSICS QUESTIONS

SIMULATION STUDY
COMPLETED By NOVEMBER:

e Energy Resolution, Behind BaF,
for 20, 100, 500, 1000, ... GeV Jets

— Performance For Typical, Mostly-EM,
and Mostly-Hadronic Jets:

= Reconstructed Energy Distribution
= Missing Er Distribution

¢ Can Longitudinal Segmentation in the HCAL
Improve the Muon Resolution ?

¢ Can Longitudinal Segmentation in the HCAL
Improve the BaF,; Electron and v Resol’n 7

o NUMBER of A& Performance



BaFy + HCAL CHOICE:
ASSOCIATED EFFECTS
and ISSUES

¢ Systematic Effects:
=> Magnetic Field (0.8 Tesla)

=> Non-Uniformities in Cells or Towers
= Fiber Attentuation Length, Non-Uniformity

= Mechanical Structure, Walls, and
Typical ‘Dead Regions’

¢ Effective Compensation: Hydrogenous, *
Compensating or Overcompensating HCAL.

¢ Resolution as Function of e/h in EM Section,
With Varying Reconstruction Algorithm.

¢ Transverse Segmentation Required by Physics

¥ CEANT V. HETC J’z‘udab :
* Prelimm any Reswults (ORML)



GEANT3 - JET RESOLUTION for BaF2+scint HADRON calorimeter

o(EVE %

12

10

here BaF2 <e/n> = 1.7
After optimisation for asBaF2 + gsHC

L
- 100 GeVv JETS
.\_\\ )
.“/L’/
/-’
= c o - =
}?
/
A
\ 500 GeV JETS o
B \ . //;;//
O\ ‘
O N
\\ c\e\w //
i \\\‘7\1”_'./0/:/
v v
F +
8 1 Tev JETS
}..
i 1 L
08 1 1.2 1.4 1.6

e/nt in calorimeter behind BaF2



RMS(leakage)/E(jet);, 6(E)JJE %

Y.k,

LEAKAGE FLUCTUATIONS IN CALORIMETER

for Baf2+scint.HADRON calorimeter

|
) 1 TeV JETS
5
B
4 [ .
-t 1’, Optimized
- Y i + resolution %
3L ‘
i ! i
; IR I IR
L
2 L t
: ",
1L RMS(leakage) % Y *
\ P
0 I-J; { S | a1 1
7 8 9 10 11 12 13

Total calorimeter deptﬁ, A (including BaF?2)
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Thickness of Calorimeter

1. Punchthrough of n# and K simulates u
L,> 105A @ 90°

2. Leakage fluctuations should not contribute

to constant term of hadronic resolution

L,> 95A @ 90°
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e R PRE-RADIATOR SHOWS PROM\SE For
ADDING TO PHYSICS PERFORMANCE
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Figure 21: Side and end views of one quadrant of Sandl electromagnetic detector
using LKr + 5% LXe. Sandl has a homogeneous section in the front. with a v
diode collecting scintillation light from the first 10 cm of the homogeneous nobie
liquid: {followed by a drift diode to detect the positions of showers: and a sampling
ionization calorimeter in the back (e.g. Accordion).
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ocT , 199
DESIEN CRITER|A g

FOR FCRWBRD CALORIMETER.

PHYsICS:

® Fr coveERAGE TO ~ [hl=s-0,
WITH RESOLOTION UP TO V' IMPISED
LimiT,

(@ JET RESOLUTION =P P RESOLUTION

RADIATION HARDNESS -
TO IONIZING RPDIATION NTAR € SHowELR MAX.
AND NEUTRON FLUX,

INTEGRATE INTC FORWARARD REGICN PESIGN,

HIGH RATE CARPHBILITY :
(FoR Liguio ArGan )
() USE SHORT SHAPING TIMES, ANO SMALL

GAFs.
(@) CALCULATE pNO MEASURE + Ton PILEVP.

COsT
(FOR PROPOSED DESIGN )
() CosT oF TUNESTEN

2) cHeNNEL counsT



Physics Requiring a Forward Calorimeter
Missing Ep
Higgs
" H—=2ZZ — et vi
H—ZZ —¢ter7

New heavy quarks

SUSY

Technicolor
PEc — WEZ° — fxygre-
Leptoquarks gg — P3P; — brdT

New Gauge Bosons
W'E — 0y

Other sources of boson pairs
W=Ze o gEppty-
WEW= S p2uEy
W+W = — £+ul~v if separable from tf

Forward Jets

V'V scattering with forward jet tagging

Low x physics via forward di-jets
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. LAr<TUNGSTEN FCAL
OPTIoN PR GEM

ScmmAaky
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STATUS OF SIMULATIONS FOR THE LOI

Simulations effort is behind schedule. We
need

¢ Who is doing what?

e Who is too burdened to fulfill assigned
tasks.

e Regular communication between people
doing calculations and those “in charge”of
it.

Final calculations, with write-ups, needed by

~ October 25; first LOI draft by November 4!



Subsystem Parameters:

Too little input from subsystem leaders -
especially:
o Central Tracker:

Specifications received are skimpy!

Discussion of central tracker appears
nowhere in simulations done so far.

— Use in answer the PAC’s questions 1 — 4
(Higgs, top, ET, jets)?

— Will the tracker work at £ ~ 1034 to
distinguish e* from ~?
o Trigger:

Question 1 (Higgs) specifically asks us to
discuss triggering startegies. What are they?
¢ Magnet / Muon System:



Do simulators know all the options they
should be considering?
e Calorimetry:

Careful H° — ~~ background study for
LAr urgently needed.

What do we do about F/B calorimetry
(3<n<5)?



PAC Questions:

We need people to be responsible for each
of the PAC questions, to direct / oversee the
work and to guarantee delivery by ~ October
25.

e Higgs Physics — Bing Zhou

— Complete the analysis of H? — ~~
background, especially the QCD background
for BaF9 and LAr.

— Are we doing ttH? — isolated leptons +
jets + yv?

— Redo analysis of H — 292V —
(e es, £Y v, 4707 jj. F/B calorime-
try? Calorimetry for HO — £7£7 537



e Top Physics — Serban Protopopescu

— Calculations so far are primitive.
Should reuse programs from before.

— Need t — H1b analysis.

— Need more help here.
o Fr Physics — Frank Paige

— 300 GeV Gluino — Physics backgrounds
started. Need detector backgrounds for
Tmax = 9,4,5. Need same-sign dilepton
(fitfzi + X)) signals and backgrounds. (Steve
Kahn)

— 400 GeV ¢/ — WTh: Need to redo old
analyses for GEM (Vanyashin).
o Jet Energy Measurement — Ray Frey

— Z% - jj (from H® - Z9Z° H. Ma) and
Z' — jj (R. Frey)
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Analyses are still primitive. Need better

calorimeter simulation.



o Complementarity to SDC — Ken Lane
— No guidance on how we are complemen-
tary to SDC, nor even what SDC is! Assume:
— Better EM calorimetry.

— More precise, “robust” muon system -

useable at £ ~ 1034

Tentative list of processes where we should
be better than SDC:

HO (and hgysy, 77%) — 7. (Zhu; Ya-
mamoto)

ttH® — isolated leptons + jets + 7.
(Zhu, Yamamoto)

H® - ZZ* — (4765 €5 . (Zhou)

“Heavy H? — 2920 — yrp—ptpu—, at 1034

if necessary. (Zhou)



Heavy HY — 7070 — ¢T¢7 44 — relies on
|My+yp- — Mz| < 2 GeV. (Zhou, Ma)

Tagging b (hence t — W+b) by uT buried
in b-decay jet — access to flavor physics,
charged Higgses, technipions,. ..

7' — eTe™ precision mass and width at
L = 10%¢ — does EMC, tracker work?? (Lane)

Z' - ptu~ asymmetry at £ = 1034
Possibly also W'* — uFv. (Lane)

Similar studies of quark / lepton substruc-
ture in the Drell-Yan process. (Lane)

GG — Eit@t + X. (Paige)

We wil also mention, but not calculate

such processes as py production (leptons at
1034).
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HIGH PRESSURE GASEQUS IONIZATION TUBES
ADVANTAGES:

e ABILITY TO HANDLE HIGH RATES

* DRIFT TIME FASTER THAN IN LIQUIDS
* SPACE CHARGE EFFECT REDUCED

* UNIFORMITY

e EASE OF CALIBRATION

* RADIATION HARD
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The sampling fraction for a tube calorimeter computed along the random
path perpendicular to the tube axis is equal to ..

eext t diam [mm] 10 10 20 20 10 10
! esgap [mm] 1 2 1 2 1 2
b N e mr-’-f!: N AT LT T

op [atm] 50

e absorber Pb Pb Pb Pb W w
mmwﬂ rv-v-wv—rw-r-wm Mgyt 7 PN R FWr kT
i « sensitive Volume [%] 44 13 24 24 44

.« sampl, frac. [%] ;39 92 18 39 25 .60

i
]
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