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AGENDA FOR THE SDC FORWARD MUON WORKSHOP, SSCL, JAN. 18-29, 1993

L lease send additions, corrections, and comments to sscvxl::willis
1/18/93 modify Tuesday’s schedule to allow travel time to/from CF
add talks by Lawler, Daoudi on Wednesday

Monday, Jan 18, 1993 Cafetorium COORDINATION

9:00 SDC and SSCL participants Internal coordination and planning

This is an opportunity for us to discuss our
plans and requirements for the next two weeks,
and also for the whole 3-month period of the
Russian group’s visit. We will also discuss how
to interact with other concerned parties around
the Laboratory.

Tuesday, Jan 19, 1993 Cafetorium NEUTRONS; ABSORBER DESIGN
g-nn A. Skuja Introduction
9:1% S. Willis Summary of Santa Fe workshop

10:00 T. Gabriel Available Simulation Programs
‘:Q:IS S. Kunori Neutrons and Trigger Simulation
10:45 Christian Zeitnitz CALOR-GEANT Interface
11:15 R. Little IR Questions
5 Lunch ¢ £ ot ME??!H\M\E
00 RLITTLE IR QUESTIGNS SO L2ES" QIF B
~%:30 Johannes Ranft "Hadron  Production at Supercolliders"
i (Room E849, Central Facility)

300  S.xunoet
3:15 Valery Kubarovsky

3-1n Steve Ball

4-1n Andrea Palounek
i
4:4% L —

{

NEUNDNS ¢+ TRIGK TR SIMitAN oN

Estimations of rates in scintillators, drift
tubes and trigger rate in FMS based on neutron
currents from note 92-361.

Neutron Background Rates

Overview of Methods and Calculations

Recent Results on SDC and GEM Fluences

Wédnesday, Jan 20, 1993 Directorate 2 ACCELERATOR INTERFACE; INTERNAL SDC

w00 T. Pal
'9:30 Mourad Daoudi

10:00 Nikolai Mokhov

11:00 Jim Lawler

' Igor Azhgirey

1200 TLuunch

1:0n Andrey Uzunian

COORDINATION
Effects of Neutrons on other SDC Subsystems
Simulations using CALOR

Control of Beam Loss and Related
Effects in the Collider IRs

Activation Levels

Calculations of backgrounds for the SDC
Forward Muon Spectrometer.

Experimental investigation and calculations of
attenuation of low energy neutron and photon



'1:30 Gennady Zholobov

2:00 Renat Fahrutdinov

2:20 Alexander Surkov

3:20 J. Piles

4:20 Kubarovsky/Skuja/
Willis

fluxes in different shield materials using
Cf£-252 source.

1. The background sources: their intensity,
emitted charged particle types and energy
spectra.

2. Charged particle fluxes and energy spectra
at sensitive detectors (drift tube chambers,
scintillator and Cerenkov counters).

Experimental studies of scintillation counters
sensitivity to neutron and gammas. Effects of
various shielding.

Integration Design of the Forward Muon System.
Design of the FMS absorbers.

Forward Calorimeter placement, absorber
requirements for FW1/FW2 region

Discussion: The problems
Goals
Getting started

Thursday, Jan 21 through Wednesday, Jan 27

Willis
Friday, Jan 22

7:00 pm Willis

Getting Started on Simulation Work

Muon Simulation Video Conference

Monday, Jan 25 FORWARD MUON SYSTEM DESIGN DETAILS

9-nn Yuri Antipov

9:1n Renat Fahrutdinov
9:%0 Valery Kubarovsky
10:10 Leonid Baliev
11:30 M. Murbach

Status of IHEP activities in studies and
design of FMS tracking system.

Drift tube with wire field shaping.
Cerenkov Counter for Forward Muon System of SDC.

Recent achievements in design of FMS tracking
system

Summary of FMS Measuring System work at Maryland

[assembly workshop Tuesday and Wednesday - Charlie Grinnell, SSCVX1l::GRINNELL,
is maintaining the schedule for this]

Thuv» ~sday, Jan 28, 1993 FIRST RESULTS

n-00  Willis

" 30 TBA

Summary

Individual presentations

Fri-lhy, Jan 29, 1993 THE NEXT STEP

00 all

Discussion and assignments for the next meeting
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EGS4: photons and electrons
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FLUKA: high energy model >| HMCNP
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REAC2 nuclear data

N\

other decay data ———>

¥
CINDER'90 - neutron fluxes
(E < 20 MeV)

irradiation history
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Low Beta Interaction Region.
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'20x20 TEV PP-COLLISIONS IN LOW-BETA IR

iry 1993
. Mokhov

no

DTUJET92 + MARS12:

Component Length (m) Energy (%) vy / total
Detector 0-18 1.6 0.3
Collimator 18 - 20 4.2 ]
QL1-QL2_1 20.5 - 50 18.0 0.5

[2_2-0QL3 50 - 78.3 13.7
BV1-- BV1+ 78.3 - 244 15.0
Leak(Protons) > 244 24.0
Leak(Neutral) > 78.3 23.5 0.6




SARE wokksuov 11 January 1993
> . N. Mokhov

SOURCE TERM IN INTERACTION REGIONS

® 20x20 TeV pp collisions at 108 Hz (1033 cm-2s-1)

Three components: Xxr < 0.8 secondaries
xr > 0.8 charge particles. (protons)
xr > 0.8 neutrals

®* Beam Halo - Low-beta quads are a bottleneck for halo particles, so even with

scrapers and collimators in the system on, they will experience
increased beam loss, being a source of background to detector

Atp*=0.5m Bpeak =9180 m. For 50 mm bore quadrupoles

with 42mm beam pipe, LBQ aperture is +/- 30 . So, at maximum
one can expect ~ 107 Hz beam loss rate at these locations

¢ Accidental Beam Loss (1.3 - 4) x 1014 ppp



SARE RKSHOP 11Ja.  y1953
SANTA FB .. N. Mokheov

NEUTRON BACKGROUND

Neutron Fluence at L=20m and R=2m per the SSC year

* pp-collisions (1033 @ 20 m): 2x1012 cin-2
(can be significantly reduced @ 35 m)
. Local Beam Loss (Normal Opéeration): 1x109 cm-2
e Beam-Gas (cold+10-8 torr in warm): 5x1010 ¢cin-2
around beam pipe: 3.5x1012 cm-2



Low-encrgy Neutron Fluence (w/cm?2/yr)
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Figure 2: A close-up of the region around z=19m. This shows the end of the
quadrupole magnet, the miagnet collimators, part of the forward calorimeter,
and edges of several muon chambers.



Figure 1: . A view of the SDC detector and its hall as modeled for this study,

Pe
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During the past 30 years, scientists at
ORNL have developed and adapted
radiation transport codes for describing
in general electromagnetic and hadronic
cascades in matter.

This effort has culminated in the
CALOR93 code system which is a
coupling package linking state-of-the-art
codes such as HETC93,  SPECT93,
LIGHT, EGS4, PEGS4, MORSE, and
MICAP.

This code system over the past several
years has been used specifically for the
analyzing and designing of calorimeter
systems for the GSS5C detector
collaborations and for the determination
of radiation levels around the
accelerator and experimental areas at
the SSC for the safety personnpl
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This code system has contributed significantly to the
understanding of the physics of calorimeters.

Some of this understanding includes:

e the importance of hydrogen content in the active
media, |

e the significant role the "electromagnetic sampling
inefficiencies” plays in compensation,

e theimportance of saturation effects in the active
media, and

* the problems liquid argon has with respect to
compensations.

This code system predicted (since experimentally

verified) that a Pb/plastic calorimeter could be build that
was compensating. |
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1 2

One-Dimensional Discretes Ordinates Shield Optimization
ASOP - ANISN Shield Optimization Program

Objectlve Minimize the weight of a layered shield by moving N boundaries and
obtain a desired dose D at a given distance from a radiation source.

Assumptions:

u AD
InD=Yar, +C and T, =er, +f fori=1N ; T, = ( )
i=1

AW

The parameters, i.e., the a/s, /s, f’s and C, can be obtained by performing a "base
case" calculation plus 2 N additional calculations. In each of the 2 N calculations,
each of the r/’s is either increased or descreased. With the parameters determined

and D set equal to the desired dose, the above equations represent a set of N+1
coupled equations with the r’s and I' unknown. T represents the value of the

(AD/AW)/’s when
i) i+

Solve for r;’s, perform 2 N + 1 calculations for new configuration, repeat until above
value of T' is met.
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Reachion types

Type of Reaction | final state particles
[ elastic scatt. n
(nA,n’A) n
(nA,2n’A’) 2n
(nA,n’cA’) n, a
(nA,2n’aA’) 2n, a
(nA,n’pA’) n,p
(nAn’3aA’) n, 3a
(nA,yA) 7
_(nA,pA’) P
(nA,DA’) D
(nA,TA’) T
(nA,’HeA’) SHe
absorption captuce. X—
(nA,cA’) ' a
(nA,2aA’) 2a
(nA,3aA’) 3a
(nA,2pAY) 2p
(nA,paA’) p,a
(nA,T2aA’) T, 2
(nA,D2aA’) D, 2«
fission n,p,x
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o I sotopes in (ross-gechon fle

Isotope | charge number Z | kBytes
Hydrogen H 1 6
Hydrogen H,0 bound 1 6
Lithium SLi 3 29
Lithium TLi 3 31
Boron 1B 5 47
Boron 1B 5 11
Carbon C 6 58
Nitrogen N 7 126
Oxygen 0 8 122
Fluorine F 9 96
Sodium. Na 11 - 492
Magnesium Mg 12 73
Aluminum Al 13 202
Silicon Si 14 365
Chlorine Cl 17 104
Argon Ar 18 17
Calcium Ca 20 156
Chromium Cr 24 289
Iron Fe : 26 591
Nickel Ni 28 237
Copper Cu 29 129
Molybdenum -Mo 42 104
Cadmium Cd 48 68
Barium Ba 56 21
Tantalum Ta 73 225
Tungsten w 74 386
Lead Pb 82 123
Uranium 235y 92 173
Uranium i) 92 49
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GEANT - CALOR Interface Version 0.91/08 .

LA A I B B AR 2R BE N BN BN N IR SRV T

24 November 1992 C.Zeitnitz, T.A.Gabriel

NMTC is used for hadronic interactions of
protons,neutrons and charged pions
up to 3.5 GeV (proton,neutron), 2.5 GeV(pion)

A Scaling Model is used for the energy range
up to 10 GeV.

MICAP is calculating the interaction of
Neutrons with an energy below 20 MeV

For interactions of hadrons not implemented in
CALOR or with an energy above 10 GeV
FLUKA is called

The transport of electrons, positrons and gammas
is done by GEANT

¥ ¥ ¥ % A % N N N N N X N X N N NN N N N *

ARXAKKRK KRR KR KRR KRR KKK R RA AR KRR AR AR KRR AKRKRXAXRKRRKRX XA KX

File CALOR.OUT

GEANT-CALOR INTERFACE V 0.91/07 Output File

Medium  GEANT

9
10
13
14
15
99
99

ANV WN =

MICAP Material Parameters

A

26.98
55.84
207.21
1238.05
14.00
1.01
12.00

z

Neutron x-section file generated Wed Sep 23 13:41:01 1992

MICAP neutron cross-section file. TOL=2.0% ANG=2.0%

h@%cg e I
GCEANT
ouTUT

Density (Atoms/cm~3*E-24) No. words
~ 0.6027E-01 51943
0.8486E-01 151368
0.3299e-01 31675
0.4794E-01 166271
0.4967E-04 32479
0.5251E-01 2097
0.4774E-01 14722
C.Zeitnitz

MICAP : 456621 words used in GCBANK for neutron x-section tables
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_ Ng2yrC

LT menpSe
Ng = 0.75 x 100 protons/bunch
Y =2.13 x 104 at 20 TeV
c=3x108m/s
Sg =5m
Ev=10% mxrad

For B*¥=0.5m,L=1.1 x 1033 cm~-25-!

For B* = 40m, L =28 x 103! cm-2s5-!

For "preferred design” the optics can span the range

0.5m < p* <40m W Som bowe %*L
20.5m < L* <90m ‘

Without changing the basic design of major components such as
superconducting magnets. (Not all points in %, L* simultaneously
available)

L* (m) B squeeze range (m)
20.5 7-05
34.6 11 =07
56.9 23 = 1.1

90 40 - 2




TRANSVERSE BEAM SIZE AT IP;
02 =€EB*, €= ENBr1r

lo= 5Sx 10°®m atf*=0.5m, 20TeV
lo0=43 x 10°®m at B* = 40m, 20TeV
Need > 10c transverse for beam lifetime

BEAM DIVERGENCE AT IP:

EN
B

(0)2 =

lo’=10purad at p*=0.5m, 20 TeV
lo’= 1.1 prad at p* = 40m, 20 TeV

LONGITUDINAL BEAM SIZE:
lo=6x 1072 m
CROSSING ANGLE (TOTAL)

EN
8=A
N 78"

©= 10 x beam divergence

GE/IO(ﬁrad at ¥ = 0.5m, 20 TeV

lo
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Lum(L")/Lum(L*=20.5

Relalive Luminosily versus L"

1.0 | ) [ ) i | T ] | ) T T ’ T
_ This figure shows how the peak luminosity
‘ (scaled to 1 at betax=0.b5meters/L*=20.5meters)
- varies with Lx. The Tuminosity 1is approximately
0.8 |— proportional to 0.5/betax. This figure is
. consistent with the use of a 5cm bore final
- focus triplet operating at a maximum beta
_ of 9 KM,
0.6 |—
0.4 |—
0.2 |—
- Crossing Angle a = 10.00 V[e,/(#"y)]
B Bunch Lenglh = 6 cm
0.0 | | \ 1 | | L | | | | | | 1
40 S 60 80
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2.0

1.6

1.0

0.5

g vs L'

{ T 1 ‘ I 1 1 | l I )

This grapbh shows the minimum value of bela%*
that is compatible with a 5§ cm bore [inal

focus Lriplet as a lunction of the distance
between the interaclLion point and the ¢

unadrupole
(detector free space=L*¥). The value oé beta

in the triplet is 9 KM and is independent of L¥,

1 1 ] 1 ] L ] l |
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Chromalicity of a single IR ; 1.* = 20.5 m
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Dose (Mradlyr)

Maximum D(.)sc (Mrad/yr)

[] e : 2 12 i ! L ] P ! o b

SSC Low-bera IR !
l.el5 intyr
42nm ID Collimator

100

Path Leagth (m)

&~ 1vw—2¢

Figure S-3 The yearly dcse at the point of maximum irradiatien.

-

The operating year is 10*® luminesity for 107 sesconds.

Interaction

Region magnets must be designed toc have a2 minimum 1ife of thres

years under these operating conditions.

! 2 L oo ! ! I ] . 1 . ]

107 3 o 3
SSC Low-bea IR
: - l.els .int/lyr - L
4 42mm ID Collimator ¢}
10% 3 3
QL1 Dowanstream Ead
10! 4 3
10° 3 3
10-1 * 1) o + v 4 v 1) ° + T I v + N
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Radius (cm)

Figure 8—-4 This figure shows the radial distribution of the

yearly dose at the point of maximum irradiation.
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3oam Tube Inner lNadius

21,065

58 304 LN

Beam Tube Ouler Nadius 22.305 SS 304 LN

Beam Tube Insuiatlon 0.25}Kaplon

Inner Cable Insilation 0.1354|Fiherglass/i<aplon

inner Cable Inner Nadius 24.05 {11.90)]TINI/Cu Cablo

Inner Cable Outer Radlus 36.83 TINW/Cu Cable

Inner Cable Insulalion 0.1354[FIherglass/IKaplon
Inter-Coll Spacer Support 0.38|G-11 CR

Inter-Coll Spacer ICapton 0.1 7{Kapton/Adhesive

Ouler Cable Insulatlon 0.1354|FIberglass/{apton

Outer Cabie Inner Radlus 37.38 {11.98)ITIND/Cu Cable

Ouler Cabie Ouler Radlus 419.36 TiND/Cu Cable

Outer Cable & Ground Insuiallon 0.7604|Fiberglass/Kaplon

Shoe 0.4{C26000 Carliidge Drass
Spacer 30.09{C26000 Carliitige Drass
Collar Inner Radius 54.93|Nllronic_40

Collar Ouler Radius 70.2|Nitronlc_40

Yoko Inner Nadius 70.2}i.ow Cathon Magnel Sleol
Yoke Ouler Radius 133.35|Low Caibon Magnel Siesl
Sheli , 4.77|SS 304 LN '
Cast Cradle Top Strap 11.43|Cast Slainiess - M35-000000
DU Beairing Pad 3.17|DU Fial Stilp Group 5

20k Shield 1.6|6061 T8 Alum. Sheet
80k Shield 1.6]6061 T6 Alum. Sheol
80k MLI Blankel Inner & Outer L 6|DAMRSP

Vacuum Vessel 12.7|1ASTM - A516 Grade 70

TABLE I Materials and dimensions of tha prototype 6 cm final focus quadrupole.
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low beta interaction regions.
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Assumptions

1. SDC is similar to GEM for this purpose.

2. Quads are at 20.5m.

3. . Have to remove everything to a distance of 55m from the IP (i.c. to the detector

wall). This means that QL1, QL2, QL2 have to be removed, but not QL31 '

4. If this replacement has to be done at both ends of the detector, two crews working
in parallel can do it without interference.

S. Assume no "extra" time is needed as a result of high levels of induced radioactivity.
This may be the most uncertain assumption since "remote-handling” activities take
longer than "hands-on" activites.

6. Exclude any alignment of the detector with-respect-to the beam line, since this can
only be done after everything is resettled, and I do not have any good answers.
This is also a significant uncertinty, at least for me.

7. Personnel will be working all shifts.

8. The cryogenic valving and therefore time to warm-up and cool-down is similar to
that of the arcs.

]
s/
E

Activitv

Check alignment before moving
Warm-up ring section
Remove shielding (if any)
Disconnect magnet and remove (3)
Disconnect supports and remove (3)
Change detector
Install supports
Place new magnets and other components
Align new magnets and other components
Connect electrically and mechanically
Pump-down and leak check
Cool-down
Check-out
Replace shielding (if any)

{

(v

BRI O DO oR
w

=t U D) = = et et O ot s =t ()
(V]

._,
g
(o)

If QL1 was located at L* = 35m, then only QL1 and possibly the first QL2 would
removed. As aresult the shortest ime would be in the region of 14 days.

Conclusion
Given the assumption, I suspect this is optimistic if the baseline arc replacement time of

10.5 days is valid. At this dme I would say that the work can be done in less than 30 days
(i.e. 50% contingency; 20 days + 10 days) for 3 quads or 20 days for only 1 quad.
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Survey and Alignment Tolerances

This section gives specifications on the large scale gecmetry
of the interaction regicns and on the relationships between fiducials
on the external surfaces of beam line objects and that geometry after
the installation and alignment process has been completed. Tolerances
on the relationship between external fiducials and internal beam line
components will be found in the appropriate sections on magnets and
beam diagnostic devices. Any tolerance given as "not to exceed” may
be interpretad as a three sigma tolerance.

Large scale gecmetry:

The two interaction regions in a cluster are ssparated by a 0.us051
radian region of btending called the hinge. The survey tolerance for

this bend is:

Hinge angle = 0.040517 +/- 0.000025 radian (1 sigma)

Since the Collider dipoles within this region will bend the beam by 0.04051
radian, correction dipcles will be provided to compensate for errors in

the survey.

A similar angular error appliies to the transiticns between the IR
straight sections and the adjacent regions of the Collider.

Component alignment:

Within a cluster, the initial alignment will estaklish an
approximately straight path that will lie within the envelope shown in
Figure 23-1., After smoothing, the fiducials on individual magnets will
be aligned to be within 0.35mm RMS vertically and hecrizontally with
respect to the framing quadrupoles.

The alignment of the external fiducials of secdndary components
relative to nearby main magnet fiducials will be accomplished with a
tolerance of 0.15mm.

A1l component fiducials will be aligned with a roll error
about the beam line which will not exceed 0.0002 radian.

: After a detector is installed, it will much more difficult to
survey across the interaction region hall. Some of the triplet final
focus quadrupoles may be removed from time to time to provide access to
the detector. The tolerance on the ccaxial alignment of the interaction
regicn qyads on cpposite sides of the hall after{the detector is in place
is:

Horizontal displacement = 1.00 mm (1 sigma)
Vertical displacement = 0.25 mm (1 sigma)

The vertical displacement error is smaller because a liquid level system
is intended for vertical alignment while optical alignment is used for
horizontal alignment.

Alignment information provided to the experimental detector groups
will allow the detectors to be positioned with respect to a line between
the low beta quadrupoles with an error which will not exceed +/- 2 mm.
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Functions

1. Particle identification for muons
2. Momentum measurement

3. Triggers
L1 (4usec), L2(20-30usec), L3(sec)

Components

- toroidal magnets
1.8tesla x 3meters -
bend angle(mr)= 1820xtan (theta)/ pt(Gev/c)
1280tons/one—end

- drift chambers
4.5cm, 6.0cm drift tubes (diameters)
total 32240 tubes

- scintillation counters
7-29cm wide, 1.1-2.6m long, lcm thick

total 2256 counters

~ cerenkov counters (optional)
38x46cm mirrors, mirrors
4 mirrors/PM tube

+ shielding, beam pipe, calorimeter edge
low beta quad magnet ....
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(FWS5), at z=1881.6 cm. This plane sees a large neutron curreat reflected
back from the collimator (higher energy neutrons) and from the concrete hall
walls (lower energy and thermal neutrons).
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Figure 10: Neutron currents at the fifth and final plane of forward muon chambers
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January 19, 1993

SDC Muon Group

Estimations of Rates in
Scintillator Counters and Drift
Tubes and Trigger Rate in the
FMS due to Neutron Currents.

Valery Kubarovsky

Institute for High Energy Physics
Protvino, Russia



Low energy neutrons come from the
interaction of the secondary particles in
the construction elements such as beam-
pipe, calorimeters , collimators and low
beta quads.

The first estimation of neutron currents
were published in the SDC note [92-361].

Neutron fluence produced in hadronic
showers was measured at FNAL ([T-821].

It was concluded that

w Energy spectra of neutrons sharply
cut off at few MeV and peak at a few
hundred keV approximately
independently of incident beam
momentum and absorber thickness.

& Total Fluence inereases
approximately with the incident
momentum

w The fluence decreases by a factor of
2.5 to 4 for each additional § lambda
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Neutron Background at SSC

Neutron background is very important at
SSC and LHC. It is connected with the fact
that

" Neutron Flux ~ Luminosity x Energy ﬂ

Flux(SSC) 10> x 40 TeV

= 10,000

Flux(FNAL) 2 10°° x 2 TeV

1ii



1 MeV neutron has 30% probability to
elastically scatter in 1 cm plastic
scintillator loosing 0.5 Mev of energy in
average.

By this reason the scintillator counters
have a rather high efficiency for the
neutrons in this energy spectra. The
efficiency depends on energy cut off.
Maximum detection efficiency with the
threshold 0.2 MeV is 6% for the neutron

_energy of 2 MeV and falls to 4% at 10 MeV.

In the estimations that was done in this
note neutron currents (from SDC note
92-361) with the energy 100keV<E<20MeV
were used assuming the detection
efficiency 2.5 % for scintillator counters.

1i.



JCLEAR INSTRUMENTS AND METHODS Io§ (1972) 573-584; © NORTH-HOLLAND PUBLISHING coO.

ACCURATE MEASUREMENT OF THE COUNTING EFFICIENCY
OF A NE-213 NEUTRON DETECTOR BETWEEN 2 AND 26 MeV*

M. DROSG!
Los Alamos Scientific Laboratory, Unicersity of California, Los Alamos, New Mexico 87544, U.S.A.

Received 4 July 1972

pe neutron detection efficiency of a liquid scintillator (NE-213,
gem diam. x 5.7 cm) was measured with various bias settings
,,mponding to proton energies from | MeV to 6 MeV. For
‘gutron energies below about 12 MeV a simplified calculation
i the data very weil and the uncertainty in the shape is less than

2%. The importance of contributions from the reaction
12C(n,n")3x above that energy is shown. An extensive survey of
publications dealing with the efficiency of organic scintillators is

also presented.
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The detection efficiency of neutrons by
SDC drift tubes is not known. It was
measured the sensitivity of the limited
streamer drift tubes to neutrons using
Cf2s2 spontaneous fission source GEM 92-
122. The detection efficiency of these
tubes is 0.4%.

Estimations of the efficiency of SDC drift
tubes show that it may be in the range
10**-4 or so.

Gamma convoy may rise this value up ( if
we will normalize to neutron flux).

The energy and flux of gammas strongly
depends on the material of shielding.

The ratio gamma/neutron may be in the
range 0.1-1 and efficiency of drift tubes
as high as 10%*%*-2,

In the estimations in this note the
efficiency 0.1% was used ( normalized to
neutron flux). This value takes into
account possible convoy of gammas.
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FIG. 7-15. Configuration of muon scintillation
counters in the forward region.
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It may be difficult to operate an
-efficient trigger system with only the use
of standard scintillator counters,
particularly at luminosity above the
design value. For this reason, we are
proposing, as an upgrade option, the
incorporation of multi-cell nitrogen gas
Cerenkov counters into the forward
trigger.
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The Cerenkov counter has the obvious
advantages for the background rejection.

¢/ The Cerenkov counter is very fast. It is
easy to achieve the time resolution better

than 1 ns.

¢/ The Cerenkov counter is completely
insensitive to the neutrons and the low
momentum particles expected as a main
background.

Momentum threshold for muons = 4.25 GeV/c,
for electrons and positrons = 20 MeV/c).

98% of the background particles in the Cerenkov box
have gamma < threshold value !

Background rate of the Cerenkov counter

- <<1

Background rate of the scintillator hodoscope

-
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CONCLUSION

¢/ Scintillator hodoscope can't operate a
robust trigger in the FMS (in the base line
geometry). It is very attractive to use
Cerenkov counter as a trigger device in the
forward direction

¢/ Background rate of drift tube is the
function of the efficiency and to neutrons
and gammas. In the reasonable assumption
on these values background rate is
acceptable.

¢/ The trigger rate is the sharp function
on neutron fluxes ( flux**6). To operate a
robust trigger we have to keep trigger rate
due to neutron background as low as
possible.
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How_ to minimize the neutron fluxes?

Key concept - to reduce the sources of
neutrons:

4 4 9

<
<

If we

Use right shape of beam pipe before Fcal

Use Fcal as deep as possible

Use the proper shielding against low energy
neutrons

Remove the secondary sources after Fcal

Use conical shape of beam pipe after Fcal

move low beta quads to the

position. Z=35m

¢

Luminosity will be only 24% less
We will remove radiation spot from FMS

Access to the experimental set up in this area
will be easier

A lot of integration issues will be simplified

GEM has already moved S-Quad from 20.5
m to 35 m.

-
-

o



Possible improvements of the geometry:

w Close FT1 and FT2 together.

= Move the FCAL to the interaction point
to reduce the leakage of neutrons to FW4
and FWS.

= Use the right shielding after (and may
be before FCAL).

w Move the quads as far from IP as

possible.

= Use right shielding around low beta
quads as much as possible.
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