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Gross dimensions, including FF optics
transport tube and electronics platforms

129 m
A
12.7m
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~30 m including near FF transport
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' I n BASIC COMPONENTS OF DETECTOR

uov

VB
" Calorimeters ~ 1000 t

(B

IBC @%’ _ Vertex Detecior

Solenoids ~
200t each ?

Budker Inst?™ "
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".'IE 4th 1s “different” 1n almost every possible way

(we are not trying to be different, or difficult)

Flux return by a second solenoid (and therefore no
iron mass) 1s a big deal.

e 4th 1.5 Kt

e SiD 10 Kt

e LDC 10 Kt

e GLD 17 Kt

As a consequence, almost every problem you can
think of 1n the IR 1s easier; physics 1s better, too.

Self-shielding solution (T. Sanami and A. Seryi) 1s
discussed later.
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General parameters

13m x 14m outside
Final Doublet attached to detector frame out to +/- 15m

About 1.5 Kt ... mostly calorimeters and two solenoids

e Calorimeters: 100 m”3 of brass ~ 900 Kt
e Solenoids: ~2 x CMS ~ 2 x 200Kt ~ 400 Kt

Tracking field: 3.5T
Muon tracking field in annulus between solenoids: -1.5T

Outside the outer solenoid: ~0

2-4 m
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Magnetic field of dual solencid and wall of coils
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iln Magnetic field configuration

4TH DETECTOR 21:16:07 10/17/06 4TH DETECTOR 21:21:15 10/17/06
1 1 1 ! ! ! ! FlexPDE 5.0.12 ! ! ! ! 1 1 FlexPDE 5.0.12
[ FLUX DENSITY B 8] | MAGNETIC POTENTIAL
74 L o o o L = zoom(-8.0.8.7) [ zoom(-8.0,10.8)
N [ 16.0 . [ max 7.38
e L 15.0 r o: 7.00
5| ) : r .E 140 r n: 6.50
Sl . . [ | 130 [
[ — 12.0 6] r
5| : - [ — 11.0
10.0 i
5
$.00 o 3.00
4 7.00 Sen
6.00 f: 2.50
= 5.00 e 200
4.00 d: 1.50
34 3.00 c: 1.00
200 b: 0.50
oes min -0.33
1]
o0
T
8 7 8 6 4. 0
z
4th coils: Grid#1 p2 Nodes=57(N Cells=2806 RMS Err=0.0012 4th coils: Grid#1 p2 Nodes=5707 Cells=2806 RMS Err= 0.0012
Energy= 2.786977e+9 Energy= 2.786977¢+9 Vol Integral= 1598.607 Center Of
detector

J(A/mm”2). 1; 8; 4.2; 3.3; 3.7; 1.7
Force(tons): 1.75; 102; 131; 135; 111; 10

e In a future optimization, all coils will have approximately the same current density
e Field outside the detector can be zeroed to any level required by a proper current distribution
e The coils can be fixed easily at the end plates
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'.'IE Deformations of end coils & support

Maximum deformation is in z, 1t 1s less that 5Smm, and in the middle of
the holder. Active movers and reinforcements can compensate this.

Directional Deformation | 2 Axis ) Equivalent {von-Mises) Stress
¥ 1e-2m % 187 Pa

Max: 4.576e-003 Max: 5.5314e+007

Min: -8.601e-005 i Min: 2, 403e+005
2006/10/27 11:26 - 2006/10/27 1127

0,458 5,314

I 0,406 ek Y I 4.726
foi

0,354 9 . 4.139

0.302 ] Skl

0.250 e | VIax A 2,963

0,199 2,375

0,147 ot

0.095 g

0.043 J 0612

0,009 0.024

Calculated by V. Medjidzade; calculations carried out by B. Wands, also.
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17:43:49 10/23/06
FlexPDE 5.0.12

POTENTIAL

Stored energy
is ~2.86 GJ for
3.5T axial field

4-th 3D_extended: Grid#1 p2 Nodes=222970 Cells=163441 RMS Err= 6.7¢-4
Energy= 2.912020e+9 Integral= 329.2799

Magnetic potential

211.5+

i Compensational

| solenoid deals with
residual part of
transverse kick

126.7-

e/ /({11 Field for muon
spectrometer

0.5+ 0 1 i i
581.2 6236 666.0 7084 750.8 793.2

4th detector concept

For tracking field homogeneity the current density in main coil has a
quadratic longitudinal dependence. In a simple sense, itis a
Helmholtz-type system with increased current at the ends.

4TH DETECTOR 19:01:50 10/23/06
FlexPDE 5.0.12
35 Bzat axis, T
from (0.0)
Z to (12,0)
3 a:Bz
=
=
=
S
2]
z

4th_coils_extended: Grid#1 p2 Nodes=5904 Cells=2903 RMS Err=0.0015
Energy= 2.760461e+9 Surf Integral(a)= 1.187442¢-3 Surf Integral(b)=-1.105769¢-9
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Surface (SX) assembly

50m x 50m for assembly and storage
headroom of 30m

the largest and most massive single item is the outer
solenoid; it will be assembled at the surface from five pieces,
like the CMS solenoid, and inserted into its cryostat on the
surface. We could use the full 50m x 50m with crane access.

the fiber dual-readout calorimeter consists of about 100 10t
scalable modules in a truncated pyramid geometry. Assembly
of arrays of calorimeter wedges can be done before lowering
into the UX.
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'-'lE Underground (UX) assembly

30m x 50m x 25m is ample space

225 t (~ CMS coil cold mass) - this is maximum
Calorimeter in 10t wedges

15 m diameter

Titanium frame;
wall of coils

muon chambers
calorimeter wedges
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'-'lE Repositioning accuracy & alignment

The absence of iron means that almost all points in the detector,
even some interior points, can be viewed from an outside single
point, or a few points. This opens up many possibilities for
alignment, most naively, optical alignment to a wavelength with
lasers.

transverse and vertical position:  ~ 1 micron
along the beamline: ~10 microns
rotational angles around three axes: ~1 micron over Sm

intra-detector misalignments: optics by line-of-sight
and, most importantly, the huge forces on an iron
volume 1n a magnetic field are absent.

probably limited by thermal expansions in different parts
of the structure.
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iln Opening procedures
o
* on beamline
* move Lumi/Beam-Cals out
* move wall-of-coils out 2m
e lift muon spectrometer chambers out vertically
* move calorimeter modules out axially

At this point, the interior and the tracker ends are
accessible. The FF support has not been moved.

e the tracking chamber can be ‘push-pulled’ to
the other end

 vertex chamber 1s moderately accessible in
this position
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iln i
i Opening procedures

o off beamline
move Lumi/Beam-Cals out

remove FF optics support tube, containing vertex
chamber

move wall-of-coils out 2m

l1ft muon spectrometer chambers out vertically

move calorimeter modules out axially

IRENGO7 17-21 Sept 2007 4th detector concept John Hauptman 15



i Final Doublet support
LY

* The Final Doublet (FD) is attached to the
detector as indicated in the figures on slides 2
and 3. Active corrections include slow
mechanical and fast piezo-electric movers.

* The FF optics is integrated with the detector
all the way to the vertex chamber, and all
possibly cryogenic.
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Dual solenoid system

Directional kicker

Valves for
push-pull
disconnection




FF optics just inside the wall of coils

_./

Cryostat with single bore quads and sextupoles







Vibration isolation pads can be used here

Maybe “noise
cancellation”
earphones on
the electronics
houses; it's

mostly 60n Hz.




,',l,': Forward Lumi/Beam-Cal supports

* The absence of Fe, and the Fe snout that captures
the flux to be channeled around the detector, means
that this region of the detector 1s wide open. There
are muon chambers filling the volume out to the
wall-of-coils at z=6.5m, a beam-twist compensation
solenoid at small radius at z=7m, and open space
after that.

e Therefore, the masks and calorimeters can be
supported 1n a number of ways, either inside the
1.5m-deep fiber calorimeter or outside the
calorimeter, and are easily moveable.
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'-'I't: Inner detector beampipes

 What is geometry & sizes of inner beampipes,
from IP to start of Final Doublet

* What is alignment accuracy needed for the
iInternal beampipes and how it is achieved

This 1s not worked out; however, the entire FF optics
and vertex chamber are inside one tube support
through the detector, and with the open no-iron
geometry we hope to align this tube after movement
to some high precision.
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ilr Stability
o

e How is stability of FD supporting surface
provided? (< 50nm rms/300 ns)

an active system can provide this stability

the FF beam delivery i1s 1solated from the electronics racks
and the IR hall, as well as can be done

e \What rate of slow settlement (e.g. 100micron/
month) could be tolerated?

10 mm/month correctable by mechanical and piezo-electric
means 1s tolerable
e Temperature & humidity stability requirements,
and acceptable gradients?

— Active alignment and stabilization system takes care of
these
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,’,’,‘: Radiation shielding without iron

T. Sanami and A. Sery1 have calculated the doses 1n the
IR for an unshielded detector, e.g. 4th. This 1s
excellent work that we could not have done ourselves:

“Detector without self-shielding in the IR hall”, T. Sanami and
A. Sery1, SLAC, circa July 2007.

The concrete shielding required would be instrumented
with RPCs for timing, cosmic vetoing, time-of-flight
for odd penetrating objects, tachyons, etc.
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e T. Sanami and A. Seryi
(JLF
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T. Sanami and A. Seryi

MARS15 geometry

MARS GUI-Slice;)
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T. Sanami and A. Seryi

Caseb, Result

Beam
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The wall and curtain
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'-,IL‘ Hermetic calorimeter as a shield

e The 4th dual-readout calorimeter is 10 A; and 100 X,
e 2.5m of shielding concrete is 6 M and 23 X,

e 3m of Fe 1s 18 A1 and 170 X,

So, 4th+2.5m concrete ~ 3m Fe

We would want to “instrument” the shielding concrete with
RPCs to serve as a cosmic veto, a time-of-flight counter for
odd-objects (weak, neutral, slow SUSY)), tachyons, or just as
a time-history monitor of energetic activity in the IR.
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'-'I't: Services & connections

 What systems are connected to detector and
travel with it and what are remote and fixed

— The 1nner solenoid 1s essentially the CMS solenoid; the
outer solenoid is easier. Not sure about remote/fixed.

electronic racks are proximate to detector, but vibration
1solated.
« Parameters of these systems
— Same as CMS for solenoids.

— 4th has a modest number of channels, in particular the
calorimeters have ~100K channels with on-board
electronics
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Fire safety

« OK

* OK, CMS HF HV

» OK, detector is largely “open” to access almost
everywhere
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:p Mechanical structure
LV

* Note by Bob Wands, 20 October 2006.

* The current first-cut design of the dual solenoids
has a few problems, but no show-stoppers.

* The huge forces on Fe inside a B-field are absent.
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IIIMITI- ) PPD/MD/Engineering Analysis Group

Magnets and Supports

" Concopt Betotor ot Fermi Bob Wands  October 20, 2006

Magnetic field analysis; coil technologies;
preliminary structural calculations; modal analysis

e Stored energy 2.86 GJ
e Radial force 1s decentering ~ 0.4 t/mm

e Axial force 1s centering  ~ 0.8 t/mm
* We need to relieve forces on coil ends
e Optimize, but no show stoppers

e Excellent note on conductor options,
mechanics, support, remedies, solutions




1L

IRENGO7 17-21 Sept 2007

Bob Wands, 20 Oct 2006 note

MODAL SOLUTION
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NODAL 3CLUTION
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il Seismic safety
JLT

Bob Wands
modal analysis:
these low
frequencies and

their harmonics
will likely be a
problem for =z~
ground motion.
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,-,l'l: Other issues: a neutron sink

* Problem: neutrons of a few MeV are liberated
1n the hadronic calorimeter at a rate of ~ 40
neutrons per GeV of hadronic showering
energy. They proceed to fill the IR with a
constant ambient level of thermal neutrons that
can provide backgrounds in gaseous trackers
and some electronics.

* Solution: line walls of the IR (or the detector)
with a wax-Gd-wax-Gd-wax neutron sink.
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sl Tron Age physics: why we don’t like it
JAr
* An 1ron yoke adds little to the magnetic environment,
1s not necessary for field uniformity, serves as only a
crude pion filter, and ruins the momentum resolution
on a muon.

The 1ron may be good for hanging the calorimeter,

but 1t also forecloses forever alterations,
improvements and additions to the detector outside
the calorimeter.

Access and movement are more difficult, push-pull 1s
more difficult, including supports and floor settling.

* It 1s not cheap: CMS iron is $75M.
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- I p  Letme end with, rather than having begun with,
Hu some “basic principles”

Returning the flux with a second solenoid and the wall-of-coils

a) confines the field almost completely, no fringe field,

b) reduces detector-distorting forces associated with the
field to almost zero;

c) allows a second muon momentum measurement and
contributes to muon identification by energy matching,

d) allows the cancellation of detector asymmetries in
quark asymmetry measurements by B— -B everywhere,

e) allows additions outside the calorimeter in future years

(think Lead Glass Wall, or anti-neutron counters on the Magnetic Detector),

f) push-pull is easier, and,

g) you have complete control of B on and near the beam.
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'-'l'l: Other issues: a better solenoids

» the CMS is our standard, just like the SIiD 5T.

* but, itis 20 years old. The world needs a better,
cheaper solenoid.

* We should team with BINP physicists who built a
couple of nice, but small, solenoids. Series

radius (m) beam test burpose
0.3 vertex

1.0 tracker

3.0 tracker+calorimeter
5.0 experiment prototvoe

« at 2 x $200M + push-pull costs, this is one BDS.
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14 mrad crossing angle can be accommodated by 4th CD frame

Active system supposed to be in use for moving the lenses. It eliminates influence
of asymmetric deformations induced by ponderomotive forces and ground motion

In addition to standard optics we are considering the adiabatic final focusing with
local compensation of chromaticity and residual dispersion at IP

Dual bore SC quadrupole developed
and tested at Cornell.
Distance between room temperature

walls ~25mm

Beam optics with crossing angle might look pretty similar.



Detector Frame

F/D/S cryostats Active systems for positioning

Isolation pads

ANNNNNN ANNNNNN




e GLD
1o

BDS tunnel
¢45m”
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IR Design L*=3m (TESLA

FTD

@d
L*=3.00m | ] o
Vertexdetector ; ~ T t I
| ! _E
E :
=
27.5 mrad S I Quadrupcle
e -
P —
-..._- \\
d f [,
Graphite LCAL
Inner Mask
Problems:

* Precision Luminosity measurement with LAT is difficult
* Hermeticity gaps (LAT-ECAL)
* Fake photons

K. Buler 1st ILC Workshop 14.11.2004
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Proposed Design for L* 24.05 m

4250

i This design is obviously
T el dependent on the Pole Tip

global detector design

JE— : ¥ i

Cal ""l" E'“* g

Beam
zal

' Luml m"l [ Eloc

VTX—Elec

________________________________

long. distances
LumiCal 3850 3250

Pump 33503500

BeamCal 3650...3850 HCAL Pnle Tlp
L 4050
Design by Achim Stahl
K. BURer 1st ILC Workshop 14.11.2004
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