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EMcal

Short Modules 
region454 mm

964 mm

Staggered layout

Only 2 masks for the wafer and 8 for the kapton3.6 m

M.Oriunno, SLACECFA Workshop, Warsaw June ‘08



1.8 m
Level 1 

Concentrator
EMcal

1.8 m

Level 1 

3.6 m
Racks

Concentrator

200
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•Plate thickness-20mm
•Gap thickness-8mm

Hcal

Gap thickness 8mm
•No point cracks to IP
•Detector are removable from gap
•Absorber Material Brass (Cu-90%,Zn-10%)

Projective Tilted

M.Oriunno, SLACECFA Workshop, Warsaw June ‘08The whole system (Hcal & Ecal) slides inside the vacuum thanks to rails



Sandwich assembly : 

Brass plates with steel plates at the BracketSteel Plate

Hcal

p p
inner and outer radii 

S

Brass

Steel

Brass

Steel

Absorber

Screws

BrassBrass

Detector

Absorber

SteelSteel

Detector

Absorber

Absorber
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Absorber



Iron Barrel Yoke layout
Bolted assembly, 144 plates 200 mm thick, 40mm gap

Opportunity to make blank assembly at the factory before shippingpp y y y pp g

Preliminary Contacts with Kawasaki Heavy Industries

• Plate thickness tolerance for each: 0.1mm 

• Plate flatness: 4mm (in a plate)• Plate flatness: 4mm (in a plate)

• Fabrication (assembling & welding) tolerance: 2mm

• Full trial assembly: capable (but need to study)
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Iron Door Yoke, Bolted assembly, no vertical split

• Uses continuous cast steel plates rolled to  
200 mm thickness

• 40mm gaps for muon identification 
chambers

• Plate-to-plate spacers are staggered for 
better muon identification coverage

• Bolted construction
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Bolted construction
• 100mm thick inner support cylinder



The solenoid is done by two coil modules of 6

5T Solenoid

Two separate chimneys are required 

The solenoid is done by two coil modules of 6 
layers each. The winding if self supporting with 
an outer quench-back cylinder 

1. OD360mm for Cryogenic piping

2. 700 mm x 400mm for current leads

Results based on preliminary calculations and p y
extrapolation from the CMS solenoid

 SiD CMS Units 
B2R Coil 73.68 53.28 T2m 

CMS 
CONDUCTOR Option 1 Option 2a Option 2b Option 3

Possible SiD Conductor Options

B Field 5.00 4.00 T
R Min Sol 2.60 2.97 m 
R Min Coil 2.75 3.18 m 
Z max Coil ± 2.89 ± 6.2 m 
Z max Sol ± 3.19 ± 6.5 m 
DR Coil 0.40 0.308 m 
R Max Coil 3.15 3.49 m
R Max Sol 3.44 3.78 m 
Ravg Coil Package 2.95 3.33 m 
Stored Energy 1’570 2’690 MJ 
Number of layers 6 4  
Current 19 19 kA 
C t D it 12 68 A/ 2
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Current Density  12.68 A/mm2

Total turns 1464 2168  
Inductance 12.9 14.15 H 
Total Mass 125 220 t 

Ultra High Purity Al
6082 T6 Al
Superconducting Cable

Al – 0.1 % Ni
Stainless steel cable
Aluminum/matrix composite



Cold mass kept cold by indirect method with a Thermosyphon circuit integrated in the quench back cylinder

Solenoid Cryogenic
Cold mass kept cold by indirect method with a Thermosyphon circuit integrated in the quench-back cylinder

Current leads

Sect A-A

A A

Cryogenics

Coil Mod 1

A

Coil Mod 2

M.Oriunno, SLACECFA Workshop, Warsaw June ‘08



B Modulus Field
Fringe  Field (Baseline)

Fringe Filed Improved
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plates are 20 cm; gaps are 5 cmclearance is 1 cm

Magnetic Field

Fringe Fields at R = 6.5 m (~ 0.5 m outside barrel)
Fringe Fields at R = 7.5 m (~1.5 m outside barrel)
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Beam Pipe Fabrication

• Stainless steel beyond Z = 759 mm.
– That allows more standard welding and fabrication techniques.
– Beryllium to stainless transitions should be done by the fabricator of y y

beryllium portions, but the stainless steel portions could be made by a 
different vendor

• Brush-Wellman visit: Be up to flange at LUMICALBrush Wellman visit: Be up to flange at LUMICAL
• CMS-like foldable ion pumps behind LUMICAL if needed

– Expected that MDI group relaxes vacuum spec at IP
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The interface document or EPAC08 Paper 
to be Improved by Warsaw then Chicago LCWS

List of functional requirements

1. Two detectors in a single collider hall, able to work in 
turns, in push-pull mode.

2. The hardware design should allow the moving 
operation, reconnections and possible rearrangements 
of shielding to be performed in a few days, or less than 
a week.a week.

3. The IP to start of QD0 quadrupole (L* parameter) would 
be in the range of 3.5-4.5 meters (different L* is allowed 
for different detectors), while the distance from IP to the 
second quadrupole QF1 is 9 5 meterssecond quadrupole QF1 is 9.5 meters.

4. The range of detector sizes considered in the design 
include detectors with half size of 6-7 meters, 
performing optimally

5. The off-beamline detector is shifted in transverse 
direction to a garage position, located 15m from the IP.

6. The radiation and magnetic environment, suitable for6. The radiation and magnetic environment, suitable for 
people access to the off-beamline detector during beam 
collision, are to be guaranteed by the beam line 
detector using their chosen solution.

7 The IR and detector design is to satisfy the beam
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7. The IR and detector design is to satisfy the beam 
parameters defined in the RDR [1] including nominal, 
Low N, Large Y and Low P parameter sets.



SiD specific MDIs

• Engineering in the FCAL Region
• QD0 support
• Pacmen Shielding
• Experimental Vacuum Chamberp
• Push pull without platform
• Detector Assemblyy
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SiD r<50cm, L*=3.664m, 14mrad, 
Push-Pull, QF@9.5m, Door Closed
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LumiCal Z-location

EMCalEMCal 8

ILC 500 GeV Nominal + DID
Neutrons from Pairs

8

ILC 500 GeV Nominal + DID
Neutrons from Pairs

250 GeV e-
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LumiCalEMCal • Low Z layer in front of 
BeamCal to absorb low energy 
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• 10 cm thick Be (0.28X0)
• Other material to absorb 

neutrons as wellE

θ

•
•

-15
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E
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•
•
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neutrons as well

18 82 0Graphite

35.31.8Be

X0 (cm)Density (g/cm3)

18 82 0Graphite

35.31.8Be

X0 (cm)Density (g/cm3)
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cosθcosθ
45.60.9Borated 

Poly

18.82.0Graphite

45.60.9Borated 
Poly

18.82.0Graphite

Borated Poly is more effective in absorbing neutrons.



E l
Yoke

Forward Detectors Integration

Ecal
Hcal

Lumical
Mask

Beamcal

Det. Support FEA
Forward det.s support

Det. Support FEA

440 mm

25 mm

Max vertical deformation 1.3 mm
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1750 mm



Vacuum Integration 
The beam tube in the experiment must be compatible with the tracker andThe beam tube in the experiment must  be compatible with the tracker and 
the vertex performances-integration

Historical tight integration region : pumps, beam instrumentation,  flanges, 
b ll tbellows etc. 

Present vacuum requirements :q

P < 1nT in the BDS

P < 100nT in the experimental region

•We may rely on the cryopumping from 
QD0 

•We do not need extra pumps

•We do not need periodic bake out in situ. 

Open point :

•The beam instrumentation required•The beam instrumentation required

•Shut-off valves

M.Oriunno, SLACECFA Workshop, Warsaw June ‘08
Discussed at IRENG07
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QD0 integration and movement as in SLD

Cam detail

R230 mm

35 mm D390 mm
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Door inner ring 
D230 mm

Gap 35mm

Door inner ring 
D230 mm

Gap 35mm
230 mm

QD0 movers (5 d.o.f.)

QD0

D390 mm

QD0

D390 mm

390 mm

2 d.o.f. Door Iron 
Plates

Stepper Motor

5 degrees of freedom

Door Iron 
Plates

Stepper Motor

5 degrees of freedom

Steppers

3 d.o.f. View A-A

St

QD0 
Cryostat

Steppers

Steppers
Cam-wedges

Shaft
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Steppers

View A-A



8650 mm
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8650 mm

Close Position Close Position on the beam

2 m

M.Oriunno, SLACECFA Workshop, Warsaw June ‘082 m Open Position Close Position off the beam



Integration of the QD0 cryoline

He2 cryoline

2 m opening on the beam,

1. The QD0 service cryostat on ancillary 
platform, fixed to the SiD barrel infrastructure

2 H 2 li i id t d t QD0 th h2. He2 cryoline rigid connected to QD0 through 
the Pacman

3. No relative movement between QD0 and He2 
line when door opens.

4. The ancillary platform allows the QD0 
cryogenics to travel with detector during push-
pull

5. Additional space for racks, controls et al.

QD0 service 
cryostatcryostat
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Hilman Rollers

Ancillary platform



2m Door opening Procedure, on the beam

Shielding

Dogleg cryo-line

2m QD02m

Extension tube QDF
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Pacman Radiation Physics requirements
Cross sect i on of  t ransver se
Packman

Horizontal cross section
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Packman

Horizontal cross section
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From T.Sanami, IRENG’07
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BDS t unnel

Beam Line

50
50

50
25

0

3
0

0

1
0

0

Pacman

BDS tunnel

Detector area

3
0

0
0

SiD

Cross sect i on of  t ransver se
BDS t unnel

Beam Line

50
50

50
25

0

3
0

0

1
0

0

Pacman

BDS tunnel

Detector area

3
0

0
0

SiD

•Adjusting pacman to reduce 
dose below 250mSv/hr
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Rotating Pacmen

Electrical motor, low 
friction hingesCMS g

CMS
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Torque =151 ton*m
27 Tons

Torque =151 ton*m
27 Tons

Concrete +Iron 
90 tons / half 

pacman

5600 mm

Concrete +Iron 
90 tons / half 

pacman

5600 mm

3360 mm
27 Tons

3360 mm
27 Tons

Concrete +Iron Concrete +Iron 
36 tons / half 

pacman EMcal +Hcal

36 tons

36 tons / half 
pacman EMcal +Hcal

36 tons

Iron yoke 
Door

2’200 tons

Iron yoke 
Door

2’200 tons
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SiD Forward Shielding

Foldable parts on the 
IR wallsIR walls

Sliding parts on the 
d
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doors



SiD Forward Shielding
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SiD Forward Shielding
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SiD Forward Shielding

Design requires 
QF1 on a pier
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SiD Forward Shielding
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NB: Door PACMAN drawn in 
reverse by error in this slide



SiD Forward Shielding
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NB: Door PACMAN drawn in 
reverse by error in this slide



SiD Forward Shielding
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NB: Door PACMAN drawn in 
reverse by error in this slide



SiD Forward Shielding
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NB: Door PACMAN drawn in 
reverse by error in this slide



IR Hall Assumptions
1. Push-Pull and doors opening with Hilman Rollers

2. Racks and ancillaries on SiD or on a side platforms (location driven by the the fringe field)

3. Cold Box off detector (in the hall)

4 Flexible cryogenic transfer line (100mm OD) Solenoid-Cold box4. Flexible cryogenic transfer line (100mm OD) Solenoid-Cold box 

5. He compressors remote  

3.5 kton capacity 
recently manufactured
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On beam Off beamOn beam

30 m
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Platforms, vibration and  nanometric machines

CMS platformCMS platform

Modal analysis (first 20 mode extracted)

1st, 41 Hz
6th, 67.8 Hz

2nd, 43 Hz 7th, 68.1 Hz
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MDI specs decision flow
Interface Doc.

Functional 
Specifications

Today

Technical (Platform)

Solution #1

IR / MDI

( )

Tomorrow
SiD

Technical 
Solution #2

IR / MDI 

Technical Specifications
IDAG + MDl

(Rollers)

Technical 
Solution #3

IDAG + MDl

(QD0 supp.)

ILD

Solution #3

T h i l

(QD0 supp.)

4th
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Technical 
Solution #n (Pacmen) One day



Thanks for your attention!
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