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Silicon Detector Design Study

Initiated Victoria ALCPG Meeting 2004

*Design a comprehensive and robust
detector for ILC physics, aggressive in
performance, but constrained in cost.

*Optimize the integrated physics
performance of its subsystems.

|ldentify and encourage development
of needed detector R&D.

*Help engage an international
community of physicists interested in
the ILC.
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SiD Rationale

Jet energy resolution goal is 30%/E. Choose a
dense, highly segmented, SIW Ecal and Hcal.

High magnetic field limits radius and cost of
calorimeters and solenoid and maintains BRZ.

B=5Tesla
Si strip tracker for excellent momentum resolution and
robust performance Ap/pZ <5 x 10 GeV-

VX Tracker at minimum possible radius with max Q
Ad =5 @ 10/psin®26 um
Instrumented flux return for muon identification
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SID Starting Point

5 layer pixel VXT

5 layer Si tracker with
endcaps

 Si/W Ecal and Hcal inside
the C0i| solenoid

e 5T Solenoid

e Instrumented flux return for
muons detection

Compact: 12Zm x 12Zm x 12 m

SiD is moving beyond the starting point, with subsystem
designs, full G4 subsystem descriptions, pattern recognition
and PFA code development, and benchmarking studies.
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Geant4 Sim Package Input Example:
XML definition for SiD VXD

5 Layer CCD Barrel

o 4 Layer CCD Disks

 Be supports

 Foam Cryostat
<detectors>

<detector id="0" name="BarrelVertex" type="MultiLayerTracker" readout="VtxBarrHits">
<layer id="1" inner_r ="1.5*cm" outer_z ="6.25*cm">
<dlice materia ="Silicon" width ="0.01*cm" sensitive = "yes" />
</layer>
<layer id="2" inner_r ="2.6*cm" outer z ="6.25*cm">
<dlice materia ="Silicon" width ="0.01*cm" sensitive = "yes" />
</layer>
<layer id="3" inner_r ="3.7*cm" outer_z ="6.25*cm">
<glice material ="Silicon" width ="0.01*cm" sensitive = "yes" />
</layer>
<layer id="4" inner_r ="4.8*cm" outer_z ="6.25*cm" > 5
<dlice materia ="Silicon" width ="0.01*cm" sensitive = "yes" />
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Calorimetry drives the SID Design, and
Particle Flow drives the Calorimetry
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Starting] Defector Comparisons with PEAS

SiD Aug0s SiD B4 Aug05
15T 1%l PFA Results 130T W PFA Resutts
= 3.63 GeV 89.3 GeV 63% i -1 3.7/8 GeV 89.2 GeV 54% ~ gu
140+ ~gauss_1 — gauss_1
120
—sum = sum
-> 38%/sqrt(E -> 40%/sqrt(E
130T
PFA Results 1Mo+ PFA Results
15T Entiies 1502 Entiies 1501
1204 Mean 88273 1057 Mean £7.431
115+ Rms : 74077 100 Rms : &013l
1oT gauss 95T gauss
o5+ amplitude : 99.350 1 amplitude : &2.134
— mean : £3.312 & mean : £3.206
- sigma 3.6298 a5 T sigma 37750
95T
auss_1 T auss_1
2ih amplitude : 23.037 1 amplitude : 28140
85T mean 86,595 L mean 55954
-+ sigma 9.3030 70+ sigma 9.3492
BT sum 65 sum
04 amplitude :  99.35015925 -~ ampliude :  &2.13416.481
1 mean : 23124020 mean : £9.20630.301
o) sigma:  3.529840.3025 55+ sigma:  3.775040.3801
T amplitude_1 : 23.03715.765 s+ ampliude_1 : 28.14017.147
55+ mean_1 86.59540.573 mean_1 £5.95440.556
ok sigma_1: 9.303010.7763 45T sigma_1: 9.349240.8312
ol 1.0800 1 ol 1.1482
45T 40
40T 5+
BT 04
wT a5+
25T 0+
27 1
5+
15T
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[¥)
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SiD SS/RPC - 5 T field SiD SS/RPC - 4 T field

-> Somewhat worse performance in smaller field
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ECAL overview

» 20 layers x 2.5 mm thick W
10 layers x5 mm thick W

* ~ 1mm Si detector gaps
* Preserve Tungsten R, .+~ 12mm

 Highly segmented Si pads 12 mm?

|\

material
Iron 18.4 mm
Lead 16.5 mm
Tungsten 9.5 mm
Uranium 10.2 mm March 10, 2006

John Jaros



Conceptual design

« Very aggressive mechanical and electronics integration is needed to preserve
the Moliere radius

« \W plates joined by ‘rods’
» Wafers ‘on’ W

* ReadOut chips on wafers

FEA analysis is in progress
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Wafers and R/O

6.20 +/0.04

® Single MIP tagging (S/N ~7)

2500 MIPs

1 -

ic range O

* Dynam

 Bump bonded to the detector

e Low power <40 mW per wafer,

Unit mm
Traces to bump pads, typical

Bump Pad Array, v2.1
828103

DewilB

from pixels to a typical bump pad row

16 traces (maximum)
| Each trace 0.006 wide

=

ing

» 4 deep buffer for bunch train

passive CO0

Metallization on detector from KPix

1o cable

S5i Detector

Thermal conduction adhesive
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KPIX SID Readout Chip

+15,390 Lambda=1,846. 6um

Prototype now being tested at SLAC.

One cell. Dual range, time measuring, 13 bit,
quad buffered

2x16 Si
Strip

2x16
Calorimetry
Prototype: 2x32 cells: full: 32x32
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Particle Flow Hcal

P-Flow demands ~1 x 1 cm? segmentation, ~40 layers, 4\ deep
RPCs

Glass [ Pick-up pads
SF6/Freon/Isobutane
1 cm thick

GEMs

SCINT TILEs
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Higgs Studies Push Tracker Momentum Resolution

(T. Barklow Study)
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Si Tracker Momentum Resolution

Ap/p%~ 2 x 10>

WITH 2uM BEAM CONSTRAINT
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< E_,> Precision Depends on Resolution

(T. Barklow)
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SID Integrated Tracking

e Silicon Tracker iIs
fast (1 BX only)

 Silicon is robust
(No HV trips)

e Tracking System
VXD
Si Main Tracker e
Ecal
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Si1 Sensors See Just 1 BX

TPC Livetime 40 ps ~ 130 BX Si Tracker Livetime 100ns ~ 1 BX

18k e pairs/130 BX 140 e pairs/ BX

86 hadronic events/130 BX 0.7 hadronic events/BX
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Pixel Vertex Tracker VXT
5 layer |[cos®| < 0.976 I

Layer 1 @ 1.4 cm

AB/0 ~ 5 x 10°forward
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VXT Mechanics

Double-walled CF

Support Cylinder 5-Layer Barrel

Air In Beam Tube cos(theta) = 0.99 Air Out
i v ¥ 3 f SR TR 1L F £ Fy v 3
1 T/ JT =

L i

N
S AHA\\ "Ia\ /f‘a 4 lall {'Q:." vily vHv

= 7z X rd

Barrel Suppor\/
Membranes

Forward Disks

_—

Support Structure
Connections to
Pixel Disks with Beam Tube

Support Membranes (4 places)

Sensors:

IR_A = 14, 22, 35, 47.6, 60 mm

IR_B = 15.15, 23.13, 35.89, 48.41, 60.77 mm
Active widths: 9.1, 13.3 mm

Cut widths: 9.6, 13.8 mm

Beam pipe IR: 12 mm

Beam pipe OR: 12.4 mm

March 3, 2006

Oblong boxes are openings in end rings
and end membranes for cables, optical fibers,
and air flow.
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Possible VXT Technology
Monolithic CMOS Pixel Detectors

Big Pixels
50u x 50y

Small Pixels
Bux bu

Two active particle sensitive layers:
Big Pixels - High Speed Array - Hit trigger, time of hit
Small Pixels - High Resolution Array - Precise X,y position, intensity
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Silicon Main Tracker SMT

5 Axial Si microstrip layers 5 Endcap disks
CF/Rohrcell foam cylinders r/¢p Si microstrips
0.8% X, per layer total 1.3% XO per layer total

Power and Readout at ends

& Closed CF/Rohacell

composite cylinders
& Nested supportvia %%
annular CF rings
& Power/readout |

distribution mounted | 5#.4 ‘
on support rings* |
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Si Tracker

Layout of Tracker Barrels o
material CF/Rohacell N

\ Readout chip :»1c>(l-l:,lleF l:nunltmg Fin Y

", part of barrel) \

Silicon § S \viateria PEEK N,
(10am X Locn “\\ p— ) \

\
Module Maunting Flange —
maerial: CF/PEEK

10x 10 c>\g2 sensor module tiles cylinders

Cable

One KPix readout’thip per module.
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Access to VXT and FWT

I
COIL
|
HCAL
|- i ECAL
|
HCAL ] HCAL
— 1 — 1""11“
e
— Ll - [11"" "
HCAL ,I HCAL
|
[ ECAL
|
Zm | HCAL
0.8m_,
COIL
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In to Out Pattern Recognition

* Begin with
all combinations of 3D VXD hits.
* Attach hits in tracker in 2D

space to find tracks.
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Tracking Efficiency

Vertex-Seeded Tracking Efficiency ~ 95%

The rest is KYs and A’s and long lived charm and b’s.
Catch them with stand-alone and out-in tracking.
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SMT-Only Track Finding Is Efficient

T. Nelson

t tbar Events

Zh Events

Tracking Efficiency
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5T Solenoid
Radius: ~ 2.5m to ~3.32m, L=0.4m; Stored energy ~ 1.2 GJ

Feasibility study at Fermilab demonstrated that this 5T solenoid
can be built, based on CMS design & conductor.

HEF Detector Superconducting Solencids
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Stresses and forces comparable to CMS.
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SiD coil

| | Il.” III | IIIII I||||I I:III ||_||:
| | | I:Ig!H!UEI!! I-||”| II,IIIIIJTI |
i I.'I ifil ] . ]

2 Same conductor as CMS
o CMS (4 laver)=» 5iD (6 layer)
o CMS 5 modules 2.5 m long

= 5iD 2 modules 1.6 m long
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Field Uniformity and Stresses Evaluated

5iD On Axis 20, R=10.0

5.033

3.775

1.259 2.517

.46ZE-03

3. 146 4.404 5.752

l.888

. 629532

28
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Muon System

Have Hcal, Need Muon system?

Eff. & Purity vs. Interaction Lengths
1

o
©
[ ]

o
o

Efficiency/Purity

R | Endof
02+— u Puriy HCal
2.3m Fe (14)\) 10cm layers Efficiency ~95%
Instrument 127 gaps Increasing A boosts purity
Projective xyu readout  Technologies 69% — 86%
¢~ lcm Glass & Bakelite RPCs
Scintillator and Photo-detectors
GEMs
Wire Chambers
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Beamcal

W. Morse et al.

Printed by Jason Farrell on 1/27/2006 4:18:41 PM
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Accounting for Costs

Cost by subsystem

BR"2 Fixed, Vary R_Trkr

1000

800 \
600 /

Electronics

Muon System

920' 200 7// —— R _Trkr
—=—d$/dR
Cost minimum 0 [ttt
0.00 0.50 1.00 .50 2.00 2.50
vs. tracker 00 /
Excel Spreadsheet allows ~ radius | /
study of costs vs detector "
parameters, includes fixed R_Trkr (m)
costs. US accounting style .10 2006 a1
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SID Costs

SiD Costs by category
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* Ecal, Hcal, Magnet dominate the costs.

* Include contingency, escalation, indirects
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SiD’s Highpoints

VXT 5T Field allows smallest beam pipe radius.
Endcap design maximizes Q, improves resolution.

Tracker Siis robust and fast. Backgrounds are minimized.
Momentum resolution is superb.
Combined tracking system (VXT+SMT+ECAL) is
fully efficient.

ECAL Good resolution (AE/E~ 15%), superb transverse
and longitudinal segmentation.

HCAL Moderate resolution (AE/E~ 50-80%), good
segmentation.

Solenoid 5T. Follows CMS design. Feasible
Muon Instrumented flux return
Cost Constrained and optimized

New Participants for SiD Design Study Welcome!

See http:/lwww-sid.slac.stanford.edu
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SID’s Next Steps...

Finalize the SiD Detector Qutline Draft

Preliminary Draft available on SiD Website:

see http://www-sid.slac.stanford.edu
Optimize the SID Design

Global Optimization: PFAS = R ,cker Lecar» B

Local Optimization of subsystem parameters

Flesh out designs for remaining subsystems
Develop and coordinate SiD R&D Plan

Benchmark SiD performance with physics studies
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7 N\
’ Sz D ° Information Meeting

Time: March 11, 2006
Location: SSCU
Agenda
Why SiD for an ILC detector? Jim Brau
SiD R&D Plans Andy White
How to get involved with SiD Harry Weerts
Questions, Answers, and Discussion ALL
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Single BX Livetime = SID Occupancies are
Low, SID Pattern Recognition Robust

2
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Tracks/cm?/BX vs Radius of hit “VXD Seeded” Tracking Efficiency ~ 95%.
Layer #1 of the Forward Tracker | osses are K’s and A’s; they are recovered by
Occupancy < 103/BX “Ecal Seeded” tracks and “Stand-alone Tracking”
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Revisit Performance: Jet Energy Resolution

Higgs Mass
Measurement

e'e - ZH
— qgbb

Js=FG&V/
=o0liok

C | 1 |
100 120 140

My, (GeV)
March 10, 2006
John Jaros

2000

1800 ; 5Ejd

1600 E— E = 04
1400 - jet

1200 1 AM, =46 MeV
1000 =

800
600
400
200 |\

o

g:a'.l TT ||||
o
"Q),

-
o
o
=
N
o
-
B
o
-
(2]
o

2000
1800
1600
1400
1200
1000

800
600 H
400
200
D | 1 l l L L
100 120 140 160
My, (GeV)
37



Calorimetry Drives the SID Design

Bread and Butter Precision EW Measure Higgs Self Coupling A,
or Signal of Strong EWSB?

Unconstrained kinematics needs Tiny (0.2 fb @ 500 GeV) signal
high resolution cal to discriminate on large multi-jet backgrounds
WWvv, WZev, and ZZvv events. IS only visible with high resolution

D
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