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Silicon Tracker (SiT) andSilicon Tracker (SiT) and
Forward Tracker Detector (FTD)Forward Tracker Detector (FTD)

! 20 µm x 20 µm Si pixel or Si strips (1D 
or stereo)

! Barrel : 5 layers subdivided in 
staggered ladders

! Endcap : (4+2) + (4+2) disks Si pixel
! FTD: 3 + 3 disks Si pixel
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! SiD layout + FTD
! Not parametrized geometry yet



Lepton Collider Goals
To dissect, in much greater detail, new physics discovered by the LHC: 
Higgs/EWSB, SUSY, Z′, Extra Dimensions, ???  This requires:

A machine with much better defined initial-state kinematics and lower backgrounds 
than the LHC

A detector capable of much more precise event reconstruction than LHC detectors. 
For tracking/vertexing:

far less mass than LHC trackers (~ 1/5-1/10 CMS): pT res (< 50 GeV/c), tagging, ECal res

d(1/pT) < 5×10-5 GeV-1 (~CMS/3): pT res (> 100 GeV/c)

impact parameter σxy = σz = 5 ⊕ 10/(p sin3/2θ) µm (~1/2 - 1/10 CMS): flavor tagging

excellent forward performance (to cosθ=0.99, θ=8°) : t-channel / fusion processes

These requirements have driven development ILC/CLIC detectors and must be 
considered for any lepton collider that wants to have same physics capabilities.
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ILC Machine and Backgrounds

Timing: trains at 5 Hz, 308 ns bunch spacing

pulsed power electronics: reduction ~100×

single bunch time tagging relatively easy

Backgrounds: dominated by e+e- pairs

rate/bunch crossing is very small

can relax single-bunch timing to reduce power

Radiation Environment: ~1/10000 LHC
very few technologies excluded, even in VXD.
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Bunch Structure at the ILC

~3000  to ~6000  bunches/train

5 Hz Repetition

1 ms

199 ms

(~150  to ~332 ns between bunches)

1 ms

• Final bunch structure of cold machine not yet known

• Bunches unlikely to be closer than 150 ns (kickers)

• Total length of bunch train unlikely to be more than 1ms

(damping ring size)

LCWS 05 2 19 March 05 – David Strom – UO

1 ms (2820 bunches) 1 ms (2820 bunches)199 ms, no beam
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SiD Concept
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Vertex and Tracking System

on these spoked rings. The dimensions of the barrels and cones are given in Table 2.2. Fig. 2.5
shows an elevation view of the tracking system.

Figure 2.5: R-z view of the whole tracking system.

Because of the very low occupancies in the outer barrel, the nominal design for the outer
tracker employs only axial readout in the barrel region. In the baseline design, the barrels are
covered with silicon modules. Modules are comprised of a carbon fiber composite frame with
rohacell/epoxy cross bracing and have one single-sided silicon sensor bonded to the outer
surface. Sensors are obtained from one single 6-inch wafer and are approximately 10 cm ×
10 cm. This size sets the longitudinal readout segmentation of the barrel detectors. The
sensors are 300µm thick with a readout pitch of 50 µm and intermediate strips. Full coverage
is obtained by ensuring small overlap both longitudinally and azimuthally. Azimuthal overlap
is obtained by slightly tilting the sensors. The angle by which the sensor is tilted partially
compensates for the Lorentz angle of the collected charge in the 5T field of the solenoid.
Longitudinal overlap is obtained by placing alternate sensors at slightly different radii.

Modules are attached to the cylinder using a PEEK (Poly Ether Ether Ketone) mount-
ing clip. The readout chips and cables are mounted directly to the outer surface of the silicon
sensors. The cables supply power and control to the readout chip from electronics located at
the ends of the barrel.

Fig. 2.6 shows an Rϕ-view of the barrel region. The outermost disk is projected onto
the barrel layout in this figure. For pattern recognition in the disks, small angle stereo will
provide 3d-space points. The current design has two single-sided wedge detectors back-to-
back, with strips at ±6◦ with respect to the long axis of the wedge for a stereo angle of 12◦.
Please note that in Fig. 2.4 the hits from a pair of sensors, corresponding to one 3d-space
point, is represented as one hit. Two types of sensors are needed to tile the disks, one type
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SUBSYSTEMS

capable of detecting new physics signatures that would include long-lived exotic particles like
those predicted by some gauge-mediated supersymmetry breaking scenarios. There are also
issues of reconstructing kinked tracks produced by particles that lose a substantial portion
of their energy in the tracker, as well as reconstructing backscatters from the calorimeter.
To capture the tracks from these event topologies a calorimeter-assisted tracking algorithm
has been employed. This algorithm uses the electromagnetic calorimeter to provide seeds for
pattern recognition in the tracker. The very fine segmentation of the EM calorimeter allows
for detection of traces left by minimum ionizing particles. These can be used to determine the
track entry point, direction, and sometimes curvature with a precision sufficient for extrap-
olating the track back into the tracker. This set of complementary algorithms provides for
very robust pattern recognition and track finding and it is the performance of this integrated
tracking system that determines the overall physics reach of the detector. In this section the
design and performance of the overall tracking system will be described. More details can be
found in the companion documentation.

2.1.2 Vertex Detector Design

The vertex detector integrates with the outer tracker and remainder of the detector to pro-
vide significantly extended physics reach through superb vertex reconstruction – primary,
secondary and tertiary. To date, all vertex detectors at collider experiments are silicon based,
and the vertex detector for the SiD concept is no exception. The vertex detector consists of
a central barrel section with five silicon pixel layers and forward and backward disk regions,
each with four silicon pixel disks. Three silicon pixel disks at larger | z | provide uniform
coverage for the transition region between the vertex detector and the outer tracker. Barrel
layers and disks are arranged to provide good hermeticity for cosϑ ≤ 0.984 and to guaran-
tee good pattern recognition capability for charged tracking and excellent impact parameter
resolution over the whole solid angle. A side-view of the vertex detector is shown in Fig. 2.1.
For clarity, the silicon support structures have not been drawn in the right hand side of this
figure.

Figure 2.1: R-z view of the vertex detector. The right hand side has been drawn without the
support structures.

Vertex detectors are generally plagued by a mismatch in thermal expansion coefficients
between the silicon and its support structures. Moreover, these supports in general add
to the material budget in a region of physics phase space where it is least desired. To

16 SiD Letter of Intent

rinner = 14mm!!

VXD
pixels ~(20 µm x 20 µm)
sensors w/integrated readout reduce material
best time tagging within gas cooled 
power budget (13 mW/cm2)
time tagging from 1~150 bunches
depending upon technology

TKR
fine-pitch microstrip sensors
low-mass readout/support
single-bunch time tagging with low 
power consumption (0.5 mW/cm2) 
Ptot < 500W just allows gas cooling

CLIC-SiD substantially the same.



SiD Concept
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VXD: ~0.1% X0/layer

TKR: ~1.0% X0/layer

Vertex and Tracking System

Figure 2.3: Tracker in the open position for servicing of the vertex detector.

The irregular features of the readout and service contributions to the material budget
are due to discrete elements at the end of the sensors. Most of the readout material is
beyond the first few layers of the vertex detector, so that their influence on the impact
parameter resolution is limited. The fact that the amount of material in these elements is
comparable to that of the sensors or mechanical supports calls for close attention to the design
of low mass power delivery and signal transmission components. If the readout and service
material can indeed meet what is in the current model, the material balance would be more
favorable for a considerable portion of the endcap region compared to the 1/ sinϑ growth for
a long barrel geometry. With this material balance, the benefit of the endcap geometry in
spatial resolution with a better track entrance angle and smaller radial alignment effect, is a
meaningful advantage. Table 2.1 summarizes the main parameters of the vertex detector.
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Figure 2.4: Material budget of the tracking system (left) and number of hit layers in the
tracking system as a function of polar angle (right).
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MuC Machine Parameters
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Timing: single bunches every ~10 µs
no power pulsing

time tagging bunch a non-issue

Backgrounds: photons, neutrons, muons, 
hadrons, kitchen sinks. (“MuCk”?)

rinner ~3x that for ILC? (effects tagging?)

need timing >1 (>>1?) generation 
beyond current pixels: power+cooling.

Radiation Environment: ~1/10 LHC
need rad-hard technologies and actively 
cooled sensors

Neutron and Photon FluenceNeutron and Photon Fluence
N. Mokhov
S. Striganov
N. Terentiev

10° Nose

March 22, 2011March 22, 2011 ALCPG11 ALCPG11 -- C. GattoC. Gatto 99

Photons

Mars15/ILCroot Group

Looks like a very aggressive 
sLHC tracker (sLHC++)
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MuC-SiD Tracker
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This modified SiD tracker is a 
good first guess. 

Pixels with phenomenal 
timing are needed 
everywhere, so material 
budget is unrealistic. 

Single muons with no 
backgrounds look OK.

How much does efficiency 
loss from cones hurt physics?
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Page 17November 18, 2009, Christian Grefe

Tracking Efficiency vs pt

Drop of efficiency for low pt

Significant drop in efficiency already at ~100 GeV algorithm fails in 
dense environmentsCLIC-SiD: efficiency vs. pTCLIC-SiD: efficiency vs. cos(θ)

Page 16November 18, 2009, Christian Grefe

Tracking Efficiency vs cos( )

Dips of barrel-endcap transition for vertex and main tracker clearly visible

Only affects low pt tracks

Need to align vertex and main tracker transitions

Mars15/ILCroot Group: MuC-SiD



MuC Backgrounds
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--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N. Terentiev (CMU/Fermilab)            Muon Collider 2011         27 June – 01 July, 2011 7

• MARS background particle ID’s yields for 750 GeV  2*1012 muons/bunch

• Background yields/bunch on 100 nozzle surface and MARS thresholds

The MARS modeling results

0.80e+041.03e+060.40e+081.77e+08Yield

1.00.20.10.2Ethr, MeV

µµµµ+-e+-nγγγγ typical Si threshold
corresponds to
10-20 KeV Edep

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N. Terentiev (CMU/Fermilab)            Muon Collider 2011         27 June – 01 July, 2011 7

• MARS background particle ID’s yields for 750 GeV  2*1012 muons/bunch

• Background yields/bunch on 100 nozzle surface and MARS thresholds

The MARS modeling results

0.80e+041.03e+060.40e+081.77e+08Yield

1.00.20.10.2Ethr, MeV

µµµµ+-e+-nγγγγ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N. Terentiev (CMU/Fermilab)            Muon Collider 2011         27 June – 01 July, 2011 18

• MARS particles Ekin and their ID

Backup 
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E (GeV)

Mars15/ILCroot Group

Text
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MuC Backgrounds
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Fraction of Fraction of !!’s, neutrons and e’s, neutrons and e++ee--

producing hits in the tracking systemsproducing hits in the tracking systems

N. Terentiev10° Nose

March 22, 2011March 22, 2011 ALCPG11 ALCPG11 -- C. GattoC. Gatto 2828

Mars15/ILCroot Group

×10? ×10?
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Mars15/ILCroot Group
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--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N. Terentiev (CMU/Fermilab)            Muon Collider 2011         27 June – 01 July, 2011 13

• Vertex and tracker timing for IP muons

TOF                                                      TOF – T0

RMS ~ 1.8 ns                                            RMS ~ 0.18 ns

ILCroot vertex and tracker detector hits

(mostly stiff tracks)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N. Terentiev (CMU/Fermilab)            Muon Collider 2011         27 June – 01 July, 2011 14

• Choose TOF – T0  time gate width
– To detect hits from IP particles with ~100% efficiency          

(use muons as the fastest, protons as the slowest particles)
– Then it will define the                                         

rejection of the  hits                                          
from muon collider                                              
background particles

– For now ignore                                                  
the Si front-end                                                             
resolution time

– The gate starts at                                              
TOF-T0 = -1ns

• 2-3 ns time gate width ?

ILCroot vertex and tracker detector hits

Timing Cuts
Mars15/ILCroot Group

cut on timing in each element 
of detector relative to 

expected arrival time of light 
speed particle from IP.

“adjustable gate”

See also talk discussing 
general principles and 
applications by R. Raja



Timing Cuts
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Det. B

Timing cut is clearly critical

Track quality also important 
but IP cut very restrictive

Mars15/ILCroot Group

one background event, no signal (all tracks are fakes)



Simulation and Data Proceessing
Mars15/ILCroot is a powerful tool

Para: CPU and data storage are staggering. 
For 1M events signal mixed with background

2.2 × 106 CPU days

100 petabytes data

Need a way to filter data to eliminate 
particles before simulating

Wenzel:

Mars15 now interfaced to lcsim 
(used for SiD and CLIC-SiD simulations)

Brings with it many tools and an active 
community of developers
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Summary of Ideas/Issues
Neither SiD nor SiD-CLIC is close; need to invent, simulate more realistic detector:

Timing:
Model two resolutions; 5ns (~CLIC), 1ns (~CLIC++); each with some assumed power budget?
Develop models of detector material for each, given expected relative power consumptions.

Spatial Correlations:
Back-to-back paired layers can select against random noise hits at cost of more power/material.
Need new tracking code to take full advantage of this configuration (try after timing exhausted)

List of things to do and discuss further:
fix a bug found in readout thresholds. (yes... someone DID do work at this workshop!)
need to lower gamma, neutron simulation thresholds to get full background loads.
apply broad time cut to background before simulating? Requires agreement across detectors.
try other levers to eliminate noise hits and fake tracks. (e.g. cluster properties, track t0 fitting)
develop apples/apples comparison with SiD/SiD-CLIC tracking (informs benchmarking efforts):
repeating previous studies for a more massive detector a good start while we figure out how to 
streamline simulation with full backgrounds to begin looking at physics quantities.
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Paired Layers

Use of paired silicon layers in high density 
environments has become a very popular 
concept (e.g. sLHC tracking concepts.)

Together with time this can be a very 
powerful discriminator

Requires layer spacing << hit density or 
low-momentum tracking suffers: more 
useful in inner layers

Increases power/material challenges
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MuC-ILD?

ILD TPC gases integrate ~40 bunches at MuC

No way to reject backgrounds based upon timing

ILC TPC gas presents ~1% X0 to backgrounds

photon conversion rate not negligible: TPC is a nice x-ray detector

significant fraction of background hits can affect large regions

Has not checked been checked carefully but quick calculations indicate that 
TPC is a lost cause here by orders of magnitude.
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