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Forward Tracking at CLIC 

1) Forward Tracking at CLIC;
Report from CERN associate during summer 2010

To-do list for CDR

2) Forward Tracking at ILC
Efforts towards ILD (and SiD) DBD

V jornadas sobre participación Española en futuros colisionadores

(I)LC Spain, IFIC Valencia, October 26th, 2010

Marcel Vos (IFIC – U. Valencia/CSIC) 
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From LEP-I to the ILC (to CLIC)
 

e+e-   + -

with(----)/without(        ) ISR

    LEP-I, 91 GeV ILC 500 GeV  

  1 TeV  3 TeV 

Determine the relevance of the forward region in several key processes 
for a number of scenarios increasing center-of-mass energy 

PX

30
: Probability that final state 

product X is emitted at a polar 
angle 5 <  < 30o 

No ISR

Total
  x-sec
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The importance of the t-channel

polar angle distribution for s-lepton production

Products from t-channel prefer the forward 
region, and this feature becomes more 
pronounced at CLIC energies
Fraction of forward s­electrons ( < 30) for s­electron 
pair production in SPS1a

@ 500 GeV  24 %        @ 1 TeV  50 % 
Scan SUSY space (analytical expression for polar angle distribution)

scalar muons
s-electrons

500 GeV

3 TeV
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Higgs production

● Higgs-strahlung is the dominant Higgs 
production process for a low-mass at small s 

● Recoil-mass reconstruction is the tracking 
benchmark analysis par excellence

● A very central signature 

CLICILC

Vector boson fusion processes are 
much more interesting at CLIC
ZZH can be reconstructed using the  
recoil-mass analysis on extremely 
forward electrons
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CLIC studies at CERN

Several working groups set up
WG3 (M. Battaglia) tracking/vertexing 
WG4 (L. Linssen) pixel technology

And one CERN staff (D. Dannheim) to work on VXD.

Much MDI work (background levels) by Andre Sailer

Benchmark studies include a few channels where tracking is relevant
F. Teubert (CERN), B. Pie I Valls (UB), M.V. :  H 

And some more where vertexing is needed
H bb(M. Battaglia)

An extra-official channel with (boosted) tops
F. Corradeschi, M. Battaglia, M.V.   
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Dominik Dannheim (CERN)

Vertexing and forward tracking at CLIC

e+e- collisions at up to sqrt(s)=3 TeV,
Linst~1034 /cm-2s-1 
312 bunch crossings within 156 ns,
bunch-train repetition rate of 50 Hz
Aiming for similar precision as for ILC detectors:

little material and good resolution,
to allow for efficient heavy-flavor tagging

High rates of machine-induced backgrounds:
Up to ~0.04 hits mm-2 ns-1 in
innermost layers from incoherent pairs

High granularity and time stamping,
to allow for efficient pattern recognition

Many physics processes peaked in forward region
emphasis on forward tracking

…………..
…

312 bunches = 156 ns

0.5 ns

…………..
…20 ms

b-jet angular distribution
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Dominik Dannheim (CERN)

IP-resolution vs. pixel size (CLIC_SiD)

p=1 GeV (~‘b’) p=100 GeV (‘a’)

•How does the single-point resolution of the pixel detectors affect the IP
resolution?
change pixel size in CLIC_SiD, maintaining the digital readout:

10 m -> sp~2.9 mμ σ μ
20 m -> sp~5.8 m (default for CLIC_SiD)μ σ μ
30 m -> sp~8.7 m μ σ μ

•As expected, the change by ±10 m in single-point resolution affects ‘a’ more than ‘b’:μ
‘a’ ~ ±40%,  ‘b’ ~ ±15% (in barrel region)

•Little change in forward region for low momenta (dominated by multiple scattering)
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Dominik Dannheim (CERN)
8

Cable Routing Options (ILD)
Cables along beam pipe Cables above pixel disks

(difficult to implement in Mokka)

p=3 GeV p=3 GeV

ØRouting cables above FTD Pixel Disks improves IP resolution in this region
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Tools – validation I

CMS Kalman filter tool-kit. 

The result of years of work by a lot of people. 
Validated in large-scale MC productions.

Extracted all relevant code in a series of libraries 
with limited external  dependencies (CLHEP, 
ROOT).

Interfaced to toy geometries in standalone 
programme. Tested results for internal 
consistency and against existing fast-simulation 
packages.

Interfaced to MarlinReco (GEAR geometry, LCIO 
hits)

four debugged KF fitters yield 
compatible results! 

pull distribution R coordenate at 
last measurement plane

LCDTRK vs. KF: Transverse impact 
parameter resolution vs pT
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Tools – validation II

For reference: 

ILD00 full-sim results for LOI 
→ points, J. Duarte (IFCA), M.V.

LiCToy
→ continuous lines, M. Valentan (HEPHY), M.V.

ILD00 with:
0.12 % X0/layer 
2.8 µm resolution
R=1.6 mm 
yields:
A~1.7 m
B~10 m

Two debugged Kalman Filter fitters 
give the same results when presented 
with the same inputs

Pt=1 GeV

Pt=100 GeV
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Choosing a geometry

R
outer 

= 30 cm

z = 35  cm
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5 m r resolution
0.6 % X

0
/layer 

5 small disks
Z = 16,19,
22,25,28 cm

Five closely space small (pixelated) disks: z=3 cm
Five large disks spanning full length of tracker volume: z=35 cm 

B=4T
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Outermost disks

● Technology and performance of innermost small disks are irrelevant 
for this study

● I choose an r- resolution of 5 m for the outermost disks and 
assume a material budget of 0.6 % X

0
/disk (cf. ILD LOI: 7m, 0.65 % 

X
0
/disk). This is within reach of today's -strip detectors

● I vary the r-resolution from 5-5000 m.


r
 = 5000 m

Single-sided -strips

r-coordinate only 
constrained to be 
within strip length 
(typically 8”)
Short-strips
strixels 


r
 = 50-500 m

Stereo -strips

r-coordinate given by 
overlap of two stereo 
strips within strip 
length (typically 8”)

Short strips
Strixels
Charge division 


r
 = 5 m

Pixels

unambiguous 2D 
measurement on a 
plane
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Stereo-angles

Nucl.Instrum.Meth.A538 (2005) 384-407
http://cdsweb.cern.ch/record/647301/files/thesis-2003-028.pdf

Long axis: p/cos(/2)
Short axis: p/sin(/2)

ATLAS SCT: 
False double-sided
Stereo angle  = 40 mrad 


u,v
 = p/12 = 23 m 


r
 = 16 m 


r
 = 850 m 

p
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Stereo-angles

There is a very good reason why 90-degree stereo 
strips are not used in dense environments:

=90o: every u-strip crosses every v-strip. For N 
real particles hitting our detector, we create N2-N 
additional ghost hits
=40 mrad (2.2o): every u-strip crosses 80 v-strips.

For 10x10 cm2, p=50 m there are 2000 u- and v-
strips. 

90-degree stereo: 
1% real occupancy → 

20 real + 380 ghost hits  
40 mrad: 

1 % real occupancy → 
20 real + 16 ghost hits
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Pattern recognition

Outside-in pattern recognition: 
Start where it's relatively quiet:

Background hit density decreases with r
Fast read-out decreases occupancy even further
Large lever arm will constrain curvature early on

But, unless we build an all-pixel FTD: 
Less granular detectors → high occupancy
Less precise detector → less precise extrapolation
Ambiguities (ghost hits) 

KF fit to hits on disks 10-6, project stub onto outermost small disk 
(disk 5). Report on area of error ellipse for three track momenta 
and  = 15o. Momentum 5 GeV 10 GeV 100 GeV

pT 1.3 GeV 2.6 GeV 26 GeV

r-(all) 77 m 39 m 11 m

r (5x5) 66 m 34 m 7 m

r (5x50) 105 m 74 m 50 m

r (5x500) 508 m 502 m 500 m

r (5x5000) 4700 m 4800 m 4900 m
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Benchmark studies

Blai Pie, UB

CLIC_SiD momentum 
(p!)  resolution vs. 
polar angle 

Single-muon studies 
that can be compared 
directly to what was 
done for ILC-ILD
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H->

Expect 100 Higgs/year

Higgs is frequently 
emitted in forward 
direction

Mass resolution 
degraded if the muon 
is too forward

Backgrounds are more 
severe in forward 
direction

B. Pie, U.B. Preliminary!!
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ILC DBD

DBD repeats some ILC studies with increased level of realism:

Attempt to build an ILD model with ladders and petals (J. Duarte) → 
requires rewrite of tracking code...

Add realistic services, even where no technology choice has been 
made yet (1st three FTD planes → IFIC).

ILD will be looking at Spain for Si-tracker studies

All this is very much work in progress: Jordi should be able to tell us 
more in the next ILC-Spain 
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Discussion

CLIC (CDR April 2011)
●Forward region in CLIC is receiving a lot of attention
●Defined VXD geometry for SiD and ILC
●Repeated ILC studies into the desired resolution for the r and z 
measurement in the inner tracker of ILD.
●Involved in benchmarking for the tracker (H->)
●Some interesting results on Si-TPC time-stamping
●Found some contributors to forward tracking note
●Step up effort towards CDR (C. Lacasta is editor tracking section)

ILC (DBD 2012)
●Jordi is doing an excellent job with the geometry/digitizer
●See what else we can do...
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