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Main activities of our institute:
Tracker Commissioning & DQM

Top Quarks and Tau Leptons

MTT in Aachen
- simulation of possible prototype modules
- characterization of SiPMs / front end electronics
- preparation of new lab envirmonment

group: 2 seniors (10%), 1 PhD student, 2 students
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A. De Roeck, Nucl. Phys. B184, 2008, 259

Improvement of relative precision is 
marginal after several years of LHC running

⇒ increase luminosity ⇒ SLHC

J. Strait

lumi / year

total int. luminosity

run time 
needed to halve 
Poisson error

SLHC: 1000 fb-1/year 
⇒ NP, extended limits

various scenarios 
Ebeam, fBX, Np/bunch 

under discussion
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Triggering on muons at 1035 cm-2s-1 possible?
Keeping the original L1 trigger rate of muon system
(Level-1 with muon pt > 14 GeV (to limit the rate))

⇒ increase pt threshold 

    or
    extend trigger concept

⇒ MTT (fast 2D trigger behind HCAL outer)
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Improve muon momentum resolution of L1 trigger

- tracker → excellent pt measurement
- muon system → muon ID

                          resolve muon ambiguities →

optimal granularity?
→ start with 25 x 25 x 1 cm3  
    alternative 10 x 10 x 1 cm3 
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- Area:
  approx. 300 m2 ⇒ affordable

- Space:
  thin: ≤ 10 mm
- Timing:
  fast: ≤ 10 ns (BX identifiction)

⇒ Plastic scintillators 

    read out by silicon PMs

    How to connect?
    Two scenarios under investigation → 

wavelength shifting fibre

scintillator

scintillator

5 mm

Array of APDs 
in
Geiger mode
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Model various (sizeable) prototypes with GEANT4.

- scintillator: 100 x 100 x 10 mm3 (BC 404, Bicron (Saint Gobain))
- (optional) wavelength shifting fibre (BCF 92, Bicron (Saint Gobain))
   all properties according to data sheets

- SiPMs with realistic detection efficiencies (Hamamatsu data sheets)
- muon gun → 1 GeV muons homogeneously distributed across surface

⇒ O(10000) photons per muon, each tracked individually

(- study surface properties: roughness, reflectivity)
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muon muon

SiPM

photon photon

Pro:
simple detector module

Con:
low light yield
more SiPMs needed

Pro:
good light collection via fibre

Con:
detector module more complex

direct readout readout via wavelength shifting fibres
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- SiPM in direct contact to scintillator 
  surface

- surface: diffuse (Lambert) reflector (98%)

⇒ Photon density at the surface:

    - approx. homogeneous
    - 20-30 γ/mm2

       → ideal world

but:
only a fraction of the surface is covered by 
SiPMs.

muon
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- SiPM coupled to WLS fibre

 
rectangular fibre → homog. distribution
circular fibre → preferably at the fibre edges

Expect smearing out with real fibres ... needs to 
be checked

1 bin/SiPM pixel
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⇒ Photon collection marginally better with bent fibre.

normalized to fibre lengthtotal number of photons

0     1 0     1

σLandau
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Prototype:
100 x 100 x 10 mm2

⇒ 

- photons arrive at SiPM in ≤ 20 ns
- direct r/o 1.5x faster

 → no timing problems?!

      needs to be the checked for 
      250 x 250 x 10 mm2

      

remember:
SLHC bunch crossing distance: 50 ns
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⇒ many small structures, one larger scratch, some speckles → input for simulation

M. Liebmann, Physics Inst. IIA, RWTH Aachen

improve surface modelling 

B. Walter et al. / Microfacet Models for Refraction
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Figure 4: Micro vs. macro surface.

flow), the equations are identical when handling its dual, im-
portance (i.e. tracing from cameras [Vea96]).

3. Microfacet Theory

A BSDF (Bidirectional Scattering Distribution Function) de-
scribes how light scatters from a surface. It is defined as the
ratio of scattered radiance in a direction o caused per unit
irradiance incident from direction i, and we will denote it
as fs(i,o,n) to emphasize its dependence on the local sur-
face normal n. If restricted to only reflection or transmission,
it is often called the BRDF or BTDF, respectively, and our
BSDF will be the sum of a BRDF, fr, and a BTDF, ft , term.
Since we want to include both reflection and transmission,
we will take care that our derivations and equations can cor-
rectly handle directions on either side of the surface.

In microfacet models, a detailed microsurface is replaced
by a simplified macrosurface (see Figure 4) with a modi-
fied scattering function (BSDF) that matches the aggregate
directional scattering of the microsurface (i.e. both should
appear the same from a distance). This assumes that micro-
surface detail is too small to be seen directly, so only the
far-field directional scattering pattern matters. Typically ge-
ometric optics is assumed and only single scattering is mod-
eled, to simplify the problem. Wave effects and light that
strikes the surface twice (or more) are ignored or must be
handled separately.

Rather than working with a particular micro-surface con-
figuration, it is assumed that the microsurface can be ade-
quately described by two statistical measures, a microfacet
distribution function D and a shadowing-masking function
G, together with a microsurface BSDF f m

s .

3.1. Microfacet Distribution Function, D

The microfacet normal distribution, D(m), describes the sta-
tistical distribution of surface normals m over the microsur-
face. Given an infinitesimal solid angle d!m centered on m,
and an infinitesimal macrosurface area dA, D(m)d!m dA
is the total area of the portion of the corresponding micro-
surface whose normals lie within that specified solid angle.
Hence D is a density function with units of 1/steradians. A
plausible microfacet distribution should obey at least the fol-
lowing properties:

• Microfacet density is positive valued:

0! D(m)!" (1)

m

i

o

Visible VisibleBlocked

Figure 5: Shadowing-masking geometry: Three points with
the same microsurface normal m. Two are visible in both the
i and o directions, while one is blocked (in i in this case). By
convention, we always use directions which point away from
the surface.

• Total microsurface area is at least as large as the corre-
sponding macrosurface’s area:

1!
Z

D(m)d!m (2)

• The (signed) projected area of the microsurface is the
same as the projected area of the macrosurface for any
direction v:

(v ·n) =
Z

D(m)(v ·m)d!m (3)

and in the special case, v = n:

1 =
Z

D(m)(n ·m)d!m (4)

Equations for particular microfacet distributions are dis-
cussed in Section 5.2.

3.2. Shadowing-Masking Function, G

The bidirectional shadowing-masking function G(i,o,m)
describes what fraction of the microsurface with normal m is
visible in both directions i and o (see Figure 5). Typically the
shadowing-masking function has relatively little effect on
the shape of the BSDF, except near grazing angles or for very
rough surfaces, but is needed to maintain energy conserva-
tion. Some important properties that a plausible shadowing-
masking function should obey are:

• Shadowing-masking is a fraction between zero and one:

0! G(i,o,m)! 1 (5)

• It is symmetric in the two visibility directions:

G(i,o,m) = G(o, i,m) (6)

• The back surface of the microsurface is never visible from
directions on the front side of the macrosurface and vice-
versa (sidedness agreement):

G(i,o,m) = 0 if (i ·m)(i ·n) ! 0
or (o ·m)(o ·n) ! 0 (7)

The shadowing-masking function depends on the details
of the microsurface, and exact expressions are rarely avail-
able. More typically, approximations are derived using vari-
ous statistical models and simplifying assumptions. See Sec-
tions 5 and Appendix A for more discussion.

c! The Eurographics Association 2007.
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- Characterization of SiPMs
- Development of FE electronics
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- Dark counting rate vs. temperature (-15°C .. 20°C) → see next slide
   complements measurement from Hamamatsu

Hamamatsu SiPM evaluation kit:
SiPM, HV, amplifier, comparator, 
USB connector
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dark counting rate vs. temperature
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Precision measurement (pA meter) 
of IV curves (here T = 0°C)

bias voltage [V]
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new front end prototype

Two new possibilities in our lab.
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2 Hamamatsu sensors
100 pixel (100 x 100 μm2)

sensor 1

sensor 2
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Systematic comparison underway ...
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Tasks:
- Improve simulation: fibre (geometry, position), 
                                SiPM more accurately (pixels → fill factors, area 3x3mm2) 
- Segmentation (25x25 cm)
- coupling SiPM - scintillator (direct vs. wls fibre)
- temperature dependency of gain  (→ stabilizing the gain)
- controlled process variable? dark current, single-photon events (kHz), ...

Goals: 
Compact PCB with
- pre amplifier
- regulated power supply
- discriminator (digitization?) → expect problems.

Digitization on PCB? → pulse height, pulse length
instead of „just“ a comparator (1bit ADC) → 5 or 6 bit ADC → e.g. 43, 44 pe signal

Detector prototype module (mechanics, ....) ⇔ comparison with simulation
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analog out with comparator level at 0.5 p.e. analog out with comparator level at 1.5 p.e.

Shown:
analog pulse height vs. time 

→
signals distorted for pulses corresponding 

to 
heights > active comparator threshold level
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Lower discriminator opens switch in case of 1 pe signal
→ part of the shaped signal on C, if the gain raises C is charged, if the gain drops C is 
discharged
An inverting preamp compares to reference voltage and creates control prosses signal for 
the bias voltage.

SiPM

discr. 
1,5 pe

discr. 
0,5 pe

U_ref

-
+

control 
bias voltage

signal

invert.

C
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Pulsed UV Laser
266 nm
pulsewidth ≤ 1 ns
→ high statistics
→ adjustable impact position
→ known number of photons
→ timing studies coming soon

Scintillator setup:
→ individual, flexible setups
→ cosmic trigger
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Prototype:
100 x 100 x 10 mm2

⇒ 

- photons arrive at SiPM in ≤ 20 ns
- direct r/o 1.3x faster

 → no timing problems?!

      needs to the checked for 
      250 x 250 x 10 mm2

      

remember:
SLHC bunch crossing distance: 50 ns

NB:
perfectly polished scintillator
w/o diffuse reflector / ns
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Simulation scenario:
400 collisions / bx
20 MHz bx rate
⇒ 8 GHz pp collision rate

Strategy:
- use existing min. bias MC samples
- lower threshold in GEANT to 10 MeV
- „measure“ particle rate at 1st RPC station

⇒ ???

Open questions:
- Origin of particles?
- Effects of low energy particles?

→ Activity stopped (manpower, requires probably substantial CMSSW tuning)

First data will tell us the quality of prediction ...
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