
CMS Outer Tracker Activities
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CMS Detector
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CMS Detector
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HEP	Detector	Overview

Tracker: Precise 
measurement of track and 
momentum of charged 
particles due to magnetic 
field. 

Calorimeter: Energy 
measurement of photons, 
electronics and hadrons 
through total absorption

Muon-Detectors: Identification 
and precise momentum 
measurement of muons outside 
of the magnet

Good energy 
resolution up to 
highest energies

Vertex: Innermost 
tracking detector

Transverse slice 
through CMS

High granularity 
for the tracker 



LHC Schedule - Upgrade
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Introduction - LHC Schedule

 2

• During LS3 the accelerator will be upgraded to instantaneous peak luminosities of 5 × 1034 cm−2s−1 

• or even 7.5 × 1034 cm−2s−1 in the ultimate performance scenario 
• This will allow CMS to collect 300 fb-1 per year and up to 3000 fb-1 during the accelerators projected 

lifetime of ten year 
• or 4500 fb-1 in case of the ultimate performance scenario 
• unprecedented radiation levels of up to 1.1 x 1015 neq x cm−2
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During LS3: upgrade of accelerator to peak luminosities of 5 × 1034 cm−2s−1 (ultimately up to 7.5 × 1034 cm−2s−1 ) 
—> collect up to 300 fb-1 per year (450 fb-1 ultimately) 

—> irradiation levels 1.1 x 1015 neq x cm−2  

—> requires new trigger concepts 
—> requires higher granularity 
  CMS Tracker will be upgraded 4



CMS Tracker Concept
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5

• Layout with barrel (6 layers)  and endcaps (5 double discs) 
• Modules arranged to reach hermeticity  

•  TBPS: barrel with straight and tilted section of PS modules 
•  TB2S: barrel with 2S modules 
•  TEDD: endcap with PS modules in inner and 2S in outer region 

• Only 3 types of rectangular sensors throughout tracker

TB2S

TBPS

TEDD

26 Chapter 3. The Outer Tracker
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Figure 3.2: Average number of module layers traversed by particles, including both PS (blue)
and 2S (red) modules, as well as the total (black). Particle trajectories are approximated by
straight lines, using a flat distribution of primary vertices within |z0| < 70 mm, and multiple
scattering is not included.

Extensive studies performed with different detector configurations have shown that with only
five module layers the track finding performance for the L1 trigger would be heavily affected as
soon as some parts of the detector become inefficient, while with six layers the performance is
robust with respect to inefficiencies affecting one layer [18]. A similar logic drives the choice of
the number of layers populated with PS modules: at least two precise coordinates are needed to
measure the polar angle of the track and provide some level of primary vertex discrimination,
hence three macro-pixel layers are necessary to ensure adequate performance with minimal
redundancy.

3.1.1 Implementation of hermetic layers

Since pT modules are read out by front-end hybrids at the edges to connect the two sensors,
significant inactive surface on the two ends of the sensors is unavoidable. Furthermore, to
simplify the connectivity and minimize the mass, the service electronics providing the readout
and powering infrastructure for the front-end chips and the bias for the sensors has also been
integrated at module level on service hybrids, placed at the ends of the sensors. In order to
form hermetic layers, overlap between modules is required on all four edges of the sensors.

In the three layers of the TB2S, modules are mounted on “ladder” structures (Fig. 3.3, left).
Consecutive modules are mounted on opposite sides with respect to the central plane of the
ladder, ensuring z overlap between the active surfaces of the sensors. Along j, consecutive
ladders are staggered in r (Fig. 3.3, right). Hence a hermetic barrel layer is formed by modules
located at four different radii, due to the staggering of modules in z along a ladder and of
ladders in j. A ladder covers half the length of the barrel; at z = 0, two ladders overlap with
modules staggered in r, ensuring hermetic coverage.

In the three layers of the TBPS, the arrangement of modules in space appears to be more compli-
cated, however the active surfaces of the sensors still form hermetic layers, as seen by particles
emerging from the luminous region. In the central section, modules are mounted on “planks”,



CMS Tracker Concept
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6

TEDD with 5 
layers

Layer 1 TBPS with flat and 2 straight sections

TB2S

TBPS

TEDD



CMS Module Concept
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• exploit strong magnetic field of 3.8 T of CMS solenoid 

• pT discrimination on board: 

• two closely spaced sensors  

• correlate signals —> local pT measurement 

• reject low pT Tracks —> minimise data volume 

• ‘stub’ is formed of signals found within search window

7

2S Module Assembly

• on-module pT discrimination relies on precise alignment of 
both sensor wrt. to each other

• 2S module: 400 μrad

• PS module: 800 μrad


• jig-based assembly of 2S module relies on cut edges of both 
sensors


• mechanical dummy module produced

• Aluminium spacers

• laser marked glass dummy sensors


• first assembly not yet within specifications

• problems have been identified and jigs are being improved
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• ‘stubs’ provided on module level  
• Level-1 and readout data provided 
• ‘stubs’ are sent at each bunch-crossing (40 MHz) 
• Full data are read out on trigger decision (<750 kHz)



CMS Tracker Concept — Modules
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• Two main types of modules:  
• 2S with two strip sensors 
• PS with one strip and one pixelated sensor 

• variants differ in sensor spacing  

• arranged to optimise pT  discrimination vs. 
geometrical position in Tracker

8

1.8 mm

1.6 mm 2.6 mm

1.8 mm

4.0 mm

4.0 mm



Example: PS Module
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20• 2 x 960 strips of ~2.4 cm x 100 μm for PSs sensor 

• 32 x 960 macro-pixels of ~1.5mm x 100 μm for 
PSp sensor 

• Front-end power ~8 W 
• Sensor power ~1.4 W at -20℃ 
• MPAs and sensors are cooled through base plate 

• requires a large-area glue joint between pixel 
sensor and base plate

9

3.1. Overview and layout 29

Table 3.1: Main parameters of the 2S module and the PS module of the CMS tracker.
2S module PS module

⇠ 2 ⇥ 90 cm2 active area ⇠ 2 ⇥ 45 cm2 active area
2 ⇥ 1016 strips: ⇠ 5 cm ⇥ 90 µm 2 ⇥ 960 strips: ⇠ 2.4 cm ⇥ 100 µm
2 ⇥ 1016 strips: ⇠ 5 cm ⇥ 90 µm 32 ⇥ 960 macro-pixels: ⇠ 1.5 mm ⇥ 100 µm

Front-end power ⇠ 5 W Front-end power ⇠ 8 W
Sensor power (�20 �C) ⇠ 1.0 W Sensor power (�20 �C) ⇠ 1.4 W
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Figure 3.6: The 2S module (left) and PS module (right) of the Outer Tracker. Shown are views
of the assembled modules (top), details of the module parts (centre) and sketches of the front-
end hybrid folded assembly and connectivity (bottom). Details are given in the text, and in the
following sections.

in the line density on the readout hybrid for the 2S module and on the bump density of the
C4 technology for the PS module. The strip sensors are wire bonded directly to the front-end
hybrids, thus avoiding heavy pitch adapters.

In both modules the desired gap between the two sensors is achieved by gluing them onto
spacers made of aluminium / carbon fibre composite (Al-CF). The spacers provide mechanical

DESY will build 1500 of these modules



2S Module Assembly Sequence
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1. Glue polyimide HV 
isolation and attach HV 
tails on sensor backside

2. Wire-bond and 
encapsulate HV tails

Check dicing 
precision 
(metrology) Optical inspection

3. Glue sensors on 
Al-CF brides

HV test backside isolation
Sensor I(V)

Module metrology

4. Glue readout and 
service hybrids on 
bare module

Optical inspection
HV/LV test

5. Place ~4000 wire-bonds

Module testModule test

6. Encapsulate wire-bonds

10



Automated assembly of PS Modules
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Automated Assembly of PS Modules
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Automated Assembly of PS Modules
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How to puzzle it all together
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Develop with industry the procedure to construct a Dee
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From the Dee to the Endcap
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Dee —> Disk —> Double-Disk



Assembly of an End-cap
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