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The High-Luminosity LHC 
✔ Increase Standard Model measurements precision 
✔ Increase discovery potential

✔ Search for rare decays


 Instantaneous peak luminosity: 5-7.5x1034cm-2s-1  [1] 

 √s ~ 14 TeV 


 ✗ High pileup up to 140-200 events/25 ns 

 ✗ High radiation environment

The CMS Outer Tracker Phase-2 Upgrade 
 The whole tracker will be replaced. The new Outer Tracker [2] features:


 Tracking information in the L1 trigger event selection

 First time at a hadron collider!


 Increased granularity: channel occupancy around or below the 
percent level 

 Reduced material from up to 1.6 x/X0 to below 0.8 x/X0 
 Increased radiation hardness → fluence up to 1.4 × 1015 neq/cm2

Module qualification and design finalization 
 The detector will not be accessible during the HL-LHC → modules need to be reliable

 Detailed testing and qualification procedure at room temperature and operating temperature of ~-35˚C

 More than 13000 modules are to be produced

Summary and Outlook 
 The new Outer Tracker features


 Tracking at L1 enabled by the pT modules

 Reduced material budget 
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Programmable window

1.6 - 4 mm

 Stubs (hits from tracks with pT>2 GeV) sent to the back-end electronics at 40 MHz 
to build L1 track primitives

 All hits are stored in the electronics, waiting for the L1 trigger decision

Two pT-module versions: 
2S (strip + strip) modulesPS (pixel + strip) modules

Strip  direction

CIC (On the back side)

VTRx+ electrical-optical converter 
5Gb/s or 10 Gb/s optical readout

Low-power GigaBit Transceiver 
(LpGBT) 
CERN development for data transfer 
at HL-LHC

DC/DC converter 
10V input: lower 
current, lower 
material

Short Strip ASIC (SSA) 
strip sensors readout chip

Pixel sensor + Macro Pixel ASIC (MPA) = MaPSA 
(On the back side)

Radiation hardness:  
1.4x1015 neq/cm2

Strip sensor

Sensors:

Strip direction

Concentrator Integrated Circuit (CIC) 
Aggregates and serialises  
the data from the readout chips

VTRx+ electrical-optical  
converter 
5Gb/s optical readout

Low-power GigaBit Transceiver (LpGBT) 
CERN development for data transfer  

at HL-LHC

Strip sensors

CMS Binary Chip (CBC) 
Strip sensors readout

DC/DC converter 
10V input: lower current, lower material

Radiation hardness:  
5x1014 neq/cm2 

Noise performance

Reliable communication

0 200 400 600 800 1000
Channel

0

2

4

6

8

10

12

14

N
oi

se
 [V

cT
h 

un
its

] Right side
Bottom sensor

Top sensor

Bottom sensor

Top sensor

Right side

0 200 400 600 800 1000
Channel

0

2

4

6

8

10

12

14

N
oi

se
 [V

cT
h 

un
its

] Left side
Bottom sensor

Top sensor

Bottom sensor

Top sensor

Left side

0 100 200 300 400 500 600 700 800 900
Channel

0

2

4

6

8

10

12

14

N
oi

se
 [V

cT
h 

un
its

] Right side
Strip

Pixel

Strip

Pixel

Right side

0 100 200 300 400 500 600 700 800 900
Channel

0

2

4

6

8

10

12

14

N
oi

se
 [V

cT
h 

un
its

] Left side
Strip

Pixel

Strip

Pixel

Left side

PS

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ef
fic
ie
nc
y

4 6 8 10 12 14
Phase

CBC1_L1
CBC1_Stub0CBC1_Stub1
CBC1_Stub2
CBC1_Stub3
CBC1_Stub4

CBC2_L1
CBC2_Stub0
CBC2_Stub1CBC2_Stub2
CBC2_Stub3
CBC2_Stub4

CBC3_L1
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CBC3_Stub3CBC3_Stub4

CBC4_L1
CBC4_Stub0
CBC4_Stub1
CBC4_Stub2
CBC4_Stub3
CBC4_Stub4CBC5_L1
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CBC6_L1CBC6_Stub0
CBC6_Stub1
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CBC7_L1
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CBC7_Stub1CBC7_Stub2
CBC7_Stub3
CBC7_Stub4

CBC8_L1
CBC8_Stub0
CBC8_Stub1
CBC8_Stub2CBC8_Stub3
CBC8_Stub4

Send a pattern and check the reception

 100+ prototypes and kickoff modules successfully assembled and tested

 Design of 2S and PS modules finalized!

 Pre-production started, Production: ~2025-2026

✔ 3000-4000 fb-1 of data
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