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The TOTEM Detectors

CMSCMS
T1: 3.1 < |η| < 4.7

Inelastic Telescopes:Inelastic Telescopes:

CMSCMS
T2: 5.3 < |η| < 6.5

HF

~14 m
10.5 m T1T1 T2T2

Roman Pots:Roman Pots: RP2RP2RP1RP1
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The T1 CSC chambers

Production at Gatchina (PNPI): 70 CSCs

62 completed Test and assembly done at CERNy
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Cosmic Ray test set-up

15 CSCs for first ¼ telescope Even firemen help !!
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¼ T1 Telescope complete with CSC chambers

15 CSCs mounted 3 by 3 Tilt between layers
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T1 planning
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The T2 Telescope

Castor

Collar

Castor

Collar

Installation design
together with CMS Beam

T2 GEM

together with CMS Beam

10 triple-GEM planes on each 
side of the IP to cope with highp g
particle fluxes.

5.3 < |η| < 6.6
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Final GEM chamber



T2 Telescope Assembly in Test Beam

P d ti t H l i ki (50 GEM )Production at Helsinki (50 GEMs)

Final assembly at CERN
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T2 Status (1)

Production of 50 GEMs (40 + 10 spares) finished in Helsinki

Detectors
Production of 50 GEMs (40  10 spares) finished in Helsinki

about one year ago.
Big effort for a Quality Control on GEM foils and readout 

boardsboards
GEM chambers of 1st quarter fully characterized on SPS beam 

line H8 during Summer 2008.

Electronics
Designed and produced in Pisa/Siena/CERN laboratories, then 

tested and mounted at CERN on the assembled 1st quarter.

The full electronics production for the readout and the trigger 
is almost finished and the full assembly and the installation are 
planned for the next few months
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planned for the next few months.
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T2 Readout and Trigger hardware
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T2 Status (2): Installation

We have assembled, tested and installed (in August 2008) a fully 

Installation of 1st quarter

, ( g ) y
equipped half T2 Telescope  (a quarter of T2).

During the shutdown it will be temporarily
removed to stiffen its mechanical support due to
the unforeseen strong magnetic field in CMS 
forward region.

Installation of remaining 3 quarters 

Second T2 quarter  presently assembled in TOTEMINO (H8 line) 

3rd and 4th Quarters are being fully assembled in Helsinki. The3 and 4 Quarters are being fully assembled in Helsinki.    The 
mechanical assembly with the readout electronics will be carried out at 
CERN.
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The complete T2 is planned to be installed in IP5 between January 
and March 2009.



Installation of the T2 telescope in CMS
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T2 Planning
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Roman Pot

Horizontal Pot                            Vertical Pot                 BPM
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All Roman Pots Installed at the LHCAll Roman Pots Installed at the LHC
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The window and the detector assembly

500μm

150μm

Ferrite

150μm
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The Hybrid and the Assembly

Motherboard

Assembly of
10 detectors

Kapton hybrids

“Champignon”
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y
laminated on CE7
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Detector Assembly mounted in Roman Pot

V li

“Champignon”

Vacuum line

Cooling line

Motherboard

Cooling line
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LHCC Committee, 24 Sept. 2008 E. Radermacher



RP cooling system commissioning in the tunelRP cooling system commissioning in the tunel

R P tRoman Pot 
station in the 
LHC tunnel 
with one RP 
and two 
Dummy loads

RP cooling system is commissioned via 
refrigerant circulation to the sectors at both 
sides of the CMS at 220m station (45; 56) ( )
equipped with one fully functioning RP at 
each side. 1 Pot + 2 dummy loads 
(capillary + evaporator + dummy heaters) 
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serve to close the refrigerant lines. Initial 
run performed with no load.



Temperature profilesTemperature profiles

Karsten Eggert / Penn State - p. 23RRB Nov. 2008



Karsten Eggert / Penn State - p. 24RRB Nov. 2008



The construction of each 
Detector Package requires a 

sequence of operations which 
lasts more than 1.5 months . 
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The RP Motherboard links the 
frontend to the counting house. 

RP Production DB 
interface

First tests in the TOTEM 555 lab.

RP Motherboard 
and its mezzanines
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Cards delivered by TS-DEA are  
inspected and then the VFATs are 

mounted  in the bonding lab

PCB of the RP hybrid
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RP hybrid test setupThe RP hybrids together with the 
VFATs are tested with the Totem 

Test Platform (TTP). 
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TOTEM TEST 
PLATFORM



Prequalified Edgeless Silicon 
sensors are mounted and 

bonded in the bonding lab. 
Then the sensors are  tested 

with the TTP

RP hybrid with VFATs
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RP hybrid with VFATs 
and sensors all bonded



Computer Measuring 
Machine (Bonding Lab)The support bars are precisely 

mounted on the hybrid. The hybrid 
is connected again to the TTP for a 

test of the VFAT+Si sensor

RP h b id f ll
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RP hybrid fully 
mounted with 
support bars



The Detector Package is assembled. The 
DP is tested with it’s Motherboard in 

the TOTEM Lab “555”

RP Detector Package 
and its Motherboardand its Motherboard
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The DP and it’s Motherboard 
are assembled together with 

the “Champignon”. A final check 
is then made.

RP Detector 
Package with the 

Champignon p g
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RPDP checked in the 
TOTEM 555 Lab



The RP Detector Package is 
inserted in a prototype pot with 

thin window and installed in a test 
beam setup in H8 for data taking  

iRPDP in a prototype pot 
with thin window in H8
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At the end of the production 
the pot is made available for the 

installation in the tunnel.

RP DP in the LHC 
Tunnel
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RP DP installed in LHC (during the 
commissioning of the cooling)



Electronics planning
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Electronics modules statusElectronics modules status

On-detector cards linking front end chips to the outside world now fully tested. 
This required preliminary firmware and software version and took longer than 
expected. Production expected to be completed before Christmas.

Some boards required for joint operation with CMS still in design. Also 
interlock required development of new board, specifications now finalized.

Production problems:Production problems:

RP hybrid: metallization problem on 25 % -> production relaunched 
after careful investigation

Hybrid for T1 and T2: production showed low yield, to be completed 
Jan 09

Coincidence Chip Hybrid: production relaunched after processingCoincidence Chip Hybrid: production relaunched after processing 
problem, first new ones expected Mid-November, rest end of the year

Just have been informed on processing problem of the HOST boards, 
tl i ti ti 51 d li d b t l t i l t t f il dare currently investigating. 51 delivered, but electrical test failed on 

remaining 39

Good progress in counting room installation: LV, HV and VME crates done, for 
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DCS several boards and crates have been developed, which are being cabled 
now.



TOTEM OFFLINE SOFTWARE

The TOTEM Offline Software is developed based on the CMSSW Framework. 

The TOTEM related packages can be incorporated in the CMS Software, allowing in future a 
combined detector simulation and analysis. 

The first release has been issued in summer 2008: reconstruction performances have been 
cross-checked, when available, with Test Beam data.

A more complete release, including the L1 Trigger Simulation is foreseen for end of 2008.

2009 Schedule:

- production of simulated data, including Trigger, for the early physics scenarios. 

- optimisation of software performances

- tuning of the simulation and reconstruction based on the detector commissioning

- Include access to the Conditions Data Base for Calibration and Alignment

Fi li d t th R P t D t t Ali t
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- Finalize and tune the Roman Pot Detector  Alignment



Data from VFATs

Trigger scenarios
Data from VFATs

LOCAL domain: 
TOTEM TRIGGERS

TOTEM 
FEDs TOTEM 

L l STORAGE

USB, VME readout

~1KHz, 40MB/s

Test, Calibration

+ TOTEM runs

Local STORAGE

CMS DAQ domain: 
TOTEM+CMS triggers 

FRLs

via CMS GT

CMS HLT and•Normal CMS/TOTEM runs CMS HLT and 
STORAGE

o a C S/ O u s
•Flexible TOTEM output bandwidth via HLT 
selection and routing to storage
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Detector 
motherboards 
with VFATs

LV1A

with VFATsTrigger 
primitives Data FEDs

(readout 
front-end)front end)

Data

TOTEM 
trigger 
processor

Local DAQ

CMS GT

Local DAQ

S Link

OptoRX + S-Link

S-Link

CMS DAQ
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Summary and OutlookSummary and Outlook

TOTEM ready for complete installation in spring/summer 2009TOTEM ready for complete installation in spring/summer 2009

Commissioning has already started and will continueCommissioning has already started and will continue

Analysis software finalized in spring 2009Analysis software finalized in spring 2009

First standard runs will be used for:First standard runs will be used for:

calibrations and alignmentscalibrations and alignments

background studiesbackground studies

trigger studiestrigger studiestrigger studiestrigger studies

Physics programme for standard runs:Physics programme for standard runs:

large t elastic scatteringlarge t elastic scattering

Double Pomeron and single diffractionDouble Pomeron and single diffraction

minimum bias physicsminimum bias physicsminimum bias physicsminimum bias physics

Specialized 90 m runs:Specialized 90 m runs:
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total crosstotal cross--section and low t elastic scatteringsection and low t elastic scattering

Diffraction with proton measurementsDiffraction with proton measurements



Financial matrix
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