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experiment at the CERN LHC” PhD thesis, Universidad de Sevilla, October 2009

• The TOTEM DCS project follows the usual non-hierarchical, collaborative and informal style

of HEP experiments, enhanced with a structured approach inspired by current practices in

European Collaborative Space Projects [http://www.ecss.nl/]

• Using the Goal Directed Project Management (GDPM) as planning methodology

• Using the future Subversion based Software Version Control at CERN replacing the currently

used CVS system.

• Using several tools based on Information Technology developments (Use case, UML State

model, etc.)



TOTEM Hungary

TOTEM (1997-) és Totem-Hungary (2006-)

History:

Initiative: April 2006

Acceptance byTOTEM Executive Commitee: May 2006

TOTEM Spokesperson Budapest visit: December2006

Hungarian research starts (TOTEM fund): January 2007

01/12/2009 Budapest Zimányi 2009 J. Sziklai MTA KFKI RMKI

OTKA és OTKA NKTH success in funding: March 2008

TOTEM Coll. Board votes for full membership: April 2008

TOTEM-Hungary MoU signature, LHC RRB: November 2008



 Measuring the total cross-section with an absolute error
of 1 mb by using the luminosity independent method.
This requires the simultaneous measurement of the
elastic pp scattering down to the four-momentum transfer
of -t  10-3 GeV2 and of the inelastic pp interaction rate
with an adequate acceptance in the forward region;

Main TOTEM Physics Goals:
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 Measuring elastic proton scattering over a wide range in
momentum transfer up to -t  10 GeV2;

 Measuring diffractive dissociation, including single,
double and central diffraction topologies using the
forward inelastic detectors in combination with the CMS
detector.



 Diffractive process classes and cross sections

(Tevatron measured at 1.8 TeV, LHC estimated at 14TeV)

Diffractive processes
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TOTEM Detectors @ IP5

CMSCMS
T1: 3.1 < |h| < 4.7

T2: 5.3 < |h| < 6.5

Inelastic detector configurations no both side of IP5: all capable for
tracking and trigger

Inelastic telescopes:identifying
charged particles in inelastic events &
vertex reconstruction

T1: 3.1 <  < 4.7

T2: 5.3 <  < 6.6

T1: 18 – 90 mrad

T2: 3 – 10 mrad
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~14 m
10.5 m T1T1 T2T2

HF

Roman Pots: measuring the elastic & inelastic protons closed to the beam

IP5

RP: 5 – 500 rad - beam optics dependent



TOTEM capabilities

• Unique possibility of detecting charged particles with high pseudorapidity
• Ideal tool for studying forward phenomena (elastic & diffractive scattering)
• In case of inelastic events the energy flow and the multiplicity increases in

forward angles

The acceptance coverage of the CMS and TOTEM experiment
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TOTEM Detectors
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CMS & TOTEM
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T1 telescope CSC (Chatode Strip Chambers)

• 5 layers of CSC chambers with decreasing diameters
• 2 x 3 trapezoid shaped CSC (Chatode Strip Chambers) detector

elements
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T1 telescope - details
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T2 Telescope GEM (Gas Elecron Multiplier)

Castor

Collar

Castor

T2 GEM

Design & installation together with CMS

Beam
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10 tripple GEM layers
on bothe sides of the IP
to tolerate high particle
fluxes in 5.3 < || < 6.6
pseudorapidity rangeFinal GEM chamber



T2 Telescope in test beam
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Roman Pot detectors

• Special movable detector assembly in its own separate vacuum space
• Roman Pot pairs at a distance of 4 meters at 147 és 220 m from IP
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Roman Pots Motorization
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Horizontal Pot Vertical Pot BPM

• Developed by CERN
• Mechanical arm that moves towards the proton beams
• Its operation must be “safe” for the LHC accelerator
• An incident with Roman Pots shutdown Fermilab for 2 months in 2003



Close
collaboration with
the LHC

Roman Pots in the LHC tunnel
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 The DCS will be a slave to the Run Control and Monitor System
(RCMS) which will be in charge of the overall control and
monitoring of the data-taking process

 The primary function of the DCS is the overall control of the
detector status and its environment

 DCS has to communicate with external entities: the RCMS, the
accelerator, DAQ, motorization, etc.

 DCS has to control and monitor the systems regulating the

TOTEM DCS Objectives
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 DCS has to control and monitor the systems regulating the
environment at the experiment, tasks traditionally referred to as
“Slow Controls” e.g.:

 Handling the supplies of electricity to the detector (HV, LV)

 Environment monitoring (temperature, radiation, vacuum, humidity,../)

 Other DCS-related detector electronics (e.g. calibration systems)

 Control of the cooling facilities and the overall environment near the
detectors

 Supervision of all gas and fluid handling and cooling subsystems

 Control of all racks, crates and access control



TOTEM DCS connections
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DATAFLOW

01/12/2009 Budapest Zimányi 2009 J. Sziklai MTA KFKI RMKI



TOTEM DCS connections
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TOTEM DCS

Software/Hardware levels
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TOTEM DCS

PVSS II
• Commercial SCADA (Supervisory Control and Data Acquisition) software for

Windows and Linux
• Very scalable. Each process can run in a different computing node, mixing

operating systems. Good performance on distributed systems.
• Can be extended using “scripts” and binary libraries.
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TOTEM DCS Development process
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TOTEM Hardware Overview Diagrams

01/12/2009 Budapest Zimányi 2009 J. Sziklai MTA KFKI RMKI



TOTEM Hardware Overview Diagrams
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TOTEM Hardware Overview Diagrams
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TOTEM Hardware Overview Diagrams
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TOTEM DCS Development process
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Operation Logic: FSM Low Voltage/UML

01/12/2009 Budapest Zimányi 2009 J. Sziklai MTA KFKI RMKI



Operation Logic: FSM High Voltage
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Operation Logic: FSM High Voltage/UML

01/12/2009 Budapest Zimányi 2009 J. Sziklai MTA KFKI RMKI



FSM State/Command Hierarchy
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TOTEM DCS Development process
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TOTEM Detector Tree
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TOTEM Hardware Tree
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PBS & Naming Roman Pot
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PBS T1
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PBS T2
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Pinout Tables Roman Pot
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Pinout Tables Roman Pot
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Pinout Tables Roman Pot
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Pinout Tables Roman Pot
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Pinout Tables Roman Pot
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Pinout Tables Roman Pot
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Pinout Tables Roman Pot
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AUTOMATED



TOTEM FSM Hierarchy Table
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TOTEM FSM Hierarchy Table

AUTOMATED
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AUTOMATED



TOTEM DCS Development process
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TOTEM DCS Conclusions

 Formalization for the hardware layout and operation logic

 This is allowing automatic developments, verification
and establishing a software life-cycle.

 In this way all the front-end connectivity and FSM
hierarchy is generated via automatic procedures.

 In case of development errors, it is only necessary to
modify the automatic generation script. This saves
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modify the automatic generation script. This saves
months of work and human resources!



TOTEM Main Screen (Alice) Live DEMO
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Questions
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