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Proposal and Ideas for Detector 
Design at the LHeC
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OUTLINE

•Some Essentials - Infrastructure
•Magnets, Beam Pipe, Tracker, Calorimeter 
•Monte Carlo Tools - Framework to be 
choosen
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Infrastructure Alice
• Round access shaft of 23m of diameter 

(an other dimension mentioned is that it allows objects of 15m x 15m which is 
consistent with a diameter of 23m)
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• Shaft: 100m depth, 10.10m diameter, very slightly non vertical 
Experiment: length 19.90m from IP, 
               max width at the muon station 12m Cavern: 50m x 20m

4

Infrastructure LHCb
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• Given the time constraints - CMS-type logistics:  
Assembling in ground level hall (building(s) sufficient?)
• ~5 years before real installation  in  or  near to   
the beam line - start of assembling

• 2-3 years for installation, tests
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Implication:
Modular Experiment Set Up
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Beam Pipe
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Minimal Track Angle vs. z-Position of Track Detector for given Beam Distance
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• Rather conservative elliptical Be beam pipe radii 
for now: ry=3.4cm and rx=5.4cm 
- Space for synchrotron radiation fan shouldn’t be the problem

- pipe dimensions - very essential decision - to large extent determines the 
    size of the detector - we could gain in terms of costs
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HaC-Barrel
Modules

EmC-BarrelEmC-Barrel-Ext

EmC-insert-1/2

EmC-Endcap

HaC-insert-1/2

Bwd TrackingFwd Tracking

Central Tracking

L1 Low Q2 SetUp

EmC-Barrel-Ext

EmC-insert-1/2

EmC-Endcap

(to be optimised)
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L1 High Q2 SetUp

HaC-Barrel
Modules

EmC-Barrel

Central Tracking
HaC-insert-2

EmC-insert-2

L1 Low Q2 SetUp ➟ High Q2 SetUp
- Fwd/Bwd Tracking & 
  EmC-Extensions, HaC-Insert-1 removed 
- Calo-Inserts in position     
- Strong Focussing Magnet installed

Strong Focussing
Magnet
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(to be optimised)
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Container Model

One option: GAS-Si Tracker - GOSSIP Type NIKHEF

  Gas On Slimmed Silicon Pixels (or Strixels/Pads)

Near Beam Pipe Tracking (to be optimised)



• New magnetic field, new “wall of coils’’, iron-free

• Many benefits to muon detection, physics and MDI

• A. Mikhailichenko design 

Magnetic field:
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Solenoid(s) - (Toroids later)
• Two Coil Solution (4th concept - ILC)
• almost exactly the dimensions we need for L1 (current design)

no-iron magnetic field configuration with flux return by a second solenoid 
allowing better muon measurement, open-detector survey and alignment, 
quick push-pull and (re)installations
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Magnets - Essentials

• Solenoid modules ? - access shaft opening
Modul solution Wendelstein 7X  *) (fusion project - Greifswald/Germany)

•  The tracking region would be 5T and the muon area 1.5T if 4th concept design 

followed.  NO iron return yoke but support structure and radiation shield
- muon tracking and momentum resolution has some advantages 
- decide after detailed machine/physics studies and cost considerations
- option for an dipol field added to solenoidal field - has to be evaluated *)
- dipol field sufficiently large enough?  but: minimise the synchrotron radiation
*) Solenoid with Dipol integrated - Brett Parker und Uwe Schneekloth discussed that for eRHIC already.

• Background, Collimators (backscattering) etc. see U.Schneekloth at Divonne 2008
• Dimensions of strong focussing magnets (∅ = 30cm now) and the Solenoid Coils 

have to be defined 
• Instrumentation of focussing magnets - tracking/calorimeter device 

T.Greenshaw, Divonne LHeC workshop 2008

*) They manage to connect 70 modules of superconducting magnets building one single magnet afterwards - each modules weight = 6 tons
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• Building the central track detector directly onto the beam pipe
• Module:  segment of beam pipe, cones, layers
• even less material
• even better angular acceptance - lightweight design 

       (H. v. d. Graaf, NIKHEF, Amsterdam, ATLAS Upgrade Workshop, Dec 7th, Liverpool, 2006)

LHeC pre-MEETING MADRID, 25th April 2009Kostka, PoliniKostka, Polini, Wallny

Tracker
• Acceptance - Tracker          - θ ( 0.9⁰ - 179.1⁰ ),   ɳ ( ±4.8 )  - LowQ2

                                   - θ ( 2.9⁰ - 177.1⁰ ),   ɳ ( ±3.7 )  - HighQ2

• Due to low material budget the multiple interactions shouldn't (or only little) 
deteriorate ΔpT/pT2  in fwd/bwd regions & low momenta; 
BUT simulations are mandatory taking into account all contributions; 
Asymmetry fwd/bwd tracking more in functionality/responds rather then in 
geometry  
  - different granularity/resolution of trackers fwd/bwd  
  - requirements for eA:  # of tracks / dense track structures - simulation !
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(to be optimised)
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Calorimeter
• Acceptance - Calorimeter  - LowQ2        

•  EmC-insert-1   θ ( 1.1⁰ - 178.9⁰ ),   ɳ ( ±4.7 ) 
•  HaC-insert-1   θ ( 0.9⁰ - 179.1⁰ ),   ɳ ( ±4.8 )
•  EmC-insert-2  θ ( 3.2⁰ - 176.8⁰ ),   ɳ ( ±3.6 )
•  HaC-insert-2  θ ( 2.8⁰ - 177.2⁰ ),   ɳ ( ±3.7 ) 

• Acceptance - Calorimeter - HighQ2

•  EmC-insert-2  θ ( 9.4⁰ - 171.6⁰ ),   ɳ ( ±2.5 ) 
•  HaC-insert-2  θ ( 7.2⁰ - 172.8⁰ ),   ɳ ( ±2.8 ) 

• For the geometry given:
• Hadronic Calorimeter           6 - 9.2  x λI     Fe/Cu & different det./R/O
• Electromagnetic Calorimeter        20  x X0    Pb/W & different det./R/O

• Again: Asymmetry fwd/bwd calorimetry more in functionality/responds rather 
then in geometry
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(to be optimised)
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• Detector simulations are needed:
(see: http://confluence.slac.stanford.edu/display/ilc/ILC+Detector+Simulation+FAQ)
• optimize full detector designs for physics performance on mission critical 

processes
• optimize the designs of subsystems and subdetectors
• compare proposed detector technologies with each other (in concert with test 

beam)
• calorimeter concepts - DREAM (4th concept ILC Calorimeter) 

                            RPC, GEM, scintillator, Silicon, lead tungstate, hybrid 
                            (see also F.Simon *)

• tracking devices e.g. - Si, diamonds (see talks M.Moll & N.Wermes *), 
!              - Si-Gas (talk by E.Koffeman *),
!              - Driftchamber with novel readout systems 
                            e.g. TPC + SiGas-Det.
! ! !                           *)  Divonne LHeC Workshop 2008

Monte Carlo Tools

• the hardware selection aspect makes use of world wide efforts for the preparation of ILC and sLHC 
experiments

• the hope is that the developers involved there will share there knowledge/experience with us and new 
centres are attracted to help developing the most advanced detector technologies - synergy wanted
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• Detector simulations are needed (contd.): 
• compare different full detector designs
• compare Monte Carlo results with test beam for Geant4 physics list validation 
• compare, test, and debug reconstruction and analysis algorithms and other 

software!     
• understand the role of dead materials in affecting the overall detector 

performance        
• model the effects of hardware inefficiencies such as cross-talk, dead cells, etc.        
• understand the effects of backgrounds on detector performance!     
• establish a software infrastructure for the actual detector experiment(s)

• Input from physics groups wanted/needed

Monte Carlo Tools 2
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• together with physics working groups 
• MC today 
• developing analysis chain tomorrow!    

• experiment - MC 
ensuring the signal quality - suppress/understand background processes

• We need to use signatures with small backgrounds:
-!  Leptons
-!  High-mass resonances
-!  Heavy quarks
to avoid being overwhelmed by "background" processes
an important test: implementations of trigger algorithm - based on excellent 
detector performance

• particle identification / flavour identification / jet characteristics
tracking charged particles in the inner detector region 
calorimetry for identifying energetic photons, electrons, and jets of hadrons as 
well as measuring their energies;
specifically: identification of jets containing long-lived B-hadrons (btagging)

Monte Carlo Tools 3
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http://confluence.slac.stanford.edu/display/ilc/ILC+Detector+Simulation+FAQ
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• Start of a fruitful exchange of information - 
software framework package
• 4th concept - IlCRoot  - ILC
• evolved from: AliRoot - Alice - LHC
• IlCRoot-AliRoot common development meetings 
every year

• Good connection to 4th concept detector C.Gatto 
and IlCRoot developer V. di Benedetto

• we started to set up IlCRoot with: ROOT + VMC 
- allows root using geant3/4 and fluka
(e.g.: Pandora-Pythia, Whizard, Sherpa, CompHEP, GuineaPig to generate 
events; Fluka to track particles across the detectors)

Monte Carlo Tools 4
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Still 4th concept - L1 developing
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Summary

•! Detector design - modular 
      - physics point of view: low Q2, high Q2 set up
      - infrastructure requirements
•! Simulation of interaction region
       - beam optics - detector interrelation (dipol field?) 
       background optimisation
•! Simulations of detector details needed -
       determines (also) the choice of technology
•! MC-Tools: WE have to choose which framework is  
                   appropriate best - essential decision
•! Collaboration to existing projects is mandatory 
       as resources, manpower are low
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Q & A (may be)


