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Detector Session Agenda
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Linac Ring - Favored Option
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Linac-Ring:
•Reduced impact on LHC schedule/running
•Design:                     Energy Recovery Linac
•Head on collisions:   Dipole field along the whole interaction region
•Detector cavern:       LHC Interaction Point P2
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Beampipe Summary

– The combined requirements of LHC/LHeC machine and experiments place a 
serious limit on the choice of materials for beampipes

– The baseline for the central beampipe can be considered as a solid beryllium 
chamber, NEG coated and in-situ baked.

– Preliminary calculations have been made for simple ‘solid’, half-cylindrical half-
elliptical geometries.

– In beryllium, thickness in the order of 1.3 to 1.5 mm (RR) and 2.5 to 3 mm (LR) 
appear feasible.

– Experience with LHCb conical chambers does not rule out complex shapes.
– Ongoing R&D for new materials and coatings may give other options, but will 

require several years. 
– Vacuum physics & engineering studies must be made in parallel with detector (& 

machine) studies.
– Additional vacuum resources (personnel & material) are required to continue 

with the these studies.



Magnetic field on beam axis 
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Solenoid field 

2-dipoles field 
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Conclusion 

 A proposed extension of the LHC physics reach is to add an extra 
electron beam and allow e-p/A collisions (following HERA) but now at a 
much higher energy 
 

 The conceptual design of the magnet system for an LHeC Experiment is 
completed aiming at lowest cost, low risk, relatively fast production 
allowing readiness by 2023-2025 
 

 A 3.5 T Solenoid, 1.8 m bore, 10 m long, is combined with the necessary 
0.3 T, 2x9 m long e-bending dipoles to guide the e-beam 
 

 When a large 3.5 T Solenoid is preferred, a novel light and compact 
design is proposed using an actively shielded solenoid 
 

 An elegant engineering solution is proposed which is feasible as it builds 
on the present technology of detector magnets for the LHC 
 

 Next steps: magnet R&D approval; integration study  with present 
structures in cavern; completing an engineering design to prepare the 
production when requested. 
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• LHCb, CMS, ATLAS
➞  Experience on construction, commissioning, performance
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FST  -  ΔZ= 8. cm
min-inner-R =   3.1 cm;  max-inner-R= 10.9 cm
outer R = 46.2 cm
Planes 1 - 5: 
z5-1 =  370. / 330. / 265. / 190. / 130. cm

BST  -  ΔZ= 8. cm
min-inner-R =   3.1 cm;  max-inner-R= 10.9 cm
outer R = 46.2 cm
Planes 1 - 3: 
z1-3 = -130. / -170. / -200. cm

4 CFT/CBT 
min-inner-R = 3.1 cm,   max-inner-R = 10.9 cm

CST -  ΔR  3.5cm each
1. layer: inner R = 21.2 cm
2.layer:             = 25.6 cm
3. layer:             = 31.2 cm
4. layer:             = 36.7 cm
5. layer:             = 42.7 cm

4 layer CPT
min-inner-R  = 3.1 cm
max-inner-R = 10.9 cm

ΔR = 15 cm

Electromagnetic Calorimeter

Central Pixel Tracker Central Si Tracker

Central Forward/Backward Tracker

Backward Si Tracker Forward Si Tracker 

Tracking               
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VELO sensors 

7 mm 

[PLB
 693 69] 

Beam 2 Beam 1 

Gianluigi: better design then beautiful design - criticism:  pixel - enforced elliptical placement 
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Cooling requirements!
  Low voltage:!
           100mA/chip x 2.5V x 2000 / m2 ! 0.5 kW/m2 (strips)!
           100mA/chip x 2.5V / 2.5 cm2     ! 1 kW/m2 (pixels)!
           (estimates based on the current ROCs for the ATLAS upgrade)!

CPT  (1.4 m2) ! 2.5 kW!
CST   (8.1 m2) ! 10 kW!
CFT, CBT (1.8 m2) ! 2.2 kW each!
FST  (3.3 m2) !    4 kW!
BST  (2.0 m2) ! 2.5 kW !

            ~ 25 kW in total!
(+50% overhead for el. and thermal interfaces)!

   High voltage (for sensor dose 1e14 neq):!
           10..100 µA/cm2 x 500 V   ! 0.5 kW/m2 (@ 0 deg. C)!

Convection:                                    0.2 kW/m2  (@ 0 deg. C)!

assuming all modules 
are equipped with pixel 
and strixel sensors only!
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Solenoid DipoleDipole

p/A

The baseline configuration (LR case). 
Central barrel:
    silicon pixel detector (CPT)
    silicon tracking detectors (CST,CFT/CBT) 
    electromagnetic calorimeter (EMC) 
    surrounded by the magnets (Solenoid, Dipoles)
    hadronic calorimeter (HAC) 
Backward silicon tracker (BST)
   energy measured in the BEC and BHC calorimeters
Forward silicon tracking (FST) 
   and calorimetry (FEC, FHC) measuring TeV energy final states

For numeric studies and plots see recent talks at
DIS10, DIS11, ICHEP10, EPS11, IPAC11, …
EIC and LHeC Workshops, the CDR
at  http://cern.ch/lhec

Linac-Ring - beam pipe
inner-Rcirc=2.2cm
inner-Relliptical=10.cm

Detector design  
- follow BP shape (CPT/CST shown) 

Calorimetry
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Solenoid

Main detector for the RR 
- luminosity maximised by low β quadrupole magnets

The forward/backward tracking removed &
the outer calorimeter inserts placed near to IP ( |1.2| m)

p/A

http://cern.ch/lhec
http://cern.ch/lhec


  Juraj Bracinik LHeC workshop, 15 June 2012                   1

 Looking back at H1 (and ATLAS) LAr calorimeter 

and trigger operations

Introduction

Operation of H1 LAr(T)

Is ATLAS different ?

(Possible) implications for 

LHeC

LHeC workshop, Chavannes-de-Bogis, 15 june 2012 

 Juraj Bracinik  

(University of Birmingham, UK) 
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Calorimetry               



Detector Response Stability 
• 2010: up drift of Cs response (about 

1%/year) 
• 2011: Up/Down drift oscillation (<1%) 

during beam/no beam periods. 
o Consistent behaviour seen by all thee 

calibration systems 
o Drift dominated by PMT gain effects 

 
Corrections applied to the PMT response 
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Performance with single muons 
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• Muon signal in TileCal is 
well separated from noise 

• Cosmic muons can be used 
to cross-check cell energy 
inter-calibration and overall 
EM scale  

• Data and MC dE/dx  
comparisons as a function 
of K and I show good cell 
inter-calibration within one 
layer (within 2-4%) 
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Field Integral vs η

Air Core Toroids: Central Solenoid with Iron return Flux:

LHeC : Muon Systems 

L. Pontecorvo



Pt (GeV)  10 210 310

(P
t)/
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0.2  / ndf 2�  3.8118 / 10
Prob   0.9554
p0        0.0549± 0.3693 
p1        0.0024± 0.0387 
p2        0.0032± 0.0163 

 / ndf 2�  3.8118 / 10
Prob   0.9554
p0        0.0549± 0.3693 
p1        0.0024± 0.0387 
p2        0.0032± 0.0163 

ATLAS preliminary
2009 cosmic data

Installation and Commissioning
ØInstallation of both ATLAS and CMS took years

ØEx. The Construction of the ATLAS Muon Spectrometer started in 
2005 (Barrel)  and ended in 2008 (End Cap).

Very long years of commissioning with Cosmic 
rays were essential to be able to efficiently 
record and understand data from the very 
first collision.

This has to be considered in building the 
schedule for the construction and 
commissioning of the LHeC detector

ATLAS	  Barrel	  
Resolu@on	  with	  	  
Cosmic	  rays



Possible Muon Systems
ØBarrel  and and End Cap 

Region
ØOption 1 cntd) 

ØThree stations of triggering 
and tracking detectors spaced 
by iron absorbers.

ØCan possibly profit from an 
Existing Magnet As Absorber

Iron	  30-‐40	  cm	  	  
	   Density	  7.87	  g/cm3	  
	   Radia@on	  length	  1.76	  cm
	   Interac@on	  Length	  	  131.9	  g/cm2

	   dE/dx	  1.45	  MeV/g/cm2

3	  Sta@ons
3-‐4	  layers	  of	  measuring	  planes	  per	  sta@on
No	  momentum	  selec@on	  from	  trigger	  only	  
geometrical	  coincidences.
Poin@ng	  to	  IP	  

~2 λ
 ∼17  X0



Possible Magnetic configurations
ØAir Core Toroid

ØExcellent stand alone momentum 
resolution

ØNeed of excellent space resolution, 
segmentation and alignment on 
detector side

ØMore Complex
ØPossible interference of the fringe 

field on Beam
ØIron Toroid

ØEasy and Cheap
ØNo Fringe Field on Beam
ØLimited Pt resolution due to 

Multiple Scattering: > 10%
ØHigher production of δ rays 
ØNeed of average spatial resolution 

and mild requirements on 
alignment.  Tracking	  Chambers

Micromegas	  or	  Triple	  Gem
Iron	  toroids

Beam	  Pie
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• The assembly on surface of the main detector elements as 
approximately 16 months 

• The Coil system commissioning on site three additional month, 
preparation for lowering one month and lowering one week per piece

• Underground completion of the integration of the main detector 
elements inside the L3 Magnet would require about two months, 
cabling and connection to services

• Some six months, in parallel with the installation of Muons Tracker and 
the EMCal

• The total estimated time, is thus 30 months.

• The field map would take one extra month. 

• Some contingency is foreseen between the lowering (8 weeks) and 
integration inside the L3 Magnet of the same elements (2 months).

• Tight but doable

Timeline - Installation



27



28

• LHeC 1st-order cost estimates based on ATLAS-CORE 
numbers, with an error bar reflecting current costs
• 104 +/- 36 MCHF

• It is assumed ATLAS-numbers scale downwards

• Solenoid costs follow the “A. Herve/ A. Gaddi-equation”

…which is also consistent with the experimental 
observation that magnet system ~ 25% of the total (CORE) 
cost

LHeC CORE Costs



Luminosity measurement: QED Compton - uncertainty

HERA (H1)  Vvis § 50 pb;      <L> = 1.5e+31cm-2s-1 Æ 0.75e-3 Hz
LHeC      ~2000 pb;   <L> = 4.0e+32cm-2s-1 Æ 0.80 Hz (1000 x HERA !)

Stat.error: H1        ~ 4.50% /month (0.8% for full HERA2 sample)
LHeC   ~ 0.15% /month

This allows much harder cuts against background Æ smaller syst.error

H1(2004-2007)  LHeC/month
---------------------------------------------------------------------------------
syst.error
experimental    1.4%         0.8% (improved E-scale and E-resolution)
background       1.2%          0.4% (harder cuts, esp. on acoplanarity)
theory          1.1%         0.6% (improved higher order corrections)
---------------------------------------------------------------------------------
stat.error 0.8%         0.2% (bigger acceptance, Luminosity)
---------------------------------------------------------------------------------
total error 2.3%         1.1%
---------------------------------------------------------------------------------

Armen Buniatyan     Forward & backward detectors at the LHeC Chavanned-de-Bogis, 14-15.6.2012 6     

29

Armen Buniatyan

4th CERN-ECFA-NuPECC Workshop
on the Design of the LHeC

14-15 June 2012, Chavannes-de-Bogis 

Detectors located outside of the main detector
(~ 10 ÷ 100m from the Interaction Point)

Goals: 
Instantaneous luminosity
Tag photo-production  (Q2~0)

- Luminosity Detectors, Electron Tagger
Very forward nucleons

- Zero Degree Calorimeter, Forward Proton Spectrometer

Measuring very forward (backward) at the LHeC

Conclusions

Design of detectors – challenging task  ! 
- Use the experiences from HERA, LHC, RHIC,…
- Explore novel particle detector methods.

Forward and backward ‘tunnel’ detectors – important parts of 
the future ep (ed,eA) experiment

Ideas for the luminosity detectors, electron tagger, ZDC and FPS 
detectors described in the LHeC CDR

Next steps: clarify the geometrical constraints;  investigate 
the possible design options in details

Armen Buniatyan     Forward & backward detectors at the LHeC Chavanned-de-Bogis, 14-15.6.2012 23     



• Reducing the machine options allows detector optimisation.

• The interaction region (beam optics, synchrotron radiation, vacuum/
beam pipe system, magnet system) needs careful optimisation and 
coordinated R&D. 

• Appropriate tools for simulation and discussion among experts has to 
be set up / enforced.

• The experience of running experiments are guidance for directions to 
go for:

• lightweight mechanics & incorporated services
• tracker sensor technology, R/O electronics, powering  …
• calorimeter design
• muon system set up

• ɣ, n, p, d tagger - interesting status report 
   based on H1 experience the luminosity measurements is feasible 
   with high accuracy

•Construction and time for installation not to be underestimated! 

Summary
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Thanks to all speakers of  the sessions for the

   beautiful  presentations, interesting discussions,

   and valuable informations in a nice atmosphere!
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Citation from Ilya’s talk

Citation from Juraj’s talk


