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Intro: Detectors at 420m (for high lumi)
HECTOR: LHC beamline simulationHECTOR: LHC beamline simulation
Detection system: Hamburg pipes
Detectors: Tracking and timing

Outlook



FP420 R&D issues (NB. Report in preparation):

• Modification of LHC connecting cryostat to• Modification of LHC connecting cryostat to 
allow for near-beam detectors at ~420 m

• Optimization of detector setup for 
resolutions and acceptances

• Design detector system to allow for 
reliable and precise close approach to beamreliable and precise close approach to beam

• Study and tests detectors for precise y p
proton tracking and timing

• Study and design required infrastructure in 
LHC tunnel
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• Study backgrounds and radiations hardness
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U d f RF t t tUsed for RF tests at 
Cockroft

Aim at < 50 μmAim at < 50 μm 
pocket surface 
flatness
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Published in JINST
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Hector verified 
with Mad-X: it is 
fast, versatile, 
precise tool for 
FP420/220/LHC 
studies
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Acceptance driven mostly by p energy loss, 
and by detector/beamline geometry/aperturey / g y/ p
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• Optics non-linear• Optics non-linear

• Effects of energy and angles mixed

• Transverse momentum measurement 
diffi l
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difficult



However, energy measurement is good at 420 m 
even for poor spatial resolutions ~100 μm
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(for scattering angles not too large) 



Ultimate full reconstruction requires extremely 
d l ti d li t ( t 220 )
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good resolutions and alignment (esp. at 220 m), 
below 10 μm 



Ultimate full reconstruction requires extremely 
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good resolutions and alignment, below 10 μm; pT
better measured at 220 m 
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Standard Candle: Exclusive di-muons
Y Liu (UCLouvain)

Reconstruction & trigger efficiencies:

Y. Liu (UCLouvain)

• Sample of 5000 μμ pairs at pT > 3 GeV 
generated with LPAIR (σ ≈ 50 pb)

• Reconstructed with ORCA – efficiency for• Reconstructed with ORCA – efficiency for 
muons reaches plateau of 90% at pT = 7GeV (at 
pT=5 GeV it is 60%)T

• Cross-section for reconstructed pairs is 6 
b 1 ffi i i hi h b hi hpb, L1 efficiency is high but high pT cuts at 
HLT results in 40% global trigger efficiency 
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Note: Roman Pots are NOT used for trigger!



Resolution of the proton energy loss for the 
reconstructed dimuon pairs: 
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Conclusions from Hector:

• Radiation hard detectors are needed

• S ti l l ti i ti l f• Spatial resolution is essential for pT
reconstruction

• Di-muon essential for understanding 
energy scales, acceptances and luminosity 
of FP420 events

• Absolute energy resolution worse but p• Absolute energy resolution worse but pT
resolution better at 220m

• Calibration of detectors at 220m more 
tricky: need to study electron pairs with 
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forward CALs, and bremsstrahlung in ZDCs



3D Si T ki +3D Si Tracking + 
Cerenkov Fast 

TimingTiming

QUARTIC

~ 8 layers
of 3D pixels

6mm(y) x 24mm (x) 
covers distribution

GASTOF
MCP

p
BEAM

BPM BPM
QUARTIC

of 3D pixels

4 mm
GasToF
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~ 7 m

BEAM
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Why need s(uperfast)TOF?Why need s(uperfast)TOF?

Z-by-timing is crucial for running at high 
LHC luminosity, by suppressing accidental 
b k dbackgrounds:

If δt = 10 ps can be achieved for a 
single ToF, then z-vertex resolution is 2 mmsingle ToF, then z vertex resolution is 2 mm 
(from time difference for two arms) to be 
compared with >50 mm RMS of IR!

Note Background suppression power isNote: Background suppression power is ~ 
inversely proportional to resolution of ToF!
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gastof: Basic idea
Consider gas Cerenkov as complementary solution toConsider gas Cerenkov as complementary solution to 
Quartic:

V i l d b t d i• Very simple and robust design
• Very thin and light detector – can be used before
the tracking part
• (Very) radiation hard
• High energy threshold

Basic formula: Npe ≈ 100 sin2θc L[cm]

To estimate position sensitivity estimate averageTo estimate position sensitivity estimate average 
light spot radius 〈r〉, at radiator exit:

〈 〉 θ θ /〈r〉 ≈ 0.5 L tanθc ≈ sinθc L/2
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Npe ≈ 200 〈r〉[cm] sinθc



Injection of gas (~ atmospheric pressure) Ejection of gas

gastof

Aluminium(?) pump

Protons
MirrorCerenkov medium 

(ethane)
~ 2-3 cm

(Flat or Spherical?)

Lens? (focusing)
~ 20 cm

~ 10 cm

Photomultiplier
Tube (picosecond time resolution)

 10 cm

Electronics

AmplifierDiscriminatorData acquisition
Time measurement
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The prototype of GASTOF gastof prototyping

Hi h V lt < 2600V combinedHigh Voltage  < 2600V 

output of Burle
64 or 16 combined anodes 

combined 
mirror and Bur

efficiencies

7 TeV 
t

C4F10
1.2 bar,  n~1.0018

45deg

protons

Cone of Cerenkov photons 
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Prototype 1 with 
Hamamatsu MCP-PMT:
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GasToF
Cerenkov 1

CRC
Louvain-la-Neuve
CRC
Louvain-la-NeuveGenève TIM 05 (13 mars 2007)



Tests at Fermilab:
Gastof 0 and 1Gastof 0 and 1
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The Detectors : 2) QUARTIC 

8 fused silica rods
Mike’s idea 

8 fused silica rods 
in z (my fused 
silica!)

Jaak’s 
drawing

protonproton
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QUARTIC (V2)QU C (V )
Advantages:
• Segmentation (8 x 4)Segmentation (8 x 4)
• Compact
Disadvantages:
• More material
• Not as fast

20 psec
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Target detector resolutions achieved.Target detector resolutions achieved.
Still have to study efficiencies, and 
tune front-end electronics…
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Electronics for
Cerenkovs:
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Example of NIM module with mini-modules

Two such modules with ~8 CFD mini-Two such modules with ~8 CFD mini-
modules were built and are under tests

N tNote:
• It has remote 

control

• It is tuned for 
Burle&Hamamatsu MCP-PMTs

• It has double 
outputp
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Baseline Plan
1 GASTOF Lots of silicon 2 QUARTICs1 GASTOF Lots of silicon 2 QUARTICs
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Summary/Outlook

• Final cryostat design should be ready this• Final cryostat design should be ready this 
Fall, and production could start early 2008… 
If accepted and allowed by LHC schedules p y
installation in 2008/9 of one cryostat very 
profitable! Aim for full system installation 

/in 2009/10.

• Moving HH pipe system well advanced; first• Moving HH pipe system well advanced; first 
irradiation tests underway; this October tests 
at CERN of a motorized and fully equipped (3D y q pp
silicon + Cerenkov) section; complete RF 
studies show full compatibility with LHC

• Both Gastof and Quartic detector designs 
well advanced and with target resolutions (~10
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well advanced and with target resolutions (~10 
and 50 ps per channel, respectively) achieved



Summary/Outlook

• Need to finalize FE electronics and DAQ• Need to finalize FE electronics and DAQ 
studies; complete background estimates/radiation 
hardness studies should be available by this y
Fall

• Tunnel infrastructure preparations has started 
as it requires long lead time for cabling and 
shieldings!shieldings!

• All these studies in very close contact with y
machine vacuum, RF, collimator, instrumentation, 
… LHC groups 

• Many (all?) of these developments are very 
interesting and applicable at 220m!
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interesting and applicable at 220m!

Thanks


