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     How to continue? 
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Exclusivity conditions 

June 18, 2014 Low-x@Kyoto, K. Piotrzkowski 3 

In (very) low luminosity era: 
2 muons and “nothing else“ 

in the tracker and calorimeters 
 

In 2010, each event of interest accompanied 
by extra “PileUp” events 

within the same bunch crossing: 
~ 2-3 pileup interactions 

 
In 2011, roughly 7 PU and in 2012 about 15 

PU per crossing 

Restricting the analysis to single interaction events only would have reduced the data 
sample to < 0.1% of the total  impose exclusivity using tracking only 

 
BUT it will not work at all beyond 2016 – exclusivity tagging is a MUST ! 



Physics motivations 

• Measure gg  W+W-  

• Quartic gauge boson coupling WWgg 
sensitivity to anomalous couplings >> LEP, Tevatron 

• Also search for SM forbidden ZZgg, gggg couplings 
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Gluon Jet Factory with very little quark jet contamination 

LHC used as a “tagged” photon-photon 

collider √sgg>> LEP 

• Exclusive dijets, M(jj) up to ~ 750-1000 GeV.  

• Pure gluon-jets, small component of b-bbar dijets  
o q-qbar dijets forbidden for massless quarks at t = 0. 

• Test of pQCD mechanisms of exclusive production. 
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WW production: extrapolations from data 

• 103-4 times better than the limits established at LEP and Tevatron.  

• Two orders of magnitude better than what is expected with the CMS 

central detectors only for the same luminosity. 

2 candidates 

2.2 +0.8 expected 

Extrapolation from 2011 data:  
• estimate that with 200 fb-1 PPS will collect 

about 200 fully leptonic  

• and 1000 semi-leptonic WW events.  

 

This statistics allows a sensitivity to 

anomalous parameters a0
W/L2 and aC

W/L2 

close to 10-6 GeV-2 . 
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More on Friday 
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Marco BOZZO at LHCC meeting, June 4 



Detector concept: RP 

New RP with  

 timing detector 
147 m relocated RP station 

Upgrade:Rad-hard Si-pixel detectors  

1) Two tracking stations, 10 meters apart instrumented with rad-hard pixel 

detectors: 
• Two RPs (or two short MBP) 

2) Station for timing detectors  
• Two RPs (or one long MBP) 

3) Proton spectrometer using machine magnets 

towards IP   
216 m 204 m 

Space available 

for MBP tests 
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New TCL6 collimator 



Movable Beam Pipe 

• Stainless steel with copper 

coating 

• Beam windows (300 mm) by 

electro-erosion 

• Bellows to connect moving 

section to the normal beam 

pipe with lateral stroke of 25 

mm under development 
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The latest MBP design includes 11 degree tapering structures to minimize the RF 

impedance.  



Acceptance 

• Studies performed with the latest version of the LHC optics 

  

  PRELIMINARY  
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Acceptance in Minv for double tags 
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Very good for high masses – must fight for the closest approach to get it below 400 GeV 
       (esp. during initial lower intensity/luminosity running) 



(Missing) Mass resolution 

Includes vertex and hit smearing 

• HECTOR, a fast simulator for the 

transport of particles in beam lines 
JINST, 2(2007)P09005 

• Excellent agreement with MADx 
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• The relative mass resolution is improving with increasing mass, and 

is well below 1% at 1 TeV. 



Tracking&Timing detectors 

Flex cables 

Sensors with           

6xPCI-46 and 1xTBM-05 

Beam 

pipe 

Several detector options investigated for picosecond timing: 
– Quartz Cerenkov detector with SiPMTs (QUARTIC) 

– Gas Cerenkov detector with MCP-PMTs (GasToF) 

– Silicon-based fast timing detectors 

– OR, a mix of them? 
 

To be used to beat the major triple random coincidence background: 

                                 p ✚ X ✚ p 

24 mm 1
6
 m

m
 

Sensor b-bonded 

to 6 PSI-46 chips 

Tracking station: 6 pixel planes 
3D or planar pixel sensors  

synergy with stage2 Pixel R&D 
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Picosecond ToF detectors @ LHC 

Use very fast ToF detectors to measure longitudinal vertex position from 

z-by-timing from forward proton arrival time difference: 
z = (t1 – t2)/2c 

HECTOR:   JINST 2, 
P09005 (2007) 

Path length differences are very small for forward protons at LHC, 

typically   << 100 mm corresponding to sub-picosecond time differences. 

Ultra fast timing detectors are essential for measuring the exclusive 
production at LHC, pp  pXp,  JINST 4 (2009) T10001 
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CT-PPS program until LS2 

205-220 m 

Exploratory phase (2015-16) :  
• Prove ability to operate detectors close to the beam line at high 

luminosity. In 2015, evaluate Roman Pots (RP) in the 205 − 215 m 
region. Evaluate Movable Beam Pipes (MBP) possibly in 2016 in the 
240m region.  

• Start tests with existing TOTEM silicon strip detectors and upgrade to 
pixel detectors as soon as possible.  

• Demonstrate the timing performance and the pile-up rejection 
capabilities with the detector technologies that will be available.  

 
Initial production phase (2016-17):  
• Integrate the CT-PPS detectors in the CMS trigger/DAQ system. Finalize 

the CT-PPS detector commissioning.  
• Aim at accumulating ∼100 fb−1 of data.  
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