
Clear Fiber Calorimetry

R&D for LHC

Boston University

 1994 -1996



Looking for SUSY: from a
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! LHC: SUSY or not SUSY
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! The PPC solution
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! The 0 ° solution
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The situation before LHC

! LEP - SLC extensive check and metrology of SM

" Z0    and   W±   physics and metrology

! TEVATRON observation of the Top quark at 175 GeV

! Extensive Higgs searches with no success …

" SM Higgs mass limit  ! 115 GeV 

" SUSY Higgs mass limit(s) ! 90 GeV 



Standard Higgs search at LEP

SUSY Higgs search at TEVATRON

SUSY Higgs search at LEP

But ... no Higgs found !!



LHC: SUSY or not SUSY ?

! 1st case: Standard Model Higgs discovery

! 2nd case: SUSY Higgs discovery

! 3rd case: no SM and no SUSY => WW and ZZ

The need for forward jet tagging



VFCAL and the CMS apparatus



VFCAL  angular region



Standard Model Higgs

ATLAS TDR:   W W "  l # j j  

MH = 600 GeV

2 forward jets tagging  2 <  | ! |  < 4   Etag > 600 GeV

" With            S/B = 0.36

" Without      S/B = 0.015

After all other cuts



Example with SUGRA

ATLAS TDR  H/A " $ $

" m0 = 200 GeV   

" m1/2  = 100 GeV    

" A = 0  

" tanß = 2    

" sign µ = -1

" mH = mA = 375 GeV

After all other cuts:

jet veto cut Pt > 20 GeV

            !  up to 5

" With          S/B = 0.57

" Without     S/B = 0.001



Example: vector boson scattering

ATLAS TDR:   WL ZL " WL ZL "  l l j j  

M% = 1.5 TeV

Forward jet tagging  2  <  | ! | < 5

" With         S/B = 6.15

" Without    S/B = 0.77

After all other cuts



Calorimetry at  2.6  <  | ! | < 5

! small volume separated from the main apparatus

! ~ 1/2 Higgs mass range search 

But … at | ! | = 5

! neutron flux ~ 108 cm-2 s-1

! gamma radiation dose 500 Mrad for L = 5x105 pb-1 

Very few materials can resist ….



low energy electrons -> large angle

pions -> large angle, long distances

high energy electrons  Ec > 10 MeV

What is detected …



The PPC solution



The PPC solution



The PPC solution



The PPC solution

! gas detection via ~ few 100 keV electrons

" large transversal shower detection " shower overlap 

" material & gas selection to avoid inducing radioactive 

signal

! requires high mechanical precision " cost

! gas impurity monitoring and control for 10 years.



The 45° fibers solution

  particle   

  cerenkov cone   

  numerical aperture  cone



The 0° fiber solution

! fibers along beam axis

! only plates + grooves

! simple PMs, no ns timing

But .. Is it a blind detector  ?
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The prototype design



16 months later … the prototype



Test beam: electrons



Test beam: pions



protons,  muons…

                  



The final detector









Golden age,  Legacy …

LHC will explore the  1 ~ 2 TeV  region

Higgs found! 

Linear Collider

No signal

Is 10 x LHC

reasonable ?

New approaches?

HEP + AstroPhys.

HEP + AtomPhys.



Back to trial & error …

! HEP + Astro Phys = Astroparticle Physics

" experimental detectors, satellites, deep underwater experiments

! HEP + Atomic Phys + Plasma Phys + Chemistry = Antimatter Phys.

" Hbar atoms, Positronium, Ps
&

" Ps2 ? Hbar at rest ?  Hbar
+ ?

" stable antimatter compounds ? single atom gravity experiments ?

       Exploratory Physics with exploratory techniques :

re-introduce small,unusual experimental techniques in HEP !!
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