Charged Particle flux and Dose at RHIC PHENIX IP – D.M. Lee
This is based on work done for the GEM detector at the SSC.
The flux of charged particles from the beam line (R = r · sin (, where r is the distance from the IP) is, 


Charged particle flux = KL( dn                     particles/cm2
                                                   2(R2d(
where L is the integrated luminosity, ( is the interaction cross section, dn/d( is the number of charged particles per unit of rapidity, and K is the looper factor which takes into account secondaries, and conversion electrons.  K from simulations is ~2.  

The dose due to the charged particles is, 


Dose = Charged particle flux ·( dE/dx )· C      Mrad, 

where dE/dx is the energy loss in silicon = 1.66 MeV/g/cm2 and C is the conversion factor to convert the units to Mrads and equals 2.63 x 10-14.   

The figure below is for RHIC II pp running with L = 7 x 105 nb-1, (= 42 mb, dn/d(= 3.6.
 At 10 cm radius the dose is 8.8 kRads.  For AuAu running the figure below can be scaled by 0.6 to get the dose.  
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The above is the dose due to charged particles from the interaction point.  Another component to the dose is that due to albedo neutrons from the surrounding material  and fast neutrons from the IP.  The simulation was done for the SSC for the GEM detector and by scaling to RHIC II the neutron flux is 1.4 x 1011 neutrons/ cm2 per RHIC II year.  In the SSC calculation the IP was completely surrounded by an electromagnetic calorimeter and it was determined that the low energy neutron flux was uniformly distributed in the inner volume while the fast neutrons had a distribution similar to the charge particles. In addition, the return neutron from the calorimeter had only a small probability of doubly scattering from another surface.   In PHENIX, the IP is not completely surrounded by calorimetry so the neutron flux will not be uniform but will be peaked in front of the nose cone at a value less than the number above and with a polar angle dependence. 
Summary

For the FVTX we should expect that the yearly radiation level at the top of the first disk will be about 10 kRads from charged particles and less than 1.4 x 1011 neutrons/cm2.  Since the albedo neutrons from the nosecone are isotropically emitted from the surface, we might expect that the neutron flux will fall off with the distance from the nosecone.  At the surface of the nosecone we expect the  charged particle dose to be 550 rads and 1.4 x 1011 neutrons/cm2.  For a 10 year RHIC II lifetime we should plan on a maximum charged dose of 100 kRads and 1.4 x 1012 neutrons/cm2 depending on location.  These numbers are compatible with the recently measured numbers by Sotiria Batsouli.   We might want to include a safety margin of a few to these numbers. 
