


\subsubsection{Forward calorimeter}	





	HF is exposed to the most intense radiation of all CMS subdetectors. This is best seen if we consider that on average 760 GeV per event are incident on the two forward calorimeters, compared to only 100 GeV for the whole main detector. In addition, this energy is not uniformly distributed but has a pronounced maximum at the


highest rapidities.





	Aspects of concern for HF will be the radiation damage of the quartz fibres, of the photomultipliers and of readout electronics. But we also have to consider the influence of HF on other subdetectors, the endcap muon chambers in particular.





	The quartz fibres themselves can sustain significant radiation doses and hadron fluences. The hadron fluence and dose profiles in HF are shown in Fig.\,\ref{fig2}. The lower energy cut for plotting the hadron  fluence is 100\,keV which is also the case for neutrons.
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\caption{Fluence of hadrons (E$>$100\,keV) in cm$^{-2}$s$^{-1}$ and radiation dose in Gy  in the HF and its surroundings. Values are given for $5\times 10^5$\,pb$^{-1}$. (**** old geometry, contour labelling is hand-work and will be done for final version ****)}


\label{fig2}


\end{figure}	 





	We can see that ( Fig.\,\ref{fig2}) the shielding quite efficiently suppresses the hadron flux, and in particular the optimized interface between the endcap systems and the HF provides good shielding for the ME4 muon station. The polyethylene/iron layer around the back shielding plug protects HF photomultipliers. 





\subsubsection{Influence to other subdetectors}





	The main HCAL HB/HE is absorbing most of the 100 GeV of energy dissipated in the $\eta<3$ region per event. Thus a sufficiently thick HB and HE are important to reduce the hadronic background in the innermost muon stations. This is an especially critical issue for the most exposed endcap muon station ME1/1. 





	It has been shown that the PbWO$_4$ electromagnetic calorimeter, which will be in front of the HCAL is the dominant source of neutron fluence for both the inner tracker and its own readout electronics.  In the endcap region the EE electronics positioned in the gap between the EE/HE has to be in first place shielded against neutrons emerging from the EE itself. The neutron albedo emerging from the HE into this gap is about a factor of two lower than the neutron fluence emerging from the EE \cite{ref6}.





	There will be some unavoidable leakage out from the $\eta=3$ edge of the HE, which will contribute to the background in the endcap muon spectrometer. ***** would be nice to get numbers here, have to ask Azhgirey if he has some *****





	If not shielded properly, HF significantly impacts the radiation levels in other detector systems and its shielding requirements will be discussed in the corresponding chapters in detail.  It has been shown  however that the central tracker does not suffer from any neutron albedo from the HF even if it is completely unshielded \cite{ref7}.  It is the endcap muon system which needs to be shielded against radiation leakage from HF.  The muon chamber that is most affected is ME4, but also the high-$\eta$ regions of other forward chambers would considerably suffer from the HF albedo if no shielding would be provided.





\subsubsection{Estimated of induced radioactivity}





**** To be (re)simulated, analyzed and written. We'll do the best we can in the given time ****





\subsection{HF Shielding requirements and constraints}





**** This is for chapter 5.4 *****





**** final figures to come from engineers ****





	The large amount of hadronic energy absorbed in the HF inevitably leads to the generation of an immense neutron flux inside HF.  It shows substantial hadronic leakage from the rear face even after 10 interaction lengths.  Fortunately most of the punchthrough is contained within the shielding or is directed towards the end wall of the cavern and does not directly hit any other subdetector.  Some of these particles will cross the photomultipliers and front-end electronics.  The protection of these devices is the primary reason for a quite substantial shielding at the back of HF. This shielding is also useful for the endcap muon system, since the energy carried by the punchthrough particles is converted into neutron and photon albedo at the end wall of the experimental hall, and so indirectly influences ME4.





	For ME4, radial leakage from HF is more of a concern than punchthrough. Particles emerging from HF side faces could directly impinge on the CMS endcap.  A substantial effort has been recently devoted to optimizing the shielding configuration around HF.





	The neutron albedo from the HF front face has been shown to be of no importance for the central tracker but, if unshielded, would be an important source of background in the high-$\eta$ region of the endcap muon spectrometer.  A 20 cm thick polyethylene slab lining the HF front face is sufficient to suppress the neutron albedo below the level of the neutron flux generated by interactions in the beam pipe. 





	An important channel for neutron leakage from HF directly into ME4 has been blocked by introducing a 10 cm thick borated polyethylene slab into the endcap/HF interface. The interface itself is designed to be flat, with a clearance not exceeding 3 cm. The lateral faces of HF are surrounded by 70 cm of shielding, of which the innermost 30 cm are steel followed by 30 cm magnetite concrete (density 3.65 g/cm$^3$).  The shielding is finished off with a 10 cm thick layer of borated polyethylene. In addition to some


weight saving, it is of advantage to make this shielding close to cylindrical. A shielding with square cross section would leave in the corners some parts of ME4 directly exposed to HF.





	At the back of HF we have to deal with the interface to the rotating shielding and with the issue of accommodating and shielding the photomultipliers. The inner radius of HF is assumed to be 12.5 cm. Behind HF, we have a relatively massive shielding block starting at z=12.95 m. The inner boundary of this block is conical and follows the $\eta=$5.31 line. The block has an outer radius of 100 cm and consists of steel and magnetite concrete. Its outer surface is covered by 10 cm of borated polyethylene.  The interface to the rotating shielding is provided by having the last 40 cm of this shielding block as a separate entity which would be inserted after both the HF including its shielding  and the rotating shielding are in place.  The crack between the HF shielding and the rotating shielding is shown to be critical. A flat connection is possible if the clearance does not exceed 3 cm.





	The photomultipliers are stacked between the cylindrical shielding block and the outer lateral shielding described above.  To suppress the fluence of punchthrough particles, a special shielding consisting of 5 cm steel, 25 cm borated polyethylene and 10 cm steel is placed between the HF absorber and the photomultipliers. The fibres from the HF will be fed to the photomultipliers through small holes in this shielding.





	We have calculated the particle fluences and radiation dose in a glass plate representing the photomultiplier windows. The results are collected in Table\,\ref{tab6}.





\begin{table}								   


\begin{tabular}{|l|c|c|} \hline


                      & FLUKA               & MARS \\ \hline


All neutrons          & $3.5\times 10^{12}$ &      \\ 


Neutrons E$>$100\,keV & $2.6\times 10^{12}$ &      \\


Thermal neutrons      & $1.1\times 10^{10}$ &      \\


Charged hadrons       & $7.0\times 10^{10}$ &      \\ \hline


Dose                  & 90                  &      \\ \hline


\end{tabular}


\caption{Particle fluences (in cm$^{-2}$s$^{-1}$ and radiation dose (in Gy) in the position of the photomultipliers of the HF. Values are given for $5\times 10^5$\,pb$^{-1}$.}


\label{tab6}


\end{table}





	The energy spectra for charged hadrons and muons, electrons, photons and neutrons at the photomultiplier position are shown in Fig.\,\ref{fig3}. When interpreting the photon and electron spectra it should be remembered that photons, electrons and positrons emitted in radioactive decays are not included in the simulation.


				       


\begin{figure}
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   \put(1.8,0.5){\mbox{\includegraphics[height=14.0cm]{hfpms.eps}}}
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\caption{Energy spectra of particles in the position of the photomultipliers. The energy cuts,


100 keV for electron, 30 keV for photons and 1 MeV (***** to be 100 keV in next results ****) for


charged hadrons and muons, are responsible for the sharp left edges of the distributions.}


\label{fig3}


\end{figure}	 
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