	5.1 Overview and Requirements





	5.1.1 Introduction: Physics aims





	The very forward calorimeter (HF) covers the pseudorapidity range 3.0 ≤ |h| ≤ 5.0. The font face of HF  is located at ± 11.1 m from the interaction point.  There are two main objectives with this detecotr: to improve the measurement of the missing transverse energy (Etmiss) and to enable identification and reconstruction of very forward jets.  In some cases, these jets are the distinguishing characteristic of several important physics processes, in others, they are background signatures.


	The central (|h| < 3) calorimetry of CMS, complemented with the HF calorimeters up to |h| ª 5, reduces the fake (instrumental) Etmiss by an order of magnitude in the 20-120 GeV energy range [Reference].


	The measurement of Etmiss is essential for the study of top quark production and for Standard Model (SM) Higgs searches for mH ª 80 - 140 GeV and mH ≥ 500 GeV in the H -> WW -> lnjj channels.  It is also important in SUSY Higgs searches for A -> tt -> em + Etmiss and A -> tt -> l±h± + Etmiss , allowing the A mass reconstruction.


	Forward jet detection is critical in the search for a heavy Higgs boson (mH ª 1 TeV), with the decay H -> WW -> lnjj, H -> ZZ -> lljj, at luminosities in the 1034 cm-2s-1.  The production of the Higgs boson in this mass range, through the WW or ZZ fusion mechanism, is characterised by two forward tagging jets.  The jets are energetic (<pL> ª 1 TeV) and have a transverse momentum of the order of mW.  They are emitted in the pseudorapidity range 2.0 ≤ |h| ≤ 5.0.  The detection of these tagging jets is mandatory in order to suppress the large QCD W,Z + jets background [Reference].


	In the search for direct Drell-Yang (DY) slepton pair production or the associate direct DY chargino-neutralino production, leading to final states with two or three isolated leptons, no jets and Etmiss , it is essential to have the capability to recognise and veto jets at forward angles.  This is need to suppress the SUSY and SM backgrounds.


	Already with a coverage up to |h| ª 4.5, the vetoing events containing a forward jet of Etjet ª 25 - 30 GeV, will reject SUSY background by a factor 350 - 400 (SM background by a factor 9 - 10) with a 7% of signal loss.


	In the case of slepton searches in two-lepton final states, the corresponding SUSY (SM) rejection factor, by veto on same type of forward jets, will be 30-50 (8 -10) with a loss in signal acceptance in the order of 10%.


	On the other hand, the study of longitudinal intermediate boson (VL) scattering (whether resonant or not) will require the detection of forward tagging jets.  This study will gain further significance if VL scattering becomes strong, particularly if the SM Higgs does not exist or if it is extremely massive.


	In heavy ion collisions, the production rate of heavy vector mesons (Y, Y', Y'') as a function of the global energy density in nucleus-nucleus interactions will be measured and the energy density can be estimated from the transverse energy flow measured in the calorimeters.





	5.1.2 The HF environment: Physics requirements





	The physics aims outlined in the previous section have to be fulfiled in a very demanding and hostile environment.  To start with, a bunch crossing every 25 ns implies the use of a very fast technique. In addition, with LHC operating at a luminosity of 1034 cm-2 s-1, and assuming a total pp cross section of 100 mb (25 pp collisions per bunch crossing), the average particle multiplicity at the interaction point (IP) per crossing is about 5700 (RMS = 1200).  This corresponds to a rate of 2.3 x 1011 s-1, equivalent to 280 part./crossing/rapidity unit, or 1.1 x 1010 part./s/unit of rapidity.


	From the 5700 particles produced at IP, 1050 (RMS = 450) reach any of the two HF (located at ± 11.1 m from the IP), so: 4.2 x 1010 s-1, equivalent to 525 part./cross./rap. unit, and 2.1 x 1010 s-1/rap. unit. The most populated region is the inner part of the HF (4.5 < h < 5), with an incoming rate of particles of about 9.6 x 109 Hz equivalent to a flux of about 6.0 x 106 cm-2 s-1.


	The above particle flux will produce absorbed doses that, in the inner parts of the calorimeter, will reach values close to 100 Mrad/year. Therefore the detection technique must be radiation resistant.


	Particles incident on HF will initiate showers leading to large neutron fluxes in the calorimeter absorber (close to 109 cm-2 s-1 in the shower maximum) and to the activation of material in the absorber.  Thus the technique is required to be as much as possible insensitive to neutrons and low energy particles originating from the decay of activated radionucleids.  As a result of this activation, some parts of the HF will be a source of radiation (after 60 days of LHC operation and 1 day of cooling down) up to about 10 mSv/h.  Thus the detector must be robust and require minimal maintanence.





	5.1.3 The technique: quartz fibre calorimetry





	A charged particle traversing a quartz fibre with a velocity greater than the speed of light in quartz, emits photons due to the Cerenkov effect.  The opening angle of the Cerenkov cone, Qc, is related to the speed of the particle, b, by the relation:





		cos Qc = 1/nb							(1)





where n is the refraction index of the fibre. There is a threshold value (bmin = 1/n), below which there is no Cerenkov radiation.


	The light yield, in photons, due to the Cerenkov effect [R], is given by:





	d2N/dxdl = 2paz2(sin2 Qc /l2) = 2paz2/l2 [1-1/b2n(l)2]	(2)





where a is the fine structure constant, Qc is the Cerenkov angle, l is the wavelength of the emitted light, x is the path of the particle through the medium and z is the charge of the incident particle.


	The amount of light observed by a detector positioned at one end of the fibre depends on the velocity of the particle (eq. (2)), on the incident angle and on the distance between the particle trajectory and the center of the fibre.  It also depends on the fibre core and cladding refraction indices, on the spectral transmission range of the fibre and on the spectral quantum efficiency of the light detector [R].


	The particles entering the absorber of a calorimeter make showers of particles.  Amongst them, those entering in a quartz fibre with b close to 1 are essentially electrons.  The electrons producing light in a quartz fiber are roughly those entering in the fibre with an angle of ª 45o ± 10o [R].


	The implication is that the apparent shower development in fibre calorimeters is dramatically different from the one observed in dE/dx  calorimeters: the showers appear to be very narrow and, in the case of hadrons, short.  For electromagnetic and hadronic showers the figure of merit is the Moliere radius of the absorber.


	By nature, the Cerenkov effect is insensitive to neutrons (because they have no charge) and to activation products (because they lie below the b threshold).


	The Cerenkov effect can be considered instantaneous and therefore there will be no other limitation than the electronics, which certainly allows to collect the signal in much less than 25 ns.


	HF will be constructed as a block of copper with embedded quartz fibres, running parallel to the beam axis.  Both materials are radiation resistant.  Photodetectors and associated electronics will be located at the outer parts of the calorimeter, where the radiation doses are low and easily accessed


