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GG6: Options  
Brief Summary
Goal of GG6: understand requirements and configurational issues related to possible alternatives to e+e- collisions, including ((, (e,  e-e-GigaZ and fixed target; identify potential performance parameters
Photon collider (((, (e)
Introduction
   At the photon collider electrons are “converted” to high energy photons using Compton scattering of laser light off the high energy electrons just before beam collisions at the distance about 1 mm from the interaction point (IP). For the ILC the optimum wavelength is about 1 (m which coincides with that of most powerful and developed lasers. The maximum energy of photons is about 80% of the electron beam energy for 2E=500 GeV, so the maximum invariant mass of gamma-gamma system is about 80% of the c.m.s. beam energy and 90% for gamma-electron collisions. Lower invariant masses are obtained by lowering electron energy, for example, for study of H(120) one needs 2E=200 GeV. The expected gamma-gamma luminosity in the high energy peak of the luminosity spectrum is about 17% of the e+e- luminosity at the nominal ILC parameters, but it can be increased by a factor of 2-3 by reducing emittances in damping rings. Note that typical cross sections in gamma-gamma collisions are higher than in e+e- by about one order of magnitude.
       Physics program of the photon collider is very rich and compliment in an essential way the physics in e+e- collisions. Independently of the physics scenario in ((, (e  collisions compared to e+e-

· the energy is smaller only by 10-20%

· the number of events is similar or even larger

· access to higher particle masses (H,A in gamma-gamma, SUSY in gamma-e)
· higher precision for some phenomena

· different type of reactions, highly polarized photons.
There are no fundamental reasons why e+e- are much better than gamma-gamma, gamma-e, only narrower luminosity spectra which not always necessary. Very important that the photon collider can be obtained at the linear collider almost for free (the laser, modification of the IP and one of detector add less than 3-4% of the ILC cost). The decrease of e+e- run time on 25-30% is not so important for statistics, more interesting to look new physics in other types of collisions.

Special requirements for the photon collider
    The photon collider presents several special requirements which should be taken into account in the ILC basic design:  
1. For removal of the disrupted beams  the crossing angle at one of the interaction regions should be about 25 mrad (the exact number depends on the final quad design); the quad’s fringe field should not scatter the outgoing low energy beam;

2. The γγ luminosity is almost proportional to the geometric e-e- luminosity, therefore the product of horizontal and vertical emittances should be as small as possible (requirements to damping rings and beam transport lines);

3. The final focus system should provide a spot size at the interaction point as small as possible (the horizontal β-functions can be smaller by one order of magnitude than that in the e+e- case);

4. Very wide disrupted beam should be transported to the beam dump with acceptable losses; the beam dump should withstand  absorption of very narrow photon beam after Compton  scattering; 

5. The detector design should allow replacement of elements in  the  forward region (<100 mrad);

6. A space for laser beam lines and housing is needed

Crossing angle.
      After the conversion and collision electrons have energy from about 6 GeV up to E0 and the horizontal disruption angle up to about 10 mrad (worst case). Above this angle the total energy of particles is less than from the secondary e+e- irremovable background. For removal of these disrupted beams one needs the crab crossing angle larger than the disruption angle plus the angular size of the final quad. Additional requirement: the field outside the quad (in the region of disrupted beam) should be small in order to give small additional deflection angle for low energy particles. During the Snowmass time B.Parker found a nice quad design which gives minimum possible crossing angle. In short, the quad consists of two quads with different radius, one inside another. In this design the gradient on the axis is reduced only somewhat, but the field outside the quad is practically zero, so no additional shielding is required. With account of cryostat and 11 mrad horizontal disruption angle (about 20% margin) the minimum crab-crossing angle is 23-27 mrad for L*=4.5-3.5 m, respectively. Obtaining of the final number needs some additional checks, but roughly it is 25 mrad. 
     Large crossing angle have several negative features due to the detector field:

· Due to the detector field e-e- beam collide at a non-zero (unacceptably large) vertical collision angle;

·  An increase of the vertical beam size due to synchrotron radiation(SR) in the detector field;

· An additional vertical deflection for low energy 

    Answers to these problems are following. 

         The vertical collision angle can be removed by dipole correction winding in quads. In this case beam collide horizontally and the IP is shifted vertically on about 300 (m, which is acceptable 
         The decrease of e+e- luminosity due to the SR at the crossing angle 25 mrad according to simulation is 5, 1.5 and 2 % for LD, SiD and GLD detectors, respectively. Possibly, by proper shaping of the field in the LD detector the decrease can be further reduced. So, crab-crossing 25 mrad is compatible with e+e- and gamma-gamma modes of operation. 
        An additional (mainly vertical) deflection angle of low energy electrons is about 4 mrad which should be compared with their disruption angle about 11-12 mrad. 
      So, the photon collider needs the crab-crossing angle about 25 mrad and this seems acceptable from all points of view. We know that e+e- people prefer smaller angle in order to have smaller loss of particles in forward region, but certainly 12-20 or 25 mrad are not differ too much from this point of view, while for the photon collider 25 mrad is just mandatory. 
The way to a high gamma-gamma luminosity
     The gamma-gamma luminosity for ILC energies is determined by geometric luminosity of electron beams, so one need smallest beam emittances  and beta-functions at the IP approaching to the bunch length. Compared to the e+e-, where minimum beam sizes are determined by beamstrahlung and beam instability, the photon collider needs smaller product of horizontal and vertical emittances and smaller horizontal beta-functions. Here there are some problems.
       Existing final focus scheme has chromo-geometric aberrations which limit effective horizontal beta-function at about 5 mm for the nominal horizontal emittance. For four times lower emittance the minimum beta is 2.2 mm. So, lower emittance is very desirable. 
      Present minimal emittances in damping rings originate from requirements for e+e- collisions, but not from physics limitations in DR. If we reduce the horizontal emittance by a factor of 2 and the vertical emittance by 30% then horizontal beta-function can be reduced from 5 to 3.7 mm which result in the two times increase of gamma-gamma luminosity. Four times decrease of the horizontal emittance allows 3.5 times increase of the luminosity! 
       From A.Wolski talk at Snowmass follows that in principle such decrease of emittances is possible by adding wigglers in order to reduce the damping time and thus suppress intra-beam scattering. It is desirable to study these possibilities in details. It is clear that reduction of emittances will increase the DR cost, but how much? It will be useful for e+e- as well, but for gamma-gamma it means considerable increase of the luminosity (which is time and money).

Beam dump
   The photon collider needs a special beam dump, very different from e+e-. There are two main differences:

1. Disrupted beams at the photon collider are very wide and need exit pipes with a large diameter;

2. On the other hand, the photon beam after the Compton scattering is very narrow and can not be dumped directly in solid or liquid materials.

      There is and idea of such beam dump and corresponding simulations, but the next step needs more careful study. The idea is the following. The water beam dump is situated at the distance about 250 m from IP. The electron beam can be swept by the fast magnets (like in the TESLA TDR) and their density at the beam dump will be acceptable. In order to spread the photon beam we suggest to put the gas target, for example Ar at P~4 atm, at the distance120-250 m. Photons produce showers, the beam diameter increases and the density at the beam dump becomes acceptable.  In order to decrease the neutron flux in the detector one can add the volume with gas hydrogen of about 20 m length (not optimized) just before the Ar target  which reduces the flux at least by one order of magnitude. The corresponding numbers and figures can be found in ref.??? and GG6 summary talk at Snowmass ???. 
   In order to reduce the diameter of the disrupted it is desirable to focus somewhat the disrupted electron beam just after the exit from the detector (not considered yet). The gas Ar target should have the diameter only about 10 cm in order to reduce scattering of electrons which are far from the exit, the rest volume of the exit pipe with diameter about 1 m (or somewhat larger) at same distances can be field with air. 
Laser system 

  The required laser parameters:
· Wavelength           ~1 μm  (good for 2E<0.8 TeV)

· Time structure             Δct~100 m, 3000 bunch/train 

· Flash energy               ~9 J

· Pulse length                ~1-2 ps

  The best scheme is astorage and recirculation of very a powerful laser bunch is an external optical cavity. This can reduce the required laser power by a factor of 100 (quality factor of the cavity).
  The optimum angular size of the laser system is about (30 mrad (f# =F/2R~17). If the focusing mirror is outside the detector, it should have the diameter about 1 m. All other mirrors in the ring cavity can have much smaller diameters, about 20 cm is sufficient from damage point of view (diffraction losses need a check). 

       The DESY-Zeuthen group has done a consideration of the optical cavity at the wave level, its pumping by short laser pumping, diffraction losses etc. But it is only the first step. We need now a detail consideration of all technical aspects of such cavity and the laser with participation of real laser expert who has experience in these subjects and know necessary laser technologies. As the result of this second step we should understand what is well established and needs no additional prove and what needs additional experimental check. Participation of recognized laser experts in this development and expertise seems sufficient for convincing ILC community and politicians in the feasibility of the photon collider, but in order to built real laser system we certainly need creation of the experimental laser group and construct some prototype in order to get experience and to make the final design more reliable. There are some planes of such facility at ATF2 at KEK. Laser cavities are developed also for beam diagnostic at the ILC and for the laser positron source. Some interest for development of the laser cavity for ILC expressed UK laser experts and at the end of October 2005 we plan special meeting in the UK on this subject.
        Though the cavity approach save substantially reduce the required laser energy, nevertheless the required laser should be very powerful. All technologies necessary for the photon collider exists, that are chirped pulse technique, adaptive optics, diode pumping, etc. The cost of one such laser according to LLNL estimates is about 10 M$. The photon collider needs two such lasers and 1-2 spare. 
     The same laser with 1 (m wavelength can be used up to the energy 2E ~ 750 GeV. For higher energy the gamma-gamma luminosity is reduced due to e+e- pair creation in the conversion region in collision of high energy and laser photons. For the energy 2E=1 TeV the reduction of the luminosity due to this effect is about factor of 2-3. For this energy range it is desirable to have a laser with the wavelength about 1.5-2 (m. The possibility of such laser was not studied yet.  
·       Summary (of the summary) on the photon collider . The next steps.
· 1. The crab crossing angle ~25 mrad is fully compatible with e+e-operation , the decrease of Le+e-  is small. In order to fix the angle optimization of L* and  more detailed  simulation of beam losses are required as well as more detailed design of the quad (which seems already very attractive);

· In order to increase Lγγ it is desirable to decrease emittances in the DRs.

· It is necessary to develop a design of the final focus system for the photon collider with small beta_x  and understand whether it is compatible with e+e- or need different hardware;
· There are ideas on the beam dump for the photon collider, detailed consideration is necessary;
· There are some considerations of the laser optical cavity for the photon collider, the next steps is connected with consideration of all technological aspects and needs participation of laser experts (needs money);  

· At the photon collider, the angle ±100 mrad is occupied by laser beams; it should be taken into account in a design of one of detectors;

· A decision about the place of the photon collider in ILC project should be made without big delay, because a) photon collider determines design of many  ILC elements; b) people will join to development of the photon collider only if it is a part of ILC, has political and financial support. 
Electron-electron collider
Electron-electron collider presents very unique possibility for study of many phenomena at ILC in very clean conditions (without background from annihilation processes). Physics in e-e- collisions was discussed at many e-e- workshops (C.Heusch) and published in IJMPh A.   Such type of collisions needs minimum modification of ILC, mainly in the final focus system, but, nevertheless, needs attention of accelerator people.  Due to beam repulsion the attainable luminosity is by a factor of 5 lower than in e+e- collisions. 

   At present workshop P.Bambade discussed a possibility of e-e- in the scheme with 2 mrad collision angle (where quads deflect outgoing beams). It was shown that the e+e- final focus system can be readjusted to e-e- in the case of more rounder than optimal beams, with additional loss in the luminosity by a factor of 2 and larger beamstrahlung. 

    In summary: this option is important, and though seems simple technically (change of  polarity ), but in reality its realization needs careful consideration of all accelerator parts and solutions are not always simple.
GigaZ

See GG6 summary report at Snowmass. Here only one remark. GigaZ needs polarized beams with small energy spread. The scheme with the undulator and further deceleration gives large enough energy spread, bypass is needed.   
          Fixed target experiments.
           Fixed target experiments are traditional in the particle physics and should be not ignored at the ILC. For this purpose one can use the spent electron beam after the IP and deflect it from the beam dump to the experimental aria which consist of clean-up slits, target area for production of the photon beam with help of crystals of lasers, divergent tunnel, experimental hall and final dump all together more than one km in the length (see GG6 summary report at Snowmass).  If this option is accepted, it considerably influences a design of the ILC interaction region. 
