5.0
A Prototype Detector for the Electron-Ion Collider

We outline some generic considerations for a suitable detector in the RHIC ring, as an example for the Electron-Ion Collider detector.

The experience gained at HERA with the H1 and Zeus detectors provide some guidance for the conceptual design of a detector that will be able to measure complete events in the 4 pi coverage that are produced in collisions of energetic electrons with protons and ions, tunable in energy and spin polarization.  The detector design will have direct impact on the projected electron accelerator design in the electron-ion interaction region.  As will be explained later, the chosen energy of the electron beam has important consequences for the design of the e-p/A interaction region, and vise versa.  The choice of 10 GeV top energy allows a geometry that is relatively simple, in comparison to the HERA design at DESY.  It allows a design that decouples the electron beam insertion optics form the (RHIC?) heavy ion beam optics, while keeping the synchrotron radiation power near the collision point at a tolerable level and allowing sufficient space for the detector elements to cover the entire phase space of particle production.  While an advantageous geometry can be designed for the ring-ring (i.e., ion ring and electron ring option), the very low emittance of the electron beams that can be obtained from a Linac provides additional advantages.  It produces a small collision spot with a relatively large beta function, which greatly simplifies the optics at the interaction point.

The e-p and e-A collisions produce, of course, a very asymmetric reaction geometry.  Rather than being a disadvantage, this asymmetry of the electron and proton (ion) beam momenta has several merits.  For example, it allows a precise measurement of energy and color flow topology in collisions of large and small x partons.  It also provides an optimal configuration for observing the interaction of electrons with photons that are coherently emitted by the relativistic heavy ions.  In order to be useful, the detector for the EIC experiment must detect the scattered electrons, the quark fragmentation products and centrally produced hadrons.  It must add coverage of the fragmentation region of the proton or nucleus, a domain that was not covered by HERA.

The details of the interaction region geometry impact the parameters of the collision, most crucially, the luminosity, since the luminosity depends largely on the distance of the last focusing element for the electron beam from the interaction point.  This position could vary between 10 cm and 10 m.  The design must allow for the complete reconstruction of e-p and e-A events with high quality in the fragmentation region and should have minimal interference with the beam optics of the other interaction regions.  It should provide for a precise measurement of the luminosity and of radiative corrections.  At this early stage, the detector design should be compatible with the choice of either ring-ring or ring-linac collisions.

5.1
A General Purpose Detector for EIC

The basic geometry of a detector is depicted in Figure 5.1.  It is symmetric around the collision axis (z-symmetric) with a central detector and two intrinsically symmetric arms along the z direction.  For the e-p and e-A collisions, the instrumentation of the left, called the hadron side, and the right arm, the electron side is different.  It would be possible to upgrade such a detector for p-A collisions.  This would involve adding the detector elements of the hadron side to the electron side.  The following sections discuss each side in sequence.
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Figure 5.1: Basic Set Up of a General Purpose Detector for the Electron-Ion Collider 

5.1.1
The Parton Side

The detector measures partons from hard hadronic processes in the region around 90 degrees.  These partons are identifies as jets in a tracker and with an EM calorimeter backed by an instrumented iron yoke.  Electrons from DIS also are emitted into this region and are measured by tracking and EM calorimetry.  Electrons from photo-production and from DIS at intermediate momentum transfer are detected on the "lepton side" (section 5.1.3).
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Figure 5.2: The Parton Side of the Generic EIC detector.
A Toy Model is shown in Figure 5.2.  The barrel is a Time Projection Chamber (TPC) backed by a gas EM calorimeter inside a superconducting coil.  Both end caps are SPACAL.  The micro vertex detector provides small angle tracking.  This is a minimal setup for the central detector.  Its size is significantly smaller than any of the RHIC detectors.  It is worth noting that the parton-side detector has a rather standard design.  Any existing e+ - e- collider such as CLEO and ALEPH could provide the necessary function.  If such a detector could be recycled, the costs of the EIC detector would be reduced.

5.1.2
The Hadron Side

The geometry of the hadron side is shown in Figure 5.3.  It makes use of the existing DX magnets incorporated in the RHIC interaction region for a high-rigidity spectrometer.  In normal A-A collider operation, the DX magnets bring the two ion beams together.  Additional new magnets (DE) are needed to bring the electron beam into collision with the ion beam.  This magnetic field is used as a medium-rigidity spectrometer.  It is important to note that the minimum bending radius of the electron beam is determined by the energy loss in the electron beam due to synchrotron radiation that can be tolerated. 
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Figure 5.3:  The Hadron Side of the EIC Detector.

A Toy Model has the following functional elements (from left to right):

· Roman Pots (far up the beam and not shown in the figure) detect coherent diffractive scattering of proton or heavy ions.

· The High Rigidity Spectrometer contains an EM calorimeter for nuclear ( s and ( 0 s, for measuring evaporation neutrons and "wounded" (i.e., directly struck) neutrons and for ion identification.  It also contains tracking for the measurement of evaporation protons and "wounded" protons and of ions.

· The Medium Rigidity Spectrometer contains an EM calorimeter for neutro mesons ((0s), a hadron calorimeter for "wounded" and evaporated protons, and tracking for (+ s and for "wounded" and evaporated protons.  Both spectrometers would use trackers consisting of multi-wire proportional chambers (MWPC) with drift chambers or silicon microstrip detectors at the center.  The calorimeters in both spectrometers would use scintillating fibers.

· A Rapidity Gap ( -Tagger can be incorporated in form of an active beam pipe.  It closes the acceptance for charged particles emitted in the DIS process and tags diffractive events.  This would consist of a scintillating fiber tracker.

5.1.3
The Lepton Side

The DE magnet provides the symmetric exit for the electron beam.  The geometry is shown in Figure 5.4.  An electron tagger measures electron up to 5 GeV in energy and tags on photo-production and DIS events.  This limited momentum acceptance is sufficient if the electron beam can be tuned within 4 to 10 GeV.  The electron tagger also closes the acceptance for photo-produced (s.  The gamma Tagger measures the Bethe-Heitler photon spectrum for precision luminosity monitoring and tags initial bremsstrahlung.  It closes the acceptance for the ( 0 s.  The Toy Model uses scintillating-fiber trackers ("active beampipe") for the electron tagger and a quartz fiber calorimeter for the ( tagger. 
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Figure 5.4: The Electron Side of the Detector 

5.1.4
Spectrometer Optics

It is instructive to consider the spectrometer optics of the DE magnets.  Our model design is based on a bending power of 2.3 Tm distributed over 3 m, with a field of 0.76 T.  This is 3 times higher than the inflection field at DESY.  It produces a deflection angle of ~70 mrads for 10 GeV electrons and is designed to rotate the spin vector by 90 degrees.  With this geometry the electron beam is separated from the ion or proton beam by about 50 cm at the beginning of the DX magnets.  Thus, the electron beam bypasses the DX magnet entirely, which uncouples the electron beam optics from the ion beam optics.  This nice and easy beam geometry is possible because the electron beam energy is only 10 GeV.  The synchrotron radiation produced by the electron beam in the DE magnet bend is given by the equation

P[kW] = 14 ( [rad] I [A] E4 [GeV4] /R[m]


Thus, the electron energy enters with the fourth power.  The high ion energy in an e-A collider, such as RHIC, makes it possible to achieve high center of mass energies with modest electron energies.  For the same emitted synchrotron power, the lower energy allows the use of much higher electron beam currents, which increases the luminosity.

For the model geometry of the present conceptual design the comparison with DESY geometry yields the advantage as

PDE = 28 kW x (0.76/0.28)2 x (10/30)4 I(eRHIC)/(HERA)


Thus the eRHIC interaction region could tolerate 10 times as much electron current as HERA, i.e., 600 mA.  This makes the linac option with its superior beam characteristics, but currents of a few 100 mA, viable.

It is estimated that the detector could be built with as few as 30,000 to 50,00 channels (not including the microstrip detectors).  A crude estimate of the detector cost is about $60 M.  This includes the calorimetry, trackers (without microstrip components), DE insertion magnets, instrumented iron and superconducting solenoids.  As noted, the detector costs could be reduced if one of the existing e+ - e- barrel detectors is reused for the central detector.

