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Abstract. An electron-proton/ion collider facility (eRHIC) is undeonsideration at Brookhaven
National Laboratory (BNL). Such a new facility will requitke design and construction of a new
optimized detector profiting from the experience gainediftbe H1 and ZEUS detectors operated
at the HERA collider at DESY. The details of the design willddesely coupled to the design of
the interaction region, and thus to the machine developmverk in general. An overview of the
accelerator and detector design concepts will be provided.

Keywords: Document processing, Class file writingTgX 2¢
PACS: 43.35.Ei, 78.60.Mq

ERHIC ACCELERATOR DESIGN

The high energy, high intensity polarized electron/positoeam (5- 10 GeV/10GeV)
facility (eRHIC) which is under consideration at Brookhavwdational Laboratory will
collide with the existing RHIC heavy ion (100GeV per nucleand polarized proton
beam (50- 250GeV). This facility will allow to significantly enhancée exploration
of fundamental aspects of Quantum Chromodynamics (QCB)utiderlying quantum
field theory of strong interactions [1, 2]. A detailed report the accelerator and in-
teraction region (IR) design of this new collider facilitahibeen completed based on
studies performed jointly by BNL and MIT-Bates in collabtoa with BINP and DESY
[3]. The main design option is based on the construction @€V electron/positron
storage ring intersecting with one of the RHIC hadron bearhs. electron beam en-
ergy will be variable down to 5GeV with minimal loss in lumsity and polarization.
The electron injector system will consist of linacs and radators fed by a polarized
electron source. A study has shown that an ep luminosityofl8*2cm—2s~! can be
achieved for the high-energy mode (10GeV on 250GeV), if teeteon beam facility
is designed using today’s state-of-the-art acceleratdm@ogy without an extensive
R&D program. For electron-gold ion collisions (10GeV on B¥NV/u), the same de-
sign results in a luminosity of 2 103%cm~2s~1. The potential to go to higher luminosi-
ties at the level of 1& 103cm~2s! (high-energy ep mode) by increasing the electron
beam intensity will be explored in the future. A polarizedspmn beam of 10GeV en-
ergy and high intensity will also be possible using the thecpss of self-polarization.
A possible alternative design for eRHIC has been presemetiebasis of an energy
recovery superconducting linac (ERL) [4]. This option wabble restricted to electrons
only. Preliminary estimates suggest that this design aptauld produce higher lumi-
nosities at the level of fcm=2?s~1 (high-energy ep mode). Significant R&D efforts
for the polarized electron source and for the energy regaeehnology is required.
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FIGURE 1. Conceptual detector layout focusing on forward physick &i?¥ m long dipole field and an
interaction region without machine elements extendingifre3.8 m to+5.8 m.

ERHIC DETECTOR DESIGN

The following minimal requirements on a future eRHIC detecian be made:

+ Measure precisely the energy and angle of the scatterettaigiinematics of
DIS reaction)

+ Measure hadronic final state (Kinematics of DIS reactionsjadies, flavor tag-
ging, fragmentation studies, particle ID)

+ Missing transvere energy measurement (Events involvingrimes in the final
state, electro-weak physics)

In addition to those demands on a central detector, thewolilp forward and rear
detector systems are crucial:

« Zero-degree photon detector to control radiative comesti and measure
Bremsstrahlung photons for luminosity measurements

« Tag electrons under small angles (Study of the non-pertivedperturbative QCD
transition region and luminosity measurements from Brérakking ep events)

+ Tagging of forward particles (Diffraction and nuclear fnagnts)

Optimizing all the above requirements is a challenging.tdsko detector concepts
have been considered so far. One, which focuses on the fdraceptance and thus
on low-x/highx physics which emerges out of HERA-III detector studies [Bjis
detector concept is based on a compact system of trackingearichl electromagnetic
calorimetry inside a magnetic dipole field and calorimegmad-walls outside. Forward
produced charged particles are bent into the detector wiuhich extends the rapidity
coverage compared to existing detectors. A side view of #teatior arrangment is
shown in Figure 1. The required machine element-free regmoounts to roughly-5m.
This clearly limits the achieveable luminosity in a ringigiconfiguration.

The second design effort focuses on a wide acceptance olesgstem similar to the
current HERA collider experiments H1 and ZEUS to allow foe thaximum possible
Q? range. The physics program demands high luminosity and fsaussing machine
elements in a ring-ring configuration have to be as close asilple to the IR while
preserving good central detector acceptance. This willibeudsed in more detail in
the next section. A simulation and reconstruction packagled ELECTRA has been
developed to design a new eRHIC detector at BNL [6, 7]. Figushiows a side view
of a GEANT detector implementation of the above requirementa central detector.



The hermetic inner and outer tracking system including teeteomagnetic section of
the barrel calorimeter is surrounded by an axial magneld. fighe forward calorimeter
is subidvided into hadronic and electromagnetic secti@set on a conventional lead-
scintillator type. The rear and barrel electromagneticsigin of segmented towers, e.g.
a tungsten-silicon type. This would allow a fairly compagnhfiguration. Other options
based on a crystal rear and barrel electromagnetic caltairaee under study. The inner
most double functioning dipole and quadrupole magnets aoatéd at a distance of
+3m from the IR. An initial IR design assumed those inner magtinme elements at
+1m. This would significantly impact the detector acceptaiMere details on the IR
design can be found in [3].

The bunch crossing frequency amounts to roughly 30MHz. $hts stringent re-
quirements on the high-rate capabililty of the trackingeys This makes a silicon-type
detector for the inner tracking system (forward and re&ail disks together with sev-
eral silicon barrel layers) together with several GEM-tgpéer tracking layers a poten-
tial choice. The forward and rear detector systems haveewt bonsidered so far. The
design and location of those detector systems has to be dotken close collaboration
to accelerator physicists since machine magnets will berpiaily employed as sepec-
trometer magnetes and thus determine the actual deteciptance and ultimately the
final location. It is understood that demands on optimizimgrear/forward detector ac-
ceptance might have consequences on the machine layous émefefore an iterative
process.

CONSIDERATIONS ON THE ACCELERATOR/DETECTOR
INTERFACE

The following section provides an overview of some aspetth® detector/machine
interface. The specification of those items has only regdrgén started.

The direct synchrotron radiation has to pass through theed® before hitting a rear
absorber system. This requires that the geometry of the Ipgaems designed appropri-
ately with changing shape along the longitudinal beam tizeavhich includes besides
a simulation of the mechanical stress also the simulati@oafling system of the inner
beam pipe. The beam pipe design has to include in addidti®mgquirement to maxi-
mize the detector acceptance in the rear and forward dired&urthermore the amount
of dead material has to be minimized in particular to limitlaple scattering (track re-
construction) and energy loss for particles under shallogles (energy reconstruction).
The distribution of backscattered synchrotron radiatido the acutal detector volume
has to be carefully evaluated. An installation of a collioratystem has to be worked
out. Those items have been started in close contact to peexperience at HERA [8].

The demand of a high luminosity ep/eA collider facility rés the installaton of fo-
cusing machine elements as close as possible to the ceateator. An IR design with
machine elements as closd m to the IR which has been presented in [3] would signifi-
cantly limit the achievable detector acceptance. A newrsehigas been presented in [9]
which provides a machine-element free regioa-8fm at the expense of approximatley
half the luminosity for the IR design presented in [3]. A kiaang option would not be
limited by beam-beam effects compared to a ring-ring condigon. Even larger lumi-
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FIGURE 2. Side view of the GEANT dector implementation as part of theEETRA simulation
and reconstruction package [6]. A deep-inelastic scatjeeivent resulting from a LEPTO simulation
is overlayed withQ? = 361 Ge\* andx = 0.45.

nosities could be achieved with a machine-element fre@negji approximatleyt5m.
This scheme has been presented in [4].

The need for acceptance of scattered electrons beyondntralatetector acceptance
is driven by the need for luminosity measurements througbAeBremstrahlung and
photo-production physics. Besides that a calorimeterpsiettag radiated photons from
inital-state radiation and Bremsstrahlung will be necssséhe scattered electrons
will pass through the machine elements and leave the beaentipipugh special exist
windows. The simulation of various small-angle calorinnedetups has been started.
This will require a close collaboration with the eRHIC maehdesign efforts to aim for
an optimal detector setup.

The forward tagging system beyond the central detectorpialy a crucial role in
diffractive ep/eA physics. The design of a forward taggestsmn based on forward
calorimetry and Roman pot stations is foreseen. Chargdctigarwill be deflected by
forward machine elements. This effort will require as wetl@se collaboration with the
eRHIC machine design efforts to ensure the best possibMafdrdetector acceptance.

REFERENCES

. A. Deshpande, these proceedings.

J. Jalilian-Marian, these proceedings.

M. Farkhondeh et al., ‘eRHIC ZzéfOrder Design Report, BNL internal note,
http://www.agsrhichome.bnl.gov/eRHIC/.

V. Litvinenko, Published contribution at PAC05, May 208®oxville.

I. Abt, A. Caldwell, X. Liu and J. Sutiak, hep-ex/0407053.

. A. Deshpande, J. Pasukonis and B. Surrow, Publishedilotidon at PAC05, May 2005, Knoxville.
J. Pasukonis and B. Surrow, http://starmac.Ins.mit>exttic/electra/.

J. Beebe-Wang et al., Published contribution at PAC0%;, R95, Knoxville.

C. Montag et al., Published contribution at PAC05, May20Mhoxville.

wh e

CoNOO A



