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OUTLINE OF PROPOSAL 
The prospects for a future Electron-Ion Collider (EIC) are closely tied to the strength of the physics case for an e+A physics program at such a facility. The EIC’s ability to collide high-energy electron beams with high-energy ion beams will provide access to those regions in the nucleon and nuclei where the structure is dominated by gluons. Despite the dominant role played by gluons, their properties in matter remain largely unexplored. 
Electron-Ion collisions are more complex than e+p collisions due to the additional nuclear initial and final state effects, and especially due to the amplification of gluon saturation (non-linear QCD) effects, the latter being a unique feature that makes the study of e+A collisions extremely compelling. As previously documented there is a broad and rich physics program with e+A collisions ranging from simple inclusive measurements in Deep-Inelastic Scattering (DIS) events to the complex topology of exclusive measurements in diffractive events. The success of each of these challenging measurements depends crucially on the energy and luminosity of the machine as well as the performance of the detector(s). 

An e+A event generator is mandatory in order to test the feasibility and quality of the proposed measurements and to guide the design of detector (acceptance, tracking and particle identification capabilities) and machine (energy, luminosity). This generator needs to simulate DIS and diffractive events and include all relevant nuclear effects. To-date no such event generator exists. The absence of this tool is seriously impeding the studies needed to strengthen the e+A program and thus the EIC proposal as a whole.

The aim of this LDRD project is to realize such an event generator. In order to achieve this goal in a timely fashion we propose to  (i) hire a postdoc with expertise in this field and experience in event generators to write such a generator and (ii) augments his efforts by inviting known experts to BNL, each for several weeks or month, to work in collaboration with him on the program. 

The minimum requirements for an e+A generator are:

· Handle inclusive DIS as well as semi-inclusive and diffractive final states

· Reflect the nuclear geometry of various ions (inc. Uranium)

· Simulate initial (e.g. shadowing) and final state (E-loss , colortransparency, medium modified hadronization) nuclear effects
· Simulate the breakup of the nucleus to allow for studies of the impact parameter sensitivity of various measurements and energy deposition in Zero Degree Calorimeters

· Allow for the implementation of alternative models (e.g. CGC) to study the sensitivity to new physics

· Implements relevant QED effects like radiative corrections that may be significant for large nuclei
The creation of an e+A generator can therefore follow several paths. One is to add DIS and diffractive physics to existing p+A generators (e.g. HIJING, EPOS) that are extensively used in the context of Heavy-Ion Physics or to add nuclear geometry and effects to existing e+p generators. Here RAPGAP, is the most promising candidate, although others such as PYTHIA and LEPTO are potential candidates as well. RAPGAP is the only generator that operates in inclusive-DIS and diffractive-only mode.
Possible candidates with plenty of expertise that are willing to come to BNL for an extended stay to work on this are: Vasile Topor Pop (McGill, Canada), Yasushi Nara (Japan), Hannes Jung (DESY), Wei-tian Deng LBL, China). 


Possible candidates for a postdoc position are Kzyzstof Kutak (DESY) who is familiar with DIS and has worked on HERA event generators or Wei-tian Deng (LBL) who has 4-year experience modifying the HIJING even generator.

The needed funding amounts to ~$240k over 2 years for postdoc and visitors.

The expected result of this LDRD is a working e+A generator for physics simulation and detector development that is accessible for the EIC community and beyond (LHeC). It will serve as the basis for further development. 
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