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1 Simulations for a dedicated EIC Detector

1.1 A short description of the dedicated EIC Detector

The layout of the eRHIC detector has been optimized to fulfill the requirements from the golden experiments at an EIC.
These requirements are described in detail in section 7 of the report from the INT-program on the physics case for an EIC [1] and shortly summarized here. Different to most of the accelerators, eRHIC will run with very different beam energies.  The lepton energies vary from 5 GeV to 30 GeV and the hadron beam energies cover 50 to 250 GeV.
The following requirements need to be fulfilled to make a dedicated EIC detector highly efficient for inclusive, semi-inclusive and exclusive reactions at the same moment:
1. Wide acceptance: -5 < y < 5 for both the scattered lepton and the produced hadron.
2. The same coverage in electromagnetic calorimetry and tracking.
3. High electron track finding / reconstruction efficiency, and good precision for momentum (energy) reconstruction.
4. Particle identification to separate electrons and hadrons pions, kaons and protons over a momentum range of 
0.5 GeV to 10 GeV for rapidities between -2 to 2 and 0.5 GeV to 80 GeV for 2 < |y| < 5
5. [bookmark: _GoBack]Good vertex resolution.
6. High acceptance for forward going protons and neutrons from exclusive reactions as well from the breakup of heavy ions.
7. Low material budget to reduce electron bremsstrahlung and have good resolution in all the kinematic variables. 
A schematic picture of the eRHIC detector is shown in fig. 1.
Currently, the technology under study is for electromagnetic calorimetry in the forward (hadron beam) direction and backward (lepton beam) direction is a lead-tungstate crystal calorimeter. In the barrel r[image: ]egion, we are investigating a sampling calorimeter made of scintillating fibers and tungsten powder [2]. For the barrel electromagnetic calorimeter a crystal calorimeter ot of CsI might be an other option, the advantages and disadvantages need to be investigated in Monte Carlo.
For hadron identification in the forward and backward directions, a dual radiator RICH with Aerogel and a gaseous radiator, such as C4F10 or C4F8O, are under consideration.
In the barrel region for hadron identification, two possibilities are available - a proximity focusing aerogel RICH or a DIRC.
Another possibility to be investigated in the barrel detector is the combination of dE/dx and high-resolution ToF detectors. The STAR experiment uses dE/dx in the TPC very successfully for electron identification and hadron identification (, K, p separation) [3]. For this Letter of Intent the main emphasis is on the barrel and wide angle forward / backward tracking.
For the barrel tracking, the technologies under study are a TPC and a barrel GEM tracker. The significant progress in the last decade in the development of Monolithic Active Pixel Sensors (MAPS), in which the active detector, analog signal shaping, and digital conversion take place in a single silicon chip, built using CMOS technology, provides a unique opportunity for a μ-vertex detector for an eRHIC detector. The design will build on the experience collected with the pixel part of the STAR HFT.  In the forward and backward directions, the tracking is a combination of disks made using the same MAPS technology as for the barrel vertex tracker, combined with GEM disks at bigger radii. The R&D of the Si-pixel disks is part of a BNL LDRD.Figure 1: Schematic view of the dedicated detector at eRHIC

1.2 Simulations Frameworks

1.2.1 GEANT Detector Simulations based on FairROOT

Over the summer two different frameworks have been developed to study the effects of detector acceptance and resolution on the golden EIC measurements. The first framework is based on FairROOT [4]. The key features of FairROOT are detector base classes that handle initialization, geometry construction, hit processing (stepping action), etc. Geant 3, Geant 4 and Fluka can all be interfaced, using a centralized geometry description. Geant 4 + Native G4 navigation and Geant 3 + Root navigation are pre-configured defaults. Features of the FairROOT framework include:
· I/[image: ][image: ][image: ]O Manager based on ROOT TFolder and TTree (TChain);Figure 2: 2 and 3 dimensional view of the sub-detectors implemented.
Figure 3: PYTHIA ep event in the detector

· Geometry Readers: ASCII, ROOT, CAD2ROOT;
· Radiation length manager;
· Generic track propagation based on Geane;
· Generic event display based on EVE and Geane;
· Fast simulation base services based on VMC and ROOT TTasks;
· an unified interface to integrate different Monte Carlo (MC) generators
· CUDA support
One additional extremely useful feature of FairROOT is the integration of a fast smearing generator based on the material and sub detector acceptances defined in the geometry file. This will allow a fast turn around to study the impact of changes in the detector layout on physics observables. 
[image: ][image: ]
Figure 4: Radiation length scan and lepton momentum resolution integrated over all rapidities

 Yulia Zulkarneeva has started to implement the eRHIC detector design in the FairROOT package. Fig 2 shows a 2 and 3-dimensional view of the current status of the implemented detectors, fig 3 shows an PYTHIA event interacting in the detector, fig 4 shows a radiation length scan as function of rapidity as well as the momentum resolution for leptons integrated over all rapidity. The basic detector features of the detector are implemented and the first simulations based on GEANT can be performed. A list of these studies is provided at the end of this chapter.
1.2.1 Simulations based on a fast smearing generator

To have a fast method to test the influence of momentum and energy smearing on physics observables, a smearing generator based on ROOT was developed [5]. Several momentum and energy resolution functions together with acceptance functions have been implemented. Here are two examples of energy and momentum smearing functions implemented
· 0.18 √E                             0.0085p + 0.0025 p2 (motivated by Zeus)
· 0.015E + 0.14 √E             0.005p + 0.004 p2       (motivated by STAR)
Further identification as well as misidentification “efficiencies” for a dual radiator rich (Aerogel + C4F10) for , K, p separation have been implemented based on the HERMES detector. Bremsstrahlung of leptons is simulated following a parameterization using the crystal ball function [6]. Fig. 5 shows, as example, the momentum resolution for leptons inspired by ZEUS, without taking bremsstrahlung into account, for two beam energy combinations (20x100 and 5x100). 
[image: ][image: ]Figure 5: Momentum and theta resolution using parameterization inspired by ZEUS for 20x100 GeV (left) and 5x100 GeV (right).

In addition to the resolution parameterizations based on existing detectors outlined above, a generic resolution function was implemented, which simulates the intrinsic resolution due to the position resolution of the tracker and the contribution due to multiple scattering.
[image: ][image: ][image: ][image: ]
This will allow doing a first-order optimization of the magnetic field value, the position resolution of a tracker in different configurations and the total radiation length of a tracker.

It is of course clear to us that none of these fast simulations will replace the full GEANT simulations as described earlier. However they can give a first impression on the impact of the detector resolution on physics observables.

1.3 Sensitivity of the Structure Functions F2 and FL to Detector Smearing

As described in our LoI, we want to use key EIC physics observables to benchmark the detector performance.
[image: ][image: ]The first such impact study, which has been performed, is for the structure functions F2 and FL. We simulated the reduced Figure 6: The structurefunction F2 and FL extracted using different detector momentum resolutions

cross-section using the MC generator LEPTO [7]. If the reduced cross-section is plotted vs. y2/Y+ and fitted with a line, the slope of the line represents FL and F2 is the intercept with the y-axis.
[image: ] 
with  Y+=1+(1-y)2. Fig. 6 shows the result extracting F2 and FL in four Q2-bins as function of the Bjorken scaling variable x.
The detector smearing was implemented via the fast smearing generator using two different momentum-smearing functions. The effect on F2 is minimal compared to the effect on FL. No attempt was yet made to do an unfolding on the detector smearing to decrease the effect on FL. To implement an algorithm to unfold the effect of radiative corrections and detector smearing as for example used by the HERMES collaboration [7] is the next step in the feasibility study of how well FLp and FlA can be measured at an EIC.
Nevertheless, these plots make clear that FL as an observable is extremely sensitive to the momentum resolution of the detector and therefore perfect to optimize the design of the tracking system.


2. The effect of synchrotron radiation on the detector performance

During the last meeting, the committee urged the group to study the impact of synchrotron radiation on the detector and especially the tracking detector performance. The eRHIC group at CAD has completed first simulations for the energy spectrum and the intensity of the synchrotron radiation.
The CAD group has simulated the synchrotron radiation reaching into the IR from the electron beam bending (soft, medium and hard) before the IR and from the crab cavities.  Currently, the synchrotron radiation from the focusing triplet before the IR and synchrotron radiation backscattered into the IR from the bending of the outgoing lepton beam are not yet simulated.
[image: Description: IP-Feb28-6pm-000.eps][image: ]Fig. 7 shows how the lepton beam is bent in the vertical direction into the IR and the layout of the magnets in the IR, with the leptons coming from the right and the protons from the left. 

  Figure 7: Layout of the lepton beam line and the IR for eRHIC



Fig. 8 shows the resulting energy spectrum and intensity profile for the primary and secondary synchrotron radiation entering the IR for a 30 GeV lepton beam.  This spectrum was the basis for a currently still analystical calculation of the interaction of the synchrotron radiation photons with the beryllium beam pipe.  This calcualtion did not yet use the final dimensions of the Be-beam pipe.  

We are aware that there is still a significant amount of work to be done before all sources of synchrotron radiation are simulated and the final intensity and energy distribution spectrum of synchrotron radiation photons entering the detector is simulated.
To achieve this goal, Oleg Tchoubar, an expert from the NSLS-II, will simulate the synchrotron radiation coming from different sources with his highly developed codes for the NSLS, and provide intensity energy spectra of primary and secondary synchrotron radiation photons, which can be used as input to our full GEANT simulation (see section 1.2.1). Then, the interaction with the beam pipe and the detector material can be fully simulated. 
[image: Description: photon_dist_eSTAR_soft10x2p5m_mid2p5m_hard_2nd_test.eps][image: Description: photon_dist_scale2eRHIC_total_169p4cmBe_test.eps]
Figure 8:  Left: Intensity profile vs. energy for initial and secondary synchrotron radiation entering the IR. Right: Intensity profile vs. energy for initial and secondary synchrotron radiation entering the detector after scattering on the Beryllium beam pipe.


3. Future Work

Significant progress has been made in developing software packages that will allow us to answer important questions, such as what momentum resolution is needed to allow a measurement of the golden observables of an EIC? Answering these questions is crucial to guide the R&D on tracking detectors and particle identification detectors described in the original LoI. 
The next important steps are: 
· Complete the geometry implementation of the detector for the GEANT simulations .
· Implement all IR magnets to allow for tracking of e.g. the forward-going protons from exclusive reactions in Roman pots.
· Simulate the impact of synchrotron radiation on the detector.
· Provide results on the following questions:
· Is the occupancy in the CMOS-pixel -vertex tracker small enough that we can track from inside out?
· Is any intermediate tracking detector needed between the CMOS-pixel -vertex tracker and the TPC / Barrel GEM tracker?
· What is the occupancy for the different CMOS-pixel -vertex layers in the barrel and in the forward direction?
· Is the material budget of a barrel GEM tracker tolerable?
· What magnetic field is needed given the intrinsic resolutions of a TPC or Barrel GEM tracker and the CMOS-pixel -vertex disks and a GEM tracker in the forward direction?
· Do we have heavy fragments in the direction of the forward CMOS-pixel -vertex disks?
· What is the achievable Q2, x and y resolution for the different tracking solutions?
· What efficiency and misidentification can be tolerated in hadron (, K, p) identification?
An EIC will be a machine running at various different beam energy combinations from almost symmetric, e.g.. 30GeV x 50 GeV, to very asymmetric beam energies, e.g. 5 GeV x 250 GeV. This may make some standard techniques, like a projective design for the electromagnetic calorimeter, difficult to implement. 
Another question to be answered by simulations is: should the IR be in the middle of the detector or moved in the direction of the outgoing electron beam?

This is only a small selective list of studies to be performed before a choice on the technology for tracking and particle identification detectors can be done. To be able to perform all these studies we request funding to hire an expert in MC detector simulations for the next 3 years. This person should perform a significant fraction of these studies, be the code keeper for the detector simulations based on FairROOT and also be the contact to people who want to start / perform their own simulations on a special question. 
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