
[image: ]US CMS HL-LHC PROPOSAL for Calendar Year 2015
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ABSTRACT
In this proposal we discuss possible solutions for the problem of radiation damage to the CMS Hadronic Endcap (HE) calorimeter. We concentrate on the option of changing the active medium from the current scintillators to fast, radiation-hard solutions while keeping the calorimetric performance at levels comparable to the performance of the current HE. In accordance with the logistic constraints of the LS3 upgrade, the brass absorber will be replaced as well, thus allowing the complete HE detector to be assembled and commissioned at surface level, before being lowered to the CMS cavern.
1 R&D OVERVIEW (1-2 pages)
The HE scintillator tiles and fibers will not survive the HL-LHC conditions, as it has been shown in numerous occasions (e.g., [1]). We propose R&D of replacement options of the tiles within the scope of keeping the existing HE absorber structure.
Liquid Scintillator Tiles
· We propose to investigate the possibility of completely replacing the HE active material with a liquid-scintillator-based detector element. The liquid scintillator initially selected for such a detector element is Eljen EJ-309.
· Activities: production of liquid scintillator tiles (area: 10x10cm2, thickness: 4mm, 6mm, 4cm; a 3-layer, 4-cells-per-layer demonstrator unit; two 4-cell layers to be installed in the CMS cavern for a long-term irradiation in 2015); study of light collection efficiency with quartz capillaries with WLS core (GEANT simulation and prototype detector), simulation studies of the performance of a liquid-scintillator detector element.
· Belloni, Maryland
Crystal Fibers 
· Crystal fibers are a radiation hard technology that is compatible with the Phase 1 readout of the HE calorimeter.  The crystals are over 1,000 times brighter than a rad-hard quartz plate and produce high signal-to-noise fast pulses that are compatible with being readout as an individual layer or pair of layers, such as layer-0 and layer-1, with the bulk of the signal appearing within 25ns.  Additional R&D is needed to establish the precise level of radiation hardness, the performance of the fast 20ns decay time LuAG:Pr crystals and the radiation hard optical readout path to the Phase 1 SiPM photodetectors and electronics.
· Tully, Princeton
Radiation-hard Plastic Scintillators
· We plan to study the use of (primarily organic) scintillators for suitability for use in a HE rebuild. Our plan is to resurrect the rad-hard scintillator development with a multipronged approach by (i) re-connecting with existing experts in the field (Chuck Hurlbut, Eljen Technology, formerly at Bicron) and soliciting development of new materials; and (ii) developing new materials at Fermilab. Anna Pla-Dalmau from FNAL has agreed to participate in the new scintillator development.
· Freeman, Fermilab; Belloni, Maryland

A common readout path, among the options presented above, is constituted by radiation-tolerant WLS fibers. In particular, we focus our attention on the capillary-fibers concept being developed at the University of Notre Dame within the scope of the shashlik EE detector.
2 PARTICIPATING INSTITUTIONS AND PRINCIPAL INVESTIGATORS
University of Maryland, Alberto Belloni
Princeton University, Chris Tully
Fermilab, Jim Freeman
Collaborating US institutions: Baylor, Boston University, Fermilab, Florida State, Maryland, Notre Dame, Princeton, Rochester, UC Santa Barbara
3 STATUS AND PLANS OF R&D IN CY2014 (IF APPLICABLE) (2-3 pages)
This section should contain a detailed description of the current (CY2014) R&D activities where supported by U.S. CMS R&D funds.
Liquid Scintillator Tiles
Under WBS 30.2014.15.3.2.18, we built a prototype container, made with anodized aluminum, pictured in Figure 1. Readout fibers are installed inside two glass pipes that traverse the container. The refractive index of EJ-309 is 1.57, while the one of quartz is 1.4-1.5. A thin air gap between the readout fiber and the support pipes allows light to be entrapped in the readout fiber. 
[image: ]
[bookmark: _Ref394848497]Figure 1: Prototype of liquid-scintillator container.
A first test of the prototype demonstrated the feasibility of the proposed design. We used a cosmic telescope to select, with a double-coincidence provided by two EJ-204 tiles, read by high-gain PMTs, muons with a momentum above 60MeV. The resulting photon counting spectrum is shown in Figure 2. The detection efficiency (i.e., the fraction of coincidence triggers that also had a signal in the liquid-scintillator tile above the pedestal) is 24%, and the average collected signal is 1.3 photo-electrons per cosmic muon. We note that the readout was provided by a single, non-mirrored Y11 fiber, with a diameter of 700nm. We expect to gain a factor of about four in the number of collected p.e. per muon by using two mirrored readout fibers, to be ganged together and read by the same SiPM. A schematic, but complete, report of the activities that were performed is reported in [2].
The aluminum container was filled with liquid scintillator in a nitrogen-only atmosphere. US CMS funds were used to loan the glove-box installed in the University of Maryland FabLab, part of the UMD NanoCenter. 
The University of Maryland group moved in June to a new laboratory space equipped with two optical tables and a lead-lined cabinet to store radioactive sources. We bought panels and rails with which additional dark boxes could be built. The dark boxes were equipped with commercial SiPM devices (Hamamatsu C11208-350), and specially produced SiPM devices with enhanced sensitivity to red light (well suited to the tests of green scintillators, paired with red WLS fibers).
The laboratory is also being equipped with new radioactive sources: Rh-106 (40keV electrons); Na-22 (0.51MeV photons); Cs-137 (sub-MeV photons and electrons, 0.3mCi); Am-241 (5MeV alpha).
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[bookmark: _Ref394848512]Figure 2: P.E. spectrum, liquid-scintillator tile read out by Hamamatsu SiPM; cosmic muons (pT>60MeV).
The new laboratory was also equipped with all the material necessary to handle liquid scintillators: glass vials, silicon sealant, O-ring containers where the sealant can cure in a nitrogen-only atmosphere, syringes and needles to fill the aluminum prototype and the other containers. We also procured a few spectrophotometry vials, which we used to measure the emission and absorption spectra of EJ-309 in the UMD Nuclear Engineering laboratory and in Dr. Kadir Aslan’s laboratory at Morgan State University.
We are currently producing a new prototype that we plan to bring, in late August, to the Fermilab T-1041 test beam. A technical drawing of the new prototype is shown in Figure 3. It consists of three layers, each layer equipped with four 10x10x0.4cm3 containers, read out by a pair of mirrored Y11 WLS fibers. The new prototype will not have epoxied surfaces, but welded ones. This solution is closer to the final design that we envision for a liquid-scintillator HE.
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[bookmark: _Ref394848166]Figure 3: Prototype of four-cell layer with liquid scintillator.
Crystal Fibers
Radiation-hard Plastic Scintillators
First irradiations tests took place at the UMD Co-60 source. We irradiated a sample of SCSN-81 (the plastic scintillator currently used in the current HE detector) and EJ-260 (the plastic scintillator emitting green light candidate for the HE-rebuild). Few 1x5x0.4cm3 samples were irradiated up to an integrated dose of 30Mrad, at a fast dose rate of 1Mrad/hr; their emission and absorption spectra were then measured in a Cray Varian spectrophotometer. The results are shown in Figure 4. It can be noted that the EJ-260 shows the same light-emission degradation of SCSN-81 after a dose that is twice as large. 

[bookmark: _Ref394843515]Figure 4: Emission spectra of various plastic and liquid scintillators, before and after gamma-ray irradiations up to 30Mrad, at a dose rate of 1Mrad/hr
We also want to investigate the possibility that increasing the primary dopant concentration could yield a more stable light production after irradiation. A higher concentration of dopant increases self-absorption. However, as the scintillator gets damaged by radiation, both the light production and self-absorption decrease, thus yielding a more constant light output.
A few special samples have already been procured, and are available for irradiations at the University of Maryland laboratory. They consist of 1x1x5cm3 tiles of EJ-200 scintillator, prepared from the same batch of polyvinyltoluene, in order to minimize the differences due to their base. Five samples with different primary dopant concentration were prepared: 0 (i.e., the undoped base), 0.5, 1 (i.e., the value of the commercial EJ-200 scintillator), 1.5 and 2 (the highest value obtainable without incurring very high manufacturing costs). The samples are pictured in Figure 5. A comparison of the emission spectra of the different samples is presented in Figure 6.
We plan to continue the irradiation tests with plastic and liquid scintillators using the UMD nuclear reactor. The activation tests for the materials we plan to use are ongoing. They include SCSN-81, EJ-260, EJ-309 and LYSO, thus supporting also the ongoing R&D in the shashlik EE group. A tube going through the UMD reactor allows us to irradiate samples with a dose rate of 10 to 50krad/hr (1Mrad = 1016 1-MeV neutrons/cm2). We plan to irradiate our samples up to a dose of a few Mrad in the next few months. We also plan to identify a low-fluence area in the proximity of the nuclear reactor where we could leave some samples for a long-term, low dose-rate irradiation.
We ordered twelve 1x1x5cm3 EJ-260 tiles to obtain a sample of scintillator directly comparable with the EJ-200 tiles already at hand. The 1x1x5cm3 form factor is perfect for obtaining reproducible measurements of emission and absorption spectra. 
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[bookmark: _Ref394848552]Figure 5: Special plastic scintillator samples produced with different concentrations of the primary dopant (courtesy of Eljen Technologies).
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[bookmark: _Ref394844832]Figure 6: Emission spectra of EJ-200 with different concentration of primary dopant (commercial EJ-200 corresponds to 1.0). 
4 TECHNICAL DESCRIPTION AND DELIVERABLES OF THE PROPOSED R&D IN CY2015 (5-9 pages)
This section should contain a detailed description of the proposed R&D activities and list of goals.
Liquid Scintillator Tiles
Liquid scintillators are intrinsically more radiation tolerant than plastic ones, but pose engineering challenges (the need to ensure leak tightness and handle them in an inert atmosphere, for example). As a response to the observed HE light-yield reduction, we intend to develop an HE megatile which would use a liquid scintillator. The scintillator candidate is Eljen EJ-309. It is a proprietary mix of solvents, with the addition of organic fluors, the characteristics of which make it an ideal choice for replacing the current HE. EJ-309 is very bright (it produces 11,500 photons per 1-MeV electron), has a high flash-point (144C degrees), and its emission spectrum peaks at 424nm. 
Initial tests by the University of Notre Dame showed that, after a fast irradiation up to a total integrated dose of 100Mrad (Co-60 gamma rays), the light yield of EJ-309 decreased by only 30%. It is also important to note that the ND samples was put in contact with oxygen, which is known to reduce its light yield. We intend to repeat the irradiation tests and the light-yield measurements of the prototype container filled with EJ-309, while always handling the scintillator in an inert atmosphere. A nitrogen chamber is available for lease at the University of Maryland NanoCenter FabLab.
The University of Maryland has extensive facilities for irradiation tests: a 125kCi Co-60 gamma-ray source, a 200kW nuclear reactor and two electron linear accelerators (2-10MeV). We intend to utilize these facilities to investigate the radiation-induced damages that plastic and liquid scintillators suffer. A recent test from the Kharkov colleagues suggests that the exposure rate is a key factor in characterizing the radiation damage, with a total dose delivered over a long time period being more damaging than the same dose delivered at a fast rate. It shall also be noted that the lowest dose rates presented in the current literature are about two orders of magnitude higher than the dose rates we expect to have in the CMS cavern. We plan to fill this void in the literature of plastic scintillators by compiling a total-dose vs. dose-rate map of the radiation damage suffered by liquid and plastic scintillators.
The plastic scintillators of choice are SCSN-81, the active material of the current HE detector, BC-428 and EJ-260, two green-emitting scintillators, and EJ-200, with different concentration of primary dopant. The purpose of these measurements is understanding the unpredicted decrease in light yield of the current scintillator, and characterize the radiation tolerance of two plastic scintillators that could replace it (green-emitting scintillators are predicted to be less prone to radiation damage, due to the longer wavelength of the light they produce than the more common blue scintillators). The study of EJ-200 could provide insight on a method for increasing the radiation tolerance of plastic scintillators, at the expense of a reduced light-yield of the undamaged scintillator. We note that no funds are requested to support the study of SCSN-81: spare material is available at Fermilab, some irradiations with materials relevant for the Phase-2 upgrade can be shared without supplementary costs, and additional requirements will be covered with M&O funds. 
We intend to characterize as accurately as possible the characteristics of the liquid scintillator of choice. The irradiation facilities at UMD and in the proximity of the campus (e.g., proton accelerators for proton therapy at Johns Hopkins University) will allow us to measure the radiation-induced ageing of the scintillator to all types of radiation. In the UMD laboratory, we plan to characterize the response of the scintillator to MIPs (cosmic muons), photons and electrons in the few-MeV and sub-MeV range. The availability of alpha sources suggests the possibility of performing the first measurement of the Birks’ constant for EJ-309.
We plan to design and build a megatile-shaped set of aluminum containers to install in the CMS cavern before the beginning of Run-2. We propose to build two prototypes and install them in the CMS cavern, in the proximity of the HF, and along the beamline, on one of the two CASTOR tables. This setup would allow us to measure the radiation damage of the scintillator in an environment that is as close as possible to the one for which the detector is designed. These prototypes would also be useful to test the mechanical stability of the liquid-scintillator containers. We also note that the replacement of the HE brass absorber opens the possibility of studying mechanical solutions without the constraint of fitting into a 9mm slot (the distance between neighboring brass slabs).
We also plan to build a special format of the prototype: a 10x10x4cm3 tile, to be provided to David Stuart’s group at UC Santa Barbara. This prototype will be used in conjunction with a position-measurement device, which will allow to characterize the position-dependency of the response of the liquid scintillator tile. The internal volume of this container is enlarged to increase the light yield of the device.
The UMD laboratory has also been equipped with a dark box designed to measure the light attenuation of WLS fibers. We plan to use this setup to measure also the decay time of each fiber type. This measurement is particularly important for the red/orange WLS fibers that are meant to be used together with green-emitting plastic scintillators, where the long decay time could be a problem for LHC operations at 25ns.
We also mention that the University of Maryland recently hired a new postdoctoral researcher, Dr. Sung Woo Youn, who will be responsible of the activities of the UMD laboratory, and will be able to provide constant supervision to the graduate and undergraduate students working in it. During the 2014 summer, the UMD laboratory supported five undergraduate students, who greatly contributed to the results presented to the CMS collaboration in 2014. We would like to continue working with them, and ask for support of two undergraduate students throughout 2015.
A schematic list of the proposed R&D activities and goals (for the rest of 2014 and for CY 2015) is presented below:
· Characterization of the EJ-309 radiation tolerance (neutrons, gamma-rays, electrons, protons) and scintillator properties (cosmic muons, sub-MeV electrons and photons, alpha particles – measurement of Birks’ law) 
· Simulation of the response of a liquid-scintillator tile to MIP and EM signals, and optimize its light collection efficiency by modifying construction parameters such as the location of the glass pipes that support the readout fibers, their inner and outer diameter, the diameter of the WLS fiber, the treatment of the internal aluminum surface (anodization, mirroring,…)
· Construction of various aluminum containers to optimize the light-collection efficiency (10x10cm2, 4mm and 6mm thick), measure the position-dependency of the light-collection efficiency (10x10cm2, 4cm thick)
· Construction of a 3-layer, 4-cells-per-layer demonstration unit to be used in the Fermilab T-1041 and CERN PS test-beam facilities
· Construction of two 4-cell layers to be installed in the CMS cavern (behind HF; on one of the CASTOR tables) for a long-term irradiation during the 2015 part of the LHC Run-2 

Crystal Fibers
Crystal fibers are a radiation hard technology that is compatible with the Phase 1 readout of the HE calorimeter.  The crystals are over 1,000 times brighter than a rad-hard quartz plate and produce high signal-to-noise fast pulses that are compatible with being readout as an individual layer or pair of layers, such as layer-0 and layer-1, with the bulk of the signal appearing within 25ns.  Additional R&D is needed to establish the precise level of radiation hardness, the performance of the fast 20ns decay time LuAG:Pr crystals and the radiation hard optical readout path to the Phase 1 SiPM photodetectors and electronics.
An initial crystal fiber HE rebuild demonstrator was put in electron and pion beams in the T-1041 test beam at the Fermilab Test Beam Facility in March 2014.  The matrix consisted of 56 LuAG:Ce scintillating fibers and 8 undoped LuAG crystals arranged in 8 planes of 8 fibers each, as shown in Figure 7.  The test beam performance of the crystal fiber matrix agrees with the GEANT4 simulation extrapolation to a full containment module with a pion energy resolution of E/E=36%/E0.023%, far exceeding the current HE calorimeter resolution.  As an HE rebuild technology, the crystal fibers will improve the HE calorimeter resolution from the larger sampling fraction coming from the 6.7 g/cm3 LuAG density and is expected to achieve radiation hardness beyond 100 Mrad in upcoming irradiation tests.  The March 2014 test beam used Ce-doped crystals with approximately 70ns decay time, while future crystal fiber tests will use Pr-doped crystals with 20ns decay time with a light yield 50 higher than PbWO4 and with a peak emission at 350nm.
[image: :CrystalFiberMatrix.png]
[bookmark: _Ref394593063]Figure 7: Crystal fiber matrix from T-1041 test beam at the FTBF in March 2014.
To establish the technical feasibility of the crystal fiber rebuild, a program of R&D must be completed in 2014 that benchmarks a demonstrator module with crystal fibers arranged in a tile geometry of an HE megatile in an HE module with fast, rad hard crystal fibers.  To achieve this milestone, the Princeton group proposes to design and construct the support mechanics for two layers of 2x2 tiles with Phase 1 compatible optical readout.  Building upon the T-1041 design work, a new layered, segmented design is needed for 10cm wide tiles constructed of 25 2mm diameter fibers with 4mm spacing.  A mechanically stable optical coupling must be developed between the crystal fibers arranged in HE megatile planes and a wavelength-shifter coated rad hard optically transparent core, potentially made form undoped LuAG fiber.  The arrangement of 8 tiles with 8-way 2mm diameter clear fiber connectors will be directly readout with a Phase 1 SiPM package and will contain a combination of LuAG:Ce, undoped LuAG, and LuAG:Pr crystals produced by companies and university labs working directly with CERN and Lyon on crystal fiber production.  The same production team will produce designs for a cost-effective scaling of the crystal fiber production needed for a two year production of fibers for the HE rebuild.
Radiation-hard Plastic Scintillators
We plan to study the use of (primarily organic) scintillators for suitability for use in a HE rebuild.  There were numerous studies for development of rad-hard scintillator for use in the SSC. A nice summary is Majewski and Zorn, Fast Scintillators for High Radiation Levels, 1992. This field was largely abandoned after the cancellation of the SSC in 1993 and after the measurements that indicated that existing plastic scintillator was adequate for the radiation levels expected at the LHC. We also note that in recent years new red-sensitive SIPMs (FBK) have been developed that have PDE > 30% level for red light.
Our plan is to resurrect the rad-hard scintillator development with a multipronged approach by (i) re-connecting with existing experts in the field (Chuck Hurlbut, Eljen Technology, formerly at Bicron) and soliciting development of new materials; and (ii) developing new materials at Fermilab. Anna Pla-Dalmau from FNAL has agreed to participate in the new scintillator development.  She is the Fermilab chemist and was an active participant in the SSC era R&D. She has been working on plastic scintillators more recently and runs the scintillator extrusion facility at FNAL. We will prepare samples and evaluate them before and after exposure to gamma radiation with varying dose rates. We plan to dose the samples up to 10 Mrad using the Phoenix facility at Univ. Michigan Ann Arbor. Promising samples will be sent to Maryland for dose to 50 Mrad. We are also happy to include any other samples in our exposures so other groups can evaluate any candidate technology. We will explore traditional blue/green scintillators and also green/orange/red versions that new SIPM PDE developments could allow to be viable.
We believe an important advantage that HE rebuild schemes share is a possibility to re-use the existing HE absorber. (We note there are mechanical and radiation issues that need to be addressed.) One important requirement for the feasibility of absorber re-use is to minimize detector installation time in the UXC hall. Therefore we will investigate and develop a conceptual design for “smart megatiles”. These will be megatiles with active optical calorimeter elements read out by WLS fibers into clear fibers that carry the light to the large radius boundary of the megatile. There the fibers are terminated onto arrays of SIPMs. Electrical signals are then carried to a readout box where front end electronics is located. The high gain of SIPMs will be exploited to minimize electrical noise on the cables. The SIPMs will be temperature regulated with Peltier coolers to a low temperature (-15o C) to minimize radiation damage effects. Local bias voltage for the SIPMs will be generated on the megatile. Services to the megatile are nitrogen inertion gas, 5 volt LV, and 16 degree C water. Services and SIPMs will be placed in the locations of the existing HE optical cable path so that maintenance can performed at each annual shutdown. Worst case SIPM neutron exposure is estimated at 5E13 per year, so annual replacement of some SIPMs may be necessary. 
The major advantages of this scheme are that many more fibers can be contemplated being used (as there are no sharp bends and no optical cables along the 53 degree cable gap);  additionally the smart megatile can be debugged and calibrated on the surface before installation (like the muon chambers for instance). This reduces one of the large objections to re-cycling the existing absorber which was the long time required for installation and commissioning of a new calorimeter in the underground area.  We have talked with Austin Ball and he has agreed to provide some time from Sasha Surkov to investigate alleviation of ALARA issues by temporary shielding, and the mechanical effects caused by shifting the YE1 center of gravity due to an extension of the HE absorber. Reuse of the absorber could potentially save up to 15M CHF from the upgrade project cost, and make the HE rebuild more attractive.
5 RELATION TO EXISTING EFFORTS (1 page)
Indicate how the proposal relates to existing R&D activities, both within and outside of CMS.
The University of Notre Dame has led the studies on the use of liquid scintillators and capillary readout, including a study of quartz capillaries filled with liquid scintillator within the scope of the shashlik-EE proposal. We plan to contribute to the activity of the shashlik working group by lending support with irradiation tests at the University of Maryland facilities. We are also proposing a program of measurements which includes (at no extra cost) the irradiation of samples of the current HE plastic scintillator tiles. These activities complement the studies proposed within the Radiation Damage Task Force and build upon and enlarge the scope of the current studies at the University of Notre Dame. We would also like to mention that a DOE proposal will be submitted in September 2014 to cover for the cost of university labor (postdoc, graduate student, and PI) at the University of Maryland.
The study of radiation-tolerant plastic scintillators is performed in close collaboration with Chuck Hurlbut, Eljen Technologies. Custom-made samples have already been produced, and we intend to continue our collaboration by testing alternative formulations of plastic scintillators.
Y. Onel and B. Bilki, University of Iowa, are the spokepersons of the Fermilab T-1041 "CMS Forward Calorimetry Upgrade" collaboration. We intend to participate to a common set of test beams, both at Fermilab and at CERN irradiation facilities. This would allow us to compare the performance of different scintillators in the same conditions.
6 SCHEDULE AND MILESTONES (1 page)
Describe the foreseen schedule for the R&D activities. Detail the intermediate steps towards achieving the final goals. Provide an activity matrix for the various institutions, showing tasks and time periods. Indicate milestones and deliverable items planned for CY2015. 
Liquid Scintillator Tiles
	Start
	Duration
	Activity

	January
	2mo
	Study optimization of liquid-scintillator container (activity started in CY14)

	March
	1mo
	Analyze samples irradiated in nuclear reactor (conservatively estimate irradiation to start in November; 2-days per week: 24 days -> few Mrad)

	April
	2mo
	Start construction of simil-megatile (at least 4 cells, to be usable in test beam if necessary) to be installed in CMS cavern during data-taking

	June
	1mo
	Install simil-megatile in CMS cavern and/or CASTOR tables; send graduate student for a month to CERN

	July
	1mo
	Analyze samples irradiated in nuclear reactor (irradiation started in November; 2-days per week: ~50 days -> ~Mrad at low dose-rate)

	December
	1mo
	Measure damage on tiles installed in CMS cavern

	
	
	



Crystal Fibers
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Radiation-hard Plastic Scintillators
	Start
	Duration
	Activity

	
	
	

	
	
	

	
	
	

	
	
	




7 BUDGET AND BUDGET JUSTIFICATION FOR CY2015 (Fill out separate EXCEL spreadsheet)
The spreadsheet includes detailed instructions on the budget preparation.  Itemize your budget according to materials, travel, and labor.  Provide a written justification for each item in the budget. Include each institution’s rates for fringe and indirect costs. Note that project funds can only be directed to support technical personnel (not physicists, postdocs, or graduate students). Funding can be used to support undergraduate lab assistants. Travel funds are expected to be used for the people directly involved in the supported activities.  If the proposed activities are also supported by generic R&D or other funding sources please provide a clear breakdown.
9 FACILITIES, EQUIPMENT, AND OTHER RESOURCES (1 page)
Tests will be performed at Fermilab test beam within the T-1041 "CMS Forward Calorimetry Upgrade" collaboration. The electronics readout will range from custom commercial VME systems to QIE systems. The tests will continue in the CERN H2 beamline.* B.Bilki and Y.Onel Spokesman for T-1041.
Radiation damage studies at CERN PS will take place in IRRAD-2 which is an irradiation zone at the CERN PS east hall, where samples can be exposed to ~1MeV neutrons and reach fluences of 3-10x1011 n/cm2 per hour (1 MeV-eq). The maximum sample size is ~300x300x300 mm3 and ~ 5kg. We will also use IRRAD-6, an irradiation zone at the CERN PS East hall, where samples can be exposed to backscattering of a 24GeV/c proton beam (IRRAD-1) five different points in the area facing the cast iron beam dump are characterized.
We will also use proton beams at the PET cyclotron at the CDH Proton Center, A ProCure Center, in the proximity of the Du Page Hospital.
The University of Maryland offers on-campus facilities for the study of irradiation effects:
a) 200kW TRIGA reactor: six exposure points with different neutron energy spectra, from MeV to thermal neutrons
b) 2-9MeV 1kW and 10MeV 15kW electron LINACs
c) 125kCi Co-60 gamma-ray source
In addition, the University of Maryland opened the new Physics Center in January 2014. The new building has a special dark room designed for work with photodetectors, which was used to precisely measure the effects of radiation on the absorption and emission spectra of liquid scintillators and wave-length-shifting fibers. We are also collaborating with Prof. Kadir Aslan, Morgan State University, who offered the possibility of using state-of-the-art equipment for the measurement of light-emission spectra and structural properties of irradiated samples.
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