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Introduction
This is a technical scope of work (TSW) between the Fermi National Accelerator Laboratory (Fermilab) Particle Physics Division (PPD) and/or Neutrino Division (ND) and the responsible parties noted in this document.
The TSW is intended primarily for the purpose of recording expectations for budget estimates and work allocations for Fermilab.  It reflects an arrangement that currently is satisfactory to the parties; however, it is recognized and anticipated that changing circumstances of the evolving research program will necessitate revisions. The parties agree to modify this scope of work to reflect such required adjustments. Actual contractual obligations will be set forth in separate documents.
Description/scope of research effort or experiment:

Introduction
The physics program at future colliders requires an energy resolution of the calorimetric component of detectors (electromagnetic+hadronic) at the limits of traditional techniques. Such high resolution is demanded by the necessity of separating the reconstructed masses of W and Z bosons in their jet-jet final states. 

Similarly, future experiments at high intensity accelerators require ultra-fast electromagnetic calorimeters (to cope with high event rates) also capable of particle identification (to disentangle the signal from the, usually large, neutron background present in high intensity beams).

The ADRIANO technology (A Dual-readout Integrally Active Non-segmented Option), currently under development within T1015 experiment, is addressing the above issues.  The hadronic energy resolution of ADRIANO (as per ILC root simulations) is expected in the order of σ(E)/E ≈ 30%/√E in dual-readout mode and σ(E)/E ≈ 27%/√E in triple-readout mode. An extensive R&D program is in progress within T1015 Collaboration. A particle identification study indicates that the hadron-EM separation is of the order of about 2.5 .

Project Overview
Dual-readout calorimetry with heavy glasses (lead and bismuth at present) has been explored by T1015 Collaboration at Fermilab starting in 2010 as a generic R&D program. The goals of the project are summarized below:

1. Maximizing the Cerenkov light collection mechanism for the detection of particle with Ekin < 10 MeV.

2. finding a suitable fabrication technology for mass production of 104-105 grooved glass slices; 

3. Measuring the several detector related parameters to be used in Monte Carlo simulations.
A total of fifteen ADRIANO detectors, of various sizes and layouts, have been built and exposed to beams at FTBF. The Cherenkov light yield has increased steadily throughout the years from an initial value of 30 pe/GeV up to about 350 pe/GeV, indicating that the Cherenkov light capture techniques with WLS fibers were correctly mastered and improved constantly. The current implementation of ADRIANO for High Energy experiments, shown in Fig. 1., is already close to the minimum requirement for a lepton collider (360 pe/GeV for hadronic showers and 400 pe/GeV for electromagnetic showers) while the 1 pe threshold of ADRIANO for High Intensity experiments corresponds to about 2 MeV (scintillation +Cherenkov combined). 
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	Figure 1:  ADRIANO prototypes for an ILC experiment


At present, the particle identification capabilities of ADRIANO cannot currently be investigated as the size of the detectors is too small to contain a non-electromagnetic shower to a sufficient degree. Such limitations will be corrected in the medium-long term, upon approval and funding of a project aimed at the construction of a detector approaching the size of about 1 m3.

Several different construction techniques and layouts have been exploited over the years by T1015 collaboration, with the intent of optimizing the light yield of the detector and measure some detector response parameters that are relevant for the Monte Carlo simulations. In particular, two prototypes have been built by the Lab-7 Thin Film Group in 2014 consisting of alternating layers of lead glass plates and thin scintillating plastic plates (ADRIANO 2014A) and lead glass and scintillating fibers (ADRIANO 2014B). A test beam of both prototypes performed in Fall 2014 has pinpointed advantages and disadvantages of each of those construction techniques. In brief, while ADRIANO 2014A has shown a considerably better light yield (both scintillation and Cerenkov) than ADRIANO 2014B, the large volume of plastics used for the scintillation component has determined a dilution of the overall density of the detector which is not acceptable for an hadronic calorimeter with colliding beams, where the space available for that detector is usually shallow. Therefore, T1015 has designed a new prototype (ADRIANO 2015) which utilizes some of the techniques from each of the previous detectors. Furthermore, an improved molding process has been devised that increased the transparency of the glass slices; that should improve even further the expected Cerenkov light yield.
The present TSW covers the design and construction of ADRIANO2015 detector. Such detector is comprised of 10 alternating layers of molded SF57 lead glass (to impart grooves in the bulk of the glass) and 10 scintillating fiber ribbons. The overall dimension of the detector is 9.8 x 7.0 x 105 cm3. Cerenkov light from the glass slices are read-out with 8 WLS fibers/layer laid with special gluing technique in the molded grooves. Scintillating light is read-out directly from the ends of the scintillating ribbon. A test beam of the above setup is scheduled in Fall 2015.   The goal that test beam is to measure the Cerenkov and scintillating light yield of ADRIANO 2015 and to measure some detector response parameters that are relevant for the Monte Carlo simulations. 

This R&D addresses requirements and constraints of a typical experiment at a future collider where high resolution hadronic calorimetry is needed (σ(E)/E ≈ 30%/√E) and/or where such calorimeter is intended to measure the energy of electromagnetic showers as well.  

Description of the work
Due to limited size of T1015 glass molding setup (about 37 cm) the glass slices necessary for the construction of ADRIANO 2015 will be only 35 cm long. This requires gluing together 3 such slices in order to make on full layer. For the scintillating ribbon fabrication, the scintillating fibers have been provided to T1015 as a spool (courtesy of MICE Collaboration).  
Although initially the detector was designed with both sides readout, mostly to avoid the costs that the project would have incurred for the extra steps of mirroring the fibers, we finally decided to revert to the successful design that was adopted for ADRIANO 2014A AND 2014B where only one side of the fibers was readout while the opposite side was aluminized. This has been made possible by a smart idea by E. Hahn who designed a new procedure for the fiber mirroring steps that smoothly fits into the existing fiber ribbon fabrication workflow, with only one minor modification of the latter. Therefore, the polishing-mirroring step could fit into the agreed total budget for labor.

The work planned to be performed in Lab-7 for the assembly of ADRIANO 2015 will proceed according to the following steps:

1. Washing of 36 glass slices (0.7 x 9.8 x 35 cm3) [removal of Boron Nitride mold release];
2. Aligning and gluing 30 glass slices in 10 groups of 3;

3. Gluing 80 WLS fibers (1.5 m long) into the corresponding grooves in the glass

4. Covering the above fibers with protecting sticky tape;

5. Coating the 10 groups of glasses with a BaSO4 [Barium Sulfate] based paint;

6. Cutting 1800 fibers from a spool; polishing one end of 2000 fibers; 
7. Making 10 ribbons out of the above fibers;
8. Aluminizing the 10 fiber ribbons;

9. Design & Fabrication/Machining of base support-side panels to fit current detector assembly and dark box; 
10. Stacking 10 layers of lead glass and 10 layers of fiber ribbons;

11. Gluing the sides of the stacked layers;

12. Bundling the fibers coming out of the detectors into 8 groups;

13. Gluing the latter in a black Delrin cookie;

14. Final polishing of the black Delrin cookie;

15. Lifting and laying the detector in a light  tight box (already containing ADRIANO 2014A and 2014B)

16. Transporting the detector to MT6. 
I. Personnel and Institutions:
Responsible Party in charge and Lead Experimenter for the R&D effort: Corrado Gatto
Detector R&D Group Portfolio Manager/Contact: Richard Ford
Fermilab Point of Contact (POC): Eileen Hahn
Other personnel working on the project are:  Thin Film group (Lab 7)
II. Experimental Area and Other Considerations:

2.1 Location
2.1.1 The R&D/experiment effort will take place Approximately 400 sq. feet of floor space and about 4 tables (existing).
2.1.2 Exclusively for the alignment and gluing of the glass slices (approx.1 week) use of the granite table and glue mixing area is requested.
2.2 Experimental Conditions
2.2.1 Area Infrastructure
Detector ADRIANO 2014A & ADRIANO 2014B assembly (240 lb. weight) will be delivered back to lab 7 in PVC dark box and ADRIANO 2015 (estimated total of this detector <120 lbs. as glass weight calculated to be 82 lbs.) will be fabricated, assembled, and installed as part of the total assembly and placed back in dark box for transportation to FTBF.  Construction of this latest detector will require use of the following equipment:

P3 & P3’ diamond polishers

Tube Sputter Vacuum Coating System #5

Cranes (VL115 & VL110) and nylon slings (Caldwell Co. #13983 2 six foot lengths)

EFD 2000XL pressure dispenser & Nitrogen cylinder/CGA regulator 580

Commercial Hot Wax Heater (70°C)

Glass Heating Platform (consists of Love Controls Corp Temperature Controller (°F); “J” Thermocouple; Silicon heating tape 1” x 6’ model BS0101060 SN 2621 120 volts-2.6 Amps) required setting at 147°F
OHAUS triple beam balance

Chicago Electric Power Tools Rotary Rock Tumbler, item#67632 
Nylon Fiber Platform 
11 Aluminum sputter plates (1 at 5” x 105” x .125” and 10 at 5” x 60” x .0625”)
2.2.2 Electronics and Computing Needs

Not applicable.
Experimental Planning Milestones
An estimate of the required labor is 404 hrs.

The entire construction of ADRIANO 2015 is expected to be completed in approx.2 months from the starting of operations.

III. Responsibilities by Institution – Non Fermilab

3.1 INFN:
· Procurement of 36 molded glass slices
· Procurement of all materials necessary for the assembly of the detector (except for the fibers, see point 4.1).
· Labor for approx. 204 hrs.

3.2 Non-Fermilab Collaborators

3.2.1 Corrado Gatto (INFN-Napoli)
IV. Responsibilities by Institution – Fermilab
4.1 Fermilab Particle Physics Division:

Given the delicacy of certain steps in the construction workflow, the participation of the Thin Film Group in Lab7 is requested. Those steps involve the handling of thin (0.5 mm dia.) fibers and fragile lead glass; consequences of mishandling those parts could be the irreparable damaging to them (of which only a very limited amount is readily available) and/or the diminished performance of the final detector. These steps are identical to those involved in the assembly of the two previous prototypes ADRIANO 2014A and 2014B and have been successfully mastered by Thin Film Group in Lab7 with excellent results in terms of detector performance.

Furthermore, some other steps in the construction workflow involve equipment unique to the Thin Film Group in Lab7 for which the latter is the only one capable of and allowed to operate. 

In order to successfully complete the construction of ADRIANO T1015, it is requested the Thin film Group in Lab7 to perform the following operations: 

4.2.1 Washing of the SF57 glass slice from the BN mold release residuals.
4.2.2 Cutting to length of the scintillating fibers from spool (1800 pieces of total 2000 required); polishing fibers; and mirroring one end in ribbon configuration
4.2.3 Gluing (Canada Balsam) and taping 8 WLS fibers on each of the 10 layers of glass (perform 80 glue runs and  80 tapings)

4.2.4 All operations involving the usage of the P3 & P3’ polishers; vacuum coating system; and crane use.  
4.2.1 Conduct a NEPA review of the experiment.
4.2.2 Provide day-to-day ESH&Q support/oversight/review of work and documents as necessary.
4.2.3 Provide safety training as necessary, with assistance from the ESH&Q Section.
4.2.4 Update/create ITNA’s for users on the experiment.  Responsibility of the spokesperson or Fermilab Point of Contact. 
4.2.5 Initiate the ESH&Q Operational Readiness Clearance Review and any other required safety reviews. 
4.2.6 Support for operating Lab7 crane to move the detector inside the lightproof box

4.2.7 Procurement of 2,000 of HF3 scintillating fibers (already donated by MICE Collaboration)
4.2 Fermilab ESH&Q Section
4.4.1 Assistance with safety reviews.
4.4.2 Provide safety training, with assistance from PPD, as necessary for experimenters. [0.2 FTE]
4.3 Fermilab Collaborators

4.3.1 Erik Ramberg;

4.3.2 Rick Ford;

4.3.3 Eileen Hahn;

4.3.4 Anna Mazzacane (only off her regular job)

4.3.5 Vito Di  Benedetto (only off his regular job)
4.3.6 Summary of Costs

	Source of Funds [$K]
	Materials & Services
	Labor
(person-weeks)

	Accelerator Division
	0
	0

	Particle Physics Division
	0.0
	200 hrs

	Scientific Computing Division
	0
	0

	ESH&Q Section
	0
	0.2

	
	
	

	Totals Fermilab
	$0.0K
	200 hrs

	Totals Non-Fermilab
	All M&S costs
	204 hrs


V. General Considerations
6.1 The responsibilities of the participants in the R&D effort and the procedures to be followed by experimenters are found in the Fermilab publication "Procedures for Researchers": (http://www.fnal.gov/directorate/PFX/PFX.pdf). The participants in the R&D effort agree to those responsibilities and to ensure that the experimenters all follow the described procedures.
6.2 To carry out the experiment a number of Environmental, Safety and Health (ESH&Q) reviews are necessary. This includes creating an Operational Readiness Clearance document in conjunction with the standing Particle Physics Division committee. 
6.3 All regulations concerning radioactive sources will be followed.  No radioactive sources will be carried onto the site or moved without the approval of the Fermilab ESH&Q section.
6.4 All items in the Fermilab Policy on Computing will be followed by the experimenters. (http://computing.fnal.gov/cd/policy/cpolicy.pdf).
6.5 The participants in the R&D effort will undertake to ensure that no PREP or computing equipment be transferred from the experiment to another use except with the approval of and through the mechanism provided by the Scientific Computing Division management. The Spokesperson also undertakes to ensure no modifications of PREP equipment take place without the knowledge and written consent of the Computing Sector management.
6.6 The participants in the R&D effort will be responsible for maintaining both the electronics and the computing hardware supplied by them for the experiment. Fermilab will be responsible for repair and maintenance of the Fermilab-supplied electronics listed in Appendix I. Any items for which the experiment requests that Fermilab performs maintenance and repair should appear explicitly in this agreement.
At the completion of the experiment:
6.7 The participants in the R&D effort are responsible for the return of all PREP equipment, computing equipment and non-PREP data acquisition electronics. If the return is not completed after a period of one year after the end of running the participants in the R&D effort will be required to furnish, in writing, an explanation for any non-return.
6.8 The experimenters agree to remove their experimental equipment as requested by the Laboratory. They agree to remove it expeditiously and in compliance with all ESH&Q requirements, including those related to transportation. All the expenses and personnel for the removal will be borne by the experimenters unless removal requires facilities and personnel not able to be supplied by them, such a rigging, crane operation, etc.
Signatures:
The responsible party/lead experimenter on the R&D effort is the official contact and is responsible for forwarding all pertinent information to the rest of the group, arranging for their training, and requesting ORC or any other necessary approvals for the experiment to run.  The spokesperson is responsible for marking equipment with emergency contact information and according to Fermilab Environmental Safety and Health Manual (FESHM) and Fermilab Radiation Control Manual (FRCM) rules. 


________________________________________________
    /      / 2015
[Name], Experiment responsible party/lead experimenter
Appendix I:  Equipment Needs
Provided by experimenters:

[If you wish you may include a breakdown of what is being provided by which institution, for your records.]

Appendix II: - Hazard Identification Checklist

Items for which there is anticipated need should be checked.  
See ORC Guidelines for detailed descriptions of categories.  
	Flammables 
(Gases or Liquids)
	Gasses
	Hazardous Chemicals
	Other Hazardous /Toxic Materials

	Type:
	
	Type:
	
	
	Cyanide plating materials
	List hazardous/toxic materials planned for use in a beam line or an experimental enclosure:

	Flow rate:
	
	Flow rate:
	
	
	Hydrofluoric Acid
	

	Capacity:
	
	Capacity:
	
	
	Methane
	Canada Balsam

	Radioactive Sources
	Target Materials
	
	photographic developers
	Bicron BC600 optical cement

	
	Permanent Installation
	
	Beryllium (Be)
	
	PolyChlorinatedBiphenyls
	

	
	 Temporary Use
	
	Lithium (Li)
	
	Scintillation Oil
	

	Type:
	
	
	Mercury (Hg)
	
	TEA
	

	Strength:
	
	X
	Lead (Pb)
	
	TMAE
	

	Lasers
	
	Tungsten (W)
	
	Other:  Activated Water?
	

	
	Permanent installation
	
	Uranium (U)
	
	
	

	
	Temporary installation
	
	Other:
	Nuclear Materials
	

	
	Calibration
	Electrical Equipment
	Name:
	
	

	
	Alignment
	
	Cryo/Electrical devices
	Weight:
	
	

	Type:
	
	
	Capacitor Banks
	Mechanical Structures
	

	Wattage:
	
	
	High Voltage (50V)
	
	Lifting Devices
	

	MFR Class:
	
	
	Exposed Equipment over 50 V
	
	Motion Controllers
	

	
	
	
	Non-commercial/Non-PREP 
	
	Scaffolding/ 

Elevated Platforms
	

	
	
	
	Modified Commercial/PREP
	
	Other:
	

	Vacuum Vessels
	Pressure Vessels
	Cryogenics
	

	Inside Diameter:
	
	Inside Diameter:
	
	
	Beam line magnets
	

	Operating Pressure:
	
	Operating Pressure:
	
	
	Analysis magnets
	

	Window Material:
	
	Window Material:
	
	
	Target
	

	Window Thickness:
	
	Window Thickness:
	
	
	Bubble chamber
	


The following people have read this TSW:
________________________________________________
    /      / 2015
Host Division, Division Head
________________________________________________
    /      / 2015
Detector R&D Group Leader
________________________________________________
    /      / 2015
Detector Development & Operations Department Head 
_________________________________________________
    /      / 2015
Mechanical Engineering Department Head
_________________________________________________
    /      / 2015
Electrical Engineering Department Head
_______________________________________________
               /      / 2015
Eric McHugh, PPD/ND ES&H SSO, Fermilab
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