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Memo
To:
Jim Mills, Don Lynch, Joe Tuozzolo, Helio Takai, Aaron Angerami

From:
John Haggerty

Subject: sPHENIX Hadronic Calorimeter Technical Review

An internal technical review with participation of Helio Takai (BNL) and Joe Tuozzolo (BNL) from outside the sPHENIX collaboration was carried out Wednesday-Thursday, November 1-2, 2017.
The review agenda is here: https://indico.bnl.gov/conferenceDisplay.py?confId=3778. 
The full notes of the reviewers is at the end of this document.  There are many very specific suggestions which I have tried to collect into a few general areas.  
Issues to Resolve Before CD-1 Review
1. Although CD-1 allows for alternatives, the present schedule requires sPHENIX to advance quickly from CD-1.  Therefore, the precise scope of the calorimeter should be very clear at the time of the CD-1 review.  That is likely to be a full Outer HCAL and an uninstrumented aluminum inner HCAL.  The Monte Carlo plots, assumptions about the leakage, and finite element analysis of the structure should all reflect a single design.
a. The cost and schedule data should match the scope.

Presentation Issues for a CD-1 Review

2. The overview of the design should be more comprehensive so that reviewers new to the concept are better able to grasp it.  Specifically, it should have additional information about:
a. Sensors and electronics

b. Radiation damage to the sensors and scintillator

c. A number of views of the structure (perhaps a rotating 3D model) so that the mechanical design is clear

d. A discussion of how the HCAL acts as the flux return, including an estimate of magnetic forces on it

3. There a number of detailed questions that come up regularly in reviews that should be addressed in a standard set of slides:

a. Is there any concern about the mechanical stress on the scintillator?
b. What are the mechanical tolerances on the steel structure?

c. It would probably help to have an introductory simulation talk analogous to the beam test talk that explains the basic detector design in simulation and covers:

i. Sampling fraction variation

ii. e/h
iii. Single particle response

4. The basic properties of the tiles should be explained.  The production drawings should be shown.  The measured properties of the prototype tiles should be compared to the design.
Issues to Not Related to a CD-1 Review
These are important recommendations, but not necessarily resolved before a CD-1 review.
1. The beam test results from the final calorimeter beam test should be published or in the process of being prepared for publication.
2. Finite element analysis of the inner and outer HCAL structures should be completed with more realistic boundary conditions and take account of magnetic forces as well.

a. More detailed review of the FEA will be necessary before a Final Design Review, and independent FEA may be necessary for some critical parts or fixtures.
Monte Carlo simulation of the detector should continue to advance to a more refined state.    Key benchmark analyses should be pursued in simulation.

3. Notes from Reviewers
These are unedited notes from the reviewers.  They will not appear in the final draft, but I collect them here for completeness.

John Haggerty’s Notes
John Lajoie, the Level 2 manager of the subsystem, introduced the detector concept.
· We will have to be completely clear about what is in the baseline design at CD-1… instrumented frame?  The whole Inner HCAL
?
· Some confusion about the number of interaction lengths in the detector… 5.5λI? 5.1? 4.5?  The statement about 95% contained in 5.5λ I think is true, but we probably have to say something about what the containment to depth we show is.  We should revise the λ vs η plot
.
Anatoli Gordeev, subsystem mechanical engineer, discussed the design of the absorber.
· The discussion starts with installation, it would be better to show some models and drawings of the design first.

· There was a discussion of the effects of stress on the scintillator; at one point we collected information about that from the literature and PENIX experience.  Add a paragraph in the CDR?

· In the analysis of the deformation of the detector, the assumption was that the support cradle did not deform; is that a good assumption?
· We should show a slide about module mechanical tolerances.

· We should make the Interface Control Documents available to the CD-1 reviewers.
· There was a question about constraints imposed by the 1008 hall; I think it’s ok to just say we’ve looked at it.

· Do the rails need to be reinforced to carry the load?

Edward Kistenev, physicist responsible for the tile design.

· His talk should emphasize

· The mechanical design of the tiles

· The light output

· The uniformity of response of prototype tiles

· The variation we expect in manufacturing

· What is the yield of good tiles?

· There was a question on radiation damage—we should do an exposure test as was done for the EMCAL of the scintillator itself.

· The question of monitoring and calibration came up in this talk; that should probably be addressed earlier.

Rosi Reed discussed the performance of the hadronic calorimeter in measuring jets in heavy ion collisions.
· Jet efficiency in pp almost 100%?
· Jet energy resolution as good as CDF and CMS?

· What is the effect of e/h?
· Large constant term is unacceptable at high energy

· Jamie suggested a table comparing our calorimeter with LHC and CDF

· What are the physics-driven specs? Are they satisfied?
Jim Mills Notes
1. Need to clearly define what the new requirements are for the Inner HCal.

2. The de-scope plan now changes all interface documents for the IHCal and all interrelated components.  These need to be updated.

3. Summarize the acceptance data for the mechanical prototype of full sector and compare with the design parameters.  Are they acceptable?  This should be documented.

4. Adequate de-scope planning and engineering labor should be budgeted and shown in the P6 schedule.

5. Does the proposed next test beam run incorporate the de-scope plan?

6. Are there written requirements for the absorber material and how it relates to the scintillator (max. deflection of absorber assembly, individual plates)?  We talked about it, but I am not sure if it has been fully studied and documented.  Maybe it should be done?

7. Technically, scintillator tiles can be made and as shown will satisfy the physics requirements (satisfying our charge as a committee).  However, manufacturing the quantity sPHENIX needs in the time required and the acceptance testing of the tiles needs to be thought through.

8. For future reviews it should be stated (if correct) that the tiles that are being made right now are very similar to those needed for the final installation of the OHCal in sPHENIX.  And if also correct, the sPHENIX tiles are not state of the art (a good thing).  I think I heard this towards the end of our discussion yesterday and thought it might be worth noting.

Don Lynch’s Notes
The following are my notes from the subject Design Review (note: I was not present for the “physics-heavy presentation on Thursday, but I doubt I would have had any useful input concerning that any the PHYSICS discussion. I did look over Prof Reed’s slides for this presentation and did not see anything I needed to comment on.) These notes are in comment form. I would defer making specific recommendations until all of the other reviewers’ comments have been compiled.

1.  The Inner HCal descoping option needs some real engineering to define, analyze and design an appropriate de-scoped support structure. 

2.  The Interface Control Documents (ICD’s) should be generated to define the interfaces between the HCal and other subsystems. In particular the mechanical interfaces between the outer HCal and the magnet, the Outer HCal and the support carriage, the Inner HCal and the outer HCal (through the Inner HCal support structure) and the Inner HCal and the EMcal. (Note: electronics interfaces are not part of this subsystem, as the Calorimeter electronics is a separate review)

3.  The mechanical illustration slides need to be updated. In particular the overall detector exploded view and the outer HCal sector views (exploded and assembled) did not represent the current status the HCal design.

4.  The FEA’s presented were not the most current design version.

5.  The mechanical presentation should have a slide listing the physical parameters (envelope dimensions, positional tolerances, etc.) that the HCal must meet.

6.  Although the presentation contained slides describing/illustrating the design, more time could have been spent explaining the design concept.

7.  Too much time was spent on the installation concept (installation is not part of this subsystem). It is important to bring installation into the talk, as it effects the design decisions, but it shouldn’t be the focus of the talk.

8.  The HCal group should continue inspection and testing the full scale full sector prototype to verify the ability to fabricate to the tolerances needed.

9.  The Uniplast tile QC was unclear in the presentation. QC requirements and verification by the vendor should be clearly defined. Additional QC at the receiving  end should also be defined and codified. 

10. A slide showing the QC requirements (both mechanical and optical/performance) and method of verification would be useful.

11. It should be clearly stated that the tiles we are currently producing are expected to be the final design and that prototype testing has verified adequate performance. 

12.  The yield of adequately performing tiles at the prototype stage should be discussed. Should not % rejection at production, after mechanical inspection and after performance test (cosmics?). If rejection rate is significant, plan to reduce it should be discussed.

13.  Beam test slides were good, thorough and showed that results are verifying predictions. 
Aaron Angerami’s Notes 
 Actual analog pulse shapes coming out of the detector
.

• I didn’t hear anything about the detector at this level. We sort of jumped from engineering and construction issues to discussing the (shaped->digitized->summed->calibrated) output and there are several relevant experimental details in there. This fundamentally impacts the conclusions one draws from the test beam results about how the detector will perform under real beam conditions.

• How long is a typical pulse? Are both the effects of the timescales of the actual hadronic showers and the scintillation itself understood/as expected
?

• Can one see structure in the pulses due to attributes of the shower or multiple particles depositing energy and could this be used somehow to improve the calibration?

• Is the pulse time short enough that there no effect of the signal on a collision in a later bunch crossing in sPHENIX (out of time pileup)? I think this is a non-issue at RHIC but it at least needs to be addressed to see if it imposes a design constraint
.

• What is the timing resolution?

• Is any of this, but especially the scintillation/fluorescence, influenced by the magnetic field? Probably hard to check in test beam, but what can we say from other experiments that have used similar technology about this issue specifically.

Test beam results

• I know this is in an early stage, but it would be useful to see even a rough plan of how future test beams will be used to constrain/inform the response of the fully assembled detector.

• Were tests done where the angle of incidence of the test beam on the calorimeter stack was varied? Its important, especially given this design, to know whether the response would be different for particles that do not travel radially from the nominal origin
.

• It is important to compare to other GEANT physics lists besides the “best” one QGSP_BERT. Does the excellent agreement between data and sim go away when one uses a different physics list and does it do so in a way that is expected? e.g. does a list that has shallower/deeper hadronic shower profiles have the expected effect?

• What is the electronic noise and does one expect it to contribute to the resolution (especially at low energy)? Could a missing noise term explain why the fit undershoots the points in that region?

• I’m out of my depth on some of the engineering issues so you’ll have to forgive me in advance for stupid questions. In ATLAS, our 2T magnetic field causes things to move around when switched on and can convert misalignments into asymmetric/additional stresses. Is/should this kind of thing is included in the construction/installation plan and the finite element analyses of the support structures
?

• Some of this info is in the CDR, but it would be useful to see plots summarizing the (cumulative) contributions to the radiation length and hadronic interaction lengths from each system (starting w/ the beam pipe) as one moves radially outward. The amount of material in front of the HCal(s) represents a boundary condition that could impact the design somewhat.

• This was not presented in the review, but the impression I have from the draft CDR is that there will be noise- or zero-suppression in the calorimeter DAQ. This has some real negative consequences in jet measurements and should only be considered as a last resort.

• Lastly, there is a disconnect between how the HCal is planned to be used to measure jets and how this is actually done in modern HEP experiments.  What was not demonstrated in the review was whether the detector would be *used* in a way that can meet the objectives of the scientific case. This might not bear much on meeting the requirements for CD-1, but is something to consider if at any point you expect to be pressed by a reviewer with some expertise in this area of how sPHENIX plans to achieve some of these results.
Joe Tuozzolo’s Notes

I was late to the meeting; but, had reviewed the slides before the meeting.  Still I found it hard to understand how the scintillators tiles were mounted and the design of the steel support/magnetic field return.  There should have been some introductory slides explaining assembly more clearly.  It would have been helpful to show the similarity of this detector to other outer detectors built for colliding beam experiments (STAR, ATLAS?).  What is the same and copied from other designs and what is different.  If there is a difference, why?

The following comments are on the structural assembly of the cylindrical detector.  

1.
This is a preliminary or conceptual design; but, the FEA analysis slides mostly indicated that analysis work had been done and there are useful results.  Before the project goes into detailed design more analysis work needs to be done and reviewed.  For high value lifting fixtures, a second independent analysis with comparison of results is typically required.  

2.
A detailed review of these analyses with a clear presentation of the assumptions made and the boundary conditions used is warranted.  Views were shown of the deformation of the assembled detector without the cradle.  Was the cradle and its deflection in the original analysis or was it assumed not to deform (I saw one comment that stated no deformation assumed)?

3.
This structural cylindrical detector is made up of multiple (32) structural beams that form a large and heavy bolted assembly with multiple links at the end plates.  All of the beams are supported on the end, not clear if the beams what stiffness is assumed for the bolted end assembly for the FEA analysis.  

4.
One presentation stated the need for a jacking of the middle upper section to provide clearance to install the last link.  The analysis indicates deflection of the top sections of the assembly as it is built.  It would be good to present how other outer detectors built for colliding beam experiments made up with multiple sectors dealt with this issue during construction.  It was stated that other options were investigated; but, not stated why this was considered the best approach.

5.
There was discussion about beam deflection and tolerances in the beam construction.  Discussion on how the end link plates are aligned and installed and their tolerance requirements, stresses, and deflections would be helpful.  The green plates in the images apparently use bolts to join them together; are the smaller holes alignment pins?  What are the stresses on the bolts and pins?  Is there twist in the end assemblies?

6.
When the SC solenoid magnet is on are there any forces on the end outer plate assembly.  If the assembly is slightly oval does that change the forces on it in a bad way.  There was no magnetic analysis in the presentation or is it not needed (should be stated) or did I miss it.

7.
The views of the inner HCAL installation fixture should show the PHENIX assembly area walls and physical boundaries for assembly.  In the extra files there is a model of the fixture on one slide and a model of the PHENIX assembly in the building on the other without the fixture.

Comments from Mickey Chiu

Just to add a couple of more comments that haven’t been mentioned already in the excellent set of comments sent by others:

1. It’s not clear that you will have access to make repairs to all of the front-end electronics (SiPM, preamps, etc) after installation.  I know there are light-tight panels that you can take off to access them.  I think the sides are okay, but I worry that one won’t be able to get to the bottom, where you are perhaps obstructed by the carriage, and the top, which will be covered by the bridge and racks on the bridge.  I think it’s early enough that designing in access can be done.  In doing this, one has to consider all the obstacles, including administrative.  For example making the carriage physically accessible might not be enough since it could be considered a confined space, etc.

2. While I understand it was not possible to decide how to approach the de-scope of the iHCAL, it’s clear that this needs to be firmed up.  There were various considerations presented but not what you would finally do in the end.  Are you going to leave the space empty or filled with absorber but no active elements?  It seems based on the presentations, which showed that absorber with no active elements was the worst option in terms of resolution and energy scale, that this might be the logical choice, but there might be some that are still hoping for a way to fund this with buy-back from contingency or other sources.  Probably the best option is a middle ground, where you state the baseline has no iHCAL absorber, but re-engineer the mechanical support/installation so that it could be included in the future if funding becomes available for the full system (absorber+scintillation+electronics).  In any case, whatever is decided, a firm decision on how to handle the iHCAL de-scope should be made by the CD-1 review.

3. I didn’t hear if there was a backup plan for the scintillators.  Shouldn’t that at least be in the risk registry, since we’re purchasing it from a relatively new company that is located in a country with high geo-political risk?

Charge to Reviewers

Thank you for agreeing to serve on the technical review of the sPHENIX hadronic calorimeter tomorrow, Wednesday November 1, 2017 at 9am in room 2-219 of the Physics building. 

The agenda and Blue Jeans connection information is here: 

https://indico.bnl.gov/conferenceDisplay.py?confId=3778 


and there will be talks posted there later today. 

A few words about logistics: I would like to keep the presentations as brief as possible and complete the oral part of the review in about three hours, although we had a scheduling problem with the jet topical group members, so the "physics-heavy" presentation has to be deferred until Thursday morning (November 2) when Rosi Reed is available to give it.  I'm sorry about that.  There will be essentially no engineering content presented in that talk.  The conceptual design is described in the draft CDR in Chapter 5 which is available from the Indico page. 

The purpose of the review is to review the current state of technical development of the project.  There will be no cost and schedule information presented or reviewed.  The goal of the review is to work toward a positive answer to the question posed to an eventual CD-1 review committee: 

· Is the conceptual design technically sound and likely to meet the objectives of its scientific case? 


Let's parse that question.  The question is about a "conceptual" design.  That means that not every design will be in its final form and ready to construct, but that one can reasonably imagine that between CD-1 and CD-2 that one could complete a full, detailed, baseline design.  It must be "technically sound," which means that once the design is complete, it is unlikely that flaws in the design will prevent it from achieving its physics goals.  It is "likely to meet the objectives of the scientific case" means that the right tools have been used to assess whether the detector we propose will be able to make the measurements we propose to make. 

I would like to emphasize that this is by DOE order 413.3b and custom a serious assessment of a project, but by no means a final design review or a collaboration meeting.  One should not expect to see final drawings or calculations (although in this case, I expect there will be many of them).  This design has now been reviewed in a number of reviews of various types (from the DOE Science Review in 2014 through the BNL Director's review in August), and the Conceptual Design Report has been through a number of drafts to reach the rather advanced state it is in now. 

A few comments about logistics.  I will be the chair of the review committee.  I encourage you to take notes as we go along and avoid extended discussions with the speakers; if you have detailed questions, I would rather that you collect your thoughts and we deal with them in emails, which makes it easier to document the questions and answers.  Of course, if you have questions that are likely to be answered succinctly, feel free to interrupt and ask them in real time.  I would really like to use these reviews to be helpful to the project and collaboration refine the physics and engineering case.  I hope I can collect your comments and suggestions and create a draft report within a week from the review, so I would suggest sending me your notes from the meeting while they are still fresh in your mind.  If you need more time to read through the CDR, of course, I will defer making a final report, but we aim to complete the CDR by early January, 2018. 

Again, thanks for agreeing to help us with this review, and I'm thinking there will be brownies for those at BNL. 

�This is necessary before CD-1 review; covered in summary


�I looked at a matscan in the current Monte Carlo, we can 


�This should be covered in calorimeter electronics, but the point is well taken that a summary of the calorimeter electronics should be included.


�The SiPM signal is shaped to a a peak time of about 40 ns, less than one beam crossing


�The waveform digitizers provide samples before the peak of the event, so the baseline can be corrected event-by-event.  We should present some information about the pulse shape in the calorimeter electronics review.


�This was part of the 2016 beam test.


�That’s a good point, there should be some analysis presented of the magnetic forces.





