
SDC-93-409 

SDC 
SOLENOIDAL DETECTOR NOTES 

REPORT OF THE SDC CALORIMETER CALIBRATION 
REVIEW COMMITTEE 

January 11, 1993 

c. Hearty 
Lawrence Berkeley Laboratory 



SOT-000077 
SOC-93-409 

Report of the SOC Calorimeter Calibration Review Committee 

In trod uc ti on 

C. Hearty, Chairman 
Jan. 11, 1993 

The charge and membership of the calibration review committee is attached in 
Appendix A. The committee met during the SOC collaboration meeting, Dec. 9--
12, 1992 and was presented with talks on all aspects of the calibration system 
discussed in the Charge. In addition to this report, the committee produced 50 
action items, which are summarized in Appendix B. After presenting general 
observations and concerns, the report briefly outlines the committee's major 
concerns for each subsystem, then discusses the specific issues of shower-max 
calibration and safety. 

General Comments 

There are six aspects of the calibration system that were addressed in this 
review: source calibration, light flasher, charge injection, in situ calibration, 
beam tests, and cosmic rays. Good progress is being made in all subsystems. 
However, work is need to combine these individual components into a complete 
system. The committee recommends that the performance requirements on 
each subsystem be defined in the context of an overall system, including a 
detailed specification of the relationships between the subsystems and the 
degree of redundancy required. The complete system must enable the 
electromagnetic calorimeter to meet the design goal of a 1 % constant term. 
For example, the PMT stability required over the period of time to do an in situ 
calibration needs to be established. Furthermore, there is confusion as to the 
meaning of the linearity requirements presented in the technical design 
report. These requirements were intended to limit the deviations from 
linearity of the average of all channels, not each channel independently. The 
difference in interpretation has an impact on the constant term. 

Source Calibration System 

The source calibration system will allow every tile to be exposed to the moving 
radioactive source during installation and assembly, and during extended 
shutdowns once normal operations have commenced. During data taking, 
approximately 10% of tiles will be accessible in the hadron calorimeter and in 
the barrel EM compartment. All tiles of the endcap EM compartment---where 
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radiation damage is most severe---will be accesisible. The goals of the system 
include: 

- Quality assurance during assembly; 
- determine initial tower calibration; carry beam calibration to untested 

modules; 
- determine tile-to-tile mask (if needed); 
- study B-field on/off effects; 

check for scintillator/fiber aging; 
- measure radiation damage profile. 

Major Issues: 

• Engineering is needed to study driver and source wire reliability and fatigue; 
evaluate commercial drivers; and study alternative source wire designs. 
Current design does not easily work in ECEM. 

• Evaluate alternative isotopes. 

Light Flasher System 

The flasher system is used to monitor the gain stability of PMT and to measure 
the linearity of the PMT and the front-end electronics. The system distributes 
nitrogen laser UV light to a number of distribution points ("cows"), where it is 
wavelength-shifted to green and distributed to the PMTs. There is one optical 
fiber per PMT. Pin photo diodes and photo tubes monitor the stability of the 
system. 

Major Issues: 

• Stability of monitoring system and parts of distribution system not monitored 
by the photodiodes; 

• Integration (number and location of lasers; space required on outer radius of 
calorimeter); 

• Requirement on PMT stability during the 3--5 month period necessary to 
collect data for the in situ calibration; 

• Interaction between linearity and constant term, and the corresponding 
requirements on the neutral density filters; 

• Does the flasher provide an adequate distributed timing signal in the period 
before in situ calibration is possible. 



Charge Injection 

The charge injection system measures linearity and absolute gain of the front 
end pulse-monitoring electronics. It is currently not planned to calibrate 
current-monitoring circuits. 

Major Issues: 

The committee did not have the expertise to evaluate this subsystem. However, 
it appeared that it might, by itself, account for the full 1 % constant term that is 
the goal in the EM calorimeter, if it is used to determine the linearity. 

In Situ Calibration 

The in situ calibration establishes the tower-to-tower relative calibration (to 
the level of a few tenths of a percent); determines the absolute energy scale of 
the calorimeter; and fixes the timing of each front-end electronics channel 
relative to the main clock. In the electromagnetic calorimeter, the ratio of the 
calorimeter energy to the momentum measured by the tracker can be used for 
electrons from W and Z decays to establish the calibration. An alternative that 
does not use the tracker would be to reconstruct the Z mass from its decay to 
electrons. Initial studies indicate that either method could work in a 
reasonable amount of time. 

The hadronic calorimeter can be calibrated with 'Y/Z+jet events, or with dijet 
pt-balance. 

Major Issues: 

• Studies are in an early stage. Eventually these studies need to determine 
systematic errors, rather than statistical. 

• hadronic section needs to be quantitatively studied. 

Test Beam/Cosmics Rays 

Some fraction of the modules will be calibrated in a test beam at SSCL or FNAL. 
In addition, cosmic rays may be used to study modules. The calibration in 
tested modules will be transfered to untested modules using the source 
calibration system to achieve a calibration accuracy of 2% at beam tum-on. 

Major Issues: 

• Experience with 1993 barrel prototype will guide decisions in this area. Decisions 
have impact on assembly area and procurement. In particular, the amount of time 
and space required in the assembly area for cosmic ray testing must be understood. 
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Shower Maximum System 

The standard source tubes fully illuminate eta-measuring shower max strips. 
The phi-measuring strips, however, run parallel to the source tubes, so the 
signal induced in the strip depends on its location. This problem is addressed 
during assembly by temporarily installing additional tubes that allow all strips 
to be calibrated. During operation, the relative channel calibration will be 
derived data, including comparisons between the EM and shower-max energy 
measurements and between the phi and eta-measuring strips. 

One to three optical fibers from the flasher system are connected to extra 
pixels in each shower-max multichannel PMT. This will monitor the overall 
gain variations of the tube, due, for example, to high voltage fluctuations. 
Pixel-to-pixel variations, which could be due to longer-term effects such as 
photocathode aging, would be reflected as channel-to-channel variations. 

The front end electronics are not yet defined for the shower maximum system, 
but a digital design would be compatible with the charge injection system of 
the calorimeter electronics. 

Major Issues: 

• Verify that the stated requirement of 10% relative channel calibration is 
appropriate for all functions of the shower-max system. Is is feasible to 
achieve this calibration in situ without the source calibration? 

• Investigate the feasibility of adding additional source tubes specifically for 
the phi-measuring strips.· 

• Determine the time stability of the relative gain of multichannel PMT pixels, 
and establish that it is compatible with the required channel-to-channel 
calibration. 

Safety 

It is anticipated that the source size will be comparable to those used 
previously in source drivers, so existing experience is applicable. Because the 
source is exposed during operation, an interlock system will be needed to 
ensure that personel are excluded from the area of the source drivers during 
those times. The details of this interlock and the specifics of the labeling 
and/or fencing requirements when the driver is not in operation need to be 
determined in consultation with the SSCL ES&H group. 

Interlocks may be needed on the flasher laser. The connections between the 
laser and the distribution fibers must ensure that there is no laser light 
leakage. 
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Appendix A. 

SDC CALORIME1ER CALmRA TION REVIEW 

December 11, 8:30 - 12:30, SSCL 

Charge 

The committee will evaluate the overall calibration plan, progress on 
hardware development, and implementation of the calibration system in the 
prototype. The review will cover charge injection, light flashers, source 
system, cosmic ray and in situ calibration. The evaluation should also address 
safety issues such as source radiation hazards. The committee will prepare 
recommendations on the calibration system and its implementation. 

The review committee: 

Christopher Hearty - Chair 
Steve Gourlay 
Richard Kadel 
Jim Freeman 
Virgil Bames 
Andy White 
Bob Wagner 
Jean Emwein 
Steve Hahn 
Jim Missig - ex officio 
Paul Mantsch - ex officio 
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1 - Calibration - General 

SDC CENTRAL CALORIMETER 
Calibration Design Review 

December 11, 1992 
Action Items 

Jim Missig (January 11, 1993, 9:01 AM) Page lofB 



December 11,1992 Design Review 
Summary of Action Items 

2 - Source System 

Jim Missig (January 11, 1993, 9:01 AM) 

so you are sure 

~IJUUJ,'''o.L'''' response as 
source tube location is changed. This has done for both lead and 
air. A definitive study needs to be done for the calOrimeter using EGS. 
for instance, that provides infonnation on how much our calibration 
suffers from displacement of the source tubes from both casting and 
sagging of the lead. 
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~cember 11, 1992 Design Review 
Summary of Action Items 

2 - Source System (Cont'd) 

C. Blocker source driver and 
wire. 

Jim Missig (January 11, 1993,9:01 AM) 

necessary 
1. What is the goal? 
2. Can the goal be met with tubes that require source Y's to penetrate 
two towers? That is. providing tubes that are near the interior towers 
the em calorimeter module is difficult. 

source 
improve driver and to provide a source of wire that has improved 
fatigue properties and provides safe encapsulation of the source. 
Considerations to include in the design: 
1. Space allocated on the module to the source driver and where it will 
be located. 
2. Need for tighter bending radius for wires. r=1.5" seems deSirable. Is 
it achievable? 
3. Readout of source pOSition is deSired. Readout of the indexer that 
indicates which tube is selected is required. 
4. Indexer allowing ~200 source tubes needs to be provided. 
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December 11, 1992 Design Review 
Summary of Action Items 

3 - In Situ Testln2 

max 
channel - channel 
calibration 

Jim Missig (January 11, 1993, 9:01 AM) 

'"'v, .. "' ........ using 110 x 'ito -> 0 0 decays as a source of calibration data in 
region E~ -5-20 gev (at least for a cross check). 

- What is the calibration requirement when using shower max to 
correctrad. damage? 

cap source 
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cember 11, 1992 Design Review 
Summary of Action Items 

3 - In Situ Testlne (Cont'd) 

Jim Missig (January 11, 1993,9:01 AM) Page 5 ofB 



December 11, 1992 Design Review 
Summary of Action Items 

4 - Calibration Electronics and Flasher 

G. Pauletta flasher 

Jim Missig (January 11,1993,9:01 AM) 
\ 

Is this space adequate / 
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· jcember 11, 1992 Design Review 
Summary of Action Items 

5 - Testine (prototyoe and productionl 

B. Wagner 

J. Setgrist 

hardening for 
cosmic rays 
telescope test 
fixture 
~"''''.~." rays re::lOUfllg 

beam testing 

Jim Missig (January 11, 1993,9:01 AM) 

some minimum 

on 
being done. Potential to waste lots of time and manpower. 
2. Hardener needed in stand. 
3. Hardware required (initially and longer term) will depend on what 
you want to do (1) 

to we 
what the configuration of modules is needed for ongOing studies in a 
test beam. 
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December 11, 1992 Design Review 
Summary of Action Items 

5 - Testing (Prototyoe and production) (Cont'dl 

S. Gourlay 

Jim Missig (January 11, 1993, 9:01 AM) 
\ 

.... " •• au.u~ source 
InriTnptpr prototype needs to be drafted. 

1. Goals 
2. Statements of what the outputs of each measurement will be. 
3. Source characterlstics required. 
4. Required readout, precision, expected signal. 

suggest a version source measurement 
module assembly be drafted. The plan should state the goal of 
measurements, an envisioned procedure, and most importantly what 
the output of the measurements will be. A couple of suggested issues: 
1. Will tile responses be characterized b y a Single number, or will 
there be a response 'map' as a function of source position? 
2. How will tile response be unfolded: low energy n source vs. 

else? 
source 
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