AMS RICH Meeting

CERN

June 08, 2000.

G. Laurenti: GENERAL REMARKS

-----------

o  TOF position not yet well defined: possible shift (upward) of TRD

  and (downward) of RICH

o  PMTs delivery in October (lasting 2 months) for a total of

   80 [Bologna] + 60 [Madrid] + 55 [Grenoble] + 60 [Lisbon] PMTs

o  We should agree about a unique testing procedure and write down it,

   just to have a check-list that can be followed everywhere

Jorge: SIMULATION @ CIEMAT

--------

        <--- 2 x 685 mm --->

       ,,,,,,,,,,,,,,,,,,,,,,  : 20 mm thick Aerogel radiator

      /                      \

     /                        \

    /                          \     400 mm between radiator

   /                            \           and light guides

  /                              \

  ::::::::::OOOOOOOOOOOO::::::::::   light guides

  uuuuuuuuuuOOO ECAL OOOuuuuuuuuuu   PMTs

  <----------- 1360 mm ---------->

o  Simulation parameters: hollow light guides with 0.92 reflectivity

   and 0.5 mm thick walls;  Aerogel radiator with refractive index

   n = 1.05, 1.10, 1.15;  23% of the base is occupied by ECAL

o  Reconstruction: using at least 3 "good hits" gives almost 100%

   efficiency.

   -  velocity (beta) resolution VS. refractive index

                     0.18%          1.15

                     0.13%          1.10

                     0.09%          1.05

      There is a factor of 2 between n = 1.05 and 1.15 (chromatic

     dispersion is lower for lower indexes).

      A loss of 10% over the beta resolution is produced by:

      +  a change of reflectivity from 0.92 to 0.89

      +  radiator thickness from 20 to 30 mm

      +  radiator to light guides distance from 400 to 500 mm

      +  from 3 to 2 good hits

   -  The uncertainty on the incident track angle is important: no

      effect for angular resolution of 0.001 rad, sensible effect for

     0.005 rad.  The impact position is less critical.

   -  The best radiator radius is 55 - 60 centimeters

   -  Reflectivity of conical mirror should be around 0.9 (not

      critical, because only 1/3 - 2/3 of the good hits are coming

      from the mirror)

   -  Separation between Be 9 and Be 10 VS. refractive index

                         10 GeV/amu         1.05

                          8 GeV/amu         1.10

                          7 GeV/amu         1.05

   -  Troubles when a proton entering the ECAL produces collinear

      delta rays: RICH says it's an electron

G. Sardo: MECHANICAL STRUCTURE & THERMAL ISSUES

--------

o  Present status should be OK (but ECAL people may ask for a little

   change)

o  Heat dissipation must follow only 2 ways: the permalloy  grid

   should be built with this item in mind

J. Berdugo: LIGHT GUIDES

----------

o  Basically 2 different ways: hollow or solid light guides.

   -  Hollow light guides: the walls thickness should be 

      0.5 mm, but there are pratical problems that seem to impose

      0.8 - 1.0 mm.   A possible solution (0.5 mm) from Bologna labs.

      With 0.8 mm walls there is about a reduced acceptance compared

      with 0.5 mm, and a very low number of detected photons (their

      mean number goes from 6.0 to 4.4)

   -  Solid light guides: can be built even with uncoated faces

      (internal reflection, with a bit of cross talk between pixels).

      They are more efficient, the photon angular distribution can be

      wider, and in general behave better.  But they are 2.5 times

      heavier than hollow guides.   Possible problems:

      +  Aging?

      +  Cherenkov radiation in light guides?

      The manifacturing is  feasible.

o  Support for the radiator: the radiator can be fixed to a secondaru

   structure to be attached at the TOF honeycomb layer, or directly to

   it.  Aerogel is very fragile (expecially the lowest index).  Better

   to use screws or glue?   Doubts about glue: aging and aerogel

   structure penetration -> mechanical/optical instability?

M.Buenerd: OPTICAL DISPERSION OF AEROGEL

----------

o  Data sheet from Matsushita Electric Works, Inc. showing the linear

   relation between refractive index and density of the radiator, for

   indexes from n = 1.008 to n = 1.055.

   -  The optically best radiator is Aerogel with n = (1.030 +- 0.001)

      and density 0.11 g/cc

   -  The nanostructures of Aerogel are of the order of (15 +- 5) nm

   -  There is sensible dispersion around the declared refractive

      index: n has to be measured for every sample

o  Using 2 different radiators to cover the largest possible energy

   interval for the mass separation of Beryllium: proposed Aerogel

   with n = 1.030 and NaF with n = 1.3, to cover the energy ranges

   (5 - 15) GeV/amu and (1 - 5) GeV/amu respectively.

   [this could also be the best way to guarantee the overlap with the

   TOF measurement]

   How to combine 2 radiators?

   -  First [discarded for the moment due to mechanical and optical

      problems] solution: superimpose them.  Some concern about the

      glue (Aerogel surface is not very smooth: glue thickness not

      constant)

   -  Second solution [feasible]: reserve about 20% of the radiator

      surface for NaF, just on the top of ECAL; the 80% is Aerogel.

      The NaF produced cones are wide enough to reach PMTs also for

      tracks into ECAL.  The NaF could be accomodated in a square

      rotated of 45 degrees with respect to the ECAL face.  Instead of

      20 mm, a 5 mm thick NaF radiator should be used ( This means the

      same radiation length)

   -  Third solution [feasible?]: use 2 Aerogel with different

      refractive indexes.  It's not clear if there are such radiators

      commercially available

o  How to fix radiators?  NaF crystals can be produced at most till

   (9 x 9) cm^2.

   -  Using screws: weight, shadow and refraction problems

   -  Using glue?

   Proposed solution: radiators glued to a honeycomb panel, covered by

   mylar as protection

TESTING FACILITY @ GRENOBLE

--------

o  In Grenoble there is a setup consisting of (top to bottom):

   -  scintillator plane

   -  MWPCs

   -  scintillator plane

   -  vacuum chamber containing the prototype to be tested

   -  scintillator plane

o  People shall do training in Grenoble, then the setup will be moved

   to CERN, where shifts will be programmed

Various people: GENERAL REMARKS ABOUT ELECTRONICS

--------------

o  There will be about 1000 PMTs in RICH.  We'll not be able to do the same

   potting as for the AMS-01 TOF PMTs (too many kilograms).

   Suggestions:

   -  adopt ad hoc connectors that leave no pin exposed [but it seems

      very difficult to avoid mechanical tolerance over 1000 PMTs]

   -  slightly modify the PMT housing and do the same potting as TOF-1

      but for smaller volumes

   -  do a generous (say 1 mm thick) coating of pins.  This has to be

      tested in a vacuum chamber to understand if it is feasible.  It

      would be the lightest solution

o  Power consumption and thermal dissipation: there are (20 - 30) mW

   per PMT, then a total of (20 - 30) W uniformly distributed over the

   whole PMTs support structure

o  How to fix read-out electronics?  Grenoble solution has each PCBs

   covering 2 PMTs rows, "horizontally" distributed.  A different

   solution could be to fix them "vertically".This one has to be studied deeply.

o  How to feed PMTs with HV?  We cannot go around with too many HV cables: we

   must bring power supplies near the PMTs.  There is no possibility

   to have a HV control over each PMT: the best solution is to have

   about 100 power supplies, each connected to 8 - 10 PMTs (keeping

   the HV cables as short as possible).

   A different approach is to use a Cockroft-Walton voltage divider

   instead of a pure resistive one.  This would be fed by low voltage

   (thus we could allow for longer cables and even for individual

   control).  This was not tested, but TOF people is working on it at

   Bologna

PMT TEST RESULTS

---------

o  The basic setup is:

   -  a LED followed by a filter

   -  the PMT and its read-out electronics

   -  a spectrum amplifier

   -  a peak detector system

   -  an ADC

   The single photoelectron response is: sigma/Q approx 0.5, both for

   4 MOhm and 40 MOhm voltage dividers.

o  Measuring from 10 to 300 photoelectrons we saw no linearity (or at

   least no 1:1 proportion).  Fitting experimental points with a

   straight line gives an angular coefficient less then 1.  In any

   case we can correct for this behavior, but the problem is:

   How will this change freom a PMT to another?  Should we test all

   the 16000 pixels?  A further discussion with the producer is

   mandatory

o  No change in pulse amplitude up to 100 kHz (60 pC/pulse).

o  A 40 MOhm voltage divider is the best choice, but it's not easy to

   buy good enough resistors to have an acceptable dispersion around

   40 MOhm

PMTs ELECTRONICS

-------

o  Mounting procedure:

   1) glue PMTs housings into the shielding structure

   2) put inside PMTs and their rear electronics

   3) connect them to the read out PCBs

   4) put the whole thing inside the support structure

o  The read-out PCBs will read 2 rows (max. 22 PMTs).  It seems that

   there is a problem in finding lockable connectors

o  HV connectors?  Castellini noted that they are (4 - 5) cm long,

   with a diameter of (2 - 3) mm.  On the other side, soldering all

   the HV cables doesn't allow easy intervention in case of necessity

o  A lot of concerns about sharing the same PCB for power supplies and

   read-out electronics

o  Pre-series electronics will probably be available at September

o  Mike should be given a scheme of power supplies (low and high

   voltage) as soon as possible

o  The final choice of preamplifiers should be taken at the beginning

   of September, when the Milano Group should have working prototypes

A. Lebedev: DAQ CHAIN

----------

o  Each subdetector has its own low level electronics to collect,

   process (noise subtraction etc.) and compress data.  Then there

   will be 2 (may be 3) other levels before the main DAQ computer (MDC),

   based on the "Guido board" model: each level should have the same

   hardware (called CDDC) and software (even if some customization of

   procedures will be possible in next steps).

   RICH will have 2 CDDC to collect data from at most 48 low level

   boards (Front-End DAQ Modules, in Alexei jargon)

o  The complete event processed by the MDC should not exceed 4 kB, in

   order to have a fast data trasmission.

o  TO DO:

   -  estimate the RICH event size as function of rate and charge

   -  speak with Lebedev and Capell about possible different run modes

      and/or additional hardware needed for calibrations or special DAQ

      procedures.  The idea is to combine the needs from all the

      subdetectors into a special run mode.

   -  Decide what kind of "house-keeping" data we need (like current,

      voltage, temperatures, may be the PMTs gain...)

   -  Failure recovery: how to do it?  how many levels of protection?

      what kind of protection?

   -  Slow Control: write down what shall be simply monitored and what

      should be controlled/changed

DAQ

-------

o  How much data should e kept local?  How much memory?  How many

   events?

   Simulation results: if we take 750 us to acquire one event, a

   buffer of 3 or 4 events may be sufficient; for 950 us we need at

   least a 7 events buffer.

   Some concern about dead time by Lebedev, who asks the dead time as

   function of rate and buffer size.  The dead time (in percentage) is

   the probability that both the input and output buffers are full.
