ECAL Readout and Equipment Inventory
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SBS weekly meeting, Oct. 7 2015

Overview
Everything shown here is Work in Progress and subject to change
 ECAL: general overview
 ECAL layout: it will most likely change, watch for future updates
 grouping in sums of 8 channels
 grouping in sums of 32 channels
 Equipment needs and inventory
 Blocks, PMTs and bases
 front-end electronics
 data acquisition
 high voltage
 cables
 Equipment tests: Norfolk State University undergraduate student, Chris Banks

ECAL: General Overview
 ECAL: main detector in the electron arm in the GEP-5 experiment
 Will detect electrons with energies between 3.5 and 6 GeV
 Detector central angle between 25 and 30 degrees
 It will be part of the trigger
 Calorimeter blocks (lead-glass covered with mylar) arranged in a crescent shape
defined by matching the electron arm acceptance with that of SBS
 Blocks will be read by FEU84 12-stage PMTs

 Plan to use as much of the GEP-3 equipment as possible

ECAL

SBS

ECAL: Layout
(mid September 2015)
 From simulations by Andrew, Freddie and Mark:

 Crescent shape defined by acceptance matching with SBS
 Adjacent rows staggered to improve coordinate resolution
 1777 blocks needed
 985 blocks of dimensions 4.2 x 4.2 x 34 cm3
 710 blocks of dimensions 4.0 x 4.0 x 40 cm3
 81 blocks of dimensions 3.8 x 3.8 x 45 cm3
 1777 PMTs and RCS-type bases needed

ECAL: Blocks, PMTs and Bases
 Some blocks are onsite others in a storage facility offsite; the plan is to bring all needed
blocks onsite within the next month
 The PMTs are currently onsite (from Mark); they will be tested by Gabi Niculescu at
James Madison University “sometime this Fall” – we need to coordinate with Gabi
and come up with a plan
 The RCS-type bases available from GEP-3 (there should be 720 of them) are onsite and
we are in the process of counting (370 so far) and storing them

 Another 1057 existing bases (SELEX) need to be modified;
we are in the process of identifying their storage location.
We need to come up with a plan for modifying the bases

ECAL: Grouping
(mid September 2015)
 From the SBS GEANT 4 simulation, Andrew and Freddie:
 The most probable size of a cluster in units of
calorimeter blocks is 4 x 4 (16 blocks) when a
threshold of 3 photoelectrons per module is
used
 One option for ECAL grouping:
 GEP-3 used specially designed NIM
summing modules that sum over 8 blocks
 Two sums-of-8 would make a 16-block unit that would cover the size of a cluster (if the
electron hits at the center of the unit):
 right now the sums-of-8 are given by (2 horizontal blocks) x (4 vertical blocks)
 In order to sum over most of the energy of a shower regardless of where the electron
hits ECAL, we make sums-of-32 blocks by putting together 4 sums-of-8 as follows:
 2 sums-of-8 adjacent on the horizontal with their 2 adjacent sums-of-8 on the vertical
 when we “slide” on the horizontal, we have an overlap of 1 sums-of-8
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ECAL Grouping: Sums-of-8
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 To make the grouping in sums-of-8 more obvious we
partition the ECAL in zones:
 each zone (A, B, C, D, E, F1, F2, F3, G, H1, H2, H3, I1,
I2, I3, J, K, L, M, N) is made of 4 rows of blocks with each
row in a zone containing the same number of blocks,
typically
 F, H and I are groups of 3 such zones each
 most zones have an odd number of blocks per row
so there will be incomplete sums-of-8
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 We will need to come up with a better notation
convention to keep track of each block and for labeling
purposes, an (i,j) grid, for example…
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4 rows of 9 blocks each  5 sums-of-8 (1 sum incomplete with 4 out of 8 inputs)
4 rows of 15 blocks each except for last row which has 14 blocks  8 sums-of-8 (1
sum incomplete with 3 out of 8 inputs)
4 rows of 19 blocks each  10 sums-of-8 (1 sum incomplete with 4 out of 8 inputs)
4 rows of 23 blocks each  12 sums-of-8 (1 sum incomplete with 4 out of 8 inputs)
4 rows of 25 blocks each  13 sums-of-8 (1 sum incomplete with 4 out of 8 inputs)
4 x 3 rows of 29 blocks each  15 x 3 = 45 sums-of-8 (1 x 3 = 3 sums incomplete
with 4 out of 8 inputs per sum)

G 4 rows of 27 blocks each except for last row which has 25 blocks  14 sums-of-8
(2 sums incomplete with: 7 out of 8 and 2 out of 8 inputs per sum)

H

I
J
K

4 x 3 rows of 25 blocks each  13 x 3 = 39 sums-of-8 (1 x 3 = 3 sums incomplete
with 4 out of 8 inputs per sum)

4 x 3 rows of 27 blocks each  14 x 3 = 42 sums-of-8 (1 x 3 = 3 sums incomplete
with 4 out of 8 inputs per sum)

4 rows of 23 blocks each  12 sums-of-8 (1 sum incomplete with 4 out of 8 inputs)
4 rows of 21 blocks each  11 sums-of-8 (1 sum incomplete with 4 out of 8 inputs)

L

4 rows of 18 blocks each  9 sums-of-8

M

4 rows of 14 blocks each  7 sums-of-8

N

4 rows of 8 blocks each  4 sums-of-8

231 sums-of-8 (OR 229 if we eliminate the 3-out-of-8 incomplete ones

ECAL Grouping: Sums-of-32
(mid September 2015)
Incomplete: 24 out of 32

A
B

4 sums of 16
A + B = 4 sums-of-32

7 sums of 16

each accolade represents 2 sums-of-8 adjacent on the horizontal
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7 sums of 16
B + C = 7 sums-of-32

9 sums of 16

9 sums of 16
11 sums of 16

C + D = 9 sums-of-32

ECAL Grouping: Sums-of-32
(mid September 2015)

D

11 sums of 16

E

12 sums of 16

E
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D + E = 11 sums-of-32

E: 12 sums of 16
E + F1 = 12 sums-of-32

F

F1: 14 sums of 16
F2: 14 sums of 16
F3: 14 sums of 16

F1 + F2 = 14 sums-of-32

F2 + F3 = 13 sums-of-32

ECAL Grouping: Sums-of-32
(mid September 2015)
F3
G

G
H1
H
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H3

F3: 14 sums of 16

F3 + G = 13 sums-of-32

G: 13 sums of 16

G: 13 sums of 16
G + H1 = 12 sums-of-32
H1: 12 sums of 16
H2: 12 sums of 16
H3: 12 sums of 16

H1 + H2 = 12 sums-of-32
H2 + H3 = 12 sums-of-32

ECAL Grouping: Sums-of-32
(mid September 2015)
H3
I1
I2

H3: 12 sums of 16
H3 + I1 = 12 sums-of-32
I

I1: 13 sums of 16

I3

I2: 13 sums of 16
I3: 13 sums of 16

I3

I3: 13 sums of 16

J

I1 + I2 = 12 sums-of-32
I2 + I3 = 13 sums-of-32

I3 + J = 11 sums-of-32
J: 11 sums of 16
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J: 11 sums of 16

J + K = 10 sums-of-32
K: 10 sums of 16

K: 10 sums of 16
L: 8 sums of 16

L: 8 sums of 16
L + M = 6 sums-of-32

M

M: 6 sums of 16

M

M: 6 sums of 16

N

K + L = 8 sums-of-32

M + N = 3 sums-of-32
N: 3 sums of 16

Total number of sums-of-32: 194 with a maximum of 206

ECAL: Front-End Electronics
 The front-end electronics will be placed by the ECAL on the left-hand side of the beam line
when looking towards the beam dump
Total of 231 sums-of-8 
need 231/2 ~ 116 sum-of-8
NIM modules

Power and current consumption
of electronic modules

Maximum of 206 sums-of-32
 need 206/4 ~ 52 modules
(LeCroy 428F Linear FanIn/Fan-Out)
Total of 437 signals to be
discriminated (both sums-of-8
and sums-of-32)  need 437/16
~ 28 ECL discriminators (Phillips
16-channel discriminator 707)
All sums-of-32 will be OR-ed to be
sent to the trigger supervisor 
need 206/16 + 1 ~ 14 NIM Logic
OR modules (Phillips Mixed Logic
Fan-In/Fan-Out 757)

Need 17.5 crates if
we fill each crate to
capacity

ECAL: DAQ
 The FASTBUS crates will be placed by the entrance in Hall A

83

ECAL
FASTBUS
crates

ECAL
with front-end
electronics

SBS

 We will use ADCs 1881m (64 channels) and TDCs 1877 (96 channels)
 To reduce the dead time, DAQ will be distributed over 3 identical sub-systems
 All the PMT channels will be read by ADCs, we need 1777/64 x 3 ~ 83
 All sums-of-8 and sums-of-32 will be read by TDCs: wee need (231+206)/96 x 3 ~ 14

ECAL: Cables
Front-end electronics side
Patch Panel 2 A, B
231 LEMO

112
Ribbon/Ribbon
Ribbon/BNC

Sums-of-8

DISCR.

Patch Panel 1

PMT

231 LEMO

206 LEMO

DISCR.

1777 RG174 cables
attached to PMT bases

1777 40 ns RG174
cables

Sums-of-32
13 LEMO

206 LEMO
1777
500 ns RG58
BNC/BNC cables

15 long
ribbon
cables

13 long
ribbon
cables

Trigger
Supervisor

TDCs
ADCs

NIM OR
1
short RG8
cable

Patch Panel 3
112 short
ribbon cables

NIM OR

DAQ side

ECAL: High Voltage
 The high voltage system is based on the 12 channel LeCroy 1461N power supply
 We need 149 LeCroy 1461N modules and 10 crates
(each crate takes 16 modules)

 The HV cables attached to the PMTs will connect to
the Signal-HV patch panel, Patch Panel 1 in previous
slide
 The HV ports of Patch Panel 1 connect to Patch Panel 1 – HV via 1777 SHV cables; patch
panel 1 – HV is located by the ECAL
 Patch panel 1 – HV will connect to Patch Panel 2 – HV located by the DAQ via 75 multiwire HV cables (1777/24)
 Another set of 1777 SHV cables will connect Patch Panel 2 – HV to the LeCroy 1461N
units

ECAL: Equipment Tests
 We setup a test stand in EEL 126 to test electronic modules, count cables, PMT bases etc.

Testing sum-of-8 modules
Chris sits here
NIM crate with linear fan-out
and 8 sum-of-8 modules
pulser
scope
sum-of-8 modules
RCS bases

We just started…

ECAL: Summary
 The ECAL layout will most likely change somewhat: number of blocks, arrangement…
 We are working on the inventory of equipment needed to read ECAL: we will be counting
blocks, PMTs, bases, electronic modules, cables, crates etc.
 We are working on testing to characterize the front-end electronics: we have a test stand in
EEL 126 at JLab
 We need to come up soon with a budget of what still needs to be purchased

 I did not mention the plans of having a coincidence between the ECAL and HCAL to reduce
rates, watch for the next update…

