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FCAL LMS overview

Design: individual bi-color LEDs mounted in front of each PbWO, crystal.
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Main controller - drivers
Main controller

* Provides communication with the
system through Ethernet/USB interfaces.
e Handles 4 driver boards.
e Integrated in HPS slow controls via
EPICS softIOC.
* Expert GUI
e User GUI

2 independent controllers, one for ECAL TOP, one for ECAL BOTTOM.
Clock is propagated from the first to the second for synchronization

Driver board

e Hosts 56 independent LED pulser circuits.

e Communicates via I°C with the main
controller, through Ethernet-like cable

e Mounted out of the calorimeter enclosure,
it is connected to the LED board.
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Connection board - LEDs

Connection board

e PCB mounted inside the calorimeter
enclosure to connect LEDs to the Drivers.

e Calorimeter mechanical enclosure was
modified with a feed-trough for the PCI-
like connectors. e T Tl LT h T e, P

B Ry
xi'ﬁ Q -

LEDs

« RAPID 56-0352 bicolor blue/red LEDs (common cathode) 1]
 Different color have different sensitivity to radiation damage in the

crystals
e All LEDs were individually tested before being mounted in the system
* Dynamic range 2.5V ER
 Pulse width < 150 ns |
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LEDs radiation damage

EM radiation:

* LED radiation hardness was evaluated by _ x10°
exposing LEDs to a known EM dose Soof i
 Emission spectrum measured before and after 2o.; '
irradiation. gur
e Control LEDs (not-irradiated) showed no Y]
variation during different measurements. 0.5]
Expected radiation dose in Ecal: ~ rad/hour Z:
e 120 Gy: 100 days (with 5 rad/hour) ozl
e 1620 Gy: 3.7 years (with 5 rad/hour) ol
No damage was seen at 1% (system accuracy) 230' | '41',0' ' '4:|ml ' ;“jﬂ' | .“lﬂ. | |5{|m| | '52'0' . jm' ' 'sén

Wavelength (nm)
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LEDs radiation damage

EM radiation:

e LED radiation hardness was evaluated by
exposing LEDs to a known EM dose

e Emission spectrum measured before and after
irradiation.

e Control LEDs (not-irradiated) showed no
variation during different measurements.

Expected radiation dose in Ecal: ~ rad/hour
e 120 Gy: 100 days (with 5 rad/hour)
e 1620 Gy: 3.7 years (with 5 rad/hour)

No damage was seen at 1% (system accuracy)
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LEDs radiation damage

EM radiation:

e LED radiation hardness was evaluated by _ox10® | |
exposing LEDs to a known EM dose 312 Not rradiated *“1 _____________________________________________________________
* Emission spectrum measured before and after = [ 1206y %
o dition. § A 1620 Gy e
- Control LEDs (not-irradiated) showedno =, F & o
variation during different measurements. i A
0.6 S S N L S——
Expected radiation dose in Ecal: ~ rad/hour - N
120 Gy: 100 days (with 5 rad/hour) 0.4 — o — — . _____________________________ =
e 1620 Gy: 3.7 years (with 5 rad/hour) : o
0.2 S S — — o —— -
No damage was seen at 1% (system accuracy) N
§0 600 620 640 660 68
NEUU.‘OHSZ Wavelength (nm)

« LEDs exposed to neutron flux ~ 4 10" n/cm® @ 14 MeV, equivalent to ~ 2 10° mrem
e Expected neutron flux in Ecal: 10 mrem/hour

No damage was seen. System accuracy not better than 15% (normalization)
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FCAL LMS current statis

HPS-Ecal LED monitoring system is fully integrated in the experiment

* DAQ: dedicated Run and Trigger

configurations

e Ecal-only readout
* MODE 7 Configuration  Clock Rdbk  Freg (Hz)  Rdbk (He) Start Color Sequence
« MODE 1 for Debugging S T G | T

Bot EXT GkHz o ff 8000 I Gtart Red Seq

e Trigger from the LMS clock

LED OMA0OFF

OFF

=

e System control via GUIs
e User GUI
* Expert GUI

LED Color LED= Currently Flashing
1 2 3 4
52 163 219
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For Expert GUIs and others, use CLASLZ oMM
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FCAL LMS current statis

HPS-ECal LED monitoring system is fully integrated in the experiment

 DAQ: dedicated Run and Trigger

configurations
e ECal-only readout
« MODE 7 E . -
« MODE 1 for Debugging L _—
. CIOS FlashertToP e = oy
e Trigger from the LMS clock —
Expert GUI
e System control via GUIs om0 | oo |@ | com s e
e User GUI v O e :
* Expert GUI -
AAAAAAAA ss35 [ 10 3] seoyiou
I — 0 3 e
—————— e
——— 5 e | T T T T T T T TR ST i
[E‘ ccccccc 2 = ;glv‘]ﬁ
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FECAL LMS current status

HPS-ECal LED monitoring system is fully integrated in the experiment

* DAQ: dedicated Run and Trigger
configurations
e ECal-only readout

d MODE 7 Monitoring Plots

e MODE 1 for Debugging

ET System Monitoring | Fcal Monitring Plos | Ecal it Pots | Fcal Cluster lts | ECAL DAQ Plots | Ecalsngle channelplats |

° Trigger from the LMS ClOCk HPS-TestRun-1% : EcalCalHis - Hit Eneray: 11-1: 380 HPS-TestRur-48 - EcalCaHits - Hit Time Vs Eneray 11-1 380
125 e 5
L7
. S100 2150
e System control via GUIs £ Ei v
e User GUI £ } ;ég? % %
* Expert GUI " gg:g !
‘ i
8‘00 050 05 1w 1510 15 1 0o W B M B W B4
e Specific HPS-Java Online Monitoring e e °
. . HFS-TestRun-\5 - EcalCalHits : Hit Time - 11 -1 380 HPS-TestRun-\5 - EcalReadouthics : Raw Waveform - 11-1: 380
System configuration “ 2
e Event display ;1 EZEE
* Debug mode " o
e Run mode: online analysis Fu o
5 10
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ECAL LMS: engineering run performances
HPS-LMS has been extensively used during the 2015 engineering run
Ecal Commissioning

 Individually check all channels: identify bad cables/swaps/..
e Quick 2-minutes test of all channels via discriminators scalers

Trigger Commissioning

e Switch on a given channels pattern and verify trigger system responds as expected

Total: 0.0E+00 Hz DISC SCALERS Total: 0.0 kHz

0.00 kHz
MAX SINGLE CRYSTAL = 0.00 kHz Beam Left ———»

0.00 kHz
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ECAL LMS stability studies

The LMS can be used to measure the stability of the Ecal and acknowledge any
variation in a channel response

Procedure:
 LED sequence: 8 LEDs on at time / 10 s

e Evaluate average channel response
e Compare with previous measurements

LogToggle savel =0
Total: 5.6E+04 Hz ECAL DCS2 SCALERS Total: 56.0 kHz
> 5 . -
s
3 - - — 1’
2 . =
1 | 2400kHz | -
—— 10?
. - | 3200kHz | - - _
:2 10
“ -
5 1
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ECAL LMS stability studies

Data analysis

Entries : 78085

Energy « Mean © 39042

5.6 ¥ Rms: 22541
. + y Mean ; 4.5594
e For each channel, select events with 5,54 yRms - 031549
energy greater than a certain threshold S4T
(to exclude cross-talk events) 22
) 5114
e Exclude first events, close to the LED c ol
switch-on instant t, 1.9+ +
- Cut on the event time (wrt t ) ot B
| 4
* Determine LED “decay-time” T and T Ty
451 ++"“*'1-H-I—|-+—4—4—4—|—++H—|—H—H—+-H—|—H-1—H-H—+-H—l+
cut after 5t »

0 10, 000 20, 000 30, 000 40, 000 50, 000 B0, 000 70, 000 a0, 000
Time (ms)

The procedure is currently implemented offline within HPS-Java.
e Current effort is to have this implemented online — via the Monitoring Application.

e Preliminary version of the code written. Need to validate it.
e Cross-check results with the offline version.
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ECAL LMS stability studies: reproducibility

L.MS results reproducibility is critical for stability studies

Evaluate by comparing two measurements taken in the same configuration

|Blue Before |

_|||i||||i_||||i||||J:_||||l:||||l:||||i_||||i_|||:
=20 15 10 -5 0 5 10 15

HPS Collaboration Meeting, Oct. 2015

_|||i||||i_||||i||||j_||||j_||||j_||||i_||||i_|||.
=20 15 10 -5 0 5 10 15

20

14



ECAL LMS stability studies: reproducibility

LMS results reproducibility is critical for stability studies

Evaluate by comparing two measurements taken in the same configuration

| Relative ratio | hri

Entries 442

- : : : Mean  -0.004014
e — E 00008
L SR B WO NS W
A N -
- ______________ _______________ 9 -
SIS SO N Y N NS W
9SS WO SO N WU SN B
e L e i gw';u E.'ﬂ 'Eiu"““"d

Reproducibility is better than 1% for almost all channels
(same result with RED color)
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ECAL LMS stability studies: preliminary results

Engineering Run data
(blue OHIY) 0 10000

e Beginning: 11 March
e End: 19 May

10 5000

0-& 0
# Charge (mQ) Events (Millions)

2 3 1 5 6 7 8 9 10 1 12 13 it 15 16 17 18
May 2015

Results:
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ECAL LMS: light annealing

LMS can be used to recover PbWO, EM radiation damage via light-annealing

e Turn on the LEDs continuosly: “DC-mode”
e Use a custom sequence: 24 LEDs on / time, 5 minutes / LED

Verify that this does not change the LED response itself: perform a measurement, start a
DC sequence (~12 h), perform another measurement and compare
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] 5 5 | Mean x 0234 22 - ; ? T - - ? | Mean -0.00658

g E : |Mean y -0.003754 - RMS _ 0.01528
‘mr : | Ams x 13500 ] 1] S S S | N PP SRR S rrrrrrrrr e
q—....;— .......... E- .......... E-.........-E..........-E .......... é .......... é .......... E-.. H“Sv um ﬁ

LEm, : : : : : : : : 1B i i
-l o T T PP P e AT TP E P PP P PP PLY PEVETPEPPEY PRPEE PP EEPRRPRRTE SRPY 1 - . . . . : . . . .

...............................................................................................

D 1] U P ST | N 11111 | O U S PPN
1 —0.95 C : : : : : : : :
2 | 1] e ST S| |1 111 1| | | S S SO
e 1L I I - e P
) Y P ST PP PP PSPPI TP PP PP SRR S 0.8 =
- E_ ......................................................................................
0.85 4r
e T PP P U AP FITORS  FUTPRIY IR P I PR SR P =

=20 15 =10 5 1] & 10 15 20 : 1 <008 0006 004 D02 O 2002 004 006 0.08 0OA

HPS Collaboration Meeting, Oct. 2015 17



Conclusions

e The Led Monitoring System is installed in HPS and is fully operational

e The system has extensively been used during the Enginerring Run
e FEcal Commissioning
e Trigger Commissioning

e Further work is necessary to use it to measure Ecal long-term stability
(radiation damage)
e Complete the integration of the sequence analysis in the online monitoring
system and in the conditions system
e Compare offline and online results
e Conclude the analysis of Engineering Run measurements
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