RICH
Detector Status

M. Contalbrigo
INFN Ferrara

Hall-B Meeting
11 September 2017



Prototype results:
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Goal: separate kaons from pions and protons in the momentum range 3-8 GeV/c

Aerogel radiator to match the momentum
Hybrid-optic to minimize the instrumented area
Working with VIS and near-UV photons (MAPMTs or SiPMs)
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_ MechanicAssembling

External RICH vessel assembled in EEL-124
Entrance, exit and electronic panels ready

Thanks to DSG group!

Assembling tools ready

Entrance bottom Entrance top Electronic Panel

/




v/ 3 cm: minimal quantity @ JLab

v/ 2cm: all squared tiles @ JLab
2 cm corner tiles ready for shipment

v additional spares being produced

Contalbrigo M.

Most critical parameter: scattering length

o — 2cm hScattL
1 Entries 43
Mean 50.48
RMS 4192
8 Underflow 0
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All 10 mirror produced

30% less areal density vs LHCb
Shape accuracy better than specifications

Coating highlighted defects

v Resurfacing ongoing @ CMA

(chemical residuals)

(done this week)

Reflectivity
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Reflectivity specs: >90% at 400 nm
Lateral mirror @ JLab st
Material budget comparable to CFRP @ 1/10 cost

90

Assembling validated @

Surface defects mitigated

60

v/ Front mirror production ongoing (done next week) . sensitivity

40

30

Front panel and mirror assembling test
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Services _ .
Readout Electronics Air Cooling ~ SSP Fiber-Optic DAQ

Compact (matches sensor area)
Modular Front-End (Mechanical adapter, ASIC, FPGA)
Scalable fiber optic DAQ (TCP/IP or SSP)

Tessellated (common HV, LV and optical fiber)

ADAPTER BOARD

ASIC BOARD

FPGA BOARD




Analog: Charge (1 fC)
Digital: Time (1 ns)

Trigger latency (8 us)
Optical ethernet (2.5 Gbps)
Trigger: external

internal

self

On-board pulser

| Slow Shapér Charge output

\ wmwmm m—hwmmwmw
"4 L /

AL Fast Shaper ,

Asv._.w_"fﬁ_t_.a_ﬁ_._ﬂ—._p_;_wv._ﬁ_.‘ R T TRV P

Adiusfablé
THRESHOLD

Binary Output _»
<&

. . . - . . .
500 | (e \ 116V Ops/div
N Ry20.0M
o
1 Ry200M

Single channel response, 1 microsecond/div

ADC
(MAROC)
calibration only
more on backup slide

SCALER/TDC
(FPGA)

TDC used for
physics runs!



MAPMT model for gain, resolution, SPE efficiency
accounting for cross--talk
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TDC: SPE Discrimination Calibration

Relative efficiency map
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Time over threshold relates to charge

100
C -
= [ . (
o« F
': (1]
Q L
8 60 0(
Q 0(
=
i= 40 0(
0(
20[; 0(
o
[ Ll L 1 i L Ll L i L Ll L i 1 L Ll i 1 1 L 1
% 500 1000 1500 2000 2500

ADC amplitude [DAC]
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Trigger and tracking station

OR of 6*64=384 pixels
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LV voltages HV Voltages

52 HVRICH1 - Board #00 82 = g i4 HVRICH1 - Board #11 2 =

HVRICH1 Board #00 HVRICH1 Board #11

# Description l Pw | Vmon | Imon Status l Vset (V) | Iset (uA)
00 HVRICH1_HV_SPARE_SI11_Ch00 FA) 0.00v | 0.00ua off | 0.000Vv | 100.0ua
01 HVRICH1_HV_SPARE_SI11_Ch01 000V | 0.00ua off | 0.000v [155.0ua

Imon Status I Vset (V) l Iset (uA)

# Description I Pw | Vmon
. 5200V | 40A

00 HVRICH1_LV_SPARE_SI00_Cho0  [@GL®| 5.19V
01 HVRICH1_LV_SPARE_SI00_Ch01 520V
02 HVRICH1_LV_SPARE_SI00_Ch02 . 520V

‘ 5200V | 404 02 HVRICH1_HV_SPARE_SI11_Ch02 ) 0.00v | 0.00uA OFF | 0.000V [155.0uA
03 HVRICH1_LV_SPARE_sSloo_chos  [@®| s.20v | 3. 5200V | 40A 04 HVRICH1_HV_SPARE_SI11_Ch04 ) 0.00v | 0.00uA OFF | 0.000V | 155.0uA

5.200 V 4.0A 03 HVRICH1_HV_SPARE_SI11_Ch03 9 o.0ov | 0.00ua off | 0.000v [1s5.0ua

[ HVRICH1_LV_SPARE_SI00_Ch04 o ® 520V 5.200 V 40A 05 HVRICH1_HV_SPARE_SI11_Ch05 9| o.00v | 0.00ua off | 0.000v |155.0ua
05 HVRICH1_LV_SPARE_SI00_Ch05 : )| 5.20V
06 HVRICH1_LV_SPARE_SI00_Ch06 p| s.20v
07 HVRICH1_LV_SPARE_SI00_Ch07 5.20 V

5.200 V 20A 06 HVRICH1_HV_SPARE_SI11_Ch06 000V | 0.00ua off | 0.000v [1s5.0ua

07 | HVRICHL_HV_SPARE_SIL1_Cho7 ) 000V | 0.00uA | OFF | 0.000V | 155.00A
5200V | 4.0A e [ : [ [ -

08 HVRICH1_HV_SPARE_SI11_chog ) 000V [ 0.00uA OFF | 0.000V |155.0uA
s200v | 40a

09 HVRICH1_HV_SPARE_SI11_Ch09 ) o0.00v | 0.00ua off | 0.000v |155.0ua
10 HVRICH1_HV_SPARE_SI11_Ch10 ) o.0ov | 0.00ua oFf | o.000v [1550ua
11 HVRICH1_HV_SPARE_SI11_Ch11l ) o0.00v | 0.00ua off | 0.000v |155.0ua
12 HVRICH1_HV_SPARE_SI11_Ch12 ) o.0ov | 0.00ua oFf | o.000v [155.0ua
13 HVRICH1_HV_SPARE_SI11_Ch13 ) o.00v | 0.00ua oFf | o.000v [1550ua
14 HVRICH1_HV_SPARE_SI11_Ch14 9| o0.0ov | 0.00ua oFf | o.000v [1550ua
15 HVRICHL_HV_SPARE_SI11_Ch15 |@ 0.00v | 0.00ua oFf | o.000v [1550ua
16 HVRICH1_HV_SPARE_SI11_Ch16 @) 1300.02 V| 698.49 ua [1300.000 V| 1550.0 uA
17 HVRICH1_HV_SPARE_SI11_Ch17  |@FI®)] 1299.98 V| 698.47 ua 1300.000 V| 1550.0 uA
18 HVRICH1_HV_SPARE_SI11_Ch18 0.00V | 0.00uA | 0.000v [155.0ua
19 HVRICH1_HV_SPARE_SI11_Ch19 9 000V | 0.00ua | 0.000v [155.0ua
20 HVRICH1_HV_SPARE_SI11_Ch20 9 00o0v | 0.00ua | 0.000v [155.0ua
21 HVRICH1_HV_SPARE_SI11_Ch21 9 000V | 0.00ua | 0.000v [155.0ua
22 HVRICH1_HV_SPARE_SI11_Ch22 )l 0.00v | 0.00ua | 0.000v [155.0ua
23 HVRICH1_HV_SPARE_SI11_Ch23 )| 0.00v | 0.00ua | 0.000v [155.0ua
24 HVRICH1_HV_SPARE_SI11_Ch24 )] o.00v | 0.00ua | 0.000v [155.0ua
25 HVRICH1_HV_SPARE_SI11_Ch25 9 00ov | 0.00ua | 0.000v [155.0ua

26 HVRICH1_HV_SPARE_SI11_Ch26 )| o.00v [ 0.00ua | 0.000v [155.0ua
27 HVRICH1_HV_SPARE_SI11_Ch27 )l 0.00v | 0.00ua | 0.000v [155.0ua
28 HVRICH1_HV_SPARE_SI11_Ch28 )| o.00v | 0.00ua | 0.000v [155.0ua
29 HVRICH1_HV_SPARE_SI11_Ch29 )l 0.00v | 0.00ua | 0.000v [155.0ua
E HVRICH1_HV_SPARE_SI11_Ch30 )| o.00v [ 0.00ua | 0.000v [155.0ua

31 HVRICH1_HV_SPARE_SI11_Ch3l |[@ore) o0.00v | 0.00ua | 0.000v [155.0ua




i RICH SSP Boards &3 = C

RICH SSP Boards e Scalers Tempspvolts

# Fibers Connected: 32 32

Scaler Average (Hz) Termperatures (C) \oltages (V)

Pmt 1 Pmt 2 FPGA Reg 0 Reg 1 Pchs Pcb3_3 Intl Auxl_8 Mgtl Mgtl_2

Temperatures for Bias voltages for
each FE unit (C) each FE unit (V)

(o |17 15 | 12 | 1 | aoos [saes [ 5572 | sos | sses | 099 | 17y | rovo | 1asm |
-—-_—
———

o[ [ 5w [ ¢ [wa[ss [ [ s [sss [oow [t [ow [iie

Option: add some of these values to the interlock of the system
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Temperatures and Scalers monitored with warning signs

FPGA Temperatures (C)

11 17 29 a7 17 12 7171 1 8
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11 23 25 4 8 9 35 7 9

12 10 20 6 5 13 64 15 23 130918 9
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524 RICH-hwintlk.opi &3

RICH Hardware Interlock System User Interface

Detector Interlock Status

\ny Internal Interloc| RICH CAEN HV RICH CAEN LV
Over Limit? Enable Status Enable Status

iir Compressor Statu :PICS Contro

OMPRESSOR ON ENABLED

OK HV ENABLED || LV ENABLED

. — - [""RICH cRIO Heartbe CRIO CPU Usage CRIO Uptime [hr
Interlock Status and Signal Monitoring | Threshold and Enable Control Settings | Summary of Inteiiucks
Interlock Enable Status ‘'emperature Interlock Trip Limit{ | Humidity Interlock Trip Limits
0 | IEDISAEREDEE | N2 Flow 1 High Limitj Low Limit igh Limi Low Limit
! N2 Flow 2 0FJ 40 |=°c [ZJ 10 |=°CTemperature 1 0] 50 _|=2% =] _o0_|=% Humidity 1
2 | mDISABREDS | Airflow 1 157 40 |=°c=J 10 |=°CTemperature 2 157 50 |=% =1 0 |=% Humidity 2
3 | EmDISABRED | Airflow 2 2] 30 |=°c =] 10 |=°CTemperature 3 2] s0 _|=% [=] 0 |=% Humidity3
4 | IEDISABIEDN | Air Pressure 3] 30 [=°Cc =] 10 |=°CTemperature 4 3] 50 |=% [ 0 |=% Humidity 4
S| ENABLED |Temperature 1 4= 30 |=°Cc =] 10 |=°CTemperature 5 4] 50 |=% [ o0 |=% Humiditys
6 ENABLED |Temperature 2 5= 30 [=°C|= 10 |=°CTemperature 6 5= 50 |=2% =4 O = % Humidity 6
7 | DISABEEDEN | Temperature 3 6(=4 30 [=°C|[=] 10 [=°CTemperature 7 61 50 |=2% =] 0 [=% Hum?dity 7
8 | INDISABEEDEN | Temperature 4 7= 30 [=°C =3 10 |=°CTemperature8 74 50 |=% [ 0 |=% Humidity 8
9 | INDISABEEDEE | Temperature 5 8= 30 |[=°C|[= 10 [=°CTemperature 9 8= 50 [=2% [= 0 = % Humidity 9
10 | IEDISABREREN | Temperature 6 9=1 30 |= =3 10 |=°CTemperature 1( 91 S50 |=2% [ O =% Humld!ty 1C
11 | MEDISABREDEN (Temperature 7 1021 30 |=°C|[Zd 10 |=°CTemperature 1: 0] s0 |=% [z 0 [=% Humidity 11
12 | EDISABEEDE | Temperature 8 Mg 50 1=2°C =g 10 ="CTemperature 1. 121) ~ :f == f :;o Eum!g!?’ if
13 | EMDISABIEDEN | Temperature 9 125 50 |=°C 3 10 j="CTemperature 1: =L 00 =7 g O =7 Rumichy .S
13121 30 |=°C |25 10 [=°CTemperature 1¢ 13|21 50 [=2% [=5 © = % Humidity 14
14 | NEDISABEEDEN (Temperature 1( = o = o . = =0 = =0 idity 15
15 | EMDISABEEDEN | Temperature 1° 141 30 |=°C|[Z] 10 |=°CTemperature 1t 141=7 50 |=% [z 0 |=% Humidity 15
N 15|=5 30 [=°C|=ZJ 10 [=°CTemperature 1¢ 1S4 50 [=2% [ 0 = % Humidity 1€
16 | INDISABEEDEN | Temperature 12
17 | INDISABEEDEN Temperature 1:
18 | INDISABEEDEN | Temperature 1¢
19 famparatura 1 Nitrogen Interlock Trip Limits | |[Air Cooling Interlock Trip Limits
20 | IEDISABEEDEN | Temperature 1€
2] | EDISABEERES |Humidity 1 - — —
22 | EEDISABEEDEE | Humidity 2 High Limit T — High Limi Low Limit
23 | IEDISEBEEREE | Humidity 3 _ _ 0= 7 |=slr |2 3 = sl Airflow 1
24 | EEDISABEEDEE | Humidity 4 0= 6 |=slif=] 2 |=slr N2Flowl I 7 psr & 3 |=sr Aiflow2
25 [ mDISABEED | Humidity 5 1] 6 [=shhfz] 2 [=slk N2Flow2
L1137 0[] 15 J=atn[Z{ 7 |=atn AirPressu
26 | IEDISABEEDES | Humidity 6
27 | EEDISEBREREE | Humidity 7
28 | IDISABEEDEE | Humidity 8
29 | EEDISABEEDEE | Humidity 9
30 | EDISABEEDEE |Humidity 10
31 | eDISABEEDEE |Humidity 11




Mya Strip Charts

Cosmic stand worked smoothly during first run (3 days)

© rich_temp -
Add Signal §4
80 —
" = B_DET_RICH_INTLK_TEMP1

= B_DET_RICH_INTLK_TEMP2

» B_DET_RICH_SSP_TILE044:te
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50
R vl = oy » m‘ w._ ‘Mmﬂﬂﬂmw' ~ M-‘ s '—-‘.: ““h 1‘%%""‘.
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2017-09-05

Label step: 5 minutes
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No background suppression: 1 microsec readout window
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Hit Time Distribution

AT (BOTTOM plane — TOP Tracking Unit) = 3.4 ns

O; without any correction = 2.4 ns

1800 F T T T T T T T T Name T hdtr
Entries 12186

Mean 3.444

RMS 6.217

Underflow 799

1600 Overflow 2003
Integral 9294.000

X3/NDF 558.873/97

amp 1399.877/20.2320

Name: fl

1400 - amp 1399.877
mean 3.464

sigma 2.489

¥3/ndf 5.762

v 558.873

1200 ndf 97.000
1000 .
800 .
600 - §
400 .
200 §

o 1 pr—— —t— Lot 1 st b
-50 -40 -30 -20 -10 0 30 40 50

delta T [ns]
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RICH geometry is implemented in the software mostly from CAD through mesh files
- a detailed, consistent and updated description of the detector can be obtained
- simulation and reconstruction shared the same database

Digitization of the MAPMT response: */ Photon Energy |

- calculate the pixel ID 300}
- interface to CCDB S 250
- apply efficiency ém_
- simulated ADC and TDC spectra 2 |
2100'
501

Event reconstruction started 0 ooz om0

- match with DC information in coat-java Energy [GeV]

- photon tracing algorithm
(tested with prototype and cosmic runs)
- event display

®©
(=]
=]

| Direct ring example

N -~ o
[=] o o
o o

T T

YlPosition [mm]
o

Strong crew: Matteo, llaria, Marco, Giovanni,
Justin, Morgen, Elise, Aram, Andrey, ...

N

o

=]
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B
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o
T

-600 T

-899000 -1500 -1000 -500 0
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Scale the system up:
Argonne cosmic box
Cabling with patch panels

Gas system being installed in EEL-124 (DSG)

Operative test foreseen in October 17
with fully instrumented electronic panel

Gas System GUI

Tank Pressure Reading

Mass Flow Meter
Reading

Detector Moisture
Reading

Air Tank and Gas Line Controls

Clean Air Compressor




sSsempling scneaule

WEEK

oct | nov | nov
30 6 13

activity

EPanel tests with 32 boards

September:

Spherical mirror resurfacing and coating

Aerogel production and delivery

3D print of the pushers of the 2 cm layer

Purchase of the wire and spacers

Photon Detector Assembling

Construction of the brackets for the load test

Construction of the brackets for the strong-back

Construction of the mounts for the trolley

Setup of the gas slow control and interlocks

RICH Components Preparation

3D print of the cooling distributor (left)

Setup of the N2 dewar

3D print of the N2 manyfold

Cosmics box at JLab

Production of the patch panels

Assembly of the frontal panel tools

Test of the lateral mirror installation

WEEK

Test of the prototype mirror B1 installation T
activity aug | sep | sep nov | nov

28 4 11

Production of fake tiles

Setup of the dry area with the Fe cabinet 3D print of the cooling distributor (right)

Assembly test of the frontal panels Drilling holes on the RICH for the N2 distributors

Preliminary test of the cooling distributor

Fix of the main leaks on the RICH

Full EPanel assembly

Test of the spherical mirrors (surface, reflectivity)

Drilling wire holes on the top frontal panel

O cto b e r : Assembly test of the 3 cm aerogel layers

Assembly test of the patch panels

Assembly of the cosmics box on the EPanel

Stiffening tool load test

RICH Com ponent Assem bI i ng Full EPanel test with cosmics

Cooling system on the full EPanel

Assembly test of the brackets of the strong-back

Cut of the frontal pillar from the trolley

Photon Detector Commissioning

Cleanup of the clean room

Installation of the spherical mirrors

. Test of the nitrogen system on the cosmics box
Stea d y COS m I C R U n Setup of the N2 system for the RICH transportation

Installation of the lateral mirrors

Services in Hall B

igo vV




Assembling Schedule

activity aug | sep | sep | sep | sep | oct | oct | oct
28 4 11 18 | 25 2 9 16

November:

Installation of the exit panel

Installation of the stiffening tool

RICH in vertical position

Final Assembling

Alignment of the spherical mirrors

Alignment of the lateral mirrors

Installation of the bottom mirror

Validation

Survey of the RICH

Installation of the EPanel

Installation of the patch panels on the RICH

Installation of the frontal panels

Installation

Test of the N2 system on the RICH

Light-tightness test

De-installation of the frontal panels

Final assembly of the 3 cm aerogel layer

Final assembly of the 2 cm aerogel layer

Installation of the frontal panels with the aerogel

Transportation of the RICH in Hall B

Installation in CLAS12

Week of 30 October: RICH Services in the Hall

Week of 13th November: RICH in the Hall
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