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Ring-Imaging Cherenkov Detector Overview

* Installed on Forward Carriage in Sector 4.

* Uses PMTs to detect Cherenkov light
generated by charged particles passing
through aerogel.

* Number of PMTs required reduced by
using spherical mirrors.

* Mirrors reflect light generated by particles with
larger incident angles into PMTs.

6 cm Aerogel 6 cm Aerogel

2 cm Aerogel

Cherenkov Light Path for Cherenkov Light Path for
Large Incident Angle Particle Small Incident Angle Particle
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RICH Monitoring Systems - EPICS

* Data read by I0C from
electronics readout.

* Monitors voltages, currents,

FPGA temperatures, and scaler
counts.

* Information displayed in clascss.

e Uses software to send inhibit
signal to CAEN to disable HV/LV.
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RICH Monitoring Systems — Hardware
Interlock System

* Network-independent cRIO-based
system that monitors detector — 1 e IR
conditions using independent sensors. O |vovmgl ool
* 32 RTDs L s sewwews  beeiekio
* 32 humidity sensors =l e !
* two nitrogen flow meters e E = (=
* two cooling air flow meters BB = =EEl
* two differential pressure transducers = ==
* one pressure transducer for cooling buffer Boas aomm ===
tank pressure el e 2=
e LabVIEW code for interlock system e e
developed by DSG. e |E T Pe =
* Uses a relay connection to disable = =
HV/LV using CAEN’s front panel == E —

interlock connection. RICH Hardware Interlock’s LabVIEW User Interface
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Temperature Monitoring

* Temperature of electronics and
detector volumes measured by
built-in temperature sensors in

FPGAs and interlock system
RTDs.

e Typical FPGA temperature:
* Only LV on: max ~65 °C
* LV/HV on: max ~69 °C.
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Hardware Interlock N, Volume Temperature History
From January 16, 2018 Through March 21, 2018

30

I ‘ | NOTE:
~3° —~—r Large error bars on
3°C -
spread _ — | 3/12/2018 caused
’ St ; i | by an issue with

EPICS readout.
For ~2 hours, all

N
o

)
S readouts from
M RICHCRIO were
= 151 1
& published to EPICS
E as zero while issue
-4
For each interlock sensor, M | was resolved.
MYA archived data was The large error bars
retrieved at one hour are seen on all plots
intervals. g | generated for
For plot, data points are report.

average measurement for
every point that day. Error
bars are calculated standard
deviation for that day.
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2018-02-17
2018-02-21 -
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2018-03-01

2018-01-16 2
2018-02-01 |
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2018-01-24
2018-01-28
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Hardware Interlock N, Volume Temperature Statistics
From January 16, 2018 Through March 21, 2018

Sensor Standard
RTD M A o
Board . =0 () Deviation [°C]
1
1

26.23 1.11

9 25.40 1.04

3 25.17 1.01

2 10 23.65 0.89

4 26.71 1.18
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Hardware Interlock EP Temperature History

From January 16, 2018 Through March 21, 2018
HV/LV off HV off, LV on
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Humidity Monitoring

* Humidity monitored by interlock system sensors.
* Honeywell HIH-4030 series humidity sensors

* Manufacturer Accuracy Spec: + 3.5% RH
* JLab Measured Accuracy: + 1.5% RH

* Low humidity achieved by purging detector with nitrogen.
* Goal is to keep humidity under 3% RH.

* Typical humidity:
* “1 % RHInEP

* ~¥2 % RH in N2 volume.
* Only H5/H12 (located behind spherical mirrors) ~4% RH; reason unknown.
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Humidity Monitoring — N2 Volume

H8 [ 1.59
H15| 1.43
T8 | 24.53
T15| 24.57

Hl | 1.96

H9 [ 1.19

Tl | 26.35

T9 | 26.39

H6 | 2.14

H13| 1.79

T6 | 24.16

T13| 24.07

H3 | 0.65
H10| 0.00
T3 [ 25.19
T10| 25.26

H4 [ 0.19
H11| 0.22
T4 | 23.57
T11[ 23.65

H7 | _0.00
H14| 1.02
T7 | 25.82
T14| 25.79

21.05 [ N2 Flow 1 (slm)

/

Total N2 Flow (slm)

20.30 | N2 Flow 2 (slm)




N, Volume Humidity History
From January 16, 2018 Through March 21, 2018

Humidity
5and 12
(behind
spherical
mirrors)
are only
sensors
above

3 % RH.

Relative Humidity [%]

All other
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below
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N, Volume Humidity Statistics
From January 16, 2018 Through March 21, 2018

Sensor | Humidity o Standard
Yean P FH1 | peviation [% RH]
1
1

1.89 0.13

9 1.15 0.11

3 0.51 0.12

2 10 0.05 0.04
4 0.10 0.08

11 0.11 0.08 Humidity 5 and 12
s s o thought to be
higher due to
placement in RICH
behind mirrors.

3
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Humidity Monitoring — EP

OUTSIDE PANEL OUTSIDE PANEL
T3 | 31.82 TL:| 32.59
T4 | 34.06 T2 | 32.67
H3 | 16.56 H1 | 18.40
H4 | 0.00 H2 [ 18.38

Airflow 2

398.71

AMBIENT Total Airflow
T15( 26.01 T7
Tl6| 26.12 T8 | 35.52 Cooling Tank
H1s5| 0.00 H7 | 0.09 Air Pressure
H16[ 26.78 Hs [ 0.17
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EP Humidity History

From January 16, 2018 Through March 21, 2018

35

Amblent Y Slightly higher humidity
in rack — because both HV/LV
near cRIO were off, causing a lower

temperature in the EP.
Relative humidity is
dependent on both
temperature and water
concentration.
Example:

At, 2% RH at 25 °C the
true water concentration
in air is ~0.46 mg/m3.
With the same water
concentration, but at a
temperature of 35 °C,
the relative humidity is
1.2%.
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ive Humidity [%]

Outside EP/N,
Volume behind \H |
RICH ’

t

5}

Inside EP —

w

2018-03-09 |-
2018-03-13
2018-03-17 -
2018-03-21

2018-03-05

2018-02-25
2018-03-01 |-

32018-0247 b
2018-02-21 |

2018-02-05
2018-02-09 -
2018-02-13 -

2018-02-01 |-

2018-01-24
2018-01-28

2018-01-16
2018-01-20 |-
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EP Humidity Statistics

From January 16, 2018 Through March 21, 2018

Sensor Humidity Mean Standard
Board Sensor [% RH] Deviation [% RH]
1
1

15.60 4.60
2 15.56 4.64 | Outside EP/N,
, 3 14.92 4.49 Volume behind RICH
4 0.00 0.01 Bad Sensor
5 0.19 0.56 -
’ 6 0.16 0.52
7 0.30 0.50
! 8 0.33 0.50
9 0.25 0.54
> 10 0.19 0.54
11 0.27 0.57
° 12 0.33 0.57
13 0.18 0.51
’ 14 0.17 0.51
15 0.15 0.46  Bad Sensor
° 16 23.16 6.40 < Ambient

April 4, 2018 16



(Gas System

* All components located on top deck of Forward Carriage

* Nitrogen System
* Provides ~40 sIm of nitrogen to RICH to maintain a low internal humidity
* Upgraded valve panel assembled to allow ~120 sIm total flow.

* Upgraded panel yet to be reviewed by System Owner, Bob Miller.
* Air-Cooling System
* Provides ~900 sIlm of airflow to RICH’s Electronic Panel for cooling.
 Airflow supplied by Atlas Copco compressors.



Gas System Currently In Use

—
45 psi ———%><ﬂ———444444}——+ |
0.01pm re&f oﬁi;m T ;
oil filter valve I
i valve 2-23 slm ﬂ0-20 s l;n RICH
N I rotometer ow meter
Itrogen e 1Sy _ l : l
regulator activated
S Ste m charcoal
y 35 psig filter —
e sueely bubbler
RICH N System
M.A. Antonioli
11/3/17
rev. 4/10/18
172 p)l
relief valve
RICH electronics
i panel
N
e |
T t t 4 | B T 1,
compressors 240 gal e 60 psi 90 psi oil 0-1000 sim 0-1000 slm ‘ S
. . land2 valve air tank Vi regulator relief valve fiker manual Aok akiag manifold sl
I r_ OO I n g l l ‘ rotometer l l il
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System ® |

pressure
transducer
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RICH Air Cooling System
Proposed Upgrade
M.A. Antonioli
11/16/17

18



Upgraded Nitrogen System Panel

* Increased flow capability

e 2—22slmrotameter upgraded to 0 — 66 sIm rotameter

e 0-20slm flow meter upgraded to 0 — 80 slm flow meter

RICH Detector N7 Purge Gas System Diagram

Hall B Fwd Carriage

Flow Transducer

|
-~
™
N
+t

g@ﬂ RICH #7

Pressure Control Bubbler
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Flow is not steady
because of
changes in supply
pressure.

April 4, 2018

Nitrogen Flow [sim]

30

Nitrogen Flow History
From January 16, 2018 Through March 21, 2018
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2018-01-16

2018-01-20

2018-01-28

2018-02-01 |-

2018-02-09

2018-02-13

2018-02-21 |-

2018-02-25

-03-01

2018-03-05

2018-03-09

2018-03-13

2018-03-17

2018-03-21 -

N, Flow 1

| N, Flow 2
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Air-Cooling Buffer Tank Pressure History
From January 16, 2018 Through March 21, 2018

Instability of
pressure reading
caused by
oscillations in

N I ‘ buffer tank
N kd I\\ B N4 | pressure due to
‘ compressor’s

on-off cycle.

140

120

3100\H/\\_ /}\ /|’ \" / AN

[p

0
2018-01-24
2018-01-28
2018-02-01
2018-02-05

02

©2018-02-17
2018-02-21
2018-02-25
2018-03-09
2018-03-13
2018-03-17
2018-03-21
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One Hour of MYA Pressure Data

Mo Ponerice eta View el Pressure oscillates
— _— ==s | between ~120 psi
oo | and ~65 psi because
of operation
| deadband set on
compressor.
. Compressor turns
on when its output
pressure drops
below 104 psi and
turns off when
. e pressure increases
- e - to 113 psi.
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Air Flow History
From January 16, 2018 Through March 21, 2018

Airflow 1 is set to 600
500 slm and Airflow

2 is purposely set

lower to 400 sIm. 5°°“H+H-l+H—H\I—H—l~rH~H—H+H4+Hﬂ~H—H+ﬂ+H+b+++FH~H+H—a—\ Airflow 1
This it to flow more /

air to the portion of e o | Ew I D T P - _
the EP that tends to o \/H_'_'_'_'—"H Airflow 2
be the highest
temperature.

300 | NOTE:

Large error bars on
3/12/2018 caused by an
issue with EPICS readout.
For ~2 hours, all readouts
¥ from RICHCRIO were
published to EPICS as zero
100 while issue was resolved.
The large error bars are
seen on all plots generated
for report.

Airflow [sim]

200 |

2018-01-16 2
2018-01-20
2018-01-24
2018-01-28
2018-02-01 |-
2018-02-05 |-
2018-02-09
2018-02-13
2018-02-21
2018-02-25 |-
2018-03-01
2018-03-05
2018-03-09
2018-03-13
2018-03-17 |
2018-03-21

22018-02-17
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One Hour of MYA Airflow Data
Plotted With Air Pressure

=l =]
Fle Properties Data WView Help
Airflow 1 is more Chart #1— Archive e
.. | T

sensitive to changes ] ~ N S N '
in air pressure Airflow 1
because of higher | .

L | e — ~<~"Airflow 2
flow rate.

Air Pressure

K13

2222222222

step: 10 minutes
Iy
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Airflow 1 is more
sensitive to changes
in air pressure
because of higher
flow rate.

April 4, 2018

Air Pressure — Airflow Correlation Plot
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Differential Pressure Transducers

* Two pressure transducers installed to measure:
* Pressure differential between nitrogen volume and atmosphere
* Pressure differential between nitrogen volume and EP.

* Goal is to have nitrogen volume over-pressured in relation to EP and
atmosphere.

* Prevents external air from leaking into nitrogen volume.

e Measurements indicate that EP and N2 Volume are at a similar
pressures.

* No correlation observed between differential pressures and internal
humidity readings.



Differential Pressure History
From March 15, 2018 Through March 29, 2018

N,-ATM

‘erential Pressure [IWC]
=] <] o o
= N w £

April 4, 2018 27



Differential Pressure History
From March 15, 2018 Through March 29, 2018

Pressure Differential Mean [IWC] S.ta.ndard Mean and
Between Deviation [IWC] standard deviation

N, Volume — ATM 0.255 0.056 in table calculated
from raw data

N, Volume — EP 0.002 0.068

N, - EP Differential Pressure

N, - Atmosphere Differential Pressure

-0.1 0.0 0.1 : 0.3
Pressure [IWC]

0.15 0.20 0.25 0.30 0.35 0.40
Pressure [IWC]

April 4, 2018
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N2 Volume — Atmosphere Differential Pressure
Correlation Plot for N, Volume Sensors

| oW B

# Chart #1-- Correlation
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File

Only

N2 Volume — EP Differential Pressure
Correlation Plot for N, Volume Sensors
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N2 Volume — Atmosphere Differential Pressure
Correlation Plot for EP Sensors

5 | N e o o ] I D,
H u id ity File Properties Data Yiew Help
& Chart #1— Correlation
SenSOI"S B 104 Add Signal {8
| e
N Ot = = B_DET_RICH_INTLK_S1_EP_HUMID10
] = B_DET_RICH_INTLK_S1_EP_HUMID11
|nsta I |ed | | = B_DET_RICH_INTLK_S1_EP_HUMID12
| = 0.4 = B_DET_RICH_INTLK_S1_EP_HUMID13
|n S|d e E P | ] = B_DET_RICH_INTLK_S1_EP_HUMID14
| W . = B_DET_RICH_INTLK_S1_EP_HUMID5
aren Ot = B_DET_RICH_INTLK_S1_EP_HUMIDG
. © = B_DET_RICH_INTLK_S1_EP_HUMID7
h ’ . = B_DET_RICH_INTLK_S1_EP_HUMID8
snown. * °. = B_DET_RICH_INTLK_S1_EP_HUMID3
. . , e .
L] L]
: : - ° . * : k o. ° .
H * .
s ¢ *
0.4 - L -
b .
H /
. .. A ., .:. L°
-
. L YL . ]
-
0.2 - .3 . P omge & B R A B, T Golth 2 00N s s is R S BB AR & &0, ) 0 Baan t by
: ¢ - f e ™
., ‘ . o.. Ll I .
l: o & ". : -
!’- i " % iy .
i HEE LR B g
-
LX) LI -
- « o . '.
0.0 - s ! SN0 % PN - PO
A T T T T T | T
| 0.10 015 020 0.2s 0.30 035 040

B_DET_RICH_INTLK_N2-ATM_DIFF_PR
2018-03-T5 00:00:00 - 2018-03-29 2359:59

SV
Ready

April 4, 2018



N2 Volume — EP Differential Pressure
Correlation Plot for EP Sensors
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Scalers

 CS-Studio @clonperichl — (== =

& RICH SSP Scalers 82 =

* Scalers help give a real-time
indicator of health of electronics.

 Scalers give count of events
detected per seconds.

* If counts increase, PMT may be
starting to have issues.

RICH Scalers

PMT Averages

w
5
@
2
<]
-4
@
o
o
s
<

)
a
w
a

e Scaler counts are correlated to
beam current.

* Higher beam current, higher scaler
counts.

Average Rate (Hz)
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Scaler Count [Hz]

Scaler Count [Hz]

Scaler Averages vs. Beam Current

PMTO10 PMT166 (3 CS-Studio @clonperichl l [P
1800 ! ! ! ! 1800 T T T T iZi RICH SSP Scalers 1 =g
2600 b ] S S— S | A PMT 166 has
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hscon e = we = Y 20 sosmme S
600 : A g through center
400 ;_; B . R SRR e of EP than at its
200 g o S §
L G edges.
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Scalers Problem

|§2 RICH SSP Scalers 2
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601 603 73 949 1150 1057 796 1139 1048 1160 942 1117 847 818 787 755 943 1089 1032 920 974 926 736 517

6 63 22 61 881 1016 917 1062 953 1045 1 275 860 1054 1311 957 954 BB7 748 686 704 644 663 602
a n d d O n O l l | d a | e 5 1009 1274 971 1137 1250 1086 980 1087 1120 1069 1030 965 965 1070 1048 1062 861 783 0 657
L[]
8 7 782 1166 850 999 11 1045 1120 1282 1024 933 1283 767 852 998 1087 991 825 603

714 912 919 878 1000 1085 963 1236 910 1196 1166 1073 825 759 1032 988 926 571 650 513

e Bad scalers most |Ik€|y caused b o o . 0

546 638 8571 1016 1228 1221 1102 928 1039 1084 1203 1047 1125 1011 860 974 736 578 51

571 2697 1010 910 1142 1114 894 892 832 1208 963 1196 1124 972

962 999 703 750
L] L] L] L] L]
DA t t 575 591 719 1020 1214 317 1227 985 2056 935 1107 820 1213 997 727 638 612

533 580 886 2333 950 1149 886 1106 1233 1127 1048 1120 1056 826 567
559 806 1043 1136 1039 1310 1024 1029 1142 998 1004 1169 831 791 611

* Readout electronics could not P

RICH Scalers 549 638 984 918 1006 996 965 1162 943 941 796 609 539

determine whether tile is a 2 or 3

(Hz) 6 830 868 935 895 887 689 576 650

‘ N L 632 596 414
L]
S I C tl I e # Fibers Connected: ¢
.

* Error causes PMT data not to be
read by DAQ.
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Scalers Problem Solution

* Cycle of LV to RICH and restart of DAQ to reinitialize RICH electronics.
* Temporary solution; debugging will be done after Spring 2018 Physics Run.

* Present course of action:

* Monitoring scalers to see if same tile continuously has issues.
e Could indicate hardware problem with tile or its DAQ connections.
* Monitoring logbook to note patterns in DAQ starts and PMT scaler issues.

e If PMT scalers only freeze when DAQ is started, could indicate problem with RICH DAQ
initialization.



Occupancy Plots

* Plots generated by richmon program.

* Shows pixels hit during event.
* 391 PMTs x 64 pixels each = 25024 total pixels.

* Two display modes:
* Integrated counts per pixel from a set number of events.
* Individual events.

e Can show preliminary images of Cherenkov rings.



Occupancy Plot - Integrated Count-per-Pixel

April 4, 2018

{8+ MON12@clonperichl A -

run: 3480 event: 43298

background ‘

T

| 'RICH Occupancy | RICH TDC | Multiplicity |

Leading from: o=

[_] Event Display Mode

[ oFto: [ 300

Set maximum |

TimeOver from:

number of hit MAPMTs: |

5
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April 4, 2018

ccupancy Plot - Individual Events

©
&8

e | =
s

run: 3480 event: 623 [ RICH Occupanw [ RICH TDC | Multiplicity

v| Event Display Mode  Set maximum ; 75j—‘ %

Leading from: Ok to: | 300 Trailing from: O to: | 300~ TimeOver from: O~ to: | 150+ number of hit MAPMTs: | 15

background

[ < > D ‘ Events 0 Time 0.00 sec : Reading 0.00 ewt/sec. Processing 0.00 evt/sec ‘ E Et H HR Reset

Cherenkov ring drawn in by hand
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Occupancy Plot - Individual Events

&+ MON12@clonpcrichl _*-1 . - A- f-& = =

run: 3432 event: 10896 RICH '()'ccupancy RICH TDC | Multiplicity |

v|Event Display Mode  Set maximum S}; *®

Leading from: o to: [ 300 Trailing from: | O— to: 7300}— TimeOver from: 0:— to: | 150 number of hit MAPMTs: 720—

D ‘ Events 10662 Time 188.80 sec : Reading 1841451 ewvt/sec. Processing 56.64 evt/sec ‘ E Et H HR o lecReset

Cherenkov ring drawn in by hand
April 4, 2018



April 4, 2018

FPGA Temperatures

Hardware Interlock
EP RTD Temperatures

EP Humidity

N2 Volume RTD Temperature

N2 Volume Humidity

Airflow 1
Airflow 2
N2 Flow 1 and 2

Buffer Tank Pressure

N2-ATM
Differential Pressure

N2-EP
Differential Pressure

Scaler Counts

50-68 °C

26 °C off
40 °Con

0 -4 % RH off
<1 % RH on

26 °C

<2%RH
H5/H12: <4 % RH

500 sIm
400 sIlm
20 slm

65 — 120 psi

0.251WC

~0.002 IWC

Varies with beam current

75°C

45 °C

30 % RH

30°C

5-7%RH

573 slm

500 slm

50 slm

160 psi

N/A

N/A

N/A

10°C

0% RH

10°C

-1% RH

400 slm
300 sIm
15 sIm

40 psi

N/A

N/A

N/A

Interlock Sensors and Limits

On/Off refers
to state of
electronics.

Signals with no
interlocks have
limits noted as
N/A.
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Detector Specifications
 wros

Radius of
1000 V ; ~
High Set Value 800 pA Quantity 38 total | Spherical Curvature 2.7m
Voltage S THes (24 whole, 14 partial)
Read-back ~1000 V Number of Reflectivity  ~90%
3-PMT Tiles: ~620 pA 1
Value . Layers . 5 |ateral
2-PMT Tiles: ~325 pA Quantity 4 front
G 40 Dimensions 10cmx10cm x 2 cm Planar
roups —— Reflectivity ~90%
Low Set Value 5 Y Refraction 108
Voltage A 68 total
Re\jgl_:: o :gig X 3-cm Tiles QUMY (52 whole, 16 partial
Number of 5
Layers

Dimensions 10cmx10cmx 3 cm
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Conclusion

* RICH detector is in good health
 Humidity under 3%
* FPGA temperatures under 70 °C
* Over-pressured in relation to atmosphere

* [tems to improve upon:
* Increase pressure in N2 Volume so it is more over-pressured in relation to EP.
* Improve reliability of scaler readout.



Thank You



