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Radiation Tolerance Assurance

 Baseline LHC : equipment in tunnel

Improve S/N ratio
Reduce cabling costs
Reduce power losses

* To reduce the risks of radiation damage

MC simulations

Optimized equipment integration
Shielding

Radiation Tolerant designs
Radiation Monitoring from day 1
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RadMon Radiation Monitors

350 RadMon devices in LHC tunnel, underground areas, caverns
— online digital data readout over Real Time WorldFIP Fieldbus
— thermo compensated measurements
— radiation tolerance design : 200 Gy (integrated) to 20 kGy (remote sensing)
— synchronized with machine/experiments timing/Post Mortem
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Monitors in a LHC Half Cell

Third Cable tray

/D

Junction Box LHC half cell

: ___

M

'\

Radiation Monitor

Any location within half cell (max 32 per half cell)

Junction box with signal cabling in ARC

A
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Can be placed at max 25 meters from junction box




Radiation Sensors

NMRC 300/50 400 nm

Radfet : Total lonising Dose

Static RAM h > 20 MeV

SIEMENS BPW34

P-1-N diode 1 MeV eg. neutrons
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RadMon devices
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Radiation data

Name Unit Resolution | Aquisition | Maximum
Dose HS GY] 0.01 1Hz 21
Dose MS Gy] 0.04 1Hz 130
Dose LS Gy 1.0 1Hz 3000
Hadrons ‘cm?] 1x10° 1Hz 1x104
Neutrons HS [cm-?] 1x1010 1Hz > 5x10%?
Neutrons LS ‘cm?] 3x1010 1Hz > 5x1012
Temperature °C 1.7 1Hz -
Current mA 2.44 1Hz -

29-30 September 2007
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Point 3.3 /\/

Point 3.2 |

N

_ Point 2
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LHC areas covered

o
Point 4 .
‘ I It Point 5
J

Point 7

'§

7
Point 1
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LHC installation progress

S T

N=A N\

323 Total
221 Installed
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From production to LHC installation

: !

u A |

[ - X N 1
[ =

calibration and thermo
compensation

==
B ||

e installation in underground
arrival at CERN Series production

areas and tunnel
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GENERAL

PURPOSE
NETWORK

Network Architecture

OPERATOR FIXED ALARM

CERN GIGABIT ETHERNET TECHNICAL NETWORK

CONSOLES DISPLAYS __ CONSOLES ; 3
. E E —L _— E
A P =
I | -
'I-||
TCP/IP communication services g
A
PM SERVERS Log g [ ng H
LASER SERVER
—" — f - I -

=
| | 5
|}
TCP/IP communication services E
e = .-"
TIMING GENERATION (Il i m

WORLDFIP ¢ ¢ ¢ ¢

Front Ends TTTT

‘ TCP/IP communication services
T

)
b— a
Surface 3 ! A 26 gateways 8
________________ ';d.%_ e
55 : M
Underground & max 32 devices per gateway =
RADMON
DOSIMETERS
LHC MACHINE
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Front End Software Architecture

communication layer (CMW)

. Others
< - (logging,
<g alarms interface itori
- : monitorin
o qE) — FESA application PM library Ocdtlgl_l)g’
LL S machine timing
LL

library’s API

radmonfip
library

FIP driver
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WorldFip Library

e Library to communicate with radmon devices via WFIP fieldbus
— Initialize devices
— read/write commands
— status information
 Reads characteristics of radiation in a device’s location
* Provides external applications with API to
— configure protocol
— operate on devices
— access partially interpreted data
* Provides direct access to device via toolset
— to check raw data

29-30 September 2007 6t LHC Radiation Workshop
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Inter process communication

e Measurements stored in a

« Dataset = {dose, neutrons,...}

device nbr. 1]

shared memory radmon devices’
e Circular buffer for n frames of > fatasets
data picked up every 1 sec. frg " Y/
 Frame = set of datasets, one ,}/
dataset for each device
S s
y T v

HB —
dose_hs < —1T— 17—
LB = >
>- ...........................................
Al = —”
dose Is =< — T
_ | LB = 1,
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Data macrocycles

1 2 3
High i I :
Byte ................................
" :
LOWBYte oo ‘
. ’. ......................... >
Hiigh p—— :
Byte ..................................................
i — ——— ;
Low Byte e e :
readouts requests readouts requests S e
A A N u a ’
4 N7 N\ 'd N\ N P .,
° 00000 00000000
>~ _
~ &
e 200 0,25 ms
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Front End Software Architecture

communication layer (CMW)

. Others
< - (logging,
<g alarms interface itori
- : monitorin
o qE) — FESA application PM library Ocdtlgl_l)g’
LL S machine timing
LL

library’s API

radmonfip
library

FIP driver
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FESA :Front End Software Architecture

« FESA : framework for front-end software development

— design, implementation, instantiation, deployment and maintenance
— follows AB/CO group standards

— 300-400 projects defined, possibly in many versions

— reliable and thoroughly tested

— publicly available FESA project (both design and sources)
e Incorporates :

— CERN technical computing infrastructure
— CERN serivces

29-30 September 2007 6t LHC Radiation Workshop 17



FESA application : services incorporated

 Complete radmonFIP library
» Acces to radmon CALIBRATION files

« LASER alarm system
— maintenance and operation
* Machine timing
— source of time and distributed events
— LHC cycle
— LHC state transitions
» Allows to operate on FESA properties
— high-level interface for user
— low-level universality of the CMW for software
— giving us universal displays and logging system for free
* Post Mortem functionality
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Equipment Alarms

« application constantly performs validity check (1 Hz)
— check global state (timing card state)

— check particular dosimeter’s state
 Temperature
« Current consumption (aging)
» Watch Dogs
« Errors in FIP communication

e alarms are delivered to the LASER system ...
e ... and visualised via the LASER Console

29-30 September 2007 6t LHC Radiation Workshop
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ALARM console (screenshot )

Laser Console [radmon/NOT PERMANENT] - | %
File Alarm Group Yiew Configuration Help

[ & Active List

5 | Date | Time

Static Properties:

RadMon

RadMonDev
RadMonDev
RadMonDev
RadMonDev
RadMonDev

System Mame

Problem Description
Timing: card/1i Eit...
Either device's con...
Ei ther device's con...
Device's temperatur...
Communication with

Communication with

Icdentifier |

SIMA.PCGW21.MGR
SIMA.7L1.1LM135
SIMA.17L8.8LM115
SIMA.UJ14.1LM0O25
SIMA.7L1.1LM13S
SIMA.17L8.8LM11S

__Alarm Details; RADMONDEV. 2;SIMA.U14.1LM025:2000

RadMonDey
SIMAUJ14.1LMO2S
Device's temperature has reached level critical for its reliabili...

System Name:
Identifier:
Problem Description:

|Dem’ce's temperature has reached level critical for its reliakility 24.1 < 27.0

Source Eesponsible

|SIGERUD

Propert: Value [Propert [value |

Fault Farmily RADMONDEY 2 |Artive Yes

Fault Member [SIMA 14 1IMO25 || ||Source Hostharme C5-CCR-ChWl

Fault Code |2000 | |ASI_SUFFIX 124.1 < 27 .0

Priority 2 | I[A] M | I»

Artion To Take Call Mr Christian Pighard: phone 3 S

Responsible Harne KRZYSZTOF KOSTRO | e

Responsible GsM 4124 || |[Path |Description

Fespaonsible Phone Th4E7 | |CERM.P5.LHC iGM LHC

Responsible Email frzysztof Kostro@cern. ch I

Source Marme LHC |

Source Description LHC CMW Alarms | | 4 | M [ »
|

Empty Properties:

EReasun -v!

q] Il

v

Close |

active: & maski 0T mhibic O

Config read-only O

29-30 September 2007
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Maintenance activated devices
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Post Mortem (screenshots)

b

File Automate

Navigation Tool 2.9 -

~Device Selection

@ [ pcgw22

[ Sima
Al e [ cfe-sr3-
& [ cfc-sr7-
& [ prgwz L
2 & [ cfe-sr

= @ [ cfo-sr8-5180

[v]

Application

L& MR
st3a
z17h

SIMA.LE.MGREZALLPMDump

-Property Value

PM Server. Monitor

-viewers- - | (D radmonMNodes_pmDump -

~Cycle Selectio

[ ALL

server state

(3 tHe 1§55 213350

(B2 181007

Starting tao monitor the 'PM.COLLECTOR' serwer

[»

Set

B viewers

[51 =x 21:30:12:802 18/10/07
Fost mortem dump fraom root@cfo-srE-s18h
SwsTenm : RADMON
class : RadMon
source © SIMALLE. MGE 5
encoding : PMData
wersion L o)
~Property Seleq timestamp : 21:i3A:12:749 18/10,07
DStatus file : SIMA.LE.MGR-1192736172749662400. pmd
[y Reset L
[y Totals
A
8l [ setting L
[y PMDu
sound volume alarm
DAlarm
T4 tlarm] O enable @ disable O i enable @ disahle

Class

Radhon

T TISTH C-‘.Vﬂ.lla.ble

saiuadolyg aa\m‘b‘j
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29-30 Se

Post

Mortem (screenshots)

fus PM Data Viewer - B ®
File
r header

System RADMON

Class RadiMon

Source SIMA LS MGR

Ewent stamp 21:26:12 744 18/ 10/07

Wersion 1.0

Encoding P Data

Qualifier UNTESTED

parameters
Marne Yalug

SiMA 17LS 8LM 115 WD 0 -

SiMA UAST BLMO25 TME =

SIMA L8 BLMO1S TMR [v] 0Hz sig =l=]x]
L T T

.06 SIMA.UASIBLMO2S:DO0SE_H.
—— SIMAUAEIELMO2S:D0SE.

e e it et L2 ” A A—
SitA ILE. LM 015 MICROCURRENT 0.05

SiMA ILE. ELMO 1S MICROCURREENT _status

SiA 1ILE SLM 015 NEUTROMS_HS

SiMA ILE BLMO 1S NEUTROMNS _HS_status 0.04 4

SitA ILE. LM 015 NEUTROMS_LS .

SiMA ILE. BLMO 1S NEUTROMNS_LS_status = 4 |

o T T T T
SiMA ILE SLMO1S: TEMP_status I| II| | III WY W T | |II||IIII III| II | | Il/ I”I | || IIII |||
Sl A UASS BLM 025 D0OSE_HS 0.024 kuh. “ !H Q H LL” & H!H La b ! hl. & k uk &l
SiMA UAS3 BLM 025 DOSE_HS_status

S A UASZ BLMO25: DOSE_LS

SiMA UAS3 BLM 025 DOSE_LS_status 0.01

S A UAST LM 025 D0OSE_MS

SiMA UAS3 BLM 025 DOSE_MS_status

S A UASZ LM 025 HADRONS 0

SiMA UASS BLM 025 HADRONS status ! ! ! ! ! ! !

SiMA UASS BLMO25 MICROCURRENT 21:34:00 21:34:20 21:34:40 21:35:00 21:35:20 21:3%:40 21:36:00
SiMA UASS BLM 025 MICROCURRENT _status Time

S A UASZ LM G255 MEUTROMNS_HT

SiMA UAS3 BLM 025 NEUTRONS_HS_status
S A UASZ LM 025 MEUTROMS_LS -
SiMA UASZ. BLM 025 NEUTRONS_LS_status 1.0Hz

S A UASZ LM O25 TEMP 1.0Hz

SiMA UAS3S BLMOZS TEMP_status 1.0Hz -

Show in table

Show in chart




Data logging

o Stored in two separate databases :

— Measurement DB
» short-term storage
e overwrite data after 7 days
 all device data stored
 high time resolution (1 Hz)
— Logging DB
e permanent storage
» selected data only
* |ow time resolution (0.1 Hz)

e Logging process operating on a dedicated machine

 All data can be retrieved with :
— web interfaces: TIMBER and METER
— Java AP|

29-30 September 2007 6t LHC Radiation Workshop
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EquipMonitor (by LSA, screenshot)

&) LHC H »§'I

Choose an Accelerator Zone:

properties for RadMonDey_2

Filter on the device list - clear for no filter

SIMA.16LE.8LM10S/ Acqu

LHC_FESA - netﬁ;ﬂoﬁgglghbensmwv |Utgmj"[1tems ||_||A SLM — SIMA.18L8.8LM125/ Acqu
A Hardware Croups ) neutronsHighSensithiry sINT ®Emaaars 8LMI]8: LR i

[} neutronsLowsensitivity,  DOUEBLE | SIMA 15LE.ELMO0S |

3 neutronsLowSensitivity_stINT O ShA 16L9 SLM10S i

(3 neutrons._ns INT Ll | siMa1718.81M11S

) neutrons_ns_status INT O | s

[} neutrons_ls INT O GIMA.191 R.RI M1 3S |

[} neutrons_ls_status INT ] PR

[ temp DOUBLE [= -

3 Temp_status INT O Subscribe Unsubscribe

[ tmr INT EF Subscribe devices in same panel Unsubscribe all

[Display the graphs on 2. columngs) for

150 points | Minimum graph width 150. px - height lSOE px | []show legend | smooth graphs | show points]

|Close

T T
2212 2213

T T T
2214 2215 2216

T T
2212 2213

monitoring Acquisition for 1 device : SIMA.16L8.8LM105/ Acquisition. |Cluse|monituring Acquisition for 1 device : SIMA.18L8.8LM125/ Acquisition.
0.06
0.06 v
0.055
0.05 0.055 T , \ , \
0.045
0.05
0.04

T T T
2214 2215 2216
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SL :174 MeV Neutron lrradiation

| L J Flux : 1.7e5 n/cm2/s
3° i
" MWW WW
: RN
I *}M M Wb |
E M | ! A M i Wﬂr i j*k
LHC BLM chamber % M M‘ ‘ w %1 ” Jh “WL W w Jh

[y
(@)
T

¢ — SEU counts/s

~—— BLM - LHC type |
RADMON

) o 560 1060 1560 2060 2560 3060 3560 4600 4560
Q : would such a signal be Time [&]

of interest to the CCC ? D. Kramer, M. Stockner, C. Pignard, T. Wijnands
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RadMON in SPS North Exp. Area

R e T

29-30 September 2007

HEP Radiation field similar to LHC
ARCs produced by 450 GeV protons
on a fixed target
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Example : magnet strength incorrect

10

x 10 RADMON in TCC2 Test Facility
6
b
Bending Magnet M2 05 : : : y . . ;
beam line wrong Time [days]

Dose [Gy]

o
[
(N
w
U
ol

o

~

S B N W »~ O

Q : do we need a control Time [days]
room alarm in this case ?

x

=

o
i
o

AR

1 2 3 4 5 6 7 8
Time [days]

Il

1 Mev eg. neutrons [cm-2]

O B N W~ O

o
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Points for Discussion

Single fixed display for instantaneous data during fill ?
— hadron flux (RadMon)

— dose rate (BLM, RAMSES)

— Mips (BCM)

Single fixed display for integrated data during fill ?

— dose, fluence, luminosity

— beam currents

A single expert program (ROOT) for all ?

Radiation database ?
— store all radiation data from last second before dump
— store critical machine data — stored energy, bunch intensity ...
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