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Nothing new? There were tools already: | 7 700

monitoring tools
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Many tools available from CMS: new CMS OMS
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There was structure: weekly monitoring report
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Tracker cooling and dew points: strips + pixel
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‘There are already very good tools: TK commissioner
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Pixel: under construction

Many different tools are available and much monitoring infrastructure is in place
for the strips detector --
and pixel where environmental variables like dew points overlap

Pixel may
sometimes
have different
needs:

i Pixel Detector Information
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Structuring data

Data can now be found in:

oLr

Twikis

Text files
Google sheets
Notebooks

Root files, ;... J7 o =5

r Type DCDC motherboard ID Name Status
S, —~~ Lsec (mA) |Volts Current (mA)
P 1ISECE 0.34 1 0.34
ersonal webS|tes.sm o ——
2.35 3 235
157 5[analog & g
154 6 analog
I 173 7 analog
218 8 analog
8025 165 9 analog
7101 161 10 analog
1099 156 11 analog e
2106 17 12 analog -
5027 e 13]aralog text file with currents and
4199 1229 1 digital .
4198 1228 2 digital Attachment 2 of 3:
8161 1060 3 digital list of python
4161 1069 4 digital
LI 102 >{daial Attachment 3 of 3:
4155 1035 6 digital
4147 1048 7 digital Plots c measure: urrent vs volt
9195 647 8 digital measurements if any.
9181 635 9 digital
8203 606 10 digital
== e = =

c D

We can do better than that!

E

E

elog entry

D2ROG1 __[Analog Digital D3ROG1 __[Analog
Volts Current (mA) |Volts Current (mA) Volts
1 034 1 034 D3 ROG1
2 179 2 177 Digital
3 234 3 236 zz:ﬁ?ﬂes .

ge

CMS elLogBook v2.9
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But most information is in the database...

... and if it is not there, perhaps it would be good to put it there =)

( like strips already does )

11
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Suited for database storage:

Store all information in database and display

Detector parts

Global runs with comments
Pixel off states with comments
Masked ROCs with comments + elogs

Any ROCs with comments + elogs
Measurements (calibrations)

Va, Vdig, Gains, ...

CASTOR DCDC monitoring

IV curve measurements

Masked channels

in summaries

Current location:

Detconfig,

https://piberger.web.cern.ch/piberger/nametranslation/nametranslation_bpix.html

twiki https://twiki.cern.ch/twiki/bin/viewauth/CMS/PixelGlobalRuns2018

twiki https://twiki.cern.ch/twiki/bin/view/CMS/PixelPowerOff2018

TW|k|S https://twiki.cern.ch/twiki/bin/viewauth/CMS/PixelKnownProblems

https://twiki.cern.ch/twiki/bin/viewauth/CMS/BPixProblems

Scattered elogs
ROOT files on cmsusr

Files on server

elogs/notebooks
Log files

12
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Tracker monitoring activities and goals

Monitoring of silicon properties next week:

https://indico.cern.ch/event/721478/

Monitoring of environmental variables this week in 42-3-032 from

16:00-18:00:

https://indico.cern.ch/event/720066/

Gathering of information (automatically), make analyses and predictions
(Automatically) react to notable results (webpage, email)

Online + offline report on Mondays 15:30-16:30 (between operations

meetings) like yesterday: https://indico.cern.ch/event/721133/

Regular working meetings Thursdays 15:00-17:00 at PS5 in 3562-R-001

You can subscribe to the e-group at https://e-groups.cern.ch/e-groups/:
cms-tk-monitoring 13
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Improvement of tracker environmental monitoring

Pixel

manual)

Note: a lot of this is work in progress on
CMS pixel online monitoring!

Analog currents (over year vs lumi)

Digital currents (compare PS trip limits)
Analog and digital voltages (DCDC health
indication) from ROC readback

DCDC IV curve measurements (CASTOR,

To be watched by DOCs
Weekly report Mondays
15:30-16:30

Mostly there for strips, could be improved
for pixel + strips

Default (adjustable!)
two-week or year-long
(leakage current) trend
plots available online on
tom.cms at p5

Temperatures (compare cooling set
temperature, dew points)

Occupancy plots with (compare known
problems)

Leakage currents (can be real time)
FED error/ masked channel monitoring
L1 trigger count

Cooling plant leak rates

Dew points (alarm before we reach critical
temperature)

Global runs, settings, and run info

Doc’s comments Ly



POM: https://its.cern.chl/jira/projects/ CMSPOM/issues/

New: pixel online monitoring development
https://gitlab.cern.ch/cmspops/pom

Online monitoring of environmental variables

a CMS Pixel Online Monitoring  Overview

Have all
observables at
hand without
initial search or
clicks (just open
browser)

Default
(adjustable!)
two-week or
year-long (leakage
current) trend
plots available
online on tom.cms
at p5

Viktor Kutzner

Overview (2017-03-22 - 2017-04-05)

Overview

Temperature [C]

Current

BPix details FPix details

BPix

—— PB_BmI_1I_L4D2MN
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—— PB_BmI_2I_L3DIMN
—— PB_BmI_2R_L3DIMN
—— PB_BmI_31_L2DIMN
~— PB_BmI_3M_L2D1MN
~—— PB_BmI_3R_L2D1MN

PB_BmI_41_L1D2MN
~——— PB_BmI_4M_L1D2MN
—— PB_BmI_4R_L1D2MN
~—— PB_BmI_SI_L3D3MN
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2017
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2017
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—— PB_BmI_SM_L3D3MN
—— PB_BmI_SR_L3D3MN
—— PB_BmI_61_L4D4MN
—— PB_BmI_6M_L4D4MN
—— PB_BmI_6R_L4D4MN
—— PB_BmO_1I_L4DIMF
~—— PB_BmO_1M_L4D1MF
—— PB_BmO_1R_L4DIMF

—— PB BmO 2I L3D2MF
Apra

—— PB_BmI_S1_LAY14 (LV analog)
—— PB_BmI_S1_LAY14 (LV digital)
—— PB_BmI_S1_LAY23 (LV analog)
—— PB_BmI_S1_LAY23 (LV digital)
—— PB_BmI_S2_LAY14 (LV analog)
—— PB_BmI_S2_LAY14 (LV digital)
—— PB_BmI_S2_LAY23 (LV analog)
—— PB_BmI_S2_LAY23 (LV digital)
—— PB_BmI_S3_LAY14 (LV analog)
—— PB_BmI_S3_LAY14 (LV digital)
—— PB_BmI_S3_LAY23 (LV analog)
—— PB_BmI_S3_LAY23 (LV digital)
—— PB_BmI_S4_LAY14 (LV analog)
—— PB_BmI_S4_LAY14 (LV digital)
—— PB_BmI_S4_LAY23 (LV analog)

—— PB_BmI_S4_LAY23 (LV digital)
—— PB_BmI_S5_LAY14 (LV analog)
—— PB_BmI_S5_LAY14 (LV digital)
—— PB_BmI_S5_LAY23 (LV analog)
—— PB_BmI_S5_LAY23 (LV digital)

Apr 2

Apr4

——PB BmI S6 LAY14 (LV analoa)

Temperature [C]

Current

FPix
10 —— PE_BmI_Disk_10
—— PE_BmI_Disk_2I
—— PE_BmI_Disk_20
g —— PE_BmI_Disk_31
—— PE_BmI_Disk_30
—— PE_BmO_Disk_11
—— PE_BmO_Disk_10
—— PE_BmO_Disk_2I
—— PE_BmO_Disk_20
—— PE_BmO_Disk_3I
-5 —— PE_BmO_Disk_30
—— PE_BpI_Disk_11
—— PE_BpI_Disk_10
b —— PE_BpI_Disk_2I
—— PE_BpI_Disk_20
—— PE_BpI_Disk_31
—— PE_BpI_Disk_30
-15 ~——— PE_BpO_Disk_11
—— PE_BpO_Disk_10
—— PE_BpO_Disk_21
—20 ~—— PE_BpO_Disk_20

Mar 23
2017

Mar 25 Mar 27 Mar 29 Mar 31 Apr2

|

Apr4

Apra

—— PE_BmI_D1_ROGI (LV digital)
—— PE_BmI_D1_ROG2 (LV analog)
—— PE_BmI_D1_ROG2 (LV digital)
—— PE_BmI_D1_ROG3 (LV analog)
—— PE_BmI_D1_ROG3 (LV digital)
—— PE_BmI_D1_ROG4 (LV analog)
—— PE_BmI_D1_ROG4 (LV digital)
—— PE_BmI_D2_ROGI (LV analog)
—— PE_BmI_D2_ROG1 (LV digital)
—— PE_BmI_D2_ROG2 (LV analog)
—— PE_BmI_D2_ROG2 (LV digital)
—— PE_BmI_D2_ROG3 (LV analog)
—— PE_BmI_D2_ROG3 (LV digital)
—— PE_BmI_D2_ROG4 (LV analog)
—— PE_BmI_D2_ROG4 (LV digital)
—— PE_BmI_D3_ROG1 (LV analog)
—— PE_BmI_D3_ROG1 (LV digital)

Mar 23
2017

Mar 25 Mar 27 Mar 29 Mar 31 Apr2



https://its.cern.ch/jira/projects/CMSPOM/issues/

Pixel online monitoring: correlations

Study correlations Lummosﬂy levelling Lummosﬂy levelling
between cu rrentS, . ~ « Fill6266: before « Fill 6291: after luminosity
\\\r luminosity levellir . ” levelling
temperatures T~ S - luminosity vs. nu - \j\ 5 * luminosity vs. number of
. . ")*  failedDCDCs | ~— - :
Ium|nos|ty, LHC : ] aile S ) — T failed DCDCs
—_— N — * current vs. tempe ‘ o

e current vs. temperature

states N

Here: failed DCDCs
and lumi levelling
(No correlation found
but note: low stats)
Using database +
own added

Zhang
M(éﬂﬁc&gﬁ& 4/contr|but|ons/2905358/attachments/1604492/2545148/P|xel Online

Mon|tor|ng 1l.pdf
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https://indico.cern.ch/event/706654/contributions/2905358/attachments/1604492/2545148/Pixel_Online_Monitoring_II.pdf
https://indico.cern.ch/event/706654/contributions/2905358/attachments/1604492/2545148/Pixel_Online_Monitoring_II.pdf

Pixel DAQ monitor
DAQ monitor plugin

Use database |nformat|0n to SQL> describe FEDMONITORPERSISTENT;

Name

: PPy » get TTS information from FED monitor table
monitor FEDs < busy, out-of-yn, ready, warn for

CHANNELMASK
CNTEVTRSYTOT

CNTTBMHIDTOT e transitions to TTS

CNTTRLERRTOT
CONNECTIONNAME

— choose logged - time in TTS

EVTERRNUMTOT ] o ) )
EMTHoDATE. « individual information per channel being put

information to write to e gvailable into DB

L1ACOUNT
LID

database: MACKODRESS information
s’ from DB reD a0z tiass | 0 St SRR =S

PLL_200MHZ
PLL_200MHZ_IDELAY < TTS ready count

B u S PLL_400MHZ
ROCERRNUMTOT

SESSIONID

150k

STATENAME

Ready

TBMMASK
TIMEINTTSBUSY

Warning T

TIMEINTTSWARN

TRANSITIONSTOTTS
g
2

(Nov 3, 2017, 00:10:54, 65.461k) L=eREl-RRE]

«
8
2

TIMESTAMP

O ut Of S n C IRANSIELUNST UTSEUSK: 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00
TRANSITIONSTOTTS00S Nov 2, 2017 Nov 3, 2017

TRANSITIONSTOTTSREADY
TRANSITIONSTOTTSWARN —— FED 1302 TTS ready (raw) —— FED 1302 TTS ready (cumulative)

e masked channels g
Weinan Si, Viktor Kutzner 17

https://indico.cern.ch/event/710755/contributions/2925481/attachments/1613083/2562217/pixel-monitoring-3.pdf



https://indico.cern.ch/event/710755/contributions/2925481/attachments/1613083/2562217/pixel-monitoring-3.pdf

Pixel DAQ monitoring

a CMS Pixel Online Monitoring  Overview

DAQ monitor (Fill 6358)

350k

300k

o ||

See http://tom.cms

With cron: warnings in case of no phases, no portcard

350k

300k

n
5
2
—_—

12 12
»— -
= =
o o
% 200k % 200k
z z
) 5
= =
@ 150k @ 150k
4 =
2 2
[:4 o
" 100k " 100
50k 50k
L o N .o all I n n ar—in 0 L n B L O B 1 l _.onon ac—n I
1200 1220 1240 1260 1280 1300 1320 1200 1220 1240 1260 1280 1300 1320
—— TTSbusy —— TTSoos TTSready —— TTSwam —— TTSbusy —— TTSo0s TTSready —— TTSwam
400M 400M
350k 350k
350M 350M
300k 300k
300M 300M
250k 0 250k
250 = 250M =
- 2 :
= 200k g: 200k g
%zow g %zow 5
e E2 E
£ 150k 53 £ 150k &5
E1s50m ZE 15om -
100M 100k 100M 100k
pu—
50M 50k 50M = 50k

Weinan Si, Viktor Kutzner

E

https://indico.cern.ch/event/710755/contributions/2925481/attachments/1613083/2562217/pixel-monitoring-3.pdf
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http://tom.cms
https://indico.cern.ch/event/710755/contributions/2925481/attachments/1613083/2562217/pixel-monitoring-3.pdf

Readily available information
in the database

Online monitoring: dead time

. . g CMS Pixel Online Monitoring  Overview
Dead time for pixel

detector shown with Global Dead time (Fill 6352)
LHC states using 100 @
information from CMS
from database :

@0

w oo~
w :.wo-4":

Dead time
pal
L ]
L ]
w o o

[
w B 0o we0S

: l— L'@R:VEd Giobal dead ...

18:00 20:00 22:00 O e ;
Oct 31, 2017 P Nov 1, 2017, 01:34:32

Vi kto r Ku tz n e r =~ Global dead time ® Run Session parameters

0.1

04:00 06:00 08:00




| Adds information to database |

Occupancy with masked ROCs/modules overlaid
Digi Occupancy Layer 2

e Possible link to
JIRA ticket or elog if
any

e Reads known
problems and

SignedLadderCoord

config from et
database o
e Works with (H)DQM . -
(Alessandro Rossi) i i
to display digi : =
occupancies SignedModuleCoord

20
Alexander Froehlich Run 313916 cosmics with 2018 known problems overlaid



There was already monitoring of radiation effects:
Strips temperatures and leakage currents

. b Silicon Temperatures
?J Hybrid Temperatures

N

g
5 gﬂ!%ﬁgﬁ

April 9, 2018 TKCO Meeting

Strips doc report
httgs://indico.cern.ch/event/720863/contributions/2963325/attachments/1629147/25959#A|;-¥g9§e¥gg14.9df TKCO Meeting 14


https://indico.cern.ch/event/720863/contributions/2963325/attachments/1629147/2595944/tkdoc_wk14.pdf

Strips leakage grents Leakage Currents

Strips leakage currents
and temperatures
displayed eye-friendly in
cabling map

and Pixel?

o & R
@,l

Strips doc report April 9, 2018

TKCO Meeting
https://indico.cern.ch/event/720863/contributions/2963325/attachments/1629147/2595944/tkdoc_wk14.pdf

NORTHWESTERN
UNIVERSITY
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https://indico.cern.ch/event/720863/contributions/2963325/attachments/1629147/2595944/tkdoc_wk14.pdf

Pixel HV current

For radiation effects:

Work in progress on
year-long overview with
currents samples 10min
into stable beam.
Highly temperature
dependent!

Shown in http://tom.cms,
also vs temperature

Fengwangdong Zhang

0.3
{
0.25
< 0.2
E, ! !
€ 0.15
g Z
3
O 01
0.05
0 e a——] —
Mar 26 Mar 28 Mar 30 Apr 1 Apr 3 Apr 5 Apr 7 Apr 9 Apr 11
2018
current: PixelEndCap_BmI_D1_ROG1_RNG1 (HV) current: PixelEndCap_BmI_D1_ROG2_RNG1 (HV)
current: PixelEndCap_BmI_D1_ROG3_RNG1 (HV) current: PixelEndCap_BmI_D1_ROG4_RNG1 (HV)
current: PixelEndCap_BmI_D2_ROG1_RNG1 (HV) current: PixelEndCap_BmI_D2_ROG2_RNG1 (HV)
current: PixelEndCap_BmI_D2_ROG3_RNG1 (HV) current: PixelEndCap_BmI_D2_ROG4_RNG1 (HV)
——— current: PixelEndCap_BmI_D3_ROG1_RNG1 (HV) —— current: PixelEndCap_BmI_D3_ROG2_RNG1 (HV)
current: PixelEndCap_BmI_D3_ROG3_RNG1 (HV) current: PixelEndCap_BmI_D3_ROG4_RNG1 (HV)
-g 0.3~ 0 —Hll — ' g
s P [ P » =
£ 02 £
= 3
O O
0.1
o1 == p—— e e———
Mar 26 Mar 28 Mar 30 Apr 1 Apr 3 Apr 5 Apr 7 Apr9 Apr 11
2018
——— current: PixelBarrel_BmI_S1_LAY3 (HV) current: PixelBarrel_BmI_S2_LAY3 (HV)
current: PixelBarrel_BmI_S3_LAY3 (HV) current: PixelBarrel_BmI_S4_LAY3 (HV)
—— current: PixelBarrel_BmI_S5_LAY3 (HV) —— current: PixelBarrel_BmI_S6_LAY3 (HV)
current: PixelBarrel_BmI_S7_LAY3 (HV) current: PixelBarrel_BmI_S8_LAY3 (HV)

0.3

O.ZI

0.1

1 B

Current [mA]

Mar 2¢
2018

°
o
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°
FS

jj.gﬂllllll

o
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http://tom.cms

Radiation effects

Model and projection of
pixel barrel depletion
voltages

Uses HV bias scan results
and pixel temperatures

Julia Hunt
Tilman Rohe

c
2700

https://indico.cern.ch/event/719706/contributions/2959984/attach
ments/1632008/2602682/2018 04_12_Vdep_sim_LVonoffbandp

lots.pdf

Phase-1 Pixel - Full depletion voltage vs days (Work in Progress)

< »

< >

Sim: Vdep vs Day, L1

Data: PromtReco, Langaus refit, L1

Data: PromtReco, manually from MPVs, L1
Sim: Vdep vs Day, L2

Data: PromtReco, Langaus refit, L5

Data: PromtReco, manually from MPVs, L5
Sim: Vdep vs Day, L3

Data: PromtReco, Langaus refit, L3

Data: PromtReco, manually from MPVs, L3
Sim: Vdep vs Day, L4

Data: PromtReco, Langaus refit, L4

Data: PromtReco, manually from MPVs, L4

I l[llll]lllllllllllllllll

IlII“IIIIIIIIIIIIII|IIII|IIII|IIII|IIII|1III|II]I
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https://indico.cern.ch/event/719706/contributions/2959984/attachments/1632008/2602682/2018_04_12_Vdep_sim_LVonoffbandplots.pdf
https://indico.cern.ch/event/719706/contributions/2959984/attachments/1632008/2602682/2018_04_12_Vdep_sim_LVonoffbandplots.pdf
https://indico.cern.ch/event/719706/contributions/2959984/attachments/1632008/2602682/2018_04_12_Vdep_sim_LVonoffbandplots.pdf

Temperatures and radiation effects

— Get a better handle on Phase-1 "band plot": Temperature offset A“(IT
sensor temperatures using a Full depletion voltage evolution, HH param set: RD48 oxy
thermal mockup of the pixel 2600 GEAUARyGN10 G WokihPogpss| _
o B ——- i M:‘KMM) / /\ Jiower temperature
barrel layer 2 T — e L
: C L2 temperature offsst: +2 K
3 offset: +11 K A
e F | LS tomperaturs oftsst 4 K (osst guess) s
2 400 i / higher temperature
% L
3 [ Short-term
S 300 (beneficial)
= annealing acts
- faster (is not
200— "accumulated”)
H for warm temp.
100(—
P <8
. 02/07/17 01/10/17 01/01/18 02/04!18 02/07/18 02/10/18
Julia Hunt
MaX RaUCh 9 12/0418 Julia Hunt https://indico.cern.ch/event/719706/contributions/2959984/attachwhysk o5

ments/1632008/2602682/2018_04_12_Vdep_sim_LVonoffbandp
lote ndf



https://indico.cern.ch/event/719706/contributions/2959984/attachments/1632008/2602682/2018_04_12_Vdep_sim_LVonoffbandplots.pdf
https://indico.cern.ch/event/719706/contributions/2959984/attachments/1632008/2602682/2018_04_12_Vdep_sim_LVonoffbandplots.pdf
https://indico.cern.ch/event/719706/contributions/2959984/attachments/1632008/2602682/2018_04_12_Vdep_sim_LVonoffbandplots.pdf

Projections of pixel endcap depletion voltages

We need your help!
=)

26



Monthly report Mondays

More modeling of radiation effects 15:30-16:30

Monitoring, modeling, and prediction of leakage currents
Monitoring, modeling, and prediction of depletion voltages

--> need HV bias scans L1: end 2022, Voies =600Y |
Barre] 7Z—Hit Resolution , Barrel ¢—Hit Resolution

Pixel drifts in analog currents o} e $ice " | L e B
. . 1 SQ/Q?{f égdoa;oow &5 Vbias =600V
Pixel model for module damage with HV ON/LV OFF g o

BPIX layer 1 lifetime after LS2 g
Pixel threshold monitoring
DCU readback and analog current readback

Ty

20F

0.0 0.6 1.0 16 20 26 3.0 0.0 05 1.0 15 20 25 3.0
[nl Inl

e ) » Detector still works [as expected]

* Resolution is ~50% worse in x and ~25% worse in y as compared
with a new detector operated with low thresholds

» Cluster breakage is onsetting for 3000e at n > 2

_ _ ) E y-resolution is most sensitive
BPix L1 projections for run 3 by Morris Swartz 27

https://indico.cern.ch/event/719706/contributions/2967656/attachments/1632211/2602675/BPix_L1_Performance_Run3.pdf


https://indico.cern.ch/event/719706/contributions/2967656/attachments/1632211/2602675/BPix_L1_Performance_Run3.pdf

https://twiki.cern.ch/twiki/bin/view/CMS/TrackerMonitoringProjects

Growing list of monitoring projects

projections

e DAQ monitoring summary

e Real time updated summary plot pages
with comments and history

e Tracker radiation damage projections
in Run 3

e Monitoring of thresholds

e Warn the DOC: create email and sms
alarms where needed

e Estimate of beam spot location

We already have but may want to have more

endcap (g i : ‘
Sensor temperature evolutlon pIot
summary
Sensor leakage current and analog
current evolution plot summary
Detector components in database
Pixel offline data quality summary
Pixel online data quality feedback with
comments and archive

Your new ideas are welcome!

28



https://twiki.cern.ch/twiki/bin/view/CMS/TrackerMonitoringProjects

http://iruntheinternet.com/lulzdump/images/cat-filing-cabinet-draw-happy-1413757432¢ Digi Occupancy Layer 3
deg

Goals

menu includes links to
websites connected with
tracker monitoring

SignedLadderCoord

QAN
| A ,) ?k 5 5
rf: >f'M'“\* \J Global Dead time (Fill 6358)

h |

|| I
Phase-1 pixel
Current status of depletion voltage simulation

N
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http://iruntheinternet.com/lulzdump/images/cat-filing-cabinet-draw-happy-1413757432c.jpg
http://iruntheinternet.com/lulzdump/images/cat-filing-cabinet-draw-happy-1413757432c.jpg
http://tom.cms

Summary: Goals of tracker monitoring

To summarize tracker environmental
To help us understand radiation observables:

effects and and make projections for e
pixel and strips we aim to monitor o
and model: o

depletion voltages
temperatures
leakage currents
analog currents
thresholds

httos:/ﬁYWiRc%rn%L%ikwﬁvligv%m? ra!::koerhl/‘llnelt!)RéProiects
jory.sonneveld@cern.ch

status overview of the detectors
weekly archive

weekly online/offline discussion
between operations meetings
gather information automatically as
much as possible

update summaries automatically
send alarms in case of any possible
problems such as high
temperatures, leak rates, missing
phases, missing FEDs, missing

e W YW o R
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https://twiki.cern.ch/twiki/bin/view/CMS/PixelMonitoringProjects

