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DATA QUALITY MONITORING IN
THE CMS EXPERIMENT AT CERN

Roberto Seidita — on behalf of CMS
EUROFusion seminar — 07 /10/2026
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The setting

A pairing of remarkable machines

Roberto Seidita - Data quality monitoring in CMS



OUR SCIENTIFIC GOAL

An accelerator is a microscope for fundamental matter and interactions

— Collide particles at the highest achievable energies to resolve the smallest possible structures

Particle detectors

(like CMS)

The large hadron collider

Roberto Seidita - Data quality monitoring in CMS



Mont Blanc

A 27 km tunnel, up to TO0 m
underground right next to
lake Geneva

Two beams of protons are
accelerated by
radiofrequency cavities to
up to 6.8 TeV of energy

Superconducting 8 T
magnets cooled to 1.9 K
keep the beams in orbit




A 27 km tunnel, up to TO0 m

, underground right next to
Y ATm e lake Geneva
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Compact Muon Solenoid

e Superconducting 8 T

magnets cooled to 1.9 K
keep the beams in orbit




Around 6000 collaborators
Spread over 259 institutes

In 60 countries around the globe

15 m wide, 21 m long

Roberto Seidita - Data quality monitoring in CMS



CMS DATA FLOW IN A

NUTSHELL

4 N
Fill: 9473 E: 6799 GeV t(SB): 00:03:29 05-04-24 18:29:02

LHC collisions
() PROTON PHYSICS: STABLE BEAMS
Energy: | B1: | B2: 4.97e+11

FBCT Intensity and Beam Energy Updated: 18:29:01 flinstantaneous Luminosity Updated: 18:29:00
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Intensity

Proton beams collide and
produce particle interactions

Luminosity / 130 cm-2s
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22:00 02:00 06:00 10:00 14:00 18:00 = ATLAS AU — o5 LHCb

Two beams of protons are accelerated to up to 7.8 TeV each

BIS status and SMP flags

. . . . . . Comments (05-Apr-2024 18:26:38) Link Status of Beam Permits
They collide in 4 interaction points, one belng CMS, every 25 +#xk FIRST STABLE BEAMS OF 2024 *++ Global Beam Permit
Setup Beam
ns or at a rate of 4 Hz
sorardrareo O M Dump on Monday at 7 am for access during cryo AT Frsence

Moveable Devices Allowed In
Stable Beams

The largest dataset at the collider energy frontier with over o st 1 | Lo st 2 [T
500 /fb of data —

re-configuration

— Higgs boson discovery with ~10 /fb
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CMS DATA FLOW IN A
NUTSHELL

LHC collisions CMS recording

Proton beams collide and CMS detects and records
produce particle interactions the collision events

o : Y \‘
¥
//.7" % D

z%/’\;: Calorimeters

:“, ‘ e :"’g/
= o : X \
Collisions are recorded by the CMS detector o - ; S S g T R

)'/ y

~135M readout channels across detectors

~ 1 — 3 MB per event = 40 TB/s of output

Real- and near-real-time monitoring crucial

Roberto Seil




CMS DATA FLOW IN A

NUTSHELL

f
LHC collisions
Proton beams collide and
produce particle interactions
.

(

CMS recording

CMS detects and records
the collision events

~N

p
Trigger selection

: 101010 /
_.—\—_ 101101 /
| 10110 X

001011 /

011000 X
=
S

The trigger rapidly selects
the most interesting events

to be stored

~

A two-tiered trigger system reduced the rate for storage

Level 1 trigger (FPGAs) reduces rate from ~40 MHz to ~120 kHz

High level trigger (CPUs + GPUs) further cuts from ~120 kHz to ~ 3 kHz

— ~ 10 GB/s written to disk /tape for permanent storage

Roberto Seidita -

Data quality
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CMS DATA FLOW IN A

NUTSHELL

e A 2 ™ e A e A r A
CMS recording Trigger selection Reconstruction Analysis

101010 /

101101 /

110110 X

001011 /

011000 X

=
S
Proton beams collide and CMS detects and records t:;genfgg?i?]rte:?epsi?ilr)l/ S:\';ﬁ; Raw detector signals are turned Physicists extract measurements
produce particle interactions the collision events to be storeg into physics objects and search for new phenomena
. J \_ J . J N J o /
Data is buffered for 48h to allow for calibrations to 1 4
H 4 N e
be derived, then reconstructed on ~300k CPU cores Data quality monitoring Calibration
Raw detector hits are combined into physically- m f-.. N,
meaningful objects: electrons, muons, hadrons, photons FA (N > /\ cq_)
Data is cleaned of bad bursts in near-real time Checks that detector and Improves the detector response
reconstructed data behave as expected and reconstruction accuracy
. J .
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CMS DATA FLOW IN A

NUTSHELL

e M 3 ™) e N e A e A
LHC collisions CMS recording Trigger selection Reconstruction Analysis
EI 101010 /
[T 101101 /
E. 110110 X
001011 /
|:l 011000 %
=
S
Proton beams collide and CMS detects and records t:;genfgg?i?]rte:?epsi?ilr)l/ S:\';ﬁ; Raw detector signals are turned Physicists extract measurements
produce particle interactions the collision events to be storeg into physics objects and search for new phenomena
. J . S . / N J o /
Data is buffered for 48h to allow for calibrations to 1 4
. 4 N\ 4
be derived, then reconstructed on ~300k CPU cores Data quality monitoring Calibration

Raw detector hits are combined into physically-

’F_I n,
meaningful objects: electrons, muons, hadrons, photons h Focus of today! - | 7A CA

il s e
Data is cleaned of bad bursts in near-real time Checks that detector and Improves the detector response
reconstructed data behave as expected and reconstruction accuracy
. J .
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THE ENDGAME

CMS Integrated Luminosity, pp, 2022-26, Vs = 13.6 TeV
Date included from 2022-07-05 14:47:25 to 2026-05-16 22:27:37 UTC
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CMS DATA QUALITY

MONITORING

> Incoming data is filtered by the trigger and data acquisition systems

Streamer files » Around 5% of the recorded data is sent do a dedicated farm
(RAW, histos)

DQM . .
» RAW detector data is reconstructed and analysed in O(s)

I Monitoring elements (ME)

Online
DQM GUI
%9 DQM shifters @P5

!

Online run
registry

CMS control room

\ O(minutes) )

Roberto Seidita - Data quality monitoring in CMS



CMS DATA QUALITY

MONITORING

HLT/DAQ

Streamer files
(RAW, histos)

DQM
machines

Monitoring elements (ME)

Online
DQM GUI

!

DQM shifters @P5

Online run
registry

CMS control room

\ O(minutes) )

Observables are visualized for expert inspection. Automatic alarms
(based on predefined conditions) are raised in case of problems

4Run #"~ LS # Event # Run started, UTC time

402'653 . 2'113 . (None) . Sun Apr 05, 18:47

CMS DQM GUI (vocm:
Oct7, 2026 a
Roberto Seidita, \

S A\y\ l_
Online: Summary .

BeamMonitorHLT - 99.5% - Apr 6, 10:27.51 BeamMonitorLegacy - 99.1% - Apr 6, 10:27.51 BeamPixel - 100.0% - Apr 6, 10:27.47 CSC -99.6% - Apr 6, 10:27.48

HLT Report Summary Map Beam Spot Summary Map r

Ecal - 98.8% - Apr 6, 10:27.44

repaniSummaryMap

DT - 100.0% - Apr 6, 10:27.45
DT Roport Summary Map

Pixel-Verticas Beam Spot: % Good Fits

-"

EcalPreshower - 100.0% - Apr 6, 10:27.47 FED - 100.0% - Apr 6, 10:27.51

EcalPreshower Report Summary Map

©SC Chamber Status (99.6%)

GEM - 52.4% - Apr 6, 10:27.50

‘Summary plot

o et

T2 s 4567868 Mmg2 "

Hcal - 0.0% - Apr 6, 10:27.46

repenSummaryMap

HcalCalib - 0.0% - Apr 6, 10:27.50
reporiSummaryMap
T T

FED Repart Summary Map

oy

HcalReco - 0.0% - Apr 6, 10:27 .52

reportSummaryMap.
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Info - 100.0% - Apr 6, 10:27 .48

DGSHV Sarus and Beam Sttus s Lumiseciion

LT - 94.3% - Apr 6, 10:27 45

LIT: L1 Trigger Data Report Summary Map.

L1TEMU - 84.7% - Apr 6, 10:27.46 PixelPhase1 - 93.9% - Apr 6, 10:27.29 RPC - 75.5% - Apr 6, 10:27.46

RPC Report Summary Map
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e
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L1 systems L1 objects

SiStrip - 98.8% - Apr 8, 10:27.562
SiStrp Report Summary Map

Tracking - 100.0% - Apr 6, 10:27.52
Tracking Report Summary Map
g
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CMS DATA QUALITY
MONITORING

M
H L / DAQ ONURE : rseidita Logout
' - @ User manual ¥ Feedback is welcome! Configuration v

| All runs (293854):

Streamer files

AND v +Rule +Group

. BTAG Finished  Run Number Class Manage /1S Significant State Started HIt Key Description  #1S [CMS active)  Runhasgaps  HITEventCoun.. GUI OMS  castor cms asc ctpps dt
( RAW’ h | StOS) v 405000 age /LS Make significant  Non SignicantiOpen)  2026-06-22T18:0.. 5000 (2) false GUI OMS No Lumisecti No Lumisecti No Lumisecti No Lumisect No Lum
CASTOR v Ls v OPEN /move  202606-15T13:1.. /cdag/circulating..  556(61) false 11592 Gul O s smnoey BRI
v 2026-06-15T13:0.. /MiniGaa/2026/8.. om GUI OMS No Lumisecti No Lumisecti No Lumisecti No Lumisecti No Lum
DQM Ms v 2026-06-14T17:3... fcdaq/physics/Ru... 3016 (498) false 5657726 Gul OMS stannsy Il s stanc
v 2026-06-14T16:4... /cdaa/cosmic/co.. 138 (57) false 6414 GUI OMS No Lumisecti No Lumisecti No Lumisecti No Lumisecti No Lum
machi nes csc v 2026-06-14T155.., jcdag/physics/Ru.. 113 (29) false 310695 GUI - OMS STANDBY S STAND
: v 2026-06-14T150.. jcdaq/physics/Ru.. 137 (132) false 30014 GUIl - OMS STANDBY ~ STANDBY  STANC
:“’u; ,:A ') ‘;,’ CTPPS v 2026-06-14T12:5... fcdaq/cosmic/co. 345 (203) false 23143 GUl  OMs STANDSY ~ STANDBY  STANC
Y - v 2026-06-14T12:4... fcdag/cosmic/co. 28 (20) false 1935 GUuI OMS  No Lumisecti No Lumisecti No Lumisecti No Lumisecti No Lum
. . DT v 2026-06-14T12:3... fedaq/circulating. 1R false 175 GUI OMS No Lumisecti No Lumisecti No Lumisecti No Lumisecti No Lum
Monitoring elements (ME) ¥ spossrin. gy | gn | oew | o5 | | 04 Motk ottt et o ot
ECAL v s y M 2026-06-14T12:0... fedaq/circulating. 36 (26) false 3703 GUI OMS No Lumisecti No Lumisecti No Lumisecti No Lumisecti No Lum
a 3
. EGAMMA Page 1 of 24488 12rows Next
Online
GEM
DQ M G U I Significant runs (52902):
HCAL AND v +Rule +Group
Finished  Run Number Class Manage /LS Significant State Started Hit Key Description #L5 (CMS active)  Runhasgaps  HLTEventCoun.. GUI  OMS  castor ams s cpps dt
T v 404 Commissioning26 v OPEN /move  2026-06-15T13:1.. /cdaa/circulating... 556 (61) false 11592 GUl OMS s smanoer [EEE
v SIGNOFF / 2026-06-14T173... fcdag/physics/Ru.. 3016 [498) false 5857728 GUI O STANDSEY S STANC
JETMET v v SIGNOFF / 2026-06-14T155.., jcdag/physics/Ru.. 113 (29) false 310695 Gul - O STANDBY S STANC
D M h 'ft @P5 v v SIGNOFF / 2026-06-14T15:0... fcdaq/physics/Ru... 137 (132) false 30014 GUI  OMS STANDSY ~ STANDBY  STANC
Q snitters uT v v SIGNOFF [ 2026-06-14T12:5... fcdaq/cosmic/co. 345 (203) false 23143 Gul oMms STANDSY ~ STANDBY  STANC
a 3
LUMI Page 1 of 10581 Srows ¥ Next

Online run

> |ssues, conditions, CMS and LHC setup are logged in a dedicated DB

registry

CMS control room

\ O(minutes) )
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CMS DATA QUALITY

MONITORING

HLT/DAQ

Streamer files

“Online DQM” in CMS jargon
(RAW, histos)

D?" Main goal: promptly identify issues for experts to
macnines
act as quickly as possible = minimize data loss

I Monitoring elements (ME)
Two main limitations:

= One shifter oversees everything for 8h — fatigue
l and attention span play a role (automatic alarms
Y T— help to some extent)
%9 = Limited statistics at around 5% of all recorded

data (limited by compute)

Online run
registry

\ O(minutes) )

CMS control room

Roberto Seidita - Data quality monitoring in CMS



CMS DATA QUALITY
MONITORING

Streamer files
(RAW, histos)

s S DQM

machines

I Monitoring elements (ME)

o] Online
e DQM GUI
%@ DQM shifters @P5

]

Online run
registry

CMS control room

O(minutes)

)

Roberto Seidita -

HLT/DAQ Fljsles s e 'd DOM sequences @T0 >
Express stream

Offline Offline
DQM GUI DQM GUI

! [

u

Prompt Data
feedback Certification
(DPGs) (DPGs, POGSs)

All data is sent to the CERN
farm to be reconstructed

|

Concurrently, a set of simple, pre-
defined analysis pipelines are run

|

Output visualized for inspection

Offline run Offline run 0O | d in DB
registry registry utcome logged in

N O(hours) J L O(days) _J

Data quality monitoring in CMS



CMS DATA QUALITY
MONITORING

: “Offline DQM” or “Data
HLT/DAQ Flujsles s e "d DQM sequences @T0
Express stream Certification” in CMS jargon

Streamer files
(Fth sig ; Main goal: clean data from leftover
B, DQM issues (entire statistics avaliable)
- machines
Offline Offline fo) in limitation:
Monitoring elements (ME) DQM GUI DQM GUI neé main iimiiarnion:
l | = By default, data is aggregated over
i/ a “run” i.e., a time window in which
e DQM GUI .
l %9 the LHC and CMS are active
" Varying length, O(h
DQM shifters @P5 Prompt Data . ying IEhgm .( ) .
feedback  Certification Short issues can hide in good data
(DPGs) (DPGs, POGs) " Good data can be thrown out

] ] ]

Online run B Offline run _ Offline run — Golden
registry registry registry JSON

CMS control room

\ O(minutes) ) \ o(hours) - - o(days) -/
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A PROBLEM OF SCALE

The problem

CMS generates an enormous quantity of rich data

For every run (i.e., O(h) of data), ~10k observables are

plotted for inspection by experts

— |deally, go finer in time — limited by sheer volume of data

AD is the perfect tool for the job

Learn what normal data looks like

Flag issues at arbitrary granularity in near-real time

First steps in this direction already around 2017 [10.1007/s41781-018-0020-1]

Ro

berto

Se

idita - Data quality monitoring in CMS

Recorded event

Run / Evert /1 2 0 13082
‘ —
s "’ e
. -
“r
r 2 \ | B -
~ - . g B S B SR &
5‘ i . - S il
; ‘ /&
-
. 2 3 ( 2

@e;c‘ :' Lumisection (LS)

“"Run": thousands of LS

«GOOD» Run

0
/ Y

GOOD LSs BAD LSs


https://link.springer.com/article/10.1007/s41781-018-0020-1
https://link.springer.com/article/10.1007/s41781-018-0020-1
https://link.springer.com/article/10.1007/s41781-018-0020-1
https://link.springer.com/article/10.1007/s41781-018-0020-1
https://link.springer.com/article/10.1007/s41781-018-0020-1
https://link.springer.com/article/10.1007/s41781-018-0020-1
https://link.springer.com/article/10.1007/s41781-018-0020-1

ANOMALY DETECTION IN A

NUTSHELL

2 L e "  Model the distribution of “normal” data

-~ 0 £ *" Flag examples that are “different”

— Falls under the umbrella of unsupervised

. . Anomalies or semi-supervised ML

+  Background .

°

-4 —~3 —2 =l 0 1 2 3 4

Roberto Seidita - Data quality monitoring in CMS



THE ANOMALY DETECTION

PARADIGM

Modern unsupervised machine learning gives us a powerful new tool!

Training

Original input x l

Compare input and reconstruction

Autoencoder Reconstruction x

—_— —_—
e

Normal training data

Reconstruction loss

t Update weights to reduce the loss 4
1
: Freeze trained weights
1
~N
Inference l
Unlabeled inputs Trained autoencoder Thresholding Classification
: Threshold
°,® X x
- Decoder | — *~ h—— o0 X
Typical Flagged

Underlying assumption: the model learns a
“meaningful” representation of the “normal”
data, and will fail to encode-decode data
with a different structure

Error = threshold Error > threshold

Reconstruction error

-

\ -
rs) ? Training examples
g el Examples out of
= % training distribution
S
-— Z
Reconstruction error

Why? Train only on normal data, no need to specify what anomalies look like a priori

Roberto Seidita -

Data quality monitoring in CMS



UPGRADING THE
PIPELINE

A7

Streamer files
(RAW, histos)

DQM

machines

I Monitoring elements (ME)

o] Online
2 DQM GUI

%9 DQM shifters @P5

]

CMS control room

O(minutes)

)

Roberto Seidita -

HLT/DAQ Flujsles s e "d DQM sequences @T0
Express stream

Offline Offline
DQM GUI DQM GUI

I !

u

Prompt Data
feedback Certification
(DPGs) (DPGs, POGs)

!

\ o(hours) 7 - o(days) -/

Data quality monitoring in CMS

This is how the system operated during
the 2015-2018 data taking period

For the next run, from 2022 to 2026,
we needed an upgrade

Online run B Offline run _ Offline run — Golden
registry registry registry JSON



UPGRADING THE
PIPELINE

Physics streams [PeriSMEs 3 DIALS ML
HLT/DAQ . DQM sequences @T0 JSON
Express stream

machines 23s instead of an entire run

Offline Offline
Monitoring elements (ME) DQM GUI DQM GUI

l l Twofold aim:

=  Database with high-granularity
% %9 data for AD model training
" Host trained models to inference

. Prompt Data . .
eﬁg %%?/EEEE/?ESYIIHEP feedback Certification on new data in near-real time
(DPGs) (DPGs, POGS)

Two “m ”,
Online run Offline run Offline run ° . odes . .
registry registry registry = Purity: clean up transient issues

P5 = Efficiency: minimize loss of
\ O(minutes) J . ohours) 7 \© o(days) —/ good data

Streamer files . .
(RAW, histos, scouting) : A selection of metrics are
DQM aggregated and store every

Roberto Seidita - Data quality monitoring in CMS



An online example

The electromagnetic calorimeter

Roberto Seidita - Data quality monitoring in CMS



THE CMS ECAL

75’848 PbWO, scintillating crystals, each read out individually

Two typical problems:

: . : CMS Preli EB 2018 (13 Te
* Noisy cells manifest as higher than 17 T : Y : = : (ﬂ.. V) 30
average occupanc -
d pancy - 253
I n
* Low-response cells manifest as lower ! 50 5
d o
than average (or zero) occupancy 2 S
E 0 15 o
This data is gathered with LS granularity\ = - - I
|
i.e., every 23 seconds, in the online regime - E
05 3
Anomalies can be missed by human : : | =
operator over hours of shift 175 8 16 24 32 40 48 5 64 12 00
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THE CMS ECAL

= Train an AE to reconstruct the occupancy map as an image

ResNET-based architecture with conv layers for both the encoder and decoder

The pixel-by-pixel reconstruction error (loss map) makes anomalies evident

Lower false positive rate w.r.t. simple threshold on cell occupancy

EB

EB 2018 (13 Te

. CMSl Preliminary  EB | 2018 (13 TeV), ,CMS Prelimina

%] ]
o v

,_.
w
PU-Corrected Occupancy
i rI tow

00 -17 L
16 24 32 40 48 56 64 72 0 8 16 24 32 40 48 56 B4 2
1Qtow 1Qtow 1Qtow

Original occupancy map g Loss map of the AE Loss map after thresholding
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INtow

THE CMS ECAL

, CMS Preliminary

-170

Correct processing of the data is crucial (garbage in, garbage out), for example:

Because of collider physics, high pseudorapidity (1) regions have higher occupancy

But we still want the same relative discrepancies to be flagged — normalize by average

EB 2018 (13 TeV)

24 32 40
1Qtom

* Whole block off, but

* AE learned to expect
more hits at high 7, so

* Higher loss at higher i

leta

Average EB occupancy response
. CMS Preliminary 2022 (13.6 TeV)

—
'

i
1

1
+05!+06

|

1

—
N

PU-Corrected Occupancy

| ' "
112! +1.3E £141415!516! +17 +18

1 ] ] 1 1 ]

1 1 ] ] ] ]

i
'm i
i i
i | m
1

4
-
|
|
i

i

HL SR
01! 02 03| 04

85
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

iphi

Normalize loss to

Ntow

17CMS Prelimina EB 2018 (13 Te

30

25

20

15

10

05

72 0.0

Loss is flat over 1 for

average occupancy
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THE CMS ECAL

= This technology was deployed in CMS for 2022 data taking

= Strong performance on new data

EB _CMS Preliminary  EB 2018 (13 TeV)

» CMS Preliminary EB 2018 (13Te

_, CMS Preliminary 2018 (13 TeV)

._.
w
PU-Corrected Occupancy
INtow
[=]

00 -1."D 00

1Qtow 1Qtow

this this
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A “purity mode” example

The silicon tracker

ooooooo Seidita - Data quality monitoring in CMS



EXAMPLE: THE CMS SILICON
PIXEL TRACKER

1856 silicon sensors with 160 x 416 pixels each

Assembled in cylinders in the central part and
disks in the forward part

Sometimes, some modules fail temporarily in
unlucky ways

Roberto Seil




EXAMPLE: THE CMS SILICON CMIS preiminary 2025 1370
|
PIXEL TRACKER >
700
600
0
~
O
BPIX 500 8
)
=0 n=0.5 n=1.0 kS
L4 1 0 400 5
r=160mm ,’ -g
L3 / / 3003
r=109mm ,’
L2 ! / 200
r=68mm T -
'/
r=29mm L1 100
[ ] 50.0 cm #
CMS Preliminary BPix2 2025 (13.6 TeV) CMS Preliminary  BPix3 2025 (13.6 TeV) CMS Preliminary BPix4 2025 (13.6 TeV)
CMS Preliminary  BPix1l 2025 (13.6 TeV) Raw - Raw » = Raw
Raw : : - i i
= 1750
= 500 A
15000 2. :mE "' § B
(3 @ B 123“2 5
10000 © e 3 oS 2 o
N 2000 O -t e 4
o g 750 g 100
5000 5 3 b
g 1000 B0 200
0 @ 250 -
Module T T Module " Module
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EXAMPLE: THE CMS SILICON

PIXEL TRACKER

Latent

Representation
2025 (13.6 TeV)

2025 (13.6 TeV)

o 6
2 £ 4
5 & L 5
g 5 8 mp <o
3 Z o HEp L ¥
5 N o 44
&5 e
o}
¢ Module
\ ) | J \ J
Y Y g
X

Encoder Decoder

!

L =dist(x,x")

Roberto Seidita - Data quality monitoring in CMS
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EXAMPLE: THE CMS

PIXEL TRACKER

SILICON

(pazijewaou) -

Module

S121SN|d JO Jaquunp

4

Latent
Representation

Y |
Encoder Decoder

Reconstructed

Module

Ladder

'

Cleaned loss

4 3 w5 44 N 1 2 3 4
Module

Roberto Seidita - Data quality monitoring in CMS
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EXAMPLE: THE CMS SILICON

PIXEL TRACKER

CMS Preliminary 2024-25 (13.6 TeV)

] B Multi-Layer
800 0 Multi-Disk
B Single-Disk
v 600 -
L
©
g 400 -
c
<
200
0_

2024 2025

CMS Preliminary 2024-25 (13.6 TeV)

B Multi-Layer
0 Multi-Disk
I Single-Disk

=
wn
o

N
92}

Anomalies
=
o
o

1 2 3 4 5 6 7

Duration in LS

8 9 10 >10

We deployed the system online for 2024 data taking and it has served us very well

— Remove faulty data with 24” granularity, only when it affects physics

— All automatically!

Roberto Seidita - Data quality monitoring in CMS

Retroactively

applied to all data
collected since 2022




An “efficiency mode” example

Hadronic jets and missing
momentum
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MISSING TRANSVERSE

MOMENTUM

Some particles (neutrinos, maybe dark matter) cannot be detected in CMS

— We can sfill indirectly infer something about their presence by exploiting momentum balance

Visible fransverse momentum is not O

- ° ) Momentum conservation -/
Initial momentum in the I

plane transverse to the
R
MET = E P
i

beam direction is O

I
[
[
[
" Infer “missing” transverse momentum
y
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MISSING TRANSVERSE

MOMENTUM

MET is a very high-level quantity — literally a product of every single signal in the detector

— Affected by any issue in principle = powerful diagnostic tool, but traceback can be a challenge

CMS 2022 (13.6 TeV)
[2) T T e [
£ — Run 359751 (GOOD) |
T 108 Run 359763 §
— Run 360950
i
il Spectrum obviously unphysical, origin unclear
i
102;— =
10 3 A
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e 1.0
40 50

o 10 20 30
MET Significance [V GeV
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MISSING TRANSVERSE

MOMENTUM

MET is a very high-level quantity — literally a product of every single signal in the detector

— Affected by any issue in principle = powerful diagnostic tool, but traceback can be a challenge

Long-short-term-memory
autoencoder trained on
sequences of good data
slices

Each example is a
histogram filled over 23s
of data recording
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Roberto Seidita - Data quality monitoring in CMS

Reconstructed
histogram

Observable histogram

L)



MISSING TRANSVERSE

MOMENTUM
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i AE can quickly scan Removing 1 out of
Some runs show clear issues ) i ) i
the run in 23s slices 730 LSs fixes the issue

Systematically pinpoint localized issues in time, surgically remove them
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https://arxiv.org/abs/2407.20278v1
https://cds.cern.ch/record/2799472
https://arxiv.org/html/2501.13789v1
https://link.springer.com/chapter/10.1007/978-981-97-9536-9_4

THANK YOU

« Ce qui est admirable, ce n’est pas que
le champ des étoiles soit si vaste,
c’est que I’'lhomme [’ait mesuré. »

Jacques Anatole Francois Thibault




	Slide 1: Data quality monitoring in the CMS experiment at CERN
	Slide 2: The setting
	Slide 3: Our scientific goal
	Slide 4
	Slide 5
	Slide 6: CMS in numbers
	Slide 7: Cms data flow in a nutshell
	Slide 8: Cms data flow in a nutshell
	Slide 9: Cms data flow in a nutshell
	Slide 10: Cms data flow in a nutshell
	Slide 11: Cms data flow in a nutshell
	Slide 12: The endgame
	Slide 13: Cms data quality monitoring
	Slide 14: Cms data quality monitoring
	Slide 15: Cms data quality monitoring
	Slide 16: Cms data quality monitoring
	Slide 17: Cms data quality monitoring
	Slide 18: Cms data quality monitoring
	Slide 19: A problem of scale
	Slide 20: Anomaly detection in a nutshell
	Slide 21: The anomaly detection paradigm
	Slide 22: Upgrading the pipeline
	Slide 23: Upgrading the pipeline
	Slide 24: An online example
	Slide 25: The CMS ECAL
	Slide 26: The CMS ECAL
	Slide 27: The CMS ECAL
	Slide 28: The CMS ECAL
	Slide 29: A “purity mode” example
	Slide 30: example: the CMS silicon pixel tracker
	Slide 31: example: the CMS silicon pixel tracker
	Slide 32: example: the CMS silicon pixel tracker
	Slide 33: example: the CMS silicon pixel tracker
	Slide 34: example: the CMS silicon pixel tracker
	Slide 35: An “efficiency mode” example
	Slide 36: missing transverse momentum
	Slide 37: missing transverse momentum
	Slide 38: missing transverse momentum
	Slide 39: missing transverse momentum
	Slide 40: SUMMARY 
	Slide 41: THANK YOU


  ∼


  ∼


  ⟹


  ∼


  ∼


  →


  ∼


  ∼


  ∼ 1 − 3


  →


  ∼


  ∼


  ∼


  ∼


  ∼ 3


  →   ∼ 10


  ∼


  ∼


  ∼


  ∼


  ∼


  ∼


  ∼


  ∼


  ∼


  ∼


  →


  →


  ∼


  →


  →


  →


  PbW  O 4


  𝜂


  →


  𝜂


  𝜂


  𝜂


  ℒ = d i s t ( x ,  x ′ )


  x


  x ′


  →


  →


  →


  M E T =  |   ∑ i     p →  T , i |


  →


  →


  →


  →


  →


  →

