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Collaboration

« Muon g-2 is a relatively small HEP experiment

* Part of Fermilab Muon Campus o

MUON 6-2 38.5mi (62km)

e ~200 collaborators from 7 countries

* Very young community (40% under 35 yo)
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I Muon g-2 primer

* The Muon g-2 Experiment (E989) measures the anomalous
precession moment of the muon very precisely

- Goal: repeat and improve BNL (2001) measurement with 4x precision
* A beam of polarized muons circulates inside a storage ring
* The magnetic field is measured by NMR probes

 Decay positrons carry the precession signal and are detected by
calorimeters

B

________________________________________

Momentum
Spin

The muon precession frequency is
influenced by the interactions with
all possible virtual particles
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The Muon g-2 @

15 meter wide dipole
superconducting magnet
Inflector, kickers,
quadrupoles, collimators
for beam insertion

386 NMR probes

Moving trolley with 17
probes

24 calorimeters

2 tracker stations

Laser calibration system
Auxiliary detectors: TO,
IBMs, Fiber harps

TN

b MO I~ /> 7| A lot of components
orimeters ' 3/ n ” /, I and detectors
Sl s s Y 1) — a lot of data!

NMR probes L e Quadrupoles s
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I How much data?

« 12 bunches of muons every second

 Muons circulate for 700 us, generating
~2000 positron hits on calorimeters

e 1296 calorimeter channels @800 MHz

« 2048 tracker channels @400 MHz

« One subrun (2 GB) every 5 seconds

e 24/7 running for 4-7 months each year

e Currently running 5th year of production
— Collected ~6 PB of raw data so far

— Plus simulation ~1.5 PB
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Raw  Nearline Offline Field
1.0 PB - 2.2 PB 29 TB
1.1 PB 11 TB 2.5PB 48 TB
1.3PB 18TB 2.0 PB* 87 TB
2.3 PB 35TB 0.2 PB* 98 TB

*Under production
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I How do we see data?

e Online with Midas DAQ / DQM

* |nstantaneous feedback from all components

* Fraction of data gets displayed with Plotly

MIDAS

Start: Sun Nov 14 10:43:44 2021 Running time: 1h06m52s

1636912232 11:50:32.219 2021/11/14 [Logger,LOG] File /dataSSD1/gm2/gm2_run46241_00270.mid' CRC32C
checksum: 0x316b1flc, 2029888286 bytes

MIDAS
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plotly
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SOURCE MONITORS click on channel to select the trace

COEE

E3ES

. W lastevent W <last 100 events> W lastevent
Equipment fiber number
Equipment + Status Events Events[/s] Data[MBIs] Trackers Eield
EB I EGiilder@g2helaGoV 56422 160  136.939 Average hits per TDC (ast 20 events) Fitered Mean Frequency and Setpoint
MasterGh2 I MESEEMZ@ZhE B 56405 113 0.001 .
AMC1300 I AVCISI@EAIIN 56440 173 0023
AMCL301 [ AMCI301@g2calo0102-data | 56394 133 3.905 o
AMC1302 I ANCIS02@0a2ca00102 0N 56906 160 5.349 A A sy
Aramannn L asamannas A _i_naAa aa R 51365
56406 16.0 5.401 os
56406 16.7 5.425 e
B 56409.--15.3..--4.535...J.... Py S s 23
Saby Start: Sun Nov 14 11:14:27 2021 Running time: 0h36md6s 56424 ] ety — tensepans
— ot range pper
B data Nov 14th 2021 | . -~ e
(Siop) Alarms: On Restart: On Data dir: home/newg2/gm2Datal 5639¢ eam a a ov L taseaerens | o et | oersowcones [JEER
e 5640{ o _l NUMBER 46199 EVENT 2366553 N. LM ISLANDS (for each channel)2 N. SM ISLANDS (for each channel)2
1636912089 11:48:00.554 2021/11/14 [Logger,LOG] File "home/newg2/gm2Dataigmafield_run24360_05.mid' CRcazc || 56406 167 5.455 LOCAL MONITORS click on channel to sefect the trace
checksum: 0x9f9fceb3, 2704036467 bytes 56406 15.3 5.477 0 g 0 = = =
56394 133 3.763 ! ‘ ‘
5639 Cluster Reconstruction; 7831405 clusters
5640
Equipment + Status Events Events[is] Data[MB/s] 5640 MM
Fixed Probes Fixed Probes@g2field-fe2-priv 1832 0.7 2.096 -
PS Feedback PS Feedback@g?2field-fe2-priv 2020 1.0 0.002 5640
Plunging Probe Frontend stopped ) 0.0 0.000 5640
Surface Coils Surface Coils@gZ2field-fel-priv 73 0.0 0.000 5640
Fluxgate Fluxgate@gZ2field-fel-priv 148 0.0 0.000 564062 )
Ref Frequency Ref Frequency@g2field-fel-priv 221 0.0 0.000 5640 = ‘
Trolleyinterface Frontend stopped 17926 34.0 3.144 g
GalilFermi Frontend stopped 674 17 0.011 56408 |
5640 ’
56408 . i = ik
- - 56400 - ™ - "
Channel Events MB written Compr. Disk Level - - -
#0: gm2field_run24360_06.mid.gz 4306 13222589 747% [392% | P_ G Iro tt| | M uon g - 2 ex p errmen t
Lazy Label Progress File Name # Files Total
toraid 100% gm2field_run23940.json 325630 5570.3%



I How do we see data?

¥ axis:
ctag_per_fill

X axis:

un

 Nearline for fast turnaround analyses
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 Simplified reconstruction of the data ~30 minutes after

acquisition

* Interactive plots with Bokeh

e Web visualization of ROOT trees

Rolling Average Window: 0

Show Rolling Average (vs. Run Only)
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Read a ROOT file

JSROOT version 59.1 7/01/2021

ffiles_strippedigmznearline_histsOnly_

Rea cocu how 0 open iles from aes srvers

Load || Reset
open all close al | lear
'8 gmanearine_histsOnly_rund6189.root
¢} B o neatinerisiTes
0 calol
) calozil
3 calo31
3 calos;1
) calos;1
£ calog;1
3 caloTit
3 calogi1
3 calogi1
) calo101
O calotL;1
O calot21
) calo131
) calot41
) calo1s1
) calo161
3 calot7:1
3 calo1g:1
3 calo19:1
9 calo20;1
3 calo2t;1
) calo221
) caloz3i1
) caloz4i1
i allCaloEnergies;1
i alCaloEnergiesZoom:1
i alCaloWiggle:1
{& alCaloEnergiesVsTimes:1
ualCaloTimes1
& alBankSizes;.
i, GPUCTag:L
o, nearlneCTag;1
o XalCTag:1
{4 alXtalEnergy:1
3 clusterTree
) 0Analyzerd
] iomsAnalyzer1
) CoincidenceFinderLM:1
1 CoincidenceFinder MWide:, — ~

Run number time comment nEvents
[searcn | [searcn | Search | [searcn | | [searen
8 2021-11-10 01:32:11.796052 production 103545.0 Y
46157’ 2021-11-09 23:32:05.258684 production 102702.0 Y
e
46186 \ 2021-11-09 21:02:09.319796 idle run 0.0 T
46185 \ 2021-11-09 20:47:04.427447 idle run 0.0 T
46184 \ 2021-11-09 19:42:12.897917 alternative mode run 100461.0 T
46183 ‘ 2021-11-09 18:07:05.400655 alternative mode run 2287.0 T
46182 2021-11-09 17:52:10.623573 standard mode run 0.0 T
46181 2021-11-09 17:42:04.655508 Double Pulse Odd=0 Even=60 0.0 L
46180 2021-11-09 17:37:10.919716 Double Pulse Even=0 Odd=65000 0.0 s
46179 2021-11-09 17:27:04.378694 Trolley run 0.0 T
gm2nearlinefhistsOnly_run46189.root/nearlineHistTreefallCaloEnergiesZoom;1  *
T Method, all calos
allCalowiggle
Z 14000 — Entries 4282437
H- Mean 51787
I Std Dev 49066
120001
10000
8000
6000
4000(+—
2000—
— 3
ol 1 I N ST L /X110
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I Reconstruction flow

* With Muon g-2 we get one
value, but many pieces are
needed

 Many analyses but all
iInterconnected

Solid reconstruction \
software and
framework are crucial! ap
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Database
e Hardware, connections

a e Calibration constants

* Slow control data
* Data quality cuts

f
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Data reconstruction

art

=—

Dynamic library /O handling Even;a:::p &

« Offline with full reconstruction of the loading
data for full-fledged analyses ;

Provenance
generation

a r Run/Subrun/ . _
a t Event stores Messaging Configuration

- Made for HEP phySiCS https://art.fnal.gov/

e We use art framework

- Highly modular

Code you use from the
framework

- Seamless transition between
simulation and real data

- Non trivial learning-curve to climb
« ROOT/C++ based software

 Code repository with version control

- One of the first Fermilab
experiments to use git

- Hosted by Redmine
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I Database

CRPN

« Database estensively used for both online DAQ configuration

and offline data reconstruction

« Big effort during last year to transition critical reconstuction
parameters and calibrations to a condition database supported

by Fermilab SCD
« PostgreSQL interface

* Interval Of Validity based on run, subrun, event numbers

Run

Subrun

Event

>.>
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Postgre
database

Terminal interface with psql
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NN .
B Running on GRID <

L] L] [ ] Campaign Stage FullProduction-Run3C-5218A 11920
* Production jobs run on Grid

Batch Job Status p Active Job Status P Batch Job Efficiency
\’/ o . idle jobs running jobs

- B Ot h 0 n S i te a n d Offs i te Eéild ““3% gig 0 0 f§u§fﬂci8en3 rgm30ry§ff8ency

- 5000 reserved slots for g-2 at ...
all times

- Data I/O is handled by SAM,
IFDH and FTS

 POMS interface

Campaign Stage Job Type

phiy 5
L r P ﬂ}d u ctlon Name: FullProduction-Run3C-5218A

1:11920

tion/v9_71.(

Operations
Management
System

Recent Launch Outputs
- Useful tool to keep track of e | [ ][] e -

h 1 h 1 t t h + 2021110119293 Jiangii_1051740 [ ¥ n > o »
W I C V e rS I O n a a a S e a s + 20211101_160544_gm2pro_t051622 ([l ¥ " > o »
. 2021110170935523m29f°,1051416m V n » a »

H + 20211101 082244 Jiangii 1051381 [« u > s »

een reconstructed wit s ooy N U U0 BB O

+ 20211031 230550_gm2pro_1051092 ([l ¥ " > 8 » hadd- hadd fack} mRIDQE-RunsG-B1130

+ 20211031 222009 Jiangii 1051070 [ & u > 8 »
+ 20211031.095640_liangii_1050716 [ ¥ n > o »

- Automatic slicing of dataset, B 10 e

recovery of failed jobs and grid A — -
bmi y ith J tab J POMS roles SR
submissions with crontabs . gm2pro

e gma2shifter

e gmZ2analysis

un3.fclgm2offline_calorecoWDQC_run3afcl,gm2offline Qaloreco_rund.fclgm2offline trackreco_run

Campaign run_v9_66_00_Production  Save

- Frequent monitoring is useful

to ensure job success
11/15/21 P. Girotti | Muon g-2 experiment 12 /20
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l RunningonGRID S

* Production job monitoring N

- Grafana for user efficiency and trend plots
- More than 5 million jobs over the last year Grafana

Running Jobs by User

1-year trend

Size of active files catalogued

Total Jobs Run

2422636
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 Important piece for g-2 physics, parallel to data taking

« Many simulation packages for the various parts of the beamllne
and the storage ring 1D |

- MARS (Proton target)
- BMAD (beamlines & g-2)
- G4beamline (beamlines)

- Gm2ringsim (injection & g-2)

B : NERSC's Cori
COSY (g-2 storage ring) LS dBELOPS Cray XC40 machine

« Complete simulation of fields, beam dynamics, muon decays,
and detector interactions in the storage ring

* Making use of HPC computing @NERSC New!

- Via HEPCloud

— First production completed with 10 B events
11/15/21 P. Girotti | Muon g-2 experiment 14 /20



I Challenges (1)

Gantt

Challenge:

<R

Istituto Nazionale di Fisica Nucleare

- Many datasets (~50), each of them has to pass through a 4-

step procedure
Solution:

- Rolling production, with well defined steps and parallel

execution of them

- Requires good coordination and many people looking at
different datasets every time

RRRRR

wwwww

RRRRR

nnnnn

RRRRR

RRRRR

nnnnn

RRRRR

RRRRR

nnnnn 0

wwwww 0 T

Pro scheduler

Rolling production scheme

Pre_prod uction Subset A Subset B Subset C
Calibration Subset A Subset B Subset C
Full production Subset A Subset B
DQC analysis Subset A
P. Girotti | Muon g-2 experiment 15/ 20



Challenges (2) S A

 Challenge:

- Too few production experts and too much data to process
 Solution:

- Implemented a shift calendar

->Ju 0 this week <- | from the pull-down menu. B
similar to online-DAQ shifts
Week Of (Starting Day) 16 Nov 2021 23 Now 2021 30 Nowv 2021 7 Dec 2021 14 Dec 2021
Pre-Production BU ~ |FNAL w | Institute w |Institute = | U of Kentucky
" N ErD = = = = -
- Whole collaboration is now — : : : :
Full-Production (shifter A) nstitute v |Institute: ~ |Comei - [insttute = | of Kentucky
. . . 2 . 1.00 pts = Tl = bl [
Full-Production (shifter B) Johannes Gutenberg University Main: = | /n=0i00e w [Institute « |U of Massachusetts ~ |FNAL
involved with institution guotas - -
Expert on call
A) U of Washington ~ |U of Virginia ~ |U of Michigan = |Johannes Gutenberg University Main: ~ | Johannes Gutenberg University Mair: ~ |4
[] [] [] 0.50 pts. - - M =
J— Subru ) nstitute = [ U of Michigan ~ | Institute - [anL | U of Massachusetts
Ig effort In makin =T
Expert on call

documentation and checklist Shift calendar
user-friendly and optimized!

EEE T to be done Please update each time you work on a task! Datas et statu S

In progress 0Ongoing (long task) Experts: please put "Uploaded” when you upload new constants
Uh-oh problem encount: ered Experts: please convert "Uploaded"->"Done" when migration finished

Unladed o b mraied spreadsheet
All done!

Constants analysis (experts)
Pre-staging | Pre- 2nd stages hadd stages IFG OO0F Ql Laser DQC Kicker DQC TODQC Channel status| Pre-staging | Full ion (test)| DQC (test) | Full p i Recovery Subrun DQC -

11/15/21 P. Girotti | Muon g-2 experiment 16/ 20
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Challenges (3)

 Challenge:

- When an error is uncovered, a dataset is reprocessed using
the full reconstruction

* Solution:
- Expanded artto include data merger mechanism

- Tracker data (which is computing intensive) will be
processed separately and then merged with the production

files

) [ RootInput ]
- OngO|ng prog 'ess L[ RootInputFileSequence ]
I"[ RootInputFile ]
L.[ RootInputTree ]
L[ RootDelayedReader ]

r[ EventMergerFileSequence ]

[ EventMerger ]
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I Challenges (4)

 Challenge:

All production data is backed up on tape, and
fast-acces disks can’t hold all the data (many
PBs!)

When files are needed, pre-staging process
copies them to disks (dCache).

Experiments typically compete in a queue to
get access to the common read disk pools

The system is not designed for peak loads

Can experience pre-staging delays during
these peak periods

e Solution:

Working with Fermilab Scientific Computing
Division to mitigate

11/15/21 P. Girotti | Muon g-2 experiment
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Read cycle
FTS and SAM

pre-staging

R

TAPE DISK

\J
Computing node
Virtual machine

End user

-~ With the rolling production |
~ scheme, we need 5-6 datasets
| prestaged at all times! |

18 /20



INFN
I Challenge (5)

 Challenge:

- File bookkeeping and metadata is handled by SAM
(Sequential Access via Metadata)

- It's an evolution of the Fermilab Tevatron Run 2 storage

system
- SAM is unlikely to scale in the long term future of huge
datasets
« Solution (proposed): \j
- Upgrade to RUCIO RUCIO

- Modern, file-based, quotas and lifecycle management

- “Manages multi-location data in a heterogeneous distributed
environment”

- No metadata catalog, working on integrating metadata into
RUCIO to eventually completely replace SAM

11/15/21 P. Girotti | Muon g-2 experiment 19/ 20
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I Summary

« Muon g-2 is a relatively small experiment, but all the data must
be produced and analyzed with precision and reliability

* A lot of improvements in the software since the first data
acquisition (2017)

* Highlights:
v Database integration
v Data reconstruction shifts and Grid interface with POMS
v Simulation running at HPC centers

 Some challenges with 1/O and data handling but we are working
on them

 Run 2-3-4 data under reconstruction and analysis

https://muon-g-2.fnal.gov/

|
Thank you! pgirotti@fnal.gov
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