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CMS at Fermilab: Reminder

=  One of the pillars of the CMS collaboration (2nd largest group after CERN)

=  Major contributions in physics analysis, Phase 1 and Phase 2 upgrades,
reconstruction/simulation, and computing/operations

= As a testimony of the essential contributions made by Fermilab over the years,

Fermilab scientists selected to serve as high level managers within CMS:

- P. McBride (deputy spokesperson), B. Klima (Chair of Publication Committee)

- Phase 2 Level-1 Trigger project: J. Berryhill (L1 manager)

. Phase 2 HGCal project: J. Strait (L1 deputy manager, technical coordinator, L2 manager for engineering); Z.
Gecse (L2 manager for cassettes); J. Hirschauer (L3 manager for on-motherboard electronics); R. Lipton
(L3 manager for silicon sensors)

. Phase 2 MTD project: J. Butler (L1 deputy project manager); S. Traczyk (technical coordinator); T. Liu (L3
manager for ETL front-end electronics); A. Apresyan (L3 manager for ETL engineering)

. DAQ project: R. Mommsen (L2 deputy project manager)

. Physics, Performance, and Datasets Group: K. Maeshima (L2 manager for data quality monitoring and data
certification)

. Software & Computing group: S. Lammel (L2 manager for Facilities)

£ Fermilab
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CMS at Fermilab: additional management positions w.r.t July 2019

= Nick Smith selected as L2 manager for computing operations

= Don Lincoln selected as coordinator of QA/QC for the HGCal international
project

= Daniel Elvira selected as convener of the newly created "Code
modernization and performance group”

= Oliver Gutsche sclected as technical lead of the Portable Parallelization
Solutions project of the DOE Center for Computational Excellence

 Nhan Tran asked to be the lead the Al project in Scientific Computing
Division

= Joel Butler elected as DPF-Chair

£ Fermilab
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Awards and Recognition: New w.r.t Summer 2019

Nhan Tran, Early Career Award to expand particle collider research
capabilities using artificial intelligence

Jim Hirschauer, EPRA for leadership in CMS LHC Upgrade [...] while
spearheading ASIC development at Fermilab in the context of the HL-LHC
CMS Upgrade Project

Ron Lipton, EPRA for leadership of the Muon Scanner Project that won an
R&D 100 award

Steve Nahn, EPRA for outstanding leadership of the LHC CMS Detector
Upgrade Project

Fabio Ravera, 2019 IEEE Emilio Gatti and Franco Manfredi Best Ph.D.
Thesis Award in Radiation Instrumentation

Lindsey Gray, LDRD Graph Neural Networks for Accelerating Calorimetry
and Event Reconstruction

Nhan Tran, LDRD Accelerator Control with Artificial Intelligence
£& Fermilab
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Responses to
recommendations
from last PACs
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Recommendation from July 2019 o ¥

“We recommend the Laboratory in coordination with DOE,
support CMS/LHC in their request for recruiting new
personnel dedicated to supporting the HL-LHC and HPC
software and computing developments, as well as
continuing to support research associates.”

£ Fermilab
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Group Composition in FY20

The department has followed up on the succession plan outlined in the past
years

Hired an associate scientist with focus on the Phase2 upgrade and detector R&D for future experiments
®  Specialization in silicon detectors.
Hired an an associate scientist with focus on SW&C

Specialization in new architectures and new computing paradigms

The lab has approved the hiring of 3 more RAs (as planned within the FY20
budget)

Including RAs, the number of FTEs is still decreasing (46.5 in FY18, 41.2
budgeted in FY20)

Continued support to RAs through a healthy research program is absolutely essential to the FNAL CMS
program (analysis, upgrade, S&C)

To compensate for anticipated additional reduction in personnel (retirements,
transition of scientists to different experiments/institutions) and maintain the

capability to deliver on our commitments, strategic hires of associate scientists
IS expected in the near future

J€ H
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Recommendation from July 2019

“Given the crucial importance of the

CMS, |
]

ler-1 computing

resources for the CMS physics program, the PAC
endorses the request for replacement of end-of-life
equipment as soon as possible given budgetary
constraints. For the longer term, we recommend the
development of a computing transition plan in line with
DOE's strategic priorities, its international partners, the
needs of the experiment, and the timeline and resources
needed for the required software developments.”
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Quick update: USCMS Tier-1 performance in 2019

201 9 Claimed Cores on the Combined Tier 1 and LPC plus CMS on HEP Cloud
90000
min  max  avg Fulfilling its duties to CMS, largest Tier-1 site serving the
Hon0n = 2:;10 . ”“: zz::: mj: U.S. and most of the world
. a0 e o 2019 accomplishments:
B ———————— T * ramp-up of streaming PileUp to all sites for
60000 — HEP Cloud 0 54780 5713 MC production
* increased HPC usage through HEPCloud
50000 + Transitioning tape system to new technology
Performance CY19
SRR o Readiness for CY19 at 97.4%, down from 98.4% in
30000 CY1 8 . . o
*  Explained by various factors, age of facility
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History of Tier-1 Facility Investments

® Network ™ Tape ® Disk ® CPU

Actual i Requested
$6M : :
" Allowed by budget
Projected ! profile
Needs : /
$am \ :
= — I
— |
I
$2M :
|
|
I
|
$OM

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 201972020 2021 2022 2023

= 2016-2019

o Significant delays in Tier-1 equipment investments

o 10 provide resources requested by CMS, deferred retirement of
end-of-life hardware

Jt :
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“Aging” Fermilab Tier-1 Facility, Poses Additional Risks
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)

2020 Fermilab facility hardware age distribution in the

“Deferred Retirements” Scenario
Does not include additional $400k DOE program funds used to retire very old
disk

Fermilab will have to operate CPU and storage

equipment that is much older than “warranty + 3 years”.

Hardware under warranty is repaired/replaced by vendors. If older, this requires
Fermilab effort

We try to keep spares out of out each generation of OOW hardware

Have been able to adapt to past budgets, by moving
HW that violates our policy into the LPC analysis facility

Adding more redundancy to compensate for higher unreliability <» more
sysadmin effort needed to run facilities.

The “Deferred Retirements” scenario does allow
USCMS to keep up with CMS resource requests

However at a higher risks to facility performance and potentially higher
operations efforts

£ Fermilab
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Needs for the Tier-1 - a solvable problem

= In 2021, w/ start of Run 3, Tier-1 equipment refurbishments can
no longer be delayed, and for 2022 significant additional capacity

needs to be procured for CPU and disk storage.

o However, the flat funding profile for FY20 and FY21 does not allow to fully
“catch-up”on the delayed Tier-1 hardware investments.

= A supplemental one-time injection of funds for the Tier-1 would
reduce risks of running the Tier-1 with outdated equipment that
cannot be operated cost effectively, and prevent delays in
capacity increases required for the upcoming physics Run 3.

£ Fermilab
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Plan: Rebalancing Upgrades =» Operations Program for Tier-1 in FY21

= Costs are estimated at about $2.9M above the currently

planned budget level for Tier-1 equipment

o 10 be fully effective the funds should become available during early FY21
at the latest, for hardware procurements during the 1st year of Run3 and
commissioning for full use for the 2nd run year in 2022

= +32.9M in FY21 would allow Fermilab to bring CPU and
Disk servers back into “compliance”, in terms of useful

lifetime of equipment, and allow for the capacity increase

needed for Run 3: +30% CPU, +15% Disk, and +30% Tape

» The plan would be to spend $7.375M in FY21 on Tier-1 upgrades, after
which the Tier-1 budget would be brought back to the level of $2.5M in

the out-years
4& Fermilab
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May Agency Review of USCMS Operations Program

=  Recommendation from last ops review

“there is a tension between the needs of the US CMS HL-LHC upgrade project and those of the operations and
research components”

“some flexibility in the DOE funding profiles for operations, research, and HL-LHC upgrades would support
optimization of the overall US CMS program.”

“work directly with Fermilab management and the CMS HL-LHC upgrade project to develop coherent messages to
the agencies regarding budgetary needs, priorities, and overall CMS program optimization.”

=  DOE seems open to rebalancing between operations and upgrade to help with this
problem.
o Worked out with upgrades =» feasible plan for FY21
o Presented and discussed with lab management (CFO, CRO, research director)
and will be presented at the lab budget briefing to DOE in February

£ Fermilab
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ams |
Recommendation from July 2019 b1

“We recommend the Laboratory maintain the LPC at a
successfully functioning level with a long-term
perspective.”

£ Fermilab
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Fermilab LHC Physics Center (LPC)

= | LHC Physics Center: Established center of excellence for CMS. More than 500

users and 150 residents
Nearly 800 people participate in LPC-organized workshop and events, fostering interactions with theorists and

non-CMS members
o Co-led by C. Gerber (UIC) and S. Jindariani (Fermilab)

= Approximately 27% of all CMS papers have > 50% analyzers from LPC

= The LPC has transformed the way CMS educates young students and postdocs.

Record number of participants in CMS Data Analysis School and Tutorials =» almost 70 events per year in total
CMSDAS is currently ongoing (stop by to see how it works), participation increased over the last 2 years (now enables

to train ~70 students every year) — e e 3 K

o : o
MINNESEEA aws Montreal £
v St

sw’:“':;ﬁ“mfw = More than 90% of
& 5-,;, 7t USCMS institutions
S have members
e 5 affiliated with the

Contact map owner

=\ =.. | LPC

£ Fermilab
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Additional Needs for Research: plan for one-time supplement for LPC

= |LHC Physics Center “Distinguished Researchers” program has been
particularly hard hit by cuts

. Itis a centerpiece in supporting the LPC efforts and the US CMS research community.
. allows junior and senior scientists to spend time at the LPC, this way providing effort to run the LPC program

*  This for example includes the Data Analysis School and the Hands-on Tutorials, which are the training programs essential
to prepare and maintain workforce expertise for students and postdoctoral to participate and contribute to CMS
upgrades and operations.

= FY19 program was “resurrected” with additional funds being made available
from DOE, and addition relief provided from Operations
= Expected FY20 and FY21 budget level is below what is needed to fully fund

the next round of appointment cycles, to be called in summer 2020 and 2021.
. Aninjection of about $900K would allow that program to continue over the coming 3 years.

®  This one-time supplement will be of great importance for the preparations of start of Run3 and the first year of physics
data taking at Run 3 luminosities.
* |t will secure the training and support for students and postdocs, and thus play an important role in providing the

scientific personnel to help and support detector operations and the HL-LHC upgrade efforts that are ramping up
significantly during those years and rely on well-trained scientific personnel.

£ Fermilab
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cMs |
Recommendation from January 2019 |

“CMS plans to start using the new and unique Irradiation
Test Area at MTEST in April 2019 to validate sensors for
the Outer Tracker. The availability of this facility is critical to
meet the CMS testing and qualification schedule.”

£ Fermilab
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Irradiation Test Area

=  Under construction in old MuCool Test Area

experimental hall at end of Linac

o 400 MeV protons, 5e12 per pulse, ~40 pulses per minute,
12 hours per week to mitigate residual activation hazard

=  Shielding cave built. Beamline and user

infrastructure under construction.
o First silicon sample runs ~April until May 30 summer
shutdown
- Schedule driver is shielding assessment
- Other materials, cold box capabilities in Fall 2020

= [TA brings new valuable capabilities to the lab

- 10 experiments are amongst the potential users, CMS is
one of them

£ Fermilab
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Brief Status
Update - CMS

£ Fermilab
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CMS - Status of the experiment
LS2

Keep strip tracker cold to

HCAL Barrel (st plise: avoid reverse annealing

install SiPM+QIE11-based 5Gbps

readout
w% P S
Pixel detector:

* replace barrel layer 1 (guideline
250 fb-1 max lumi)
* replace all DCDC converters

v

Install new beam pipe for
phase Il

Civil engineering on P5 surface to prepare
for Phase Il assembly and logistics

¢ SXAS building

* temporary buildings for storage/utility

[ [/

. Near beam & Forward Systems

e BRIL BCM/PLT refit

* New Totem T2 track det

MAGNET (stays cold!) & Yoke Opening
* PPS: RP det & mechanics upgrade

* Cooled freewheel thyristor+power/cooling
* New opening system (telescopic jacks)

> 1

Coarse schedule:
¢ 2019: Muons and HCAL interleaved

* 2020: beam pipe installation, then
pixel installation

* New YE1 cable gantry (Phase2 services) T ¢

* Upgrade CSC FEE for HL-LHC trigger rates

* Shielding against neutron background —

Muon system (already phase Il): Y & 7‘ ¢
_— / / N

* install GEM GE1/1 chambers
22 Oliver Gutsche - 2020 January PUBLIC PAC Meeting - Report on the CMS experiment
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Long Shutdown 2:
2019-2020:

= Many activities to
be accomplished
N 2 years

= On track

- Accumulated only a
few weeks delay

£ Fermilab
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LHC schedule update

= S22 was extended by two months — such @:c.....
_I:ha_t the experimental Caverns Wi” be Closed TheLHdeIrestartlMay2021andRun3W|IIbeextendedbyoneyear.
on May 1st 2021

© CMS will make good use of that time to finish all LS2 work

= Extend Run 3 by one year — such that 2024 is
included in Run 3 and LS3 starts in 2025;

o CMS will have an updated schedule in April 2020 A new schedule for the LHC and its successor

The CERN Management has presented a new calendar for future accelerator

New LHC schedule

[ 2021 [ 2022
JIFImM{AM]s[s]A]s|o[N[D]J]|FImM[A[M]J[J]A o[N|p|J[Fm[A

J|A|S[O|N|D

. First 2 weeks

Second 2
weeks
echnical Stop .
4% Fermilab
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CMS - Status of the experiment

TECHNICIANS INSTIT

2942 1065 281 229

The Details

The CMS collaboration has around:

5507

ACTIVE PEOPLE

Of these members there are about:

1906 1036 1065

PHD PHYSICIS PHYSICS DOCTORA ENGINEERS
3 MEN, 337 WOM T TS 933 MEN, 13

51

COUNTRIES &

LL10

944 collider data papers submitted as of Dec 28

Totsl | Exotica | StandardModel | Supersymmetry | Higgs  Top | Heavylons

Band Quarkonia || Forwardand Soft @CD || Beyond 2 Generations | Detector Performance

944 collider data papers submitted as of 2019-12-28

New: CMS is writing Al papers that go through the collaboration-wide physics approval
process, using collider data and are signed by the whole collaboration:

= HIG-18-027 (CSBS*), A deep neural network for simultaneous estimation of b jet
energy and resolution (submitted 12/12/2019)

= EXO-19-011 (MLST*), A deep neural network to search for new long-lived
particles decaying to jets (submitted 27/12/2019)

*Computing and Software for Big Science (CSBS) journal
**Machine Learning: Science and Technology (MLST) journal

£ Fermilab
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CMS - phase 2 detector upgrade status

) Barrel Calorimeters NSF
L1 Trigger/HLT/DAQ. NSF and DOE » ECAL single crystal granularity in L1 Trigger
e L1 40 MHz in/750 kHz out with tracking for with precise timing for e/ at 30 GeV

PF-like selection e ECAL and HCAL new back-end electronics
e HLT 7.5 kHz out =

Muon Systems  NSF

¢ DT & CSC new FE/BE readout

© New GEM/RPC 1.6<|n|<2.4
* Extended coverage to |r|<3.0

Beam Radiation and
Luminosity,
Common Systems,
Infrastructure

Calorimeter Endcap DOE
¢ Si, Scint + SiPM in Pb-W-SS
* 3D shower imaging with
precise timing
Also known as HGCal

MIP Timing Detector DOE
* <60 ps resolution

e Barrel: Crystals + SiPMs
* Endcap: LGADs

Also known as “Timing Layer” (TL)

Tracker

e Si Strip Outer Tracker designed for
L1 Track Trigger DOE

* Pixelated Inner Tracker extends
coverage to |77|<3.8 NSF

25 Oliver Gutsche - 2020 January PUBLIC PAC Meeting - Report on the CMS experiment

All detector TDRs have
been released
Next:
e Trigger TDR
e Software &
Computing TDR
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CMS - Software & Computing update

Production Plan ‘Holiday Production Overview

: o
Au Sep Oct Nov Dec Jan Feb Mar Apr Jun Running cores ~

2019 | 2020 |

2 s 1
 17B data + 52B o finished « Data high-priority PD: | e Release 10_6_7 and o for Phase-2 HLT-TDR = Analysis = Cleanup == Harvesting == LogCollect == Merge == Processing == Production == Unknown
MC, better JES © Runs B,C;E certified - 1.5(4)B evts done GT available Run-3, and MWGR
EUGRETT ) o First Data/MC - redoing 2018D o Patch release for PU e Target date 17 Dec
 Data all done comparisons show | e MC started, about scenario being built  Validation report
* MC: 46(52)B improvements 4B events requested | e Relvals starting today

NanoAOD V6: UL-2017: UL-2018:

= Computing activity continues during LS2 almost unchanged
o Largest activities:
* legacy re-reconstruction pass of Run 2 data and new MC

* TDR and Phase 2 upgrade simulation

o Example: Holiday production sustained 250k cores
£& Fermilab
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Brief Status
Update - FNAL

J€
2E
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Fermilab CMS group - Recent physics highlights (1)

CMS 359" (13 TeV)
. . . o o 351 T T T T T T T T ]
= The Fermilab group is finalizing a broad S Moo Wone missssgnmen -- W (sacked |
T 30 :_.Lost/three leptons |:|7—>Iepton ¢ Data E
program based on the full Run 2 dataset 25 Cliosrors o o iy
aligned with P5 science drivers 20F ' }
- Standard Model 3 g | E

*  Searches for gluon fusion production of Higgs boson 10;‘ :

decaying into bb and cc; 5E  sadod)

*  Measurement of the VBS production of W bosons O e e ww oo ow ww DSFOSISFOS2SFOS

|<——m;-in —_— - m;-out —<Three leptons —

*  Searches for triple gauge boson production 1905.04246 ' Signal regions

. SUSY )
. . , ) . . e 107%g —r : 85.9 fb .(13T°V)4 CMS observed exclusion 90% CL
*  Wino-like charginos and heavy neutralinos decaying into  § 1o cMs Hocomg i
Wh & LSPs 510'”— i e DMeh(bb + 1y + Tx + WW + 22)
$10%F 4 DD observed exclusion 90% CL
* Higgsino-like charginos and heavy neutralinos in off mass %10k A — fnwvrsorsre)
10 ~ . COMSiito
shell gauge bosons bl § T et rzs0zude)
E } T [arXiv:1708.06917)
* RPV scenarios :g”' | — B rmare
By o ___ XENONIT
- Dark Matter 109 1 e
. . 10.45&_ !- [arXiv:1802.09016]
*  Search for Dark Higgs scenarios 107t - s -
*  Search for Self-Interacting DM 1908.01713 i (Ge]

£ Fermilab
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https://arxiv.org/abs/1908.01713
https://arxiv.org/abs/1905.04246

Fermilab CMS group - Recent physics highlights (2)

. . . . _ : ‘ 18.:? fb™ (1'3 TeV{
= The Fermilab group is finalizing a broad 5 1ol oM o :
program based on the full Run 2 dataset £ 1oh i
(Cont.) % 10‘% #INDF=19.2/13=15 T ;

) Exotica 10 Three wide jots

F p.>72GeV, i <25

107 Mol <1
° . e

Searches for semi-invisible jets to cover regions of phase : e E
space with very boosted objects WP e E

* Searches for long lived particles

Elg of
S 4f
* Searches for dijet resonances using events with 3 jets §g §
(1911.03761 4t j
. . S . . 400 600 800 1000
=  FNAL also continues its significant investment in the Dijet mass [GeV]
development of advanced tools to enhance the sensitivity 1911.03761
to challenging corners of the parameter and phase space
o Innovative tagging of bosons, deployment of machine
learning, etc.
£& Fermilab
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Fermilab CMS group - Upgrade activities

CMS

Oliver Gutsche - 2020 January PUBLIC PAC Meeting - Report on the CMS experiment

402 HL-LHC CMS Detector Upgrade Project
Project Office (402.0 NSF and 402.1 DOE) DOE scope
Project Manager: S.Nahn R CMS HL-LHC Liaison: P. Rumerio S
Deputy PM (NSF): A. Ryd ESH&Q Coordinator: T.J. Sarlina g W
Deputy PM (DOE): V. Papadimig'eu " Project Controls Lead: W. Freemarﬂf*
Associate PM: L Taylor =Je Project Controls Specialist: E. Moreno e
Associate PM: C. Wilkinson Project Finance (DOE): l.Teng ¢ DOE and
Project Scientist: C. Hill Project Finance (NSF): W. Franklin NSF scope
Education and Public Outreach:  S. Rappoccio Lead Systems Engineer: J. Dolph
402.2 OT Je 402.4 Endcap Cal. 402.6 Trigger/DAQ] 402.8 MIP Timing
L2: P. Merkel | L2: J. Mans L2: J. Berryhill, K. | F& L2: C. Neu
DL2: U. Heintz DL2: H. Cheung # Ulmer A DL2: . Chiebana, D. | 4o
Stuart ar
402.2.3 Sensors 402.4.3 Sensors 402.6.3 Cal Trig 402.8.3 Barrel
1 13: R. Demina - 402.4.4 Modules ™ L3:S.Dasu Timing Layer
L3: N. Akchurin, M. L3: A. Bornheim
202.2.4 Electronics Paulini 402.6.5 )
M 13:V. Gershtein, A. o | [ 402.4.5 Cassettes ey Correlator Trig :PZZBALEandcaP
Cahéba 13: Z. Gecse L3: K. Stenson iming Layer
i W [ L3: A. Apresyan #
402.2.5 Modules 402.6.6 DAQ
1 (3: M. Narain, L. 402.4.6 Scintillator - L3:R.Mommsen | &
Spiegel |# u Cal. e
- L3: T. Kolberg
402.2.6 Mechanics
| | L3:R.Lipton # T e
. ; 4. ectronics
t
(nterim] L and Services #
402.2.7 Integration 15:0. irschatier
L] L3: D.Berr JE
Y aF
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U.S. CMS - Phase 2 status update

= Received CD-1 approval end of December
o \Very positive CD-1 review at the end of October

= Two checkpoints in 2020
o (CD3a Review to approve long lead items: April 7
e Silicon Sensors, LYSO crystals, Outer Tracker Module Mechanics
o Independent Project Review/CD-2: November 17
* (CD-2 establishes Performance Baseline

- Scope depends on Federal Budget situation and adjustments to recently updated
LHC Schedule, maybe be better to defer and also achieve CD-3, “Ready for
Fabrication” in mid 2021

* |IPR required annually, if IPR, then aimed at assessing readiness for CD2/3

£ Fermilab
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Fermilab CMS group - Upgrade activities - Technical Focus

= Quter Tracker (Merkel, Canepa, Lipton, Spiegel, Berry)
Assemble 2250 Silicon Modules
Mount 1000 Modules onto Carbon Fiber Structure which comprises central section of inner 3 layers of CMS Tracker

= Calorimeter Endcap (Cheung, Gecse, Strait, Hirschauer, Freeman, Joshi, Lincoln)
Assemble 550 Cassettes
. Design/Fabricate Concentrator ASIC for on-detector data handling (so called ECON)
= Trigger/DAQ (Berryhill, Tran, Mommsen, Cavanaugh)
Develop and software/firmware algorithms for Correlator Trigger
. Procure and Deploy Data Logger
=  MIP Timing Detector (Chlebana, Apreysan, Bauerdick, Liu, Butler, Tkaczyk, Gray)

Assemble 4700 Endcap Modules
Develop and Fabricate Endcap Readout ASIC

= Technical progress proceeds on all fronts
In particular, Fermilab Test Beam and soon-to-be Operational Irradiation Test Area are keys to final design validation
RAs are an integral part of the Fermilab groups working on the upgrade. They are essential for FNAL to deliver on the
lab’s commitment and, at the same time, benefit greatly from leading high profile instrumentation projects.

£ Fermilab
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Fermilab CMS group - Software & Computing

Core Software
S. Muzaffar, M. Kortelainen

Simulation
V. Ivantchenko, S. Bein

User Support
S. Malik, M. Tonjes

Distributed Analysis
S. Belforte

Monitoring & Analytics
V. Kuznetsov, F. Legger

International CMS Software &

Coordinators CO m p utl ng PrOjeCt

M. Klute, D. Piparo

Computing Ops Dyn. Res. Provisioning
C. Paus, N. Smith D. Spiga, C. Wissing

Machine Learning * Upgrade R&D and TDR
M. Girone,

Generators * L1 Software **

A. Grosjean, Q. Li V. Rekovic

Computing Resources Board

D. Bonacorsi

3

Machine Learning: the call is imminent

Workload Mgmt Devel § Reconstruction Resource Management
K. Lannon, A. Perrotta, S. Krutelyov J. Flix, D. Lange

Release Planning Ops Upgrade Software Submiission Infra

S. Donato, J. Letts, A. Perez-Calero

Facility Services
G. Bagliesi, S. Lammel

Web Services & Security
A. Pfeiffer,

DPOA *#*

K. Lassi-Perini E. Carrera

* Joint with Physics
** Joint with TSG
*** Joint with CB
Mandates here

U.S. CMS Software & Computing

Ak
i
R

Software & Computing
O.Gutsche/Fermilab
T.Bose/U.Wisconsin, deputy
M.Votava/Fermilab, deputy

Facilities HL-LHC R&D
D.Mason B.Bockelman
(Fermilab) (Morgridge)
JLetts M.Hildreth
(UC San Diego) (Notre Dame)
P i
Software ! Blueprint |
S.Sehrish ] D.Lange !
(Fermilab) 1 (Princeton) :
K.Lannon | EWirthwein |
(Notre Dame) ! (UC San Diego) |
Operations
K.Majewski
(Fermilab)
K.Bloom
(Nebraska)

Operations Program

Lol

International CMS Software & Computing and the U.S. CMS Software & Computing Operations program are very
interconnected, shown are areas where Fermilab CMS scientists are involved in the management
. Fermilab scientists (and computing professionals with guidance from scientists) are involved in leadership and
execution of almost all aspects of CMS Software & Computing

June 2019: Out-of-the-ordinary opportunity to brief DOE (Siegrist, Patwa, Chatterjee, Colby) about the breadth of

the U.S. CMS Software & Computing R&D
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Fermilab CMS group - Software & Computing activities

=  CMS facilities and computing operations (Lammel, Smith)
Workflow operations, data management, facility operations

= Software development (Elvira, Mrenna, Pedro, Gray, Hall)
Core software (framework), Simulation software (Geant), Generators (Pythia), Reconstruction software (tracking,
HGCAL) =» new architectures (GPUs, FPGAs, ...)

= Analysis frameworks and facilities R&D (Pedro, Gray, Gutsche, Smith, Cremonesi)
Columnar analysis, Coffea, Spark and analysis facility concepts

=  Machine Learning R&D (Tran, Gray, Pedro, Liu, Cremonesi, Klijnsma, Herwig)

Development of deep learning applications for reconstruction and analysis optimization, Fast inference on FPGAs
Fully aligned with Fermilab Al efforts

= Facilities R&D (Gutsche, Jayatilaka)

HPC leadership class facility access R&D
Data management, organization and access R&D

= Computing model evolution (everyonel)
Evolution of the CMS computing model

=  Management of International CMS and U.S. CMS (Lammel, Gutsche)

Facilities Management, Operations Program Management

£ Fermilab
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Summary & Outlook

Recommendations have been addressed
» Pending the approval for rebalancing from DOE (expected)

= CMS is on track to complete the LS 2 shutdown activities, making
progress on phase 2 upgrades and continues to deliver excellent
science while preparing software and computing for Run 3 and
HL-LHC

= Fermilab is making major contributions to all these accomplishments

= Anticipated departure of personal in CMS department (retirements) of

concern
» Refining succession plan to maintain our capabilities and deliver on our commitments
(physics, phase 2 upgrades, software & computing, operations for Run 3 and HL-LHC)
£& Fermilab
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