Multi-MW v Beams for DUNE

7

LBNF/DUNE Project — Phase I: : B Fhase

_ 6
« By 2032: 1.2 MW proton beam (120 Phase II: no FD upgrade

GeV, MI) on target + near V-detector i

+ 20 kton LAr v-detector in Lead, SD :
. Expected rate of “physics” outcome -[/% *‘t S

up to ~3cin §p, in the first6 years ! 4

Snowmass 2021

00190°€0Z¢/sqe/bio"Axie//:sdpy

LR 32
(also AmZ,,, Sin20,5, Sin220,; )
+ Togetto ~50 will take too long, plus - 2 -
competitor experiment Hyper-K in " 4

50% of &, values

“12Mw | 24 Mw

Ll I g 4 =B I Ll 1 0 14 l Ll 1 l g 1 -3 l L
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Proposed LBNF/DUNE Phase Il : Years

17

Japan (30 GeV J-PARC p beam) 1t

« By 2038: ~2.4 MW proton beam + new near V-detector + extra 20 kton Lar v-detector
* Expected to get to ~5c in §¢p in the following 6 years

07/22/2022 Shiltsev | Accelerator Frontier
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Accelerator-v synergistic aspects:
RPF & IF :

Experiment | sectors | VPves | CLV P Mo

2028 after STS
Booster « 2000+ users 5

« Hierarchical materials, time-
replacement resolution and small samples | 0.7 MW

(beam upgrade) AF :

28 MW

Synergies at the 3 Gev

38 mA

Lepton flavor violation: p-to-e conversion
Lepton flavor violation: p decay

PIP2-BD: ~GeV Proton beam dump
SBN-BD: ~10 GeV Proton beam dump
High energy proton fixed target

Electron missing momentum

Nucleon form factor w/ lepton scattering
Electron beam dumps

Muon Missing Momentum

Muon beam dump
e machine level 0tz
uon collider and neutrino factol
" cnine ievel as - >
Rare decays of light mesons | /
Ultra-cold neutrons -
Proton storage ring for EDM and axions We I I aS h S I CS
Tau neutrinos |
Proton irradiation facility
Test-beam facility . . FTS
Figures from SNOWMASS neutrino
colloquium by M. Toups 2 MW
45 pulses/sec
Neutrino Factory (NuMAX) N
Proton Driver Front End |Cool- | Acceleration | Storage Ring v Factory Goal:
ing . 0(10%") wyear
Y G within the accelerator
5 GeV acceptance
H 5 20 = 5| w 0.2-1 1-5 ——— %
2 é B3 E £ 8 % GeV GeV " '
> ~o® € o ¢ » u-Collider Goals
o w35 = ki
s s S ‘2% : ; '_‘: Accelerators: o RIE/E
9 1 o -~
< < ;8 2 £ E Single-Pass Linacs 14,000 H\gg?/yr
= (Opt. RLA or FFAG) Multi-TeV =
Lumi > 10%cm?s!
_ __Share same complex
Muon Collider (Muon Accelerator Staging Study) l
Proton Driver Front End Cooling Acceleration Collider Ring
1 a
-] 5 |53 5 5|2 8
ik 5 § [e3£2%|s¢E¢p > 2
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Rare Processes & Precision Measurement Frontier

Co-Conveners
This Frontier explores fundamental physics _ _
with intense sources and ultra-sensitive
detectors. It encompasses seeking tiny
deviations from Standard Model expectations
in properties and transitions of elementary
particle and searches for extremely rare

Marina Artuso

Alexey Petrov Bob Bernstein

processes. (Syracuse U.) (Wayne State U.) (FNAL)
RFO1 Weak Decays of b and c Angelo di Canto Stefan Meinel
RF02 Strange and Light Quarks Emilie Passemar Evgueni Goudovski
RFO3 Fundamental Physics and Small Experiments Tom Blum Peter Winter
RFO4 Baryon and Lepton Number Violation Pavel Filievez Perez Andrea Pocar
RFO5 Charged Lepton Flavor Violation Sacha Davidson Bertrand Echenard
RFO6 Dark Sector at Low Energies Stefania Gori Mike Williams

RFO7  Hadron Spectroscopy Tomasz Skwarnicki Richard Lebed



II: >20 Proposed Experiments For Rare Processes

(most via Snowmass Whitepapers)

Searches for DM, axions, EDMs, CLFV experiments, muons, light mesons, beam dump

experiments...calls for corresponding beam facilities @FNAL,SLAC,Jlab,SNS

. Experiment | Primary beam| Beam Energy .
Experiment type particle [GeV] Beam power [KW] |Beam time structure
Electron beams:
Proton Sorage Ring: EDM and Avicn Searches Erec's"’"‘“'s‘ prokn ez fef! plarized proons per fil | Fillthe ring every 1000s .
e ~ GeV to multi-GeV
. ) ) proton (producing e O u I = e
Fhecs with Muonium Precision tests surface muors) 08 GeV 1e13pm1 FOT per second cw
: . : electron or profon 1 nAto 10 microA for electrons, |A continuous or pulsed structure (ideally with a duty factor of % or larger)
Nucleon Electromagnetic Form Factors from Lepton Scattering | Neutrino (producing muors) 085G/ 102GV |10 10 108 per second for muons | shadd be suficient
RareDams  of Light Mesons (REDTOP) Precisiontests. | prokon 1822G¥ (Runl),08- | 003005 (Rl 0(Rusland | ) o oracion for R | P rOtO n b €ams.
9 : w 092 (Runll), 17 (Rwn ) 1y -

Ultra-cold Neutron Source for Fundamental Physics . —
[rperiments, Including Neutron-Ant-Neutron Oscillaons Precision tests proton 082 1,000 quasi-confinuous

] Not crifical 08 toa few confinous beam on the timescale of the muon lifeime i.e. profon pulses
e o ecae ) e GeV e separated by a microsecond o less. The more confinuous the better ~2 GeV CW—Ca pa ble beam

pulse width 105 of rs or befter separated by 200 to 2000 ns. Flexble time
plesl Ry e 15 . structure and minimal  pulse-to-pulse variation
Fixed Target Searches for new physics with O(1 GeV) Profon | Dark Sector, <O(1micro s) pulse width for neutrino measurements, <O(30 ns) pulse
[Beam Dun Netino e WBOTE:Y et vidh for dork meter searches, 10{-5} or beter duty factr
FRIS\VHike Chaged Lepton Flavor Vidlation CLFV profon 1-3 GeV up to 2MW 15 pulses ata rep rate of about 1 kHz
Flecron Missing Momentum (LDMX) DakSeclor |dlectron ~3G fo~20GeV 0(”"’“’“"’;'”[:;"‘”“’& Oish ~2 GeV pulsed beam from
1020} electrons on target over : .
Electron Beam Dumps Dark Sector electron few GeV the experiment alruniime Puised beam (duty factor not specified) sto rage rlng NlMW
Proton Irradiaion Facity R&D proton E'“igy's"’ &y 1e18 protons inafew hows | Puised beam (duly factor not specified) |
[SBN Neurino proion B 2 AHz \
Muwe CLFV [proton 8 8 <I0N-10) etinction \
Fixed Target Searches for new physics with O{10 GeV) Proton | Dark Sector, Beam spills less than a few microsec with separation befween spills
penioy L : i e [ ~8 GeV pulsed beam ~1MW
Muon beam DarkSector m)"’m"‘g I mos | =M "“’:’m :‘:9" or low | P
IMuon Colider R&D and Neutrino Factory R&D prolon 5-30GeV 1ef2 to 1e13 profons per bunch | 10 - 50 He rep rate and bunch length -3 ns \
Muon Missing Monentum Dark Sector :l(;:)(pmdmmg e mocy | 0 mu:zrewermm Pulsed beam (cidy faclr ot specified)
i B s e pakSEA | cn o100 GeY) fef2 POTl tereore ~20ky | 2 resrent esacian. “F v coud up the cty fctr tat el che
no even better'(?) .
" T2, lower swrgies | 101 100 ¥ on e eting _ 120 GeV Slow extractionor

 Test-Beam Facility R&D proton P e apparats Puised beam (duty factor not specified)
[Tau Neutrinos Neutrino proton 120 1200 or higher M| time sfructure L B N F be am

In many cases, existing or planned facilities can be and should be fully utilized!



Cosmic Frtler Co-Conveners

The Cosmic frontier includes probes of the ':‘
fundamental nature of dark matter and dark '
energy, and opportunities using astrophysical
and cosmological data to learn about

.

b |

fundamental physics. Aaron Chou Marcelle Soares-Santos Tim Tait

(Fermilab) (U.Michigan) (UC Irvine)
CFO1 Particle DM Jodi Cooley (SMU) Tongyan Lin (UCSD) Hugh Lippincott (UCSB) Tracy Slatyer (MIT)
CF02 Wavelike DM Joerg Jaeckel (Heidelberg) Gray Rybka (UW) Lindley Winslow (MIT)

Chanda Prescod-

CFO3 DM Astro Probes  Alex Drlica-Wagner (FNAL) Weinstein (NH)

Haibo Yu (Riverside)

CF04 DE & CA Th? Jeff Newman (Pittsburgh) Jim Annis (FNAL)  Anze Slosar (BNL)
Modern Universe
CF05 DE & CA Cosmic Clarence Chang (ANL) Deirdre Shoemaker Laura Newburgh (Yale)

Dawn & Before (Georgia Tech.)

Dark Energy

CF06 :
complementarity

David Schlegel (LBNL) Brenna Flaugher (FNAL) Vivian Miranda (Stony Brook)
B.S. Sathyaprakash Rana Adhikari Ke Fang Kirsten Tollefson

CFO7 Cosmic Probes Luis Anchordoqui (CUNY) (Penn State) (CalTech) (Wisconsin) (MSU)



Big Questions

® What is the fundamental nature of the dark matter? How does it fit in with the Standard
Model and what would we learn by detecting it ?

® Does it manifest as individual quanta (CFl)...or as collective waves (CF2) ?

® Can we further refine our understand of its properties based on cosmic observations

(O K
® What is the nature of dark energy and cosmic acceleration (CF4 & CF5) ?

® |s the dark energy dynamical? What is the physics of cosmic inflation? Are there other
cosmological transitions whose existence we can infer ?

e Can we constrain or discover ultra-weakly interacting or super-heavy components of the
Universe ?

® How can we use our existing and planned facilities to extract information that is more than
the sum of the individual parts (CF6) ?

® How can we use cosmic probes to learn about fundamental physics (CF7) ?




Dark Matter Mass
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ctions, dark radiation, ligh

a secluded dark sectors

« bosons >

fermions >
wave-like DM particle-like DM

‘Delve Deep, Search Wide’ . .
employs a range of direct searches The next 10 years, including future

for WIMPs interacting with targets Generation 3 direct searches for
on Earth, indirect searches for WIMPs and axions, combined with

ihilati ducts, i T .
annihilation products, and cosmic future indirect observatories, a
probes based on structure, to

scrutinize priority targets such as program of smaller scale searches,
WIMPs and QCD axions, while and key inputs from cosmic probes,

broadly.scannlng parameter space, results in broad coverage.
leaving no stone unturned.




Theory Frontier

Co-Conveners
, !I!Ei
, —_

The goal of the Theory Frontier is to
articulate the recent advances and future
opportunities in all aspects of theory
relevant to HEP, including particle theory,
formal/string theory, cosmological and
astro-particle theory, and quantum

B

&

information science. Nathaniel Craig | Csaba Csaki Aid EI—Khara
(ucsB) (Cornell) (uUluc)
TFO1 String theory, quantum gravity, black holes Daniel Harlow Shamit Kachru Juan Maldacena
TFO2 Effective field theory techniques Patrick Draper Ira Rothstein
TFO3 CFT and formal QFT David Poland Leonardo Rastelli
TFO4  Scattering amplitudes Zvi Bern Jaroslav Trnka
TFO5 Lattice gauge theory Zohreh Davoudi  Taku Izubuchi Ethan Neil

TFO6 Theory techniques for precision physics Radja Boughezal Zoltan Ligeti

TFO7 Collider phenomenology Fabio Maltoni Shufang Su Jesse Thaler

TFO8 BSM model building Patrick Fox Hitoshi Murayama Graham Kribs

TFO9 Astro-particle physics and cosmology Dan Green Joshua Ruderman Ben Safdi Jessie Shelton
TF10 Quantum information science Simon Catterall  Roni Harnik Veronika Hubeny

TF11 Theory of neutrino physics André de Gouvéa Irina Mocioiu Saori Pastore Louis Strigari
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~OUTASS HEP Theory @

138 white papers submitted

lays the foundations for

unifies the frontiers future experiments

of particle physics /\

connects to gravity, Fundamental Phenomenology central to the motivation,
cosmology, gstrophysms Theory analysis, and interpretation
nuclear physics, interconnected of experiments
condensed matter, AMO, scientific eco system
mathematics . .
closely aligned with responsive:

experiment propose new directions based
advances our on data
understanding of Nature in Computational propose/guide new experiments
regimes that experiment Theory develop new analysis tools
cannot (yet) reach

incorporates new perspectives (Ql, ML) and technologies
to extend the boundaries of our knowledge
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A AUMAS -

Fundamental Theory

TF01 Holography (AdS/CFT) + QI (entanglement entropy)

w Quantum Error Correction

(/ \>

= black hole
information paradox

X. Dong

Leverage advanced QFT methods for
state-of-the-art gravitational wave predictions

(L
'S 2

— M= &

Z. Bern + E. Herrman + M. Solon

8/6/22

TF02
new EFTS for DM, GWs, CM; SMEFT = new applications
A
SMEFT ;5
z ¥ =z
Fermi’s theor :_< . .
+ Svor QCD g2 £ fundamental principles
o T™ s ©  (symmetries, naturalness,
stavorqep | 4 unitarity, analyticity, causality,...)
Ay ~1[GeV|
Non-pert .F,FTs with : ; ] E Sl L g new tOO|S
. v .\Ilfnucl-?ons 8% ~ 200 MeV) __%E
P resporse funetons =7 P. Draper + K. Zhang
TFO3

Bootstrap = the use of
symmetry and other principles
(unitarity/positivity, crossing)

¥ ‘ ‘ e ‘

/ —

* = X
to constrain or determine a / Ly e,

physical quantity. ——

‘\./  flat space \ /

time

Tao Han @ CPS

CFT 4-pt fn =
V' N\ limit / \
bootstrapping - >
quantum gravity S. Pufu
36




THEORY FRONTIER

~MUTS -

Phenomenology

TF05/06  precision SM theory for flavor physics (EFT + loops + lattice QCD) TFO7
= BSM constraints .. or discovery
Cabbibo anomaly muon g-2 jet substructure
bounds on NP scales
. I W A a— =
3 °| | FHm19 v M : A l
’ acacors e M o - ‘ gl % _
e o O || il el | A '
R el 357 s SRR S "
" e ot i WERO. e 3 ¥y ¥ ? f g e
A. Kronfeld el | S “lﬂﬂﬂﬂ“ "
O. Witzel i o M . = ke A
R. Boughezal v q(nj“‘ﬁ:"’jxm“’ e collide?' physics
and QCD
TFO06 [. Moult + J. Thaler

Precision Higgs: EW @ 2 loops
PDFs @ NNLO, pQCD @ N3LO da, < 1 %

& ol ATLAS Preliminary  —o, .,
F s Hoopy OHoZZ'otl 8 OCD scale uncerarey ]
syst unc, 8 TOL UNCErt. icae o F0F.a)

m, = 126,00 GeV.

o gof. ¢ comb. data

——— UV R—>

Interpreted
through lens of
cosmology

new observables, multi-point correlators leveraging
ML/AI, computational methods, connections to fundamental theory

] e

@\

Ry €(0.3,04)

«— Theory to Experiment —>

Computed
through lens of
conformal field theory

gical to Formal

Analyzed
with public
collider data

precision SM theory for collider physics
(EFT + loops + PDFs+generators)

= SMtests < 1% ...ordiscovery

2 s s

E=7TaV, 450
f5-8Tev, 2030
f5=13TeV, 13300 () 1480" (229 7]

=3
T

7 8 9 10 " 12 13

R. Boughezal e

- LO NLO

= NNLO = N3LO

8/7/22

Tao Han @ CPS

TFO8
new paradigms: hidden sectors, new symmetries,

split spectra, neutral naturalness, ...
= new search strategies and constraints

cosmic selection of EW vacuum

V(¢z The solution: what turns on when my2 goes negative?

S~ Vev gives quark masses
which give axion potential.

“Relaxion”

[Graham, Kaplan,
® Rajendran ‘15]
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THEORY FRONTIER

Phenomenology

TF09/10
pursue new physics discoveries with new technologies for new experiments
NMR KIDs SRF cavities  atomic clocks /interferometers < SQL SC qubit
P v
L [
SNSPDs nonlinear optics optically levitated dielectrics LC circuits
TF1 1 Neutrinoless Double-Beta Decay

v new mass scale:

Charged Lepton Properties
e Loe! g Cosmic Collider

TF08/09

DM

Dark Sector Candidates, Anomalies, and Search Techniques
zeVaeV feV peV neV peV meV eV

QCD Axion

keV  MeV GeV  TeV PeV 30Mg
Sterile Neq_tﬁno WIMPs

Ultralight Dark Matter

Theory contributes everywhere:
Dark sector candidates
connections to anomalies

- - -
Hiddén Thermal Relics /\WIMPless DM Black Holes

|| e
SIMPs / ELDERS ~ Asymimetric DM
- - |
X-ray Lline Beryllium-8 |
—
[ Muon g-2
| > l'
|Small-Scale Structure|

Coherent Field Searches

proposing new experiments
enabled by new technologies

—> | | &>
Nuclear and Atomic Physics | Microlensing

Direct Detection (Low—Tm‘gshoId and Spln—lDependent)

Ac&e\rators // ‘ J Feng

Beta Decay
explore the space of — High Energy Collider
BSM theories _ Meson Decay - _ o
Oscillations Leptogenesis
b — .
oW keV MeV Gev TeV PeV EeV zev  Mnew
U cross sections across all energy *—i _x® *—g °.
scales in the SM and beyond: ~0 <.
needs broad program combining e% @
nuclear many body theory + EFT + R (s o-tody Quaricand gluon
LQCD + pQCD
8/7/22

Fundamental theory (bootstrap, EFT, ...) + cosmology + observation

Inflation (Primordial structure) Inflation

(Primordial
Gravitational
Waves)

3
N
7]
Dark Energy
Modified
Massive ® Gravity
galaxy
clusters Y
Sub-halo
probes of
Dark Matter
= i
Typical
galaxies

Galaxies and transients emitting in optical

wavelengths and spatially resolved.

VR T AR
Hot dense state. Detectable relics include
CMB, gravitational waves and neutrinos.

|
Galaxies and gas emission at redder
wavelengths and spatially dense.

Tao Han @ CPS
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THERY FRONTIER

-

Computational Theory

TF10
Quantum simulations on NISQ hardware: developing the infrastructure

Low-lying spectrum of SU(2)
with matter in 1+1 D on IBM

Real-time dynamic of pure SU(2) with

8 VQE circuil 1o prepare baryon and vacuum states

global irreps on IBM Mn"’ e
S o 5 == T Te
WA A s

VQE preparation of the baryen mass
Nt BL0BLL00

o 20}
0.25} =
~ 0.20} 15| 'SU(2) “proton’
4 015
L .10 1 Discrete holography
0.08
0.00} 9

0.0 01 0z 03 04
time

S. Catterall + N. Klo + Z. Davoudi

TFO05 Lattice QCD: expanding the scope from precision to complexity
a; . .
X-dependent PDFs multi-nucleon matrix elements
ey —_ 0. 0. O e
= 2 g @ o e e ouik
gl m P—
S s 0. L V.
; e 0 @ cowuion
e o nucleon MEs (gA,
e NEDM....) ) + Lattice calculations as a
it o 4 “numerical laboratory” push
el s — the boundaries of our
o ™ T g 7" knowledge of strongly-
e : L - coupled physics - e.g.
e T = 4 holography tests in N=4 SYM
P, | e ™S
— [ 4 Z. Davoudi + A. Kronfeld+
P ) E. Neil + M. Wagman
8/7/22

" ML/AI

The importance of ML for Collider Physics.
CEEEEEDO®

development of new ML methods for gauge
theory generation
applications to observables

Z. Davoudi+C. Krause

Tao Han @ CPS 39




Instrumentation Frontier
Co-Conveners

IF is geared to discussing detector
technologies and R&D needed for future
experiments in collider physics, neutrino
physics, intensity physics and at the
cosmic frontier. l

»

A

¥

Phil Barbeau Petra Merkel Jinlong Zhang

(Duke) (FNAL) (ANL)
Topical Group co-Conveners
I[FO1 Quantum Sensors Thomas Cecil (ANL), Kent Irwin (SLAC), Reina Maruyama (Yale), Matt Pyle (Berkeley)
IFO2 Photon Detectors Juan Estrada (FNAL) Mayly Sanchez (ISU) Abigail Vieregg (Chicago)
IFO3  Solid State Detectors&Tracking Tony Affolder (UCSC) Artur Apresyan (FNAL) Lucie Linssen (CERN)
IFO4  Trigger and DAQ Darin Acosta (Florida) Wes Ketchum (FNAL) (Séerzgg::;e MEIERBT
IFO5 Micro Pattern Gas Detectors Thomas Schwarz (Michigan)  Maxim Titov (SACLAY) Sven Vahsen (Hawaii)
IFO6  Calorimetry Andy White (UTA) Minfang Yeh (BNL) Rachel Yohay (FSU)
IFO7  Electronics/ASICS Gabriella Carini (BNL) Mitch Newcomer (UPenn) John Parsons (Columbia)
IFO8 Noble Elements Eric Dahl (Northwestern) Roxanne Guenette (Harvard) Jen Raaf (FNAL)
IFO9 Cross Cutting and System Jim Fast (PNNL) Maurice Garcia-Sciveres (LBL)  lan Shipsey (Oxford)

Integration

IF10  Radio Detection Amy Connolly (Ohio State)  Albrecht Karle (Wisconsin)



Instrumentation Frontier

Wiki: https://snowmass21.org/instrumentation/start

The Instrumentation Frontier is geared to discuss detector technologies
and R&D needs for future experiments in collider physics, neutrino
physics, intensity physics and at the cosmic frontier. It is divided into
diagonal topical groups with some overlap among a few of them. Synergies
between the different topical groups, as well as with other Frontier groups
and research areas outside of HEP will be paid close attention to.

“New directions in science are launched by new tools much more often than by new
concepts.

The effect of a concept-driven revolution is to explain old things in new ways. The effect

of a tool-driven revolution is to discover new things that have to be explained”
Freeman Dyson

8/7/22 Tao Han @ CPS 41



Computational Frontier
Co-Conveners

The Computational Frontier will assess the
software and computing needs of the High
Energy Physics community emphasizing
common needs and common solutions
across the frontiers.

Steven Gottlieb Ben Nachman Daniel Elvira
(Indiana U.) (LBNL) (FNAL)

Topical Group

Topical Group co-Conveners

CompF01  Experimental Algorithm Parallelization Guiseppi Cerati (FNAL)  Katrin Heitmann (ANL)  Walter Hopkins (ANL)

CompF02  Theoretical Calculations and Simulation  Peter Boyle (BNL) Daniel Elvira (FNAL) Ji Qiang (LBNL)
CompF03  Machine Learning Phiala Shanahan (MIT)  Kazu Terao (SLAC) Daniel Whiteson (Irvine)
Storage and processing resource access . o . . Frank Wiirthwein
C FO4 Wahid Bh NERSC
omp (Facility and Infrastructure R&D) an! Jnfi ) Meifeng Lin (BNL) (UCSD)
. Gavin Davies Peter Onyisi (U Texas Amy Roberts
C FO5 End |
omp nd useranalysis (U.Mississippi) at Austin) (UC Denver)
CompF06  Quantum computin Travis Humble (ORNL) Gabriel Perdue (FNAL) Martin Savage
P puting (U Washington)
CompF07 Reinterpretation and long-term Kyle Cramner (NYU) sabine Kraml (Indiana) Matias Carrasco Kind

preservation of data and code (lllinois/ NCSA)



Computational Frontier Recommendation:

Computing as a P5 science driver - 2022

Computing is essential to all experiments and many theoretical studies

« Data volumes, detector complexity, precision required in calculations and simulation
will continue to grow in near- and far-future experiments and surveys

» Size and complexity of the software and computing is commensurate with that of the
experimental instruments; projects may also need software-detector codesign

« Software and Computing (S&C) is a global endeavor, efforts should be coordinated with
worldwide partners

S&C technologies are changing the face of high energy physics

— Trend towards computing hardware heterogeneity and specialization, and increased
use of high-performance computing facilities

— AI/ML not on the horizon in 2013, now widespread in every HEP area

— Quantum computing is entering the stage with potential impact on quantum
many-body systems, event generators, data analysis, etc.

8/7/22 Tao Han @ CPS 43



This Frontier covers requirements for
underground science to succeed, including
underground lab development, low
background methods, and interdisciplinary

synergies.

Topical Group

UFO01

UF02

UF03

UF04

UF05

UF06

Underground Facilities for Neutrinos

Underground Facilities for Cosmic Frontier

Underground Detectors

Supporting Capabilities

Synergistic Research

An Integrated Strategy for Underground
Facilities and Infrastructure

Laura Baudis
(U. Zurich)

Co-Conveners

ﬂ

Jeter Hall
(SNOLAB)

Topical Group co-Conveners and Liaisons

Co-conveners

Accelerator Neutrinos
Tim Bolton

ovBB

Patrick Decowski

Danielle Speller

LXe DM
Kaixuan Ni

Low Mass
Scott Hertel

Gravity Waves
Laura Cadonati

Radon
Richard Schnee

Nuclear Astrophysics

Jeter Hall
John Orrell

Laura Baudis
Kevin Lesko

LAr DM
Emilija Pantic

Cleanliness
Alvine Kamaha

Geo-microbiology
Daniel Robertson TBD

Assay

|
| (N

Underground Facilities & Infrastructure Frontier

-3

A L ‘l
Kevin Lesko John Orrell
(LBNL) (PNNL)
Liaisons

Neutrinos

Albert de Roeck
Astronomical v

Gabriel Orebi Gann

Particle DM

Hugh Lippincott

Jodi Cooley

Instrumentation

Eric Dahl

Instrumentation Frontier
Maurice Garcia-Sciveres

Low Background

Brianna Mount

TBD

Geo-engineering

Qls, ac

Maurice Garcia-Sciveres

Early Career
Pietro Giampa

William Thompson



Underground Facilities & Infrastructure Frontier (UF) supports the
execution of science from other Frontiers, notably:

* Neutrino Frontier

* Cosmic Frontier

* Rare Processes and Precision Frontier

* Frontier Objectives & Goals
* Determine science programs performing research in underground facilities

Collect information on existing underground facilities & infrastructure (supply)

Collect current/future needs for science in underground facilities (demand)

Compare demand to supply (gap analysis)

Analyze to generate a recommendation for an integrated strategy for
underground facilities & infrastructure



Community Engagement Frontier
Co-Conveners: \

The objective is to improve and sustain strategic
engagements with our communities in order to draw
support for and strengthen the field of particle physics,
while playing key roles in serving those communities.

g

Kétévi Assamagan Breese Quinn

(BNL) (Mississippi)
Topical Group Topical Group co-Conveners

. Farah Fahim Alex Murohk Koji Yoshimura
CommO1  Applications & Industry (FNAL) (RadiaBeam) (Okayama)
Comm02 Career Pipeline & Sudhir Malik Julia Hogan Aneliya Karadzhiniva-Ferrer
Development (UPRM) (Bethel Univ.) (Ruder Boskovi¢ Institute)
Comm03  Diversitv & Inclusion Mu-Chun Chen Johan Bonilla Carla Bonifazi Cindy Lin
Y (ucl) (UC-Davis) (UFRJ) (SNOLAB)
: . Randy Ruchti Sudhir Malik Sijbrand de Jong
4 Ph E
Comm0 ysics Education (Notre Dame) (UPRM) (Radboud)
Commo5 Public Education & Sarah Demers Kathryn Jepsen Don Lincoln A. Muronga
Outreach (Yale) (SLAC) (FNAL/Notre Dame) (Nelson Mandela)
Cormmo6 Public Policy and Rob Fine Louise Suter Brajesh Choudhary
Government Engagement  (Rochester) (FNAL) (Delhi)

CommO07 Environmental and Social Ken Bloom Véronique Boisvert Mike Headley
impacts (Nebraska) (Royal Holloway) (SDATA/SURF)



Community Engagement Frontier

CEF: Frontier-wide

It is critical that we all agree on the importance of everyone working together to organize and develop our
ongoing efforts in CE in a coherent manner focused on improving our HEP community and achieving the
vision for our field

A structure must be established within HEP for taking ownership and responsibility for implementing CEF
recommendations and monitoring their progress across the entire field

All stakeholders form a P5-equivalent panel to shepherd CEF recommendations
o Must have direct connection to multiple streams of resources
o As opposed to P5: agencies fund/implement projects, so P5 lives within
DOE/NSF
Review CEF integration in Snowmass
o Perhaps do major work on field-wide CEF planning asynchronously,
enhance participation

Staffing for the group tasked with implementation and monitoring
Research and surveys on existing work and activities
Developing monitoring and evaluation tools/rubrics
Tangible support for researchers participating in all areas of Community
Engagement

o e.g.in grant, hiring, performance reviews
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Snowmass Early Career

DPF EC Early Career representatives

(1). To represent early career members and
promote their engagement in the
Snowmass 2021 process and

C- I s

(2) to build a long-term HEP early career
community that persists after the
Snowmass process.

Fernanda Psihas, 2019 Sara Simon, 2020 Julia Gonski, 2021/2022
(Fermilab) (Fermilab) (Columbia)

*Who we are: early career (EC) physicists brought together by Snowmass
process

- Historically “Snowmass Young”

- Building on a huge amount of EC interest during original nomination
call (April 2020)

- “Early Career” = ~10 years from highest degree guideline, including
engineers/technicians; guideline not a hard rule!
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It is crucial to engage our early career colleagues:

* #1 motivation: physics and science for junior colleagues
* Educate the next generation

* Discussions on special issues/problems relevant to EC

* Build a community

Two arms of the organization:
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A message from HEPAP (JoAnne Hewett)

Passing the Baton

Snowmass was WONDERFUL!!!
—
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Snowmass results will be critical input to P5 cnacmpo i | 1 tesﬂ_m'k”f[eg%'lﬂla S%
+ The hard work was impressive and is an important documentation of i ﬂilzki lh an w- Eh muchfﬁakﬂmin i
- . =(0 [aloh maith aga
visions for our field []h"[]adﬂ“’ msuknya kop khuwgmﬁ il 3 i =
Turning towards P5 - mB[CI

* Every idea presented at Snowmass will receive due consideration

* Report is not written .
P Next chair for P5:

* Decisions are not made

* P5 will take a fresh look at our project program

* P5is a process and the process will be followed
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Timeline for Snowmass Book ﬁ

Snowmass 2021

Snowmass Timelines
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July 17-26, 2022
Community Summer Study
UW - Seattle

Contnbuted paper submission

Preliminary TG reports
Preliminary Frontier reports

We are finally |

2013 Community
Summer Study

on the Future of
U.S. Particle Physics

Organized by I
the Division of Particles and Fields ||
of the American Physical Society |

Conveners' Reports

Minneapolis, Minnesota
July 29 - August 6, 2013

Frontier Executive summaries

Final TG/Frontier reports

You have produced

more than 500
whitepapers !!

Snowmass Book (SG) & on-line arXiv docs

March 15: Contributed papers (a.k.a. White Papers)
May 31: Preliminary Topical Group Reports
June 30: Preliminary Frontier Reports

July 17 — 26: Converge on reports for all the frontiers and produce
executive summaries representing the views of their communities and
providing the basic input needed tfor P5

September: draft Executive Summary and Report Summary
October- November: Snowmass Book finalized and ready for submission

f' “\ |
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Cover from Snowmass
2013 report, ~ 350 pages
The new report will be
~500 pages

All Contributed Papers
will remain part of the
permanent record of
Snowmass



Snowmass 2021 Summary
(Prisca Cushman)

Snowmass 2021

The Beginning of a new era

The peak is fundamentally connected to the unseen mountain range
The failure of minimal extensions to the Standard Model implies a much richer sector to explore.
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wwtﬁﬁll the new experiments ready to push deeper into every

frontier, we all feel the excitement of being poised for an explosion
of new data and answers to the questions posed a decade ago.
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Future perspectlves are bright & exutmg' S
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