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What is Snowmass :
“Snowmass is a particle physics community study”

Snowmass 2021

Snowmass provides input

to P5 (Particle Physics

Showmass 1.572 }/YS Project Prioritization Panel)
which develops

a 10-20 yrs strategy for
the US HEP program

~7}’T30f PS ~1Yr

Particle Physics
havd WOY’/{ Project Prioritization Panel

DOE/ NS F Particle Physics is global
Particle Physics is not isolated

whttps://www.snowmass21.org/



Previous Snowmass/P5 (2013/14)

Snowmass 2021

« Major accelerator-related recommendations:
— Contribute to LHC and HL-LHC done, in Pmcessl
— Engage in the ILC in Japan, contribute if it goes unclear
— Build >1 MW proton source PIP-Il for v LBNF/DUNE In prlJ[:ESS‘
— Provide beams for g-2 and mu2e experiments  done, in prncess\
— Reassess Muon Accelerator Program and MICE @

Buuldmg for Dlscovery

icle Phy Global €

» -
« Afollow-up 2015 Accelerator R&D subpanel Accelerating Discovery
A Strategic Pilan for Accelerator R&D in the U.S.

recommended several thrusts : _
— Beam Physics (incl. IOTAand PIP-l1) I} process
— Sources and Targets (incl. multi-MW) in DFUCESS‘
_ RF (high-Q, high-G, low cost) in process
— Magnets and materials (16 T, low cost) In prucess‘
— Advanced acceleration (towards wakefield colliders)
in process
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Few Examples — Facilities/Programs

Nb;Sn IR quads for HI-LHC

CD-3 project Ay W
be ready LS3 % ,:
FNAL TN %
BNL
LBNL

\_

/(completed) ILC@Fermilab
1st 1.3GHz full CM with beam

FAST facility gvl I

ILC type beam &
31.5MeV/m
255 MeV/CM
=G, Q, specs
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Fully assembled magnet

m?(;under construction) AUP LHC) (1

(construction started) PIP-II h

800 MeV proton SRF linac
@FNAL

Goal: 1.2MW for
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in 2029 -
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Snowy

aaFew Examples —

Accelerator R&D
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(back to current) Snowmass’2021

Snowmass 2021

« Started in 2020-> ~1 yr COVID delay -2 finish 2022:

— Community of ~3000 people, incl. international
— Snowmass CSS Workshop in Seattle next week (please, join!) >600 people
— Final report to P35, that starts in September’22 (for ~ a year)

* 10 “Frontiers”: Energy, Theory, Cosmic, ... Accelerator
Accelerator Frontier — Key Questions:

What is needed to advance the physics?

What is currently available (state of the art) around the
world?

What new accelerator facilities could be available on
the next decade (or next next decade)?

What R&D would enable these future opportunities?

What are the time and cost scales of the R&D and
associated test facilities as well as the time and cost
scale of the facilities?

s W Ne


http://seattlesnowmass2021.net/

Snowmass 2021
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Accelerators for EW/Higgs
Multi-TeV Colliders
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Processes
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Accelerator Technology R&D
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Sub-Group Magnets

Sub-Group Targets/Sources
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Snowmass Activities: pre-Seattle

Snowmass 2021

Proponents’ Inputs Letters-Of-Interest  White Papers

257 114

« AF1: Beam Physics, Education & General 61 24
» AF2: Accelerators for Neutrinos 18 9

« AF3: Accelerators for EW/Higgs 32 11

« AF4: Multi-TeV Colliders 56 10
» AF5: Accelerators for PBC and Rare Proc. 37 7

» AF6: Advanced Accelerator Concepts 71 10

AF7: Accelerator Technology R&D 137 43

PLUS » > 30 Topical Workshops

«» 8 Cross-Frontier Agoras
s All types of colliders: ee, linear/circular, mumu, pp, advanced
¢ Experiments and acceleratosr for rare processes physics
*» Special cross-Frontier Groups (e.g., AF-EF-TF)

« eeCollider Forum, Muon Collider Forum, Implementation Task Force
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Accelerator Frontier Summary

Snowmass 2021

= Now — Draft Report Only, will be finalized in Seattle

= AF Topical Group, ITF and Fora Summaries — mostly available

= Below, only few topics will be briefly covered:

= Accelerators for Neutrinos

= Accelerators for Rare Processes/DM Searches
= Future Colliders

= Key Accelerator R&D

= For each - key “messages” (vision):
» Proposed directions (“what”)
= Timeline (“when™) — e.g., by 2030, after 2030
= Challenges (“what’s needed”)
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24 1. Multi-MW v Beams for DUNE

Snowmass 2021

; | T
LBNF/DUNE Project — Phase | : s —FNAL-M‘UZ_O GeV) ?gfnwpm)
= 50l ==—IJ-PARC (30 GeV) | { i
« By 2032: 1.2 MW proton beam (120 & PIP-1l 800 R~
p— 2
GeV) on target + near V-detector + 20 > sb e :
kton LAr v-detector in Lead, SD & |l sl
* Expected rate of “physics” outcome — up % oL 55kW |
to ~36 in d¢p, in the first 6 years (also o RF Upgrades
AMZ,,, SiN20,,, SiN220,5) 5 T ind. 2 ham RF
i e 05k & -
To getto ~50 W|II_ get too long, p_Ius — % Magnet PS Upgrade
competitor experiment Hyper-Kin Japan®™ 2 | = 8 Pws
2013 2016 2019 2022 2025 2028 2031 2034 2037 2040
Proposed Plan - LBNF/DUNE Phase Il : 7
. Ph I
By 2038: ~2.4 MW proton beam (120 GeV) on target + 6:_- e
new near V-detector + extra 20 kton Lar v-detector 5:_ ............... TN n0 R mamae,
« Expected to get to ~5¢ in 8.p in the following 6 years - B Phase o
* Accelerator options proposed/under active study now: % T =
— (understand max performance and limits with PIP-II linac) ° 3:_ ................................................. | oS——
— New 8 GeV RCS [two options] with/w.0. new 1-3 GeV linac upgrade i /
— New 8 GeV linac with or without new 8 GeV accumulator ring 2 e
— In any case — need upgrade of Ml RF power and new m-MW targets 1:_ / 50% of 5, values
— See S.Nagaitsev talk earlier today [/ /"
— Fermilab has formed a special design group 0 AP PR R T P




2.>20 Proposed Experiments For Rare Processes

Snowmass 2021

(most via Snowmass Whitepapers)

DM searches, Axion searches, CLFV experiments, muons, light mesons, beam

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

Experiment ol Ge Beam power (kW] | Beam time structure ‘
o stk 'Electron beams:
rokn SorageFing EDM ind A Ssrches m‘“ prokn ATGARDIN [, ivined ot oo Ml | e g oy 08 ‘ G V t It G V
[ — Precssan e m’m‘ 08 G TeTpm! K per soxong |CW | e O muit-Ge
Nin Bt Fam Facers fos Lok Scwery. (Mo frogerg s | OEWO20K 107 0 0 po et mare oot | Proton beams:
st df pthecs FEDTOR Preciinets  [prokn é;‘iml'w‘ﬁ; ummmm:"zmmuau O sow etrackn b Rin | ‘ .
”"“"""’:::’“, e P ary|Pocimss  Jin 82 T o v
5 = 08 S u
RIS Wt cachd s gz T i by i e o e | ~2 GeV CW-capable beam
o Py orclon 193 0 m’uﬁ“ﬁ“::a:mehm:Fﬁm ‘
ikl = S T I el
G Lo Faes Vo Jo [ ) CHL 0 ki 3.0 0 e | 2 '
s niendizon) et o Sovvaay | VERELTHE o | ~2 GeV pulsed beam from
vy e O i |t ey [P 01t i ' storage ring ~ 1MW
ban Wsang Worwetr, LTS dechd B L il S —
ohEsgy ot et agel | ot ™ R U T - E | e, 0 o e o e . |
o Fast ' [,. i'ww- 0% 0 B on P v, [yea— 120 GeV Slow extractionor
- Perr—— - R sl LBNF beam
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ﬁStarted LESA Beamline for LDMX @ SLAC

Snowmass 2021

End Station A ;
LESA e

Beamline
Existing LCLS /
A-Line LCLS-II
LESA Kicker \,

— existing LCLS

SLAC Linac — existing ESA
— | LESA proposal

Features:

- SLAC electron SRF linac E=4-8 GeV

- Low intensity, almost CW beamline, 1-500 e-/us
-  Beam dump and LDMX experiment

- CD-process started
12



Proposed PIP-1Il Accumulator Ring (PAR)

Snowmass 2021

t PIP-Il linac current every 10ms ¢ beam outof PAR
~ms |ong pulse ~10nS pU|SeS
_| I

Snowmass white papers PAR, PIP2-BD

Fermilab

Features:
- Fixed E=0.8-1.0 GeV proton storage ring

- C=480m in the form of a folded figure 8

- Power 100 kW for Dark Sector program, 100Hz
- There Is also compact version C=120 m



https://arxiv.org/abs/2203.07339
https://arxiv.org/abs/2203.07339

Future Collider Proposals:
8 Higgs/EW factories

CepC

CLIC (Higgs factory)
ERL ee collider
FCC-ee

gamma gamma

ILC (Higgs factory)
LHeC

MC (Higgs factory)

07/08/2022

O rM

e+e- 15 =024TeV, L=3.0 x10%*
e+e-, s =038 TeV, L= 1.5 x10%**
e+e-, 5 =024 TeV, L= 73 x103*

e+e- 5 =024 TeV, L= 17 x10%*

X-ray FEL-based yy collider

gre- 5s=025TeV, L= 1.4 x103*
ep, s =13TeV, L=0.1 x10%*

up, s =0.13 TeV, L= 0.01 x103*

Shiltsev | Snowmass Accelerators

CepC/FCCee
100 km

100MW RF . =~

'J
PJ] (RF)
4

-~

G.' (m)

b A A & yey

| (W) 11 km

s Masw 8rvese e

Ovemtarrbons | o

T S

et

o L

s

PA (IP)

| |*

X\ PB
FCC-ee
PD (RF)
!
f
G,:('ml
" PF

; PG (”’i
CLIC NCRF 72 MV/m

o

-

o S T A . .

o1
B L L L R e

we ] -
o P [ L -
ot \\I\\: CAPTION
~ R - | on
e e = "_'m
~20.5 km
ILC SRF 31.5 MV/m
21 km



17 (1) High Energy Collider Concepts/Proposals

Cryo-Cooled Copper linac e+e-, 5 =2TeV, L= 4.5 x103*

- e s 1 A ot TP 11 O 1111 --

High Energy CLIC e+e-, /5= 1.5 -3 TeV, L= 5.9 x103* St — DX
. L = -
High Energy ILC e+e-,s=1-3TeV b s
. ’ — - :
FCC-hh PP, v/5 = 100 TeV, L= 30 x103* - -a |

PP, Vs = 75/150 TeV, L= 10 x 1034
pp 100 km : SPPC 75 TeV, 12 T magnets, FCChh 100/16 T

Collider-in-Sea PP, v/s = 500 TeV, L= 50 x103* .
Outside of the ring _,/"/' _:_ .—;‘;‘Ti,;‘\.\\ Inside of the ring
LHeC ep, V5 = 1.3TeV, L= 1 x103* % o 98 N
FCC-eh ep, s = 3.5TeV, L= 1 x103*
Valve box
CEPC-SPPpC-eh ep, Vs = 6 TeV, L= 4.5 x1033
ep, vs =9 TeV
MC - Proton Driver 1 up, VS = 1.5TeV, L= 1 x10%* (@ 1
MC - Proton Driver 2 Hp, s = 3 TeV, L=2 X103 E} |l
MC - Proton Driver 3 up, v/s = 10 — 14 TeV, L= 20 x 1034
pt+u-10-14 TeV cme
MC — Positron Driver up, s = 10 — 14 TeV, L= 20 x 1034 10-14 km, 16 T magnets b
LWFA'I.C (E+E- and Y}f) Laser dri'\-"en; ete-, «JE =1—-30TeV Q u Injector u ' Muon Collider l('(';h'rulur\
RS =7 10Te¥ CoM ing §
‘ i
PWFA-LC (e+e- and yy) Beam driven; e+e-, /s =1 — 30 TeV Chirat i, MY 0:
LT RO R SRS FoRPAT AR, I3
Aldar ara. m— 1 AT - P 4
SWEA-LD Structure wakefields; e+e-, /s =1—-30 2 o s oL o

TeV i S



A (New!) LC-Higgs Factories on FNAL Site

Snowmass 2021

Fermi National
Accelerator Laboratory

rrrrrrrrrrr

07/08/2022 Shiltsev | Snowma:

Must fit ~7 km incl BDS

Requires gradients of at least 72MV/m
Compact - lower cost (wrt ILC/CLIC)

Option 1: Cool Copper Collider (C3)

5.7GHz
77K

Option 1: HELEN (Travelling Wave ILC)

1.3GHz
2K



https://arxiv.org/abs/2110.15800
https://arxiv.org/abs/2203.08211

—

FNAL Citing — O(10 TeV) Muon Collider

Snowmass 2021

[ s PPN * First design concept of up
o . b, el b to 10 TeV collider
e = . '| developed

— ";// P&
7~ Accelerator R]

N

i | » Operation at 125 GeV,

“'(! 1 and 3 TeV can be
envisioned as

| intermediate stages

i 4| | Capitalize on existing
& facilities and expertise:
O PIP-1l and upgrades,

Oo“ng: Réé e Muor_l Colliders Forum:
st ¢ 55 | a) aim for 10 TeV cme
& | b) DOE support+join IMCC
< (CERN-led Int’l Muon
e 4 Collider Collaboration)
N ARE ... —=¢c) Carryout R&D and
deliver pre-CDR ca 2030



https://indico.fnal.gov/event/54953/sessions/20614/attachments/156153/204320/MC_Forum_Report-v06232022.pdf

. ﬁ Implementation Task Force

Snowmass 2021

* The Accelerator Implementation Task Sriliooe Leb
. ] . Thomas Roser llippe Lebrun  Steve Gourlay
Force (ITF) is charged with developing  ®nt chai (CERT) (LBNL)
metrics and processes to facilitate a
comparison between collider projects.

* 10 int’l experts, 2 Snowmass Young’s,
3 liaisons to Energy & Theory Frontiers

* |ITF addressed (four subgroups):
> Physics reach (impact), beam parameters
> Size, complexity, power, environment
» Technical risk, technical readiness,
Validation and R&D reqUired Vladimir Shiltsev Rein;lard Bri.nkmann John Seeman
» Cost and schedule (FNAL) (DESY) (SLAC) 4

Tor Raubenheimer Katsunobu Jim Strait
(SLAC) Oide (KEK) (FNAL)

, a
Dmitry Denisov  Mleenakshi Narain Liantao Wang  Sarah Cousineau Marlene Turner ~ Spencer Gessner
(BNL) (Brown U.) (U.Chicago) (ORNL) (LBNL) (SLAC)


https://indico.fnal.gov/event/54953/sessions/20614/attachments/156153/203696/ITFreportDRAFT.pdf

—

From the ITF Report Draft: Tables 1-3, 5

CME Lumi per IP Years, pre- Years to 1% Cost range Electric
(TeV) (10734) project R&D physics (2021 BS) Power (MW

FCCee-024  0.24 0-2 13-18 12-18

ILC-0.25 0.25 2.7 0-2 <12 7-12 140
CLIC-0.38 0.38 2.3 0-2 13-18 7-12 110
HELEN-0.25  0.25 1.4 5-10 13-18 7-12 110
CCC-0.25 0.25 1.3 3-5 13-18 7-12 150
MC-Higgs 0.13 0.01 >10 19-24 4-7 ~200
CLIC-3 3 5.9 3-5 19-24 18-30 ~550
ILC-3 3 6.1 5-10 19-24 18-30 ~400
MC-3 3 2.3 >10 19-24 7-12 ~230
MC-ENAL  6-10 20 >10 19-24 12-18 O(300)
MC-10 10-14 20 >10 >25 12-18 O(300)

FCChh-100 100 30 >10 >25 30-50 ~560



Future Colliders R&D Program - Initiative

Snowmass 2021

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

June 30, 2022
U.S. National Accelerator R&D Program on Future Colliders
P.C. BuAT! S, BELOMESTNYKHY, D. DENISOV?, S. GOURLAY®, S. JINDARIANI!,
A.J. LANKFORD®T, S. Nacarrsevl31, E.A. NANNI?, M.A. PALMER?, T. RAUBENHEIMER?,

V. SuiLtsev!, A. VALISHEV!, F. ZIMMERMANN’

We propose that the U.S. establish a national integrated R&D program on future colliders in
the DOE Office of High Energy Physics (OHEP) and charge the program

e to carry-out technology R&D and accelerator design for future collider concepts,
« to enable synergistic engagement in projects proposed abroad (e.g. FCC, ILC, CLIC, IMCC),

e to develop design reports on collider options. by the time of the next Snowmass and P5
(2029-2030), particularly for options that are feasible to be hosted in the U.S.,

8,49 sleyelop R&D plans for the degade beyond 2080, ..o, 20



Multi-MW targets: Magnets for

-2 AMW PIP-III colliders and RCSs:
- 4-8 MW for - 16T dipoles
muon collider - 30T solenoids
- 1000 T/s fast

cycling ones

coordinate

with US MDP

Advanced: SC/NC RF:
- collider quality beams - 72-120 MV/m C3
- efficient drivers -72 MV/m TW SRF
- close coordination with Int'l - new materials, high Q,
(Euro Roadmap, EUPRAXIA,..) - efficient power sources

2% Fermilab

07/08/2022 Shiltsev | Snowmass Accelerators 21



48, _ Thanks for your attention! —

« ICHEP’22 presentations on AF/related topics Thursday, July 7:
— A.Faus-Golfe (AF3) on CLIC and ILC
— N.Pastrone (AF4) on energy frontier colliders
— S.Nagaitsev on multi-MW proton beams at FNAL
— D.Druitti and R.Reimann on the muon g-2 ring
— V.Pronskykh on the mu2e target
— S.Nagaitsev on the optical stochastic cooling
— D.Calzolari on MDI of multi-TeV muon collider
« Later in this session:
— D.Schulte on the energy frontier muon colliders
— P.Burrows—on ILC and CLIC
« Special thanks to
— My co-conveners S.Gourlay and T.Raubenheimer
— T.Roser (ITF chair) and P.Bhat (FNAL collider group leader)
— Accelerator Frontier Topical Group conveners and liaisons to EF, NF and TF
- In preparation of the Snowmass in Seattle, tons of material available at:

https://snowmass?21.org/accelerator/start
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