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4 90 Years of Accelerators

Sinr{ce Cockroft & Walton,
Lawrence, van der Graat:

I 4 Nobel Prizes + led to 1/3 of
all Physics Nobels and more

140 used in research now:
I with 4500 experts+15000 staff
I serving ~80,000 users (Cond. %
Matter, HEP, bio, NP, etc) &
Pushing the envelope: h

I Energy, performance(power,
luminosity, brilliance, species),
cost, compl exiI
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Colliders: Lhningsiom Blot
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[V. Shiltsev and F. Zimmermann, Rev. Mod. Phys. 93, 015006 (2021); V. Shiltsev, Phys. Usp. 55, 965 (2012)]
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Collider ll.unminesiies
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Revolution in Light Sources Ky Sources
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4 AcceletatorsNot only HEF

Snowmass 2021

approx. total cost ofccelerator constructioprojects/decade

B$ T‘ HEP (colliders, neutrino, etc)
Non-HEP (NP. BES, etc)
? 7
?
LCLS-II/HE SNS-STS,
SNS, LCLS, EIC, APS-U X-sources
Diamond iRy =58 LCLS-X
’ SHINE,
etc FRIB, SLS NICA -
CSNS, XFEL, ALS-U, .
SwissFEL, PAL, SKIE. 2
ESRF-U, NICA PETRA-IV, etc ?
SXFEL, FAIR, -
NSLS-II, ’
LHC Spring-8, ?
J-PARC Sirius, >
VEPP-2000 etc & '
e PIP-11I?
PIP-II, LBNF collider?
| |
| -

2000 2010 2020 2030
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| _ Future circular ||
hadron colliders I

(progosed) [ Smaller facilities
Multi-TeV I for medical,
lepton colliders industrial, security,

(proposed) I and Ré&D

applications

V.Shiltsev, Physics Today 73 (4), 32 (2020)

” At o i ‘,'. : ]
| Large |h3 : I \ : || Small-scale
: Hadron light sources
I Collider at Large
i GERN accelerator
i Sub-TeV facilities
I lepton for R&D,
1 colliders industrial,
| (proposed) and security
L applications
i S Third- and fourth- Upgrades of existing
Large nuclear generation light sources light sources, proton
physics and multi- LHC trasde beams, nuclear physics
Pfot?n-l?]?:}m _ . Plf ‘ facilities, and FELS
acilities maller nuclear SICS - i
. on | and <I MW proton-beam Large medical 3% Fermilab
07/22/2022 | Frontier electron-ion f P'l' : 1l accelerator facilities 8
collider (proposed) actiities, sma

electron—ion colliders



Costitsssebbyhbscdle

* (energy, /length powey
and technology

""'50i10 %»

i Accelerator technology
(magnets\NGane SC, RE ayd A
SCRF)

i Civil construction
technology

~395:15 %
i Power delivery,
transformation and
distribution technology

y, ' -
. P — ~15i10 %’r : =
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a4 Accelerators TimelineX#¥:+7

Bigger size and cost A> longer:
I Pre-project R&D X years
ADepends on novelty
I~ Construction project Y years
ALimited annual peak M$/year

Afi Oi d e need widexpert to ,
spend (intelligently) 1 M$/year |,

ANB: <4500 experts worldwide t of g
i- Commissioning Z years = i S

ADepends on complexity

APast large colliders: 0| ]

+4 (SLC, DAFNE, BEPCII) e s

0 I 4 5

-3 (PEP-II, Tevatron-I, LEP-II) Cost (TPC BS or European BCHF)

D YIS
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PreviousSnowmass/P4201:3/14)

Snowmass 2021

A Major accelerator-related recommendations: b drds Doy

I Contribute to LHC and HL-LHC diﬂmemﬂmm$55
I Engage in the ILC in Japan, contribute if it goes lear j

i Build >1 MW proton source PIP-1l for 3 LBNF/DUNE |mpprm§¢s
i Provide beams for g-2 and mu2e experiments diIIIEIEBmﬂDIQGéSS

I Reassess Muon Accelerator Program and MICE Jﬁe

__—__—_—‘—'.—'-—_
A A follow-up 2015 Accelerator R&D subpanel Accelerating Discovery
A Strategic Plan for Accelerator R&D in the U.S.

recommended several thrusts : !

I Beam Physics (incl. IOTA and PIP-III) _Iﬂﬂﬂ]‘&@éss
i Sources and Targets (incl. multi-MW) injprocess
i RF (high-Q, high-G, low cost) inprocess
,
|

Magnets and materials (16 T, low cost) imqm'méss
Advanced acceleration (towards wakefield colliders)
inprocess
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Some Examples Faclilities/Programs

m\fv(;under construction) AUP LHC) ({
Nb;Sn IR quads for HL-LHC

CD-3 project Ay W
be ready LS3 ekl
FNAL [\ NUNL P
BNL
LBNL

\_

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

Fully assembled magnet

J\&

Fermilab gvﬂ /
FAST facility @&o. =~

ILC type beam Flmis i3

31.5MeV/m

255 MeV/CM

\ = @ Ldespecs

(construction started) PIP-II h

800 MeV proton SRF linac
@FNAL

Goal: 1.2MW for
LBNF/DUNE

Beam to Booster B

Proton Improvement Plan — Il (PIP-Il)

e|Q'2 discovery

in 2029
0 "
QO/o | nt O

4 (ongoing) muon beams for )
g-2 and mu2e experiments

FNAL

8 GeV pl 8 [
target A €0 s e
Run-1 (2021) & |
major muon




ﬁSome Examples Accelerator R&D

Snow

’Record 14.5T Dipole (at A [MAP/MICE: lonization cooling of\
FNAL, part of the US MDP) muons (140 MeV/c, RAL, UK)
Nb3Sn ‘va ~ B AP
conductor > Rl
Stress } MI;I; I
control

k( “1 - ~10% in

_ é’éﬁ?ﬁ%ﬁ?ﬁn . N \one pass

-

FACET-II User facility (SLAC)\ /IOTA Ring/Optical Stochastic\
BELLA: LWFA records (LBNL) cooling e- (100 MeV, FNAL)

Unique beam soon 1 expenments with po s
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1nC
1x1x1 em
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Smoamama?zs Sca2etatoAFcaneelr \@awa t

AF Topical Groups provided input to
community/P5 to evaluate options on

future facilities:
Accelerators for Neutrinos
|. Accelerators for Rare Processes

1. Colliders
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| : Accelerators fomQ 2020sc PIRII constr.commiss
2 Kl uQa Ay LIy F2NJ

0.8 GeV PHA Linac Status (webcam July 2022

PIP-II Injector Test HWR CM

SSR1 CM Prototype

2% Fermilab
16
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https://pdg.lbl.gov/2021/reviews/rpp2021-rev-accel-phys-colliders.pdf
https://snowmass21.org/accelerator/












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















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








































