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® 1980s—1990s, proposals, workshops Fermilab Accelerator Complex and Experiments
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Technically Limited Long-Term Timeline@
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|
Collider baseline and test Test facility TDR Ready to commit Ready to construct
facility CDR ready for review ESPP decision Cost known
Cost scale known Selected TF host
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SNS Overview: Short Pulse Neutron Source

The accumulator ring compresses the pulse to ~700 nsec

~700 nsec

Warm Linac. 'Superconducting LINAG N

The linac accelerates a 26 mA, ~1 msec long H beam %
Liquid Hg

1.4 MW proton beam power on target at 60 Hz

186 MeV ~1000 MeV

HIGH FLUX
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SPALLATION
NEUTRON
SOURCE

&QAK RIDGE

tional Laboratory




£EISNS 1.4 MW R RIKEIIZEIET

Power and Energy on Target
History: from 01-Nov-2006 to 24-Aug-2020
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PAUL SCHERRER INSTITUT

== High Intensity Proton Accelerator Facility

PROSCAN
[ Gantry 2| [ Gantry 1]

COMET-Cyclotron
250 MeV, 1 pA

Spallation " Ultra Cold
Neutron Source Neutron Source
SINQ
Ring Cyclotron
590 MeV, 2.4 mA

Cockcroft-Walton
870 keV, 30 mA

Isotope Production

LA Injektor 2-Cyclotron
72 MeV, 2.7 mA

Joachim Grillenberger, PSI, Snowmass workshop talk
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Fermilab Accelerator Complex and Experiments

Y Fermilab

Main Injector

120GeV Recycler Ring

s.iﬁcsitfc\,{ing Short Baseline Neutrino:

Rebunching MicroBooNE

RFQ

=\[CARUS, SBND)
Switchyard: Low.Eney =
SeaQuest, LArIAT, Experiments
test beam S —— High-Eneroy
g Muon Experiments
¥ P " Long Baseline Neutrino:
s, ® NOVA, MINERVA (LBNF/DUNE)
Facilty 750keV Y | i :
y 400MeV o, N

lon Source Experiments N
o 35keV Muon Campus:
PRI g-2(Mu2e)

Jeffrey Eldred, FNL, HB2021 talk

e ITE: 120 GeV/0.8MW, 5.4x10'3 ppp, IEfEHZK1.2 MW, 7.5x1013
® RK3¥k-2027: 120 GeV/2.4 MW, DUNE, long-baseline neutrino



High Power Target Station:e
He-gas cooled rotating >\

Linear Accelerator:
, W- target(SMW average
Energy: 2 GeV : o
power)

Rep. Rate: 14 Hz
__Current:62.5 mA

[T

42 beam ports

16 Instrumentsin
Construction budget

Committed to deliver 22
instruments by 2028

Peak flux ~30-100 brighter
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S PSIF=4 R FEE Surface p iEiEH =40

® 590 MeV/1.2 MWEFE

ZanA=heiEit, 40 mm [E (E)
1 Hz4z])

50 kWIEFREIZEHEETIHR
4.3x108 u/s, surface p
PUSHRERIAF1070 p/s

Future design:

10%° surface-p/s in exp. areal

2 solenoids collimators
close to target
(250 mm) / \ Daniela Kiselev,

PSI, HB2021 talk

slanted 20 mm
graphite wheel

beam position +
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C Target
.g 15 T superconducting coil outsert
Option Table 2: Parameters of the Target System
Proton beam tube Parameter Value
. 20Tatz =0
Stainless-steel target Sulﬂu\mq field on .nrbu 0T at -
: : Final solenoid field 2Tatz=5m
vessel with graphite targe RN X
Stored magnetic energy 3G)
and beam dump, and - T I 93
downatrean Be window Final radius of secondary beam 23em
Upstream proton ' Target density 1.8 g/em®
beam window McDonald et al’ Target length S0 c¢m
Target radius 8 mm
THPRIO88 Target (and beam) tilt angle 65 mrad
IPAC ‘14 Dump length 120 cm
Dump radius 24 cm

5 T copper-coil insert W-bead shielding

6-7GeV/4 MWEFE, ~10'5 p/s RSk

60Hz, ¢4 mmrms, pulse3ns o ESE] (4 MW, KE5EEERE)
FEYENBER 50-180 MeV, ~10"4 /s @ EESTSEER, BINIESH>10 MGy
A=, BSEEjetil o SIEFEIKHRFIIELHE

Target + Dump o $0%50an; BIFESRESan(Ti/Al, Be)

ESIgAEE 20T—30T, ¢>1m * SIHREERBIARN
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m BTaperf/AI B SBEEEMIIEHES

‘ p’ .n+ p+ p
m TR, IR, R, (&, Rk ta“r‘g“et - ”'||mmmm\ m, o , M
B BESHETF (v pt g, p)  Saton o ”””””Wmmmuu|--.|

- . bend
B YRR, HZ=EEYE, Jcooling taper out ks aggz)trobr:ar
m @Ep-beam dump
. Absorber gﬂinacbha;tirc
mL=1 50'200 m, ¢=1 -1 S m Target Chicane
B SREERSHRIPFI R | = L; N - = -
Solenoid Drif? RO?:'[?C;H e
Muon flux 1/cm /s SPRNEE Taper
£ : pet= AE

1500 2000

Daniel Schulte, CERN, Snowmass meeting talk, 2021
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Front End 4 5 o In(erna:)ti(im:rl
High field to efficiently Jdvancotse
collect pions/muons:

N
o
—
~
>
1)
S
—+
Q
©
0
=
>
oQ

MW-Class Target
Capture Sol

Decay Channel

Buncher

Phase Rotator

2-4 MW proton beam
requires radiation

Window Water-Cooled

protection w;% ::‘o;/ Tungs;?;ﬁarblde
Drain
Large aperture O(1m)
Copper insert reduced requirement for to allow shielding

cold solenoid and provides some shielding

Daniel Schulte, CERN, Snowmass meeting talk, 2021
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— mu/proton
-~ emittance

Accepted muons per proton

transverse emittance (rm-rad)

0 50 100 150 200
Distance from Target (m)

Mark Palm, BNL, MT27 talk



&%) 5 JPARC COMET EFRUNEMIL

COMET Phase-l

Under construction

COMET phase-| #if for J-PARC COMET
392 MeV,3.2 KW proton

1.3x1010 p/s

COMET phase-ll PRISM/PRIME
3-8 GeV, 4MW proton,100-1000 Hz
2x1012 y/s, 40 MeVic

Akira Sato, Osaka University, Snowmass meeting,2021
PRIME ~

Pion Capture
Solenoid

Detector Solenoid

Spectrometer Solenoid

Electron
Spectrometer

Muon Stoppin
TTTTTT

Muon Storage Ring
(Phase Rotator) Pion and Muon
Transport Solenoid

Curved Solenoid
Pulsed Proton Beam

PRISM

oooooooooooooo

Pion Capture Solenoid
Straw Chamber

and Ecal

0000000

. FIRWER, EE, 155, (ETF. fE(uhEiS...
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S ERRELF R X,
§$35325-650 MHz, #EE25-30
MV/mIZEIN=E: 2-4 MW
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REEFRL

absorber coil cavities
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RF
dE/dx T
-
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>
—
3 —
multiple scattering oA -~ S
@ Large ‘ RF  Bmall emittance
emittance : :
low-z material LH, sc Solenoid
- Absorber Accelerator
re-acceleration
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RF system for muon capture and cooling

Region N of Frequenci | Gradient | Magnetic | Peak RF
cavities | es [MHz] field [T] power

[MW/cav.]

Buncher 21 54 490-366 0-15 1.3

Rotator 24 64 366-326 20 24

Initial Cooler 126 360 325 25 2 3.7

Cooler 1 400 1605 325, 650 22,30 2-3,4-6

Bunch merge 130 26 108-1950 ~10

Cooler 2 420 1746 325, 650 22,30 2-5, 8-13

Final Cooling 140 96 325-20

< Total ~1300 3951 = ~12GW__>

LH, absorber

Matching coils

Longitudnal phase space
rotation rf cavities

Acceleration rf
cavities

1

) . Strong
Drift for developing energy- A
time correlations focusing D. SChUHZeI’, CERN,

cots Snowmass meeting 2021

Transport coils
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2 | multi-TeV collider £ Ph;se = S ; % 2 nitial 2
L= 1 " ] ] [ [ b~
E 102 a0 For acceleration to NuMAX w Rotator . “E g = O £ & ke 2
E g = (injector acceptance 3mm,24mm) £ 2F 8 273 5 5 @ 9
3 4k ow E 1020k Final i o 2 £ = A o
c ¥ nal*ginal xit Front En " g F .2 o o = a o © o
2 2 ' Ceoling (15mm,45mn £ 1E L 383 s @ = =
€ B ! Initial 5 [ 2 CGE
- ™ Cooling £
510.0 g F \ W 10.0
£ g = % . post-merge pre-merge 8
E 4T %, 6D Coaqling 6D Cooling 4
‘g, \\ (to optimize) 2
S 2 2 pre-merge 1.0
> -—*-CC Bu 6D COOIing . g L1 lIIII|150I240I il L aanl ]
1.0 Hybrid Merge (original design) 100 10° 107 10°
1 Tl L1 1111 L1 ) Emit trans  (micron)

10. 102 103 “\MAP Higgs 10*

Transverse Emittance (microns)factory Target
David Neuffer, Fermilab, Snowmass meeting 2021 talk
Minimize €, by large B, small P,

B-> 30T +
P-> <100MeV/c
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Time-of-flight Variable thickness 31 August 2017
hodoscope high-Z diffuser Absorber/focus-coil
(ToF 0) module

Upstream 'L Downstream
spectrometer module spectrometer module

- M1 M2 e c E2

MICE
Muon——3— Il I
Beam

T T Liquid-hydrogen

Cherenkov ToF 1 absorber

counters

Electron
Muon

T Pre-shower

(CKOV) Scintillating-fibre ora0
M |CE trackers w— Upstream
= Downstream
Nature Vol578, _ _10-140 e T
53-59, 2020 b g s
More particles at smaller Empty o
amplitude after absorber H, .
is put in place
Principle of ionisation -
cooling has been o
demonstrated Full
LH,
ies t s

10.0 0.5 1.0
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SRF-linac, RLA, FFAG, RCS

§Cooling Acceleration Collider Ring

6D Cooling

Bunch

Merge

6D Cooling
Final Cooling

Accelerators: H H
Linacs, RLA or FFAG, RCS

RLA I

255m
2 GeV/pass

Accelerator suitable for
Neutrino Factory Applications
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B TiREk: 10-12 T, w4EPES0-180 mm, MEAREKX

B {iik—: X2 F AT ESIE%E
$IX: ¢1-1.5m, 20-30 T BB E CIg5(kin= B2 S
HESHIK: ¢0.5-1 m, 30-50 T BSIEAE HEBRALR

Target Solenoid

High field to efficiently LH, absorber
collect pnons/muons: Matching coils 2

-.:I:- 20 T then tapering —== Longitudnal phase space
= rotation rf cavities P
Acceleration rf

cavities

Front End

2-4 MW proton beam
requires radiation
protection

Strong
focusing
time correlations Is

Transport coils

Large aperture O(1m)

D. Schulter, CERN,
Snowmass meeting 2021
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B Pk —: TeV-class psRIRIEIE (RCS) , TR1000 T/s —ikik
- 1000 T/s ZiREXFNXIREBIE; SiBiBSHis?
- Fermilab ##Z%E (HTS-REBCO) ix%274 T/s

HTS strands

" T
/:/‘:\.)m.

Copper tape ABS holder !JIJ”

)

Ve .
== LHE Out In LHE Out In

HTS strands to leads
splicing copper blocks

[
el =

Helium conduit pipes

Magnet Cryostat
Magnet Core

Leads Cryostats

Fig. 3 Arrangement of 3 — turn HTS magnet power coil..

\
PS Leads Lead Copper Rods  HTS Strands-Lead Cable Coil

Splicing Blocks

HTS strand

Fig.5 HTS magnet test system arrangement .

Henryk Piekarz, FNAL, MT27, 2021 poster

ABS holder

Fig.4 Details of HTS conductor coil assembly. .
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Latest test result of the LPF1-U Magnet
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0P Publishing Superconductor Science and Technology
Supercond. Sci, Tachnol. 32 (2019) OALTOY (5pp) sy /Ookorg/10.1088/1 3616668/ ab0%ad
Letter

First performance test of a 30mm iron-based
superconductor single pancake coil under a
24T background field

Dongliang Wang' *5, Zhan Zhang“ Xlanplnq Zhang
Donghui Jlang Chlheng Dong He Huang'~ Wenge Chen
Qingjin Xu™* and Yanwei Ma'+*

! Key Laboratory of Applied Superconductivity, Institute of Electrical Engineering, Chinese Academy of
Sciences, Beijing 100190 People’s Republic of China
* University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
* Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, People’s Republic of
China
“ High Magnetic Field Laboratory, Chinese Academy of Sciences, Hefei 230031, People's Republic of
China
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racetrack coil with 100m IBS tape and test at 10T
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