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Status of AF2 Accelerators for Neutrinos [RaeeeiZz

Taking as input the anticipated needs of particle physics and the requirements for
neutrino beams in terms of energy, flux, temporal and spatial characteristics, this
group will discuss:

 The proton (or other) beam requirements to meet the neutrino physics
community needs

* The capability of existing or planned accelerator facilities to satisfy the above
requirements, and If not: the necessary upgrades or new facilities.

 Enabling R&D, technologies, and test facilities necessary to develop upgrades and
new facilities

For Today

* Present draft tables of worldwide needs and capabilities of Accelerators for
Neutrinos

 Brief comments here, or offline. Interested in facilities, and key requirements
(columns)

* Final draft tables available after CSS for further comment (will update with more
current numbers, especially for PIP-Il successors in subsequent presentations.

For Friday:
* Extended session 8am-9:40am to present and discuss draft TG report in Kane 130

* Final draft report with tables available after CSS for further comment
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Existing and Near Future Neutrino Beams
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Primary beam
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Table 1: Existing neutrino beams or under construction/upgrade.

trino Frontier (L. Fields).

For the latter requirements are presented. BNB=(FNAL) Booster
Neutrino Beam, BSM=Beyond the Standard Model, FTS=First Target Station, HE=High Energy, LBL.O=Long Baseline Oscillations,

2022.07. MI=(FNAL) Main Injector, LE=Low Energy. NSI=Non-Standard Neutrino Interactions, STS=Second Target Station. Table from Neu-




CnowMarn20971

Further Proposed Beam Facilities
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Beam Dump v search BJSM 1) factor RF099,
Experiment) ) [2]
SBN-BD
Dark matter | v., Wvyu. | AF092.
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BSM 0.015 RF084
Pulsed Horn 13 4
ESSvSB CP viol. Yy 2-2.5 | Forward 14 Hz p(HY) | 25 5(5) [i'onl‘s WA NFos2
Beam
Cross
ESSvSB- o 50% . 1.3ps dura-
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%ECIIIOI'IS. after  colli- Oi10+ 10. ) 24s or a
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2022.07.20 Table 2: New requirements. BSM=Beyond the Standard Model. Table from Neutrino Frontier (L. Fields). 4



Existing Accelerator Facilities
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o Kin. En- . ) __ ] ) ]

Accelerator eray [GeV] Particle | Power [MW] | Timing (Pulse length, rep. rate, RF freq.) Type Comments

CERN LINAC4 | 0.16 H- 0.0021 600 ps @ 0.83 Hz (352 MHz) Linac Rep. rate could be increased with
some upgrade

CERN PSB 1.4-2 P 0.02/0.026 2ps @ 0.83 Hz (4 bunches) Synch. (4 rings)

CERN PS 20 p 0.027 20ns @ 0.83 Hz (1 bunch) Synch.

23.1ps  (or 2x105ps @ 0.17Hz ] e ]
CERN SPS (FX) | 400 p 0.57 (200 MHz) Synch. Could be possibly increased
CERN SPS (SX) | 400 P 0.36 ~ 1s @ 0.14 Hz (debunched) Synch.
7000 (FT The luminosity considered is 2
CERN LHC eq=1.04 x | p/p 36.8 Hours @ 40 MHz Collider °, umiosity considered 1s £ x
10%) 10°* cm—=s

CSNS-PhaseT | 1.6 H- 0.1 550ns @ 25 Hz (2.44 MHz, 2 bunches) ];g‘gcs (B0MeY)

FNAL Linac 04 H 0.012 50ps @ 15Hz (162.5 MHz) Linac

FNAL Booster 8 p 0.04 1.6ps @ 7Hz (52.8 MHz) RCS

FNAL MI 120 p 0.7? 9.4pus @ 0.45Hz (53.1 MHz) Synch.

J-PARC linac 0.4 H™ 0.33 0.5ms @ 25Hz (324/ 972 MHz) Linac

J-PARCRCS 3 p 0.8 1 ps @ 25 Hz (2 bunches) RCS

gi_ggRC MR 30 P 0.52 Sps @ 0.4 Hz (8 bunches) Synch

g;})?)RC MR 30 p 0.05 2s @ 0.19 Hz (debunched) Synch.
Presently inactive. Linac feeding

LANSCE area A | 0.8 H- ~0.8 625us @ <100 Hz (805 MHz) Linac the 805 MHz structure operates at
201.25 MHz

LANSCE isotope | , , p 025 625 s @ 40 Hz (xxx MHz) Linac

production line

- 0.5pus @ 40Hz to TS1 (1.3-6.2 MHz) and | | .

ISIS 0.8 H 02 0.5ps @ 10Hz to TS2 (1.3-6.2 MHz) Linac + RCS 160kW to TS-1,40kW to TS-2

PSI 0.59 P 1.4 CW (50MHz) Cyclotron

SNS 1 P 14 700ns @ 60Hz (1 MHz) Linac+accumulator

TRIUMF 0.52 P 0.1 CW (23 MHz) Cyclotron

Table 3. Present capabilities (FT=Fixed Target, FX=Fast extraction, h=harmonic number, MI=Main Injector, MR=Main Ring.

RCS=Rapid Cycling Synchrotron, Synch.=Synchrotron, SX=Slow Extraction, TS=Target Station). Power is quoted for exclusive op-
eration in a certain mode. The frequency refers to the main bunch repetition frequency. The beam power quoted for the LHC is the power
of a fixed target beam with a current corresponding to the number of interactions per second at one LHC IP and having an energy giving
a center of mass energy of 14 TeV




Planned Upgrades
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Accelerator Km'. En- Particle | Power [MW] Timing (Pulse length, rep. rate, RF Type Comments/Timescale
ergy [GeV] freq.)
BNL BLIP 200 H- 50-60 880 us @ 6.67 Hz (200 MHz) Linac Timescale?
BNL BLIP- _ ' . .
BLAIRR >1 H 0.25-0.3 880ps @ 6.67 Hz (200 MHz) Linac limescale?
CSNS-Phase 1T | 1.6 H- >0.5 550ns @ 25 Hz (2.44 MHz, h=2) &ggcs (300" MeV) | End of 2028
ESS 2 P 5 2.86ms @ 14 Hz (352 MHz) Linac 2023 (projected user operation)
Linac with compres- Potential compressor ring upgrade
ESSv 2.5 H/p 10 2.86ms @ 28 Hz (352 MHz) sor ring to compress S pres: g upe
= for v physics
to 1.3 us
FNAL PIP-1I .
- ; @ 2 2
LINAC 0.8 H 0.017 540 ps @ 20Hz (650 MHz) Linac 2024
gl:ﬁ;lt;r PIP-II 8 p 0.166 1.6pus @ 20Hz (52.8 MHz) Linac+RCS 2024
FNAL PIP-IIMI | 120 p 1.2 9.4ps @ 0.83Hz (53.1 MHz) Linac+RCS+Synch. | 2024
[soDAR 0.06 GeV/u | H2* 0.6 CW (xxx MHz) Cyclotron Timescale?
3 stations ) Cyclotron (IsoDAR | 5 emA peak current (10 mA peak
Daedalus 0.8 GeV/u H2 (14245) MW I'ms @ 200Hz (xxx MHz) injector) protons on target)/ Timescale?
JOO0  (FT See comment for LHC in Table 3.
HL-LHC eq=1.04 x | p/p 92 Hours @ 40 MHz Collider The luminosity considered is 5 x
10%) 10* em~32s71. 2029
i 400 kW to TS3, 100 kW to TS2,
ISIS 0.8 H 0.5 gg ”: g ‘1‘322 :z %‘; Linac + RCS 30 MeVi/c y from graphite target in
K proton beam line to TS1. 2030.
Upto 1.6 MW to TS1, up to 800 kW
. (@ H . o] -
ISIS—II 12 H- up (0 2.4 0.5 usi @. 30Hz to TS.I Ll_nac +(RCSor AR | to TSHI, 30 MeV/ic p f?om graph]te_
0.5us @ 15Hz to TS2 or FFA) target in proton beam line to TS1 or
directly from linac. 2040.
J-PARC RCS p 1 1 ps @ 25 Hz (2 bunches) RCS 2024 JFY
glf;?;RC MR 30 P 1.3 Sps @ 0.86 Hz (8 bunches) Synch 2028 JFY
SNS / PPU up- ) s . Energy increase by 30%, current in-
orade 1.3 p 2.8 700ns @ 60 Hz Linac+accumulator crease by 50%, 2024

Table 4: Planned Upgrades and Facilities (AR=Accumulator Ring, FFA=Fixed-Field Alternating Gradient Accelerator, FT=Fixed
Target, FX=Fast extraction, h=harmonic number, JFY=Japanese fiscal Year, MR=Main ring. RCS=Rapid Cycling Synchrotron,
Synch.=Synchrotron, SX=Slow Extraction, TS=Target Station). Power is quoted for exclusive operation in a certain mode. The fre-
quency refers to the main bunch repetition frequency. The beam power quoted for the LHC is the power of a fixed target beam with a
current corresponding to the number of interactions per second at one LHC IP and having an energy giving a center of mass energy of 14

TeV
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