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Introduction

 Muons connected to many exciting
recent physics results

 Having a (high energy) muon beam
opens up many exciting
possibilities for physics

« How do we get there”? How do we
test the technology?

 What can we do along the way?
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Physics During C3 Construction

2019-2024 \ 2025-2034 | 2035-2044 \ 2045-2054 \ 2055-2064

Accelerator
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TDR review
Construction
Comimissioning

2 ab~! @ 250 GeV
RFE Upgrade

4 ab~! @ 550 GeV

Multi-TeV Upg. | | i | | '

 Between end of demonstration plan and first Higgs there is a 10-12 year gap

 Could we use this time for string tests to build confidence in the
technology, train project workforce, deliver physics, particularly related to
muons?



Physics During C3 Construction
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Muon Production with Positrons at 45 GeV

Muon production efficiency

 Low EMittance Muon Accelerator (LEMMA)
Concept (avoid muon cooling)

* Positron (45 GeV) on fixed low Z target

e ete- = pUty-, muons at 22.5 GeV

* High conversion efficiency and low emittance

O | | | | | | | |
005 01 015 02 025 03 035 04 045 0.5

Muon Pair Production xsection [u barn]

= - xO
s — T ,
2 — . Muon emittance
08 / 0.2 7.
| /,/ 0.18—
0.6: /‘// '-3‘ 0.16? v
04 +<E 0'12; _ |
= — , 7 '
ool ,/ 'E 0.08_ , B
- LW 0.06 B
0 :_;@Il b e b e b e b e b [ by 004 } |
40 45 50 55 60 65 70 75 80 —
Positron energy [GeV] 0.02—
O a L l ] L I l | [ | l

o
N

arXiv:1905.05747v2 [physics.acc-ph] 19 May 2019



Muon Production* with Positrons at 45 GeV for C3

C3 String Test Low Muon Current C3 String Test High Muon Current
Parameter Value Parameter Value
Number of RF Pulses Per Year Number of RF Pulses Per Year
9 1.87 x 109
(180 days) 1.87 x 10 (180 days) X
RF Pulse Length 700 ns RF Pulse Length 700 ns
# of Muons per RF Cycle : Positron Bunch Charge 1 nC
# of Bunches per RF Pulse 133
Muon At (smallest) 175 ps
e o # of Muons per Bunch 6 x 103
Muons / Year (Max) ( 7.46x1012
S # of Muons per RF Pulse 8 x 105
*LEMMA Target Singe Pass Muon At (smallest) 0.26 ns.

Includes 10-6 efficiency for e+ conversion Muons / Year (Max)




Muon Beam Physics

 What physics can be done with this muon beam?

e Muon beam dump

 Minimal additional infrastructure if (sufficiently intense) muon beam is
produced

* Higher energies could allow more tests of muon acceleration



Muon Beam Dump

 Muon beam incident on target (Z)

detector




Why a Beam Dump? X — o
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Why a Beam Dump? X —
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Why a Beam Dump?

 Weakly coupled

Leptophilic Higgs
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Muon Missing Momentum (M3)

15 GeV muon beam

Phase 1: 100 muons on

target (MOT), probe large part
of (g-2), region

Phase 2: 1013 MOT, thermal
muon-philic DM search
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https://arxiv.org/pdf/1804.03144.pdf
https://arxiv.org/pdf/1804.03144.pdf

M3 (Phase 1)

* Proposal suggests to use Fermilab
Main Injector beamline to provides
proton beam of 120 GeV — 10°
muons per spill at 10-30 GeV

* The time between spills is
approximately one minute

* Over one week of continuous running,
this sums to approximately 10° MOT

e 2.5 x 1010 MOT / yr

(Taken from https://arxiv.org/pdf/1804.03144.pdf)

C3 String Test Low Muon Current

Parameter Value

Number of RF Pulses Per Year

(180 days) 1.87 x 109
RF Pulse Length 700 ns
# of Muons per RF Cycle 1
Muon t (smallest) 175 ps
Muons / Year (Max) 7.46 x 1012
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M3 (Phase 2 +)

 Phase 2 requires upgrades to
accelerator (beamline), detector

(trigger)
107 muons per spill

. 2.5x 1012 MOT / yr

(Taken from https://arxiv.org/pdf/1804.03144.pdf)

C3 String Test High Muon Current

Parameter

Number of RF Pulses Per Year

(180 days) 1.87 x 109
RF Pulse Length 700 ns
Positron Bunch Charge 1 nC
# of Bunches per RF Pulse 133
# of Muons per Bunch 6 x 103
# of Muons per RF Pulse 8 x 105
Muon t (smallest) 5.20 ns
Muons / Year (Max) 1.5 x 1015
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M3 (Phase 2 +)
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High-Energy Muon Beam Dump

* Envisioned for 3 TeV muon collider (1.5 TeV p)
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Muon Missing Momentum (M3)
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High-Energy Muon Beam Dump
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