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Content:

• This is the first of three talks today on 

DiMuonium Collider:

– Followed by Patrick Fox (theory)

– Followed by Sergo Jindariani (experiment)

• My talk will be mostly about accelerator 

systems of the DIMUS collider at the New 

Muon Lab (NML) facility at Fermilab

• Some details can also be fount at beams-

doc-9017
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Part I: Dimuonium
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μ+μ+
μ-

• Dimuonium is a bound state of μ+ μ- pair

• Two-lepton system described by QED

• There are 6 leptonic atoms: positronium (e+e-), 

muonium (μ +e-), dimuonium (μ+μ -), tauonium(τ+e-), 

tau-muonium (τ+μ-), ditauonium (τ+τ-). Only 

positronium and muonium are observed.

• Dimuonium is more compact system than the 

positronium and muonium 

Rμ μ ≈ (1/100) R μ e≈(1/200) Ree.
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• Observation of dimuonium would be a significant discovery.

• QED tests (dimuonium ≠ positronium x me/mμ)

• Muon sector anomalies:

– About 4.2 sigma difference between the (g-2)μ SM prediction  

and measurement (soon will be > 5 sigma)

– Proton/deuteron radius puzzle

– Hints of lepton-universality violation in rare B decays:

B+→ K+e+e- and B+→K+ μ+ μ- (@SuperKEKB)

• Very complex experimental task → challenge for 

experimentalist → development of new methods

Fundamental Physics



S.J.Brodsky and R.F.Lebed Phys. Rev. Lett. 102, 213401 (2009)

05/27/2021Shiltsev - DIMUS Collider5

merge at 5o-15o
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Novosibirsk “Mu-Mu-Tron” Design
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Novosibirsk “Mu Mu Tron” Design (2017)
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Also possible –

collisions in 

“reverse” direction 

(at 15o )

✓Covers the c.m. energy region from 
500 MeV to 1000 MeV 
✓This region of the ρ and ω resonances 
is important for the SM (g-2)μ
calculation
✓Very high luminosity O(1033cm-2s-1)



Key – e+ production 
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✓requires about 1 x 10^10 
e+/s
✓BINP c0mplex delivers 
about 0.2-0.5 x 10^10 e+/s



Positron Production: BINP and CESR   ~(0.01-0.03) e+ per e-
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BINP

CESR



NML
Part II:       .

DIMUS @ 

NML



• IOTA/FAST: 5 MeV e-, 50 MeV e-, 100-300 MeV e-, ring and 2.5 MeV p+

IOTA/FAST Facility for Accelerator and Beam Physics R&D
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• The only dedicated facility for intensity-

frontier accelerator R&D; ranked as top 

facility (“Tier 1”) for acc. & beam physics 

thrust by recent GARD review (Jul 2018)

• ~30 Collaborating institutions

• Nat. Lab Partnerships: ANL, BNL, LANL, 

LBNL, ORNL, SLAC, TJNAF

• Many opportunities for R&D with cross-office 

benefit in DOE/SC IOTA proton injector



DiMuonSpectroscopy (DiMuS) at NML : Opportunities
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• Excellent source of high energy electrons:

– eg 3000 bunches x 5 Hz x 2e10 = 3e14 e-/s

– at 1% conversion → 3e12 e+/s

• DIMUS will probably need much less

– eg 200 bunches x 1 Hz x 2e10 = 4e12 e-/s

– at 1% conversion → 4e10 e+/s

• Efficient linac – now upto 300 MeV

– DIMUS will need extra ~108 MeV → total of 408 MeV

• Infrastructure and expertise: 

– wide & (important) long tunnel, cryo, power, HCW, etc

– knowledgeable people



To Covert NML into Collider Facility One Needs:

• Collider e+e- Rings (2 x 408 MeV)

• Second CM, so the final energy 408  MeV

• Positrons: 

– Conversion/collection system 

– Acceleration

– Storage ring accumulator

• Fast injection kickers
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Placement of the DIMUS Collider
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The Second CryoModule
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• will be good for 250-320 MeV

• DIMUS might need only 208 MeV



Positron Production - Several Options

• Need (at least) two linacs:

– Accelerate electrons (50… 300 MeV)

– Convert them on tungsten target

– Accelerate positrons which then go to a damping ring
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408 MeV ~50 MeV 200 MeV +208 MeV 

e+ e- to  DIMUS

Accumulator Ring: ~200  bunches → few

inj extr

408 MeV ~50 MeV +250 MeV 204 MeV 
e+ 

e+ to  DIMUS

Accumulator Ring: ~200  bunches → few

inj
extr



Very Fast Kickers

• ILC (5 GeV): 
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• DIMUS (0.408 GeV) : 

333ns

333ns

3ns

2-3ns



Very Fast Kickers (2)

• 1997, 6ns, 300 pulses, 1.4 MHz, Grishanov, Podgorny, Rummler, Shiltsev
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• Now, ILC:  3ns, 3000 pulses, 1.3 MHz, KEK team



Example: 4 ns kicker = 2 ns min bunch spacing 0.6m

• Generate and accelerate ~200 e- bunches 2e10 

each, 333ns apart

• Convert them into 200 e+ bunches 2e8 each, 333ns 

apart

• Inject them into accumulator (damping) ring 2 ns 

apart → 200 x 0.6 m = 120 m long (400 ns long)

• After sub-second damping time combine 200 e+

bunches into one with 4e10 e+

• Extract and accelerate that bunch to 408 MeV

• Inject into 23 m long (~80 ns) DIMUS e+ ring, it will 

be one of ~40 e+  bunches (others intact) → collide
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DiMuS at NML : Summary
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• Dimuonium atoms are of fundamental interest

• They can be created in e+e- collision with large 

longitudinal momentum (as they quickly decay)  
– e.g. 408 MeV/beam at 75o

• FAST/NML is perfectly suitable for DIMUS: 

– SRF accelerators, plenty of e-, wide/long tunnels

– potential for O(1e32) luminosity and ~0.5M 

dimuons per year

• Requires: 

– second SRF CM, positron production and 

accumulation system, collider rings, detector(s)
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Table II
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