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Introduction

Muon Collider Physics Workshop at Fermilab,
November 10-12, 2009. Three topics and
corresponding working groups: physics, machine-
detector interface and detector. Bob Palmer
and myself co-chaired the MDI part.

Impressive presentations and productive
discussions. Established dialogue and launched
coherent studies on physics potential and
feasibility of 1.5-3 TeV muon collider
experiments.

Here is MDI summary.
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MDI Presentations

• Muon collider, CLIC and ILC overviews (M. Zisman, R. Palmer, D.
Schulte, A. Seryi), MDI overview (N. Mokhov), related detector
issues (M. Demarteau: “backgrounds, backgrounds, backgrounds”)

• Lattice design (Y. Alexahin, C. Johnstone)

• MDI approaches at CLIC and ILC (D. Schulte and A. Seryi)

• New background simulations (V. Alexakhin, S. Striganov, C. Gatto)

• Calibrating energy at IP and polarization issues (T. Raja)

• IR magnets (A. Zlobin, R. Gupta, F. O’Shea, R. Palmer, R. Meinke)
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Sources of Background at Muon Colliders

1. IP m+m- collisions: Production x-section 1.34 pb at √S =
1.5 TeV.

2. IP incoherent e+e- pair production: x-section 10 mb
which gives rise to background of 3×104 electron pairs per
bunch crossing.

3.Muon beam decay backgrounds: Unavoidable bilateral
detector irradiation by particle fluxes from beamline
components and accelerator tunnel – major source at MC.

4. Beam halo: Beam loss at limiting apertures; unavoidable,
but is taken care with an appropriate collimation system
far upstream of IP.
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Incoherent Pair Production
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SCRAPING MUON BEAM HALO

• For TeV domain, extraction of beam halo with
electrostatic deflector reduces loss rate in IR by
three orders of magnitude; efficiency of an
absorber-based system is much-much lower.

• For 50-GeV muon beam, a five meter long steel
absorber does an excellent job, eliminating halo-
induced backgrounds in detectors.
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Muon Beam Decays: Major Source of Backgrounds

Contrary to hadron colliders, almost 100% of background and radiation
problems at MC arise in the lattice. Muon decays is the major source.
The decay length for 0.75-TeV muons is lD = 4.7×106 m. With 2e12 muons
in a bunch, one has 4.28×105 decays per meter of the lattice in a single
pass, and 1.28×1010 decays per meter per second for two beams.

Electrons from muon decay have mean energy of approximately 1/3 of
that of the muons. At 0.75 TeV, these 250-GeV electrons, generated at
the above rate, travel to the inside of the ring magnets, and radiate a lot
of energetic synchrotron photons towards the outside of the ring.

Electromagnetic showers induced by these electrons and photons in the
collider components generate intense fluxes of muons, hadrons and
daughter electrons and photons, which create high background and
radiation levels both in a detector and in the storage ring at the rate of
about 0.5 kW/m.
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2009 Muon Collider Tentative Parameters
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IR Design by E.Gianfelice-Wendt & Y.Alexahin (2009)

correctors

sextupoles bends

Dx (m)

quads

x 

y

Chrom. Correction Block

multipoles for higher order chrom. correction
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4th Concept Detector at MC: MARS15 Model

B=3.5 T

Borated poly

Tungsten
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Muon Fluence in Orbit Plane
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Neutron and Photon Fluence
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Nov. 2009:Neutrons (with same Eth) are 2-3x lower. Muons are the same.
Pions 2x lower; protons 5x higher, photons 100x higher, electrons 1000x higher:
smaller cone, neutron Eth~0 now, rather different detector, and – most
important - no masks between magnets. 

Compare to ‘96 Studies w/Optimized 20-deg Nozzle

Longitudinal
fluence

Radial
fluence
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Vertex Detector Hit Density (a layer of Silicon at a radius of 10 cm): 

 0.4% occupancy in 300x300 mm2 pixels

 MARS predictions for radiation dose at 10 cm for a 2x2 TeV
Collider comparable to at LHC with L=1034 cm-2s-1

At 5cm radius:  13.2 hits/cm2  1.3% occupancy

 For comparison with CLIC (later)  … at r = 3cm hit density about ×2 

higher than at 5cm  → ~20 hits/cm2 → 0.2 hits/mm2

750 photons/cm2  2.3 hits/cm2

110 neutrons/cm2  0.1 hits/cm2

1.3 charged tracks/cm2  1.3 hits/cm2

TOTAL                               3.7 hits/cm2

‘96 Studies w/Optimized 20-deg Nozzle



.
Energy spectra in tracker (+-46x46x5cm)
Blue lines - from machine,  red lines – Z0 events, green lines – Higgs events

Machine vs Vetrex Backgrounds in Tracker
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Down w/masks Down w/masks
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Simulation and Performance of Detectors (Corrado Gatto)
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Simulation and Performance of Detectors (Corrado Gatto)
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Simulation and Performance of Detectors (Corrado Gatto)
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I
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I
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I
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I
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I
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IR Magnets: Requirements/Issues

 Dipoles in IR do an excellent job in spreading decay electrons 
thus reducing backgrounds in detector; split them in 2-3 m 
modules with a thin liner inside and tungsten masks in 
interconnect regions.

 Full aperture A = 10 smax + 2cm

 Maximum tip field in quads = 10T (G=200T/m for A=10cm)

 B = 8T in large-aperture dipoles, = 10T in the arcs

 IR quad length < 2m (split in parts if necessary) with minimal 
or no shielding inside

 Serious quadrupole, dipole and interconnect technology and 
design constraints.



IR Quadrupole Issues (A. Zlobin)

Bmax(1.9K/4.5 K)~15T/13 T 
LARP TQ best results ~12T/13 T at 4.5K/1.9K

Bnom~11-12 T 

Operation margins ~20% @ 1.9K and only ~10% @ 4.5 K
Operation at 4.5K more preferable 

Usually 20% for IRQ but 10% maybe OK for Nb3Sn magnets

Good field quality aperture (<1 unit) ~2/3 coil ID

Quench protection looks OK (short magnets)

Max stress in Q2, Q3 >150 MPa => Nb3Sn conductor degradation
use Nb3Al

stress management

Open questions:

Is margin sufficient? Do we need internal absorbers (larger 
aperture)?

Can the IRQ maximum/nominal gradient be increased? 

NFMCC-2010, UM, Oxford, Jan. 13-16, 2010
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Dipole Issues (A. Zlobin)

Traditional 2-layer design
Bmax(1.9K/4.5 K)~13.5T/12.5 T 

Operation margins ~70% @ 1.9K and ~55% @ 4.5 K

Good field quality inside R<55 mm

Coil shielding in midplane  
use low-Z material in midplane

Split magnet and insert absorber

Open midplane
New complicate design

Bmax(1.9K/4.5 K)~10T/9 T 

Operation margins ~20% @ 1.9K and ~10% @ 4.5 K

Poor field quality 

Large stored energy => factor of 5-8 larger than in present LHC IRQ 

Coil stress management needs more studies

Questions: margin, design, field quality, quench protection,…

Can we make such complicate magnets!?
NFMCC-2010, UM, Oxford, Jan. 13-16, 2010
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High-Field HTS Open-Midplane Dipoles
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High-Field HTS Open-Midplane Dipoles
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High-Gradient Quads w/Exotic Materials (R. Palmer)
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High-Gradient Quads w/Exotic Materials (R. Palmer)
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High-Gradient Quads w/Exotic Materials (R. Palmer)
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Permanent Magnet Quad Final Focusing (Finn O’Shea)

Segmented (16 to 32 pieces), ~3-mm inner radius
permanent quad can be created with G up to 990 T/m.
UCLA has experience making Praseodymium-based cryo
magnets and using them for final focus systems. 
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Novel Accelerator Magnets Compatible with 
High Energy Deposition (R. Meinke)

Double-Helix (DH) Coils
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Novel Accelerator Magnets Compatible with 
High Energy Deposition (R. Meinke)
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MDI Issues and Work-to-Do

See my next talk


