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Given these early days and the uniqueness of a Muon Collider, we can explore 
large deviations from the current detector paradigm.  I have watched “concept” 
detectors from 2004 through 2022 (e.g., ILC —> CLIC —> MuCol) and the main 
features are rather similar, in fact, similar to the “Magnetic Detector” circa 1972.  

• Iron-free detector     (return the flux of the tracking solenoid with outer solenoids)  

• High-field tracking solenoid    (~8T, about twice current state-of-the-art) 

Note bene:  ”Superconducting Magnet with Minimum Steel Yoke for the Hadron Future Circular Collider 
Detector,” J. Superconductivity and Novel Magnetism, 30 (8)  Aug. 2017,  V. Klyukhin, A. Herve, A. Ball, A. 
Dudarev, A. Gaddi, H. Gerwig, M. Mentink, H. Silva, G. Rolando, H. Ten Kate, C.P. Berriaud.  (3 designs)



CLIC-CDR: Apr 2011, 
Sec. 13 “Interaction Region  
and Detector Integration,”  
H. Gerwig and M. Oriunno.

                                                                                   
Percent iron:                  86.3%                                                       80.0% 
Detector mass            10,800 t                                                      8,900 t

A huge volume 
is devoted to 
flux return and 
filtering out  
hadrons. Are 
there other 
solutions?



 Flux return by 12 smaller solenoids               (A. Mikailichenko, Cornell LNS)



B field magnitude 

High-field is confined 
to the volume of the 
main solenoid and the 
12 return solenoids: 

No ‘wall of coils’ and 
still small fringe field.

(FlexPDE calc.)



 field on axis 

The  field is uniform over 
 m in z, and goes to 

zero around  m. 

This is sufficient for a 
tracking field. 

A “wall of coils” will extend 
the tracking field in z, an 
area of future design work.
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Bz
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(FlexPDE calc.)
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• A high-field tracking volume suppresses the  decay electrons 
and  pairs from entering the detector volume. 

• Since iron saturates around 1.8T, it is not useful in a high-field 
environment, so better to leave it out and support the field with 
currents only.  

Getting rid of the iron leads to many experimental and technical 
benefits.

μ → e
e+e−



 Eleven benefits of an iron-free tracking field: 

 1.  Any small stray field can be completely cancelled with trim coils    
(multipole-by-multipole). 

 2.  The B field can be reversed ( ) to cancel detector   
asymmetries, and can be any value between 0 and 8T. 

 3.  Avoids the huge internal forces (  kt)  on nearby iron 
volumes (e.g., CMS HF iron calorimeter at z=11 m moved 19 mm 
into the B=4T field). 

4.  Avoids the CMS problem of too little iron in the pole tip regions 
to contain the 4T flux density.

B → − B

∼ 25



 Exercise in minimizing  
1

2μ ∫ B2dV

 HF

 My deep respect for A. Herve, et al. … 100% risk

(3,4.  CMS B-field)



 Benefits of an iron-free tracking field, continued:  

5. CLIC_LDC and CLIC_SiD have iron volumes of 80.0% and 86.3%,  
respectively, of their total volume.  This volume could be better used for 
instrumentation, maybe for long-lived WIMPs, SUSY LSPs, dark matter, etc.  
(e.g.,  the Lead Glass Wall add-on to Mark II). 

6. An iron-free detector is more 
easily disassembled, for repairs  
or upgrades.  

7. A dual-readout fiber calorimeter 
allows an excellent muon ID.  



 Benefits of an iron-free tracking field, continued:  

8. The interiors of the 12 flux return solenoids can be 
instrumented, but this only covers about 1/2 the solid angle. 

9. The absence of iron makes this a light-weight and open 
detector. 

10. Almost every problem in the IR becomes easier without the 
15,000-tonne iron mass, including crane capacities, platform 
deformation and floor loading.



11. Charged momentum resolution in the TeV/c range (Gluckstern). 

                             

The CLIC_ILD design has  m.  Assuming m and N=50, 
and for B=8T, 

                                  

     
so that a 5 TeV/c  can have a momentum resolution of about 10%. 

   (Note also: a 5 TeV  loses about 1% of its energy per meter by radiation in a calorimeter.)

σp

p2
≈

σx

0.3Bℓ2

720
N + 4

ℓ ≈ 2.0 σx ≈ 50μ

σp

p2
≈ 2.0 × 10−5 (GeV/c)−1

μ±

μ±

 Benefits of an iron-free tracking field, continued: 



Problems (“challenges”) 

• 8T over this huge solenoid volume is hard.  Magnetic stored energy, magnetic 
pressure and all forces scale as .   Unlike the 4th dual-solenoid, this has not 
been “engineered.” 

•A fail-safe procedure for bringing down all solenoids for a single quench. 

• The solenoid in a big collider detector is a “100% risk” - by this we mean that if 
the solenoid fails, the experiment fails. 

• I once talked with Alain Herve about the dual solenoids and, all I can say is, he 
listened.  A realist like Herve knows the effort and risk involved (I do not). 

Note bene:  ”Superconducting Magnet with Minimum Steel Yoke for the Hadron Future Circular Collider Detector,” J. 
Superconductivity and Novel Magnetism, 30 (8)  Aug. 2017,  V. Klyukhin, A. Herve, A. Ball, A. Dudarev, A. Gaddi, H. Gerwig, 
M. Mentink, H. Silva, G. Rolando, H. Ten Kate, C.P. Berriaud.

B2



Thank you for your attention.

E.J. Bahng and I will submit a proposal to support university people on  

* G4 simulations of BIB and pairs in this B-field, starting from the 
CLIC_ILD code.   

* Assess loopers and resolutions.   

* Include particle IDs with calorimeter, including new work by Sehwook Lee in 
the IDEA collaboration, and low-mass tracker and vertex chambers.   

* Along the way, Bahng will write an illustrated children’s book on particle  
physics, the muon collider, and the people who do it. 

e+e−



B vector field 

Needs more design 
work on high-field 
regions near 
conductors. 

The end-coils are not 
included in this 
calculation, but will be 
added.



Dual-solenoid  “engineering”



Alexander  
Mikhailichenko, 
Cornell LNS 

(first ideas of  
multiple solenoids 
for detectors, 2001)





Masayoshi Wake, KEK 
Ryuji Yamada, Fermilab 

(novel ideas with non-
rectilinear  
conductors)



Alexey Bragin,  
Budker Institute 

(design of conductor, 
overall dual-solenoid 
system)


