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Getting µ’s from 30 GeV to 2 TeV

 before they all decay away…

The very bigbig picture….   dtµ = dtL/γ   (time dilation)

∆tµ =  ∫1 /γ  dtL ≈  ∫mo/(Ei+g x) dx/c =  mo/gc 

ln(Ef/Ei)

Νµ/Νµο =  e -λ ∆tµ =   (Ef/Ei) 
-λ m

o
/gc 
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Simple straight linac…

g

#µ           TELSA cavities ~ 

real estate g ~ 31 MeV/m

64.4 km linac

97% survival

 ~$40-100B*

*@Jlab ~ 
$20M/GeV
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±1.8T ±1.8T8.8T

Ln/2Ln/2 Ls

Pmax/Pmin= Bmax/Bmin = (Bs∙Ls + Bn∙Ln)
 (Bs∙Ls - Bn∙Ln)

x≡ (Pmax/Pmin-1)/(Pmax/Pmin+1)

Bavg= f (x+1)/(x/Bn+1/Bs)

Pmax/Pmin→∞, Bavg→ 3.0T      

Hybrid magnets…

Bavg[T]

Pmax/Pmin
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Reuse RF … lots of schemes…

Rapid Cycling Synchnotron

racetrack recirculating linac

dogbone Recirculating Linear Accelerator
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How do we decide?

•Nµ/Nµo  survival -

•Cost  --

•Size  --  fit at FNAL?

•Complexity  --  switchyards

• … 



RLAs as polygons...

N ­ # of sides
LT – total length of linacs

L – length of linac on one side  L= LT / N

n ­ # of momentum ranges
R – largest arc radius
ri – arc radius for range#i    ri= R (Pf/Po)

i­n

si – drift for one range   si= 2 (R­ri) sin(π/N)

R
r

i

s
i

L

L

P
f
= final momentum

P
o
= initial momentum
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RLAs as polygons...

Ci = path for range#i  Ci=Ltot+2πri+Nsi

gL = real estate gradient in linac

gavg.i = average real estate gradient over path#i

gavg.i= gL LT/(LT + 2πri+N si)

ki = ratio for range#i        ki≡ (Pout.i/Pin.i)= (Pf/Po)

Nµ/Nµo = Πi=1
n  (ki)

­λmo/gavg.ic

1/n
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Nµ/Nµo = Πi=1
n  (k)

­λmo/gavg.ic

Nµ/Nµo =  (Pf/Po)
−λmo/c/n  

k ≡ ki≡ (Pout.i/Pin.i)= (Pf/Po)
1/n

Σi
n

1 /gavg.i

Make all 
steps the 
same ratio

RLAs as polygons...
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Nµ/Nµo =  (Pf/Po)
−λmo/c/gL  

(Σi
nC

i 
/LT)/n

Ci/ LT = (LT + 2πri +2(R­ri) N sin(π/N) ) / LT

           = 1 + 2πri/ LT +2(R­ri)/ LT N sin(π/N)

ri= R (Pi/Pf) = R (ki Po)/Pf = R ki/kn = R ki­n 

Ci/ LT = 1 + 2π(R/LT)k
i-n +2(1­ki­n)(R/LT) N sin(π/N)

straight linac

RLAs as polygons...
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K≡ Σi=1
n ki - n=  k- nΣi=1

n ki  =k-n(k-kn+1)/(k-1)

                     = (k1-n-k)/(k-1)

(Σ1
n Ci /LT)/n =

             1 + 2π(R/LT)K/n +2(1­K/n)(R/LT) N sin(π/N)

RLAs as polygons...
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Ci/ LT = 1 + 2π(R/LT)k
i-n +2(1­ki­n)(R/LT) N sin(π/N)

Σ1
nCi /LT/n

     = 1 + 2(R/LT)K/n +2(1-K/n)(R/LT) N sin(/N)

 = 1 + 2(π − N sin(π/N))(R/LT) K/n +2(R/LT) N sin(π/N)

K≡ Σi
n ki-n = (k1-n-k)/(1-k)

straights arcs

RLAs as polygons...
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N/No = [ (Pf/Po)               ]
1 + 2(π − N sin(π/N))(R/LT) K/n +2(R/LT) N sin(π/N)

−λmo/c/gL  

2 sides
L=0.25 km

L=4 km

0.7 0.3

1 1

N
No
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N=4, LT=4, n=16N=4, LT=4, n=1

!~FNAL
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Costs? - linac

•ILC ~ 500 GeV, 31.5 MV/m, 16km ~ $20B
           ~ $40M/GeV

•12 GeV CEBAF ~ $50M/GeV, ~ 10MV/m

• Study IIb  RLA ~  $40M/GeV ~  5.3 MV/m
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Costs? - arc

~ stored energy ~ aperature * length *  Bmax

•  (nc) FFAG ~ 2.369m 3.508 T ~ $150K  ~ $63k/m

•   Study IIb FFAG ~ $28k/m

•  D.SummersD.Summers (this week) ~ $14k/m
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Costs – estimate for next slide

Linac -  ~ $50M/GeV 

Arc ~ $60K/m

Straight ~ $6K/m



Muons, Inc.

LEMC2009 workshop 8-12 Jun 2009

NFMCC, Jan. 14, 2010

Muon survival vs. cost

2 TeV0.75 TeV
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Muon survival vs. cost - conclusions

•Lots (1­2 km) of linac
•
•4­5 arcs better than one
•
•shape doesn't matter much
•
•expensive
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