
Meeting 06/20/23  
  Homework from Meeting 06/12/23 

1. PDE +Activation around CPS with 2.5 mm beam sigma.

2. Simulations of CPS with   3.5 mm beam sigma.

3. CPS material budget/cost.

4. CPS optimisation.

Next week calculations  (request from Hovanes)

1. Simulations of CPS with   1.5 mm beam sigma (background, magnet).

2. Simulations   with   1  mm  horizontal shift (background, temperature).



Beam 2.5 mm.  
PDE and Activation.
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Prompt Dose Equivalent Map (rem/hr) < 500 ; beam  2.5 mm; B=0.9Bn

Modified shielding. Not yet optimized.
Max Radius changed from 86 to 110 cm.
May be not necessary.

Area for PDE comparison with reference

PDE r vs z map in rem/hr
z- profiles at the next slide.  
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Prompt Dose Equivalent (rem/hr) at r=150-180 cm from beam 2.5 mm.

Top ¼ sphere
𝜋/2<φ<𝜋
To ceiling and walls

1’ on top of  Hall floor 
                   at 
𝜋/2-1/80<φ<-𝜋/2+1/80

● At beam 2.5 mm PDE  meets the specification  of the PAC48 proposal:
PDE<25 rem/h at floor level  1.5-1.8 m. 



120<r/cm<150

 z/cm

r/cm

470<z/cm<500
-100<z/cm<-70

r/cm

r/cm

520<z/cm<820

Activation 1000+1 hr is below 5 mrem/hr. B=0.9Bn.   Beam  2.5 mm.

386<z/cm<420

r/cm



Beam 3.5 mm.  
PDE and Activation.



B=0.9Bn. Prompt DE<25 rem/h at r=150-180 cm from Beam 3.5 mm.

● At  beam 3.5 mm PDE  meets the specification  of the PAC48 proposal:
PDE<25 rem/h at floor level  1.5-1.8 m. 
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Beam 𝜎=3.5 mm. B=0.9Bn.   Activation 1000+1 hr is below 5 mrem/hr. 

-100<z/cm<-70
470<z/cm<500

120<r/cm<15076<z/cm<126

r/cm r/cm

r/cm z/cm



● Maximal dP/dV - 2.1 kW/cm3

● In Coil the  PD<2.E-9 GeV/g/e => Coil LT~300 years of continuous operation.

Max. dP/dV and Coil Lifetime.  Beam 3.5 mm.   B=0.9 Bn .  



Beam 3.5 mm.  

PDE and Activation.

Shield optimization.



PDE (rem/hr) at r=150-180 cm from beam 3.5 mm. B=0.9Bn.   Iron core.

z/cm

z/cm

● With iron core, beam  3.5 mm, PDE  meets the specification  of  PAC48.



1000+1 hr Activation DE (mrem/hr) at r=150-180 cm from beam 3.5 mm.
  B=0.9Bn.  Iron core to save  lead.

● Activation  is below
5 mrem/hr !

-100<z/cm<-70

130<r/cm<160

r/cm

z/cm z/cm

r/cm

120<r/cm<160

470<z/cm<500



Beam 3.5 mm. B=0.9Bn. Max. dP/dV=2.5 kW ;  Coil Lifetime =300 years. 

● Prompt dose in DS coil <2.E-9 GeV/g/e.

● Coil LT ~ 300 years. 

z/cm

z/cm

Hot Spot profile 

Hot Spot profile 



Beam 2.5 mm.  PDE and Activation.
“Stingrey” beam channel.

 Shield Optimization.

R=0.5 cm ; may be higher.

nb - beam direction

𝝑 -pitch angle to the tangent surface n.

(nb,n)=sin(𝛼)sin(𝜑)=sin(𝝑) 

𝛼 -beam pitch angle to the screen normal.

𝜑 -angle between  n and horiz.   axis.

R

n
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Comments to the video.     What is the wedge effect?

1)  Consider e-beam as a cylinder diameter D with uniform density; direction  nb=(0,sin (𝛼),cos(𝛼)),

                                                                                                                                         where 𝛼 pitch angle to the  beam axis.

2) For a squared or wedge-like  channels the hot spot is a cross section of a cylinder with a plane. 

Plane  orientations: n1=(0,1,0)  -for  squared channel,  or n2 =(±cos(𝜑),sin(𝜑),0)  - for  2 wedge planes

                                                                                                             obtained as   ±𝜑 - rotation  of yz-plane around z-axis.

Impact angle is determined by (  nb , n1 )= sin(𝛼) or  (  nb ,n2 )=sin(𝛼)sin(𝜑)=sin(𝝑) - pitch to wedge plane.

3) But in both cases the intersection is an ellipse with the  area  S= 𝝅 D⨉L ,   where L - ellipse large axis. 

4) Pitch angle    𝝑~D/L .

5) Maximum L is constrained  by the length of the beam channel  (L<Lc~2 m), or  the wedge (L<Lw~0.5 m).

● Therefore  max  dP/dS ∝ 𝝑  ∝ L-1 for the wedge is Lc/ Lw  = 4 times higher.



 B=Bn, “stingray” chanel d=1 cm, 4 layers of Lead.  More W-shield for DS Coil. 

Top ½ sphere

Bot.  ½ sphere
floor

● PDE meets requirement of PAC48 for the floor level.
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1000+1 hr Activation DE (mrem/hr) ;  beam 2.5 mm, B=Bn.  Iron core. “Stingrey” channel.

z/cm

r/cmr/cm

-100<z/cm<-70 470<z/cm<500

120<r/cm<150

● Activation is below 5 mrem/hr.



Beam 𝜎=2.5 mm. B=Bn. dP/dV < 1.2 kW ;  Coil Lifetime ~300 years. 



Pedestal ½+½
Concrete + 20% B Concrete

CPS Weight and Cost estimates. 

CPS Mat. Ton g/cm3 $/kg

Lead 49 11.3 5

B+PE 2.4 1.2 20

Iron 12 7.8 4

Copper 2.9 8.9 20 (100,Tim)?

Total CPS 66 - (+$240,000)
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Consider a source of radiation (red line) and a shield around it (cylinder R,L). Stationary case.

Total power P of red line  relates to  dP/ds  at the cylinder surface as

   P=2𝜋RL (dP/ds) 

Assume dP/ds = 𝜚  is constrained by RadCon regulations to be constant  at varying sizes.

      =>   for the SPS radius we write                             R= (P/𝜚)(2𝜋L)-1

For the  CPS cyl. volume we write:
                                                                                             V=𝜋(2𝜋)-2  L-1(P/𝜚)2

For a  spherical case   
    V=(4𝜋/3)(4𝜋)-3/2(P/𝜚)3/2

And we find that for constrained    dP/ds=  𝜚 at CPS surface  
CPS volume     V   ∝    L-1

Temperature   To   ∝    L-1    (from the previous presentations)
Magnet power B   ∝    L-1   

   Max. power dep.       dP/dz   ∝    L-1

● Thus, further  increasing CPS length L we may save on volume, weight, and magnet cost.
● Electron beam current is limited by  Absorber  temperature.
● Photon beam intensity may be significantly higher.

R
L

CPS critical sizes and shield optimization.



If copper cost is  $100/kg we may replace Cu with Fe or Pb in some locations

           Shield optimization requires  FLUKA  and Temperature  calculations.



22

  
FLUKA Absorbed Dose (rad/Gy) and Dose Equivalent (rem/Sv).

Equivalent Dose definition. 

Absorbed dose includes neutrons. 

● Does FLUKA follow standard rules? 




