Beam Lattice Parameters for  Recycler Injection using Laser Assisted  Stripping
Dave Johnson

December 15, 2009

This note contains preliminary beam and lattice parameters to be used for Conceptual Design of a laser assisted 8 GeV H- stripping injection into the Recycler. The initial ring lattice and transport line are shown in Figure 1.
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Figure 1: (Left) Initial Recycler ring lattice function for the injection straight section. The injection chicane is located in the middle of the symmetric straight section. (Right) Linac H- six-sigma beam envelope [mm] in the injection region. The dashed line denotes a 5mm beam envelope (6 sigma).  

Initial Beam and Lattice Parameters
Beam kinetic energy:

8 GeV

Energy Spread (full)

without debuncher
+/- 15 MeV

with debuncher
+/- 2 MeV 
Bunch length  (full)             +/- 20 mm    -> ~ 130 ps 

Bunch structure 

325 Mhz    (nominal)





162.6 Mhz (optional)

Recycler harmonic number
588

Recycler revolution period
11.1 microseconds

Recycler injection frequency
52.8 Mhz

Bunch freq/Recycler freq
6.15

Beam chopping


freq matching

2 out of every 6 bunches are missing

abort gap 

750 ns gap chop  out of 11.1 microsec 

(i.e. about 250 bunches are chopped out at 2.5 MeV)
Linac pulse rate 

10 Hz

Number of injections 

6 every 1.5 seconds

Macropulse length

4.3 ms

Linac rms emittance (8 GeV)
0.5 mm-mr after collimation

Linac 95% emittance

2.5 pi-mm-mr (normalized)

Transverse bunch shape
truncated gaussian after collimation

Final Recycler emittance
25 pi-mm-mr (normalized)

Transport line lattice

20 meters < betax < 40 meters





10 meters < betay < 20 meters





alphax = alphay = 0





Dx = D'x = Dy = D'y = 0

Injected beam envelope
5 mm < Horizontal < 8 mm 
(6 sigma truncated gaussian)





4 mm < Vertical < 5 mm
(6 sigma truncated gaussian) Recycler ring lattice

betax ~ 70 meters (with a tuning rance of +/- 20 meters)





betay ~ 30 meters (with a tuning range of -10+40 meters)





alphax = alphay = 0





Dx = D'x = Dy = D'y = 0


Figure: 2: Injection chicane layout showing the last 3 (of 4) chicane dipoles. HBC2 is a low field merging dipole. The space between HBC2 and HBC3 is about 0.6 meters and contains both foil stripping and laser assisted stripping insert. This could be together or alternately installed.
Figure 3 shows the concept for the zero integral vertical dipole used for H- neutralization. and Table 1 lists the current dipole strengths. It is assumed that the vertical dipole and HBC3 will have a flux catcher or other design to minimize the extent of the end field and increase its gradient.(dB/dz).

Figure 3: Concept for the zero integral H- neutralization dipole. This dipole should have a 2" gap with a  2-3 kG field with a end field clamp (not shown).
Table: 1 Chicane dipole parameters 





Questions: 

1. What is the increase in  H0 emittance due to vertical dipole upstream of the laser?
2. What is the increase in emittance in the H+ due to delayed stripping of the stark states in the end field of the horizontal chicane magnet downstream of the laser interaction region?

3. How do the results in 1 and 2 impact transverse phase space painting?

4. What is the required laser energy per pulse required to excite the n=3 transition at the 98 to 99% level?

5. What is the spontaneous decay time and fraction of the n=3 Stark state at 8 GeV  
6. What is the optimal peak field and field gradient of the chicane dipole to strip the n=3 stark state at the 98 to 99% level?
7. What is the optimum peak field and gradient of the zero integral vertical dipole used in the H- neutralization step?

8. What is the dependence on the injected vertical and horizontal  injected H- beam envelope? Is there an optimal transverse distribution?

9. What is the impact of bunch frequencies of 162.5 Mhz  verses 325 Mhz on laser power?

10. What is the optium angle between the laser and the H0 beam in the transport line?

11. What is the optium divergence of the laser at the interaction point? How does this depend on the energy spread of the H- from the linac?

12. What is the impact of different laser polarization (or unpolarized) on the production of the n=3? 
13. How important is the laser uniformity across its transverse dimensions?
14. What is the required temporal profile? How does this impact  laser power?
15. What is the impact on the production of n=3 state and the spontaneous de-excitation of a magnetic field at the laser interaction point? What about the n=4 state?
injection chicane located  here








