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Requirements for the longitudinal emittance before slicing

There are two requirements:

1. For the purpose of consistency with “normal” (i.e. without slicing) extraction, the longitudinal emittance of the part to be extracted should be between 60 and 70 eVs.

2. Pbars to stay in the Recycler after the shot should not leak too much to DC after squeezing into the hot bucket.

Assumptions: 

· all RF manipulations are adiabatic, so that there is no emittance growth;
· cooling during manipulations is negligible, so that there is no emittance decrease;
· longitudinal distribution along the bunch is homogeneous, so that cutting out a  portion of the beam 
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 for extraction creates the beam with the longitudinal emittance
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, where 
[image: image3.wmf]0

L

e

is the longitudinal emittance before slicing;

· momentum distribution is Gaussian;

· the “hot bucket” is 38 bckt wide restricted by rectangular barriers of 48 bckt
 X 1.8 kV. The corresponding barrier height is 17 MeV. The maximum phase area of the hot bucket is 67 eVs.
Requirement (1) limits the longitudinal emittance before slicing as


[image: image4.wmf]a

e

a

70

60

0

<

<

L






(1)

Requirement (2) limits the maximum emittance of the portion remaining in the Recycler, 
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. Let’s decide that the tolerable amount of the beam going outside the hot bucket, which is likely to be lost during the transfer, is ~1.E10. For a typical number of pbars left in the Recycler of ~100E10, it is ~1%. Therefore, the boundary 99% longitudinal emittance is 67 eVs. For a Gaussian distribution, this emittance corresponds to the value of standard 95% emittance of 51 eVs. It implies the second limitation:
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Conditions of (1) and (2) are represented graphically at Fig.1. The emittance should follow Eq. (1) until 
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Figure 1. Recommended emittance before slicing is in the area between three curves (case with 1% of DC beam).


Recent experience showed that the life of the DC beam (pbars not captured into the RF bucket) can be good. In that case, the loss occurs only when these pbars are affected by the extraction kicker. Because the “anti- barriers” are grown around the extraction area, the phase space for particles that cannot penetrate  into the kicker area increases dramatically. The anti-bucket is composed from two rectangular barriers of 38 bkct length with separation between them of 85 bckt (all data for RF voltage distribution are provided by C. Bhat). The most restricted case is when there are no mining buckets in between, which corresponds to the extraction of the last bunch. Calculation of this phase area gives 305 eVs. Taking into account the ratio of 1.3 of 99% and 95% emittances for a Gaussian distribution, Eq. (2) becomes
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This case is shown in Fig.2. In the framework of this model, the minimum portion to be extracted with small losses is ~20%. Note that it would be quite unusual mode, because in the absence of the anti-barriers 58% of the beam intended to be left in the Recycler would not be captured (DC).
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Figure 2. Case when only pbars penetrating into the extraction area are lost. The brown left upper curve is determined by the loss of 1% of the beam to be left in the Recycler. Recommended emittance before slicing is in the area between three curves. 

� 1 bckt = one 53 MHz bucket = Recycler period/588 = 19 ns
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