Requirements on the Beam-Beam Compensation Setup

for Tevatron Run IIa

The following question should be answered first:

Is there really a need for BBC in Tevatron? 

Expected problems with Run IIa.


Run Ib
Run II
Run II, SC RF

Np /bunch,             1011
2.32       
2.7       
2.7       

(p (95% normal.),  ((mm(mrad
23       
20       
20       

( /nominal IP
0.0074       
0.01       
0.01       

N parasitic IPs
10       
70       
70       

(, total
~ 0.015       
~ 0.025       
~ 0.025       

(s ,                         cm
63       
37       
14       

(E ,                        10-4
1.5       
0.9       
3.1       

(s ,                         10-3
0.7       
0.7       
6.4       
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· Larger (head-on + shorter bunches = stronger even-order resonances (& satellites)

· Numerous long-range interactions           ( strong odd​-order resonances 

     + dispersion = beam-beam chromaticity  ( and their synchrotron satellites

“Footprint” of the p-bar bunch #6 with the standard Tevatron tunes 20.585, 20.575.

The arc lines show transverse amplitudes in steps of 2(.

The red lines show sum resonances of the 5th, 12th and 7th order (from top to bottom)

The blue lines show difference (main and odd-order) resonances

Linear BBC – elimination of the bunch-to-bunch tunespread
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Think small:

- address only bunch-to-bunch difference in tuneshifts for particles with small amplitudes,

- not the intra-bunch tunespread, 

- not the tunesplit with protons.

Can be achieved with constant density electron beams
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The electrostatic limitation on the e-current in the Tevatron beam pipe
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Drawbacks of the linear BBC:

· electrostatic limit in the tube surpassed by some 50%

· 12th order resonances at large amplitudes due to sharp edges 

· total footprint reduction is not sufficient to accommodate it in a resonance free area

· large total e-current ( unwanted effect on the protons

Cure:  shaping the e-beam in the gun with the Pierce-like electrode

Total p-bar distribution in the tune diagram
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Nonlinear BBC – compression of the intrabunch tunespread
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Effect of the “profiling”:

· smaller total current due to smaller beam size

· less resonance excitation due to smooth edges

· compression of the intrabunch tunespread since the e-beam size becomes comparable to that of p-bars
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The degree of the beam-beam compensation is limited by: 

- the footprint folding at smaller amplitudes,

- resonance excitation by the e-beam itself (the 12(y in the picture is almost completely excited by TELs)

However, even moderate footprint compression permits to accommodate it in the cells surrounded by resonances of higher orders (therefore less dangerous).

Optimum tunes and e-beam profile
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Effect of smoothing the e-beam shape

· ”folding” at larger amplitudes

· weaker resonance excitation
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SPS working point (x=20.689, (y=20.682
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More space for manipulating the beams!
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Again, excitation of high (16th) order resonances by TELs is minimized by smoothing the e-beam profile to a bell-like shape.

Will 1 TEL at location with equal (-functions do?



  - If BBC is needed at all, it must provide the tune correction for PACMAN bunches which needs 2 TELs.

Conclusions

· Beam-beam resonances may prevent from achieving the Run II design goals, say nothing about further increase in performance.

· The purpose of the beam-beam compensation is to compress the total footprint as much as necessary to fit into a resonance-free area: trying to cancel the numerous resonance driving terms with TELs seems to be a hopeless undertaking.

· The linear BBC might be somewhat helpful, even with one TEL, but a second TEL certainly would be of advantage.  

· However, the linear BBC does not provide the sufficient degree of the compression and is associated with a number of difficulties; overcoming them naturally leads to the nonlinear BBC.

· With 2 TELs it is possible to compress the footprint so that it can be accommodated in the cells in the tune diagram free of resonances of the order lower than 13.
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TEL currents for 2-fold compression
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Working point  (x=20.563, (y=20.557





2 TEL nonlinear BBC





1 TEL nonlinear BBC





2 electron lenses are necessary!





a – no BBC, 


b – linear BBC with 1 TEL, 


c – linear BBC with 2 TELs, 


d – nonlinear BBC with 2 TELs
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