Plan of “Beam-Beam Effects in Tevatron”
1. Introduction – Shiltsev

performance, luminosity integral, beam-beam losses, lifetime, describe shot setup, difference Run I and II, cut and paste part of TSen article 
Table 1.1:  Tevatron parameters 

Fig.1.1: Luminosity progress 2001-2004 

Fig.1.2: Comfort plot: a) now (good); b) in 2002 (bad) 

Fig.1.3: Chart of beam losses in various stages ( or a Table?)

Fig.1.4: Luminosity lifetime vs Luminosity

Fig.1.5: Bunch-by-bunch distributions : p/pbars; intensities, emittances, bunchlength – (do we need that? TBD, VS)

2. Helices - Alexahin/Sen/Moore

general on helix, step 13, further helix optimizations (5*, etc); 

experiment on larger /scaled helix

Table 2.1: Separator voltages and min Separations

Fig.2.1: “Seq 13” :  Luminosity vs N_p (parabola)

Fig.2.2:  Min Separation on ramp and squeeze: now and then 

Fig.2.3:  Separation in 138 IPs on Inj Helix

Fig.2.4:  Experiment lifetime vs Helix size 

3. Sqrt[t] loss at 150 - Lebedev/ Shiltsev

Plots  and simple explanation

Fig.3.1: FBIANG(1) vs time = sqrt(t)

Fig.3.2:  dNa/dt (pbar loss) at 150 vs Chromaticity

4. Losses on ramp – Sen

vs emittance and bunchlength, discussion on p/pbar only results, effects 1st half and 2nd half of ramp

Fig.4.1: Pbar loss dNa/Na vs Pbar vert emittance

Fig.4.2:  dNa/Na (pbar loss) vs Pbar Long emittance

Fig.4.3: Zoomed Na (pbar intensity) on the ramp 
5. Bunch-by-bunch orbits/tunes/chromaticities - Valishev, Lebrun, 

Orbits from SL, FWs and model, tunes from Schottky and model 

(reference to other attempts - Bagley, TEL, noise), 

chromaticities and model, at 150 and at LB
Fig.5.1: Pbar b-by-b (bunch-by-bunch)  orbits from SL (FWs?) + model 

Fig.5.2:  same for tunes from 1.7 GHz Schottky

Fig.5.3:  pbar (and p?) Tune decay during store (3678? - AV)

Fig.5.4: 2D resonance plot with meas’d a/p tunes (PL) + model footprint (YA)

Fig.5.5: b-by-b pbar chromaticities (TBC, if error reduced…)

6. B-b-bunch lifetime pbar/protons – Valishev, Lebrun, Shiltsev

At low-beta and at 150, cogging effects at 150 and 980

Fig.6.1: b-by-b lifetime at LB a) pbars; b) protons (#3678 ? – AV) 

Fig.6.2:  same at 150 GeV a) pbars; b)p’s (Paul)

Fig.6.3:  pbar (and/or p ?) lifetime at 150 after cogging (VS) – TBC

Fig.6.4:  4 spikes in proton losses during final cogging (TBC, VS)

7. Scallops - Valishev

timescale,scraping, distribution, tune dependence

Fig.7.1: scallops: a) initial b-by-b emm ; b) dEmm

Fig.7.2:  evolution of scallops : dEmm vs time

Fig.7.3:  scallops vs WP (need to plot it – TBC, AV)

8. IP mismatch p-loss – Lebrun/ Shiltsev/Sen

Variation bunch by bunch, exclude beam-loading, 

Show dN/dt and pbar emittances vs time, no dependence on N_a !, refer to SPS and HERA

Fig.8.1: dNp/dt vs pbar emittance

Fig.8.2:  dN_p/dt vs bunch number (ladders) – (TBC, vs)

9. Longitudinal shaving at LB - Alvin

evolution of f[I] vs time for p and pbars, discussion on initial 4eVs, tails growth etc

Fig.9.1: evolution of f[I] vs time a) for p and b) pbars
10. Tune scan at LB, lifetime vs WP – Zhang/Shiltsev

Results of dedicated studies and store data analysis, copy discussion from PAC’03 paper

Fig.10.1: WP scan – from PAC’03 paper

Fig.10.2:  2D plot of non-lumi pbar losses vs meas’d tunes of pbar (a) , p (b)

11. Cogging and IP scans - Moore/ Shiltsev

Losses vs dT, dX, discussion what and why, why protons die when pbars 1 RFC away

Fig.11.1: dNa/dt and dNp/dt vs transverse separator scan

Fig.10.2:  dNa/dt and dNp/dt vs longitudinal separator scan

12. Discussion[future] /Conclusions – Shiltsev/Lebedev/Sen/et al

helix with new separators, new ideas : 23 RFC, no crossing angle, zero chromaticity

Total: 2 Tables, 33 Figs.

FIGURES and TABLES

	Parameter
	Present
	Upgrade
	units

	Peak luminosity
	107e30
	270e30
	cm-2 s-1

	Integrated luminosity
	18
	47
	pb-1/wk

	Total   ( L dt
	0.7
	4.4-8.8
	fb-1

	Beam Energy
	980
	980
	GeV

	Number of bunches
	36x36
	36x36
	

	Protons/bunch
	260e9
	270e9
	

	Anti-Protons/bunch
	38
	127
	

	Proton emittance,95%
	19
	20
	( (m

	Pbar emittance, 95%
	17
	20
	( (m

	(* at IP 
	35
	35
	cm

	Hour-glass factor
	0.68
	0.65
	

	Pbar production rate
	13.5e10
	45e10
	1/hr


Table 1.1:  Tevatron parameters
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Fig.1.1: Luminosity progress 2001-2004

Fig.1.2: Comfort plot: a) now (good); b) in 2002 (bad)

Fig.1.3: Chart of beam losses in various stages ( or a Table?)
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Fig.1.4(supportive): Luminosity evolution in Store #3685
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Fig.1.4: Luminosity lifetime vs Luminosity
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Fig.1.5a,b,c: Bunch-by-bunch distributions : p/pbars; intensities, emittances, bunchlength – (do we need that? TBD, VS)

Table 2.1: Separator voltages and min Separations

Fig.2.1: “Seq 13” :  Luminosity vs N_p (parabola)

Fig.2.2:  Min Separation on ramp and squeeze: now and then

Fig.2.3:  Separation in 138 IPs on Inj Helix
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Fig.2.4:  Experiment lifetime vs Helix size
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Fig.3.1: FBIANG(1) vs time = sqrt(t)
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Fig.3.1b: Longitudinal shaving

Fig.3.2:  dNa/dt (pbar loss) at 150 vs Chromaticity

Fig.4.1: Pbar loss dNa/Na vs Pbar vert emittance

Fig.4.2:  dNa/Na (pbar loss) vs Pbar Long emittance

Fig.4.3: Zoomed Na (pbar intensity) on the ramp
[image: image10.wmf]
Fig.5.1a. Horizontal antiproton bunch orbit measured by flying wires, injection energy

[image: image11.wmf]
Fig.5.1b: Horizontal antiproton bunch orbit measured by synchrotron radiation monitor and calculated, LowBeta

[image: image12.wmf]
Fig.5.1c: Vertical antiproton bunch orbit measured by synchrotron radiation monitor and calculated, LowBeta

Fig.5.2:  same for tunes from 1.7 GHz Schottky

Fig.5.3:  pbar (and p?) Tune decay during store (3678? - AV)

[image: image13.emf]
Fig.5.4: 2D resonance plot with meas’d a/p tunes (PL) + model footprint (YA)

Fig.5.5: b-by-b pbar chromaticities (TBC, if error reduced…)
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Fig.6.1: b-by-b lifetime at LB a) pbars; b) protons (#3678 ? – AV)

[image: image15.wmf]
Figure 6.1 (alternative). Antiproton bunch life time due to beam-beam #3678

Fig.6.2:  same at 150 GeV a) pbars; b)p’s (Paul)

Fig.6.3:  pbar (and/or p ?) lifetime at 150 after cogging (VS) – TBC

Fig.6.4:  4 spikes in proton losses during final cogging (TBC, VS)

[image: image16.wmf]
Fig.7.2:  Evolution of the vertical antiproton bunch emittance vs. time evolution of scallops : dEmm vs time

Fig.7.3:  scallops vs WP (need to plot it – TBC, AV)

[image: image17.wmf]
Fig.8.1: dNp/dt vs pbar emittance Proton bunch life time due to beam-beam
Fig.8.2:  dN_p/dt vs bunch number (ladders) – (TBC, vs)

Fig.9.1: evolution of f[I] vs time a) for p and b) pbars
Fig.10.1: WP scan – from PAC’03 paper

Fig.10.2:  2D plot of non-lumi pbar losses vs meas’d tunes of pbar (a) , p (b)

11. Cogging and IP scans - Moore/ Shiltsev

Losses vs dT, dX, discussion what and why, why protons die when pbars 1 RFC away

Fig.11.1: dNa/dt and dNp/dt vs transverse separator scan

Fig.10.2:  dNa/dt and dNp/dt vs longitudinal separator scan

Total: 2 Tables, 33 Figs.

