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Abstract

The layout of the template is very basic. It is possible to turn on automatic numbering of sections through the autoformat options found in ‘options’ in the Tools menu. The template has been set up to produce an output suitable for electronic publishing using Adobe Acrobat( software. 

1. Program for BBLR MD  02.09.2004
1.1. Motivation
The picture which emerges from the BBLR MD’s is that of qualitative consistency and agreement with expectations and simulations. A quantitative agreement between experiments and simulations was observed in several occasions but an overall quantitative consistency is not reached yet and several observations are difficult to understand. It looks like there are parameters not under control or whose control is critical. This seems to be the case for the beam emittance (or better transverse distribution) and the aperture limits. The BBLR ramp is as well a suspicious step which might modify the incoming emittance or produce tails. It is therefore necessary to crosscheck the results with a strategy which possibly allows an easier interpretation.
1.2. Goal and Strategy

The goal of this experiment is to verify the efficiency of the compensation and investigate the unexpected tune dependence observed in the first MD. Time permitting, we will as well verify the conditions of onset of a strong diffusion with a single BBLR.

To disentangle the effect of possibly hidden parameters, the strategy is simplified (static BBLR and conditions for easier understanding of observations), the effective aperture increased (lower emittance) and the observation principle adjusted taking into account the observations of former MD’s:

· The BBLR is switched ON together with its ancillary correctors (orbit, tunes, coupling) BEFORE injection

· The kick of the Q-kicker will be done towards the end of the cycle to leave 3.5 seconds of “pure” conditions.

· The kick will serve two purposes: tune measurement and tail measurement by a measurement of the induced beam loss; for that purpose, the kick strength will be chosen to cause a detectable current loss (about 10%) without BBLR

· The emittance will be measured as soon as the injection oscillations disappears and just before the Q-kicker kick. If two WS can be used, we will measure as well at 300ms, leaving a time sufficient in former MD’s for the onset of the BBLR driven blow-up or emittance cut.

· The incoming emittance will not be blown up and scaling laws will be used to adjust accordingly the wire current and beam-wire distance to simulate the LHC. In this way, the effective aperture should be increased by some 50%.
The observables will be: a) the beam lifetime during the steady period and partial beam losses at injection and after the kick, b) the transverse profile change before and after wire excitation, c) the PMT signals, d) the 1000 turns beam oscillation after vertical kicks at several amplitudes.

1.3. Scaling Laws

Nominal conditions:

(N=3.75 10-6 m; IW= 267A; dy=9.5(=21.42mm (BBLR1) and 21.10mm (BBLR2)

Scaling

· 
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1.4. Beam conditions and Set-up

· 12 bunches with about nominal intensity;  total number of protons about 4x1011 

· correct orbit; move orbit at TIDV upwards by +4 mm; this maximizes vertical aperture according to Gianluigi

· LHC like tunes found to be OK: 0.31, 0.30

· Chromaticity knob setting xix=0.2, xiy=0.03 (about Q’~1 in both planes)

· Stability: radial octupole -0.875, vertical octupole 0 ; maximize decoherence time without BBLR but beams should remain stable for small Q’ shifts.           

· Emittance: keep incoming normalized emittance ( should be about 2.0 m); if possible, scrape systematically to ensure a constant incoming emittance

· Cycle timing:

· 0: BBLR and all ancillary correctors shall then be ON

· ASAP (~30): measure V (+H if possible) emittance

· 300: measure V (+H if possible) emittance

· 0-300: measure initial current loss

· 300 to 3300: measure current loss and lifetime

· 3300: measure V (+H if possible) emittance

· 3500: measure tunes and kick tails

· 3500 to 4300: measure current loss from tails

· 4300 to 4800 switch OFF BBLR’s + associated correctors

· launch:   BCT logging (3 or 4?), PMT logging 
1.5. Experimental programme

· Measure emittance and adjust the wire current and BBLR1 beam wire distance accordingly

· Beam-beam compensation

3 scans in QY between 0.27 and 0.32: with two BBLRs, with 1 BBLR, without BBLR; plus 1000-turn data where appropriate, e.g. at the end points of each tune scan

· Onset of strong diffusion

vary beam-wire distance and/or wire current

· Effect of transverse aperture on lifetime 

vary aperture by scraping or orbit bump

· Diffusion measurement with scraper

baseline: Place scraper BSHV5145 at its center position for fast horizontal motion (which value, 0 or -3 mm?) and at 7.5 mm from the center in the slow vertical direction. At 2500 or 3000 ms, retract scraper by 0.5 mm (vary the retraction distance to probe dependence).
2. MD LogBook
2.1. Preparation:

Trouble with BBLR control, probably due to a confusion between control boxes

2.2. Preparation:

 13:15: Beam on

Set-up data: 
Intensity of 1012 , i.e. 9 x 1011 per bunch



Orbit rms (1.6, 1) [mm], -0.3mm @ BBLR



Tunes (0.311,0.302)



Chromaticity 26x(0.05,0.1)

1000-turn tests: Kicks of 2mm in both directions

13:40: BPM timing seems to be problematic. 

BPM delays adjusted (cycles 176631 to 176712)

14:02: Final delay values for each BPM group: 28.1,14.2,3.3,21.4,17.4,18 [μs]

14:30: Coupling seems to be significant, an empirical minimization is applied. It looks much better in the 1000-turn data.

14:40: PS down

17:15: PS Back

Emittance: Timing 20, 3000, expert program gives noise, using standard application

Cycle

εn
 ? 
   (2.13 / 1.91) 10-6   
  (ws 519)

177504   (2.165 / 2.157) [mm] (ws 414)

177524   (2.19 / 1.84) 10-6 
  (ws 519)
177528   (1.70 / 1.60) 10-6  (injection oscillation corrected)

177532   (1.76 / 1.61) 10-6
177536   (1.74 / 1.53) 10-6
177540   (1.71 / 1.62) 10-6
Timing: 

BBLR :
From 500 to 0 and from 4300 to 5200

Kicker  :   
3500

Emittance:
20, 3220

Rescaling: 

ε = 1.72 x 10-6
Iw = 122.5 A

dw = 14.5mm to center

Bump = -5.75 mm

cycle 177606, εx =1.95 x 10-6
2.3. Experimental Procedure

	NO BBLR
	
	
	
	
	
	

	Cycle #
	Qy
	Qx
	
	
	
	
	

	177787
	0.3
	0.31
	
	
	
	
	

	177794
	0.295
	0.31
	
	
	
	
	

	177803
	0.29
	0.31
	
	
	
	
	

	177811
	0.284
	0.31
	
	
	
	
	

	177819
	0.279
	0.31
	
	
	
	
	

	177827
	0.274
	0.31
	
	
	
	
	

	177840
	0.304
	0.31
	
	
	
	
	

	177849
	0.31
	0.31
	
	
	
	
	

	177859
	0.314
	0.31
	
	
	
	
	

	177871
	0.32
	0.31
	
	
	
	
	

	177879
	0.325
	0.31
	
	
	
	
	

	BBLR1 @ 122.5A
	
	
	
	
	
	

	177890
	0.30
	0.305
	
	
	
	
	

	NO BBLR
	
	
	
	
	
	

	177902
	0.3
	0.31
	
	
	
	
	

	BBLR1 @ 122.5A
	
	
	
	
	
	

	177916
	0.305
	0.305
	
	
	
	
	

	177919
	0.305
	0.31
	
	
	
	
	

	177943
	0.30
	0.31
	
	
	
	
	

	177952
	0.295
	0.31
	
	
	
	
	

	177964
	0.29
	0.31
	
	
	
	
	

	177973
	0.285
	0.31
	
	
	
	
	

	177984
	0.279
	0.31
	
	
	
	
	

	177995
	0.275
	0.31
	
	
	
	
	

	178009
	0.30
	0.31
	
	
	
	
	

	178013
	0.313
	0.31
	
	
	
	
	

	178034
	0.32
	0.31
	
	
	
	
	

	178043
	0.325
	0.31
	
	
	
	
	

	178075
	0.303
	0.31
	
	
	
	
	

	No BBLR1
	
	Vertical rms orbit
	
	
	
	

	
	0.2985
	0.311
	
	
	
	
	

	BBLR1 @ 122.5A
	
	
	
	
	
	

	178120
	0.3013
	0.3013
	0.717
	
	
	
	

	BBLR1 and 2 @ 122.5A
	
	
	
	
	
	

	178137
	0.2984
	0.3
	0.16
	
	
	
	

	178150
	Moving BBLR2
	
	
	steps
	
	
	

	178165
	0.2983
	0.3092
	0.12
	1
	
	
	

	
	0.2974
	0.3091
	0.1
	2
	
	
	

	
	0.2964
	0.3101
	0.07
	3
	
	
	

	178176
	0.2973
	0.311
	0.05
	4
	
	
	

	178179
	0.2954
	0.312
	0.002
	5
	
	
	

	178183
	0.295
	0.31
	
	4
	BBLR2 positions
	Initial (out)
	Final

	178188
	0.295
	0.31
	
	
	
	1436
	1030

	178200
	0.29
	0.31
	
	
	
	3120
	2709

	178211
	0.286
	0.31
	
	
	
	
	

	178221
	0.28
	0.31
	
	
	
	
	

	178230
	0.275
	0.31
	
	
	
	
	

	178242
	0.295
	0.31
	
	
	
	
	

	178247
	0.3
	0.31
	
	
	
	
	

	178256
	0.307
	0.31
	
	
	
	
	

	178267
	0.311
	0.31
	
	
	Half PS intensity
	
	

	178275
	0.31
	0.31
	
	
	Full PS intensity
	
	

	178287
	0.31
	0.31
	
	
	
	
	

	178289
	0.316
	0.31
	
	
	
	
	

	178297
	0.322
	0.31
	
	
	
	
	

	178307
	0.326
	0.31
	
	
	
	
	

	178319
	0.295
	0.31
	
	
	
	
	

	178335
	Bump @ dump [mm]
	Intensity
	
	
	
	
	

	
	-7
	5.00E+11
	
	
	
	
	

	
	Use of BCT4
	
	
	
	
	
	

	178347
	Kick timing change
	Initial
	Final
	
	
	
	

	178381
	(observe diffusion
	3500
	700
	
	
	
	

	
	with PMTs)
	
	
	
	
	
	

	178385
	0.304
	0.31
	
	
	
	
	

	178395
	0.304
	0.31
	
	
	
	
	

	BBLR1 @ 122.5A
	
	
	
	
	
	

	178408
	0.303
	0.311
	
	
	
	
	

	178420
	0.303
	0.311
	
	
	
	
	

	178423
	0.303
	0.311
	only H kick (6mm)
	
	
	
	

	178431
	0.303
	0.311
	
	
	
	
	

	178434
	0.303
	0.311
	only V kick (6mm)
	
	
	
	

	178442
	0.303
	0.311
	
	
	
	
	

	178445
	0.303
	0.311
	Both planes (6mm)
	
	
	
	

	NO BBLR
	
	
	
	
	
	

	178450
	0.301
	0.31
	
	
	
	
	

	178452
	0.304
	0.31
	
	
	
	
	

	178464
	
	
	Problem with fixed
	
	
	
	

	
	
	
	target beam probably
	
	
	
	

	
	
	
	no influence in P2
	
	
	
	

	178475
	THE END
	
	
	
	
	
	


3. Instrumentation

· Photomultipliers channels:

· Ch1:  scraper 514

· Ch2: BBLR (below)

· Ch3: BBLR (sideway, outwards)

· Ch4: Collimator 51931
4. Data and Analysis Programs
· BWSH, BWSV, MULTIT, QMEAS, BCT, ORBIT data: \\hpdepot\opdata3\SPS_MD\BBLR04-02Sep04 

· PMT data: \\hpdepot\opdata3\SPS_MD\BDI_PARASITIC_MD\BICMON\BICMON: This directory contains the PMT files whose name is modified to include the SSC number.
· Jpk\MyDocs\Math\BBLR020904
5. Discussion on Set-up

6. Scraper test
7. Tune scans with BCT3

8. Reduction of the beam intensity in the SPS

9. Search for a the Signature of the Diffusion

Cycles 178347 to 178381; PMT data versus kick timing.

Cycles 178423 to 178445: dependence on kick plane
10. Study of the BBLR Compensation with the Reduced Intensity

Standard parameters except beam intensity reduced by a bump to about 5 1011p. In all cases the closed orbit was restored to its standard position within measurement accuracy.
	Beginning
	End
	Qx
	Qy
	Scenario

	178385
	178395
	.310
	.304
	2 BBLR’s compensating

	178409
	178420
	.311
	.303
	1 BBLR

	178452
	178457
	.310
	.304
	No BBLR


10.1. Analysis of Beam Intensity Losses
The pattern of the beam loss during the cycle is qualitatively the same for the three scenarios. A fast injection loss occurs mostly between 0 and 20 ms and is totally finished 100 ms after injection. There is then a slow decay until when the kickers are activated (BCT time 3480), causing a loss of about 10% of the current extending over some 200 ms.
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The beam lifetime is calculated on the plateau 100 to 3470 ms. The partial losses are calculated as follows:

· Injection losses: 0 to 100 ms

· Steady BBLR losses: 100 to 3450 ms

· Kick losses: 3450 to 3670 ms.
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The influence of the BBLR on the lifetime is pretty neat. Without any beam-beam effect, the natural beam lifetime at 26 GeV is found to be 61 minutes. When the simulated long-range beam-beam interactions are switched on, the lifetime reduces to 36 minutes. This observation may be interpreted in two ways: either it reflects correctly the LHC lifetime, showing that the long-range beam-beam interaction is not bearable without correction for the nominal performance, or the simulated beam-beam effect is enhanced in the SPS, e.g. by the tune ripple which is not known but could be significant at 26 GeV.
A second observation is that the lifetime tends to improve with 2 BBLR’s. This might be due to the stabilizing effect of the residual non-linearity (the compensation was not adjusted to better than about 5%).
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The intensity of the injected current was identical without BBLR and with 2 compensating BBLR’s. It was some 10% larger with a single BBLR. This may either be a PS drift or caused by the experimental conditions. We should verify the closed orbit at the dump in all three cases, in case it would not be exactly identical. Another possibility would be a faster decoherence of the injection oscillation due to the non-linearity. However, it is not clear why it should increase the injected current. This effect remains small anyhow.

The partial losses show no difference between two BBLR’s and no BBLR for the losses at injection and a net increase with one BBLR. This should exclude the former hypothesis on injection damping and reinforce the possibility of a PS drift.

The losses after the kick (6 mm amplitude) are significantly reduced by the presence of one BBLR excited. This shows that the tail population is partly cut by the BBLR. An interesting extension of this experiment would be to repeat this measurement for several kick amplitudes. This should give us the amplitude cut produced by the BBLR.

With two BBLR’s, the kick losses are intermediate. This might point out to an incomplete compensation. This looks qualitatively consistent with the improved lifetime observed with 2 BBLR’s compensating each other.
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The losses observed during the plateau are not fully consistent with the lifetimes calculated over the same time range. Given the small values of the losses, their accuracy is rather poor and we should rather rely on  the lifetime calculation.
	lifetime
	Total current
	Loss  at injection

0 to 100 ms
	Loss during plateau: 100 to 3450 ms
	Loss after kick: 3450 to 3670 ms
	Scenario

	4111(966
	5309(167
	170(9
	8.3(1.8
	312(15
	2 BBLR’s (compensation)

	2131(325
	5911(114
	234(8
	10.0(2.9
	282(9
	1 BBLR (excitation)

	3666(494
	5319(91
	168(5
	10.3(3.1
	383(12
	No BBLR


10.2. Analysis of PMT Signals
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Figure 1: Left: PMT BBLR down; right: PMT BBLR out. Upper: No BBLR (ssc178453); Middle: BBLR ON (ssc 178409); Lower: BBLR ON + Compensation (ssc 178385)
The PMT down appears poorly sensitive.  It should be clarified whether the hardware or the layout could be the reason. If not, the losses would be mostly horizontal. The only interesting pattern is the trend following the kick (after time 3450). With an uncompensated BBLR, the losses increase, demonstrating a diffusion process. Unfortunately the observation time is a bit short.
The PMT out is counting in a much larger range. The loss patterns with no BBLR or compensated BBLR are very similar.

With an uncompensated BBLR, the losses are initially some 35 times larger. Over seconds, this loss decreases by a factor of 3, i.e. remains  high. This may be interpreted as large amplitude particles having been partly cleaned with a corresponding decrease of the diffusion rate. After the kick, the diffusion clearly increases again, presumably following the re-population of large amplitude particles. The losses double in some 200 ms. 
These observations are found perfectly reproducible from cycle to cycle.

Kicking at 3000ms instead of 3450ms should allow an accurate measurement of the risetime.
11. Principle of a Measurement of the Diffusion

Although all elements were in place, this part of the experiment had to be cancelled following the several hour unavailability of the PS.
12. Measurement of the Onset of a Strong Diffusion

This part of the experiment was cancelled to to lack of time
13. Discussion and Conclusions
14. Observations and Wish List for the improvement of the experimental conditions

· The BCT logging seems to have stopped at cycle 178457 while we took data until 178475.  How is it possible to prevent this situation?
Experiment

Geneva, Switzerland

January, 2004
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