Program for BBLR MD  xx.11.2004

Motivation
The motivation of this MD is to further test different crossing schemes. The non availability of a BBLR in LSS2 due to an accident when brazing this device forces us to improvise with the two existing systems in LSS5. 

The first attempt (last July) took advantage of the existing BBLR’s in their nominal configurations. The too large distance between the horizontal and vertical wires made the set-up weakly sensitive to the simulated beam-beam effect. In addition the large emittance enforced by the large separation combined with the large orbit bumps amplify the consequences of a limited aperture. As a result, the lifetime and loss data can be questioned. Yet, the data collected give some interesting indications and leave open questions. More specifically the tune dependence of the losses in the absence of BBLR excitation is so far not explained.
Very clean experimental conditions were identified in the last BBLR MD (2/9/2004). This triggered rethinking on how the existing BBLR’s set up can be modified to better discriminate the crossing schemes. BBLR1 was dismounted and rolled by 180 degrees to position the vertical wire in the upper part of the aperture. In this configuration, the transverse distance between the vertical wire of BBLR1 and the 45 deg. wire of  BBLR2 is 20 mm as compared to the nominal configuration of the first MD where the wire separation was larger than 55mm.
It becomes then possible to test the scheme  in an LHC-like situation with a reduced emittance and thus a much lower influence of the aperture. The limitation of this scheme is that alternate crossing can only be simulated with an inclination of 45 degrees. It is believed that this limitation can be overcome if the data are very clean and can be used to benchmark the simulations.

Goal and Strategy

The goal of this experiment is to compare the beam lifetime, beam losses and emittance cuts for three different configurations of the beam crossings + a reference case:
1. No beam-beam effect, beam in position of cases 2 and 3.
2. Two alternate crossings inclined at 45 degree

3. Two crossings in the same plane inclined at 45 degree

4. Two crossings in the vertical plane.

Time permitting, we will as well verify the conditions of onset of a strong diffusion with a single BBLR and a vertical separation.
To prevent the effect of possibly hidden parameters (aperture, transients of the BBLR’s), we use the simplified strategy of the MD of 2/9/2004: 
· The BBLR’s are switched ON together with their ancillary correctors (orbit, tunes, coupling) BEFORE injection. They are switched off as late as possible, ideally when the beam is dumped.
· The kick of the Q-kicker will be done towards the end of the cycle to leave about 3. 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 disappear 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 ( expected to be around 2 10-6 m) will not be blown up and scaling laws will be used to adjust accordingly the wire current to the actual beam-wire distance and a reference emittance to simulate the LHC
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 LHC-BLM signal, e) the 1000 turns beam oscillation after vertical kicks at several amplitudes.

BBLR Configurations

In order to represent the interactions, we project all positions to BBLR1 using the following  (-functions:
	
	BBLR1
	BBLR2

	(x
	47.13 m
	55.04 m

	(y
	50.26 m
	43.88 m


BBLR1 is in red, BBLR2 in blue and the beam in green. All dimensions are with respect to the wire or beam centers.
· Orthogonal crossing: BBLR2 is in DOWN position; the 45 deg. wire center is thus at -19.65 mm horizontal and +19.65 mm vertical. These values are projected to the BBLR1 position on the figure.
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Configuration with BBLR2 down. projected at BBLR1




Figure 1: Alternate Xing
· Vertical crossing: only BBLR1 is excited.
[image: image2.png]Configuration projected at BBLR1




Figure 2: vertical Xing
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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Here we specify that the beam-wire distance d shall be equal to d=12.87 mm. This is translated into a value  (N=1.35  10-6 m for the reference normalized emittance. The corresponding excitation current shall be IW= 96.4A.
Beam conditions & set up
· 12 bunches with about nominal intensity; maximum total number of protons 5x1011 to allow the use of BCT4. It appeared operationally much faster to regulate the intensity in the SPS using a bump of -7 mm at the dump at injection (transient or dc bump?).
· correct orbit (global and at BBLR’s); 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.  
· Coupling: minimize: the observation of the 1000 turns has shown to be an efficient criterion.         

· Emittance: keep incoming normalized emittance (was 1.95 m in the last MD);  the exact emittance value is not critical..
· Cycle timing:
· -500 -> 0: BBLR ON

· 0-100: measure injection current loss
· 30?: measure V (+H if possible) initial emittance

· 100 to 3450: measure BBLR current loss and lifetime

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

· 3450: measure tunes 
· 3450 to 4300: measure current loss from kicked tails
· 4300 to 5200 switch OFF BBLR’s + associated correctors
· launch:   BCT4 logging, PMT logging , BLM logging and check signals.
· Ensure that BBLR2 in  the low position.
Experiment

1- Verify the wire positions and polarities
This can be done by exciting one wire at a time and moving the beam in such a way that the beam-wire separation is theoretically only in the vertical plane. In order to get a good accuracy, the wire current can be set to its largest value, e.g. 270 A and the beam is adjusted for a theoretical beam-wire distance of  10 mm.

The tune shifts and closed orbit perturbations are compared to expectations. If a discrepancy is identified, the beam is moved in x and y directions until agreement is found. These will be used to correct the zeros of the wire positions and verify that the polarities are OK.
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	Iw
	(x
	(y
	dx

(local)
	dy

(local)
	dx at BBLR1
	dy at BBLR1
	(Qx
	(Qy

	
	Amp
	m
	m
	mm
	mm
	mm
	mm
	
	

	BBLR1 alone
	+270
	47.13
	50.26
	0
	10
	0
	10
	0.0273
	-0.0291

	BBLR2 alone
	+270
	55.04
	43.88
	0
	10
	0
	10.7
	0.0319
	-0.0254

	Alternate Xing (figure1)
	96.4
	
	
	
	
	
	
	-0.00091
	+0.00086


The tune sensitivities to displacements in one direction at a time are given in the figures.
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2-  Measure Case 1 (no BBLR’s)
Put the beam in position; make a vertical tune scan and record the data mentioned: Qx=.31, Qy from .27 to .33 in step of 0.005.

If a feature is observed for some Qy, it would be wise to make a small Qx scan to clarify it.

If the lifetime or the losses would not behave well in general, it is possible to increase the beam-wire distance to move the beam away from the aperture limits

3- Measure Case 2 (alternate crossing)

Correct orbits and tunes as usual to the situation of case 1 (aperture limits in the same positions). The tunes should not have changed in any significant way. Since the two wires are almost at the same phase advance, the coupling induced by the two wires should cancel almost exactly. If I would have the wrong sign, it should reach 0.012, i.e. be easily detectable! We would then correct it to better simulate an upright alternate crossing.

Same tune scan as for reference case

4- Measure case 3 (1D crossing at 45 deg.)

In this case the betatron coupling reaches its maximum value of about 0.012 and must be corrected. Same tune scan
5- Measure Case 4 (1D crossing in vertical plane)

The beam shall be moved  to the position on figure 2. Watch out that any coupling correction is taken out  and that the coupling is negligible. Same tune scan as before.

6- Onset of strong diffusion (time permitting)
vary beam-wire distance and/or wire current

_1155105337.unknown

_1161244632.unknown

_1155105326.unknown

