TRANSVERSE IMPEDANCE LIMITS

L. Vos

I

· Transverse impedance of the LHC without collimators in 2003 (in M/m):
	injection
	top energy

	8 kHz
	20 MHz
	8 kHz
	20 MHz

	56
	10
	110
	10


· Transverse impedance of collimators, situation ~ 2001
octant 7
Al
3 x 0.2 m


octant 3
Al
1 x 0.2 m



Cu
12 x 0.5 m




Cu
4 x 0.5 m

	injection
	top energy

	8 kHz
	20 MHz
	8 kHz
	20 MHz

	1
	0.1
	60
	6


	injection
	top energy

	8 kHz
	20 MHz
	8 kHz
	20 MHz

	56
	10
	110
	10


	injection
	top energy

	8 kHz
	20 MHz
	8 kHz
	20 MHz

	56
	10
	110
	10


· Transverse impedance of graphite collimators 2003
( worst case )

	injection
	top  (collim. IN)

	8 kHz
	20 MHz
	8 kHz
	20 MHz

	20
	14
	1000
	1040


· Total transverse impedance with graphite collimators

	injection
	top (collim = injec)
	top (collim. IN)

	8 kHz
	20 MHz
	8 kHz
	20 MHz
	8 kHz
	20 MHz

	76
	24
	130
	24
	1110
	1050


COMMENTS :

The nearly constant impedance over the 20 MHz frequency band is a property of the objects with high resistance ( TDI, dump kicker, graphite collimators). It may cause problems with the transverse feedback system. 

· Injection 

The impedance reduction is only a factor of 3. However the decoherence time imposes a gain which is 4 times larger at low frequencies than required by stability alone. Hence a gain roll-off of a factor 12 (22 dB) between low frequency and 20 MHz is still acceptable here.

· Top energy squeezed
Problem : no roll-off allowed

Possible solution ? :  see later

Question : 

what is the maximum gain that the feedback can offer at top energy at 20 MHz?
II

· Landau damping by beam-beam
The long range beam-beam appears during the low  squeeze.

The full beam-beam is active when full luminosity steering is achieved. It must ensure transverse stability since the feedback can not be kept on during collisions due to unavoidable emittance blow-up.

The results of the analysis of the stability diagrams based on the frequency distribution functions provided by W. Herr are :

(Assume an impedance dominated by the collimators)

· Long range alone

ZT < 90 M/m









largely insufficient

· Collisions
nominal intensity(3 IP) 

ZT < 1800 M/m

nominal intensity(1 IP) 

ZT < 450 M/m
ultimate intensity(2 IP) 

ZT < 1000 M/m
warning !
beware of larger than nominal emittance !
· Note on octupoles

The octupoles can make a tune shift at 1  of 10-4. They can stabilise 220 M/m at nominal intensity and 130 M/m at ultimate intensity (no margin taken).
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Possible solution (?) for HF stability gap between squeeze and collisions 

Impedance during unstable operational scenario :

	
	8 kHz
	20 MHz
	Landau damping
	FB

	7 TeV/c

collim = injec
	130
	24
	octupoles 
	off

	7 TeV/c 

collimators IN
	1110
	1050
	insufficient


	?

	squeeze
	1110
	1050
	insufficient
	?

	collisions
	1110
	1050
	BB OK
	off


Impedance during stable operational scenario :

	
	8 kHz
	20 MHz
	Landau damping
	FB

	7 TeV/c

collim = injec
	130
	24
	octupoles 
	off

	collisions
	130
	24
	BB no octupoles
	off

	collisions 

collimators IN
	1110
	1050
	BB OK


	off

	squeeze while

keeping collisions
	1110
	1050
	BB OK
	off


Solves stability gap and emittance blow-up during collision steering., but...

idea of squeezing the optics while keeping beams in collision not very popular
Identified limits :

[ultimate beam :  ZT < < 1000 M/m]

nominal  

ZT <  220 M/m  or  impedance defined by maximum gain feedback at 20 MHz, whichever is largest.

III

· Emittance blow-up between squeeze and stable beams
Example for nominal beam intensity.
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resolution 1 m





resolution 3 m





squeeze





growth time / sec





‘stable beam’





tune /10-4





M/m





tune / 10-3








tune / 10-3
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