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Motivation 
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So we would like small beta* but have optics limitation, including 

   1) Match-ability and generating phase advance to the arc sextupoles 

   2) Magnet strengths, particularly magnets going to 0 or maximum current when squeezing 

   3) Aperture 

   4) Aberrations e.g. Chromaticity correction 

 

One solution to delivering the low beta* is the ATS optics, which is a clever solution to match-ability and chromatic 

correction but uses neighboring IR matching sections and gives beta waves in the arcs.  

The goal here is alternatives to the ATS to deliver small beta* through smaller surgery than an entirely new LSS. This 

confronts the match-ability problem but, through the lack of beta waves in the arcs (for example), does not confront the 

chromaticity problems. 

Or, rephrased, how much (with minor) surgery can we expect from our nominal LSS layout? This can be small beta* or 

enhanced optics flexibility to, for example, generate phase from IT to sextupoles to correct aberrations.  

We’ll try and extend the optics flexibility of the nominal layout by replacing Q6 with a doublet. 

To keep the FODO structure Q5 will also become a doublet.  

We can imagine many new LSS layouts, but this scheme should give an idea of potential benefits in more flexible optics, 

lower beta* with just the target IR quads and the ability to generate phase advance to the arc sextupoles for correction 

of off-momentum beta-beat and possible future local chromaticity correction schemes.  (e.g. Barbara’s crab talk) 

An obvious extension is totally new LSS layouts (Angeles) and local chromaticity correction (Jacques) (?) 
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Nominal LHC optics beta*=0.55m 
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The nominal LHC optics, for a beta* of 0.55m, known 

for a 

very long time. The structure, after the inner triplet, is 

an array of matching quads into the arc, Q4, Q5 etc.  

The n1 bottleneck is in the inner triplet, where n1=8.4 
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What we had a few months ago : Q5/Q6 doublet optics with beta*=0.23m beam 1 
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Now Q5 and Q6 are doublets of the same 

magnet type. We see, for constant left-right 

IR phase (0.25 [2Pi] to sexts from inner 

triplet) we can match down to 0.23m 

 

(There was no good injection optics) 

The Q’ is corrected to +2 units during the squeeze. The off-momentum 

beta-beat gets large at beta*=0.23m. No matching is yet done (or at least 

successfully!) of the real part of  W (=B function) but we have the right 

phase advance to the sextupoles for this to work. 
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And now we have a new optics… 

 

Done for a nominal IT with g=200 T/m, aperture=70mm 

 

(And yes, I know this gives severe aperture problems!) 
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An injection optics, nominal layout, Q5/Q6 turned into doublets 
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For the injection optics,  we need to have a minimum in all  the magnets of 3% of the maximum 

current (=0.43 of maximum k taking the 7 TeV rigidity), be ramp-able to 7 TeV in terms of magnet 

strengths and also have sufficient aperture in the LSS magnets (so beta peaks controlled).  We 

also need a flat tune during the squeeze and corrected chromaticity.  We have a suitable optics 

with beta*=6.5 m.  
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The squeeze from 6.5m to 0.1m  : quad strengths (not quite anti-symmetric at Q4) 

8 Does it need to be monotonic? 
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The squeeze from 6.5m to 0.1m  : sextupoles, tune and chromaticity 
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Q5/Q6 doublet optics with 

beta*=0.1 m beam 1  
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This gives an equivalent 

optics for beam 1. Note 

the large betas in the final 

triplet. 

Q7 is still the limit. 

 

(What happens is the 

doublets let you reduce 

Q7 for a given beta*, so 

you gain slightly more 

margin to push on beta*) 

This gives an equivalent optics for beam 

2. 

 

Note the large betas in the final triplet. 
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Q5/Q6 doublet optics with beta*=0.1 m : magnet strengths and aperture 
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This… 

n1(s) 

3! 
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Chromatic behaviour for fully squeezed optics 
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We use pretty much all of  

the sextupole strength for 

the linear chromaticity 

correction (+2 units)  
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Sextupole phases 
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This was the previous optics (beta*=23cm), with well defined 

phase relationships from the IT to the sextupoles 

 

The phase advances from the IT to the arc sextupoles are 

0.25 [2PI] 

μIT
x μIT

y 

This was too not maintained in the new scheme as we have no beta wave in 

the arc and so we won’t use the sextupoles efficiently enough to correct any 

more than Q’  
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Some optimisations 
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An intra-doublet distance of 6 – 6.5 m works well 

For l=6.2m we have some phase flexibility  

(especially vertically) 

We clearly need the layout with lower gradient, higher 

aperture IT magnets to account for the big beams in 

the IT.  

Here we aim for a solution with 155 T/m IT, with doublet 

Q5 and Q6, matched into the nominal layout of the 

LSS. (Using mktriplet to generate the triplet and then 

do some matching into the rest of the LSS). 

The triplet matched to the IP and the betas at 153m is 

made, and the matching into the nominal LSS is on-

going…. 
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Open questions  
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Replacing Q5 and Q6 by doublets (to maintain the FODO structure) gives a LSS optics with more flexibility and the ability 

to squeeze to 0.1 m while maintaining overall phase advance across the IR but not the left-right phase advance. 

The collision optics seem interesting and now we should aim for i) a new large aperture IT (almost there) ii) enhanced Q’’ 

and off-momentum beta-beat control through tighter phase advances (Q’=2 but OMBB big!) 

 

There’s a solution for the injection optics (beta*=6.5 m) which satisfies aperture and magnet constraints. Note we 

maintain the phase advances for the injection optics.  

The squeezed beta optics is matched to Q’=2, but no matching on Montague B function (Re(W)).  

Chromaticity correction is a big issue, as we simply don’t have enough sextupole strength to do more than correct the 

linear chromaticity to +2 (The ‘A’ in ATS is important!) 

 

Any extra ability to create phase advance should help any local chromaticity correction schemes, as we need sextupoles 

at a phase advance of pi for geometric aberration cancellation. 

  

As usual, all comments / advice is well received.  
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Back-up slides 
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Luminosity (round beams):  

 

 

 

 

1) maximize bunch brightness (beam-beam limit)  [Nb/en]  

2) minimize beam size  

3) maximize number of bunches 

4) compensate for ‘R’ 
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Pushing on beta* gives a zoo of potential issues: 
 

• Aperture  

 

• Optics matchability to the arcs (some IR quads going to 0, others to max. field). 

 

• Chromatic aberrations -> sext strength -> novel squeezing mechanisms 

     

• Event pile up and bunch luminosity limit -> detectors upgrade 

Some background… 
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Slide from the HL-LHC kick-off meeting 



 arc increased by a factor of 4 in s45/56/81/12 starting  

from a relaxed pre-squeezed optics at *=60 cm 

 Squeezed optics (round): * = 15 cm in IR1 and IR5 (120 T/m IT) 
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Pushing nominal optics beta* to 0.43m 
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For efficient correction of off-momentum beta-beat, we want to keep the betatron phase from the 

inner triplet to one of the arc cell sextupoles to be 0.25 [2 Pi], plus constant phase across the whole 

IR. Keeping these conditions we can push beta* with the nominal layout to some smaller value. 

What limits us? 

e.g. for this run, beta*=0.43m. 

 

We get limits from Q7 running to 

maximum and Q6 running to zero. 

 

We also see a growing beta in the inner 

triplet. 

μIT
x μIT

y 
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Pushing nominal optics beta* to 0.37m 
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If we relax the phase constraint to the arc sextupoles, but maintain the overall IR phase we can 

push to smaller beta* of 0.37m 

We get limits from Q7 running to 

maximum and Q6 running to zero. 

 

We also see a growing beta in the inner 

triplet. 

μIT
x μIT

y 

51d95a 
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Pushing nominal optics beta* to 0.27m 
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Finally, for fun, we can let the IR phase vary by p/m 10% (assume we can compensate in the 

other IRs) to reach a beta* of 0.27 

Again, we get limits from Q7 and QT13 

running to maximum and QT11 and Q6 

running to zero. 

 

We also see large betas in the inner 

triplet, and a significant aperture 

problem 

Again we are limited by Q6 running to zero 

and Q7 running to maximum. For Q6, this 

suggests replacing it by a doublet. We need 

to replace Q5 also to maintain the FODO 

structure we need for injection to keep small 

beam sizes.  

 

The next few slides show a trial layout and 

optics. 


