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IR2 squeeze background

m Injection optics in IR2 is highly constrained
- Injection phase advance constraints
- Aperture limitations (n, criterion)

- Solution found requires high value of (normalised)
gradient, in triplet quadrupoles, must be reduced for 7
TeV. Only IR2 optics in machine so far.

m For Pb-Pb operation at 7Z TeV, the squeeze to B*=0.5m
requires a pre-squeeze, in which injection constraints are
relaxed at constant f*=10 m and triplet gradient is
reduced.

- Pre-squeeze takes additional time.
m Squeeze then proceeds at constant triplet K1.

m For 3.5 Z TeV, p p operation mostly at B*=10 m but a
squeeze to B*=3 m is requested.

- Pre-squeeze no longer necessary/wanted and could be
suppressed to save time in operation.

J.M. Jowett, ABP-LCU meeting, 9 March 2010



Squeeze with pre-squeeze for 7 TeV
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28 steps, some
awkward variations
of trim quads — very
ugly.
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Squeeze with pre-squeeze for 7 TeV
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Beam 2

Also ugly.
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New squeeze for 3.5 TeV

m Previous presentations showed that it is
extremely difficult to make a smooth transition
from injection optics to later points in the existing
squeeze

m Numerous approaches have been tried, eg,
varying triplet and p* together from injection
optics according to various schemes towards later
points in squeeze.

- Somewhere there is always a bad step with
large beating, reflecting the fact that there is
no smooth, possibly no continuous, path
between injection and fully-squeezed optics.

- Also hard to avoid big peaks in B at Q6.

J.M. Jowett, ABP-LCU meeting, 9 March 2010



IR2 matching reminded me of
earlier work...

Aperture

Wild variation

of trim quads Smooth

variation of

Q4, Q5

Small beta- /
beating
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And it also has to work for Beam 2 ...

J.M. Jowett, ABP-LCU meeting, 9 March 2010



New squeeze by T. Risselada (TRSqueeze)

m Abandon all previous squeeze optics except the
injection one

m Allow b-functions to peak much more strongly in
Q6

m Find special variation of triplet strength KQX.L2
with p*
- Empirically, as far as I know

m Control variations of the trim quads between
squeeze steps

- Otherwise they vary a lot, which is OK for
hardware, but does not help in finding smooth
optical solutions

m Possibly other tricks ...

J.M. Jowett, ABP-LCU meeting, 9 March 2010
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TRSqueeze, Beam 2
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Analysis of TRSqueeze

m Squeeze settings defined at integer squeeze
index points n

m For non-integer n (1/4 steps), linear interpolation
of all strengths (essentially as in control system)

- Evaluate tune-variation, chromaticity variation,

beta and dispersion beating, aperture, etc.
m Collection of functions in Madtomma to automate
this
m For beta-beating, always compare with an optics

with other IRs squeezed to 2 or 2.5 m (most
sensitive).

J.M. Jowett, ABP-LCU meeting, 9 March 2010

11



Variations in TRSqueeze
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Tune and beta beatmg |n TRSqueeze, Beam 1
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Tune and beta-beating in TRSqueeze, Beam 2
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Construct another squeeze (TJSqueeze)

m Look at empirical
variation of triplet
strength found by TR o
Fit with 5th order polynomial, 00090 |
excluding steps 2,3 and beyond 9. nooe |
Use this to find new optics for — T
B* =9590m qu:ir:jc[:kqxn, {1,0,0,1,1,1,1,1,1,0,0,0,0,0,0,0,0,1],
Works for n =3 but notn = 2. rebtel e 0ol |
Try small variations of n around 2 but 00000209525 271 1674500 105 nt 5. 35796¢ 10°% 0
n = 2 found to be optimum for beating.
Insert another squeeze point at .. Difference
n=1.38, matching to B =9.82 m — S
(numbers optimised in matching/beating loop). ~0.00002 | I".II
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TJSqueeze, Beam 1
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TJSqueeze, Beam 2
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Analysis of TISqueeze

m Squeeze settings defined at integer squeeze
index points n

m For non-integer n (1/4 steps), linear interpolation
of all strengths (essentially as in control system)

- Evaluate tune-variation, chromaticity variation,
beta and dispersion beating, aperture, etc.

m For beta-beating, always compare with an optics
with other IRs squeezed to 2 or 2.5 m (most
sensitive).

J.M. Jowett, ABP-LCU meeting, 9 March 2010 19



Variations in TJSqueeze
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Tune and beta- beatmg in TJSqueeze, Beam 1
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Tune and beta beatmg in TJSqueeze, Beam 2

TISquasz=Cptics[LHCEL o)
T T T —

- Ea -t

20

£

A~ Lps

155,

A~ Lps

155,

I-"':-l"-'"E{IJ I||||:|:{ l"':-l"-'"E{IJ II|||:|:‘:

LHCEIL. AFTER.IR2.El.

W -

[N T

TISquaszaOptics[LHCEL n

1 1 1 1 1 1 1 1
5 14 15
LHCE], AFTER.IF1.El, squasza st=p. n

TISquaaraCptics[LHCEL o

Beta-beating does not exceed 1% level (RMS and peak) for n<16

J.M. Jowett, ABP-LCU meeting, 9 March 2010

22



I|'.l_}.|l'l.|1lzI'l.l1|.-.l'.-|.;¢'.HII

Other variations

TISquesr=Cptics[LHCEL 0] TISquesz=Optics[LHCBI 0]

T T T
7.6 E
= T ]
.
- e ]
T.58 4
LHCEI, squasza st2p n
o
- . -
]
sool ] 5o
- ] e
L=}
.. A
L "',.- =
sk ¥ " . E
L » 1 -

LHCEI, squeaza st

B
4

. Jowett, ABP-LCU meeting, 9 March 2010



Aperture quantity nl1 at worst point
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Chromaticity variation after correction (1)

At each integer squeeze index, there will e a setting of the two sextupole families to correct this chromaticity to the desired value (+2, say).
We know that this contribution is linear in the sexupoles strenaths:

1 r
Q'uy (Hzzes Hzap e Kz (3) Dy (3) P,y (3) ds
17

N | Hzzr Ler Dusr — i Hzsp Lep Desp — _
z 4—_ A Pay t _1—_ A Pxy

I i)

= Ry Heer+Be Koo

We know that, to a very good approximation, Fap Sy, and Zzp G, Will reduce to & sum aver pairs of adjacent sextupaoles in one of which the
gfunction will be larger and smaller by the same amount (the typical pattern for small beta-beating in the arcs). Therefore the coefficients
Ay pand B,  will be constant to a very good approximation throughout the squeeze. At each integer squeeze point, we can compensate the
chromaticity to the value 2 in each plane by solving

Qpxanat (n) + A  Koesp () + By Boap (0] =

| S

Qpynat (n —;.T—'.}-E":;EF n _E:r' Keap (0] =
forthe sextupole strengths.

At non-integer squeeze points, the control system will make a linear interpolation of the sextupole strengths hetween these values and the
resulting chromaticity will be
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Beta-beating at step 3/2
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Conclusion

Finally found a new squeeze without the pre-
squeeze for IR2

- Had to abandon previous squeeze completely
Beta-beating etc are acceptable
Bumps mostly matched (E. Laface)

Aperture (nl1 value) also acceptable - final checks
with bumps to be made.

This optics can be used for p-p, squeezed to 3 m
and for Pb-Pb this year at 3.5 Z TeV (and up to
~6.5 TeV later).

Going beyond 3 m should be possible with more
steps.

Start in ramp to avoid pre-squeeze at 7 TeV?
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