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Aim
We want check the robustness of the non-linear correctors
How is dynamic aperture influenced under mispowerings
and misalignments of the correctors?
First order by order, then over 64 random mispowering and
misalignment realisations
Two versions: with and without correction of D2
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Setup

HLLHC 1.0 optics
All errors are assigned at nominal value, except b3 of D2:

mispowering studies: b3 of D2 is maximal (3.8 units)
misalignment studies: b3 of D2 is nominal (1.0 units)

Octupole strength set to zero in order to have a clean result

(we want to see trends)
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Setup

In total 1056 studies, with on average 2100 jobs each

⇒ submission to BOINC!
Many thanks to A. Mereghetti for the new scripts, and to

the numerous LHC@Home volunteers

DA is calculated over:
5 angles (15°, 30°, 45°, 60°, and 75° )
60 random realisations of the machine (‘seeds’)
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Example DA plot absolute maximum
(maximum angle over all seeds)

individual seed lines
(average over angles per seed)

average DA
(average over angles and over seeds)

absolute minimum
(minimum angle over all seeds)
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Aim

Check impact of mispowering of non-linear correctors on DA

Assume mispowering comes from scaling of beta function

⇒ Size of mispowering will depend on order
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Maximum mispowering per order
Resonance driving terms are given by

hm,l =

∫
IRL

ds kn−1(s)
√
βx(s)

m
√
βy(s)

l

+(−)n
∫

IRR

ds kn−1(s)
√
βx(s)

m
√
βy(s)

l

Assign Kn (corrector strength) such that hm,l ≡ 0:

hm,l = KL
n−1N

m,l
L + (−)nKR

n−1N
m,l
R + hm,l

ERR ≡ 0

Nm,l
L =

√
βx(left corrector)

m
√
βy(left corrector)

l

hm,l
ERR = hm,l without contribution of correctors

Two such criteria depending on m, l (e.g. for b3 we minimise
h1,2 and h2,1)
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Maximum mispowering per order
Solution is

KL
n−1 ≡ −

N l,m
R − (−)nNm,l

R

Nm,l
L N l,m

R −N l,m
L Nm,l

R

hl,mERR

KR
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L
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L Nm,l

R
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Introduce scaling of beta funcion, βLx,y → αLβLx,y, then:

KL → 1

(αL)
n
2
KL

KR → 1

(αR)
n
2
KR
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Maximum mispowering per order

For a maximum scaling of 10% (α=1.1), we get:

n = 3 ⇒ δK

K
= 13.125% ⇒ take 15%

n = 4 ⇒ δK

K
= 17% ⇒ take 20%

n = 5 ⇒ δK

K
= 20.625% ⇒ take 25%

n = 6 ⇒ δK

K
= 24% ⇒ take 30%
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Order by order

As a first investigation, we mispower all correctors of the
same order with the same factor, step by step
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E = 7000 GeV
εn = 2.5 µm

β∗1 = 0.15 m

β∗2 = 10 m

β∗5 = 0.15 m

β∗8 = 3 m

θ1,5c = 590 mrad

d1,5sep = 4 mm
Qx = 62.31
Qy = 60.32

Q′ = 3
IMO = 0 A

µ1→5
x = 31.210

µ1→5
y = 30.373

φ1 = 90°
φ5 = 0°
b3 of D2 = 3.8
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Dropping seeds

The extreme drop in beam 1, b6, with D2 correction, is stri-
king, but is it physical?

Let us investigate this particular study
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Dropping seeds

The minimum is only in one angle and one seed, all other
points are 4σ away

This particular seed (29) can safely be dropped
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β∗2 = 10 m

β∗5 = 0.15 m

β∗8 = 3 m

θ1,5c = 590 mrad

d1,5sep = 4 mm
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Q′ = 3
IMO = 0 A

µ1→5
x = 31.210

µ1→5
y = 30.373

φ1 = 90°
φ5 = 0°
b3 of D2 = 3.8

seed 29 dropped in: b6, with D2 corr
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seed 31 dropped in: a4, no D2 corr seed 30 dropped in: a4, no D2 corr
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Effect on DA of stepwise mispowering is neglible

Next: random mispowering:

− different mispowering for every corrector

− uniformly distributed around nominal value

− maximum mispowering scales with order:

15% for a3 and b3

20% for a4 and b4

25% for a5 and b5

30% for a6 and b6

− 64 different random realisations
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Conclusion

System is very resistent for mispowerings

Almost no shift in average DA, spread is under control

Even on seed-by-seed basis mispowering follows nominal

Confirmation of usefulness of correcting D2

Similar result for beam 4 (except for one realisation with one
particular bad seed)
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Outline

1 Introduction

2 Mispowering of Non-Linear Correctors

3 Misalignment of Non-Linear Correctors
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E = 7000 GeV
εn = 2.5 µm

β∗1 = 0.15 m

β∗2 = 10 m

β∗5 = 0.15 m

β∗8 = 3 m

θ1,5c = 590 mrad

d1,5sep = 4 mm
Qx = 62.31
Qy = 60.32

Q′ = 3
IMO = 0 A

µ1→5
x = 31.210

µ1→5
y = 30.373

φ1 = 90°
φ5 = 0°
b3 of D2 = 1.0
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β∗2 = 10 m

β∗5 = 0.15 m

β∗8 = 3 m

θ1,5c = 590 mrad

d1,5sep = 4 mm
Qx = 62.31
Qy = 60.32

Q′ = 3
IMO = 0 A

µ1→5
x = 31.210

µ1→5
y = 30.373

φ1 = 90°
φ5 = 0°
b3 of D2 = 1.0

seed 2 dropped in: b6, with D2 corr
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E = 7000 GeV
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β∗2 = 10 m

β∗5 = 0.15 m

β∗8 = 3 m

θ1,5c = 590 mrad

d1,5sep = 4 mm
Qx = 62.31
Qy = 60.32

Q′ = 3
IMO = 0 A

µ1→5
x = 31.210

µ1→5
y = 30.373

φ1 = 90°
φ5 = 0°
b3 of D2 = 1.0

seed 22 dropped in: b6, with D2 corr seed 31 dropped in: b3, with D2 corr
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E = 7000 GeV
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b3 of D2 = 1.0

seed 28 dropped in: b6, with D2 corr
seed 51 dropped in: b6, no D2 corr
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E = 7000 GeV
εn = 2.5 µm

β∗1 = 0.15 m

β∗2 = 10 m
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φ5 = 0°
b3 of D2 = 1.0

seed 39 dropped in: a4, no D2 corr
seed 32 dropped in: a5, no D2 corr
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seed 11 dropped in: a6, no D2 corr
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Backup Slides
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Mispowerings
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Misalignments
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