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

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

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

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

(we want to see trends)
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Setup

e In total 1056 studies, with on average 2100 jobs each

E"i = submission to BOINC!
Q_ wail >, Many thanks to A. Mereghetti for the new scripts, and to

LHC@home the numerous LHC@Home volunteers
SixTrack

e 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)

o average DA
(average over angles and over seeds)

\ absolute minimum

(minimum angle over all seeds)

‘ H|LUm| , F.F. Van der Veken Non-Linear Correction 7
LARGE HADRON COLLIDER



Outline

@ Mispowering of Non-Linear Correctors

‘ HiLumi ’ FF. Van der Veken Non-Linear Correction 8
LARGE HADRON COLLIDER



Aim

o Check impact of mispowering of non-linear correctors on DA
e 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

l m
it = [as ks VEE 3,0+ 85 baaIVEE) "y 5,6)

IRy, IRR

l

Assign K, (corrector strength) such that 2! = 0:
B = KNG 4 (2) KRN 4+ bk =0

1
j\/}f’l: B (left corrector)m By (left corrector)

hisk = h™ ! without contribution of correctors

Two such criteria depending on m, [ (e.g. for b3 we minimise
ht? and h*1)
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Maximum mispowering per order
Solution is

l,m m,l
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n—1L = m,l a rl,m L,m \ rm,l
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Introduce scaling of beta funcion, 5%, — oL, then:
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Maximum mispowering per order

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

n=3
n=4
n=>5
n =06

=

=

=

=

67[( = 13.125%
‘%K 7%
57[( = 20.625%
%K _ oy
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take 15%

take 20%

take 25%

take 30%
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Order by order

e 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
Ep = 2.5 pm
Mispowering of normal correctors o lom”
B5 =0.15m
85 =3m
Beam 4 L5 :3590 mrad
difp = 4mm
9. 9. Qq = 62.31
; Qy = 60.32
Q=3
9.

Tyo = 0A

Beam 1

-~ b3, with D2 corr
, --.-- b4, with D2 corr
....... b5, with D2 corr
...... b6, with D2 corr
~ b3, noD2corr
--.-- b4, no D2 corr
-b5, no D2 corr
- b6, no D2 corr

N
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Min DA (o)
Min DA (o)
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Dropping seeds

e The extreme drop in beam 1, b6, with D2 correction, is stri-
king, but is it physical?
o Let us investigate this particular study
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DA for a -10% mispowering in b6, beam 1, with correction of D2

DAy (0)

F.F. Van der Veken

" MeanDA

Min DA

DA (0)

Averaged over all angles

DA(9)
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Dropping seeds

e The minimum is only in one angle and one seed, all other
points are 40 away

o This particular seed (29) can safely be dropped
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Mispowering of normal correctors

Beam 1

Bi =3m
Beam 4 615 = 590 mrad

1,5 _
a5 = amm
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b o fad
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b4,
. b5,
wn- BB,
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E = 7000 GeV
Ep = 2.5 pm

9. Qr = 62.31
Qy = 60.32
Q=3

9. Iyo = 0A

1—
Ha

1—
Hy

-~ b3, with D2 corr
, --.-- b4, with D2 corr
....... b5, with D2 corr
PP 0 A b6, with D2 corr

no D2 corr
no D2 corr
no D2 corr
no D2 corr

5 =31.210
5 =30.373

#1 = 90°
¢5 = 0°
30 -30 -20 -10 0 10 20 30 b3 of D2=3.8

Mispowering (%)
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Mispowering of skew correctors

Beam 1 Beam 4
9. 9.
9. 9.
85 85
8. 8
— —
) S
75 7.5,
3 3 -
c 7 e 7| e TV
= =
6.5 65
6. 6.
55 ) 55 i
seed 31 dropped in: a4, no D2 corr seed 30 dropped in: a4, no D2 corr
5 5.
-30  -20  -10 0 10 20 30 -3 -20  -10 0 10 20 30
Mispowering (%) Mispowering (%)

E = 7000 GeV
£n = 2.5 um

B8] =0.15m
By =10m
B85 =0.15m
Bg =3m

- a3, with D2 corr
----- a4, with D2 corr
....... a5, with D2 corr
...... a6, with D2 corr
~ a3, noD2corr
--.--a4, no D2 corr
~a5, noD2corr
.- a6, no D2 corr

pul=® =31.210
pyT® =130.373

é1 = 90°
¢5 = 0°
b3 of D2 = 3.8
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Mispowering of normal correctors
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Average DA (o)
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Beam 4
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“E = 7000GeV
Ep = 2.5 um
BT =0.15m
B3 =10m
ﬁg =0.15m
B =3m
615 = 590 mrad
difb = 4mm

2 = 62.31
Qy = 60.32

Q' =3

I

o = 0A

~ b3, withD2 co
---—- b4, with D2 cc

....... b5, with D2 co
...... b6, with D2 cc
~ b3, noD2co
—----b4, no D2 cc
- 05, no D2 cc
--- b6, no D2 cc

ul™% =31.210
ny 7 =30.373
61 = 90°
¢5 = 0°

b3 of D2 = 3.8
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E = 7000 GeV
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Mispowering of skew correctors oo
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o Effect on DA of stepwise mispowering is neglible
e 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

HiLumi ’ FF. Van der Veken
LARGE HADRON COLLIDER
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DA per mispowering (64 realisations, beam 1), averaged over 5 angles and 60 seeds

DA (0)
12.0 -
..-.-o.t.'.......
tecessescescIvYT
essnseveestt?
Jeocc®
11.5
u Nominal (with correction of D2)
u Mispowerings (with correction of D2)
11.0
= Nominal (no correction of D2)
u Mispowerings (no correction of D2)
10.5
100 a9
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DA per mispowering (64 realisations, beam 1), averaged over 5 angles and 60 seeds

ADA =0.04 £ 0.05 ADA =0.030.1

- Nominal (with correction of D2)

- Mispowerings (with correction of D2)

- Nominal (no correction of D2)

m Mispowerings (no correction of D2)

DA (0)
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DA per mispowering (64 realisations, beam 1) and per seed (60 seeds), averaged over 5 angles

DA (o)
14
'
13 i
/
12
11
10
u Nominal (with correction of D2)
9
= Mispowerings (with correction of D2)
8 - Nominal (no correction of D2)
m Mispowerings (no correction of D2)
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DA per mispowering (64 realisations, beam 1) and per seed (60 seeds), averaged over 5 angles

ADA =0.03 £ 0.85
DAnominal = 11.8 +0.58
DAnmispowering = 11.77 £ 0.63

ADA =0.04 +1.26
DAnominal = 9.96 + 0.88
DAmispowering = 9.93 £ 0.91

F.F. Van der Veken Non-Linear Correction
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Conclusion

e System is very resistent for mispowerings

e Almost no shift in average DA, spread is under control

e Even on seed-by-seed basis mispowering follows nominal
e Confirmation of usefulness of correcting D2

o Similar result for beam 4 (except for one realisation with one
particular bad seed)
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DA per mispowering (64 realisations, beam 4), averaged over 5 angles and 60 seeds

DA (0)
...I..........
10.5 .-....o-ooo-oo.....o""""
’ ...O.........
...
100 = Nominal (with correction of D2)
= Mispowerings (with correction of D2)
= Nominal (no correction of D2)
95 u Mispowerings (no correction of D2)
.
_....-------"
-..lo..-000-0.0-0'0000000..-ou-
90 eev®®cc"""’
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DA per mispowering (64 realisations, beam 4), averaged over 5 angles and 60 seeds

ADA =0.05 £ 0.07 ADA =0.06 + 0.08

= Nominal (with correction of D2)

o Mispowerings (with correction of D2)

- Nominal (no correction of D2)

- Mispowerings (no correction of D2)

= DA (0)
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DA per mispowering (64 realisations, beam 4) and per seed (60 seeds), averaged over 5 angles

DA (o)
12
10
8
L Nominal (with correction of D2)
- Mispowerings (with correction of D2)
6
= Nominal (no correction of D2)
m Mispowerings (no correction of D2)
4
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DA per mispowering (64 realisations, beam 4) and per seed (60 seeds), averaged over 5 angles

ADA=0.06%1.
DAnominal = 10.61 £ 0.69
DAmispowering = 10.55 £ 0.73

ADA=0.05+1.24
DAnominal = 916 £ 0.86
DAmispowering = 9.12 £ 0.89

F.F. Van der Veken Non-Linear Correction

32



Outline

© Misalignment of Non-Linear Correctors
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E = 7000 GeV

en = 2.5 pum
Misalignment of sextupole correctors o
Bi =0.15m
Beam 1 Beam 4 jf: o
défp =4 mm
15 Qe = 62.31
Qy = 60.32
14] Q' =3
Iyo =0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 $5 = 0°
b3 of D2=1.0
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° ~ D2 correction
~ 9| .
<« ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1 -1 -0.5 0. 05 1
Ax (mm) Ax (mm)
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Misalignment of normal correctors

Beam 1

Beam 4

Min DA (o)

N
o

seed 2 dropped in: b6, with D2 corr

®
o

®

Min DA (o)

g
o

~ b3,
b4,
<orr. b5,
n- b,

-1. -0.5 0. 05

Ax (mm)

e y

F.F. Van der Veken

"E = 7000GeV )
Ep = 2.5 pm
By =0.15m
B5 =10m
ﬁg =0.15m
Bi =3m
615 = 590 mrad
difp = 4mm

@ = 62.31

Qy = 60.32
Q' =3
Iyo = 0A

-~ b3, with D2 corr
--.-- b4, with D2 corr
....... b5, with D2 corr
...... b6, with D2 corr

no D2 corr
no D2 corr
no D2 corr
no D2 corr

pul=® =31.210
py® =30.373

b1 = 90°
¢5 = 0°
b3 of D2=1.0
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Misalignment of normal correctors

E = 7000 GeV
Ep = 2.5 pm

BT =0.15m
B3 =10m
B5 =0.15m
Bs =3m

615 = 590 mrad
dl® =4amm

sep
Qp = 62.31
Qy = 60.32
Q' =3
Tyo = 0A

-~ b3, with D2 corr
--.-- b4, with D2 corr
....... b5, with D2 corr
...... b6, with D2 corr
-~ b3, noD2corr
--.-- b4, no D2 corr
-b5, no D2 corr
- b6, no D2 corr

pul=® =31.210
py® =30.373

b1 = 90°

Beam 1 Beam 4
9. 9.
9. 9.
85 85
— —_
) )
- -
<, <,
£ £
= =
75 75
7. 7.
seed 22 dropped in: b6, with D2 corr seed 31 dropped in: b3, with D2 corr
& -1 -05 o. 05 1 b -1 -05 o. 05 1.
Ay (mm) Ay (mm)
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¢5 = 0°
b3 of D2=1.0
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Misrotation of normal correctors o =0d5m

Beam 1

/
/
1

\
\

ol

Min DA (o)

o
)

seed 28 dropped in: b6, with D2 corr
seed 51 dropped in: b6, no D2 corr

-1. -0.5 0. 0.5 1.

Ay (mrad)
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E = 7000 GeV
€p = 2.5 um

Beam 4 pg =3m

~ b3, with D2 cori
----- b4, with D2 cor
....... b5, with D2 cor
.-..- b6, with D2 cor
3 -~ b3, noD2cor
--.-- b4, no D2 cor
; - b5, no D2 cor
-=- b6, no D2 cor

Min DA (o)

pul=® =31.210
py”® =130.373

b1 = 90°
. b5 = 0°
-1 -0.5 0. 0.5 1. b3 of D2=1.0

Ay (mrad)
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Misalignment of skew correctors

Beam 1

Beam 4

Min DA (o)

seed 39 dropped in: a4, no D2 corr
seed 32 dropped in: a5, no D2 corr

®
o

®

Min DA (o)

Pnd
o

-1. -0.5 0. 05

Ax (mm)

e y

F.F. Van der Veken

E = 7000 GeV

£n = 2.5 um
BY =0.15m
By =10m
B85 =0.15m
Bg =3m

- a3, with D2 corr
----- a4, with D2 corr
....... a5, with D2 corr
...... a6, with D2 corr
~ a3, noD2corr
--.--a4, no D2 corr
~a5, noD2corr
.- a6, no D2 corr

pul=® =31.210
pyT® =130.373

é1 = 90°
¢5 = 0°
b3 of D2=1.0
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Misalignment of skew correctors oi =0a5m

Beam 1

E = 7000 GeV
£n = 2.5 um

By =10m

B85 =0.15m
8% =3m

615 = 590 mrad

15 _
a5 = 4mm

Beam 4

Min DA (o)

9. z = 62.31
Qy = 60.32
Q =3

Iyo = 0A

- a3, with D2 corr
o ----- a4, with D2 corr
....... a5, with D2 corr
...... a6, with D2 corr
~ a3, noD2corr
a4, no D2 corr
; - ad, no D2 corr
S .- a6, no D2 corr

Min DA (o)

pul=® =31.210
pyT® =130.373
é1 = 90°

LARGE HADRON COLLIDER

6 ¢5 = 0°
’ ; 05 1. b3 of D2=1.0

F.F. Van der Veken Non-Linear Correction 39



Misrotation of skew correctors

Beam 1
9.5
9.
s i—
O
<,
£
=
7.5
12
& -1. -0.5 0. 0.5 1.
Ay (mrad)

e y

Beam 4

Min DA (o)

o T

seed 11 dropped in: a6, no D2 corr

-1. -0.5 0. 0.5 1.

Ay (mrad)

-

"E = 7000GeV
&p = 2.5 um
B8] =0.15m

10m

0.15m
3m

615 = 590 mrad

dlfp = 4mm

Qn = 62.31

Qy = 60.32

Q' =3

Iyo = 0A

»
oy
I

a3, with D2 cor

--——- a4, with D2 cor
....... a5, with D2 cor

a6, with D2 cor
a3, no D2 corn

..... a4, no D2 cor

a5, no D2 cor
a6, no D2 cor

pul=® =31.210
py7® =30.373

$1 = 90°
¢5 = 0°
b3 of D2=1.0
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Misalignment of normal correctors

Beam 1
12.
311.5 e
<
(]
(]
(<))
©
o "
>
<
105
-1 -05 0. 0.5 1
Ax (mm)
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Beam 4
12.
311.5
<
[a)
(]
o
©
tlhb 11.
>
<
P
-1, -0.5 0. 05 1.
Ax (mm)

F.F. Van der Veken

R

“E = 7000GeV
Ep = 2.5 um
BT =0.15m
B3 =10m
B5 =0.15m
Bs =3m
615 = 590 mrad
difb = 4mm
Qg = 62.31
Qy = 60.32
Q' =3
Iyo = 0A

b3, with D2 co
b4, with D2 cc
b5, with D2 cc
b6, with D2 cc

~ b3, noD2co
..... b4, no D2 cc
....... b5, no D2 cc
...... b6, no D2 cc

pl7® =31.210
ny 7 =30.373

$1 =90
5 = 0°
b3 of D2 = 1.0

Non-Linear Correction 41



Misalignment of normal correctors

Beam 1
12.
311.5 R S e S
<
[a)
[
o
©
E 11.
>
<
10.5
-1 -05 0. 05 1
Ay (mm)
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Beam 4

Average DA (o)

R

“E = 7000GeV
Ep = 2.5 um

BT =0.15m

B3 =10m

ﬁg =0.15m

B =3m

615 = 590 mrad
difb = 4mm
Q. = 62.31
Qy = 60.32
Q' =3

Iyo = 0A

S——

b3, with D2 co
b4, with D2 cc
b5, with D2 cc
b6, with D2 cc

~ b3, noD2co

b4, no D2 cc
b5, no D2 cc
b6, no D2 cc

ul™% =31.210
ny 7 =30.373

b3 0f D2=1.0
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Misrotation of normal correctors

Beam 1

12.

511.5
<
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g

; 1.
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10.5
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Beam 4
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§11.5
<
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[
o
©
B 1.
>
<
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1. ~05 0 05 1.
Ay (mrad)

F.F. Van der Veken

E = 7000 GeV

£n = 2.5 um
By =0.15m
By =10m
B2 =0.15m
Bg =3m

Iyo = 0A

~ b3, with D2 ¢
----- b4, with D2 ¢

....... b5, with D2 c
...... b6, with D2 ¢
~ b3, noD2c
..... b4, noD2c
....... b5, noD2c
- b6, noD2c
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Misalignment of skew correctors

Beam 1
12.
311.5 psE
<
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o
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E 1.
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<
10.5
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Ax (mm)
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"E = 7000GeV
€p = 2.5 um

B} =0.15m
B3 =10m
B5 =0.15m
Bg =3m

6%:5 = 590 mrad

difp = 4mm
= 62.31

Qy = 60.32

Q' =3

Iyo = 0A

N

~ a3, with D2 co
----- a4, with D2 co
....... a5, with D2 co
- a6, with D2 co
~ a3, noD2co
--.--a4, no D2 cc
....... a5, noD2cc
---ab, no D2 cc

pul=® =31.210
py7® =130.373
#1 = 90°
¢5 = 0°
b3 of D2=1.0
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Misalignment of skew correctors

Beam 1
12.
EH.S b
<
a
[
o
©
E 1.
>
<
10.5
-1. -05 0. 05
Ay (mm)

e y

Beam 4

12.

Eﬂ.s
<
[a)
[
o
©

qh, 11.
>
<

10.5

-1. -0.5 0. 05
Ay (mm)

F.F. Van der Veken

E = 7000 GeV
€p = 2.5 um

BT =0.15m
B3 =10m
B5 =0.15m
Bg =3m

6%:5 = 590 mrad

difp = 4mm
= 62.31

Qy = 60.32

Q' =3

Iyo = 0A

N

~ a3, with D2 co
----- a4, with D2 co
....... a5, with D2 co
- a6, with D2 co
~ a3, noD2co
--.--a4, no D2 cc
....... a5, noD2cc
---ab, no D2 cc

pul=® =31.210
py7® =130.373
é1 = 90°
¢5 = 0°
b3 of D2=1.0
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Misrotation of skew correctors

Beam 1 Beam 4

Average DA (o)
Average DA (o)

"E = 7000 GeV
Ep = 2.5 um
BT =0.15m

10m

0.15m

B =3m

615 = 590 mrad

dlfp = 4mm

Qa = 62.31

Qy = 60.32

Q' =3

Iyo = 0A

~ a3, with D2 c
- a4, with D2 c
....... a5, with D2 c
...... a6, with D2 c
~ a3, noD2c
—--a4, noD2c
....... a5, noD2c
...... a6, noD2c

10.5

=) -05 0 05 1. 1. ~05 0 05

Ay (rhrad) Ay (rhrad) '

LARGE HADRON COLLIDER

‘ HiLumi ’ FF. Van der Veken

, 5
1. b3 of D2=1.0
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DA ()

11.90

11.88

11.86

DA per misalignment (64 realisations, beam 1), averaged over 5 angles and 60 seeds

11.84

11.82

11.80

11.78

e y

u Nominal (with correction of D2)

u Misalignments (with correction of D2)
ee®®°® A

F.F. Van der Veken Non-Linear Correction
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DA per misalignment (64 realisations, beam 1), averaged over 5 angles and 60 seeds

ADA =0.02 £ 0.04

u Nominal (with correction of D2)

= Misalignments (with correction of D2)

DA (o)
11.65 11.70 11.80 11.85 11.90 11.95 12.00

‘ HiLumi ’ F.F. Van der Veken Non-Linear Correction
LARGE HADRON COLLIDER
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DA per misalignment (64 realisations, beam 1) and per seed (60 seeds), averaged over 5 angles

DA (o)
13
12
1 = Nominal (with correction of D2)
u Misalignments (with correction of D2)
10

‘ H|LUm| , F.F. Van der Veken Non-Linear Correction 49
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DA per misalignment (64 realisations, beam 1) and per seed (60 seeds), averaged over 5 angles

ADA =0.02 £ 0.83
DAnominal = 11.86 + 0.57
DAmisalignment = 11.85 0.6

DA (0)

‘ H | ’ F.F. Van der Veken Non-Linear Correction 50
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DA ()

10.70

10.65

DA per misalignment (64 realisations, beam 4), averaged over 5 angles and 60 seeds

10.60

10.55

P HILUTTY

Nominal (with correction of D2)

°® = Misalignments (with correction of D2)

F.F. Van der Veken Non-Linear Correction
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DA per misalignment (64 realisations, beam 4), averaged over 5 angles and 60 seeds

ADA =0.02 £ 0.06

u Nominal (with correction of D2)
= Misalignments (with correction of D2)

ﬁ—fﬂ»-l e

‘ H|LU ml ’ F.F. Van der Veken Non-Linear Correction 52
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DA per misalignment (64 realisations, beam 4) and per seed (60 seeds), averaged over 5 angles
DA (o)

12

m Nominal (with correction of D2)

m Misalignments (with correction of D2)

‘ HiLumi , FF. Van der Veken Non-Linear Correction 53
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DA per misalignment (64 realisations, beam 4) and per seed (60 seeds), averaged over 5 angles

ADA =0.02 + 0.94
DAnominal = 10.64 + 0.66
DAnmisalignment = 10.63 + 0.68

DA (0)

‘ H | ’ F.F. Van der Veken Non-Linear Correction 54
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Backup Slides
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Mispowerings
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E = 7000 GeV.
£n = 2.5 um
Mi ing of sextupol t
ispowering of sextupole correctors R
B5 =0.15m
Bs =3m
Beam 1 Beam 4 015 — 590
difp =4 mm
Qu = 62.31
15 15 Qy = 60.32
Q' =3
" 14 Ivo = 0A
pl=% =31.210
1 1 py % =30.373
$1 = 90°
5 = 0°
12 12 b;of D2-38

" " -~ D2 correction
= = ;
<0 <0 ---- no D2 correction
(=] (=]

9 9

8 8

4 pem 7

6 6

s -30 -20 -10 0 10 20 30 s -30 -20 -10 0 10 20 30

Mispowering (%) Mispowering (%)
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E = 7000 GeV
En = 2.5 pm
. . B =0.15
Mispowering of skew sextupole correctors 5 —1om
B5 =0.15m
Bs =3m
Beam 1 Beam 4 015 — 590
difp = 4mm
Qq = 62.31
15 15 Qy = 60.32
Q' =3
" 14 Ivo = 0A
pl=% =31.210
1 1 py % =30.373
$1 = 90°
65 = 0°
12 12 b;of D2-38

_11 —11
b b
- -
< 10 < 10
(=] (=]

9 9

8 &= 8

1 A,
7 R 7
e
6 6

~ D2 correction
---- no D2 correction

-10 0 10 20 30
Mispowering (%)

-10 0 10 20
Mispowering (%)

F.F. Van der Veken

P HiLu Y

30
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E = 7000 GeV
£n = 2.5 um
. . BT =0.15
Mispowering of octupole correctors o = 10m
B5 =0.15m
Bs =3m
Beam 1 Beam 4 015 — 590
difp = 4mm
Qq = 62.31
15 Qy = 60.32
Q' =3
14 Iyo = 0A
pl=% =31.210
1 py % =30.373
$1 = 90°
b5 = 0°
12 b350' D2-38

~ D2 correction
---- no D2 correction

-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30

Mispowering (%) Mispowering (%)
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E = 7000 GeV
En = 2.5 pm
. . BT =0.15
Mispowering of skew octupole correctors 5 —1om
B5 =0.15m
Bs =3m
Beam 1 Beam 4 015 — 590
difp = 4mm
Qq = 62.31
15 15 —_ . Qy = 60.32
Q' =3
" 14 Ivo = 0A
pl=% =31.210
1 1 py % =30.373
$1 = 90°
65 = 0°
12 12 b:of D2-38

" " -~ D2 correction
= = ;
<0 <0 ---- no D2 correction
(=] (=]

9 9

8 8

7 ; B o’ G 7

6 4 6

. ‘ :

-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
Mispowering (%) Mispowering (%)
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E = 7000 GeV
£n = 2.5 um
. . BT =0.15
Mispowering of decapole correctors .
B5 =0.15m
Bs =3m
Beam 1 Beam 4 015 — 590
d;*esp = 4mm
Qg = 62.31
15 15 Qy = 60.32
Q' =3
14 14 Tuo = 0A
pl=% =31.210
1 1 py % =30.373
$1 = 90°
b5 = 0°
12 12 b:o’ D2-38

B v - D2 correction
A A )
g 10 g 0 ----- no D2 correction
(=] (=]
9 9
8 i 8
e, A g
! il —— ! I [ [ i 1
B s s T EEP S )
6 6
s -30 -20 -10 0 10 20 30 s -30 -20 -10 0 10 20 30
Mispowering (%) Mispowering (%)
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E = 7000 GeV
£n = 2.5 um
= . BT =0.15
Mispowering of skew decapole correctors 5 —1om
B5 =0.15m
Bs =3m
Beam 1 Beam 4 015 — 590
difp = 4mm
Qq = 62.31
15 15 Qy = 60.32
Q' =3
14 14 Tuo = 0A
pl=% =31.210
1 1 py % =30.373
$1 = 90°
65 = 0°
12 12 b350' D2-38

" " -~ D2 correction
- - i
<0 <0 ---- no D2 correction
(=] (=]

9 9

8 8

7 e i 7

6 6

s -30 -20 -10 0 10 20 30 s -30 -20 -10 0 10 20 30

Mispowering (%) Mispowering (%)
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E = 7000 GeV
En = 2.5 pm
. . BT =0.15
Mispowering of dodecapole correctors .
B5 =0.15m
Beam 1 Beam 4 P =om
615 = 590 mrad
d;*esp = 4mm
Qg = 62.31
Qy = 60.32
Q' =3
Iyo = 0A
pl=% =31.210
py % =30.373
$1 = 90°
P5 = 0°
b3 of D2=3.8

~ D2 correction
---- no D2 correction

-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30

Mispowering (%) Mispowering (%)
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E = 7000 GeV
En = 2.5 pm
3 = I =0.15
Mispowering of skew dodecapole correctors o tom
B5 =0.15m
Bs =3m
Beam 1 Beam 4 015 — 590
d;*esp = 4mm
Qq = 62.31
Qy = 60.32
Q' =3
Ivo = 0A
pl=% =31.210
py % =30.373
$1 = 90°
¢5 = 0°
b3 ofD2=38

~ D2 correction
---- no D2 correction

-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30

Mispowering (%) Mispowering (%)
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Misalignments
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E = 7000 GeV

en = 2.5 pum
Misalignment of sextupole correctors o
Bi =0.15m
Beam 1 Beam 4 jf: o
défp =4 mm
15 Qe = 62.31
Qy = 60.32
14] Q' =3
Iyo =0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 $5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
<« ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1 -1 -0.5 0. 05 1
Ax (mm) Ax (mm)
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E = 7000 GeV

en = 2.5 pum
Misalignment of sextupole correctors o
Bi =0.15m
Beam 1 Beam 4 jf: o
défp =4 mm
15 Qe = 62.31
Qy = 60.32
14] Q' =3
Iyo =0A

pul=™% =31.210
nl 7% =30.373

¢1 = 90°
B ¢5 = 0°
b3 of D2=1.0

~ D2 correction
--- no D2 correction
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E = 7000 GeV

en = 2.5 pum
Misrotation of sextupole correctors o
B% =0.16m
Beam 1 Beam 4 e o
dzfp =4 mm
15 Qe = 62.31
Qy = 60.32
14 Q' =3
Iyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 b5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
=-1. -0.5 0. 05 1. -1. -0.5 0. 05 1.
Ay (mrad) Ay (mrad)
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E = 7000 GeV

en = 2.5 pum
Misalignment of skew sextupole correctors o
B; =0.15m
Beam 1 Beam 4 jf: o
défp =4 mm
15 Qe = 62.31
Qy = 60.32
14] Q' =3
Ivo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 $5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
<« ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1 -1 -0.5 0. 05 1
Ax (mm) Ax (mm)
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E = 7000 GeV

en = 2.5 pum
Misalignment of skew sextupole correctors o
B; =0.15m
Beam 1 Beam 4 jf: o
défp =4 mm
15 Qe = 62.31
Qy = 60.32
14] Q' =3
Ivo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
" ¢5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1 -1. -0.5 0. 05 1
Ay (mm) Ay (mm)
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E = 7000 GeV

en = 2.5 pum
Misrotation of skew sextupole correctors o
B% =0.16m
Beam 1 Beam 4 jf: o
d;fp =4 mm
15 Qe = 62.31
Qy = 60.32
14 Q' =3
Tvyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 b5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
=-1. -0.5 0. 05 1. -1. -0.5 0. 05 1.
Ay (mrad) Ay (mrad)
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E = 7000 GeV

€n = 2.5 um
Misalignment of octupole correctors o
B5 =0.15m

Beam 1 Beam 4 fg =3m

615 = 590 mrad

sep
15 15 On = 62.31
e Qy = 60.32
14 . - 14 QR =3
Iyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
¢5 = 0°
1 " b of D2 = 1.0
10 10
° ° ~ D2 correction
~ 9| ~ 9| .
<« < ----- no D2 correction
[ (=]
7| 7
6| 6|
5 5
4| 4|
3 3
-1 -0.5 0. 05 1 -1 -0.5 0. 05 1
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E = 7000 GeV

en = 2.5 pum
Misalignment of octupole correctors o
Bi =0.15m
Beam 1 Beam 4 jf: o
défp =4 mm
15 Qe = 62.31
Qy = 60.32
14] Q' =3
Iyo =0A

pul=™% =31.210
py % =30.373

$1 = 90°
" ¢5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1 -1. -0.5 0. 05 1
Ay (mm) Ay (mm)
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E = 7000 GeV

en = 2.5 pum
Misrotation of octupole correctors o
B% =0.16m
Beam 1 Beam 4 e o
dzfp =4 mm
15 Qe = 62.31
Qy = 60.32
14] Q' =3
Iyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 b5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
=-1. -0.5 0. 05 1. -1. -0.5 0. 05 1.
Ay (mrad) Ay (mrad)
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E = 7000 GeV

€n = 2.5 um
Misalignment of skew octupole correctors o
B5 =0.15m

Beam 1 Beam 4 fg =3m

615 = 590 mrad

sep
15 15 Qu = 62.31
Qy = 60.32
14] 14] Q' =3
Ivo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
5 = 0°
" " bgsofD2=1.0
10 10
° ° ~ D2 correction
~ 9| ~ 9| .
< < ----- no D2 correction
(=] a s
7 7
6| 6|
5 5
4| 4|
3 3
-1 -0.5 0. 05 1. -1. -0.5 0. 05 1
Ax (mm) Ax (mm)
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E = 7000 GeV

en = 2.5 pum
Misalignment of skew octupole correctors o
B; =0.15m
Beam 1 Beam 4 jf: o
défp = 4mm
15 Qg = 62.31
Qy = 60.32
14] Q' =3
Tvyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
" ¢5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1 -1. -0.5 0. 05 1
Ay (mm) Ay (mm)
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E = 7000 GeV

en = 2.5 pum
Misrotation of skew octupole correctors o
B% =0.16m
Beam 1 Beam 4 e o
dzfp =4 mm
15 Qe = 62.31
Qy = 60.32
14 Q' =3
Tvyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 b5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
=-1. -0.5 0. 05 1. -1. -0.5 0. 05 1.
Ay (mrad) Ay (mrad)
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E = 7000 GeV

en = 2.5 pum
Misalignment of decapole correctors o
Bi =0.15m
Beam 1 Beam 4 jf: o
d;fp =4 mm
15 Qe = 62.31
Qy = 60.32
14 Q' =3
Iyo =0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 $5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
<« ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1 -1 -0.5 0. 05 1
Ax (mm) Ax (mm)
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E = 7000 GeV

en = 2.5 pum
Misalignment of decapole correctors o
Bi =0.15m
Beam 1 Beam 4 jf: o
d;fp =4 mm
15 Qe = 62.31
Qy = 60.32
14 Q' =3
Iyo =0A

pul=™% =31.210
py % =30.373

$1 = 90°
" ¢5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1. -1. -0.5 0. 05 1
Ay (mm) Ay (mm)
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E = 7000 GeV

en = 2.5 pum
Misrotation of decapole correctors o
B% =0.16m
Beam 1 Beam 4 e o
dzfp =4 mm
- . Q= 62.31
Qy = 60.32
14] Q' =3
Iyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 b5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
=-1. -0.5 0. 05 1. -1. -0.5 0. 05 1.
Ay (mrad) Ay (mrad)
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E = 7000 GeV

en = 2.5 pum
Misalignment of skew decapole correctors o
B; =0.15m
Beam 1 Beam 4 ﬁfsz o
d;fp = 4mm
15 Qg = 62.31
Qy = 60.32
14] Q' =3
Tvyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
" ¢5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1. -1 -0.5 0. 05 1
Ax (mm) Ax (mm)
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E = 7000 GeV

€n = 2.5 um
Misalignment of skew decapole correctors o
B5 =0.15m

Beam 1 Beam 4 fg =3m

615 = 590 mrad

sep
15 15 Qu = 62.31
Qy = 60.32
14 14 QR =3
Iyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
5 = 0°
i " bgsofD2=1.0
10 10
° ° ~ D2 correction
~ 9| ~ 9| .
< < ----- no D2 correction
(=] a s
7| 7
6| 6|
5 5
4| 4|
3 3
-1 -0.5 0. 05 1 -1. -0.5 0. 05 1.
Ay (mm) Ay (mm)
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E = 7000 GeV

en = 2.5 pum
Misrotation of skew decapole correctors o
B% =0.16m
Beam 1 Beam 4 e o
dzfp =4 mm
15 Qe = 62.31
Qy = 60.32
14 Q' =3
Tvyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 b5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
< ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
=-1. -0.5 0. 05 1. -1. -0.5 0. 05 1.
Ay (mrad) Ay (mrad)
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E = 7000 GeV

en = 2.5 pum
Misalignment of dodecapole correctors o
B% =0.16m
Beam 1 Beam 4 jf: o
d;fp =4 mm
15 Qe = 62.31
Qy = 60.32
14 Q' =3
Iyo = 0A

pul=™% =31.210
py % =30.373

$1 = 90°
11 $5 = 0°
b3 of D2=1.0
10
° ~ D2 correction
~ 9| .
<« ----- no D2 correction
o 8
7|
6| 6|
5 5
4 4
3 3
-1 -0.5 0. 05 1 -1 -0.5 0. 05 1
Ax (mm) Ax (mm)
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E = 7000 GeV

en = 2.5 pum
Misalignment of dodecapole correctors o
B% =0.16m
Beam 1 Beam 4 jf: o
d;fp =4 mm
15 Qe = 62.31
Qy = 60.32
14 Q' =3
Iyo = 0A

pul=™% =31.210
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E = 7000 GeV
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Misalignment of skew dodecapole correctors o
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Misrotation of skew dodecapole correctors o
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