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... what are we talking about ???
replace two standard dipoles in the dispersion suppressor region
by stronger € shorter Nb;Sn dipoles to gain space for Ralph

DS Upgrade Scenarios

[%“] MB.B9 MB.A10|
I J——] MB.B10i MB.A11R7

] [] MB.B11R7 \ Q11
B — | !‘:} —— MB.A12R7

missing dipole

[ E— [ MB.B12R7
Shift 12 Cryo-magnets, DFB, and connection cryostat in each DS
_____________________ | transversely shifted by 4.5 cm
7
ha/0> QI_} [UBARRT MB. BBR% 08 o aor7 !ﬂaﬁ' Q9 MBAIOR? 5 g10R7 Q’q'O I_____________"]'_S_S_'QQ dipole
U L J l N — Ll f\ﬁ | MBATIRT
T - /Mﬂi"j Q11
-4 5m shifted in s TCRYO.AR7 B1 ’\l — MBATZRT \1gB12R7
__________________ TCRYO.BR7.B1 l
,%4 5msl7/fted/n,s
New 3..3.5 m shorter Nb3Sn Dipoles (2 per DS)
Q7 yo sy
halo * B ABR Qs MBASRT  um mugy @3 MB AYORT g gorr Q10 miSSiﬂg dipﬂ'ﬂ

MEBNRY \ o
Wi ALERT

N MBEIZRY

; Mikko Karppinen
‘\er Oﬂ; n CERN TE-MSC-ML pp



Whel"e are we ? New 3..3.5 m shorter Nb3Sn Dipoles (2 per DS)

Q7 MB ABRTY
halo o 8 g s ueesr Q8 0 inos missing dipole

IP2 & IP7 —— S v

M ALIRT
SRR L gzRy

'n CERN TE-MSC-ML

Example: IP7 R
Q10

Ei% BZJI S

|
200, L2011 coll_StandardAD-X 5.00. inm/m///_/w 29.02 9 Q1
< U S 2004 — =
a 180 ' ”
S 0.1 U]\, LHE2011 coll_StandardAD-X 5.00%00 Y03/10/11 15.29.02
140. - : : § ] B—xl B> 1
60. 1\ ! AVA 1|/ 140. - a
w0 N4
40. - \ / - 120. - |
2()’_ e R |
20.270 20.324 20.378 20.432 :
s(m) [ IO 100 n I
Previous Option: so.1 1 :
1 x 11m Nb3Sn Dipoles, shifted L
4 A
60. :
1 |
40. 4 N I |
Present Option: ' I
. [

20. +—
2 x 5.5m Nb3Sn Dipoles ~ 20.270 20.324 20.378 20.432
separated s (m) [*10*%( 3)]



Cryo-collimator

Section view A-A
Scale: 1:5
PLAN
INTER-CONNECTION
UPTREAM
PLAN
INTER-CONNECTION
DOWNSTREAM
- /

0

Courtesy of D. Ramos




Effects to be expected:

* magnets are shorter than MB Standards -> change of geometry
distortion of design orbit

* R-Bends €=» S-Bends - edge focusing
distortion of the optics
tune shift, beta beat

* nonlinar transfer function (3.5 TeV) = distortion of closed orbit

to be corrected locally ??
dedicated corrector coils ??
trim power supply ??

* feed down effects from sagitta ?

* field imperfections: effect on dynamic aperture ?

Analytical approach / Mad-X / Sixtrack Simulations



1.) R-Bernd / S-Bend: a (small) optics problem
the “edge focusing”

Quadrupole Error in the Lattice

optic perturbation described by thin lens quadrupole

M _ M 'M _ 1 O . Coswtum + a Sinwtum ﬁ Sinl/Jturn
s - )/ Slnlptum Coswtum - a Slnwtum
—
— — ~—
quad error ideal storage ring
cosy, +asmy, psiny, S
S\ Akds (cosy, +asiny,)-ysiny, Akdspsiny,+cosy,-asiny,

Quadrupole Error in this case:
Edge Focusing effect of Dipole

i 0 /
1

¢

edge — | —tan— 1

0




Edge Foc Effect: AT Hr ;’ d]
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Edge Foc Effect: Optics distortion / Tune shift

5000 LH CZQ] 0 Nb3 Sn' exergiMEQ%@Sﬂ@aZﬁéMﬂﬁMdgzq

4500. 4 " 8 8 ]
4000. | | Q
3500.4 | | ]
3000. 4 | ]
2500. | | Q
2000.{ | : !
15001 | ]
1000 | | Q
s00. | | ]

0.0 - | 5 —

B: (m), B (m), D (m), D (m)

0.0 7.5 15.0 22.5 300
s (m) [¥10%%( 3)]



Edge Foc Effect: MADX calculation: optics distortion

beta beat: AB/B <1%107

AB/B

remember
tolerance for beta beat
AB/B=20%

0.004

0.002

-0.002

-0.004

AQ,

tune shift: AQ =9.05* 107

for 8 magnets

~1.33%10™

' '<pr-m-t-s Ihc.nb3sn.out Inc.standard.out’ u (Séi: ‘($3-$1 1)/$3)
'< pr -m -t -s Ihc.nb3sn.out Ihc.standard.out’ u ($2):(($5-$13)/$5)
1 1 1 j L 1
0 5000 10000 15000 20000 25000



2.) Shorter Magnet: Change of Design Orbit
... global LHC geometry

gggggggg

Standard LHC Nb,Sn LHC ™~ z
S N
/ AN
s =26.6588832 §=26.65888319999 -1/ \
x=0.1217 mm x=0.228 mm // \
z2=797%10" mm z2=0.177 mm "
\ /
0 =6.2831 0=62831 -\ /
30 \\ /.///
\_\\\ . ///
it’s still quitea ring!! ...~~~ [



2.) Shorter Magnet: Change of Design Orbit
... local geometry

a7
halo LT Y missing dipole

MBB11RY \ Q11
MB.A12R7

MB.A10RY

Q10
R ™™

MB.B12R7

do we need a radial re-
alignment ? R

mad-x “Survey”

v



rl

We expect a difference of = 6.5 mm !!!!

P =

Standard LHC
n

COsS@ = —
Je]

P =2804m
Ax = 36.5mm

MbNDb3Sb LHC

2215m
Ax =28.8m
Ax =43 mm

S5.1mrad* 3m



o o Ll Ll 07
difference in radial coordinate halo | 7 e 180 O gy gy Goor o s dide
standard LHC — Nb3Sn LHC — 1 T ek s \
- [1—— & ff
local result — 8
L ‘ MBBIRT
~—) \
LHC_Geometry
0.02 T T 1
rorb.out Ihc_standard |geo.out’ u ($2):(sqrt(($5+4204.726265)**2+37**2)-sqrt(($19+4204.726265)**2+$21**2)) — ~+
0.015 - -
0.01 -
E 0.005
8 .
e
D
——-E —————— 0 - - + + - o e -
(=
[¥]
O
c
AX =7 jnm & -0.005 [ _
=
__________________________ He el -
-0.01 | -
-0.015 | -
_0'02 1 1 1
2900 2950 3000 3050 3100



3.) Sagitta:
} Ar =S5
/)
[=113m
12
p=2215m S=r- r2—Z=7.2mm
a=2*p=5.1mrad P
l2
2
[=55m S=T—4|r —Z=1.7mm /(0\
- aperture ?
—> feed down effects !!! R
B
Feed Down Effects: k*l=Ax*[*—*—7>2
Bp 1
Bdl | B3 syst bypoy  Zbs Bp
450 GeV 7.7 Tm 758 A  13.96 +95.8 1.5%10° Tm
3.5 TeV 59.6 Tm 5639 A 13.99 -4.72 9. 1.2%10* Tm
7 TeV 119.1 Tm 11517 A  13.37 +0.44 13.81

2.3%10* Tm




Feed Down Effects:

worst case 1=11.3 m

... considerably larger than the edge focusing story !!!
Do we have to expect problems concerning the multipoles ? YES

s ="7.2mm : Jarsr
Quadrupole Error: & *[=Ax*[* L ZB(;[%
Bp 1
1 AB 1
see, - =~ kds
Tuneshift: AQ pps f Pkds Beta Beat B 2sin270 f p
K, AQ ABIB
450 GeV 2.79*103 0.031 20%
3.5 TeV 2.35*10 0.00262 1.76% - per Magnet
7 TeV 2.41*104 0.00268 1.80%
Phase 1 D1 | b3=3*10+4 0.0059 3.9% <——
considered as
tolerance limit (DA)



4.) The Story of the Transfer Function ...
a closed orbit problem

calculate the ideal (nb3sn) machine

flatten the experiment bumps, switch off LHC-B, ALICE etc
assign field error to nb3sn dipoles

correct the orbit

plot the residual error

what are we talking about ... f Bdl=15Tm

treated not as a geometrical problem but as a orbit problem = can be corrected.
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-1.00

-1.50

-2.00

14000
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Current (A)
M. Karppinen CERN TE-MSC-ML

~#=7-Block Sep. Coll.
~#=7-Block LHC Iron
~#-6-Block LHC Iron
~»=6-Block Sep. Coll.



again: ... 10 seconds for the contemplation:

E="7TTeV

B=8.33T [Bai=119Tm
L=143m

N =1232 Magnets

—  S.1mrad

Nb3Sn Transferfunction:
worst case (... around 3.5 TeV) =2.7% lack in main field

rough estimate: > Ax~= 13 mm



4.) The Story of the Transfer Function ...
a closed orbit problem

x(m),y(m)

0.03 LHCIZOI 0' Nb3§n ex'erci‘MMMJIGS)O@aZﬂ{I’WTD'SII%%Equ

0.02 |

0.01 A

0.0

X

.\ !

-0.01 H

-0.02 A

x(m),y(m)

-0.03
0.0

s (m)

75 150

.. and without exp bumps

ideal machine
with exp bumps

0.03 LHC2010 Nb3Sn exerciMAMEd%@Szé)@aZﬁébWH?ﬂﬁbZ{ﬁ%&q

0.02

0.01

0.0

-0.01

-0.02

-0.03

00 75 150 225 300
s(m) [*10%%( 3)]



4.) The Story of the Transfer Function ...
a closed orbit problem

0.03

effect of nb3sn field error (1.5 Tm)

two dipoles

distorted orbit,

but partially compensated in a closed 180 degree bump
AD =4.545 = modulol80 degree

LHC2010 Nb3Sn exerciSdAYDBXNDLG 5:00.c26(LIVEOSIBURENseq

0.02 -

0.01 A

0.0 A

-0.01 A

-0.02 -

-0.03

X

one Nb3Sn magnet

L AX =<+ 15 mm

0.0

s(m)

7.5

15.0

225

300
[¥10%%( 3)]



4.) The Story of the Transfer Function ...

a closed orbit problem

effect of nb3sn field error (1.5 Tm)
two dipoles
distorted orbit,

and corrected by the “usual methods”

x(m)

0.03 LHC ?0] 0 Nb35n c{\“c'rc'i.MA’EWJGSlO@(Qﬁ[‘I)]VI@SIﬁ@IMq

X

0.02 A .

0.01 - -

0.0 -

-0.01 A -

-0.02 - -

0.03 +—
0.0 7.5 15.0 22.5 30.0

s (m) [F10%%( 3)]
two Nb3Sn magnets

x(m)
0.0020 LH C 201 0 Nb;Sn f’mva'MH-rﬂﬂj'XIi/L'MI@rd 5{0‘.5.2@.
J _x‘ _
0.0015 - .
0.0010 - 4
| Ax=-0.5..+1.5mm
0.0005 - .
| 2>=50 at3.5TeV |
0.0 + «H————wv» .
-0.0005 - J
-0.0010 - i
-0.0015 - 4
-0.0020 - . . - , . ' ' .
7.5 15.0 22.5 30.
s(m) [#107%%( 3)]

corrected by 20 orbcor dipoles



4.) The Story of the Transfer Function ...

a closed orbit problem field error corrected by 3 (20) most
eff. correctors
AT zooming the orbit distortion
0.0020 -LHC2010 Nb3SnMyvR:-iXel DIBINbISH Ld(id5.V0.37 ] )
. x ' ' ' ' ' ' ' ' ... local distortion due to
0.0015 4 A¢ = 4.545 phase relation,
closed by MCBH correctors
0.0010 -
0.0005 -
0.0
-0.0005 -
-0.0070 - o | I LHC_nbalsn dipoles (\ I
. '<pr-m-t-scx.tab’'u4
-0.0015 - 6e-05 | @
-0.0020 . . : . . . . 5005 |
19.0 19.6 20.2 [ Ba
s (m) / wost @=~——=69*%10"mrad

B
MCBH corrector strength: p

3e-05 -

corrector strength

2e-05

I f Bdl =0.805 Tm

1e-05 |

available: 1.900 Tm ,
needed: 0.805 Tm Py

= 42 0/0

-1e-05
0

1 1 1 1 L
100 200 300 400 500 600



4.) The Story of the Transfer Function ...
a much better solution: additional “trim” power supply

________________

___________________________________________________________________________________________________

N

N

Trim1
Main Power Converter TRIM Power Converters
Total inductance: 15.5 H (152x0.1H + 2x0.15H) Total inductance: 0.15 H
Total resistance: ImQ Total resistance: ImQ
Output current: 13 kA RB output current: +0.6 kA
Output voltage: 190V RB output voltage: =10V
(+) -)
* Low current CL for the trim circuits  Protection of the magnets
* Size of Trim power converters * Floating Trim PCs (>2 kV)

* coupled circuits
Courtesy of H. Thiessen



non-local correction: dedicated MCBH in an free part of the lattice
does not change the picture: there will always be a inner orbit distortion
in the order of several mm ... the only question is how localised
we can keep the problem

DS Upgrade Scenarios

halo MB.ASR7 MB.B8R7 Q8 g AcR7
ﬂ [HPASRL, MBBSRT : MB.BOR7 Q9 1o r10r7
N — D —_— 1 —— rmmowuamm?

] [] MB.B11R7 \ Q11
B — | [1:} —— MB.A12R7

missing dipole

[ — [ = MB.B12R7
Shift 12 Cryo-magnets, DFB, and connection cryostat in each DS
S | transversely shifted by 4.5 cm :
/'767/0> f,—THMB'ABRH,MBBSRQE a8 ... missing dipole
:u [E— — |

Q11

MB.A12R7
TCRYO.AR7.B1 MB.B12R7

TCRYO.BR7.B1

New 3..3.5 m shorter Nb3Sn Dipoles (2 per DS)

Q7 e asr aae
halo M8 ASR Q8 5000 ugesr Q9 .0 oo missing dipole

’ ‘F BART  wg gronr Q10
MaBURY \ 01‘
: - 88 A 1R

B BRY

?/ n CERN TE-MSC-ML Mikko Karppinen
r\[ "1 ;

\q e



S.) Nb3Sn Dipole: Multipole Errors:

Systematic errors

Current
(A)

763
1456
2149
2842
3535
4228
4921
5614
6307
7000
7692
8385
9078
9771
10464
11157
11850

Bl b2
-0.7325 2.50
-1.3977 2.50
-2.0628 2.50
-2.7279 2.50
-3.3930 2.50
-4.0581 2.49
-4.7231 2.48
-5.3875 2.45
-6.0499 2.28
-6.7075 1.84
-7.3565 1.05
-7.9928 -0.21
-8.6120 -2.13
-9.2204 -4.43
-9.8212 -6.94
-10.4160 -9.68
-11.0060 -12.49

13.96
13.96
13.96
13.96
13.97
13.99
14.03
14.15
14.31
14.36
14.21
13.97
13.68
13.37
13.06

scaled from the MB experience

b4
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
-0.01
-0.04
-0.10
-0.21
-0.31
-0.41
-0.51
-0.58

b5
-0.24
-0.24
-0.24
-0.24
-0.24
-0.24
-0.24
-0.23
-0.23
-0.23
-0.21
-0.18
-0.17
-0.15
-0.14
-0.13
-0.13

b6
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.01
-0.01
-0.02
-0.02
-0.02

... in the usual units, i.e. 10 “ referred to the usual ref radius = 17mm

b7
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.30
0.30



Nb3Sn Dipole: Multipole Errors:

Persistent current analysis Nb3Sn Dipole

Current (A) TF (T/A)

758
911
1105
1337
1610
1923
2276
2668
3101
3573
4086
4862
5639
6415
7192
7968
8744
9521
10297
11074
11850
11517

-9.68E-04
-9.60E-04
-9.54E-04
-9.50E-04
-9.48E-04
-9.47E-04
-9.47E-04
-9.47E-04
-9.48E-04
-9.48E-04
-9.48E-04
-9.49E-04
-9.49E-04
-9.49E-04
-9.49E-04
-9.49E-04
-9.49E-04
-9.49E-04
-9.49E-04
-9.49E-04
-9.49E-04
-9.50E-04

B1 (T m)

b3 (Units) b
-7.92E+0G 9.58E+01

-9.45E+00 .36E+01
-1.14E+01 2.12E+01
-1.37E+01 2.31E-01
-1.65E+01 -1.05E+01
-1.97E+01 -1.37E+01
-2.33E+01 -1.36E+01
-2.73E+01 -1.24E+01
-3.17E+01 -1.09E+01
-3.66E+01 -9.27E+00
-4.18E+01 -7.76E+00
-4,98E+01 -5.99E+00
-5.78E+01 -4.72E+00
-6.57E+01 -3.80E+00
-7.37E+01 -3.11E+00
-8.17E+01 -2.58E+00
-8.96E+01 -2.17E+00
-9.76E+01 -1.84E+00
-1.06E+02 -1.58E+00
-1.14E+02 -1.36E+00
-1.22E+02 -1.18E+00
-1.18E+02 4.44E-01

(Units)
-1.34E+00
1.58E+00
3.33E+00
3.80E+00
3.23E+00
2.19E+00
1.35E+00
7.94E-01
4.52E-01
2.47E-01
1.28E-01
4.25E-02
9.44E-03
-2.50E-03
-5.54E-03
-4.68E-03
-2.09E-03
1.21E-03
4.74E-03
8.27E-03
1.17E-02
1.38E-03



NbTi Dipole: Multipole Errors:

For comparison the same data for the NbTi MB coil in the same co

Current (A) TF (T/A), Nb TF (NbTi) b3 (NbTi) b5 (NbTi)
758  -7.17E-04  -7.78E+00  7.89E+00  -7.39E-01
911  -7.16E-04  -9.34E+00  -4.26E+00 9.21E-01

1105  -7.16E-04  -1.13E+01  -4.18E+00 5.23E-01
1337 -7.16E-04  -1.37E+01  -3.45E+00 3.36E-01
1610  -7.16E-04  -1.65E+01  -2.68E+00 2.39E-01
1923 -7.16E-04  -1.97E+01  -2.07E+00 1.78E-01
2276  -7.17E-04  -2.33E+01  -1.61E+00 1.35E-01
2668  -7.17E-04  -2.73E+01  -1.27E+00 1.04E-01
3101  -7.17E-04  -3.18E+01  -1.01E+00 8.06E-02
3573  -7.17E-04  -3.66E+01  -8.08E-01 6.31E-02
4086  -7.17E-04  -4.19E+01  -6.55E-01 4.96E-02
4862  -7.17E-04  -4.98E+01  -4.96E-01 3.58E-02
5639  -7.17E-04  -5.78E+01  -3.89E-01 2.67E-02
6415  -7.17E-04  -6.57E+01  -3.14E-01 2.02E-02
7192  -7.17E-04  -7.37E+01  -2.59E-01 1.55E-02
7968  -7.17E-04  -8.17E4+01  -2.16E-01 1.19E-02
8744  -7.17E-04  -8.96E+01  -1.83E-01 9.14E-03
9521  -7.17E-04  -9.76E+01  -1.57E-01 6.93E-03
10297  -7.17E-04  -1.06E+02  -1.35E-01 5.15E-03
11074  -7.17E-04  -1.13E+02  -1.17E-01 3.69E-03
11850  -7.17E-04  -1.21E+02  -1.03E-01 2.48E-03



The persistent current problem:

100

[ Comparison:
90 [

80 | b3 (NBT) b3 Hysteresis Nb3Sn /NbTi
70 + M. Karppinen

60 ——b3 (Nb3Sn, 7-BI) |

50 E—
[ ——b3 (Nb3Sn, 6-Bl)

40
30+

Bn/B1 x 1E+04

10

10 ©
20 -
-30
40 -

“*&|res = linj

=ir=|res =350 A

==lres=100A

===|res = 100 A, 42/34 iter
=0=|res = 100 A, 42/34, 1passive
“=|res = 100 A, 42/34, 2passive

40 -

N
o
1

b3 (units 10%)

-20 -

b3 remanence as a function of ,,
precycle (pre-injection plateau)

B. Auchmann -60 ‘
0 2,000 4,000 6,000 8,000 10,000 12,000
Current (A)
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Tracking Studies:
Dynamic Aperture determined via stability
/ survival time

T T T
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Tracking Studies:

Dynamic Aperture determined via stability / survival time

jobref503_MG_inj4/1/simul/64.28_59.31/4-14/e5/.1/fort.10.gz Survival (6d), 100000 Turns

1e+06 T )
Chaotic Border ---x--- b3 — 98 f ll & l l
, fu ocal correction
100000
o 10000
£
IS
s
s jobref503_MG_inj2a/1/simul/64.28_59.31/4-14/e5/.1/fort.10.gz Survival (6d), 100000 Turns
3 L 16406
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100 ¢ 7 100000 T
10 L L L L g
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Initial Amplitude [sigma] 2
Mon Oct 03 09:52:50 2011 4
12}
1000
100 L L L L
— 3 4 6 8 10 12 14
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survival time ... measured in number of turns ... gives an indication of the influence of the
non-linear fields on the ( an- ) harmonic oscillation of the particles. y

For the experts:

60 seeds, 10”5 turns, 4-14 ¢ in units of 2
30 particle pairs, 17 angles



Field Quality: Dynamic Aperture Studies
collision optics, 7 TeV, 2 IP’s = 8 dipoles

dyn aperture luminosity optics, 7 TeV, minimum of 60 seeds
20 l

"~Iwa/sixjobs/DAres.jobref503_MG_coll1.64.31_59.32.5.plot’ using (5°52):3
. ‘~Iwé/sixjobs/DAres.jobref503_MG_coll3.64.31_59.32.5.plot’ using (5*$2):3
dynamic aperture for ... ~/w3/sixjobs/DAres.jobrefslhc_col92.63.31_60.32.5.plot using (5*$2):3

ideal Nb3Sn dipoles (red))
full error table (green) s

and for completeness: limits in DA for the
phase 1 upgrade studz’ (blug) -

10

DAin ns

o | L 1 1 1 1 1 L

0 10 20 30 40 50 60 70 80

angle 1... 90
for the experts: the plot shows the minimum DA for the 60 error distribution seeds used

in the tracking calculations.



Field Quality: Dynamic Aperture Studies

injection optics, 450 GeV, no special spool piece correctors

influence of b3 values, 2 IP’s = 8 dipoles

dyn aperture injection %1391‘

dynamic aperture for Nb3Sn

full error table (blue)
b3 =0
an=bn=0

force to the limit in dynamic aperture.
Higher order multipoles have only a very small impact on the DA.

Scan of b3 to find the tolerance limit

ics, minimum of 60 seeds
Sn |n luence

DA in nsig

Sum of systematic errors and p.c.

sys & p.c.
b3 b
. 108.45 !
A 354 0.

for the experts: unlike to the collision case: at injection the b3 of the Nb3Sn dipoles is the driving o2

|
an=bn=0 —+—

b3=0, uncorrected <~
b3=108, uncorrected ---*---

sys & p.c.

b5 b6 b7

149 0.00 0.29
332 0.00 0.29

1.42 0.00 0.29

0.42 0.00 0.29
0.03 0.00 0.29
-0.12 0.00 0.29

0.29

0.28
0.29
0.29
0.29
0.29
0.29
0.28
0.30
0.30




Field Quality: Dynamic Aperture Studies

injection optics, 450 GeV, no special spool piece correctors
scan of b3 values, , 2 IP’s = 8 dipoles

dyn aperture injection optics, minimum of 60 seeds

1 1 1 1 1 1 I 1]
‘~/wé/sixjobs/DAres.jobref503_MG _inj2.64.28_59.31.5.plot’ using (5*$2):3

. 14 | ‘~fw4/sixjobs/DAres.jobref503_MG_inj3.64.28_59.31.5.plot’ using (5*$2):3
dynamic aperture for Nb3Sn case: ‘~Iwé4/sixjobs/DAres.jobref503_MG_inj4.64.28_59.31.5.plot’ using (5*$2):3
‘~fwé/sixjobs/DAres.jobrefS03_MG_inj7.64,28_59.31.5.plot’ using (5*$2):3

full error table (red) '~w2/sixjobs/DAres.jCbref503_ir;.64.2859.31.5.plot’ using (5*$2):3

b3 reduced to 50% (green) 2| x - B e - DAV
b3 reduced to 25% (violett) et

b3 =0 10 -

and to compare with:
present LHC injection

DA in nsig
@

2

for the experts: unlike to the collision case: at injection the b3 of the Nb3Sn dipoles is the driving
force to the limit in dynamic aperture.

A scan in b3 values has been performed and shows that values up to b3 = 20 units are ok.

There is not much difference between b3=0 and perfect Nb;Sn magnets !!

Alternative solution: strong local spool piece corrector ...




Field Quality: local b; correction

injection optics, 450 GeV, special spool piece correctors for the Nb;Sn

ideal Nb3Sn magnets (all a,=b_=0)
a,=b,=Nb,;Sn values but b; =0 ¢

b,=full, local compensation
b, =full, no correction

DA in nsig

14

12

10

@

4

dyn aperture injection optics, average of 60 seeds

inj1_13_16_18_avg

1] 1 1 1] 1 1 )
‘~w4/sixjobs/DAres.jobref503_MG _inj1.64.28_59.31.5.plot’ using (5*$2):4
'~/wé/sixjobs/DAres.jobref503_MG_inj13.64.28_59.31.5.plot’ using (5*$2):4
'~Iwé/sixjobs/DAres.jobref503_MG_inj16.64.28_59.31.5.plot’ using (5*$2):4
_59.31.5.plot’ using (5*$2):4

'~/wé/sixjobs/DAres.jobref503_MG.inj18.64.28

E
. i Bt * R *®-

for the experts: if b, is corrected locally the Nb;Sn behave like (nearly) ideal magnets
Higher order multipoles do not have a strong influence on the DA

A strong “mcs” like compensator is needed at every Nb;Sn. 80

angle 1... 90

90



local b, correction

Standard MCS:

[=110 mm

g,=1630 T/m’?

Standard pc contribution: NbTi

pc contribution: Nb,Sn  b;= 108 units,

Sum of systematic errors and p.c.
Current (A)

763
1456
2149
2842
3535
4228
4921
5614
6307
7000
7692
8385
9078
9771
10464
11157
11850

Bl
-0.7325
-1.3977
-2.0628
-2.7279
-3.3930
-4.0581
-4.7231
-5.3875
-6.0499
-6.7075
-7.3565
-7.9928
-8.6120
-9.2204
-9.8212

-10.4160
-11.0060

-12.49

0.28
2.14
4.56
6.53
8.07
9.23
10.10
10.87
11.55
12.00
12.19
12.21
12.15
12.02
11.88

b;=7.9 units

sys & p.c.

b5
-1.49
3.32
1.42
0.42
0.03
-0.12
-0.20
-0.22
-0.23
-0.23
-0.21
-0.19
-0.17
-0.15
-0.14
-0.12
-0.12

some numbers to confuse the audience

compensation via MCS: k,1 = 0.412 /m?

b6
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.01
-0.01
-0.02
-0.02
-0.02

b7
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.30
0.30

2 what about higher
multipoles

22 what about the skews

222 what about reality



B (m), B (m)

Field Quality: non-local b; correction

New 3..3.5 m shorter Nb3Sn Dipoles (2 per DS)
halo Q7 e psir Q8 i ey

g

S Baar ‘}9 N s
y B A0

missing dipole
R wagonr Q10 g dp

MaBuR?y \ an
ME ALIRY

MB 81Z2R7

600. LHC2011 coll_Standard _MAD-X 5.00.00 03/10/11 15.04.30 200 LH@ZO]'] coll_StandardVIAD-X 5. Ob 00' 03/10/11 15.29.02

550. B B> g I 1 |
500. ~ ) x B y
a 1804 T
400. A : :
350. ‘S\f : :
300. ~ 160. -
250. A
200. b
150. ] 140. -
100.

s0.

%950 7.5 715.0 23.5 30.0 120.

s (m) [*10%%( 3)]

spool piece correctors at the quads

20324 205780 20432
s (m) [*10*%( 3)]



Field Quality: non-local b; correction

injection optics, 450 GeV, special spool piece correctors placed at the quads

local correction of b3 at BS

scan of non-local spool piece inj_d11_scan_avg
14
corrector, located at Q10 . . . : : , e S—
b3=108, uncorrected < -
c8=1,d11=25 -~ * -
13 | FE
&:-C )
o csm d11: -0 ik
12 * og=1,d11=35 e |
c8=1,d11=-3.0 — =
11 \/ S B
D ﬁ o & , X
e 10r “y e )
3 .
9 F ) - _X * _
% X S o X -X X >
8 B —
7 B —
6 | | | | | ! | |
0 10 20 30 40 50 60 70 80

angle 1... 90

90



Resume Nb3Sn dipoles

have (nearly) no effect on the linear beam optic

have (nearly) no effect on the LHC global geometry
local geometry has to be discussed

have a strong influence on the orbit that can be
corrected outside the dipole pair using a considerable
fraction of the available corrector strength but a large orbit
distortion (50) remains between the dipole pairs

would be a great idea to install trim power supply to compensate
the effect and forget about the problems !!!

multipoles are enormous (mainly b3):
They have only small impact at high energy,

At 450 GeV injection they are too strong and have to be either reduced to
roughly 20 units or compensated by strong spool piece correctors.



To be done:

Repeat the DA calculations & local compensation for the actual
Dipole option (1 * 11m, 2 * 5.5m .... 3 * 4711 m)

... and the number of IP’s

Follow up of actual multipoles
Bernhard Auchmanns improved precycle,
results of first actual magnet measurements
uncertainties / systematics
pc contributions

Summarise all this in a HL-LHC report
in progress



