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I-LHC TT2 LOW-β OPTICS: 1st BEAM PERFORMANCE

Optics with QFO205 maximum current limited to 330 A
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TT2 low-β insertion

To suit with ion quadrupole gradients, QFO215 (0.8m) has been 
replaced by a 1.2 m long quadrupole (centred on previous one)

I-LHC TT2 LOW-β OPTICS QUADRUPOLE LAYOUT
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New stripper

New quadrupole strings: 
QDE210.S → QDE220.S 
QFO215.S → QFO225.S

6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual supplies: QDE210 and 
QFO215 disconnected from strings

Ion kinetic energy 5.88 GeV/u (βγ=7.244)

Bρ54+ = 86.7 Tm (before stripping) 26 GeV/c eq. protons

Bρ82+ = 57.1 Tm (after stripping) 26 GeV/c eq. protons

Ion beam

IQFO205max=330 A
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Quadrupole Type Proton optics 25.1 GeV
(26 GeV/c)

Ion optics 5.88 GeV/u
(26 GeV/c eq. prot)

QF0105 Q101 (0.645 m) 395.5 A max 550 A 507.4 A

(-)264.8 A

173.0 A

(-)111.5 A

(-)277.6 A

235.6 A

(-)187.0 A

329.8 A

(-)261.5 A

(-)144.3 A

(-) 0.0 A

264.9 A

(-)270.3 A

(-)143.9 A

164.4 A

130.9 A

0 A

0 A

(-)219.3 A

0 A

241.2 A

0 A

QDE120 Q120B(1.2 m) (-)233.4 A max 265 A

QFO135 Q120B(1.2 m) 213.7 A max 220 A

QDE150 Q120B(1.2 m) (-)151.8 A max 250 A

QDE163 (1,2) Q50A (0.5 m) zero current for protons: max 300 A

QFO165 Q120B(1.2 m) 94.3 A max 250 A

QDE180 Q120B(1.2 m) (-)131.2 A max 250 A

QFO205 Q120B(1.2 m) 122.6 A max 330 A

QDE207 (1,2) Q120B(1.2 m) zero current for protons: max 450 A

QDE210 (2) Q82 (0.82 m) same as QDE220.S: max 400 A

QDE213 (1,2) Q80 (0.8 m) zero current for protons: max 400 A

QFO215 (2) Q120B(1.2 m) same as QFO225.S: max 500 A

QDE217 (1,2) Q80 (0.8 m) zero current for protons: max 300 A

QDE220.S (3) Q82 (0.82 m) (-)219.3 A max 250 A

QFO225.S Q80 (0.8 m) 241.2 A max 330 A

QFO375 Q80 (0.8 m) 255.0 A max 330 A

I-LHC TT2 LOW-β OPTICS QUADRUPOLE LAYOUT

(1) new quad, (2) new supply, (3) 2 quads out of 13 are of type QFS

New matching with 
IQFO205max=330 A

Initially 437 A with 
IQFO205max=500 A
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Quadrupole Gradient Integrated gradient Converter current

10.9003 T 507.4 A

-13.6141 T

8.9078 T

-5.7263 T

12.1334 T

-9.6317 T

16.7966 T

-5.1284 T

5.7525 T

4.5743 T

((--))264.8 A264.8 A

173.0 A

(-)111.5 A

(-)277.6 A

235.6 A

(-)187.0 A

329.8 A

(-)261.5 A

(-)144.3 A

(-) 0.0 A

264.9 A

(-)270.3 A

(-)143.9 A

164.4 A

-5.2491 T

-13.4482 T

-5.1453 T

0.0000 T

13.6175 T

130.9 A

-9.4355 T

QF0105 0.19499 m-2 max 13.920 T max 550 A

QDE120 -0.13090 m-2 max 23.200 T max 265 Amax 265 A

QFO135 0.08565 m-2 max 23.200 T max 220 A

QDE150 -0.05506 m-2 max 23.200 T max 250 A

QDE163 (1,2) -0.12113 m-2 max 5.572 T max 300 A

QFO165 0.11666 m-2 max 23.200 T max 250 A

QDE180 -0.09261 m-2 max 23.200 T max 250 A

QFO205 0.16150 m-2 max 23.200 T max 330 A

QDE207 (1,2) -0.12931 m-2 max 23.200 T max 450 A

QDE210 (2) -0.10995 m-2 max 16.662 T max 400 A

QDE213 (1,2) 0.00000 m-2 max 15.640 T max 400 A

QFO215 (2) 0.19884 m-2 max 23.200 T max 500 A

QDE217 (1,2) -0.20666 m-2 max 15.640 T max 300 A

QDE220.S (3) -0.10958 m-2 max 16.662 T max 250 A

QFO225.S 0.12599 m-2 max 15.640 T max 330 A

QFO375 0.10019 m-2 max 15.640 T max 330 A

I-LHC TT2 LOW-β OPTICS QUADRUPOLE LAYOUT

(1) new quad, (2) new supply, (3) 2 quads out of 13 are of type QFS
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TT2 “low-β” optics with IQFO205max=330 A instead of 437 A 
(power converter limitation)

I-LHC TT2 LOW-β OPTICS QUADRUPOLE OPTICS

“low-β” at stripper“low-β” at stripper
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I-LHC TT2 LOW-β OPTICS QUADRUPOLE OPTICS

new stripper

TT2 “low-β” optics with IQFO205max=330 A instead of 437 A

βH=8.9 m βV=8.1 m
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I-LHC TT2 LOW-β OPTICS QUADRUPOLE OPTICS

new stripper

TT2 “low-β” optics with IQFO205max=330 A instead of 437 A

βH=8.9 m 
βV=8.1 m



M. Martini 27 October 2006

I-LHC TT2 LOW-β OPTICS MEASUREMENT RESULTS

TT2 magnet currents – Ion beam on dump D3
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TT2 SEM-fil profiles with IQFO205=330 A

I-LHC TT2 LOW-β OPTICS MEASUREMENT RESULTS

εH
n(1σ)=0.72 μm
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TT2 SEM-fil profiles with IQFO205=330 A

I-LHC TT2 LOW-β OPTICS MEASUREMENT RESULTS

εV
n(1σ)=0.61 μm
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TT2 low-β insertion: Reverse direction for tracking back study

I-LHC TT2 LOW-β OPTICS QUADRUPOLE LAYOUT (REVERSED)
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new stripper

New quadrupole strings: 
QDE210.S → QDE220.S 
QFO215.S → QFO225.S

6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual  supplies: QDE210 and 
QFO215 disconnected from strings
6 individual supplies: QDE210 and 
QFO215 disconnected from strings
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Ion beam (reverse direction)
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TT2 low-β optics with IQFO205=330 A: Tracking back using SEM-fil data

I-LHC TT2 LOW-β OPTICS QUADRUPOLE OPTICS (REVERSED)

“low-β” from track back 
(foil scattering ignored)
“low-β” from track back 
(foil scattering ignored)



M. Martini 27 October 2006
TT2 “low-β” optics with IQFO205=330 A: Tracking back using SEM-fil data

new stripper

Scattering through 
the foil ignored

Ion beam (reverse direction)

I-LHC TT2 LOW-β OPTICS QUADRUPOLE OPTICS (REVERSED)
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new stripper

TT2 “low-β” optics with IQFO205=330 A: Tracking back using SEM-fil data

Scattering through 
the foil ignored

Ion beam (reverse direction)

I-LHC TT2 LOW-β OPTICS QUADRUPOLE OPTICS (REVERSED)


