1-LHC TT2 LOW-B OPTICS: 1st BEAM PERFORMANCE

Optics with QFO205 maximum current limited to 330 A

C. Carli, D. Manglunki, M. Martini, S. Maury, R. Steerenberg
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I-LHC TT2 LOW- OPTICS QUADRUPOLE LAYOUT
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To suit with ion quadrupole gradients, QFO215 (0.8m) has been
. replaced by a 1.2 m long quadrupole (centred on previous one) '
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6 individual supplies: QDE210 and
QFO215 disconnected from strings
lon kinetic energy 5.88 GeV/u (By=7.244) New quadrupole strings:
Q Bp>**= 86.7 Tm (before stripping) 26 GeV/c eq. protons 8?53122 : ggggggg

TT2 low-f insertion
M. Martini 27 October 2006



I-LHC TT2 LOW- OPTICS QUADRUPOLE LAYOUT

Quadrupole Type Proton optics 25.1 GeV lon optics 5.88 GeV/u
(26 GeV/c) (26 GeV/c eq. prot)
QFO0105 Q101 (0.645 m) 395.5 A | max 550 A 507.4 A
QDE120 Q120B(1.2 m) (-)233.4 A | max 265 A | (-)264.8 A
QFO135 Q120B(1.2 m) 'I\'Qe‘F’VOVZ”OaSt;:‘XiQ% ?‘)"(’)itz 213.7 A | max 220 A 173.0 A
QDE150 Q120B(1.2 m) (-)151.8 A| max 250 A | (-)111.5A
QDE163 1.2 Q50A (0.5 m) | zero current for protons: O A | max 300 A (-)277.6 A
QFO165 Q120B(1.2 m) 94.3 A | max 250 A 235.6 A
QDE180 Q120B(1.2 m) (-)131.2 A | max 250 A | (-)187.0 A
QFO205 Q120B(1.2 m) 122.6 A | max 330 A 1 329.8 A
QDE207 .2 | Q120B(1.2 m) | zero current for protons: O A | max 450 A (-)261.5 A
QDE210 @ Q82 (0.82 m) |same as QDE220.S: (-)219.3 A | max 400 A/ (-)144.3 A
QDE213 .2 Q80 (0.8 m) | zero current for protons: 0 A | max 409/A (-) 0.0 A
QF0215 @ | Q120B(1.2 m) | same as QF0225.S: 241.2 A | max 500 A 264.9 A
ODE217 @» | Q80 (0.8 m) | zero current for protons: 0A|maxB00A | (270.3 A
QDE220.S ® | Q82 (0.82 m) — —<4)219.3 A m;,a& 250 A | (-)143.9 A
OF0225.S Q80 (0.8 m) :g';g%:f;:sgg; 241.2 A | max 330 A 164.4 A
QFO375 Q80 (0.8 m) 255.0 A | max 330 A 130.9 A
M. Martini M new quad, & new supply, 2 quads out of 13 are of type QFS 27 October 2006



I-LHC TT2 LOW- OPTICS QUADRUPOLE LAYOUT

M. Martini

Quadrupole Gradient Integrated gradient Converter current

QF0105 0.19499 M2 | max 13.920 T | 10.9003 T | max 550 A 507.4 A
QDE120 -0.13090 M2 | max 23.200 T | -13.6141 T | max 265 A | (-)264.8 A
QFO135 0.08565 m-2 | max 23.200 T 8.9078 T | max 220 A 173.0 A
QDE150 -0.05506 m2 | max 23.200 T | -5.7263 T | max 250 A (D111.5A
QDE163 1. -0.12113 m2 | max 5.572 T -5.2491 T | max 300 A (-)277.6 A
QFO165 0.11666 m2 | max 23.200 T | 12.1334 T | max 250 A 235.6 A
QDE180 -0.09261 M2 | max 23.200 T | -9.6317 T | max 250 A (-)187.0 A
QFO205 0.16150 m2 | max 23.200 T | 16.7966 T | max 330 A 329.8 A
QDE207 1. -0.12931 m=2 | max 23.200 T | -13.4482 T | max 450 A (-)261.5 A
QDE210 & -0.10995 M2 | max 16.662 T | -5.1453 T | max 400 A (-)144.3 A
QDE213 1.2 0.00000 M2 | max 15.640 T 0.0000 T | max 400 A (-) O.0OA
QF0215 & 0.19884 m2 | max 23.200 T | 13.6175 T | max 500 A 264.9 A
QDE217 1.2 -0.20666 M2 | max 15.640 T | -9.4355 T | max 300 A (-)270.3 A
QDE220.S ® -0.10958 m=2 | max 16.662 T -5.1284 T | max 250 A (-)143.9 A
QF0O225.S 0.12599 m—=2 | max 15.640 T 57525 T | max 330 A 164.4 A
QFO375 0.10019 M2 | max 15.640 T 45743 T | max 330 A 130.9 A

@) new quad, ® new supply, 2 quads out of 13 are of type QFS 27 October 2006




I-LHC TT2 LOW-B OPTICS QUADRUPOLE OPTICS

1TTZ Ph optics - ¥5 2006

Linear lattice functions.

Delta(p) /p: 0. 000000

TTZ2
1

line:

"MAT" Wersion: 2.51/1%5

range: #5/4E

ELEMENT SENUENCE

HORIZONTAL

(1]

betzy{max}
Dy {Tacs)
Dyic.m. s.)

Fun: 27/10/06 14 46 31
page 1
VERTICAL
nuy  yico) pyico) Dy Dpy
(2p1] [mm]  [.001] [m]  [1]
0.000 0.0000 0.000 -0.430 0.030
0.476 0.0000 0.000 0.733-0.030
0.674 0.0000 0.000 O0.597-0.025
1.389 0.0000 0.000 0.325 0.043
1.391 0.0000 0.000 0.354 0.049
1.493 0.0000 0.000 1.042 0.067
1.496 0.0000 0.000 1.081 0.067
1.630 0.0000 0.000 1.212 0.050
1.633 0.0000 0.000 1.241 0.050
2.312 0.0000 0.000 -0.257 0.045
2.312185
-2. TORBZR
EL. 633760
1.293974
0. 693073

=330 A instead of 437 A

pos.  element occ. dist I  betax alfax mux xico)  pxico) Dx Dpax
no. Tame o . [m] [m] [1] [Z2pi]  [mmn] [.001] [m] [1]
begin TTZ 1 0.000 26,420 -2, 350  0.000 0.0000 0,000 3,630 0
58 MTVZ01 1 EE.000 34.169 -1.022 0.272 0.0000 O0.000 2. 351-0
70 STEN 1 £9.589 g.855 -0.097  0.441 0.0000 0.000 -1.367-0
118 MSGEST 1 1p2.011 15 30&\M1.004 1,212 0.0000 0,000 2. 548-0
120 M5G25E 1 1p2.59  14.176\ 0.927 1.218 0.0000 O0.000 2. 368-0
126 MSGEET 1 180.471 11.003 \0D.548 1.38% 0.0000 0,000 -0.888-0
128 MSGE6E 1 181.056 10.402 \0.479 1.398 0.0000 0,000 -0.814-0
136 MSGETT 1 198,931 15.755 \0.e10 1.563 O0.0000 O0.000 -3.286 0
138 MSGZTE 1 199,51 15.070 \W.E59 1.569 0.0000 0,000 -3.241 0
end TTZ 1  304.895 32 27T D659 2,493 0.0000 0,000 -3.777-0
total length = 304. 695400 s = 2. 492803
delta(s) = 0. 000000 mm Az = -3. 243102
betarx (max) = 71317244
Dz {maz) = 6. 096250
Dxir. m. 5. = 3. 609330
“low-B” at stripper
(13 77 : :
TT2 “low-B” optics with IQFO205,_,
(power converter limitation)
M. Martini

27 October 2006



I-LHC TT2 LOW-B OPTICS QUADRUPOLE OPTICS
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TT2 Pb optics - V5 2006
_ 80, Unix version 8.51/15
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TT2 “low-B” optics with IQFO205,,,,=330 A instead of 437 A
M. Martini 27 October 2006



I-LHC TT2 LOW-B OPTICS QUADRUPOLE OPTICS

Lot o4 A

TT2 Pb optics - V5 20006
S0. Unix '.Jler.i;,ifmlt‘i’.jfﬁl.’i | | | | |27ﬂﬂf06_ ]{.45.31

2T 3. B. D D

Q 70. j [ | By=8.9m
) 4 : BV:8.1 m

TT2 “low-B” optics with IQFO205,,,,=330 A instead of 437 A
M. Martini 27 October 2006



I-LHC TT2 LOW-3 OPTICS MEASUREMENT RESULTS

Name Status CCYV AQN Thit ‘F12.MTV3E7-D3/Image
F16.0F0105 On 507.40  507.44 A R SC Nb: 17
F16.BHZ117 on 211.30  211.39 A rlmage
F16.QDE120 on 264.80  265.05 A

F16.BVT123 On 975.95  276.09 A

F16.0F0135 on 173.00  173.16 &

F16.BHZ147 on 180.63  180.82 A

F16.QDE150 on 111.50  111.53 A

F16.QDE163 On 977.60 | 277.54 A

F16.QF0165 on 235.60  235.86 A

F16 .BHZ167 on 155.05  155.18 A

F16.BVT173 On 9277.00  277.07 A

F16.QDE180 On 187.00  187.19 & 100
F16.QF0205 on 329.00  329.09 A

F16.QDE207 on 261.50 | 261.46 A

F16.QDE210 On 144.30  144.25 & s
F16.(QDE213 on 0.00 ~0.03 & g
F16.QF0215 On 264,90 264.85 A =-130
F16.QDE217 on 270.30 | 270.26 A

F16.QDE2205 On 143.90  144.48 &

F16.QF02255 on 164.40  164.79 A

F16.BTI247 on 5. 00 4.02 & ~200
F16.BTI247FTA  On 0.00 4.02 A

F16.BHZ327 NOTCON 0.00 0.00 A

F16.BHZ327ATP  NOTCON 0.00 0.00 A

F16.DH2337 On 10.50 10.49 A 250
F16.D¥T353 On 0.35 0.36 A

F16.QF0375 On 130.90  133.39 A

F16.BHZ377 on 0.00 0.00 A

F16.BHZ377FIS  On 317.54 0.00 A

F16.5NP208 On 8.00 0.00 A 0 50 100 150 200 250 300 350

TT2 magnet currents — lon beam on dump D3
M. Martini 27 October 2006



I-LHC TT2 LOW-3 OPTICS MEASUREMENT RESULTS

Pla: LIGION  F1EX. IMBG 21 'R.DCEEFTRA 0.BE10 oct 27 11:20:05 2OOG
Flex mse 7504 - n ( ) —
e2c): 0.33 n§® &p p : 0,500 E-3 €H 1o 0.72 pum
Ep: L 0.88¢
Statms Fl6.MSF257 Ei:ll:i.nc fit
10.u = A2 [§ T RGBT Im
Bain  * [ 1.91m
1, 1. 561
Blane T3.56G
HOR 1,54
Calib. 1.7
Yes E
a
n
q
L] |-
20 15 10 0s i] 1.3 10 15 20
Basel ine wire Nbs Step: U.5UU yom 9.#% AL Kange
Statns F16.MSE267 Splme tit
- 42,3 J.24 1 um
Cain —1.8%9m
1, 1. 81 mn
Plame 103..5
IR ¢ 1.62
calib. 1,30
yesE
a
n
a
L
i] 20
Basel 1ne ¥ire Hbs Step: 11350 wm 19.%: ANC Eange
Sratms F16 MSE277 Spline fit
- dus/fl J.50w Jm
Bain ¢ —5.28mm
1 7 15. 1. d0wm
Plane Hd. dd
HIE ¢ . . 1.74
Calib, o B =J.da= |
o
Yes E o
a 1 AN
: | !I | I‘.‘-‘.
q 1 'ty -
2 15 1u U u 20
Basel ive Thra Hbs Step: 0.500 nm 11.8% iNC Range

TT2 SEM-fil profiles with IQFO205=330 A
M. Martini 27 October 2006



I-LHC TT2 LOW- OPTICS MEASUREMENT RESULTS

Pls: THRTIN

ELEX. IS0 21 -  PH.UUBEFTHA 0.BELD Oct 7 11:22:07 2006

M. Martini

H % iem.7am6 7504 - 8Vn(16):0.61 um
2o 0.33 mpw Ap/p @ 0,500 E-3
Ep: hele 0,034
Statns Flh_MSF2RT Spline fit
20
Baseline Tire Nbs Step: 0500 yn 6.9% ALC Range
Statue F16.MEF257 Spline fit
4g2 3 J.397 um
-3, 22 mn
L.83
8E5.52
J. 4
J.28
20
Basclinec THro Khs Step: 0.500 xan 9.6% ANC Rangc
Statns Fl6 .MSF277 Spline fit
H:Y TN | 452 3 1.23m um
Bain J.46 mn
1; 150 L. 20mn
Planc | 83..9
VIR ¢ L.3%9
Calib, J.21
Yes B
a
x
g
L
20
BaseLine Wire Nbs step: 00500 nm 14.6% ADG Fange

TT2 SEM-fil profiles with IQFO205=330 A

27 October 2006



I-LHC TT2 LOW-B OPTICS QUADRUPOLE LAYOUT (REVERSED)

lon beam (reverse direction)
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6 individual supplies: QDE210 and
QFO0215 disconnected from strings

' New quadrupole strings: |
. QDE210.S - QDE220.S !
QF0215.S —» QF0225.S

TT2 low- insertion: Reverse direction for tracking back study

M. Martini 27 October 2006



1-LHC TT2 LOW-3 OPTICS QUADRUPOLE OPTICS (REVERSED)

1TT2 Pb optics - ¥5 2006

line: TTZBACET

"MAD" Wersion: 8.51/15
range: M3GE5T/ENDTTZA

Run: 27/10/06 16.02 35

VERTICAL

SUper : 1
HORIZONTAL I
A MU ®ico) pxico) Dx Dpx I
[Epi] [mm]  [.001] [m] [1] I

betay  alfay
[m] (1]

my

[2p1]

yicol pyico) Dy Dpy
[ ] [.OD1] [m] [1]

Linegar lattice functions. THISS
Deltalp) fp: 0. 000000 gymm: F
ELEMENT SEQUENCE I

pos.  element occ. dist I  hetax alf

no. name [m] I [m] [1]
44 MIGEET 1 o.o00 19900 -1.5
92 STRM 1 02, 423 6.723 0.2
158 POINTR 1 1e2.011 25 050 2.5
162 EWNDTTZA 1 1e2.011 25.050) 2.5

40 0.000 0.0000 0.000 2.548 0,307
3T 0.740 0.0000 0.000 -1.363 0.E256

60.750 2,800
5.855 0. 208
b. 656 -0. 607
B. 656 -0. 697

0.0000 0.000 O.325-0.049
0.0000 0.000 0.592 0,025
0.0000 0.000 -0.477-0.030
0.0000 0.000 -0.477-0.030

total length
deltais)

1&2. 011400
0. 000000 mm

S50 1.189 O0.0000 0,000 3. 623-0.399
S50 1.1s9 O0.0000 0,000 2. 623-0.399
T = 1. 169478
dmuzg = -2. 021011
betaxmas) = Q5. 401279
D3t (Tnazs) = 6. 090621
Dxir.m.s.) = 4 035069

¥
betay (masx)
Dy {mas)

1.416434
-1. 086701
L. E8TT13

1. 220557

0. 592776

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

Dyir.m. 5. )
J

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

M. Martini

27 October 2006



1-LHC TT2 LOW-3 OPTICS QUADRUPOLE OPTICS (REVERSED)
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TT2 Pb optics - V5 2006
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lirection)

0.0 4= e ,ﬁ Scattering through

the foil ignored

00  40. 8. 120.  160. | 200.
e Iy

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




1-LHC TT2 LOW-3 OPTICS QUADRUPOLE OPTICS (REVERSED)
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TT2 Pb optics - V5 2006
S0. Unix version 8..’)?]?}.’5' | | | _27{]0;’0{"5 f?.ljf..}'l’

A

70. -
60. -
50. 4
40. 1
30. 1
20. 1
10. -
0.0

B (m), D (m)

Irection)

the foil ignored

Scattering through F_A__-- .
-_EO. T T v T N T N T N T T T v T T T N T T T T T

0.0 20. 40. 60. 80. 100. 120.

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



