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Commissioning through summer 08

e Previous transfer line commissioning performed over the
last years

* Very detailed analysis of beam trajectory, beam
dynamics...

« Beam lines to last TED were performing as expected

* For the first time: go beyond last TED

o Got first measurements of the injected beam into the
LHC: beam trajectory, beam parameters, beam
stability...

« Compare with expectation
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Dispersion : measurement - model
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Magnet related checks

 Alignment/control campaigns:

TT40 aligned in 2003, then controlled/re-aligned at various occasions 2004-2006
T1 8 re-aligned in Summer 2007
Bottom of Tl 8 controlled in August/September 2008

« Magnetic checks:

T1 8 matching quad settings in the trim editor of the control system and what is
read back via EquipState

Set values w.r.t. to the calibration curves
The peak field between the poles -measured with a Hall probe
The response of the field to the current rise along the cycle

One suspected magnet was subjected to a capacitive discharge measurement
at 150 V, no significant difference was observed

Magnetic field with one inverted pole — with doublet MQID874 (J. Borburgh)

e Other checks done:

MBIT alignment gauge: no significant systematic error found
MBIT dimensions of groove/holes to access laminations: no error found
BPMI values not significantly different from the MQI on which they are fixed
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m1  Lateral offsets (“ecarts radiaux”), end of Tl 8
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(] Vertical offsets, TT40 and T1 8
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« Tl 8 tunnel (relatively new site) still moves quite
rapidly.
 Regular alignment checks / re-alignment

campaigns needed: Just done for Tl 2, In
orogress for TI 8

 Introduce all these alignment data in our transfer
Ine model: Done with 2008 values. To be
updated with new 2009 survey data.
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Optics matching at injection point

— Used for dispersion measurements in crucial injection region
— Would be good to get a way to make this automatic

Calculation of optics functions at injection point from profiles

Looks promising — used online in CCC

Screen data taken parasitically during other setting-up and measurement
High-quality OTR profiles give extremely precise position information

Needs data from at least one T[T screen

Scereens Matching - SPS.USER. LHCFAST

WI” use measured dISperSIOn File Tools Optics

Measured 6/09/08:

ex 3.28 nm
ey 2.44 nm
dp/p 0.1%

mismatch 0.09/0.004 H/V

BE

@ P @ 4 [ @ Sep 07 00:40:30 SPS - LHCFAST2  SFTLONG? - . |[B] & 2% b 5 & 5
. . Optics: LSA - LHCB2Transfer2008v2 Matching Type: =
— Improve fitting for op o e |
“6 iaa Flang Ermittance @ 1o [m] Eeta Alpha dp/p * 10e3 Mismatch [%]
~ dp/p - % HORIZONTAL 3 284B5E-09 537584 2.4748 0.1000) 0.0887
LHC-EPMYE.4R8.E2 ooy ouo
WERTICAL 2,43636E-09 79.6548 1.2852 9.1000 0.0041
:::::::::::::: IPE T SLa582) [[[=
X [mm] X [mm] Y [mm] |[pisp. v | 0.0445|<| 7]
-TI8.BTVL.87437/Image
E|2|  of 1 acquisitions) Cycle: LHCFAST2 SC Nb: 18117 Date: 2008709707 00:38:20.998231
I e al projection rVertical projection Fit Method Standard
3404 Mean = 0.29 [mm] Legend 3404 Mean = 3.03 [mm] Title Walue
Sigma = 0.44 (mm] — Profil Sigma = 0.37 [mm] e]|| |Sigma x (ram] 04425 |~
— 320 Amplitude = 153.85 [au. - Fit — 320 {Amplitude = 144.12 B) Si v 02714
-9 3 300 2 300 igma ¥ [mm]
:ZBU* :28[! Errar X [mm] 0.0000]
£ 2807 Eooo Error Y [mm) 0.0000)
EZGD %24“ Mean ¥ [mm] 0.2910
ERE € 3304 ; |~ [Mean ¥ tmm) 2 0240|
< 220 < J e Beta X 23.3365
o 200 2l ”_j =
180 b Beta Y 54 0027
18— — T |laphax 1.4582
5-4-3-2-10 1 2 3 4 10 1 2 3 4 5 6 7 B |aphay o763l
X [mm] Y [mm] Disp. X -1.B566|w

rTI8.BTVL.

(1 of 1 acquisitions) Cycle: LHCFAST2

®
=]
«

SC Nb: 18117

projection

rvertical projection

Mean = 2.94 [mm]

Mean|= 056 (mm]| - Tegend £
Sigma = 0.72 [mm] — Profile 135 | Sigma = 0.28 (mm] =
— 125 - Amplitude 1530[ w = Amplitude = 24.90 [alu. S!gmax ludul! 071574
= il Sigrma ¥ [rm] 0.2754]
g 2130
- Error X [mm] 0.0000]
£ 1204 u 125 Error 7 [rrm)] o.oo0of |||
=) \ ;12[|- Wean x [mm] 0,503
. £ 1154 3 1 Mean Y [mm] 2.9430|
Courtesy V. Kain, E. Benedetto By A J
. y . 110 </ z Beta ¥ 26,3465
1D T T T T Alpha 3.4773
5432101 2 3 4 1 2 3 4 5 Alpha ¥ “0.491al|
X [mm] Y [mm] Disp. X 0.9502|v|

Fit Method Standard

: 2008/09/07 00:38:20.997550

Title

Walue




response [mirad]

response [mirad]

200
150
100

50

-50
-100
-150

.200+,

150

100

-50

=100

-150

Coupling from tilt rotation in Tl 8
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Explained by tilt mismatch at injection point
Still ~20% larger than model predicts — more measurement needed 15
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Summary

e Linear optics measurements made from TL into LHC.
coupling — dispersion Tl 8 to LHC

— Field and alignment errors added to the transfer line model
Importance of including the operational corrector settings in the model

Measured bare TI 8 trajectory well reproduced with the measured
alignment offsets

Dispersion behavior with all errors shows same amplitude and phase
of perturbation in Tl 8 —still difference in beating patterns in LHC but
LHC model to be included

e For 2009 start-up:

Alignment of the lines prior to 2009 start-up, in progress. Model will be
updated accordingly

Additional BPMs installed in T1 8. All BPMs will provide dual plane
reading

Algorithm for “dispersion-free” steering added in YASP
Checks of coupling with high statistics
Full LHC model linked to T1 8
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Thanks to all contributors

 OP teams (K. Fuchsberger, V. Kain, M. Lamont, J.
Wenninger ...)

 ABP (l. Agapov, O. Bruning, S. Fartoukh, M.
Giovannozzi, W. Herr, T. Risselada, ....)

Bl (L. Jensen, R. Jones, ...)

e SU (M. Jones, D. Missiaen ...)

 CO colleagues

« USLARP collaborators (E. Gianfelice, R. Calaga)
 Magnet colleagues (D. Smekens, J. Bauche...)

e Excellent support from the numerous teams
iInvolved in preparing and running the TLs & LHC
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