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Beams in the LHC

* August 8-11, 2008: Beam 1 thro' (Sector 2-3)

* August 22-25, 2008: Beam 2 thro' (Sector 7-8)

* September 5-8, 2008: Beam 2 (Sectors 78, 67) & Beam 1 (Sector 23, 34, 45)
* September 10, 2008: Beam 1 & 2 around the LHC
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Injection Aperture Scan
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Kick Reponse
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Deliberate Quench

(LHC Project Report 44 (1996) predicted a threshold of 3 x 10°)
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Dispersion, Sector 23 & 78
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Injection errors, polarities, unknown sources...
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_HC Aperture
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LHC Aperture, Orbit Bump
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Polarity Tests
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Polarity Tests
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Polarity Check, Summary

* Very robust & clean signals from difference orbits to detect polarities of circuits
* Nominal lattice with reversed polarities & higher order circuits with dp/p
* Orbit effect due to initial large offset for QT11.78 also found (Y. Sun)
* Beam 1:
* QT{11, 12, 13}, MQS
* SF{1,2}, SD{1,2}, MSS
* KOF, KOD

* Beam 2:
« QT{11(3x ), 12, 13 (noisy)}, MQS
* SF{1,2}, SD{1,2}, MSS, MCS
« KOF, KOD (ép/p -or- D )

* Future measurements with single passage -or- circulating beam



September 10, D-Day Start: 9:30 AM
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60 Hours of LHC Beam
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RF Capture, Beam 2
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Closed Orbit, Beam 2
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Tunes & Chromaticity

B Tune Viewer - LHC - On-demand FFT system B2
File Edin Fum Configuie

T . T 1
(@ weac wseroft-tne |« 777 | | T SS ] (NGRS (GO

Infa | FFT | PLL | DanaSers | FE/Trim craph [Mag [= | H (11 |8
L i

Help

MiBs, M_'_L

ACOE i

LHC - B2 - fill #-1 - o comment - LHC BO880.UA47 FFT2 B2 - 2008-08-12 154321

BBQ System: Q-FPGA g o
E 10 - .
QX Qy: 0.35, 0.33 LHC - B2 - Fill#831 Sl J H"
. 2008-09-12 15:43:21 E B W
Q' ~ 30 Units RAW&FFT: 4086 turns@1,0Hz g a0 ' WWM W«
chirp in H&V E 561 i 4l
Q1= 3802556 Qx= 351321 -60
Q2= .306592 Qy = .335526 -Te — LHCUGERLHC 2608-03-12 15451
C-[=.071950 E= 450.0GeV © b5 01 015 02 0% 03 035 04 oss
@x = 777 I freant et
Q"l_ll' = 99 Graph |H-ln i'.lﬁ_ E ACOH 0= Misi |ii_'_1_v.
LHC = B2 = [l #=1 = no commen! - LHL BGEEL. A4 7 FFT S BZ = J00B=-03=14 154221
Coupling Significant £ 10
=
. E =20
(Alen - 006) Spawn Tuneviewer Display E -1 W
Commenis: 5 e
el COEMIMEET ) E 50
R. Steinhagen et al., * e
LHC-Perf-Note-007 g

®0 0y 9

L]
L35 04 45
Trequency [frev]

r T T T T
oes 0l a5 02 035 kE

ksl D

Courtesy: Bl, R. Steinhagen



LHC Optics, Beam 2
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LHC Optics, Beam 2
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Optics Measurement Errors
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Model Reconstruction

* Excellent optics reconstruction despite 90 turns and single data set

* Reconstruction needs clear identification of magnet polarity mismatches & BPM polarities

* Large uncorrected coupling makes it difficult

Simulations, observation and tolerance
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* Coupling errors more tricky to find




Segment-by-segment Approach
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Example: IR3
Suspected MQT.7R3 off 7?7 also confirmed by dispersion measurements

and observed inversion of voltage taps during hardware tests



Model Reconstruction

Segment-by-segment + 5 lterations Global Matrix Inversion
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Summary, All Irs & Arc 23

Segment | == - Source

IR3
IR2 mqya412b2 (+14%)
IR7 mqt3[rl]7 (x-2,3)
IR6 mq416b2 (+1%)
ARC23 mqd23 (+0.4%)

orange: not confirmed and “‘best fit”




Transverse Coupling

Integer difference between horizontal & vertical tunes confirmed

0-8 I 1 T T T
. , Measured —
06 I MADX (2 quad preliminary fit, AQ.,;,=0.06) --- !

0.4
0.2
0
-0.2
-0.4
-0.6
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0 5 10 15 20 25
Longitudinal location [km]

Easily corrected but exact source reconstruction non-trivial



Incident

* Knowledge acquired with few injection tests & 60 hrs of beam is exceptional

* Thanks to the excellent instrumentation and controls software driving them

* However, party came to a fast stop !!

Electrical Arc Between Magnets
e "« : ...“'rp .‘.”

Upper Copper
Profile Superconducting

Cable in Ci
Soldering alloy Layer \

)d. Lower Tin/Silver
= 3 Soldering Alloy Layer

Inter-Cable Tin/Silver >
Soldering Alloy Layer \\ ,,y‘“

I

s

Lower Copper U ;)
Profile Cable Junction Box /

Cross-section

Completed
Junction

Collateral damage

QQBI.27R3



Longitudinal Displacements

Displacements status in sector 3-4 (From Q17R3 to Q33R3) : P3 side
Based on measurements by TS-SU, TS-MME and AT-MCS

AlalBlalC18 A19 | B19 A211B211C21

2| <2 | <2 | <2 P2 <2 | <2
? ? ? ? ? ? ?

<2
<5

<2 <2 <2 <2
<5 <b <5 <5

Cryostat
Cold mass

Q210 A22 | B22 | C22 BRI A23 | B23
—
Cryostat <2 <2 | <2 <2 -7 <2 <2
Cold mass [SO5] <5 | <5 | <5 p=2359 -67 |-102

C24 § Q24§ A25 | B25 J C25 §Q25

<2 e <2 | <2 | <2 p=2
-60 €5 <5 | <5 | <5 PS5

@25 A26 | B26 | C26 A28 A27 | B27 [C27 C28 | 28] A29 | B29 [ C29 [a29

e  —
Cryostat <2 <2 | <2 | <2 F<3 Qlo Bl s olo Bl ol ol oS
Coldmass | <6 | <5 | <5 | <5 | <6 | 57 | 114 J1502) 45§ 230 | 189 | 144 50 | 35 | <5 | <8

[@297 A30 | B30 J C30 FQ30J A31 I B31 JC311Q31] A32 832‘332 Q32 ] A33 | B33 JC33 1 Q33

—

Cryostat <2 <2 | <2 <2 p=2 <2 <2 <2 P88y <2 <2 <2 5 <2 <2 <2 P2
Cold mass | <5 <5 ] <5 | <5 =S 19 77 g 148 =<5 140 | 10 62 18 <5 <5 | <5 ?
_SES with vacuum barier fOpen interconnection Disconnected
Towards P4 Electrical interruptions
[mm] Values are in mm Dipole in short circuit
? Not measured yet Electrically damaged IC
— Cold mass displacement <«— Buffer zones

= Cryostat displacement J .Ph. Tock




Some Improvements

* Electrical measurements with higher sensitivity (< 0.3 mV)
* Detailed calorimetric measurements and tracking of temperature
* Improve quench detection and include interconnects, bars
* Increase number/size of relief valves (3-4,1-2,6-7), mechanical clamps to protect from fast
thermal run-away — future 7
* Under investigation
* Exact nature of initial fault (resistive joint due to bad bonding -or- resistive cable with
bad contact), long distance propagation & comprehensive extent of the damage
* Ultrasound and X-Ray (mid summer) testing of all splices

* Excluding Sector 34, all other have reached 5.3 TeV w/o quench (4-5 TeV operation safer)

S. Meyers, P. Lebrun et al.



Possible Schedule

Shutd

wn (Relief

Year 2009 2010
Month F M A M ) A5 0N | FMA MUJ J AIS ONID ) IF
Baseline Shutdown |SU Shutdpwn (Relief V) |SU
24 weekq physics pospible T
Base' Shutdown |5U Shutd

44 weekqphysics posgible

Two Scenarios
(8-9M<€ more for base')

Earlier PH may be possible due to
changes in safety constraints and \

additional shifts for power testing HIGH price Electricity

N\
Delay(4W)  SH SH SH SH SH SH SH SH SH SU
Delay(8W) SH SH SH SH SH SH SH SH SH SH

8 sectors [SW] SH SH SH SH SH SH SH SH SH SU
:
Intermediate cool-down &

QRL warm-up (Stand
Alone)

Activities

Cool-down

Powering tests
Cold check-out

Schedule for Physics in 2009

in 20 weeks of physics |n 2010 by running during wintgr montfys

SH 5H SH|SH SH
S5H 5H SHISH SH

SH SH SH
SH SH 5H
5H SH

e

Presented at Chamonix(09

S. Meyers



Conclusions

* Excellent preparation despite of the “stressful” Sept 10 deadline
* Instrumentation /controls were in an ideal state for rapid commissioning
* Tremendous amount of information with beam in just 60 hrs

* Rapid recovery in place for ~Sept2009 beam

It was a great pleasure to intimately participate during the first beams in the LHC
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