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Inner Triplet Separation/ Recombination | Matching Quadrupoles

Tertiary D2 Q4
ators (38T)

* Protect Inner Triplet (TAS)
and D2 (TAN) from particles
coming from the IP
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106.90 m

MO, MQT, MQS

MBB: Main Dipole
MQ: Main Quadrupole

MQT: Trim Quadrupole

MQS: Skew Trim Quadrupole

MQO: Lattice Octupole

MSGBE Sextupale (Skew Sextupole)+Orbit Corrector
MCS: Spool Piece Sextupole

MGEDQ@ESpool Piece Octupole + Decapole

(BPM: Beam Paosition Monitor)
~ 9000 magnets POWENEM
with ily00  pewer
N CONVENENS
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| the energy of ~3 Tons TNT
the energy of 370 kg dark chocolate

More important than g amount of energy is .
How fast (an safe)/can this energy be
released?
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SteKea

' During magnet test campaign, the 7 MJ stored in
. one magnet were released into one spot of the
coil (inter-turn short)

P. Pugnat




e A Quench is the phase/transition of a super-
conducting to a normal conducting state

e Quenches are initiated by an energy release of
the order of mJ:

e Movement of the superconductor by several
um (friction and heat dissipation)

e Beam losses:

e @7 TeV 0:6)3/cmz'canquenchia dipole; this
energy density. can|be generated by 107 protons

o @450'GeV (injectionjenergy), ~ 10° protons are
needed

e Failurein cooling




Quench ﬁotection
System

- o To limit the temperatdr

(o
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Ouv‘nf“n < C)uenier) Protactiorn) SYste)

ea\ﬂ;r a quench o\

e increas |
The quench has to b?ﬁ?etected = Quench Detectors* N/

The energy is distributed in the magnet ISV"fotge-
quenching the coils using Quench Heaters*

/"l

o The store\d energy Is releaéed in a controlle Iﬁl"way > Colc‘

by-pass diodes* & Energy Extraction Syste

The ma&net current is switched off within << 1 second
= Power Inter0ckSysten

False quenchidetection:down time;c some hours
Missed quench: damagge ofimagnet; c :\tlme 30

days \ /

% On every SC mag\net
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LHC Main Dipole System In one sector

Cold diode

>

@W

Power
Converter

O
Switch

Ll (SC Magnet)

L2 (SC Magnet)

_N

tilih

L154 (SC Magnet)

-

R (Energy
Extraction)

Quench Heaters S¢&

i
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® During normal operation
every ramp down of the
magnets implies energy
extraction, but this takes
~20 min = too slow in cas
of a quench

® A dedicated Energy
Extraction System for
quench protectioniis needed;

® There are 32 EES for the 24
13kA main circuits (dipolesH
& quadrupoles) (+ the EES \
for the 600 A correctors)

® This system releases'the
energy in 104 S for the 131kA Energy E.‘.xtrz?ctinn Facilities in tl.le [{A's
B N for LHC Main Dipole and QF/QD circuits
dipoles (-125 A/s) and in 4{
s for the quadrupoles (-325
A/s)




oo Viagner ERergys
T Fovyer riterloc,c Coptfolles
e 36 PICs in LHC for the SC mag é&ts“\-\\j | Power Converters

(warm magnets also have PI SPS
ryo ™

® 1 PIC per Powering Subsecto{r \ UPS. AUG
Powering Subsectors between IP1 and IP8

Inner Matching 3 Matching Inner
Triplet Section  Arc continuous cryostat Sections Triplet

......

Numbsr of |
- alectrical

circuits - 9 :
in the a1
subsector L F :

If circulating
beam

to Beam
~ Interlock

—_— —
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10000.00 | Increase with respect to existing accelerators : R
i 4 energy in &1
magnets

|
LHC top

energy [

| - A factor 2 in magnetic field

1 - A factor 7 in beam energy

1000.00 H * A factor 200 in stored energy

LHC injection
100.00 (12 SPS batches)

Factor

SPS fixed e
10.00 : - l

1.00

Energy stored in the beam [MJ]

0.10 : proton

0.01 T \F

1 100
Momentum [GeV/c]




Configuration du systeme d'arrét de faisceau au Point 6

~ _BeamDumpBlock ———™™@8@¥ Beam Dump Block

(graphite)

H-V kicker for painting the

/beam

Bloc absorbeur
Aimant déflecteur

rapide
Aimant dilueur

Quadripdle
concrete

shielding

Septum magnet deflecting
the extracted beam

15 kicker

magnets / Q P \\

Is the only system infCHEableto
absorb thefull neminal beam




ERERGYASteredNprtie Beamss
Colligrlzition Systemn 2

Callimation System Functionality:

1. Absorb beam halo to avoid
guenches

2. Once beamlesses appear they
protect the equipment and
experiments. Ifi BLMCs >
Threshold = Beam Interlock
= Beam Dump

N

E.g. Settings of; collimators @7 1eV/with
lUMINGSItY, OPLiCS
Very tight settingsi =, erbijt-feedbhackd! L




g Multl -stage collimation at the LHC

(An illustrative scheme)

Primary Secondary Shower Tertiary
collimator collimators absorbers ! collimators

Fratecﬂnn
Primary i Temarjfbeafr halo

Secondary beam h afo + hadrdnic showers

+ hadronic showers iSOG
g 46-9c

Circulating beam

Cold apen‘ureé +~—— Warm cleaning insertion —Arc(s)— — P —

TCDI TCP I —
oLl /D! Settings @7TeV and *=0.55m

TCS.TCDQ Beam size (o) = 300 um (@arc)
Beam size (o) =17 um (@IR1, IR5)

5. Redaelli OF WG on Chechkow!, 08-11-2007
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X

Green =
ready
before

first
beam

Beam Current
Monitors

= = O e e o e .

Current

Energy
|

DCCT Dipole
Current 1

Injection

° Beam Energy Kickers o

DCCT Dipole o Tracking
Current 2 *

RF turn clock o) ¢

Beam Dumpmgc

System

(o)

_______ Beam Dump
Access Safety Trigger
System

| Discharge

LHC
Beam
Interlock
System

Cryogenics essential

circuits
Quench o 0

Protection

Powering

Interlock °© g

| auxiliary
| circuits

Power Converters

| AUG

Timing

o)

Safe LHC

O Parameters
o) 0

SafeBeam

Flag

S Sg
Iy _ :
/e”é \lzlerlisla Protaetion) S\YSrean

L

(o)

SPS Extraction
Interlocks

TL collimators

BLMs aperture ‘

BLMs arc
Collimators / Absorbers
BPMs for Beam Dump

NC Magnet Interlocks
BPMs for dx/dt + dy/dt

s

Operators

Software Interlocks

4
|
dl/dt beam current
dl/dt magnet current
RF + Damper
LHC Experiments
Vacuum System
Screens




LHC Beam

USER SYSTEMS
Dump System

l J \ J
User ‘Permit’ Beam "Permit’

Signals Signals

153 User Systems distributed over 27 km
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Magnets: | e HW Commissioning
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Conngnlissionlisie
g Stage A e B e C J 9
y Install Coll
Hardware Coug Physics Run P%Z:e II0
Mac and MKB
. 1 P

No beam Beam

Hardware Commissioning

Thorough commission of technical Stages:

S 1. Individual system test

¢ Magnets, vacuum, cryo, PC, 2. Global system test
guench detection, energy: extraction,

RE beam instrumentation; KICKers, Commissioned energy:

septa, collimators, absorbers, ete. 1. 2008 =» Eb =5.5TeV (no
¢ Services: AC distribution;, water- training quenches)
cooling, ventilation, access control, 2. 2009 = Eb=7TeV ??
safety, etc. (magnet training required)




Q)varalll Sirzltee)/ fo)r
Conngnlissionlisie

Stage A

A
A

H I
Mac

No beam Beam

Install Coll
Phase II

and MKB
pUESEEN

Machine Checkout

¢ Drive all systemsithrough the standard
operational sequence (synchronized)

¢ Check Control Systemifunctionality from
CCC high-level software applications

¢ Check beam instrumentation acquisition
chain

¢ Check timing synchronization

¢ Check all equipment control functionality
¢ Check machine protection andinterlock
system

Stages:
1. Individual system test.

First integration into the
OP group

2. Multi-system test, e.g.
Machine Protection (BLM,
BIS, LBDS)

3. Dry run: drive the whole
machine through the
neminal sequence.




Q)varalll Sirzltee)/ fo)r
Conngnlissionlisie

f Stage A U B U C | 5 D
] Install Coll
Hardwaig COE?CI Physics Run / Phase II
and MKB
q prasTN
No beam Beam .
Beam Commissioning
Stage A: Pilot physics run Stage C: 25ns operation I
@ First collisions ¢ Nominal crossing angle
€ 43 bunches, no crossing'angle, No SQUEEZE; ¢ Push squeeze
moderate intensities ¢ Increase intensity to 50% nominal
¢ Push performance ¢ Performance limit 2 1033 cm=s-t
¢ Performance limit 1032 cm2s! (event pileup)
Stage B: /5ns operation Stage D: 25ns operation II
@ Establish multi-bunchroperation, moderate ¢ Push towards nominal performance
intensities € Nocuires nardware updates:
¢ Relaxed machine parameters (squeeze and collirnaitors and pearn durnp systern
cressing angle) ¢ Performance goal: 1034 cm2s-t
¢ Push squeeze and crossing angle
¢ Performance limit 1033 cm2s (evt pileup)




BSEAMNCORIMISSIORINENVILNIE

e LHC Design Parameters:

Nominal Settings

Design Parameters

Lumi IP 1,5 (cm2s1) | 103 Eicam (TEV) 7
Lumi IP 2,8 (cm2s1) |5 1032 # p*/bunch 1.15 101
va IP 1,5 (um) 16.7 # bunches/beam 2808

’ 20.9 E,cam Stored (MJ) 362
Oyy IP 2,8 (pm) | 3.75

€nY (pm rad)
Bunch length (cm) |7.5

B* (IP: 1,2,5,8) 8:22' 0

tead-on ST
o Lollion
AT ErE - ,..-"‘ A
listors eng-rme m
S R | L 1 O
W
Y -,

Crossing angle (urad) |[285
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£p) e

e Start as simple as possible o - £ B EvtRate / Cross = —19T
¢ Change 1 parameter (kb, N, B*) at a time |
e All values for: ~ < Protons/beam < 1013

= Nominaliemittance (LEP beam currents)

- 7 leV | Stored energy/beam < 10MJ

= 2 M [3* (Ip; 1&5) (SPS fixed target beam)

Parameters Beam levels Ratesin 1 and 5 Rates in 2
Ky N B* 1,5 | Iieam Epeam Luminosity Events/ Luminosity Events/
(1)) proton (MJ) (cm2st) crossing (cm=2s1) crossing
1 1010 11 11010 102 1.6 10/ <<1 1.8 10 <<1
1010 11 4.3 1011 0.5 7.0 10%8 <<1 7.7 108 <<1
43 11 1.7 1012 2 1.1 1030 <<1 1.2 1030 0.15
43 | 41010 1.7 1012 P 6.1 1030 0.76 1.2 1030 0.15
4 1010 p 6.2 1012 7 2.2 103t 0.76 4.4 1030 0.15
156 1[0 P 1.4 1013 16 1.1 1032 3.9 2.2 1031 0.77
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Phase A.9: /Top energy checks ’ Phase A.10: Collisions

10000

<
bt 8000
c
o
= 6000
Q
8 4000 ;
'-% Phase A.1: Phase A.2: Cirdi]Eltiglelo][e]s
and first turn Phase A.3: IniEIReelpalpgliSSlelallale]
2000 Phase A.4: Opeyeylsle’S

450 GeV : Phase A.5: InageESaleRlaiti]s%

""""""""""" .6: beam operation
0 Phase A.7: Collisions

-4000 -2000 0 2000 210[0]0)

time from start of injection (s)
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>

Combined length 5.6 km, ‘ TI 8 beam tests
over 700 magnets = ca. 2/3 of SPS J 23./24.10.04

6/7.11.04 /7140 + T 8

28.10.2007, 12:03
- first beam at end of Tl 2

1Km

Temporary dump PMID S
Tl 2 beam test T~ TI2upstream part installed and
28./29.10.07 HW commissioned by 2005.

Courtesy of J. Uythoven

S. Redaelli, LHC beam commissioning, 30-01-2008 8
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POINT 5

POINT 4.
RF

POINT 3
Momentum - e -
Cleaning —

Q
AN
‘?ﬁ X

/,\Etx\wk,

._—--"“/[
Clo, - 72 ! S ec\o

POINT 2° |

Alice i

POINT 1
Atlas

POINT 6

POINT 7

- Betatron
Cleaning

POINT 8
LHCb

15 Sep 2008 15:37
TI8

Updated by Roger Bailey




e Discovered

Achieved

“Kick-response measurements

)

Synchronization SPS — LHC
injected IP2

Through to collimators in IP3 first shot

Trajectoﬁ“csﬂrection /

Off-energy measurements (dispersion)
Explored the a
Quench

Aperture re
e Traced to misalign




IRECHERNIESHZ

POINT 5

POINT 4.
RF

POINT 3

Momentum +—————--
Cleaning

POINT 2"

Alice

POINT 1
Atlas

TI8

POINT 6
Dump

POINT 7
- Betatron
"™ Cleaning

16 Sep 2008 10:14

Updated by Roger Bailey




IjECHBRNIESTHZ

e Achieved

e Discovered 1L,
e Optics problem at the end of the TI8 line

injected IP8
Through to collimators in IP7 first shot
Trajectory correction
Kick-response measurements
Off-energy measurements (disper |
Explored the aperture

injected IP2
Through to collimators in IP3
Aperture in injection region OK
Polarity correction confirmed
Interleaved injection

1

Hor Orbit [mi)

\(er Orbit [mm]

4.0 45 5.0
Longitudinal Position [km]
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POINT 5
cms
i

|
POLNFT % l POINT 6
\ ; Dump

POINT 3 POINT 7

Momentum - - - - Betatron
Cleaning Cleaning

POINT 2

Alice

POINT 1
Atlas

16 Sep 2008 09:39
TI8

Updated by Roger Bailey




IRJECHBRNIESHS

SDD3 Default View

e Achieved
o injected IP8
e Threaded to dump in IP6
e Steered then inject and dump
o injected IP2
e Threaded through to coll in IPSE

e Discovered
e Optics problem in IP7
e Polarity convention on Q6
e Optics problem in IP4
e Polarity convention




OO RSEPLEMIIES

POINT 5
cms &

POINT 4. f
RF POINT 6

Dump

g

POINT 3 POINT 7
Momentum -} —
Cleaning

- Betatron
Cleaning

POINT 1
Atlas

16 Sep 2008 09:41
TI8

Updated by Roger Bailey




e Achieved | \j \ = S
o injected IP2 | =

e Threaded around the machine in F\
4 ° Tra]ecto}y steerlng gave 2 or 3 turns

o
e Thread ine in 1h30
e Trajecto
ndred turns




YASP DV LHCRING / INJ-TEST-NB / beam 1

E
E
w
2
-8
==

TCSG.5L3

FT - P450.12 Gev/c - Fill # 827 INJDUMP - 10/09,08 10-41-3
10 -
3.581 / Dp = -0.71

(%]

V Pos [mm]

TCSG.5L3

Monitor V



http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025388

ziniel 209 e lienis

BTV — SPS.USER.LHCFAST2

File Tools

=

P @ & [ @ Sep 10 10:26:13 SPS - LHCFAST?

CNGS5 - 03

rSelection

Device: LHC.ETVSLASRS.E2
LHC.BTVSLCSL2.B1
LHC.BTVSLCOR8.E2
LHC.BTVS5.6L2.E1

LHC.BTVSS5.6R8.B2

LHC.ETVST.A4L2.E1
LHC.BETVST.A4RE8.E2

cnc no

40

rStatus

Device: LHC.BTVaLC5L2. Bl

Mode: OFF
REMOTE

Status:

Controk

Setting
Basic | Advanced | Expent |

Acquisition Type: |0ne extraction

Acquisition Number: |1

Camera Switch: [on

Screen: ar

Filter: [out

Video Gain: |x 1

Lamp Switch: |0N

First Lamp:

Second Lamp:

Motor Enable: |enah|e

Hardware Reading: | &3

rLHC.ETVSLCSL2.E1

|:| |:| (1 of 1 acquisitions)

Cycle: LHCFAST2 SC Nb: 700

rlmage
20

-23 -20 -15

Image
6.6148, -0.4876, 319

Date: 2008/09/10 10:25:28.197506

rHorizontal projection

Mean mm]
m 61 [mm
Amplitude = 644,70 [au.]

Amplitude [a.u,
= [}
ol =
= =
= =
! !

1000

500+

T — T T T T T T T T
-25-20-15-10-5 0 5 10 15 20

X [mm]

r¥ertical projection

1

Amplitude [a.u,

b a
=] w
= =
(=] (=]

L L

T T T T T
-15 -10 -5 0 ]
Y [mm]

T T
i0 15 2

Acquisition Type: One extraction
Acquisition Number: 1

Camera Switch: RAD ON
Mire: OFF

Screen: Al
Filter Out

Yideo Gainm: x 1 First Lamp: 299

Second Lamp: 159

| P Acquire || BB Start Monitoring ||

Stop || | Save

[] Continuous Saving

10:25:32 - Done.

’




YASP DV LHCRING / INJ-TEST-NB_V1@0_[START] / beam 2

B [m] =]z [SIE) ) More

2.868 / Dp = -0.37

H Pos [mm]

FT - P450.12 GeY,c - Fill # 830 INJPROT - 10,09/08 15-01-5
10 -
Mean = -0.272 / RMS: 2.502 / Dp = -0.37

(%]

V Pos [mm]

Monitor V



http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025414

horizontal dispersion beam 2, 1st turn

measurement corrected for incoming disp. ———

AX A
- = DX(S)_p {
X P

nominal model

! ‘J Iilﬁii
H I s IIII [ I i T lf” i
i .,|!n-!%if"l e | 123 by 2

l ' Ul 'l lII | I
i l;“\ i ,mmﬂ li il HIIWH' il 'Ii" i

Eﬁ 1 1& e

5000 10000 15000 20000 25000
S [m]




File l Edit \ Vertical ' Horizidcg ' Trig | Display ' Cursors ’ Measure | Mask . Math ' MyScope | Analyze | Litilties | Help |n Tgk . ”

1 T l 1 1 1 1 I T 1 il 1 ] 1 T 1 T l T 1 ] 1 I 1 1 1 1 ] 1 T 1 T l T 1 1 1 I il 1 il 1 ] 1 T 1 T

LHC Longitudinal Bunch Profile Beam?2

) rz

L Il L Il I 1 L 1 L I L 1 I L l L 1 L 1 1 L 1 L L ! Il L ] L Il L Il I I L 1 L I L 1 L L l L 1 L 1

[ &xm® 200mvidiv 500 By:2.5G ) (e S 172mv ][ 32ms 256s/s 400ps/pt

Run Sample
24 acqgs RL:80.0M
Man September 10, 2008 21:46:01




Beami 2 GClosedrorit

YASP DV LHCRING / INJ-TEST-NB / beam 2

R [m] === [SE]) ] more |

-Befure correction [11/09/08 21:50:38

0.141 / RMS = 2.952



http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025570

1stbeta-beat bx. B2.eps - GGV

ile Edit Mew Go Help
. & ‘ & e <4 p bl | e § 6§ 6 Q
Reload Print First Prev Next Last In Out 11 Fit Fit Width

LHCB2, 90 turns (12/09/08 12:38:16)

5000 10000 15000 20000 25000
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YASP DV LHCRING / INJ-TEST-NB_VI1@0_[START] / beam 2

Horizontal Harmonics

Harmonic

40
Vertical Harmonics




LHC - B2 - Fill#830

2008-09-10 21:38:52
RAWEFFT: 256 turns@1.0Hz
no excitation

Q1= 3092 Qx= .3089
Q2= 2333 Qy= .2337
Ic-|= .0106
Qx= 7?77
Qy= ???

Comments:

Spawn TuneViewsr Display

LHC - B2 - fill #8320 - no

horizonal amplitude [dB]
1 1 1 1

0 0.0s 01 015 02 025 03 035 04 045
frequency [frev]

LHC - B2 - fill #8320 - no comment - LH _BOBEQ.UA4T FFT2_E2

vertical amplitude [au.]

'” \\ “ \. M M \IM |‘|| lI|||’hl.f|||nfu (I
~ ’ |J H “H‘“MHH\U;I'} i




Beam 2 iiast BEIFB3Eam

UIERINERSIORIER)

intensity

intensity

bunch: 3506

LHC Fast BCT V0.1

quisition i Configuration

Turn Increment: B

Trigger Condition
GMT

RF Injection Prepulse

Software
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| ?""4{{\?'61' -

yieaimialilueniSWEEP ORra P

Sy 0)lejc4

3DDS Default View

l"/x' ")
// ///"' .t’/ff/‘ |

. R R mae = — N
== acqTypeMaxNumber - \
o Active (] - x axis, [f] - v am, [SPACE] - = clea time/num 1 anis
Data for Cycle: - W\
N S
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Bazinn 2 \Wire sezipinar

1’ Profiles & Fits r Key Param Line Graphs |/ Key Param Histograms r Measurement Results |/Time Plots r Expert Options |

qu Overflow Detected : @ViEWSJ| R (o] = =] ] | More Jl | lgnoring Stale Data V|

Scaling  Bunchno. 1 [12:09.08 13:37:19] 5 65

- Legend |
Aggressive & | | =
© Agg i —— LHC.EWS 5L4.BZH1 #1:1 AXIS 1 =t Fri 13:33:13 c_e“te'_;':;:':;f
i . . sigma=2, .
O Manual & —+— RME Width Calcul=ation ) Energy=483.878
@ Auto BG=0018
/ \ Slope=0
Chisg=1
Emitinorm=11,356,601.
Emit{physF22,021.21

Fixed Error: |10.0

Select Fit Type

() 5 param gauss

) 3 param gauss

@) RMS Witdth Calc

2 Show Front End Fit

) Percent Peak Elimination

Data Smoothing
) None () 3pt @ 5pt

Select Profiles

Howver over hox to see bunch #
Update: '® Now _ Later

-15000 -10000 10000 15000




e _AII done in 3 da?; j : ,
e Made possible by / KE/
e Meticulous preparation
® Magnetic model data Q \
eration

/ e Sophis\ticxated settings gen
e Dry runs

e Logging a

° AIILowed

ﬁ early




¢ LA ) A~ = A
& ,}}/0, PHEGE

Injection
First turn Injection

First turn

Circulating
beam Circulating

beam

450GeV
initial 450GeV
initial
450GeV

optics 450GeV

optics

450GeV

Increase | 450GeV

Increase |
AN

450GeV
2 beaq
450GeV

Collisions

Cornlnnlissionlisle] Witnl o-r

A cornrnissionirle) olers

Pt

Snapback
Ramp

Top energy
checks

Squeeze

_

Ramp
both beams

Top energy
Collisions

Squeeze

both beams

Pilot
physics

Snapback
Ramp

Top energy
checks

Squeeze

2 beams




@ Relaxed crossing angle (2150 uﬁ;ﬁf&l)"“‘\\_)

¢ Start un-squeezed

¢ Then go to where we were in stagF A

/ 4 AII values for
| = nominal em|ttance

/

/

¢

e
~

Protons/beam = few 1013

m / 1eV \\
= 10 m B* in p()% E and 8 . Stored energy/beam < 100 MJ
Parameters Beam levels Ratesin 1 and 5 Rates in 2 and 8
Ky \ B* 1,5 Iieam Epcam Luminosity Events/ Luminosity Events/
(m) proton (MJ) (cm=2s1) crossing (cm=2s1) crossing

4100 | 11 | 3.7108 42 2.4 103 <<1 2.6 103t 0.15
936 | 4101 3.7 1013 42 1.3 10% 0.73 2.6 103! 0.15
936 1010 pi 5.6 1013 63 2.9 1032 1.6 6.0 1031 0.34
936 1010 1 8.4 1013 94 1.2 103 7 1.3 10% 0.76

L
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Nominal crossing angle (285 urag) ( S N
~ & Start un-squeezed |
¢ Then go to where we were izstage B N
e Al values for o
= nominal emittance ) “ .
./ - m / 1eV \\ | Protons/beam = 104 [
= 10m B*in points 2 and S Stored energy/beam 2 100 MJ
Parameters Beam levels Rates in 1 and 5 Rates in 2 and 8
Ky N B*1,5| Iieam B Luminosity Events/ Luminosity Events/
(m) proton (MJ) (cm2s1) crossing (cm2s1) crossing
4 1010 11 1.1 1014 126 7.2 1031 <<1 7.9 1031 0.15
2808 | 4 1010 1.1 1014 126 3.8 1032 0.72 7.9 103t 0.15
2808 1010 2 1.4 1014 157 5.9 1032 1.1 1.2 103 0.24
2808 | 51010 1.4 104 157 1.1 1033 2.1 1.2 1032 0.24
2808 | 51010 1.4 1014 157 1.9 1033 3.6 1.2 1032 0.24
Nominal 3.2 1014 362 1034 19 6.5 1032 1.2 2
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Beam Commissioning Procedure

LHC COMMISSIONING WITH BEAM:
PHASE A.1 (FIRST TURN)

Abstract
This document des i

ons of this
phase. Possible problems and open questions are also listed.
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http://hcc.web.cern.ch/hcc/
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& The LHC commissioning is (df\iided in)three steps: Kr/

= Hardware Commissionin

g
- Machine Checkout ) \ *

/ = B‘eam Gommissmnmg

| | f
¢ To tackle the machlne unprecedent complexity and potential

danger (ene?gy\stored In the magnets and in the beam),
each step is dividedjin well 'defined phases

¢ The success
upon:

= Carefull elaboration|efprocediires (Doc 1entation)

<

: "/'mong other things,
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The content of this pres/e/ntah has been K&/
elaborated from material coming from.the

LHC Commissioning Working Group

Hardware coordination Group
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‘During a few days period wiljhmyam \ ~

Making the last step of; dipole cl\cmt in sector: 34, to 9.3kA
At 8.7kA, development of resistive zo}cje in the dipole bus\B’a'raspllce

between Q24 R3'and the nelghbormg ipole

Eleetrical arc de\bloped Which punct’ured the helium enclosure
Helium released into the insulating vacuum

Rapid pressure riseifsideithe [lHC magnets

o

o

( ) genic 3 o SR .
(': Beamivacuum also affecied




Spool Piece

_ ~ Bus Bars
e

Superconducting Bus-Bar /
~ Iron Yoke
Non-Magnetic Collars

Radiation Screen

Quadrupole
Bus Bars

Thermal Shield

The
15-m long
LHC cryodipole

Bus Bar Tube

. =4 Instrumentation
( _ Pl’Ot‘[f)Cito'gg Feed Throughs

M
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Interconnections the superconducting
magnets of LHC means:

« 1695 magnet-to-magnet
interconnects

- 224 magnet to QRL interconnects

Each magnet to magnet interconnect
consists of:

v' 18 assembly actions divided in 9
interventions

v' 5 |leak tightness check
v 5 electrical tests
v' 1 RF test

For each sector this is:

1964 assembly interventions

226 electrical tests on sub-assemblies
70 vacuum tests on sub-assemblies
14 RF test on sub-assemblies




Upper Copper

Profile Superconducting

Cable in C
Upper Tin/Silver a SEQH':ZZ?DEF

Soldering alloy Layer

Lower Tin/Silver
Soldering Alloy Layer

-~

>
Inter-Cable Tin/Silver A /
Soldering Alloy Layer \ ¢ e

Completed
Junction

Lower Copper U
Profile Cable Junction Box /

Cross-section
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Splice insulation

curren
T curren

t

Bus Bar’s y Heat exchange with

Insulation He Il

e Temperature increaseidUeto)amn eEXCESSIVETESIStance ,

e SuperconductorigUenchiesiand DECOIMESTEsistive at high current
(temperature Increase dueio thie resistance):

o Up to a certain current, theCopper Gantakeit (o Ied by the He II).

»—-Beyond a|Gertain currenty Srun-away/ ol thetemperature, spllce opens,
* €lectricaliarcis
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I Insulating vacuum barrier every 2 ceflsinthe arc — Some moved
| i |
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» Considerable collateral damage over few hundred
metres
» Contamination by soot of beam pipes
» Damage to superinsulation blankets
» Large release of helium into the tunnel (6 of 15 tonnes)
I Insulating vacuum barrier every 2 cells in the arc —>» Some moved
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XEPEs

e Present stréi?egy aésuméstr@ﬁing all magnets Q19

to Q31 S
e May have to treat slightly further out?tl&thns zone
/o (Q33) / .Q f

s Nearly all the components are at CER




OUtsIde seclior 34

e All data from hardware commissioning carefully scrutinized

e Anomalous cryogenic behaviour. found in sector 12 at"7kA
e Higher than nominal heat load in cryogenic sector 15 R1

e Controlled tests made late October at different currents Nominal
e (Calorimetric measurements dissipation

e Measure temperature Increase ¢
Derive rate ofi energy/depositior;
= 9.2E-08x2-OEOO

[
e Fit Energy depositiGnVvs Gurrent
e Deduce equivalentzresistance
5000 10000

dissipation [W]

Additional local
o Ul

Dipole current [A]
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. // ‘:'
. e Electrical measurements. | / ~ | :
o Dedicated electronics needed fo?' ter-magnet splices \J

e (QPS system used for internal n‘Lgnet Se][{e=5

e S1215R1 l \

/ : o All inter-ﬁ‘a net splices measured to be similar, around 0.3nQ

N

e Magnet B16.R1 measured to have 19,,an 1] \ f
e S1219R1 ”
e Nothing found ; traced to a feature of cryogenic system

e S1231R1 ' i
o Nothing found; Galarimetric fit:in any/Gaseisve

e S67 31R6
e Magnet B3Z;RGimeasured tojnave4sniil

e S/8
e Nothing found




oter meastres

e Frorn the analysis of the incident, the following modi ications and
' consolidations are under consideration: ) ‘ Y

e Upgrade of the quench protection system for: protection against
symmetric quenches (was aIready)n the pipeline before Sector 34

/ in¥<&:»if:lent) \\ ax y \ 1

e Upgrade ofith quench protection system for: precision measurements
and protection

e Modifications of; romrmsslornng ,JI’OC:‘.(JLII’—' 0 include calorimetric
information anc
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e NIMESCEE ESHOIRIESIAANIINIE

e
a4

W clatarpiinleel 0)Y
e Efficiency of logistics of magQétS removal/ —
installation | N
o Efficiency of magnet repair \
/e Efficiency of beam pipe repair / cleaning /

e Efficiency.of interconnection act|V|t|es

C




