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P [kPa]

LHC Cryogenics

e From RT to 80K: Precooling with
Sells LN2 1200 tons of LN2 (64 trucks of
20 tons) = [Three weeks]

m,
_ CRITICAL POINT From 80K to 4.5K: Cooldown with
Hll Aine He turbines 4700 tons of material
100 - ¢ / to be cooled = [Two weeks]
Pressurized He Il ~

s saturated He II, flowing heat exchanger tube
pressurized He Il, static

Saturated He 11 :

From 4.5K to 1.9K: Cold

W
7
compressors (15 mbar) More than 15

tons of helium inventory [One weekK] magnet s¢ bus bar connection

1-
1

TIK]

Tuning before powering:
Instrumentation, Electrical feed-boxes .
(DFB’s), global process [One week] helium vessel




LHC Dipoles Installation
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LHC TDR

MBB: Main Dipole

MQ: Main Quadrupole

MQT: Trim Quadrupole

MQS: Skew Trim Quadrupole

MO: Lattice Octupole

MSCB: Sextupole (Skew Sextupole)+Orbit Corrector
MCS: Spool Piece Sextupole

MCDO: Spool Piece Octupole + Decapole

(BPM: Beam Position Monitor)




Magnet Type

Description

Magnet Type

Order

Description

Number of Magnets

MB 1 Main Dipole Coldmass MO 4 Octupole Lattice Corrector in Are 336
MBAW 1 Alice Spectrometer (Muon Dipole) 1 Short Straight Section P
MBLW 1 LHC-b Spectrometer 1 MQ 2 Lattice Quadrupole in the Arc Q32 )
MBRB 1 Twin Aperture Separation Dipole (194 mm) D4 2 MQM 2 Insertion Region Quadrupole 3.4 m 35
MBRC 1 Twin Aperture Separation Dipole (188 mm) D2 8 MQMC 2 Insertion Region Quadrupole 2.4m 12
MBRS 1 Single Aperture Separation Dipole D3 4 MQML 2 Insertion Region Quadrupole 4.8 m 36
MBW 1 Twin Aperture Warm Dipole Module D3 and D4 in IR3 and IR7 20 MQS 2 Skew Quadrupole Lattice Corrector in Arc Short Straight Section 64
MBWMD 1 Single Aperture Warm Dipole Module Compensating 1 MQSX 2 Skew Quadrupole Q3 8

Alice Spectrometer MQT 2 Tuning Quadrupole Corrector in Arc Short Straight Section 320
MBX 1 Single Aperture Separation Dipole D1 4 MQTLH 2 (MQTL Half Shell Type) 48
MBXW 1 Single Aperture Warm Dipole Module D1 in IR1 and IRS 24 MQTLI 2 (MQTL Inertia Tube Type) 72
MBXWH 1 Single Aperture Warm Horizontal Dipole Module Compensating 1 MQWA 2 Twin Aperture Warm Quadrupole Module in IR3 and IR7. 40

LHC-b Spectrometer Asymmetrical FD or DF
MBXWS 1 Single Aperture Warm Horizontal Dipole Short Module 2 MQWB 2 Twin Aperture Warm Quadrupole Module in IR3 and IR7. 8
MBXWT 1 Single aperture warm compensator for ALICE 2 Symmetrical FF or DD
MCBCH 1 Orbit Corrector in MCBCA(B.C.D) 78 MQXA 2 Single Aperture Triplet Quadrupole (Q1, Q3) 16
MCBCV 1 Orbit Corrector in MCBCA(B.C.D) 78 MQXB 2 Single Aperture Triplet Quadrupole (Q2) 16
MCBH 1 Arc Orbit Corrector in MSCBA(B,C.D), Horizontal 376 MQY 2 Insertion Region Wide Aperture Quadrupole 3.4 m. 24
MCBV 1 Arc Orbit Corrector in MSCBA(B,C,D). Vertical 376 MS 3 Arc Sextupole Lattice Corrector Associated to MCBH or MCBV in 688
MCBWH 1 Single Aperture Warm Orbit Horizontal Corrector 8 MSCBA, MSCBB, MSCBC and MSCBD
MCBWV 1 Single Aperture Warm Orbit Verticall Corrector 8 MSDA 1 Ejection dump septum, Module A 10
MCBXH 1 Horizontal Orbit Corrector in MCBX(A) 24 MSDB 1 Ejection dump septum. Module B 10
MCBXV 1 Vertical Orbit Corrector in MCBX(A) 24 MSDC 1 Ejection dump septum, Module C 10
MCBYH 1 Orbit Corrector in MCBYA(B) 44 MSIA 1 Injection septum, Module A 4
MCBYV 1 Orbit Corrector in MCBYA(B) 44 MSIB 1 Injection septum, Module B 6
MCD 5 Decapole Corrector in MCDO, (Spool Piece Corrector) 1232 MSS 2 Arc skew Sextupole Corrector Associated to MCBH 64
MCO 4 Octupole Corrector in MCDO, (Spool Piece Corrector) in MSCBC and MSCBD
MCOSX 3 Skew Octupole Spool-Piece Associated to MQSX in MQSXA
MCOX 4 Octupole Spool-Piece Associated to MQSXA
MCS 3 Sextupole Corrector, (Spool Piece Corrector)
MCSSX 3 Skew Sextupole Spool-Piece Associated to MQSX in MQSXA =
MCSX 3 Sextupole Spool-Piece Associated to MCBXA — 9 O O O m ag n e tS p Owe re d WI t h
MCTX 6 Dodecapole Spool-Piece Associated to MCBXA
MG |1 Tk ~1700 power converters
MKD 1 Ejection dump kicker
MKI 1 Injection kicker

1

MKQ

Kicker For Q And Aperture Measurement




2. Energy Stored in the
Magnets

e Quench Protection System

e Energy Extraction
e Power Interlock System




~ 11 GJoule (only in the main dipoles¥™)
~ corresponds to ...

... an aircraft carrier at battle-speed of
E 55 km/h

TRt~ .~ . o —~ 4 F 4
— ;f_;};’/;lﬁ, - &3 = .

i

the energy of ~3 Tons TNT
the energy of 370 kg dark chocolate
More important than the amount of energy is ...
How fast (an safe)‘can this energy be
released?

* 400 MJ in the main quadrupoles




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




Energy Stored in the Magnets:
Quench & Quench Protection System

&néhi is the phase transition of a super-
conductlng to a normal conducting state

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

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

//;;, Beam losses:

e @7 TeV 0.6 J/cm?® can quench a dipole; this
energy density can be generated by 107 protons e

e @450 GeV (injection energy), 10° protons are
needed

e Failure in cooling




Energy Stored in the Magnets:
Quench & Quench Protection System

tRE temperature increase after a quench
S The quench has to be detected =

e The energy is distributed in the magnet by farce-
quenching the coils using *

e The stored energy is released%ffé%ontrolled way =
* &
e The magnet current is switched off within << 1 second

Sy

e Failure in QPS: |
e False quench detection: down time of some hours o
e Missed quench: damage of magnet, down time 30 days @

* On every SC magnet




Energy Stored in the Magnets:
Quench & Quench Protection System

LHC Main Dipole System 1n one sector

Cold diode Quench Detectors
—N 2 Vi-V2#£0 . ‘
) Ldien SN

Li (SC Magnet) L (SC Magnet) L154 (SC Magnet)

Power
Converter

Qmmmme——
Switch

W Quench Heaters %

R (Energy
Extraction)




Magnet Energy:
Energy Extraction System

During nor gperation
every ramp?déy v: of the
magnets |mpI|es energy
extraction, but this takes
~20 min =» too slow In case
of a quench

A dedicated Energy
Extraction System for
quench protection is neede gz

The 6 are 32 EES for the 24;

KA g0ain circuits (dlpoles-“
& quadrupoles) (+ the EES n
for the 600 A correctors)

This system releases the &=

energy in 104 S for the 131kA Energy ].E‘.xtr-c?ction Facilities in tl_le LTA'S
. P for LHC Main Dipole and QF/QD circuits

dipoles (-125 A/s) and in 4(

s for the quadrupoles (-325

A/S)




Magnet Energy:
Power Interlock Controller

Power Converters
QPS
Cryo

for the SC magnets
(warm magnets also have PICS)

® 1 PIC per Powering Subsector UPS, AUG

Powering Subsectors between IP1 and IP8
Atlas LHC-b

Inner Matching : Matching Inner =
Trplet Section Arc continuous cryostat Triplet




3. Energy Stored in the Beams
®7Bgam Dump System
e Collimation System
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. Nominal valuéZy

®m = 362 MJules |

Enough to melt 500 kg of copper




10000.00 | Increase with respect to existing accelerators : LHC.
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Energy Stored in the Beams:
Beam Dump System

Configuration du systéméd'arrét de faisceau au Point 6

~ _BeamDumpBlock ————— Beam Dump Block
(graphite)
~8m p

Bloc absorbeur
Aimant déflecteur
rapide ' .
. Aimant dilueur

Quadripble

concrete

Septum magnet deflecting N e nere
the extracted beam [~ shieldin g

15 kicker

magnets

Is the only system in LHC able to
absorb the full nominal beam




Energy Stored in the Beams:
Collimation System

Collimation System Functionality:

1. Absorb beam halo to avoid
guenches

2. Once beam losses appear they
protect the equipment and
experiments. If BLMCs >

: : . Threshold = Beam Interlock
E.g. Settings of collimators @7 TeV with > Beam Dump

luminosity optics
Very tight settings =» orbit feedback!!




Energy Stored in the Beams:

Collimation System
" Multi-stage collimation at the LHC

(An illustrative scheme)

Primary Secondary Shower Tertiary sSC
i collimator collimators absorbers | ' collimators ~ Triplet

Temarjf beam halo |
+ hadrénic showers

Secondary beam halo
+ hadronic showers

Cold aperture «— Warm cleaning insertion

TCDI TCP TCSG TCLA
TCLI/TDI
TCS.TCDQ o

Large and distributed system...

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




. Machine Protection System




Beam Current c X 5
Monitors urren Safe LHC

=== === Energy O Parameters
. 1 (@) (o}
DCCT Dipole
Current 1 Injection ==
Beam Energy Kickers Energy S IS I a:(: 0
Tracking % SafeBeam nterlocks

o
DCCT Dipole 0 FI
Current 2 * = TL collimators
|
RF turn clock (0] c
Beam DumpingC , BLMs aperture J
System 'I—:) BLMs arc

o c

Access Safety Trigger 5

System

(o

|
|
|
|
|
I
|
|
|
L

Collimators / Absorbers
{
BPMs for Beam Dump

NC Magnet Interlocks ‘

BPMs for dx/dt + dy/dt
dl/dt beam current

Discharge |

) : LHC
P Switches : Beam

A Interlock
| System

. dl/dt magnet current
Cryogenics | essential

RF + Damper

Protection LHC Experiments

Powering
Interlock auxiliary
System circuits

I
I
|
| Quench | circuits
|
|

Green = Vacuum System

ready Power Converters
before
first AUG

beam UPS ‘ ‘ Timing

Screens

Operators

a1

Software Interlocks




Machine Protection
System: Beam Interlock

LHC Beam
Dump System

USER SYSTEMS

User ‘Permit Beam ‘Permit’
Signals Signals

153 User Systems distributed over 27 km
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Overall Strategy for
Commissioning

<
<

Hardware com Install Coll
Phase 11
Mau

and MKB
No beam Beam//%

LTI
Hardware Commissioning

Thorough commission of technical Stages:
SYS ; 1. Individual system test
¢ /}?&%nets, vacuum, cryo, PC,

2. Global system testZ’, %J’

guench detection, energy extraction,

RF, beam instrumentation, kickers, Commissioned energy:

septa, collimators, absorbers, etc. 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)




S Global pressure test & [ Cool down

300K O0K-BOK K- 20K 20K-4.5K L 5K-1.9K

r Rﬁﬂpomn Consolidation % B Powering Tests

| I
=l
~gl %ﬁ.@;. S

B or) |

Pow. Test Phase |
finished 19.03.08

&
==




Overall Strategy for
Commissioning

<
<

Install Coll
Phase 11
Mz and MKB

AT
No beam Beamf/%e
Machine Checkout

¢ Drive all systems through the standard Stages:

operatlonal sequence (synchronized) 1. Individual system test.
o ntrol System functionality from First integration | 0 the
ightlevel software applications OP group VA

¢ Check beam instrumentation acquisition . Multi-system test,

chain Machine Protection (BLM,

¢ Check timing synchronization BIS, LBDS)

¢ Check all equipment control functionality . Dry run: drive the whole

¢ Check machine protection and interlock machine through the

system nominal sequence.

Hardware com




Overall Strategy for
Commissioning

Install Coll
Phase 11
and MKB

Hardware com
Ma

No beam
Beam Comm|SS|or11/ﬁ/(14

Stage A: Pilot physics run Stage C: 25ns operation |
# First collisions Nominal crossing angle
¢ 43 bunches, no crossing angle, no squeeze, Push squeeze
giate intensities Increase intensity to 50% nominal
&gy performance Performance limit 2 1025 efif s
# Performance limit 1032 cm=s (event pileup) "
Stage B: 75ns operation Stage D: 25ns operation Il

# Establish multi-bunch operation, moderate # Push towards nominal performance
intensities ¢

# Relaxed machine parameters (squeeze and

crossing angle) : ¢ Performance goal: 1034 cm-2s!
# Push squeeze and crossing angle

# Performance limit 1033 cm=s (evt pileup)




)esign Parameters:

Design Parameters Nominal Settings

Lumi IP 1,5 (cm=? s1) | 103 Epearm (TEV) 7
Lumi IP 2,8 (cm2s?) |5 103 J/@%unch 1.15 104

va IP 1,5 (um) 16.7 # bunches/beam 2808
Epeam Stored (MJ) 362

/0.9

Snxy (um rad)
Bunch length (cm)

285

B (1p: 1,2,5.8)
(m)




Beam Commissioning with p*
Stage A

« Start ag/siple as possible L= Nk 7 o e vtRate/ Cross = S0t

¢« Change 1arameter (kb, N, B*) at a time 47¢, b Al

¢« All values for:
nominal emittance

Protens/beam < 1013
(LEP beam currents)

7 TeV %A Stored energy/beam < 10MJ

2m B* (||:>: 1&5) (SPS fixed target beam)

Parameters Beam levels Ratesin 1 and 5 Rates in 2

N b &S e Eia Luminosity Events/ Luminosity Events/

m roton MJ cm=2s crossin cm2s1 #SCrossin
27 | @ b M) | (ems g | (em3h | Acyessing

11 |18 1.6 1027 <<1 18107 | g1
11 |48 0 7.0 102 <<1 7.7 102
11 [17B] 3 1.1 10% <<1 1.2 10%
17102 o 6.110% 0.76 1.2 10%

6.2 1012 7 2.2 10% 0.76 4.4 103
1.4 102 1.1 10% 3.9 2.2 103




Slide 34

R1 Find a balance between robust operation and satisfying the experiments
Maximize integrated luminosity
Minimize event pile-up (to event + 2)
Avoid quenches (and damage)
Higher b* to avoid problems in the (later part of) the squeeze
Reduce total current to reduce stored beam energy
Lower ib
Fewer bunches
Reduce energy to get more margin ?
Against transient beam losses
Against magnet operating close to training limit
Hardware commissioning will tell us more

With lower currents in mind, two machine systems will be staged
Only 8 of 20 beam dump dilution kickers initially installed

Total beam intensity < 50% nominal

Install the rest when needed

Collimators ( robustness, impedance and other issues )
Phased approach

Run at the impedance limit during phase |

Lower currents

Higher b*

Reyes, 3/25/2008



Beam Commissioning with p+
Stage A

Phase A.9: Top energy checks Phase A.10: Collisions

GEREENA . 11 : Squeeze

Phase A.2: Ci ulatlngpllot
Phase A.3: Ini pissioni
Phase A.4:
Phase A.5: InqEES IRl Gl 1Y

beam operation
Phase A.7: Collisions

-4000 -2000 0 2000 Z10[010)

time from start of injection (s)




Beam Commissioning in the
Injectors

450 GeVic :
. : 110 CERN SL 26-09-07 422:14:370 S CyClefor interieaved
Beam current SPS-Protons updated: 26-09-07, 22:13;54 :
. User: LHC25NS 45?(5 Gev/c STT~5968) extractions of Beam1 and
Flat tep: | 500ms /||SC Tength: 36 BP 43.2s
RATE*EQ0; [ /1 Beam2 successfully set-
686 | 333 i34o  [1283°9 | o | ] '
TT2 [INJ1  END{FB [FTOP[™DUMP | ||
/|l dymped at: 1383‘;8 ms !:lp n 2097
,. ' Page 1” could announce

\ | R . | that we were ready for

=
=
=
-
-
=
v
F i
=4
=
&<
-

“Filling the LHC....”

S0

10000 15000 \ z{uﬁnﬂ 24 | / '
TIME IN THE CYCLE [ms| Madanetic cvcle Rl R -3 Ef/ﬂ 9-07 122:13 : / | Shorter CyC|es also
/ al . available for lower beam
intensities: faster and
: 77500 on 70475 - more flexible operation for

SPS 2007 run. Courtesy of J. Wenninger comm iSS | on in g SCE nariOS

Beam intensity lower than nominal (no
dedicated studies for beam optimization)

8 Redaelli, | HG heam commissinning, S. Redaell, LHC beam commissioning, 30-01-2008




Beam Commissioning in the
Injectors

Beam current 4

ohtained
Mmoo

3 "
Bunch
2 J jmt

transinission

_\'{‘:I
090 0 094

Courtesy of T. Bohl

Cycle: LHCION SC Mb: 1370
Horizomtal projection——————————— rVentical projection

Mean = -0.34 [mm] : -, | ] ExtraCfed Lead
3 om0 jon beam in TT60!

— 400 - Ampinude = 45219 [aik]

Amplitade [&w
bt

-3 -10 0 -25-20-15-10 -5 0 & 10 15
X [mm| | X [mm|

SPS 2007 run. Courtesy of D). Manglunki.

5. Redaell, LHC beam commissioning, 30-01-2008




Beam Commissioning in the
Transfer Lines

23.10.2004, 13:39 - first beam atend of TI 8

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

-J
6./7.11.04 /7140 + T 8
i Lengli of beom fine:  2654m |
m ool new {unnel 2 n

Ir_j Hpa ol

¥ =
Honizarlal deflection: 1065
Verlical defiection:

28.10.2007, 12:03 (
- first beam at end of Tl 2 N 118

(] S

Length of beor
Length of new Ilufinel Jom

Temporary dump
Tl 2 beam test /
28./29.10.07 | HW commissioned by 2005.

Courtesy of J. Uythoven

S. Redaellr, LHC beam commissioning, 30-01-2008




Altitude SPS BA4
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Phase A.1l: Injection and first turn
Nominal Injection Schema

Nominal Proton Bunch Pattern in the LHC for 25nS Spacing

LHC (1-RING) = 88.924 ps

4-batch

e Tf S Bunch Train Pattern
SPS = 7/27LHC 234 334 334 334

Filling Scheme

3564 =
2x (72b + 8e) + 30e + 3x(72b + 8e) + 30e + 4x (72b + Be) + 3le +
3x{2x [ 3x (72b + Be) + 30e] + 4x (72b + 8e) + 31le } + 80e

Beam Gaps
T, = 12 bunch gap in the PS (72 bunches on h=84)

PS = 1/11 SPS |

gl
1

MR = T, = 8 missing bunches (SPS Injection Kicker Rise time = 225ns).
1

72-Bunches at
28ns Spacing

A %, 38 misting burches [LHC Injection;Kickee Rise™Time.x0.975)s)

= 39 missing bunches ( 1.0us)
T, = 119 missing bunches (LHC Beam Dump Kicker Rise Time = 3ps)

P. Collier 02/10/2003




G0 _—
Mr_:»;hase A.10: Top energy collisions

1&yy,/Phase A.11: Top energy squeeze

ARC+ML6+LR5 (156 PCs) @ 5 TeV

~ RB
| RQD/RQF

QUEEZE




» Beam Commissioning with p+
Phase A: commissioning plans

Injection
First turn
‘ ‘ Snapback

Ramp
Circulating ]

beam
‘ ‘ ' 3 Top energy

checks
450GeV ]

initial

i

450GeV

optics

§

450GeV ] Y Y Dipoles OFF

Increase I




Beam Commissioning with p+
tage B: Intermediate physics run

Relaxe%ing angle (250 urad)

Start un-squeezed
Then go to where we were in stage A

All values for %

nominal emittance
7 TeV Protons/beam = few 1013

10 m [3* in points 2 and 8 Stored energy/beam < 100 MJ

Beam levels Rates in 1 and 5

booiri Eboari Luminosity Events/ Luminosity :
proton (MJ) (cm=2s1) crossing (cm—2s1) crossing
3.7 10¥ 42 2.4 103 <<1 26 107! 0.15

B0 42 g}% 0.73 2.6 103! 0.15

5.6 10'° 63 2.9 1<052 1.6 6.0 103! 0.34

8.4 10%3 94 1.2 1033 7 1.3 10" 0.76




Beam Commissioning with p+
Stage C&D: 25 ns Operation

tTér¢ghueezed
Then go to where we were in‘stage B

inal crossing angle (285 prad)

All values for
nominal emittance

7 TeV
10m B* in points 2 and 8

,

Protons/beam = 1014

Stored energy/beam 2 100 MJ

Parameters

Beam levels

Rates in 1 and 5

Rates in 2 and 8

\

B* 1,5
()

Ibeam
pI’OtOﬂ

Ebeam
(MJ)

Luminosity

(cm=2sh)

Events/
crossing

Luminosity

(cm—2s1)

Events/
0Ssing

1010

11

1.140

126

7.2 10%¢

< 1

7.9 10%!

4 1010

1.1 10%

126

3.8 102

0.72

7.9 103!

1010

1.4 104

157

5.9 10%2

1.1

1.2 10%

5 0

1410

157

1.1 103

2.1

2 1032

510"

14 104

157

1.9 103

3.6

12107

Nominal

3.2 104

362

1034

19

6.5 1032
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Beam Commissioning Procedure

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

Alstract
This document describes the LHC beam commissionirg procedures for the first turn. It
cowars tha antry conditicns, the commissioning procsdurss and sxit conditions of this
phasz, Possible problems and open questions are also listed,
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Summary

«ommission LHC three steps are envisaged:
= Hardware Commissioning
= Machine Checkout
= Beam Commissioning

¢ To tackle the machine unpreceden‘%’gmplexny and potential
danger (energy stored in the magnets and in the beam),
each step is divided in well defined phases

of the commissioning relies, among other thlngs

= Carefull elaboration of procedures (Documentatlon

= Perfect matching between the exit conditions of one step
or phase with the entry eonditions of the next one

Have always a « plan B> prepared
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w5 [ Hardware Commissioning Status

Life Cy@%/égﬂf a sector/ (after installation, before beam)

Done In all. sectors

m Installation ///Z’ff’ |
Interconnection of the continuous

cryostat

Leak tests of the last sub—sector
Global pressure test & Consolidaye

m Flushing

Cool down
Powering Tests




Multi-stage halo cleaning

" The Phase | LHC collimation system

Extra Slides

F% IPS f?
Two warm cleaning insertions :

IR3: Momentum cleaning
1 primary (H) —+ TCP IC]
4 secondary (H,5) — TCSIC]
4 shower abs. (H,V) — TCLA [W]

IR7: Betatron cleaning
3 primary (H,V,S)
11 secondary (H,V,S)
5 shower abs. (H,V)
3 beam scrapers (H,V,S) il
Local cleaning at triplets
8 tertiary (2 per IP)— TCT [W]1

Physics debris absorbers [ Cu ]
2 TCLP’s (IP1/1IP5)

Protection (injection/dump)
10 elements = TCLI/TCDQ [ C ]

Transfer lines

13 collimators — TCDI[ C] 41 movable ring
Passive absorbers for warm magnets collimators per beam!

5. Redzeli, OF WG on Chechouwd, 08-11-2007 5




vEnergy Stored in the Beams:
Collimation System

| Critical apertures around the LHC
(in units of beam size 6) 7 TeVand p*=0.5min IR1 and IR5

. . l
collimators collimators

Triplet (momentum Triplet TCDQ (betatron

F cleaning) at 10 Ccleaning)
. \

triplet aperture

about +14 &
aperture in cleaning
insertions about + 6-9 ¢

arc aperture
about + 50 &

beam dump
partial kick




Machine Protection
System: Beam Interlock

The Beam Permit Loops in LHC

4 fibre-optic channels from IP6
1 clockwise & 1 anticlockwise for
each Beam

10MHz Square wave generated at
IP6

-Signal can be cut by any
Controller

Gallim (p)

When any of the four 10MHz |
signals are absent at IP6
=>BEAM DUMP!

B1 / B2 are Independent!

16 BICs per beam
- Two at each Insertion Point

Up to 20 User Systems/BIC




Phase A.2: Circulating pilot

Objectives:
Establish closed orbit

Commissioning of additi%@{jnstrumentation:
BPM intensity acquisition

Preliminary orbit, tune, coupling and
chromaticity adjustments

Obtaining circulating beam (few hundred turéns
at least)

SPS-LHC energy matching
Commissioning of RF-capture




Phase A.3: 450 GeV Initial
commissioning

‘/ LHC Wire Scanners T
Commissioning of Bl (BwS, "lg-—"'"-' ‘
BSRT, BCT, BGl, Q, Q', BLM, BPM) e pe=
Improving lifetime

First optics checks

First commissioning of the
Dump System - _

. «~~Beam Dump Block - - \ N

A 30mm Carbon wire
H-V kicker for

o painting the beam

_
-

___ .Jsorbeur
Aimant déflecteur
rapide . i
. Aimant dilueur

Quadripdle

Septum magne
deflecting the
extracted beam




Phase A.5: 450 GeV Increasing
Intensity

machine operation with up to 1.4 1013 p+ at 450 GeV.
Multi-bunch injection commissioned up to 16 x 9 109 p+ and
well tuned, including cleaning and protection

LHC BIS fully commissiosegd/

Commissioning of the Bea Dump System up to
1.4 1013 p+ at injection energy

Collimators set-up for operation up to 1.4 1013 p+
at injection energy, in particular, BLM loss pattgrq
established =<

Improved definition of thresholds for the BLMs

Beam instrumentation‘operational with up to 156 bunches
and total intensity of up'to 1.4 1013 p+

RF adjusted for injection and circulating multi bunch
operation




Phase A.6: Two beam
operation

Establish two safely
circulating (unsafe)
beams with a lifetime of | 7~
5 to 10 hours. Separation ‘/”/’{'Z’
bumps fully
~ commissioned

“Aperture In triplet and IR
verified for both beams

Interleaved injection
working

Two beam collimation
commissioned
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figagnetic field (the current) in a magnet
decays when the current is kept constant, like
for example during the injection phase In
LHC.

The decay of the current/ ts manifested as

DECAY of the multiple errors seen by the beam at
constant current;

Fast recovery (SNAP-BACK) when the currerf%p
varied again.

The source of this effect is mainly the Eddy currents
flowing in the superconducting cables.




J

# Phase A.9: Top energy checks

({g/j%’gtives:

Measure and correct the optics at 7-TeV before
colliding/squeezing beams: orbit, tunes, coupling,
chromaticity and beta begt”

Transition from injection opf/ cs to un-squeezed
collision optics

Aperture.measurements at /7 TeV

Disentangling of triplet alignment errors and _
D1/D2 transfer function errors; set good congige
for squeeze

Optimization of beam lifetime

Optimization of the Beam Dump System before we
start collisions or squeeze, and before we increase
intensity




G0 _—
Mr_:»;hase A.10: Top energy collisions

1&yy,/Phase A.11: Top energy squeeze

ARC+ML6+LR5 (156 PCs) @ 5 TeV

~ RB
| RQD/RQF

QUEEZE




