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Two beams of trillions of protons will race around the 27km
ring in opposite directions travelling at 0.999999991 times
the speed of light...

Sometime soon!
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Eight sectors plus:

Point 1: Atlas

Point 2: Alice, injection

Point 3: Momentum cleaning
Point 4: RF

Point 5: CMS

Point 6: Beam Dumps

Point 7: Betatron cleaning
Point 8: LHCD, injection



3.3 km of QRL per sector
2100 internal welds
700 external manual welds
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= C0old rmasses delivered
= Cryodipoles cold tests passed
m— Cryodipoles prepared forinstallation

— Cryodipoles assernbled
= Cpryodipoles assigned to positionining
m— Crydipoles installed

Updated 31 March 2007

Data provided by D, Tommasini &4T-MCS, L. Bottura AT-MTM



Responsible for feeding the
room temperature cables into
the cold mass.

DFBA - arcs
DFBM - quads
DFBL - links
DFBX —triplets
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were close to the critical path...



The magnets
are in.
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Interconnects

Vacuum, bellows, RF contacts plus leak checks

Cryogenics, thermal shield, heat exchanger
Bus bars

— superconducting splices x 10,000 (induction welding)

Corrector circuits
— splices x 50,000 (ultrasonic welding)

3

Joining everything up

1700 times

Huge, painstaking & industrialized

Clearly on the critical path







Vacuum

27 km (x ~2 +): warm, cold, transitions, valves, gauges, bake-out

The vacuum group are very, very busy...
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Miscellaneous

MQ.30L8, 31.01.2006

echo -22 dB
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Potential aperture restrictions!



Bltsn bo










Installatlon summary

All dipoles, arc and special SSS have been prepared on schedule

 Interconnection on-going in 6 sectors:
— Closure of sectors 4-5 and 8-1upcoming
— Pressure test of sector 4-5 (without low-[3)
— Interconnect activity starts in sector 1-2 soon
* Feed boxes
— 6/8 DFBX, 19/23 DFBM, 9/16 DFBA and 4/5 DFBL are in place

* Arc 1-2 completed, except 3 MB and 2 SSS (to leave TI12-UJ22-LHC
ring passage for low-3)

* Installation of beam pipe and vacuum elements is close to nominal
rates despite procurement difficulties and co-activities

o Critical issues: low- triplets...



Following installation we have
IN situ hardware tests....



Where am 1?7 * Home »* BEWS » LIK

From The Sunday Times
April 8, 2007

Big Bang at the atomic lab after scientists
—6’[]72,?1/?2050 ("S Ciencia y ecologla

get their maths wrong

Jonathan Leake, Science Editor

A EZ billion project to answer some of the biggest mysteries of the
universe has been delayed by months after scientists building it
made basic errars in their mathematical calculations.

The mistakes led ta an explosion deep in the tunnel at the Cern
particle acceleratar complex near Geneva in Switzerland. It lifted a
20-ton magnet off its mountings, filling a tunnel with helium gas
and farcing an evacuation.

It means that 24 magnets located all around the 17-mile circular
accelerator must now be stripped down and repaired or upgraded.
The failure is a huge embarrassment for Fermilab, the American
national physics laboratory that built the magnets and the anchor
system that secured them to the machine.
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| absolutamente cientifica: un error matemdtico en el
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EXPLOTA EL MAYOR IMAN DEL MUNDO
Un error en los calculos matematicos destroza
el acelerador de particulas del CERN

Actuslizado martes 1000472007 16:57 (CET)

E|.| & &

OLALLA CERNUDA {elmundo.es)

MADRID.- El acelerador de particulas mas famoso del
mundo, el que se aloja en el subsuelo del Consejo
Europen de Investigacion Muclear {CERM) en Ginebra
{Suiza), ha sufrido un serio dafio despues de
producirse una gran explosion en sus
profundidades. El 'big bang' tiene una explicacian

disefio de los anclajes de los grandes imanes gue se
utilizan en la estructura.

ampliar foto

, i GG ; % + Imagen del acelerador de particulas LHC, (Foto:
Segun publica el diario 'The Times', la explosian se EPA)

produjo el pasado 27 de marzo, v levantd de sus

sujeciones un iman de 20 toneladas de peso,

llenando de helio una de las galerias y obligando a evacuar el complejo. "Fue una explosidn enaorme.,
El tunel que aloja los imanes se llend de helio y polvo v tuvimos que llamar a los bomberos para
evacuar el edificio y tratar de ver los dafios causados por la explosion”, relatd al diario britanico un
cientifico presente en el centro en el momento del suceso,

Para que el acelerador de particulas vuelva a funcionar, los técnicos deberan desmontar v reparar al
menos tres de los 24 imanes situados a lo largo de los 27 kildmetros del tdnel, denominado 'Gran
Colisionador de Hadrones'. Segun explicd el CERM en una nota de prensa, "el fallo matematico
afecta al sistema de anclaje, que resultd ser insuficiente una vez el mecanismo entrd en
funcionamienta”,
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Inner triplets

Experimental insertions in points
& Future Expt.
1, 2, 5, 8 contain low-beta triplets. -

In total, eight triplets are installed.

Octant3 7

Low B (Ions)

(B physics)

Low B (pp)
High Luminosity



The LHC low-B triplet

D1 DFBX 03 Q2 01
TASB

LBX DFBX HH MQXA D { MQXB H MQXB H MQXA

A A A A A

T b e e e

MCSOX MCBXA MQSX MCBX MCBX

IR 1 and 5, D1 is a normal Triplets were designed and built by
conducting dipole. a collaboration of five laboratories:
BNL, CERN, Fermilab, KEK, LBNL.
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During the pressure test of Sector 8-1
(25" November) the heat
exchanger tube in the inner triplet

failed at 9 bar differential pressure.

The inner triplet was isolated and the pressure test of the whole
octant was successfully carried out to the maximum pressure
of 27.5 bar.



Inner trlplet problem 2.

Pressure test of triplet in 3L

Pressure test failed at 20 bar. Direct cause:
Axial movement of Q1 cold mass towards the IP due to thrust force, which
led to the break of the support system (spiders) and rupture of M1 bellows.




Analysis at CERN and Fermilab agree with the following loads at warm
pressure test (all lines pressurized simultaneously to 1.25 design
pressure):

Q1: resultant load of 169 kN in the direction of the IP,
Q3: resultant load of 143 kN in the direction of the DFBX.

The loads seen by the triplet in 5L at 20 bar were:
Q1: load of 114 kN in the direction of the IP,
Q3: load of 93 kN in the direction of the DFBX.

Transient pressure during cool-down in cold mass circuit: 17 bar.
Nominal design pressure in cold mass circuit at cold: 20 bar.



FAQs (c/o Fermllab)

Did magnets explode during the pressure test?

— No. Nothing exploded. The longitudinal force applied during the test
caused a quadrupole magnet to move, stretching the pipe connecting it
to the adjoining magnet. The pipe ruptured, making a loud noise and
releasing helium gas.

Was anyone hurt?
No. Safety precautions were followed and no one was injured.

Did a mistake in mathematics cause the magnet failure?

No. In an engineering oversight, Fermilab magnet designers failed to
take into account the strength of longitudinal forces on the magnet in
designing the magnet’s support structure.



— Possible solutions:
* Invar rod/hook assembly to reinforce the existing fixed point
* Bumpers limiting longitudinal movement in both directions
» Transfer of loads between magnets
* A new fixed point at the extremity of the cryostat.

Work very much in progress



http://tdserver1.fnal.gov/nicol/lhc_irq_cryostat/pressure_test_review/pictures/misc/index.html

Cool down and hardware
commissioning



Jul.

Bake-out

Q. 10.9.07
.00 Cool-down

24.0.07
01. 10,07
08. 10.07
L]
'B 15 10,07 Hardware Commissioning:
Q 22 10.07 qualification of circuits to
- oo 7 TeV —not trivial
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LHC sector 78 - First cooldown - Tuning 1.9 K conditions m

4.5 K refrigerator supply temperature
(Defore expansion vahe)

Ihl.n..l J. s o.oa

dimgnostice and consolidation of 1.8K rafrigeration I sl
unit [cold compressor driving system)

+ cold compressor fraquency
Magnet average '_,,.-f‘/ drivar and transformer
4.0 temperature replacemants & re-sian of

msgnet Cooldown

coaoling stap dus ta
cold compressor stop

N

E 2.0 LHC Arc7s |

Dbelow 2 K
@4 Aprip |
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20

15 1.8 K refrigeration unit supply temperature
o Arc T8 magnets below 2K {Bervaien! saluralon lemparatos) Time [UTE)
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—d4.5 K refrigerator supply temperature — 1.8 K refrigeration unit cooling temperature

——Magnet temperature (average ever sector)






Not Wlthout a cryogenlc Wrestllng match

Power (400V failure on 30Mar’07)

— cascade effect on cooling water, control networks, mobile vacuum
pumping units
Progressive set-up of procedures to pump-down to 15mbar, while
keeping DFB’s with 4.5K conditions

Continued upgrades in instrumentation

— (Level gauges, Heaters, ...) but more efforts required to improve
reliability and availability

Test of magnet temperature control loops for 1.9K operation

1.8K Refrigeration unit trips (frequency drive) - difficulties to restore
1.9 K conditions after a stop

Plus valves, Helium inventory...



Thlngs are Iooklng better

Move cursor to yellow square to identify maagnet

This Is major achievement




Hardware Commlssmnlng

e Just starting — some 60 A correctors powered

e Detailed program of hardware tests to be performed:
— Electrical quality assurance
— Quench protection system
— Energy extraction
— Power Interlocks

— Powering tests:
« Current in magnets ramped very carefully
« Recall huge energies involved.

 ~9 weeks per sector
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Feverish activity everywhere
Sector 7-8 cold
Hardware commissioning just starting.

Some problems, for example:
— Inner triplets

— Quadrupole circuit earth fault

— Suspect dipole sector 7-8 to be replaced

There Is a lot left to do.
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End 2007 — the schedule as |t stands

e s K 67 78 a1 = " TR \‘

Machine Checkout

Nov (Access, Vacuum, Equipment Tests, Controls, Cycle (partial), Beam dump, Interlocks and INB)

Beam Commissioning at 450 GeV
16 days beam time estimated

Dec

Calibration run (Collisions at 450GeV + ramp commissioning etc.)

Sectors 5-6, 6-7, 1-2 & 2-3:
- baseline commissioning of main circuits to 1.1 TeV

- minimal circuit set




450 GeV Callbratlon Run

Operations’ aims:
— Commission essential safety systems
— Commission essential beam instrumentation
— Commission essential hardware systems

— Perform beam based measurements to check:
« Polarities, Aperture, Field characteristics

— Establish collisions
— Provide stable two beam operation at 450 GeV

— Interleave collisions with further machine development, in particular,
the ramp.

Should provide a firm platform for eventual commissioning to 7 TeV
and provide adequate lead time for problem resolution.
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Callbratlon Run 2007

5-6 weeks beam time

2 weeks beam commissioning
— Essentially single beam, low intensity for the most part

3 weeks collisions
— Single bunch initially, with staged increase to 156 x 4 x 1010 (+)
— Luminosities: 1.3 1028 to 2.6 10%° cm2s (+)

— Interleafed with low intensity single beam MD
* Initial ramping tests to 1.1 TeV etc.



111 CERNAB 31-11-07 12:20:26
LHC Run 1234 data of 31-11-07 12:20:16

— ** STABLE BEAMS *%* —

E =0.450 TeV/c Beam InCoast 05h
Beams Beam 1 Beam 2

#bun 43 43

Nprot(t) 1.71el12 1.73e12
tau(t) h 121 140

Luminosities ATLAS ALICE CMS
L(t) 1e28 em-2s-1 5.23 6.23 7.13
/L(t) nb-1 0.78 0.68 0.78
BKG 1 1.20 0.52 0.90
BKG 2 0.85 0.82 0.50

COLLIMATORS in coarse settings
Separation Scan in IR1/Atlas




ATLAS
low lumi. e
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2008

Stage | > [l > 1
Machine Beam 43 bunch
checkout commissioning une 75ns ops 25ns ops |
operation
7TeV 7TeV

— N\ O hbeam

Beam

2009

Shutdown

Machine
checkout

TeV

— N\ O hbeam

Beam




3 month ++ shutdown

4 weeks checkout (no beam)

8 weeks beam commissioning

26 weeks physics run (protons)

28W0E
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Beam Commissioning: usual stuff

First turn

+ Commission injection region ‘ PILOT ‘
* Instrumentation

+ Threading ;

Establish circulating beam RING
* Circulating low intensity beam ‘ PILOT ‘ RING2

RING 1
RING2

450 GeV Initial

+ Polarities and aperture checked.

+ Basic optics checks performed.

+ First pass commissioning of BI performed.
+ Phase 1 of machine protection system commissioning performed. .

+ Beam Dump commissioned with beam
450 GeV Detailed

+ Wel-adjusted beam parameters, detailed optics checks ~ SINGLE RING 1
* Fully functioning beam instrumentation, INTERMEDIATE RING?

+ Machine protection as required for ramp

SINGLE
INTERMEDIATE

+ RF - beam control loops operational and adjusted H
— 3
Two beam operation Switch to nominal

+ 2 beams, well-adjusted beam parameters
+ beam instrumentation, cross talk etc.

+ beam insfrumentation, cross talk etc.

+ 2 beams, well-adjusted heam parameters,

p
PILOT++
Snapback RING 1
* Single beam, good transmission through snapback RING2
* Requisite measurements (orbit, tune, chromaticity)
‘ \
-
Ramp Single Beam
PILOT++
+ Single beam, good transmission to top energy RING 1
« Commission beam dump in ramp RING2
* Stops in ramp - measurements
+ RF
| ‘
Two beams to top energy
* Two beams, good transmission to top energy 43 x 43 e e
* Measurements
| 2
Squeeze SINGLE RING 1
* Single beam - step through squeeze INTERMEDIATE RING2

+ Parameter control, measurements

.




@‘ Wmtﬁ B RPN Ol e £ S NN R S L e T o ~ A=
s Full comm|SS|on|n to 7 TeV
. V. A N g ﬁﬁﬂm&ﬁw

D W G VDS NS

Total [days]
1 | Injection and first turn 6
2 | Circulating beam 3
3 | 450 GeV - initial 5
4 | 450 GeV - detailed 12
5 | 450 GeV - two beams 2
6 | Snapback - single beam 4 Given reasonable
7 | Ramp - single beam 3 machine availability
8 | Ramp - both beams 3 might exp_e(_:t firs’_t
9 | 7 TeV - setup for physics 2 7 TeV collisions in
around 2 months
10 | Physics un-squeezed -
TOTAL to first collisions 45
11 | Commission squeeze 6
12 | Increase Intensity 6
13 | Set-up physics - partially squeezed. 2 RHIC 2000:
14 | Pilot physics run 30 - First beam April 3
- First successful ramp: June 1st
- First collisions June 12t



7 TeV beam comm|SS|on|ng

 Around 2 months elapsed time to establish first
collisions
— Mostly pilot++, low intensity, single beam, simple machine
— No crossing angle
— No squeeze: p*=17-10-17-10m.

Leading into a period of “Pilot physics” plus continuing
machine commissioning



Pilot pysié..

Parameters Beam levels Ratesin1and 5 Rates in 2 (and 8)

K, N p*1,5 lpeam Epcam Luminosity Events/ Luminosity Events/

(m) proton (MJ) (cm=2s?) crossing (cm—2s?) crossing
43 4 1010 11 1.7 1012 2 1.110%0 <<l 1.2 10%0 0.15
43 | 41010 1.7 1012 2 6.1 1030 0.76 1.2 10%0 0.15
156 | 41010 2 6.2 1012 7 2.2 1031 0.76 4.4 10830 0.15
156 | 9 1010 2 1.4 10 16 _ 2.2 103 0.77
936 | 4100 | 11 | 3.710% 42 2.4 108t <<1 2.6 1031 0.15
936 ([ 4 10%0 2 3.7 1013 42 1.3 1022 0.73 2.6 1031 0.15
936 | 610 2 5.6 1013 63 2.9 1032 1.6 6.0 103! 0.34
936 | 910w s4100 | os |NNICNOENNENENENN 13 10> 0.76
2808 | 4 101 11 1.110% 126 7.2103 <<l 7.9103! 0.15
2808 | 4 1010 2 1.110% 126 3.8 1032 0.72 7.91031 0.15
2808 | 5101 1 1.4 1014 157 1.110% 2.1 1.2 10% 0.24
2808 | 5101 | 0.55 | 1.410™ 157 _ 1.2 1032 0.24
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Schedle

e Some delays are accumulating
— Inner triplets clearly haven’t helped

* A new schedule will be presented in May 2007

e Off the record

— A 450 GeV run this year looks unlikely
— A sector test this year remains a possibility



Sectors 78 & 81 very preliminary — not off|C|aI
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Sector test

LHC Injection Test - Schematic
Wednesday, March 07, 2007
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2007 (backup)

Interlocked Gate

in tunnel

POINT 5

Areas with beam

POINT 6

Beam Dump

-

Low intensity protons at

450 GeV (1 bunch 5x10° No access underground at

protons nominally), points 6, 7 & 8. Access

?_"‘é’a::::rflr_?_"g fopaé dr?;;']’: system operational in point
: 6,7 & 8 during the test.

of point 8, traverse LHCb,
through arc 7-8 and 6-7 to
\beam dump at point 6.

POINT 7

POINT 8

POINT 2 DI

POINT 1

Interlocked Gate
in tunnel

TI2

LSS6




Installation, Cool-down, HWC
— Despite the problems, this is going remarkably well

450 GeV Engineering Run
— 2 weeks single beam machine commissioning
— 3 weeks collisions with the hope to push over 102° cm2s-1

7 TeV
— 6-8 weeks single/two beam machine commissioning
— Low beam current
— Un-squeezed initially with minimal collimation
— Still work to do after first collisions — pilot physics

Some delays accumulating — new schedule soon






RESERVE SLIDES
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LHC (1-RING) = 88.924 ps

|
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/ - e, Bunch Train Pattern
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Filling Scheme

-
[

FS

h 4

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

Beam Gaps

]
PS = 1/11 SPS |

-+

12 bunch gap in the PS (72 bunches on h=84)
8 missing bunches (SPS Injection Kicker Rise time = 225n:
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1

L Tz
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