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The SPS

Ratio SPS:PS

Main Dipoles
Number:

Length:

Weight:

Max Field:

Main Quads:
Number:

Length:

Weight:

Nominal Gradient:

Circumference: 6911.55 m

11:1

744
6.26 m

18 Tonnes
2T

216
3.13

9.6 Tonnes
19.6 T/m

LSS1: Injection Region. Internal Dump
LSS2: North Extraction
LSS3: RF
LSS4: (ex UA2) East Extraction -TIS&CNGS
LSSS: (ex UA1) Instrumentation

LSS6: West Extraction — T1 2
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SPS Fixed Target

1t Beam April 1976 — running ever since
(12 month shutdown 1980/1981)
(8 month shutdown 2000/2001)

Extraction: slow (s), fast-slow (ms) & fast (Us)

Extracted Beam Energy:
300 — 400 — 450 GeV

Intensity:
1x10*13 — ~5x10*13 p* per cycle

110 CERN SL 24-04-97 17:40:12 1 .
SPS5-Protons wupdated: 24-04-97 17:40:01 EXperlmental Areas‘
CYCLE Type 928: 450

Mmm .
RaTES Flat top: 2580/ms length: 14 “4 s North (3 Prlmal‘y Targets)

Intensiti es
405 349 5 140.5 13’4 8 78,2 130.8 120 in the SPS

CPS RAMP FS/1 XAl SSE FS/2 EX/2 West . WANF Now Closed
, LN )

Targ p/pE1l Mul /ng Expmt Singles prll . . . .
T1 13,9 Zia 87 MASGT 1.4E+03 0
T 2005 14 2 o6 | oM oloEw00 % f CNGS — Commissioning in 2006
T4 16.4 /9 a 73 8 0.0E+00 Data from
——— 14,4 §10 a 75 ) experiments

O Ion Species (Last ion run in 2003):
Deuterium, Oxygen, Sulphur,

T92 124}(9 9 77| NOMAD

Commer% 24-04-97 17:29h 3

Steering

| on tarpets Lead, Indium

EA:CEN operators 75566/13<4190> /160137
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SPS Collider

Provided a lot of information used to determine the
parameters of SPS as LHC injector — and the LHC
itself!

Caverns re-used for new equipment

P.Collier AB/OP

Ran from 1981 to 1991

2 Experimental Caverns

Quadrupole Magnets added to
focus more strongly the beams
at the experiments

6 proton bunches ~1.5x10+!1
6 p-bar bunches ~1.5x10+10
Energy: 270 — 315 GeV

Luminosity ~10%3°
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SPS as LEP Injector

-94-99 ©04:11:01 oy e . K
SPS-Leptons  updated: 30-04-99  04:10:40 LEP Filling interleaved with FT proton

HTG Cycle:! 224782 .
08 [UEPTTA Ant ensi operation.

4 cycles with 4 bunches (2¢*, 2¢°) evolved
110,70 ; to 2 cycles with 8 bunches (~2x10+° pb)

IN] Energy to LEP: 18 — 20 — 22 GeV

04 Gel
16 6el
22 Gel

118712 -, 2 Extractions in Point 6 towards LEP

e” used the antiproton injection line

AT T0
10 39 Prapare p22 -= g+
134040 - 144900m s (BE3ms]

Learned about synchrotron radiation
Installed lots of RF to accelerate Leptons:
200Mhz SWC, 100 MHz SWC, 352 MHz SC

SPS as LEP Injector Worked well ...

But Leptons Have no memory therefore LEP could
work in spite of its injectors

Not True for LHC
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tm The Nominal LHC p* Beam in the SPS

High Intensity bunches —

Similar intensity to p-pbar BUT
“Many more bunches (288 vs. 6)

Small beam size (smaller than p-pbar)

& Very small blow up budget ~15%

LHC (1-RING) = 88.924 ps

3-batch

SPS = 7/27 LHC

I -
[N

\ Tf/’ \rd

4-batch

Bunch Train Pattern

Momentum [GeV/c] 26 450
Revolution Period [us] 23.07 | 23.05
Betatron Tune (H/V) 26.19 | 23.05
Gamma Transition 22.81
Max. Number of Bunches 288
Nominal Intensity per bunch [10™! p] LI5
Peak Current [A] 1.4
Bunch Spacing [ns] 24.97 | 24.95
Full Bunch Length [ns] 4 1.74
Rms. Normalised Transverse Emittance [um] 3 3.5
Longitudinal Emittance [eV s] 0.35 | 0.1-1.0

234 334 334 334

Filling Scheme

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

Beam Gaps
PS 1/11 SPS
T, = 12 bunch gap in the PS (72 bunches on h=84)
‘ ||||||||||||||||||||||| ‘ T, = 8 missing bunches (SPS Injection Kicker Rise time = 225ns).
T, = 38 missing bunches (LHC Injection chker Rise Time = 0.975us)
||||||||||||||||||||||| 7, = 39 missing bunches ( 1.0us)
T, = 119 missing bunches (LHC Beam Dump Kicker Rise Time = 3us)
P.Collier AB/OP

The LHC Filling scheme requires
the beam to be compressed into

a section of the SPS

~1/3 SPS filled with beam...

Y very high peak current

(2x FT record)
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@8)|  LHC p* Beam(s) in the SPS

Intensity No. of No. of Total
per bunch | Bunches | Bunches in Intensity
/1071 | /PS Batch | the SPS /Ampere I /
Pilot 0.05 1 1 3.50x10” g F
Totem 0.1-1.0 4 16 1.29x107 T D™ : _ -
25ns Nominal L.15 72 288 0.232 :
25ns Ultimate 1.7 72 288 0.343

AR TR

? X ° ! x[rnm']
Pilots will be used to check the LHC Systematically before every fill
The others are different types of Physics beams TEMES MDA/ avg. beam size evaintion 4 injections
The normalised emittance should be kept : —
constant ie no increase! “1 = ngn gain
- but the real beam size shrinks with energy..  [E=s{
2 gn — Normalized Emittance , :
o = ﬁ( )  —
ﬂ «— Relativistic factors 5000 7000 2000 11-:IIII:I 1;5-IIID]: #5000 17000 1900C
Optical B-function / 7/7" r 1

P.Collier AB/OP Academic Training, 22 March 2005 8



The LHC Filling Cycle

12 such cycles fill 1 LHC ring | ——> [Ei‘iﬁ;ﬁ; \
Plateau
i

LHC Proton Injection Cycle : Length 21.6s

2,3 or 4 PS Batches of 72
bunches injected: filling max
4/11t™ of the SPS ring

Fast
Extraction
via TI2,
or TI8 to
the LHC

4(26 GeV/c Injection Plateau
f 2 4 6 8 10 12 14 16 18 20 22
Super-Cycle Time (Seconds)

1 Batch of 72 bunches each 3.6 seconds from the PS
When actually filling the LHC, SPS Will do nothing else
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LHC Filling Cycle

LHC (1-RING) = 88.924 s

hd

LHC (1-RING) = 88.924 us

Ps = 1/1
-

72-Bunch
28ns Spi

hd

LHC (1-RING) = 88.924 us

SPs = 7/27 LHC

i 8,12 or 16 bunches
spaced by 525us

/
\

4 Equidistant
Bunches

| Spacing = 525ns

I
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Y

w

et |

T
PS Injection Pattern
234 334 334 334
Filling Scheme
3564 =
2x [4x (b+ 20e)] + 17e + 3x [4x (b+20e)] + 17e + 4x [4x(b + 20e)] +17e +
3x (2x{3x[4x (b + 20e)] + 17e } + 4x [ 4x (b + 20e)] + 17e ) + 84e

Beam Gaps
T, = 525ns gap between adjacent bunches (525ps).

T, = 950ns gap between adjacent injections into the LHC
(Injection kicker rise time)
T, = 3050ns Beam Abort Gap.

P. Collier 26/09/2003
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cm The SPS Upgrade for LHC

3% Reduce/Cure instabilities observed on the high intensity LHC beams

& Remove obsolete equipment
U, Reduce the impedance of the machine

#% Upgrade Hardware to cope with high beam loading
& RF System

3% Minimize transverse emittance growth
& New Injection system and Damper

3% Additional Hardware for Extractions
& One completely new extraction channel (for TIS8)
& One re-designed and re-built extraction channel (for TI12)

% Miscellaneous

D
° ° CD
% New instrumentation Detailed Study Started
& New beam dump in 1996, Project
U Test-bed installations for LHC Launched in 1997 |
_/

P.Collier AB/OP Academic Training, 22 March 2005
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oo Location of Major Upgrades

Impedance Reduction
All SPS Machine
(Pumping port shielding)
(Remove obsolete equipment)

LSS2: Damper

Upgrade S
DLSSI=U Beanzl i LSS2 & LSS6
ump Upgrade Septum Shielding

LSS1: Injection
Kicker Upgrade

TCC6: Change

BAS

LSS4:New Extraction
Channel

g EXAA4: Civil Engineering
for TI8 & CNGS

&

LSS5: New
Instrumentation

Extraction Line,
TI 2 Civil

LSS6: Extraction

Channel

Engineering and
Construction TT2/TT10 New Correctors, New
Instrumentation

P.Collier AB/OP Academic Training, 22 March 2005
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Removal of ‘Obsolete’ Systems

3% 4 complete RF Systems removed >
3% 2 Lepton Extraction Channels in point 6

& Including high impedance kicker magnets , septum magnets and
~200 m of beamline in the SPS tunnel

% Electron Injection Line (also p-bar injection line) from the PS

3% Insertion Magnets for UA1 & UA2
& Together with lots of power switches
and associated cabling
& Strong correctors replaced by standard
units
3% Cable clearing campaign and |
infrastructure modifications in the
regions affected by civil engineering

% Harmonic Correctors - lots of small
high order magnets

P.Collier AB/OP Academic Training, 22 March 2005 13



Why Impedance Reduction

Impedance: Electromagnetic Interaction of the beam with the surrounding vacuum chamber

—_—

| —

Determi ned by : ™ Accidental
Cavity

Chamber dimensions, shape, material conductivity and presence of discontinuities
% Broadband impedance — space charge effects (see yesterday)

Where cavities exist resonant behaviour
(narrowband resonant impedance)

& High impedance at specific frequencies imposed on
the bunch spectrum

&  Single bunch microwave instability leading to
increased longitudinal emittance (bunch length)

Many discontinuities in the vacuum chambers
of the SPS - most in the form of
accidental cavities

P.Collier AB/OP Academic Training, 22 March 2005 14



cm Why Impedance Reduction

During p-pbar Operation Longitudinal instability observed causing uncontrolled increase in the
bunch length

M T
..For Stablllty - omezTum

<. Ap)
Threshold intensity -T
(N) well below p
nominal LHC \
intensit . N
' Distance from Transition

Longitudinal Impedance

Non Starters: Better Bets:
x Increase the Injection Energy v" Increase the distance from Transition
Build a New PS! Not easy — additional quads
x Increase the Bunch Length ¥" Reduce the impedance of the
New RE System (80 MHz) in the SPS MQCh;llleit:ld Accidental Cavities
x Increase the Energy Spread %, Remove high Z equipment,
More RF Voltage in the PS and TL acceptance where possible
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At The End of LEP - RF Systems in the SPS

A major upgrade to both these
systems has been (as is being!)
undertaken .

800 MHz

Travelling Wa
Cavities — LHC Wave Cavities —

Hadron
Acceleration

P.Collier AB/OP Academic Training, 22 March 2005 16



RF System Upgrades

% 200 MHz Power
& New Power Couplers to reach 750 kW CW Power/cavity (was ~350kW)
& Amplifier improvements to cope with beam loading and improve linearity
# Cavity Controls
& 1-turn feedback to reduce effective cavity impedance seen by the beam

% RF Feed-forward system — to fight beam loading (cancel beam induced
voltage in the cavities).

¥ Beam Control

& Phase & Accelerating Voltage loops

& Frequency loop

% Low Level loops for machine synchronization
# Longitudinal Damping system using the 200 MHz cavities
% 800 MHz System

& Beam Stabilisation system increasing the synchrotron frequency spread in
the bunches.

& Alternative use to increase longitudinal emittance in a controlled way.
& Old power system to be upgraded ...

P.Collier AB/OP Academic Training, 22 March 2005 17



Pumping Port Shields

Vacuum Chamber Section Optimized
to magnet gaps

Adjacent sections ‘joined’ using a
cylindrical pumping port/bellows

Beam CHAN e . p—————

. e -'.‘.'.. e s 00 O
PPS pumping port e
sub assembly (PAA)

o “\\\\\\\\\“ ‘,

Form a resonant cavity:
f, ~1.5-2.5 GHz

Fixed contact

Pumping holes

Sliding contact
(in open position)

5P5 MAIN VACUUM CHAMBERS

+ nder vacuum

++ When compressed in mognet Pumping port:
e il N e
Shield using chamber extensmns |
156(1=7) 132(t=15) 156(t=2)

and sliding contacts.
~1000 PP around the complete

"5 \5 SPS plus other special cases
/f/:' y \% SN Between each magnet and each
i I - | .

Bending magnet MBA  Bending magnet MBE Quadrupale F

chamber section change

Total of ~2500 manufactured
Quadrupale D pieces

Straight sections

P.Collier AB/OP Academic Training, 22 March 2005 18



Pumping Port Shielding

Remove every second dipole (18 Tonnes each):
Total around 400 Dipoles

Special shields
inserted into
the pumping
port cavity at
each end
Also many of the SSS removed ...
PFF SFA-I PA:A SA'A-I PA,A SAB—x PB!B SBB-x l:\BD
for e el e——— == ==
PBPH SFF
PDD SDB-x PBB SBB-x PBB SBA-x PAA SAA-x PBB SBF-x \E"\ f.f"
\ // ;,; ‘ , ‘ // . \\“\'l|I | ..-"'-
Qp— —[MBR— — ~MBB-— - {imMBA-— — —- HMBA--—-—- = e
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Impedance Reduction

20

Instability threshold

(microwave instability)
increased to well above
nominal LHC intensity

Mode amplitude

Accidental cavities
cause resonances
on the bunch
spectrum

1.5 z 2.5 3 3.5 4
Frequency (GHz)

Mode amplitude
]
n
I

After Shielding the
pumping ports

Frequency (GHZz)
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o Other Things .. (Briefly)

% Preservation of Transverse Emittance
& More powerful damper (Transverse feedback)
» Used to damp injection oscillations
& Increased bandwidth to 20 MHz to fight coupled bunch instabilities
» Fight instabilities throughout the cycle including e-cloud (later)
% Matching of PS and SPS to the transfer line
& Avoid emittance blow-up during the extraction-transfer-injection process
3% Optimization of the working point (tuning) in the SPS machine

FIFTH ORDR

Bunch by Bunch Oscillation Amplitude (mm)

27T

1000+

26.8 |

y Plus lots of 00-
7 instrumentation
O 264, to make all this = -
® 2. possible! .

2 26.2 26.4 26.6 26.8 27 9

HORIZONTAL TUNE

P.Collier AB/OP Academic Training, 22 March 2005

7.02
.6.38
5.75
5.11
4.47
3.83
3.19
2.55

1.92
1.28
0.64
0.00
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..and what we didn't Expect :ﬂﬂ
(in the SPS) |

Electrons accelerated by the passing bunches
produce additional electrons Build up of electrons
in the vacuum chamber to form a cloud —
provokes significant pressure rise in the SPS

R i B Expected in the LHC - limitation
due to heat load in Cryo system

Depends on bunch spacing & characteristics,

chamber dimensions, B-field, SEY of chamber :.J"Jf e e
material etc... =

dmu il R

a
& Duty cycle ~ 45 % oo’
1 after 17h integrated o &g
time of LHC beam %"

APP

FELEEDR SERARALEE BURENEE BIG

i
I

tpbigie 2 iaiati

0.0E+00 2.0E+10 4 .0E+10 6.0E+10 8.0E+10 1.0E+11

It
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E-Cloud in the SPS

Extensively studied
in the SPS

L As a test bench for
LHC

%, For benchmarking
simulation codes

& For the SPS itself

1.

-
]
2
©
—1
~—
o

1.E-

.E-22 T

—— 51833 (Field free)
#-Bunch Intensity (x 1E10)
| | | |

15

T T
© -
N

T
(=2}

I Bunch(1 010 p)

0 24 48 72 96 120 144 168
Cumul. time (hours)

192

216

240

In the SPS the electron cloud provokes instabilities in the beam
& The surfaces condition with exposure to the electrons
& The SEY of the chamber surface goes down.

& Some de-conditioning with time or exposure to air

& ¢Scrubbing runs’ now a normal part of the SPS schedule

& Affects the 25ns LHC bunch structure — but has also been observed even with the
normal fixed-target beam in the SPS.

P.Collier AB/OP

Academic Training, 22 March 2005

23




Extraction Channels

MSE Septum
Magnets

3925 3950 3975 4000 4025

Machine Position /m

Bumped
Circulating
Beam
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Kicker Magnets ...

=

1 / \ Resonant charging circuit —
0.8 / \ travelling wave discharge
% 08 f \ Flat top duration tailored to
£ o beam structure
= [ \ Injection ~2uS (MKP)
} \ Extraction ~10.5 uS (MKE)
0 i
o Minimize Ripple —
25 0 25 5 7.5 10 125 15 175 bunch-bunch variations

Time us
P.Collier AB/OP Academic Training, 22 March 2005 25



New Extraction in LSS4

#% Built to Serve the LHC Via
TI 8 and CNGS via TT41

% Fast Extraction only

% Special conditions to allow 2
extractions ~100ms apart for
CNGS

3% Constrained by lack of space in
some parts of the tunnel (no
enlarged section)

3% Extraction Septum built on a
bridge across UA2 Cavern

#* Generators, Power & Control
Equipment installed in the old UA2
Garage Cavern

Tested with Beam
during 2003 & 2004
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:m From the West to the LHC ...

~TI2
i TT60

— LSS0 e —

-~
S

T8 >~
Has been used for

» Slow & Fast-Slow Resonant Extraction
» Fast Lepton Injection & Extraction

SPS

LEP/LHC

Point 2

In the future will only need to provide
> Fast Extraction towards LHC via TI 2 T1 2

®
+++++++++++

*
~“~X
x

Installation in progress -
» Ready for startup 2006.
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Baseline Layout for LHC: LSS6

MKE

~Miii i o —

6177 6209 6241 6273 6305 6337 63/ 6401 6433 s (M)
E 120 T T T T l\_[ T T
100 -
80 -

-20 -

40

40 | || Fast Extraction to LHC Shown "
-60 -
S 0
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Status of the LHC Beam in the SPS

Sk,
& ‘ .ll.-l-- .".
[ 111%8 K7
e |

3% During 2004 the required beam for Nominal LHC operation has
been accelerated to 4506eV in the SPS - ready for transfer!

& 288 bunches (4x72) with 1.2x10%!1 ppb
U Transverse emittance  3.0/3.6 um (3.5)
& Longitudinal Emittance 0.6 eVs (0.5-1.0)
% Special Beams : 75ns, Pilot & Totem also prepared
& Essentially Nominal Parameters as well
3% Remaining challenges - Capture losses at SPS injection
& ~5% for Nominal LHC beam — makes ‘Ultimate’ difficult
& Beam induced heating of elements (Kickers)
& Problem Understood — long term solutions under study.
# Extraction from one channel (LSS4) Commissioned with beam OK

3% Otherwise need to consolidate performance and speed up changes
to operational cycle.
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Transfer Lines to the LHC

&/ Very small
Total Length ~5.6km Echrerrens) *

' TS = = physical aperture
§
~700 magnets /\Puim : :f for the beam

c:i-'.m.‘. 4 4
. Tails of the beam
distribution to be
0. W scraped at ~3.50
g Chevry g 2 before tranSfer
Orex Protection

) Point 3

elements against
mis-steering etc.

e A to be installed
Site de f’wﬁeﬁm
TI 2 From SPS | ser) ;r’“’_l'”” TN 7 TI 8 From SPS
LSS6 LSS4
To LH C Point 2 To LHC Point 8
(Alice) LHCb

o
;

il Site de "Meyrin
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Transfer to LHC : TI 8

Magnet Count
Dipoles 268
Quadrupoles | 86
s | Correctors 42
Alitude  SPS BA4 o m i
(m) site e
— i o 5T i 1
— Bl e LT Point &
450 —“\\\‘ \——\ (Overall weight 88 (14 [t | Ferney—VDﬂall’E
PGCS J\ T
PGLE
LS5t MORAINE
SPS
400 — B:\
Junction TI B-LS54
T“”Def
Tf&
Beamline Length /m 2694
350 — Horizontal Deflection 106.5° Existing tunnel Ulae
e Point §
Vertical Deflection 4.3° _—_———————————D‘@/LHC
Max Slope 3.8% Junction Tl 8-LHC
300 —
| | | | | | |
0 0,5 km 1 km 1,5 km 2 km 2.5 km 2 km
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SPS/ECA4

Co-existing with CNGS ACCESS Sha
|
ISSm

B CNGS Works SPS tunnel

Target
chamber

LEP/LHC tunnel

‘Hadron stop
and first muon detector

: Connection gallery
muons Z" to TI8/LHC

neutrinos &f;

Second muon detector

neutrinos
to Gran Sasso -
L]

P.Collier AB/OP Academic Training, 22 March 2005




TI 8 Installation

Leaky feeder cable 640

Current + support rail

250 250 250

Panel carryir
safety
elements

B safety
[ related
cables

1320

Reference
socket

Guidance line

TYPICAL TI 8 CROSS SECTION

Magnets transported and
placed in around 3 months.

P.Collier AB/OP Academic Training, 22 M:arch 2005 33



TI 8 Continued

access gallery to neutrino target area (TA41)~————p

link tunnel TA42

: i T
i
S RS TI8
‘*\ X

% Extraction Tests from the SPS During 2003
& First 150m of line (TT40) installed for this
3% TI 8 Installation during Summer 2004
& Represents half an SPS Worth of beam line!
& Extensive Beam Tests Towards the end of the Year
3% Installation of CNGS Continues
& Commissioning with beam in 2006 TI8
P.Collier AB/OP Academic Training, 22 March 2005 34




TI 8 Beam Tests

Settings of the line set to 449.1 GeV (Calibrated SPS Energy)

e T
BTVI_TTAD.400222ipetimage | —|
BTVI_TI8.BA304 getProfiles
BTVI_LSS4.41831 getimage &
BPMI_TISDWNEPHLShared Act] |
BTV_LS54.4 1805 getimagn
BTVI_TIE.B7604 ipotProfiles.
BTVI_TIB.B604 petimage
BTVI_LSS4.41895etProfiles
BPMI_ Actior |
BTVI_TI8 B1306etimage

First shot on TED at the end of TI 8

23 October 2004 at 13:39

(long:.1) > 201337251
Wtve ey - DY mar, [V yaea, [ > 2 Gmage), (D] iy Wa, [} rSrptay |

BTVI_TTA0400343petimage

BCTH_TT4RBCTR.Shared Actios
BTVI_TIE.81204 getProfiles |
BCTA_TISDWHBCTFLShared e
BTVI_TTADADD33igetProfiles
BTV_TT40A00222 g0t Profiles
BTVI_TTA0.800105 getinage
BTVI_TIE.B4304 patimane
BTVI_TI8.84604 getProfiles
BTVI_TI.B4404 getProfiles
BTVI_TI8.84404 petimage
BPHI_TISBPMLShat miACtians.
{BTVI_TH.B7750getimage
HT\ﬂ_'IIIJ.I.lUI'llIl‘.v\IEIPIﬂS -
(] »
| Records
TE20:30
1220:50
133028
13356
133126
133454
X323
1RIZ52
13320
133340
133418
1EIAT
1EI5: 16
x4
1336:13
1336:42
133711
1x3740

Point # 25007

X 2550

1,600 -
1,200 -
800 -

1E3E0E
1T
13:3%:06 | >
133035

" 4

v e b
134004 b T T =ty o

1340:32

T
1xA101 o 50

adanan

Refresh = X (200.0)
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First shot went all the
way down to the TI 8

Stopper at the entrance
to the LHC tunnel

.... through 2.5 km of
very small beam pipe

Quadrupole
Vacuum chamber
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Planned and Unplanned Impact Tests

During TI 8 Beam Tests

Planned material test:
perpendicular impact of
72 nominal LHC bunches

Non-planned material test:

grazing incidence of 4 x 72

nominal bunches on QTRF
4002 vacuum chamber

P.Collier AB/OP Academic Training, 22 March 2005 36



Includes the only oval shaft

P.Collier AB/OP

Altitude
(m)

450 -

400 -

CERM AC - EM-3 -

Beamline Length /m 2943
Horizontal Deflection 50.4°
Vertical Deflection 6.2°
Max Slope 4.2%
Point 2 Le Lion CERN
Sergy Saint Genis-Pouilly Meyrin site ‘ i1 8
PMI2 .
MORAINE
e
. Magnet Count TT60
Junction Tl 2-LHC Dipoles 153
MOLASSE Quadrupoles 95
Correctors 55
| | | | \ |
0 1km 1,5km 2 km 2.5km 3 km
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o® ) TT 2

3% Upstream Section being installed now
& Roughly 1 km from the West area target cavern (TCC6) to PMI2

& Requires partial dismantling of the old T1 target used for the West
experimental area

#% The Pit PMI2 is used to lower LHC cryo-magnets

& Installation of downstream part of TI2 only when the last magnet is
in the LHC — end 2006.

% Full Hardware and Beam commissioning of TI2 in 2007
& Hopefully Just in time ...
& Extraction from SPS to be tested in 2006
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o ) Summary

3% Preparing the SPS has been a long Project ~10 years. E
% The LHC makes very stringent demands from it's injectors

% High brilliance Beams (intensity/beam size)

% High reproducibility from cycle to cycle
& The LHC Beam is dangerous - already in the SPS
% Low error rate — and interlock system to minimize danger to the LHC

3% The LHC Transfer lines
& Represent almost an ‘SPS worth’ of beamline
& Civil engineering in parallel with SPS (and LEP) operation
& Installation in Parallel with SPS Operation and CNGS activities
& Successful series of Beam Tests in TI 8 during 2003 & 2004
& TI 2 will be commissioned just before LHC commissioning begins
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o®) Summary (cont.)

% The LHC performance will depend on it's injectors ...

& Unlike Leptons, “Hadrons never forget”

3% The nominal LHC proton beam
& has already been produced in the injector chain
& and accelerated to 450GeV, ready for LHC transfer

3% The other beams requested by LHC are also pretty much ready
& The ‘ultimate’ LHC beam has not yet been demonstrated

3% The final hardware modifications in the SPS ring are in progress
& Ready for the SPS start-up in 2006.

3% Studies will continue to help make the p* LHC beams fully operational

lons in the SPS Remain to be commissioned ... See
Tomorrow
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