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LHC Status Summary




@V Status of the LHC
7

~~,

n We are almost-at the end of the long road from
tthe-ifprursteopubldiaey MEeas it bi |
Hadron cColihaldernien ' ttheo LEP
colliding protonsrand heavy nuclei in'the LHC.

@ Enormousefforts made: in-recentoyears/to
minimise slippagecof theschedule:

m Solutions 10 engineering setbacks-have 'been
found’and dmplemented
m Maim cryogenic liner(QRL)
m Low-bed (atrei't qubgpdpeltso) quadrupol e
@ Plug-im modules forcvacuumiinterconnects
m [hatsitalaoh bfahteicolinlero fhardavwhie isconhpleied e

m Hardwaregthen-beam; commissioning will soon
be fully\underavay.

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 3



1232 dipole magnets operating at 1.9K

Heat Exchanger Pipe 7TeV
Beam Pipe
Superconducting Coils A8 33T

A11850A
A7MJ

Helium-Il Vessel

Spool Piece ) y /
Bus Bars = s 4 Superconducting Bus-Bar

Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

Thermal Shield

The
15-m long

Bus Bar Tube

LHC cryodipole

. Instrumentation
Prot%citc;(ér; Feed Throughs

The most prominent of a host of technological developments.
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Schematic LHC

[ CMS | p-p collisions at/s= 14 Te\

) N 28pp*-29%ppf2* collisions a
el

Js=1.15PeV= 5.5A TeV
with nominal dipole field.

‘
| | Cleaning a 4 Iarge

experiments

I ALICE
I~ ATLAS
- CMS
= - ‘ i~ LHC-b
T2y yit

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008



@ Master:Schedule (published 8 Oct 2007)

1
1
1
1
1
1
1
1
N~ N~
o o
o o
N N
Machine
(c0] [c0]
o o
o o
N . N
( | | | | )
General schedule Baseline rev. . Interconnection of the continuous cryostat Flushing
4.0
**** Global pressure test &Consolidation Leak tests of the last sub-sectors B Cootdown
: i Cooldown Inner Triplets repairs & interconnections Warm up
:___! Powering Tests I Global pressure test &Consolidation . Powering Tests | |

J. owett, Quark Matter 2008, Jaipur, 7 February 2008
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@V Current outlook
7

n Expect whole machine to be cold by beginning of
June

I 2-3 weeks-behind published schedule

FTechni calbleyuifreasi-olcieedtud d o
l.e., sensitive. to any: major new problem

a Then start commissioning with proton beams to
achieve injection, RF capture,; good lifetime-on
the injection plateau

I~ Hard to predict timenecessary, should not be
rushed e

I~ 75 ns-bunch spacing/(for LHC ' -b) asap

n Real luminosity will.depend-on ability to protect
machine

I must gain experience with collimation; etc:

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 7



Commissioning of sector 78 (no triplet)

@ LHC sector 78 - First cooldown & Powering & warmup

cooldown 300 - 80 K From RT to 80K precooling with LN2.
9] (e 1200 tons of LN2 (64 trucks of 20 tons).
300 4 Return Three weeks for the first sector (
280 - temperature From 80K to 4.2K. Cooldown with y
260 4 refrigerator. Three weeks for the first
540 WETREM sector. 4700 tons of material to be cooled
ICIISEIE From 4.2K to 1.9K. Cold compressors at Iowen'ng tests in ARC
220 ,
< 15 mbar. Four days for the first sector
R
= 200 - cooldown au - 20 K
E 180 — | Powering tests in LSS
=] cooldown 20 -4.5 K
© 160 - ‘ ,
QO -
E. 140 A Filling & 1.9 K cooldown
& 120 - DFBs & 1.9 K pumpdown tuning
100
80
60 S Magnet
40 - emptying
temperature o
20 1 Warm-Lp
D T T T T T T T T T
15/01/07  02/02/07  20/02/07 10/03/07  28/03/07 15/04/07 03/05/07  21/05/07  08/06/07 26/06/07 14/07/07  01/08/07
Time (UTC)

— 4.5 K refrigerator supply temperature — Return temperature
Thermal shields temp. (average over sector) — Magnet temperature (average over sector)

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 8



. Horizontal deflectifh: 50.4°

@ LHC proton injection - overview
23.10.2004, 13:39 A firstbeam atend of TI8 pee

|

A combined length 5.6 km ,,/;,;?

T1 8 beam tests

A over 700 magnets 23./24.10.04 °
A ca. 2/3 of SPS PSS 6./7.11.04 TT40 + T 8
' 7 P AR
. e 55 4 \Z s
28.10.2007, 12:03
TT40

A first beam at end o | 2 beam tests T18

8.9

IR2 T 2

Length of beam Whe:  2943m
Length of new tulnel: 2639m

P2 Vertical deflection: 6.5

7"/2

Tl 2 beam test Tl 2 upstream part installed and
28./29.10.07 HW commissioned by 2005.

Courtesy of V. Mertens



Type 2nd Valus

mEx)

(String[}:5) -> -, -, One extraction, -, -

(doublef:1) > 132786.67804740992

LiLdL

(doublefl:1) > 143371.3607305661

(String[}:4) -> Out, First, Second, Third

(doublef][1:385) -> -25.029, -24.9054, - 24.781..X

(doublef][1:285) -> 17.674799999399943, 17...Y

{short{E1) >0

(short{)[}:109725) -> 259, 269, 288, 309, 340,..Z

(doublef:1) > 0.2630388932035788

Acteeteys - [Q->xaes, Y] y=as. [D-zaesfmage) 0] dspay e FHjodsplay Sstagram, [SPACTH - ckear, [T] > Smzhumbers on z 3

25 20 -15 -10 5 0 5 10 15

First shot straight down the
line.

This BTV screen is the last in the
part of T12 which could be explored
with beam on 28 October 2007. It is
located some 70 m after the lowest
point in TI2, and some 700 m away
from the temporary dump, which in
turn is placed at some 50 m from
the end of the TI2 tunnel, to avoid

irradiating the LHC area..

Courtesy of V. Mertens
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Commissioningithe LHC
with ‘proton-beams




Luminosity

2
N? N T |:_N K’WF(G)
4nG,0, dre B

L=

2
Hour glass factorF = J\/ {L(e‘;—ﬁfj
20

m Parameters in luminosity

I~ Number of particles per bunch N
i~ Number of bunches per-beam Ky  |Equal amplitude functions:
I~  Relativistic factor % * " .
I~ Normalised ' emittance &n B.=B, =B,
i~ Beta function at the IP £ |Geometric and normalised emittanc
i~ Crossingangle factor F L. c

n Full crossing angle 6, Ey =&, =8 = 2”

n Bunchlength o, VY -1

n Transverse beamsize at the IP o — Round beams at IP:

G; = G*y =c b,

i
(N.B. LHC uses RMS emittances.)

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 12



Nominal p:-p luminosity
A

LHE (1-RING) + 03 924 45

Nominal settings S G
Beam energy (TeV) 7.0 | s < 7127 ke 234 334 334 334
Number of particles per bunch 1.15 101 II“_ - PN
Number of bunches per beam 2808 1” m% I roson
ngrange
Crossing angle (urad) 285 | ::mu:u:. 5 collisions
Norm transverse emittance (um rad) 3.75
Bunch length (cm) 7.55
Beta functionatIP 1, 2,5, 8 (m) 0.55,10,0.55,10
T
2 1oF LHC o
Related parameters ? " r ’ sl) m 1
Luminosity in IP1 & 5 (cm2s?) 1034 é ‘ r SRE g .an.m\r;x;m
Luminosity in IP2 & 8 (cm=2s1) ~5 1032 g . r o 1
Transverse beam size at IP 1 & 5 (um) 16.7 = : . “"‘J i 2D m
Transverse beam size at IP 2 & 8 (um) 70.9 0'0101 1 10 100 1000 10000
Stored energy per beam (MJ) 362 B

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008

> Requires Phase Il collimation
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@ Commissioning « strategy for

Stage A

protons

Ll‘
Ll Bl

Hardware Machine
commissioning checkout com

No beam

l. Pilot physics run
First collisions

A
A
A Push performance
A

I. 75ns operation

Performance limit 1032 cm? s (event pileup)

i Install
25ns (1) Phase Il 25ns (1)
and MKB

43 bunches, no crossing angle, no squeeze, moderate intensities

Establish multi-bunch operation, moderate intensities

Push squeeze and crossing angle

A

A Relaxed machine parameters (squeeze and crossing angle)
A

A Performance limit 1033 cm s (event pileup)

[ll.  25ns operation |
A Nominal crossing angle
A Push squeeze
A
A

V. 25ns operation Il

A Push towards nominal performance

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008

Increase intensity to 50% nominal
Performance limit 2 1033 cm2 st

—Complexity

—Beam power
—Losses (b )
—Pileup

minimised by optimising
N, k, B (squeeze)

14




Stage A p-p physics run

. Lo
n Start as simple as possible Events/Crossing —TfOT
m Change 1'parameter - (k,, N B*, 5) atatime

m Allvalues for Protons/beam <1013

I nominal emittance

I 7TeV
I 10m; B*in point 2 (luminosity looks fine) Stored energy/beam <10MJ
(c.f. SPS fixed target beam)
Parameters Beam levels Rates in ATLAS or CMS Rates in ALICE
Ky N p*1,5 | beam Epeam Luminosity Events/ Luminosity Events/
(m) proton (MJ) (cm -2s°1) crossing (cm -2s°1) crossing
1 1010 11 11010 10-2 1.6 10 % <<1 1.810 % <<1
43 1010 11 431011 0.5 7.010 28 <<1 7.710 28 <<1
43 41010 11 1.710 12 2 1.110 30 <<1 1.210 30 0.15
43 41010 2 1.710 12 2 6.1 10 0 0.76 1.210 30 0.15
156 41010 2 6.2 10 12 7 2210 31 0.76 4.410 30 0.15
156 91010 2 141013 16 1.110 % 3.9 22103 0.77
J.M. Jowett, Quark Matter 2008, Jaipur, 7 15

February 2008



@J Evolution through p: -p stages A,B,C

All values for nominal emittance, 7 TeV, p*=10 m in points 2 and 8

Parameters Beam levels ATLAS, CMS ALICE (LHC-b)

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

(m) proton (MJ) (cm2s1) crossing (cm2s1) crossing
43 4 1010 11 1.7 10%? 2 1.1 10%° <1 1.210%0 0.15
43 4 1010 2 1.7 10%? 2 6.1 10% 0.76 1.2 10%0° 0.15
156 4 1010 2 6.2 1012 7 2.2 10%1 0.76 4.4 1030 0.15
156 9 1010 2 1.410%3 16 1.1 10%2 3.9 2.210%1 0.77
936 4 1010 11 3.7 1013 42 2.4 10%1 <1 2.6 1031 0.15
936 4 1010 2 3.7 1013 42 1.3 10%2 0.73 2.6 1031 0.15
936 6 1010 2 5.6 1013 63 2.9 10% 1.6 6.0 1031 0.34
936 9 1010 1 8.4 1013 94 1.2 103 7 1.310% 0.76
2808 4 1010 11 1.110% 126 7.2 10%1 <1 7.9 1031 0.15
2808 4 1010 2 1.110% 126 3.810% 0.72 7.9 1031 0.15
2808 51010 1 1.410% 157 1.110%3 2.1 1.210% 0.24
2808 51010 0.55 1.410% 157 1.9 1033 3.6 1.2 10%2 0.24

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 16



~,

@ Staged commissioning plan for protons

2008 W

Ssioning

No beam --------

Most
probable
first
Pb-Pb

No beam

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 17



lonrinjector-Chain for ikHC




~,

A ECR ion source(2005)

I~ Provide highestpossible
intensity of Pb- 2%+

A RFQ + Linac 3
I Adapt to LEIR injection energy
I strip toPb >4* 7%
A LEIR (2005)

- Accumulate and cool Linac3
beam

I~ Prepare bunch structure for PS
A PS (2006)

I~ Define LHC bunch structure

I~ Strip toPb 82+
A SPS (2007)

I~ Define filling scheme of LHC

@V LHC lon Injector Chain
A

LINAC 3

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 19
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@J lon Injector Chain- ' - key facts

n Beam required for LHC is much more demanding
than SPS fixed targetion beams

I~ Required new electroncooler ring LEIR and
many. other changes and upgrades (bulk of
cost of 1 -LHC project)

n Two sets-of LHC beam parameters correspond to
different:modes of operations of injectors

- AtEarcbyn ble amo : 10outthieme sHicf ew
but: same bunch intensity. '/, simplifies injectors
but provides useful initial luminosity

- A'Nomi nall beamouncfoulb | 592 b
more complicated injector operations

n See elsewhere for full information

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 20



LHC Pb Injector Chain:

Key Parameters for luminosity 10

ECR Source—>Linac3 _4 | LEIR

> PS13128 .SPS2 . LHC

150 auA, x 200us Linac3 output after stripping

2 Same physical emittance as protons,

¢ =g,=4/y°—1e,, is invariantin ram|

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008

Output energy 2.5KeV/n 4.2MeV/n 72.2MeV/n 5.9GeV/n 177GeV/n | 2.76 TeV/n
208Ph charge state 27+ 27+A 54+ 54+ 54+ A 82+ 82+ 82+
Output BB [Tm] 2.287 1.14 4.80 86.7 :A 57.1 1500 23350
bunches/ring 2 (1/8 of PS) 4 (or 4x2} 52,48,32 592
ions/pulse 910 1.1510 9 91C 4.8 16 <4710 4.1 109
ions/LHC bunch 910 1.1510 2.25 16 1.2 1G 910 710
bunch spacing [ns] 100 (or 95/5) 100 100
g*(nor. rms) [um]? ~0.10 0.25 0.7 1.0 1.2 1.5
Repetition time [s] 0.20.4 0.20.4 3.6 3.6 ~50 ~106f i
€jong PEI LHC bunch 0.025eVs/n 0.05 0.4 leVs/in
total bunch lengtlfins] 200 3.9 1.65 1

= Stripping foil

21



Y Irzeoor Chatn Ststus Sunwnary (1)

S
n Source + Linac3 n LEIR
I Intensity OK for Early .
Scherme | Early beam |
(record= 31 e A of obtained, reliable
Pb>** out of the linac) i~ Reproducible

I More stability/reliability
required for Nominal
Scheme will be supplied
by upgrade of source
generator to 18 GHz

I Numerous other
Improvements
Implemented or
coming.

J.M. Jowett, Quark Matter 2008, Jaipur, 7 February 2008 22



