Ralph J. Steinhagen

Accelerators & Beams Department, CERN
3" Physics Institute, RWTH Aachen


mailto:Ralph.Steinhagen@CERN.ch

I@ii LHC = Large Hadron Collider

* LHC Status
— Cryogenic system
— Magnet procurement
— Installation and hardware commissioning

* Revised beam commissioning plans in 2007
* Questions & Answers
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I@ii CERN and its Large Hadron Collider (LH @
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I@ii LHC = Large Hadron Collider @
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27 km circumference, depth ~ 100 m

accelerates two positively charged beams
— two machines in the same tunnel
eight-fold symmetry

— four crossing insertions

Octant 7

parameters for physics
— p-p collisions at
- E__=14TeV (E

c

=7 TeV)

beam
* nominal L =10* cm=? s
— Pb-Pb:
e E . = 1148 TeV (mainly Pb ions)

c

(forward scattering)

e nominal L= 10?2 cm=2 s™

protons @ 450 GeV
injection from the SPS
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|@ii Official LHC Commissioning Review @
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137th meeting of the CERN Council 2006-06-08:

— [..] “experience indicates that [the proposed schedule] is the most efficient
way to get to high energy, high luminosity operation at the earliest date.”

— “Nevertheless, installation presents its own logistical hurdles that will need
to be overcome on the way. “With a project such as the LHC, there are
bound to be challenges,” said CERN Director General Robert Aymair,
‘however, the teams constructing the LHC and its detectors have risen to
meet these challenges in the past, and | am convinced that they will do so
again.”

Short:
— Commissioning with beam starts October/November 2007 followed by
— Two months of “engineering”/calibration run with collisions at 450 GeV

— Commissioning to full 7 TeV in 2008
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@ LHC Progress Dashboard: Cryogenic System

Paoint18 Paint 2 Point 4 Paints

=

Shartt Surface

i 1T 1111 [T T 1t [
- Wsector 1-2}f. P sectar 2-3) Sector 7-8ff - =
= | =
Legend
. QS5C (AR CY Warm Compressor Station .
Cryogenic QSR _(AB]  Surface 4.5 K Refrigerator Cold Box ﬁ Electrical Feed Box
Distribution QURA: Underground 4.5 K Refrigerator Cold Box
Line QURC: 1.8 K Refrigeration Unit Cald Box n Superconducting Link
TTTTTTTI QUI_(A B,.CY Cryogenic Interconnection Box
[ Commisionned & accepted B Cclivered/ Underinstallation [ ] Ordered (Contract placed) i
[ ] Ynder commissioning [ ] Ynder fabrication [ ] Ynder definition

DPG Graduate's College, Bad Honnef, Ralph.Steinhagen@CERN.ch, 2006-08-31

Updated 30 Jun 2006 Data provided by L. Tavian AT-ACR
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.... now became history!
@] ¥
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s The huge number of stored dipoles

— large logistics involved: magnet assembly — storage — final tests —
storage — installation in tunnel

— ...allowed matching each individual slot to a specific dipole and opened
the opportunity to minimise the effect of field quality differences between
individual magnets

— ... similar to “good wine”: magnet's mechanical, field quality and quench
performance seemed to be preserved/improved (see Chamonix XIV: D. Tommasini )
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(—maybe an indication for LHC?) 14,29
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I@ii LHC Progress Dashboard: Cryodipoles
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Data provided by D, Tommasing AT-MAS, L Bottura AT-MTM


mailto:Ralph.Steinhagen@CERN.ch

I@ii LHC Progress Dashboard: Short-Straight-Sections S¢& @
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Y LHC Underground
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|@ii Magnet Interconnections: Learning Curve @

Production rate 4-5

from P. Fessia
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— Since mid-May: 2 teams in 7-8 (6 days/wk) and 1 team in 8-1 (4 days/wk)
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|@ii Installation and Commissioning Schedule - HOWTO

ERN.ch, 2006-08-31
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I@ii Revised Installation and Commissioni
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| oy Beams at 450 GeVic
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|@ii Commissioning Schedule Detail

| | s [ e ] f\ﬂ“II a ] iz ] = \!“31 || »
Operations testing ::\'/rcgm Operations testing

Nov

Dec

s An important milestone for both — LHC and its experiments!
— Magnet alignment, polarities, rough calibration of magnets, injection optics
— beam instrumentation, timing, control software
— machine/experiment interfaces, ..
— (detector alignment, triggers ...)

DPG Graduate's College, Bad Honnef, Ralph.Steinhagen@CERN.ch, 2006-08-31
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|@ii Calibration Run 2007 — “Phase 0”: Parameters

DPG Graduate's College, Bad Honnef, Ralph.Steinhagen@CERN.ch, 2006-08-31

S
Installati W 3
nstaliation i
Hardware Commissioning Shutdown
N
Calibration run
450GeV
K, 43 43 156 156
1, (107°) 2 4 4 10
B (m) 11 11 11 11
Intensity per beam 8.6-10" 1.7-1012 6.2-10"? 1.6-10"3
Beam energy (MJ) .06 12 45 1.1
Luminosity 2:10%8 7-1028 2.6-10® 1.6-10%°
Event rate ' (kHz) 0.7 2.8 10 65
W rate 2 (per 24h) 0.8 3 11 70
Z rate 3 (per 24h) 0.08 0.3 1.1 7
1. Assuming 900 GeV inelastic cross section  40mb
2. Assuming 900 GeV cross section W — uv  0.5nb
3. Assuming 900 GeV cross section Z — uu 50pb
(Backgrounds!) 2%#°

Courtesy R. Bailey, P. Collier


mailto:Ralph.Steinhagen@CERN.ch

|@ii Staged Commissioning for Protons @7TeV in 2008/2009

HH\H m ‘ ‘HHHHH
\M 43 bunch
Te m il

»

l.  Pilot physics run at 7TeV
=  First collisions
u 43 bunches, no crossing angle, no squeeze, moderate intensities
®  Push performance
m  Performance limit 1032 cm=2 s' (event pileup)
[I.  75ns operation
m  Establish multi-bunch operation, moderate intensities
m  Relaxed machine parameters
®m  Push squeeze and crossing angle
m  Performance limit 103 cm=2 s' (event pileup)
[ll.  25ns operation |
= Nominal crossing angle
®  Push squeeze
®  |ncrease intensity
u Performance limit 2 103 cm? s
V. 25ns operation Il (only after installation of full beam dump and collimators)
®  Push towards nominal performance
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_ (108 seconds @ <L> of 103* cm2s' — 1 fb1) 29
Courtesy R. Bailey
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|@ii Estimated Times for 2008
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Courtesy R. Bailey, P. Collier, R. Saban, L. Serio: HC review 20060705

We may benefit here
from Engineering Run:

— System tests,
Polarities,
Calibrations, ...

— learning curves
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Y There's also the PS and SPS

S

s 2006: Successful restart of PS and SPS

— minor hiccup: phase compensators

— New SPS control system
(test for future LHC)

s Commissioning of

— CNGS beam line — R Y § g o B

(CERN Neutrinos to Gran Sasso) s Ny 57 o i @Sff
_ 60 (LHC: Beam 1) - \ M

y -
| 4] = T 5
P . " .
o '\\ —_—— =/ R N

S ——

All accelerator operation now in CCC

Emilia-Romagna
Monte-Maggiorasca

Monte-Prato
Monte-Giovo

Alessandria
Toscana

T32km
— ~ T 7 neutrinobeam ——»
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@ Some Issues at the LHC related to Beam Stability @

s All HEP particle quests reach a point where:

o g .
N =10 with signl <1 @ achievable Energy E

o background

event signal

s Push achievable energy E:
— Minimise synchrotron radiation losses:
« e*e" — hadrons collider (p*p*, ...)

» Choice: linear vs. circular
— Optimise RF cavities + normal conducting magnets (CLIC,ILC)
— Standard RF cavities + superconducting magnets (Tev,RHIC,LHC)

« LHC: superconducting NbTi alloy @ 1.9K
— temperature increase due to e.g. particles losses are an issue

s Push maximum peak luminosity

— essentially: increase number of particles inside the machine

DPG Graduate's College, Bad Honnef, Ralph.Steinhagen@CERN.ch, 2006-08-31
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/dt=L o

event process

Luminosity: dN

Storage ring design: , ,
_L(Ax| [4Ay
— rev o, LT VO] G F :
crossing hour glass ***
4to O

Y LHC Tevatron
—  N: number of particles per bunch, Nio=0 10° N .= 1210 N =30 10"
—  k: total number of bunches, k=1..2808 k=236
—- 0o, 0, hor/vert.rm.s. beam size in IR o,=c, ~ 17 um 6,=0,~30 um
— £ revolution frequency, .= 11.2 kHz (fixed) f.=47.7kHz
- A, Ay: hor./vert. beam separation in IR

Fcrossing, Fhourglassz numerical form factors, F .0ss (285 prad)~0.8 F oes (0)=1
1-F, ~0.4% 1-F, ~38%

hourgl.

Most parameters are defined by the accelerator geometry and lattice

The “most effective” parameter: total stored intensity [

= Nk

stored

hourgl.

LHC: ]Sm,,edm3.21014pr0t0ns = F

stored

~350 MJ @ 7TeV

25/29


mailto:Ralph.Steinhagen@CERN.ch

@ IWBS'04: “LHC is a pretty dangerous machine”
A

Livingston Style plot
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see Chamonix XIV: “Damage levels - Comparison of Experiment and simulation” and PAC'05 for details 26/29
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I@ii Maximum LHC Energy of 7 TeV @

s | HC superconducting dipoles may loose superconducting state (“quench”)
@7 TeV for t~10 — 20 ms

— minimum quench energy E,,

EMQE <30 md/cm3 vs. E = 350 MJ/beam (nominal LHC)

stored

(or: N__ <10% protons/m vs. N__ ~ 3 10™ protons)
— sufficient to quench all magnets and/or may cause serious damage
— requires excellent control of particle losses
s Example: un-controlled vs. controlled energy release

\ C = 5.4 10" protons @ 450 GeV
D =7.9 10" protons @ 450 GeV

Vacuum pipe of QTRF in TT40
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for details see: Chamonix XIV:
‘Damage levels - Comparison of Experiment and simulation” and PAC'05

courtesy V. Kain
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@ What happens if a particle is unstable and lost? @
CA@

— Collimation and Protection System

| experiments |

s Two-stage cleaning system:

tertiary collimator
secondary collimator

primary collimator

primary beam halo: ~ 2-6 ¢
C-C jaws

— requires tight orbit stability requirement of c/6: | experiments
~ 25 um at coll. jaws & 7 TeV — less than the thickness of a human hair

g)o?lzlimation inefficiency vs. position error Collimation inefficiency vs. B-beat (B’=0.55 m)
i L T T T I T T T I T T T T T T I T T T | T T T I T T T I T T T ] 1 - —

r| Coll. system 1 : 3
0.01 - version ~ 2002

| T | T
MAC Dec 2004

0.008

? ! 0.1 3 1 stage E
3 0.006 |- 7 F cleaning
E need to operate here! [need to operate here!

B 0.01 |
E - 2 stage

0.004 -

0.002 | ;
r cleaning

1 I 1 1 1 I 1 1 | 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1

- - coyrtesy R. Assmann i
0O 02 04 06 08 1 12 14 16 0.001 ' ' yrtesy R. A
y orbit error [(5 0 10 20 30 40 5(

Beta beat [%]
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@ Summary |

s “LHC is on the horizon”

— CERN Council confirmed schedule for commissioning with beam in 2007:
« Commissioning with beam starts October/November 2007 followed by
« Two months of “engineering”/calibration run with collisions at 450 GeV

« Commissioning to full 7 TeV in 2008

s | HC operation is very challenging

— Unprecedented high stored energy per beam in a superconducting
environment that does not tolerate particle losses

— Maximum possible LHC performance may be limited by the stability of the
beam and the ability to control particle losses inside the machine.

— LHC is the first machine that relies on orbit feedbacks for a safe and
reliable machine operation.
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