LHC Beam Commissioning Status

LARP

U. Wienands, SLAC

presently LARP Long Term Visitor @ CERN

With acknowledgement to the many CERN colleagues making up
the LHC commissioning team, led by Mike Lamont.
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The LHC Tunnel
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Rf in Tunnel
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Collision Event at

Introduction ® LOW intenSity S ey |
— Establish clean injection

performance — Measure & correct optics

?ﬁ;:il(;s — Establish Collisions @ 3 5 on 35 TeV %

bl — Commlssmn B squeeze at the IPs

Upgrades — Establish beam-collimation set

I
Conclusion strict hierarchy of apertures

— assess beam stability
e commission dampers

— assess beam-beam effect
— Check collimation setup

e Multibunch collisions

U. Wienands, sLac - — redo all of the above g
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Parameters Achieved to Date

LARP

° Energy: 3.50n 3.5 TeV
o £ . =3.6x10°cm3s!

Performance pé ak =

Accel. e # bunches: 104 on 104

Physics . o—
o E,,.q =10 MPIE

Introduction

Plan

e f3*: 3.5 m operational, 2 m in dedicated runs
e Beam emittance (norm): = 3.5%10° m-r
Conclusion — growth of 2...3.5%/h seen

— also have run near 2x10-% m-r
 Luminosity life time: = 20 h

— ... even for low-emittance (high &) fill

— effect of beam size growth significant

 Beam-beam parameter: &= 0.007 (UW est.)
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Beam-Beam Scan

LARP

| Time hlstory plot of a scan done at IP5.
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Luminosity Lifetime

LARP
Lum (10°30/cm2/s) 07-Sep-10
10 _
Introduction ATLAS Luminosity
Performance
Accel. tT=20h
Physics j
Plan
Upgrades 5 Now: growthmotiBs! G | N =

1.007

Conclusion
1.7%/h
, | ‘ o

Time (h)
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Beam-Beam...48-bunch fill

LARP

moducion | ® &= 0,003 at these parameters

Performance — little problem for head-on collisions
I — parasitics are a different issue, though...
ysics
o * need crossing angle for larger # of bunches
o il 295 - team 1 il £95 - pam 2
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Optics: Envelope Functions
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Beam Collimation

Beam propagation
>
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LARP
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Momentum-Space Beam L oss
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Intensity-Related Effects

e Higher than expected tune shift with intensity

— (high-frequency-) impedance... collimators?
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Intensity-Related Effects

LARP

mroacion | © Coherent signal seen with multibunch beam

Performance — then cured with octupoles, no issue with trans. damper
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Intensity-Related Effects
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Beam profile on synchrotron light monitor
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Transverse Damper Performance
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mroducion | © Damps well... < 20 turns damping time meas’t
|
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Conclusion = 0
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Trans, Damper Effectiveness
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Transverse Damper

LARP

mtroducion | ® ...DUt tune spectrum shows increased noise...
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??Dust Event??
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moacion | ® Slgnature said to be consistent with dust particles
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Goals for 2010-2011
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2009 ZAVIN)) AN
3.5 TeV 3.5 TeV
of Sector 34 ,}:‘8, “gkis I <I<02L_ |Tons ~02L.  |Ioms
B* ~ 2 m B* i 2 m
Beam Beam

Goal for 2011: 1 fb-1/exp at 3.5 TeV/beam.

Conclusion

Large increase of L needed by the end of

2010
L »# 2x1032cm-2s-!
~ Tevatron Luminosity

~700 bunches of 8x101° p/bunch

stored energy of ~ 30 MJ - >10% of
hominal

Optics | Bin. | B eol.
IP1 /IP5| 11 m 2 m
Ip2* 10 m 3m
IP8* 10 m 2 m
IP5-
TOTEM I1m| 9Om
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LHC Plan to 202
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Machine: Collimation and prepare
for crab cavities & RF cryo system

Machine - maintenance & Triplet upgrade

ATLAS: new pixel detect. - detect. ATLAS - New inner detector
for ultimate luminosity.

ALICE - Second vertex detector upgrade

X-Masmaintenance
X-Masmaintenance

ALICE - Inner vertex system

CMS - New Pixel. New HCAL CMS - New Tracker

Photodetectors. Completion of
FWD muonsupgrade

LHCb - full trigger upgrade, new
vertex detector etc.

S. Myers

SPS - LINAC4 connection &
PSB energy upgrade



onclusion

mroacion | ® 1he LHC is now the highest-energy operating

LARP

Performance COllider iIl the WOI‘ld
Pt  Initial beam commissioning has shown most
Plan systems to operate at or near design performance

Uyaesls — no show-stoppers

cocision~ ®  Highest stored beam energy (2.8 MJ)

— need deliberation and due care

e delivered Luminosity has increased by an order of
magnitude in the last 40 days.
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