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Luminosity (L)

» Measure of productivity of a collider

 Instantaneous Luminosity (per collision):

# of particles/bunch
_ N2
dmrel3*

B function at
collision point

Lo

 Total production: Integrated Luminosity = /L dt
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Collisions with Offset and Crossing ’\|
Angle ggggggggggg

» Separation(offset) d

» Crossing angle ¢

 Offset and crossing angle

=» Reduction of L
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Luminosity with Offset and Crossing eee)
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Reduced L with offset in x and crossing angle in y [1]:
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[1] W. Herr, CERN-2006-002, CERN report, 2006
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Luminosity Leveling

Target of High-Luminosity LHC upgrade:

Increased integrated luminosity [2]

L [103* cm2s1]
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virtual =%
peak
luminosity

25ns
w/o
leveling

—Limited pile-up capacity »g
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Luminosity leveling

Courtesy O. Bruning [2]

[2] O. Bruning and F. Zimmermann, MOPPCO005, IPAC12

LAWRENCE BERKELEY NATIONAL LABORATORY

August 2012 Stefan Paret - CBP 6



~

A
Frreeeree ||||

Leveling Options

* Requirement: Reduce L

—Reversibly
2
—Locally Lo = N=ny fo
* Possible parameters: 4”@
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Beam-beam effects with offset

* Loss of symmetry

 Coherent beam-beam kick

- Deflection \‘ﬁ‘

« Decoherence W

=» Emittance growth [3]

[3] T. Pieloni et al., WEGPFP039, PAC 2009
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\
I

* Collisions in 4 interaction points (IPs)

« Separation varied in |P8 IP1 (ATLAS)
0to2.50,in 0.50, steps [IPS (LHCb)| IP2 (ALICE)

 Measurement of emittance
and L at all IPs

IP5 (CMS)
W. Herr et al., CERN-ATS-Note-2011-028 MD, 2011, G. Papotti et al., TUPZ025, IPAC 2011
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Beam Parameters

Q, 64.31
Q, 59.32
N 1.1x10"
o,/ cm 7.55
op/p 1.1x104
¢ [ yrad 120
bunch spacing / ns 75

Beam cross-sections at IP8

Parameter / Unit

o,/ um 45 35
o,/ ym 49 45
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Measured Luminosity in IP8 (LHCb) ““=L}
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Luminosity in 3 Experiments |
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Luminosity in other experiments is not affected
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Measured Emittance

Normalized emittance ¢ bunch-by-bunch for fill 1647-B1
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Leveling leaves no trace in emittance
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Numerical Simulations

» Strong-strong simulations with BeamBeam3D
Self-consistent or soft Gaussian

« Beam parameters and first order beam optics from

experiment IP1 (ATLAS)
Simolified collisi H [IPS (LHCbﬂ Dbl IP2 (ALICE)
« Simplified collision scheme: <

P b1-b3  bl-b2

—1 vs. 3 bunches

—4 collisions per turn

» Static offsets at IP8

IP5 (CMS)
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Simulated Luminosity versus Time

Separation at IP8
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Luminosity drops only at IP8
All luminosities are stable
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Luminosity vs. Offset
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Very good agreement between experiment, simulation and theory
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Conclusions eeer) |

BERKELEY LAB

* Luminosity leveling with offset ™ .
has been demonstrated L]

* No side effects have been
observed
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Other Leveling Options

 Leveling via *
Promising according to recent experiment in LHC

 Leveling via ¢
Unlikely due to constraints to ¢

 Leveling via crab cavities
Partial compensation of
luminosity loss due to ¢
To be studied ...
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Thank you for your attention.
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