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Adjust relative luminosities in IP1/IP5 and IP2, IP8

Which β∗ is possible ?
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Dictated by machine protection requirements

Werner Herr, Evian 2010, 19. 1. 2010



Minimum n1 versus β∗- without crossing angle

Minimum n1 versus β∗ for 3.5 TeV
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Constraints - no crossing angle

Respect n1 larger than 10.5

Respect maximum intensity Imax 5 · 1013 per beam

Minimum β∗ ≈ 2 m is comfortable, slightly lower not

excluded

Maximum 156 bunches, all collisions in IP1 and IP5,

IP2 and IP8 adjusted (suggestion: 156 - 12 - 156 - 68)
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Numbers for luminosity therefore approximate

Werner Herr, Evian 2010, 19. 1. 2010



Going to larger number of bunches

Probably start with 4x4, 16x16 etc. to increase intensity

From 4x4 to 43x43 (156x156): single bunches to

multiple bunches injection

From 156x156 to more: injection of multiple trains

Werner Herr, Evian 2010, 19. 1. 2010



First parameter set - no crossing angle

number of Nb β∗ (m) angle L
IP1,5
peak % Imax

bunches p/bunch) (µrad) (cm−2s−1) stored

43 3 1010 4 - 8.6 10
29 2.6

43 5 1010 4 - 2.4 10
30 4.3

43 5 1010 2 - 4.8 10
30 4.3

156 5 1010 2 - 1.7 10
31 16

156 7 1010 2 - 3.4 10
31 22

156 10 1010 2 - 6.9 10
31 31

Werner Herr, Evian 2010, 19. 1. 2010



Conclusions - no crossing angle

Always well below maximum intensity limit

To get close to a luminosity 1032 cm−2s−1

Close to nominal bunch intensity

But well away from total intensity limit

For lower energies: incentive to go to crossing angle

quickly (i.e. from equidistant bunches to trains)

For the proposed parameters: luminosity loss very

small (≤ 3%)

Do not waste your time optimizing this configuration

(except correction of linear machine, β-beating !)

Werner Herr, Evian 2010, 19. 1. 2010



Operation with many bunches (≥ 156)

This means going from equidistant bunches to trains

Number of long range interactions increases with

number of bunches per train

and not the total number of bunches in the beam

Adding trains does not change the beam-beam effects

Probably start with very few trains (see later)

Werner Herr, Evian 2010, 19. 1. 2010



Towards larger stored energy

Basically two options:

Many (all) bunches and in steps increase intensity

per bunch

Large (maximum) intensity per bunch and in steps

increase number of bunches (i.e. trains)

Consequences for:

Beam-beam effects

Luminosity control in experiments

Operation

Werner Herr, Evian 2010, 19. 1. 2010



Towards larger stored energy

Beam-beam effects:

Additional bunches behave as bunches already in the

machine (for second option)

Luminosity control

More flexible to share between experiments

Operation

Changing filling pattern proved to be very easy

Werner Herr, Evian 2010, 19. 1. 2010



Limits with crossing angle ?

With crossing angle:

β∗ = 3 m is comfortable, β∗ = 2 m near limit

Crossing angle close to nominal, small long range

effects, but get operational experience

Select simple filling schemes (50 ns spacing)

How large is the crossing angle ?

Werner Herr, Evian 2010, 19. 1. 2010



β∗ and crossing angle in 2010
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Operation with crossing angle

What is needed:

Generate squeeze with crossing angle (down to 1 m,

just in case)

Closure during squeeze should be sufficient

Good correction of β-beating

Good correction of orbit in interaction region

Luminosity scan knobs for different β∗ needed

Angle should be large enough. For proposed β∗ and

limited intensity: can keep it constant during squeeze

Werner Herr, Evian 2010, 19. 1. 2010



Filling schemes

”Simple” filling schemes:

50 ns spacing (no 100 or 150 ns spacing)

Standard number of trains (2, 3, 4) in the SPS

Must respect the intensity limit, i.e. total number of

particles less than 5 1013

Number of bunches given all collide in IP1/5

Number of special bunches for IP2: 1 to 4 with large

spacing are possible (or a train, 50 ns spacing)

Werner Herr, Evian 2010, 19. 1. 2010



Parameter set with crossing angle

number of Nb β∗ half angle L
IP1,5
peak % Imax

bunches p/bunch) (m) (µrad) (cm−2s−1) stored

156 (-) 10 1010 2 - 6.9 10
31 31

144 (4)‡ 7 1010 3 ±140 2.0 10
31 20

288 (8)‡ 7 1010 3 ±140 4.1 10
31 40

432 (12)‡ 7 1010 3 ±140 6.2 10
31 60

720 (20)‡ 7 1010 3 ±140 10.2 10
31 100

‡ LHCb, ALICE

Werner Herr, Evian 2010, 19. 1. 2010



Example: filling scheme with 720 bunches
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Possible strategy

Start with few bunches and move up to 156 per beam

Push bunch intensity towards nominal (i.e. above

7 · 1010)

Start operation with crossing angle

Replace equidistant bunches by trains

Add trains until Etot limited or luminosity sufficient

(choice of trains to tailor the relative luminosities)

Do not waste your time to optimize the machine before

you hit a limit, and thanks for all the fish

Werner Herr, Evian 2010, 19. 1. 2010


