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Figure 9: Left: Intensity during the proton quench tests in 2011, 2013 and 2015. Right:
Power loss calculated from the BCT on the post mortem logging for the proton quench tests
in 2011, 2013 and 2015.
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Energy deposition simulation requirements
for collimation losses

1. Creating input for further FLUKA simulations. Tracking studies

Sixtrack-FLUKA Coupling provides input
= Lossmap of proton impacts on collimator surface

= Lossmap of inelastic interaction positions
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2. FLUKA simulation set up

— Model complex geometries
of all key elements of the LHC
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— Set up the simulation parameters

Source routine

Magnetic fields routines
Physics settings

Scoring
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IR7 FLUKA geometry

* Long Straight Section

* Left Dispersion Suppressor + Arch up to cell 14
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0 Simulation Benchmark / BLM Signal comparison - Protons .

102 f f 1 f l f Beam 2 L
Experlmental - Slmulated Warm ==  Simulated Cold == [ > 150 BLMs J — i

> 700 m of geometry

BLM dose (Gy)

-400 -300 -200 -100 0 100 200
Distance to IP7 (m)
Absolute signal comparison:
» Within a few ten percent in the Warm section

=

» A factor of 3 underestimation in the SC magnets — Hint at Imperfections Detailed element models — Assembly with Linebuilder
» Remarkable pattern reproduction over 7 orders of magnitude Rendering of FLUKA geometry model of IR7 using Flair.
5
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Cold section underestimation
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Peak power deposition in the SC coils
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IR7 6.5 TeV proton QT Peak power dep. in the SC coils
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BLM dose rate (Gy)

6.37 Z TeV lon quench test BLM comparison

10- F I [ I i 1
: Measurement RS12 (Quench test 2015, 6.37 TeV) == Leam 2 :
10! F FLUKA (Quench test 2015, 6.37 TeV) =#= =

FLUKA Cold (Quench test 2015, 6.37 TeV) =w=
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Most recent lon collimation studies with smaller
impact parameter bring the underestimation to a
Review 11-Feb-19 E. Skordis factor of 3, similar to protons 10



Cold section underestimation

7 TeV Proton loss rate: 585 kW
6.37 Z TeV lon loss rate: 15 kW

Protons Protons Ions
deal Imperfection Ideal
Machine p Machine
Radially averaged
Peak power density 7.7 15.3 5-6
(mW/cm?) / / MB.A9L7 | / MB.A9L7 | / MB.B9L7
Magnet
BLM ratio
Measured/ 3 1,5 5
simulated
Radially averaged
Scaled peak power 23 23 25-30
density (mW/cm?)

Most recent lon collimation studies with smaller
impact parameter bring the underestimation to a

factor of 3, similar to protons
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BLM Signals 11L5 and CMS Luminosity
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Power Density summary

Ions Ions BFPP
Ideal machine| Imperfection
Radial averaged 5.6 20
peak power density
(mW/cm?) / Magnet / MB.BIL7 /
BLM ratio
Measured/ 5 <1.1
simulated
Radial averaged
scaled peak power density 25-30 20
(mW/cm?)
Averaged peak power
density in the last 5 second 20-25 20
(mW/cm?)
Quenched? Yes Yes

Most recent lon collimation studies with smaller impact parameter
bring the underestimation to a factor of 3, similar to protons
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Backup
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BLM comparison with 400 urad Misalignment and 2015 cumulative losses

Beam 2 Top Energy With QT
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Cold section underestimation

Measurement RS12 === FLUKA Cold rerun Muons @8 FLUKA Cold rerun Kaons + exotic @8
FLUKA Cold == FLUKA Cold rerun Pions+- ©% FLUKA Cold 400 urad protons =
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