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Prototypes
Collimators, dipoles, quadrupoles, sextupoles, multipoles
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Rotation and run-time corrections:
Primary and secondary collimators

• Rotation around the

beam direction and

the vertical axis

• Jaw material (carbon,

metal)

• Collimation gap and

misalignment (run-

time)



Absorber geometry

z(m)

Like secondary collimator, with Cu jaws and 10 sigma half width
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Special techniques and physics options

• Biasing techniques (“Russian roulette”,
splitting, leading particle biasing and
region importance)

• Energy cutoff by region

• Electromagnetic cascade

• Particles to be tracked

The CPU time to track one primary proton
was reduced from 120 s to 1.6 s



Validation

• Trajectory of primary protons along the tunnel
(magnetic field fine-tuning)

• 4 _ horizontal and vertical beam (consistency
half-gaps / beta functions)

• H, V and S losses simulated separately and
together (source consistency)

• Flange design (C. Rathjen)



Validation

• Magnets (Tortschanoff, R.

Wolf,R. Ostojic)

• Beta function (S. Redaelli)

• Losses in TCP (R.

Assmann)

• Tunnel (R. Valbuena)



Energy deposition (Cartesian, cylindrical binning
and by region)

Star density

– MCNPX (Geometry plots, 2D)

– Povray (Geometry plots, 3D)

–  EnLattice (Average and statistical error)

–  Flukaplot (Plots of energy distribution)

– Results.sh (To create a table with results from all
scenarios)

Analysis



Analysis can be performed by region,
eg. collimator TCSG.A6.L7

Region W
entr:344  0.98
exit:345  9.18
cups:347  75.97
box:348   726.35
clSR:350  87.44
clSL:351  125.2
plaR:352  355.21
plaL:353  70.64
scaR:354  129.74
jawR:355  412.31
scaL:356  52.1
jawL:357  611.33
CuJR:358  225.48
CuJL:359  854.42
claR:360  124.11
claL:361  1478.78
vclR:362  4168.6
vclL:363  691.55

Region W
sprR:364  667.01
sprL:365  1094.88
piJR:366  193.12
piJL:367  389.75

CusR:368  11.87
CusL:369  1292.21
ho1R:370  0.07
ho2R:371  2817.07
ho3R:372  1151.7
ho4R:373  2382.4
ho5R:374  648.73
ho1L:375  1335.47
ho4L:378  85.8
ho5L:379  159.51
shaR:380  44.69
shaL:381  109.54

Total: 22583.552



Energy distribution with Cartesian

binning
•

Cross-sectional front

view of a warm

quadrupole

Total energy deposition

in MQWAE5L:

38.5 kW



Beam loss scenario
Assumed loss scenario (0.2 h) for all calculations :

- The number of primaries lost in LHC is 4 x 1011

p/s.

- 90 % of losses in LHC take place in the TCP of

IR7 section

Four loss scenarios have been studied:

- losses concentrated in the horizontal TCP

(horizontal losses)

- losses concentrated in the vertical TCP (vertical

losses)

- losses concentrated in the skew TCP (vertical

losses)

- losses distributed over the three TCP (full losses)



Optimization scheme
Simulations are run for:

4 loss scenarios (Hori, Vert, Skew and full)

4 possible locations (A4, A6, C6 and E6)

2 absorber orientation (Vert and Hori)

                     32 possible 1-TCL configurations
                        (80 possible 2-TCL configurations)

• CPU time: 12 hours per set (5000 protons per
simulation, 5 simulation per set)
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Systematic check-up

• Well defined loss scenario and TCL

• Consistent position and half-gap

• CPU time per run

• Jaw orientation and beta function



Automated table filling with

energy deposition for a single

absorber.
250 simulations, 25 CPU days

W W WmW/c

m3

W W WmW/c

m3



IP7 TCL.A6
TCL.C6 TCL.E6

Max. heat density on MQTLHA6

coil



IP7 TCL.A6
TCL.C6 TCL.E6

MQTLHA6
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Two absorbers
170 Simulations, 18 CPU days

W W WmW/cm3 W



Three absorbers

600 Simulations, 60 CPU days

W W WmW/cm

3

W W
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Maximum energy deposition

Highest value of 

energy deposition 

in 1 cm thick slices

The dashed line 

corresponds to 

5 mW/cmc
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in 1 cm thick slices

The dashed line 

corresponds to 

5 mW/cmc



Conclusions

• Four possible locations for absorbers (A4, A6,
C6, E6)

• Absorbers in C6 and E6 are the most effective
ones

• The worst scenario consists in all losses
concentrated in the horizontal TCP

• Results suggest that three absorbers per beam
should be enough to avoid quenching in the first
MQTL

• Further investigation may suggest more effective
combinations of absorbers

• We will also investigate energy deposition in
cold dipoles


