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The LHC Upgrade (1)

LHC Nominal Peak luminosity L, for the ATLAS
and CMS experiment:
1034 cm—2 st

Luminosity Upgrade:
- Phase I: 2-3 L,;
- Phase I1: final goal of 10 L;

How?

- increase current intensity;

- improve optics, in order to decrease B* from
0.55 m down to 0.3 m or less if possible;
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The LHC Upgrade (I1)

Actual layout of the beam line on one side of the ATLAS/CMS experiment:
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The inner triplet is responsible for squeezing the beam.

The actual triplet aperture of 70 mm does not allow a further squeeze: the beam would become
too large in the triplet itself.

New design of the magnets around the insertion regions
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| The LHC Upgrade (111)

Actual layout of the beam line on one side of the ATLAS/CMS experiment:
I1A<
o Y

e’

LN %
Q1 Q2 ::.ﬂr D1
Tas

WA WOXE v:JJIEA{J i
- -

IRNIREEE I
|

-_.1___1 h-_q_Er-.-. = :f. --.-."1- .
18,05

1R ES

~~~~~~

s

1195

New layout:
- new triplet:

VE k]

» Technology of Nb-Ti Rutherford-type superconducting cables;
* longer;
* 120 mm aperture;

- corrector magnets grouped in one package at the non-IP side of the triplet;

- a two-module, RHIC-style, superconducting separation dipole, with a large aperture (180 mm);

Energy deposition studies: to identify shielding solutions
against the risk of quench and optimize the design.

International Topical Meeting on Nuclear Research Applications
Vienna, 4-8 May 2009 and Utilization of Accelerators




N

Simulation set-up

Layout used for the energy deposition studies for the Phase | Upgrade:
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Parameters: The Monte Carlo code FLUKA was used for energy

- luminosity at 2.5 10%* cm?2 s;

- 225 grad half crossing angle;
-TAS aperture: 45 mm;

- FDDF triplet wrt the horizontal
plane for a positive charged
particle escaping from IP;

- recommended limit for power
deposition of 4.3 mW cm-=3 (same
as for the actual triplet);

deposition studies, provided with the event generator
DPMJET;

Statistical uncertainties:
- 10%b on peak power values;
- 1906 on totals;

Safety margin of 3 on the peak power density: to
compensate for un-avoidable systematic uncertainties (e.g.
extrapolation of cross sections of primary events at 14
TeV centre-of-mass energy; crucial dependence on the
pseudo-rapidity distribution tail).
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The collision debris (1)
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Radiation field from LHC collisions at the IP and at the TAS aperture:

100 q
F i ' ' ' "155 pani'cles per collision at 5mm from the IP —= 3
5.37 particles per collision through the TAS aperture (on one side) C— 4

10%b6 of the total number of
the particles generated in the
proton-proton collisions go
through the TAS aperture: they el 3
carry 80%b of the energy; '
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The collision debris (1)

Particle spectra in the vacuum chamber at the non-IP side of the TAS and

Charged particles
(especially pions) are
captured by the
triplet magnetic field;

Neutral particles show
the geometrical
shadowing effect
provided by the TAS
on the triplet.

Spectra reaching
downstream elements
are represented by the
purple curves.

Vienna, 4-8 May 2009

E dMN/E [pet pp collision]
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From 90 mm to 140 mm, the
total load on the triplet ranges
from 450 W to 375 W.

The longer the triplet, the
better.

Values are above the quench
limit on the second half of
the Q1 and at the IP side

of the Q2a.

Aperture  Gradient L(Q1,Q3)
(mm) (T/m) (m)
90 156 8.69
115 125 9.98
130 112 10.81
140 104 11.41

L(Q2a,b)

(m)
7.46
8.42
9.04
9.49

[
=
=
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Total length
(m)
36.2
40.7

43.6

457

Triplet - Parametric study

Study of the dependence of the longitudinal profile of the peak power density on the triplet length.

TAS aperture: 55 mm

—— 90 mm

—=— 115 mm

—— 130 mm

140 mm

Ql

Q2a Q2b Q3
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Triplet

N
4

CABLE 1 - Energy peak in XY slice [mW/cm?3]

CABLE 1 - Power deposition peak in XY slice [mW/cm3]

Shielding options

A continuous liner (e.g. 3 mm of Tungsten) is
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Triplet - A thick liner in the Q1
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The smaller beam size in Q1 (wrt all the triplet) allows to lodge a thick liner in the BS.
The net benefit is at the beginning of the Q2a, not only in the Q1 itself.

Peak power density in the triplet cables for different thicknesses of the additional shield inside the Q1.
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The preferred 120 mm coil aperture design implements
a 10 mm thick stainless steel liner in Q1.
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Triplet - The crossing scheme
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Proton-proton collisions
will be featured by a &

crossing angle lying on "5 sol hf;:“ﬂc;“:;hﬁ 1
. = crossin ne
the horizontal or on the £ 40 o
vertical plane, % s0r
symmetric wrt the & o EM k
longitudinal axis. 3T | | % [\
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- FDDF on the horizontal plane;
- DFFD on the vertical plane;

The pattern of the energy deposition is set by the coupling of
the crossing scheme with the triplet magnetic configuration.
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The corrector package
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Global view

p
N
Vertical crossing (cut on crossing plane) positive charged neutrals
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Conclusions

N

the exposure of the superconducting cables of the magnets around the high
luminosity experiments of the LHC to the debris originated by proton-proton
collisions is an issue for the possible risks of quench;

the magnetic field of the triplet plays a major role in:

capturing charged particles (mainly pions) and leading them to showering in the
magnetic elements;

locating the peaks of the power deposition on the vertical/horizontal plane, depending
on the crossing scheme;

reversing the transverse position of the peak (up->down, left->right) at the end of the
triplet wrt the initial one;

hot spots in the triplet are expected at the first gap between magnets;

the superconducting coils need a protection from the main showering coming
from inside the beam pipe:

the TAS is effective in reducing the load at the beginning of the triplet;

a continuous liner (e.g. 3 mm of Tungsten) inside each triplet element aperture and
along the interconnections provides the SC cables with a substantial shield; problems
with the aperture requirements can arise;
effective shadowing can be obtained by the use of increasing apertures:

+ the thick liner in the first triplet element;

+ the larger aperture of the corrector package wrt the one of the upstream triplet;

+ the largest aperture of the first separation dipole;
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