DESIGN OF THETARGET DUMP INJECTION
SEGMENTED (TDIS) INTHE FRAMEWORK OF
THE HIGH LUMINOSITY LARGE HADRON
COLLIDER (HL-LHC) PROJECT

Lorenzo Teofili, David Carbajo, Francesco Giordano, Inigo Lamas, Giacomo
Mazzacano, Mauro Migliorati, Antonio Perillo-Marcone

19/06/2018 HB2018 (Daejeon, Korea)

INFN

Istituto Nazionale di Fisica Nucleare

ENGINEERING
DEPARTMENT




Turn On The Light!

_ N1Na f Ny,
dmto oy

L

CERN Accelerator Complex

U

LHC Injectors Upgrade -

SPS

neutrinos

CNCLS

Gran Sassa

AD
EEEEICERTE
= BOOSTER

n-ToF
L ) ‘ CTF3
:];f

neutrons

» p [proton) b ion b neutrons » p(antiproton] === proton/antiproton conversion  » neutrinos b electron

LHC Large Hadron Collider SPS Super Proton Synchrotron  PS  Proton Synchrotron

Separator Online DEvice

CTF3 Clic Test Facility CNGS Cern Neutrinos to Gran Sasso  ISOLDE  |satoj

AD Antiproton Decelerator
Low Energylon Ring LINAC LiNear ACcelerator n-ToF Neutrons Time Of Flight

LEIR



Beam Intercepting Devices (BIDs)

Collimators

Inall types of linear and circular accelerators, col limators are required o narrow the beam of particles. Owingto differences inthe construction of
the varis h i hesto beam collimation. InLinac's i

or before or within the transfer line. In this type of machine, the beam interacts with the
and rings, the i ffectsthe beam ontinuouslya
complicated problem (2)

mportanttocollimate the beam before the target
e.Incontrast, in
the proper selection of collimator locationsisa more.

In general, tasks of collimation system are:
—  Tocleanthe beam; =12m
—  Toprotect the it = 500kg

Callimator Family and main function
TCP: Beam cleaning and general protection (staze 1}
--‘ Vacuum Vessel 755 Beam cleaning and genaral protaction (stagal)

TELA: Interceptthe cleaning inducedshower

TEDI Injection collimation
TCLI[48.8]: Active injection protection
TCAPX: P
TETP:TET with BPM, replacesal TCTsin Ped, 2 S ands.
TS TCSG with BPM (rplacasTCS in Points)]

Actuation system

Scrapers

Beam scrapers are useful for measuringbeam properties, removing beam haloand reduce the beam size.
The scrapers consistof two one-sided copper jaws, one for each of the
iaws quickly through the beam. (4]

planes_Scraping one or both

—— Fast sweep

Stow,
Beam | —precice

movement

ScraperatLsS1

10mm thick
Gre blade

Schematic view of the movement of the SPS scraper jawduring operation:tails outside
desired amplitude are cut off by means of a fastmovement through the beam, starting

Beam Dumps

Beam dumps are devices usedto disposeof the beam whenever this action is requiredfor the operation of the accelerator complex. They are
designed to continuously absorb the energy of the beam circulating inthe upstream accelerator or transfer fine. The energy of the beam is absorbed
completely or partially, insuchawaythatthe eventually remainingunabsorbed energy. by the primary or secondary beam, is minimised and
guarantees [on a case by case basis) the required level of machine protection.(1)

)

Schematic layoutof PSB beam dumping system (3) ‘

Partof the beam dump system are absorber blocks

which consist on a block of material thatis brought on

the beam passage to stop remainingelectrans inthe beam.
As the electrons loose energy inthe material, they will not

Slits

Atypical method for measuringthe ittance consistsinaslit id system. For eachs|it position, the narrow aperture allows the
passage of abeamlet populated by particles that have an almostequal position and a certain istributi i
beamlet angular distribution istransformed intoa istributi

in iftspace, the

usinga profi itor.(5)
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They Have To Deal
With Two Intensity

Related
Phenomena...

Beam Dumps

Beam dumps are devices usedto disposeof the beam whenever this action is requiredfor the operation of the accelerator complex. They are
designed to continuously absorb the energy of the beam circulating inthe upstream accelerator or transfer fine. The energy of the beam is absorbed
completely or partially, insuchawaythatthe eventually remainingunabsorbed energy. by the primary or secondary beam, is minimised and
guarantees [on a case by case basis) the required level of machine protection.(1)
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beamlet angular distribution istransformed intoa istributi usinga profi itor.(3)
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Beam Devices Interactions

Nuclei Matter Interaction

* Beam Impact (DUMPING)____
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Beam Devices Interactions

Nuclei Matter Interaction Electromagnetic Beam
Device Interactions

Deposited Power
[W/mA2]

41.5794 Max
36.9601

32,3408

277214

231021

18.4827

13.8634

9.24406

462472
0.00528418 Min
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The TDIS: Geometry, the RF-System
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Beam Impact Scenarios
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Thermomechanical Simulations: Grazing
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Thermomechanical Simulations: Grazing
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Thermomechanical Simulations: Grazing
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Thermomechanical Simulations: Grazing
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Beam Impact Scenarios
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Thermomechanical Simulations: Large

Impact

Temperature [C]

214.52 Max
E 193.49
17245

— 15142
130.38
109.34
88.309
67.273
46.237
25.201 Min

Von Mises Stress
[MPa]

339.97 Max
! 302.23
264.49

‘ 226.75
189.02

151.28
113.54
75.799

L B Backstiffner
0.32121 Min

38.06
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Impedance Analysis
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RF-Heating
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RF-Heating

Impedance RF-Heating
Heat Flux [W/m/2]
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RF-Heating Results
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A Third Critical Scenario: The Nominal
One
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Conclusion

* The High Intensity of the HL-beams requires a redesign and rebuilt
of the majority of the Beam Intercepting Devices.

* The Scope, the Location and the Geometry of one of them, the
new LHC injection Absorber (TDIS), were presented.

* Electro-Thermo-Mechanical analysis to assess quality of the TDIS
design were presented.

* It well survives a beam impact scenario

* Itis able to work in the pessimistic case of RF-contacts failure
* A third possible critical scenario was identified.

* Further studies are on going on the last case.
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The TDIS: Location
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Thermo-Mechanical Stresses
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Thermomechanical Simulations: Large
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