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Why SPPC needs collimation system
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Introduction about LHC collimation system
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Introduction about LHC collimation system

Functional type Name Plane Number | Material
Primary IR3 TCP 2 CFC
Secondary IR3 TCSG H 8 CFC
Absorber IR3 TCLA HV 8 Inermet 180
Primary IR7 TCP H. V.S 6 CFC
Secondary IR7 TCSG H. V.S 22 CFC
Absorber IR7 TCLA H V.S 10 Inermet 180
Tertiary IRI/IR2/IR5/IR8 TCTP HV 16 Inermet 180
Physics debris absorbers IR1/IRS TCL H 12 Cu, Inermet180
. TCDQ H 2 CFC

Dumyp protection IR6

TCSP H 2 CFC
Injection protection (transfer lines) TCDI HV 13 C

TDI v 2 hBN, Al, Cu/Be
Injection protection IR2/TR8 TCLI A% 4 C.CFC

TCDD v 1 Copper

L




Introduction about LHC collimation system

@ The primary collimators (TCPs) are the Primary Shower Tertiary  Bottle
. . Cold aperture 5 collimator absorbers i collimators ~ neck

closest to the beam in transverse normalized
space, cutting the primary halo

@ The secondary collimators (TCSGs) cut the Primary f‘
particles scattered by the primaries
(secondary halo)

@ The absorbers (TCLAs) stop the showers

from upstream collimators - - —i— - - _ - - _ _____
@ The tertiary collimators (TCT) protect l .

Protection
devices
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directly the triplets at the colliding IRs
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Upgrades of collimation system for HL-LHC

L : LHC
The collimation system could not satisfy the HL-LHC ECC-hh

magnet quenching requirement when doubling (design)
the bunch intensity

The main cold loss around the ring is in the
dispersion suppressor (DS) downstream of IR7,

which has the risk of quenching the cold Beam
magnets 3x10™ | 6x10* | 1x10%5 [1.2x1015
intensity

The cold loss mainly caused by Single-
diffractive (SD) effect with an energy loss

The local collimators are added to eliminate

the risk of quenching Power load

( t=0.2h)

~500 kW ~960 kW | ~11800 kW | ~9200 kW




Upgrades of collimation system for HL-LHC

Power density (mW/cmS) in the horizontal plane
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In order to make space for the new collimators, it is envisaged to replace, for each TCLD, an existing main
dipole with two shorter 11 T dipoles with the TCLD in between



Local cleaning inefficiency with or without collimators at DS
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Consideration about new collimation optics for SPPC

Particles with energy loss would be lost in DS downstream the LSS, where the dispersion
starts to increase

Local collimators had to be added to remove the particles with energy loss

If one puts the whole momentum collimation system in the same long straight section after
betatron collimation system, one can also remove these particles

A very long straight section is needed...



Consideration about new collimation optics for SPPC
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Consideration about new collimation optics for SPPC
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Consideration about new collimation optics for SPPC
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Preliminary studies about collimation materials

Materials performance:
Thermomechanical Robustness Index (TRI)

Related to the ability of a material to withstand the impact of a short particle pulse
Thermal Stability Index (TSI)

Index of the ability to maintain dimensional stability under beam slow losses
RF Impedance Index (RFI)

Index of the ability to minimize the contributions to RF impedance



Materials for collimators

FOM for BIDs existing materials

Carbon-

Be Carbon Graphite Cu (Glidcop) Mo
1273 3650 3650 1083 2623
TRI 800 800-1200  800-1100 5 6
TSI 17 45 10 0.8 0.7
RFI 4.83 ~0.38 ~0.27 7.33 4.38

Indicative Required FOM for LHC
Secondary Collimators

\(/:/T?g(())\)/ LHC (Nominal) HL-LHC
~1400
0.5 300-500 600-1000
0.1 ~20 ~40
2.93 0.4 (?) ~1(?)

» Carbon-based materials feature excellent TRI and TSI (to low-Z, low CTE, low density, high
degradation temperature, high conductivity), but are penalized by low RFI (low electrical

conductivity) ....

» Beryllium is outstanding under many points of view ... unfortunately its use is severely limited by

its toxicity

» Metal-based materials feature excellent RFI, but are penalized by low TRI and TSI



Materials for Phase | LHC collimators

Primary and secondary collimators: closest to the beam, robustness (withstand beam impacts
without significant permanent damage from the worst failure cases), carbon- fiber-carbon

composite (CFC)
Absorbers and tertiary collimators: not so close to the beam, higher particle stopping potential,
less impedance effect, metal-based jaws

- S pFo S
|




Materials for phase Il LHC collimators

The LHC performance may be limited by collimator material-related concerns, such as the
contribution from the present carbon-based secondary collimators to the machine impedance

Novel materials for new collimator jaws are explored to replace the CFC of the secondary
collimator material (combine the excellent thermal properties of graphite or diamond with
those of metals and metal-based ceramics of high mechanical strength and, good electrical
conductivity)

Molybdenum Carbide - Graphite (MoGr) composite (Fx{¥.4H 47 52 & 544 #}) and Copper-
Diamond (CuCD) composite (84N (CuCd) B &KL



Materials for preliminary SPPC collimators

Very high stored energy (6.6 GJ)

| 3 km |
|
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CFC is not suitable for the collimator )
material with its low electrical conductivity

Good thermal stability, high robustness,
good electrical conductivity
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CUCD’ Or Other Composite materiaIS Betatron collimation Momentum collimation




Advanced collimation concepts - bent crystal

Bent crystal can be used for channeling and extracting the beam halo in a g °°'""‘""°"-€'
controlled way

€ Can improve cleaning efficiency
€ Reduce impedance: less secondary collimators, larger gaps

. . . Crystal-based collimation
» Low intensity beam tests at the LHC in 2015
» Promising for the SPPC, but large uncertainties on extrapolations —
to high energies and several operational challenges Crystal —
Absorber




Advanced collimation concepts— Hollow e-lenses collimation

» Hollow electron beam collimation is a novel technigue .
. . . primary  secondary shower
for beam collimation and halo scraping collimator ~ collimator  absorbers
> In the case of high-power proton beams, scraping is
smooth, controllable, and the issues of material
damage are mitigated

» The concept was tested experimentally at the Fermilab bre’;m;ylo !
Tevatron collider using a hollow electron gun installed ud
in one of the Tevatron electron lenses S — S —
» Expected to be used in HL-LHC circulating beam
e-current - J ()
density
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Advanced collimation concepts — nonlinear collimation

0.03
» Anti-symmetric sextupole could cause resonance to 0.02-
extract beam halo particles in two directions
» It could replace the primary collimators to scatter 0.01-
the beam halo particles which could be removed by & s
secondary collimators E 0 ’
» Expectation advantages: no touch with particles- > s
suitable for very high energy, very high collimation 001
efficiency, reduce impedance, and so on 005,
» Will be done in the next step... e
%oz 002 w001 0 001 002 003

% (m1/2)



Conclusions and plans

Conclusions:
Collimation system at high energy colliers is very complex
Extremely high cleaning efficiency is needed
A new collimation optics for SPPC has been considered preliminarily
Novel composite materials might be suitable as the collimator materials

Some advanced collimation concepts have been studied for the future colliders

Plans:

® Do the collimation system simulations with SixTrack code
® Study one of the advanced collimation concepts — nonlinear collimation



Thanks for everyone
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Hadronic shower
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