International Teachers Program 2019

Future Accelerators

D

Hector Garcia Morales
PhD in Physics and Science Communicator
hector.garcia.morales@cern.ch

?E/RW @cerntripetas

OXFORD



mailto:hector.garcia.morales@cern.ch

“Trying to predict the future is a mug’s game. But [...] it’s a game we all have
to play because the world is changing so fast and we need to have some sort of
idea of what the future’s actually going to be like because we are going to
have to live there, probably next week.”

Douglas Adams, The Salmon of Doubt









http://www.youtube.com/watch?v=y0brSA1cyzw

We only need 2 things to build new machines






Physics Motivation
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Nature is a bit tricky and this seems not to be
enough...



The obvious option: upgrading the LHC



High Luminosity LHG (HL-LHC)

- GOAL: Increase the amount of collisions per second
(luminosity)
- Higher number of particles per bunch
- Smaller beamsize at the Interaction Point (IP)

- Currently, the largest collider being built.



High L

uminosity LHC (HL-LHC)

= 2 CIVIL ENGINEERING “CRAB" CAVITIES
2 new 300-metre service tunnels and 16 superconducting ,crab®
2 shafts near to ATLAS and CMS. cavities for each of the ATLAS
and CMS experiments to tilt the

beams before collisions.

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before
collisions.

SUPERCONDUCTING LINKS
Electrical transmission lines based on a COLLIMATORS
high-temperature superconductor to carry 15 to 20 new collimators and 60 replacement
current to the magnets from the new service collimators to reinforce machine protection,

tunnels near ATLAS and CMS.

BENDING MAGNETS

4 pairs of shorter and more

powerful dipole bending magnets
to free up space for the new

collimators.

ERN Novembee 2015
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Why do we need to build larger colliders?



Evolution of Particle Colliders

10000 | Discovery on the Energy Frontier
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Human beings, who are
almost unique 1n having the
ability to learn from the
experience of others, are also
remarkable for their apparent
disinclination to do so.

-Douglas Adams



What should be the next collider?



Linear or circular colliders?

Linear colliders

Relatively simpler machine
Less magnets
Single pass machine
o All the energy must be given
in one shot
One collision per bunch
Lower luminosity
No synchrotron radiation emission
Only one experiment
Mainly for colliding electrons

Circular Colliders

Quite complex machine

Many magnets

Multi-turn machine

Higher luminosity

Synchrotron radiation emission
Multiple experiments installed
Electrons, protons and ions



Protons or electrons?

Protons

e Composed of quarks and gluons

e Heavy (~1GeV)

e Low synchrotron radiation
emission

Electrons

Elementary particles

Light (511 keV)

High synchrotron radiation
emission



Linear Colliders



International Linear Collider (IL.C)




Electrons/bunch
Bunches/train

Train repetition rate
Bunch separation

Train length

Horizontal IP beam size
Vertical IP beam size
Longitudinal IP beam size
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Compact Linear,Collider;(CLIC)

540 klystrons s . 540 klystrons
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Parameter Symbol  Unit Stage 1  Stage 2 Stage 3
Centre-of-mass energy Vs GeV 380 1500 3000
Repetition frequency hiss Hz 50 50 50
Number of bunches per train ny, 352 312 312
Bunch separation At ns 0.5 0.5 0.5
Pulse length TRF ns 244 244 244
Accelerating gradient G MV/m 72 72/100 72/100
Total luminosity & 10*em %! 15 3.7 5.9
Luminosity above 99% of /s Zo.01 10*em s 0.9 1.4 2
Total integrated luminosity per year .%, b 180 444 708
Main linac tunnel length km 11.4 29.0 50.1
Number of particles per bunch N 10° 52 3.1 3.7
Bunch length o, um 70 44 44

IP beam size 0,/ 0, nm 149/29 ~60/1.5 ~40/1
Normalised emittance (end of linac)  €,/€, nm 900/20  660/20 660/20
Final RMS energy spread %0 0.35 0.35 0.35
Crossing angle (at IP) mrad 16.5 20 20




Compact Linear Collider (CLIC) : v =
B 380 GeV - 11.4 km (CLIC380) % r e
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Circular Colliders
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Two (or three) options: electrons and protons



Future Gircular Collider (FGC-ee)

parameter

beam energy [GeV]

Z
45

beam current [mA]

1390

no. bunches/beam

16640

bunch intensity [1011]

1.7

SR energy loss / turn [GeV]

0.036

total RF voltage [GV]

0.1

long. damping time [turns]

1281

horizontal beta* [m]

0.15

vertical beta* [mm]

0.8

horiz. geometric emittance [nm]

0.27

vert. geom. emittance [pm]

1.0

bunch length with SR / BS [mm]

3.5/12.1

luminosity per IP [1034 cm-2s-1]

>200




Future Circular Collider (FCC-hh)

Cms energy [TeV] 14
Luminosity [1034cm2s] 1/5 28

Machine circumference 27 27
Arc dipole field [T] 8 16
Bunch charge 1.05 /2.2 2.2
Bunch distance [ns] 25 25
Background events/bx 27 / 135

Bunch length [cm] 7.5




Made in China colliders (CepC and Spp3)

Para. Unit  Value Para. Unit Value
Energy GeV 120 Circum. km 54.752
Ne 10" 3.79 Ny/beam 50
Deam A 166 SRPOWE w517
current /beam
£ 6.12/ Bending
(x/y) e 0.018 radius . a0
B o/ Oy
mm 200/1 e, m 70/0.15
(x/y) (@IP) 3
0.118/ SR loss

Sy 0.083 /turn eV n.kl
0 10~ 0.336 lo2 mm 2.88

Google earth ' - =

S Vit GV 6.87 No. of IP 2

Vs 0.181 | £y GHz  0.65
OsR 0.0013 | Harm. No. 118712
OBS 0.0008 | &ss w0 0.00177
ny 0.23 s hr 12.2
Fu 0.692 L/TP fem’/s  2.0x10%




None of the above: the muon collider
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Project comparison

Project

ILC

Type

ee

Energy

[Tev]

1.5

3
0.091+0.16
0.24
0.091+0.16
0.24

0.365 (+0.35)
60 / 7000
100

27

Int. Lumi. Oper. Time
[ Iyl
2 11

10

1
2.5

5

16+2.6
5.6
150+10
5

1.5 (+0.2)
1

30

20

Power
[Mw]
129 (upgr.
150-200)

163 (204)
300
168

340
(+100)

580 (550)

Cost

4.8-5.3 GILCU +
upgrade

7.98 GILCU
?

5.9 GCHF
+5.1 GCHF
+7.3 GCHF
5GS

10.5 GCHF

+1.1 GCHF
1.75 GCHF

17 GCHF (+7 GCHF)

7.2 GCHF




Other options not included in this talk

e Novel acceleration techniques: AWAKE

(previous session)
e Neutrino platforms (DUNE)




Summary

Many options considered (circular, linear, protons, electrons...)
In different formats (energy, size, technology)
Preliminary designs are ready for final consideration.

European Strategy on Particle Physics will be updated next year.
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It is very dlfhcult to predlct what WI|| happen S0
we must be ready to 00n3|der any. alternatlve
" mcludmg no new colllders at aII'
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