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Hiukkastormayttimien historiaa (ja tulevaisuutta) @
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Miksi multi TeV e” e* tormaytin?

Miksi lineaaritormaytin?

|
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dﬂ Fysiikkaa lyhyesti @N

Hadroni-tormayttimet (esim. LHC) Leptoni-tormayttimet (esim. LEP, CLIC & ILC)

N
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* Hadronit, esim. protonit, koostuvat kvarkeista eli alkeishiukkasista

* Leptonit, esim. elektronit, taas ovat alkeishiukkasia, mutta

* Elektronit noin 2000 kertaa protoneja pienempia

*  Feynman: "What will one ever learn colliding Swiss watches against Swiss watches?” (about
collisions between protons)

Leptonit mahdollistavat
hyvin tarkkojen
mittauksien tekemisen

Yleinen ndikemys tiedemaailmassa siitd
ettd LHC:n jidlkeen rakennettava
kiihdytinlaitteisto on lineaarikiihdytin

Courtesy of F. Tecker
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Miksi lineaaritérmaytin? @

Circular colliders use magnets to bend particle trajectories
Their advantage is that they re-use many times S,

. - 0
the accelerating cavities %

o,.
o 4 %o

the same beams for collision

e Kaikkien ympyran muotoisten téormayttimien ongelma
» Sateilyenergia kasvaa hiukkasten energian kasvaessa suhteessa E*

E4
P o< ——
mir
=>» ei ole niin suuri ongelma painavilla hiukkasilla (kuten esimerkiksi protoneilla LHC:ssa)

Courtesy of H. Schmickler
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Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa



Miksi lineaaritérmaytin?

lepton collider

LEP (27 km, 200 6eV e* &) will probably remain the largest
ever built i

B
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LEP (27 km, 200 GeV e* e) will probablirémqi&ﬁgilﬁm\es’r lepton collider

ever built e
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LEP (27 km, 200 GeV e* e) will probably rema
ever built ok
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@B Vaiko sittenkin FCC?- Future Circular Collider Study I@:Aq
CDR and cost review for the next ESU (2018)

80-100 km tunnel

infrastructure in Geneva area

pp-collider (VHE-LHC) defining
the infrastructure )
requirements

e+e- collider (TLEP) as Prealps
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@B Mita LHC:n jalkeen? I@q

COLLISION COURSE

Particle physicists around the world are designing colliders that are much larger in size
than the Large Hadron Collider at CERN, Europe's particle-physics laboratory.

CERN’s Large RS .,
. Hadron Collider S China’s electron-positron collider
Circumference: 27 km &8 S W% 52 km; 240 GeV
Energy: 14 TeV fi Poh :

China’s super proton collider
52 km; <70 TeV

US/European super e — China-hosted international
proton collider electron-positron collider
100 km; 100 TeV £ i 80 km; 240 GeV
China-hosted international
.................... super proton collider
g 80 km; <100 TeV
International ——— ", e ,
L'near CO”IdEf .............. — Ex|st|ng ....... Proposed

Length: 31 km

51 Tev ---------------------------------------------------- Tev' teraelectronvolt; Gev' glgaelectronvo't

|
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m Potentiaaliset lineaaritormayttimet @N

4 )
ILC 0.5 TeV CLIC-3 TeV

Suprajohtava Normaalikonduktiivinen

Suunnitelmat tulevaisuuden lineaaritormayttimeksi
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d[b Tutkimuskohteet

* “ltis an exiting time to live in for a
physicist!”

xS,

e Perusfysiikan ja LHC:n tulosten
taydentaminen

— Standardimallin vahvistaminen ja fysiikka sen
takana

bosons
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— Uudet Gauge, Higgs bosonit ym.

Gau

— Supersymmetria
 Nama tutkimuskohteet tasmentyvat ja

uusia saattaa ilmaantua LHC:n tulosten
perusteella
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m Mika on CLIC?

* CLIC: Compact Linear Collider.

e Lineaarinen kiihdytin
synkrotronisatelyn ja energia-
havididen minimioimiseksi kun

tavoitellaan korkeita AFTER THE HIGGS

energlataSOJa.. —
* Tormdysenergia (center of e e it

mass) 380GeV-3TeV. S S e

* Elektronit vastaan positronit
 Kompakti? Mutta 50km pitka?

* CLIC:ssa elekromagneettinen
kiihdyttava gradientti 100
MV/metril!

* |LC 35 MV/metri
suprajohtavalla tekniikalla.
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@B LEP > LHC = CLIC? @
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KANSAINVALINEN CLIC YHTEISTYO

Yli 30 valtiota — yli 70 instituuttia
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collaboration

Detector
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collaboration

@ Accelerator + Detector collaboration
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CLIC roadmap

Goal for next strategy update:
Present a CLIC project that is a
“credible” option for CERN beyond
LHC, a Project Implementation Plan.
Guidelines used internally:

* Adapt to physics results — LHC
mostly — taking into account LHC at
13-14 TeV as results become
available (be flexible)

* Physics no later than 2035, solid
luminosities from Higgs/top at 380
GeV to 3 TeV (staging)

* Initial costs compatible with earlier
projects (order LHC+50%) (staging)

» Upgradable in 2-3 stages over a 20-
30y period, without major (max 3-4
years) operational breaks, and with
upgrade costs also in reasonable
agreement with current budget
level.

* Cover accelerator, detector, physics

2013 - 2019 Development Phase

Development of a Project Plan for a
staged CLIC implementation in line with
LHC results; technical developments with
industry, performance studies for
accelerator parts and systems, detector
technology demonstrators

2019 - 2020 Decisions

Update of the European Strategy for
Particle Physics; decision towards a next
CERN project at the energy frontier
(e.g. CLIC, FCC)

2020 - 2025 Preparation Phase

Finalisation of implementation
parameters, preparation for industrial
procurement, Drive Beam Facility and
other system verifications, Technical
Proposal of the experiment, site

authorisation

2035 First Beams

Getting ready for data taking by
the time the LHC programme
reaches completion

2025 Construction Start

Ready for construction;
start of excavations

@ Compact Linear Collider

Jukka Viinoli, CERN PH - Helsinki Institute of Physics
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CLIC toimintaperiaate

797 klystrons
15 MW, 139 ps | | |
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m Delay loop & Combiner ring @N

Courtesy of A.
Andersson
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@B Kiihdytinrakenne
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Sahkomagneettinen kentta ‘@:Aq
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Korkea gradientti = kiihdytysteho

CLIC target gradient: 100 MV/m

RF in

I I I I I I I ' . I I I I I particles "surf” the
electromagnetic wave

|
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Q!B CLIC kahden hiukassuihkun kiihdytys @j

CLIC perustuu ns. kahden hiukkassuihkun kiihdytykseen, jossa ajohiukkassuihkun (korkea
sdhkovirta, matala energia) avulla kiihdytetddn pddhiukkassuihkua (matala virta, korkea energia).

Ajohiukkasuihku (Drive beam)

PETS (Power Extracting and Transferrin

Pddhiukkassuihku (Main beam) structures

A johiukkasuihkun
magneetit

Pddhiukkasuihkun
magneetit

Mita pienempi taajuus sita suurempi

aaltoputki RF power

Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa



&!b RF Power Transfer in Coupled Structure @N

. . Slide courtesy of A. Candel (SLAC)

particles “surf” the
electromagnetic wave
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CLIC:n mahdollisuudet ‘@

— neutralinos
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CLIC SCHEMATIC

(not to scale)

B detector
[ BDS
I accelerator rvuiviviim

3TeV c.m.

L=2.75km
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Esimerkki loppusijoituspaikasta @

IP under CERN Prevessin site
Vaihe 1: 380 GeV pituus 11 km, Vaihe 2: 1,5 TeV, Vaihe 3: 3 TeV pituus 48.5 km
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CV - Extraction 1m?

CV - Air supply 1m?

380 GeV Delay Drive beam (for 2.3km on e+ side)

Drive beam

Fire fighting water DN80
Low Power & Signal
Bl, Survey & Vacuum

Inner Telescope

Compressed air DN150

Acces Dump bridge

Cable trays
DC MB
Gen. Services

DC Corr.

DC DB

AC Power

DC TRIM (opt.)

() [ [ P i )

Spreader (120mm)

Drive beam

CV pipes - Sector B

Main beam

Main beam

Pre-alignment zone

Demineralized water DN40

Electronic racks + Shielding

Separation joint

10mm compressible filler

CV pipe + Damping material - Sector A
Pipe

CE Floor level +0mm -100mm
Safe passage (700mm)

Transport train

CV Pipe + Damping material - Sector A

Drainage

Jukka Viinoli, CERN PH - Helsinki Institute of Physics
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Kustannusarvio @

10000

[MCHF of 2010]

4000
3000
2000
1000
0
500 GeV A 500 GeV B 380 GeV
B Main beam prnductian W Drive beam praductinn B Two-beam accelerators
© Interaction region u Civil engineering & services W Machine control & op. infra
First to second stage: 4 MCHF/GeV (i.e. initial costs are very . Table 11: Value estimate of CLIC at 380 GeV centre-of-mass energy.
significant) Value [MCHEF of December 2010]
Main beam production 1245
Caveats: Drive beam production 974
Uncertainties 20-25% Two-beam accelerators 2038
Possible savings around 10% Interaction region 132
However — first stage not optimised (work for next phase), Civil engineering & services 2112
parameters largely defined for 3 TeV final stage Accelerator control & operational infrastructure 216
e — Towld
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&!b CLIC Lineaaritdrmayttimen suurimmat tekniset haasteet:

1. Suuri kiihdyttava gradientti tormayttimen pituuden
minimoimiseksi

2. Hiukkassuihkut nanometriluokkaa
valmistustarkkuus, kohdistus, suoruus ja stabilointi

3. Kustannukset ja rahoitus

damging ring

SOUrCE miain lirac

Hiuksen halkaisija noin 100 um
(100 000 nm)

Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa




m Keskeisia teknisia osa-alueita @N

* Korkea kiihdyttava gradientti: vahvat sahko- ja magneettikentat RF-
komponenteissa
— Komponentit huoneenlammaossa, normaali sahkonjohtavuus
— Kuparia kaytetaan RF-komponenteissa erinomaisen sahkonjohtavuutensa takia

e Vaadittava asemointitarkkuus mikrometriluokkaa
— Suoruus, absoluuttinen tarkkuus, liukuva ikkuna -ajatus
— Lisaksi aktiivinen asemointijarjestelma
e Stabilointi
— Magneetit kiihdyttimessa seka fokusointi
 Lammonhallinta
— Taman hetkinen suunnitelma on jaahdyttaa moduleita vedella
— Tormayttimen kokonaishyotysuhdetta optimoidaan jatkuvasti
* Tyhjio UHV-luokassa (10 mbar)
* Hiukkassuihkut liikkuvat “lahes” valonnopeudella

[ ]
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@B Kiihdytinrakenteet

Kiekkojen valmistus:

- Cu OFE UNS C10100

- Muototarkkuus + 2.5 pm

- Pinnankarheus Ra 0.025 um

- @80 mm

- Liittaminen diffuusiohitsaamalla

08.03.2018 L. Deparis
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CLIC moduuli

PETS ON-OFF MECHANISM VAC ION PUMP

DB 100 A
o>V

COMPACT COUPLER

DB QUAD MB ~1A

LV
NN |

= AN J

PETS ( OCTANTS,
MINI-TANK )

COOLING
CIRCUIT

REF.
SPHERE

NSTRUMENTATION

ALIGNM
SYSTEM

ACCEL. STRUCTURE
VAC. MANIFOLDS (BRAZED DISKS)

MB QUAD MB Q SUPPORT & STABILIZATION

20760 moduulia/ (noin 2 metrid pitkia)

71460 voimansiirtoyksikkea PETS (drive
beam)

143010 kiihdytinrakennetta
(pddhiukkassuihkulle)

CLIC - Typical Cross Section - Didmeter 5600mm - Junction with Turnaround - 1:25
Draft - J.Osborne / A.Kosmicki - August 8th 2010

(Courtesy J. Osborne)

Jukka Viinoli, CERN PH - Helsinki Institute of Physics
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Tukirakenteet ja asemointi
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Aktiivinen asemointi

Determination of the position of the components

 Association of a propagation network every articulation point

e

At the scale of the module:

Proximity network

E== E==

Drive beam (PETSs + quad on the same girder)

Straight references

Main beam (cavities on girder, quad independent)

Proxamity networl

Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa



Asennustunneli

199075 3666888

REer Bo@ oL

(Courtesy J. Osborne)

Standard tunnel
with modules

Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa



@A

Lukiolaisten tiedeopiskelu CERNissa

I0rla

L3

Courtesy of A.Gaddi, H.Gerwig and A.Hervé

i detekt

CLIC yksi tormayskohta, kaks

Jukka Viinoli, CERN PH - Helsinki Institute of Physics



@B Fokusointi @

40nm

Feedback

Active rejection of canteliver beam resonances: home-made

Mechanical structure and its instrumentation

Actuator in
flexion

Seismic sensor
(accelerometer and velocity sensor)

e Clamping | Mechanical Actuators in 2.5 m long
I.AViSta> structure proof-mass

2008-05-30 C.Hauviller

CLIC seminar

Jukka Viinoli, CERN PH - Helsinki Institute of Physics
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CLIC laboratoriomoduuli

Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa




&!b CTF3: CLIC Test Facility #3

CTF3 — Layout

4A—12us

150 Mev

COMBINER
RING

DRIVE BEAM
LINAC

CLEX
CLIC Experimentzs

Jukka Viinoli, CERN PH - Helsinki Institute of Physics



CTF3: CLIC Test Facility #3

Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa



Termomekaaninen simulointi @

Numeerinen menetelméa, FEM

Courtesy of R. Nousiainen HIP/VTT

Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa



&!b Erikoistarkkuuskoneistus @

C: cle ) [
CLIC:n vaatimuks * key Technologies same as

Muototarkkuus * 2 AN complex

Pinnankarheus R 2 5 nm mechanical/optical key components
« often a combination of highly
accurate 3d-form, positioning

"\)

F
erm [Tm] and roughness, as well as
optical effects are required
1 1
K Conv. Machining
01 +
F Fine Machining
0,01 +
P Precise Machining
0,001
UP Ultra-Precise Machining
I I I > Roughness [um]
0,01 0,1 1 10
08.03.2018 L. Deparis
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dﬂ CLIC alihankinta

« Validointivaihe 1. komponentti/disk
« Validointivaihe 2: rakenne

» Hyvaksytty partneri: osallistuminen
tarjouskilpailuihin

MeChanICs - Marie Curie Linking Industry to CERN

- 2010 -2014, henkiloliikkuvuusohjelma

- Cern, HY, Metso, Loval, Tarkmet, Mectalent, Lewel Group

- Yrityksista 6-18 kuukautta Cernissa, Cernista 2 kk yrityksissa
- 2 palkattua tyontekijda 2 vuodeksi Cerniin

[
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@

CLIC CDR (Conseptual Design Report) (2012)

X

re———

A e W L P L B 1 L
CERM pusomas pocaspamim (08 mUCIEAS B0

FHYSICS AR DETRCTOED AT CLIC

VIR T D e

CERMN poncrr s (e g smas 1 =0T 1140 B ErH

A MULT-TEY LIMEAK COLLEEE
RaEEn o CLHC TECHRILY

LI R D T

(A B (B [ P LA RV L
CERM pssrmas oo sapamiv po8 UL SHas0s

THE CLIC PEces vl ve:
TIHARENS & STAGHD o v~ LR OO0 L i
EXFLOBING THE TEMASTALE

(LR TSt ] S e

Conseptual Desigh Report, CDR 2012
3 osaa: Fysiikka & detektorit, Kiihdytinrakenteet, Strategia, kustannukset & aikataulu
Laajan kv-yhteistyoverkoston tulos: 40+ instituuttia osallisina, nyt jo yli 70
Saatetaan kayttaa mallina FCC CDR raportille

|
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Lisatietoa:
http://clic-study.orqg/

CONSEPTUAL DESIGN REPORT (CDR)
http://project-clic.cdr.web.cern.ch/project-CLIC-CDR

CLIC showroom

Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa
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@B Mika on klystroni?

|—7 Drift Space 4-—|
"Buncher" "Catcher”
Cavity Cavity
Censity of Electrons
Cathode \ Collector
Bo =000 —

Electron Beam

oo T

Microwave Input Microwave Output

Klystronin toiminta:

1. Tasavirta elektronilahde.

2. Buncher-cavity (modulate the velocities)
3. Drift (the electrons gather in bunches)
4. Catcher-cavity (extract the electromagnetic wave) j

coNTRoL GRID

Korkea taajuus on hyddyllinen hiukkaskiidyttimessa

( )
[ [ 1GHz klystron

\------------ 12GHz CLIC y

Jukka Viinoli, CERN PH - Helsinki Institute of Physics Lukiolaisten tiedeopiskelu CERNissa



Toteutettavuus

Timescale/lifecycle for project re- Power and energy development.
defined: Buildup of drive beam (CLIC
zero), stage one — physics, more

stages/extensions

T T e
VoI LUsTel

Have started to work on energy
estimates (not only max power at
max luminosity and the highest

Ll L I N 1
[T N LI 1 05 MK N

Parameters: energy steps and scans, Y « energy) based on running scenarios
inst. and int. luminosities, and power on/off/standby estimates
commissioning and lum. ramp up
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Zoom on the ground movement @
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&!b Luminosity, preisolator, orbit feedback ‘@
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Stabiloitu maaperan lilkkkuminen @
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&!b Maapera, hiukkassuihku ja stabilointi @
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Luminositeetti, esisuodatus, stablilointi @
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