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Eine Folie Uber mich

Studium der Physik in Hamburg und Munchen

Diplomarbeit am CERN beim OPAL-Experiment:

“Eine Suche nach Higgs-Bosonen im 4-Jet-Kanal”

Doktorarbeit am MPI Minchen beim H1-Experiment bei HERA

CERN Research Fellow (OPAL, ATLAS)

Wissenschatftlicher Assistent (C1) an der UHH (ZEUS, CMS)

Habilitation

Seit 2008 Wissenschaftler bei DESY: CMS, ILC, Wissenschaftsmanagement

und -administration
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Aus dem PR-Talk gestern
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Standardmodell?

|

; i _ _ (Quelle: WWW)
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Aus dem PR-Talk gestern

Offene Fragen ...

» Was sind der Ursprung und die
Entwicklung des Universums?

= Was geschah beim Urknall?
= Warum besteht das Universum aus
mehr Materie als Antimaterie?

» Was ist dunkele Materie? 25% Dunkle Materie
= Ein neues Elementarteilchen? o Al
Mehrere? £ - 5

s . s
» Gibt es Supersymmetrie?
» Ist das Universum flach? \"'j

e - 70% Dunkle

» Was geschieht in schwarzen . .Energie

Lochern?

Marius Hoffmann | Page 31
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In anderen Worten

Elektron Proton

Ladung: -1e
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In anderen Worten

Atoms
4.6%

Dark
Matter
23%

NTW '17, 2. September 2017

Wir verstehen nur 5% des
Energie- und Materieinhalts
des Universums.

Dark observed
Energy
72% il A axpiscd

from
luminous disk

10 R (kpo)

M33 rotation curve
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Warum existieren wir?

In anderen Worten Wo ist all die

Antimaterie hin?

Urknall jjfmzzze%@r

Materie Antimaterie

Annahme: Universum begann mit gleichen Mengen Materie / Antimaterie



In anderen Worten
Urknall

e®

Fruhes
Universum

10,000,000,001 10,000,000,000

Materie Antimaterie

Sehr schnell entwickelte sich eine Asymmetrie



In anderen Worten

Urknall
Frihes
UanerSUI’n 10,000,000,001 10,000,000,000
Vernichtung von
Materien mit
Antimaterie
- Photonen

Materie Antimaterie

Materie und Antimaterie vernichteten sich.



In anderen Worten

Urknall
Frihes
Uanersum 10,000,000,001 10,000,000,000
Vernichtung von

Materien mit
Antimaterie
- Photonen

Heute

Materie Antimaterie

Heute ist nur noch Materie ubrig.



In anderen Worten

= R e

i

Why this strange number? Why not zero?
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Geschichte des Universums

HISTORY OF THE UNIVERSE A

Dark energy

accelerated

expansion
Structure

Cosmie Microwave 4
formation

Background radiation
Accelerators is visible

rse

nflation

S
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T
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®
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oA WALLYW AVQ 37g)g:

€

1

f photons (units GeV = 1.6 x 101 joules)

0 to

aox for the bovs Agre orighsed I 1906 peger by Michael e, Particle Data Group, LBNL © 2015 Supported by DOE (PDG)
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Die Beschleuniger-
Herausforderung

NTW '17, 2. September 2017

(FNAL)

TSS: Teilchenphysik

Origin of Mass

Origin of Universe

Unification of Forces

New Physics
Beyond the Standard Model
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Livingston-Plot

Comparison of Colliders
at the Energy Frontier
LHC =

W -
103 6\@ -
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Y ear of First Physics

(N. Walker)
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Welche Teilchen?

|deal:
Elementar
Geladen
Stabill
Leicht zu erzeugen

Grol3er Wirkungsquerschnitt

Im Standardmodell:

Quarks
Geladene Leptonen
Neutrinos
4
w
Gluons
Photons
Higgs

NTW '17, 2. September 2017

nicht isoliert; aber Proton ok

e ok, u vielleicht, tau kurzlebig
theoretisch schon, aber ...
neutral, kurzlebig

auch zu kurzlebig

nur in gebundenen Zustanden
neutral, aber vielleicht ...

TSS: Teilchenphysik

mass - =2.3 MeV/c?

=1.275 GeVic*
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=126 GeVic*
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Hadronen versus Leptonen

Proton (Anti-)Proton Collider

Energy range high
(limited by bending magnets power)

Electron Positron Collider

Energy range limited
(by RF power)

Composite particles, different initial state
constituents and energies in each collision

Pointlike particles, well defined initial state
quantum numbers and energies

Difficult hadronic final states

Easier final states

Discovery Machines
(with some precision potential)

Precision Machines
(with some discovery potential)

NTW '17, 2. September 2017
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(K. Busser)
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Speicherringe

NTW '17, 2. September 2017

TSS: Teilchenphysik
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Speicherringe
Magnete halten Teilchen auf Kreisbahn:
Dipolfeld ~E/r

)

Detektor

Leichte Teilchen (Leptonen):

Energieverlust (Leistung) ~E*/r/m* <— Ablenkung (Dipol)

f— Fokussierung (Quadrupol)

~f—— Elektronen-Injektion

{vom Beschleuniger)

Positronen-Injektion —_—

(vom Beschleuniger)

Grobe Regel:
Hadronmaschinen: limitiert durch Dipole
Elektronmaschinen: limitiert durch
Beschleunigungspower

ﬂi\ I H
N
Ablenkmagnet Bending Magnet I

NTW '17, 2. September 2017 TSS: Teilchenphysik 20

Beschleunigungsstrecke
{Ausgleich von Strahlungsverlusten)




Linearbeschleuniger

4 zr‘ ' .
YouTubeicomishanpEnnductinns
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Gliederung

Laufende und zuklnftige (Grol3)Projekte

LHC

HL-LHC

FCC (hh und ee)
CepC und SppC
ILC

CLIC

... und der Rest



Where to go?

. CERN next exits
(€] ETHI‘N LANE

HE-LHC FCC-pp CLIC
construction (FCC-ee) 4 SppS
¢ construction 2028+?7? : P
2028+7?? construction 2028+?7? hysics 2038+77? construction 2028+7?
physics 2038+?7? physics 2038+?? Y y physics 2038+??

£

Muon Collider i p

" g 1LC in Japan

R D construction 2018?
I P x physics 20287
for the next 20 years \ e

CepC in China &
construction 2018? " &%
physics 20287

-
P
-

N. Walker 2014
NTW '17, 2. September 2017 TSS: Teilchenphysik
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Die heutige “energy frontier”: LHC

LHC--27kn1”

NTW '17, 2. September 2017 TSS: Teilchenphysik
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Peak Delivered Luminosity (Hz=nb)

LHC-Luminositat

Design-Lumi von 1034 cm2s! erreicht

im July 2016
W-Entdeckung durch UA1 am SppS nutzte
integrierte Lumi von 18 nb-1.
Daflr braucht der LHC heute weniger als 5
Sekunden ...

CMS Peak Luminosity Per Day, pp

Data included from 2010-03-30 11:22 to 2017-08-29 04:24 UTC

* 2010, 7 TeV, max. 203 8 Hz="b

e 2011,7 TeV, max. 4.0 Hz=nb

» 2012, 8 TeV, max. 7.7 Hz=nb

* 2015, 13 TeV, max. 5.1 Hz=nb
2016, 13 TeV, max. 15.3 Hz=nb

» 2017,13 TeV, max. 17.3 Hz=nb S
15F tee
W
-
.
10 R
H
.
% '
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115

110

Data included from 2010-03-30 11:22 to 2017-08-29 04:24 UTC

— 2010 7Tev 450pb !
m— 2011, 7 TeV, 6.1 b '
— 2012, 8 TeV, 23.3 b '
m— 2015, 13 TeV, 4.2 !
2016, 13 TeV, 40.8 h *
s 2017, 13 TeV, 18.7 b *

30

20

10

Total Integrated Luminosity (b ')

—

0
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LHC-Roadmap (CERN “Medium Term Plan”)
" Phase 1:300 fb™ =

“ High-Lumi LHC ab Mitte 2026 LS2 starting in 2019 => 24 months + 3 months BC | Ml Shutdown

Beam commissioning

* Phase 2: 3000 fbl bis ca. 2037 1S3 LHC: startingin 2024 => 30 months + 3months BC | o T

Injectors: in 2025 => 13 months + 3 months BC
2015 2016 2017 2018 2019 2020 2021 |
a1]az]a3|a4 a1 |a2|a3|a4a|a1]a2]a3]a4|a1|az|a3]a4|a1[az [a3]a4 a1 |a2]|a3 a4 ]a1[az[23]n4]
LHC - HL-LHC Civil engineering
Injectors Run 2 LS 2 LIU installation
PHASE 1
2022 2023 2024 2025 2026 2027 2028
a1|az2laz|a4|a1az]a3|a4]a1|a2|a3]a4]|a1|az|q3]|a4|at [@z2|az|a4|at oo fuz a4]ai|az]a3 a4
e Run 3 LS3 B Runs
Injectors .
HL-LHC installation +— PHASE2 ——>
2029 2030 2031 2032 2033 2034 2035

a1]c2i325[ae|a1 [az2]asaz|a1[az[as a4 |a1]azas a4 a1 [az T34 |ai [az a3 aa | a1 [a2 [a3 [as
LHC

. LS 4 l Run 5 LS5 I
Injectors

v

Status & prospects LHC accelerator and HL-LHC plans
High Energy Physics Advisory Panal

Frédénck Bordry
10" Dacambar 2015

NTW '17, 2. September 2017 TSS: Teilchenphysik 26



LHC-Roadmap (CERN “Medium Term Plan”)

LHC / HL-LHC Plan

LHC

Run 1

2011 2012

75%
nominal
luminosity |

LS1

splice consolidation
button collimators
R2E project

2013 2014

experiment
beam pipes

Run 2

EYETS
13-14 TeV

" o

2015 2016 2017

nominal luminosity

NTW '17, 2. September 2017

injector upgrade
cryo Point 4
Civil Eng. P1-P5

2019 2020

experiment upgrade
phase 1

Run 3

14 TeV

cryolimit
interaction

regions

2021 2022

radiation
damage

2 x nominal luminosity N

TSS: Teilchenphysik

High

Luminosity

LHC

HL-LHC installation

2024 2025

experiment upgrade
phase 2

14 TeV

2026

energy

S5to7x
nominal
luminosity

integrated
luminosity

27



HL-LHC: “Physics Case”

Ausweitung des zuganglichen
Massenbereichs um Faktor 2
Hochpraziser Test alle Higgs-
Kopplungen (auch an pp)
Entdeckungspotential

NTW '17, 2. September 2017

ATLAS SUSY Searches*

- 95% CL Lower Limits

ATLAS Preliminary

states ar ph

TSS: Teilchenphysik
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NEW TECHNOLOGIES FOR THE HIGH-LUMINOSITY LHC

Der HL-LHC

= Erhohung der Lumi auf 5x1034 cm?st
* Faktor 5!

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.

= Die volle Ausbeute des LHC ist
hochste Prioritat der globalen
HEP-Strategie

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.

® Massive Eingriffe auf ~1,2 km des LHC

@ LHCIntL (fbA-1)  WHL-LHC IntL (fbA-1)
3500
3000 | B md By implementing HL-LHC
n
2500 L ]
2000 o Almost a factor 3 SUPERCONDUCTING LINKS BENDING MAGNETS
L Electrical transmission lines based on a COLLIMATORS 4 pairs of shorter and more

1500 | high-temperature superconductor to carry 15 to 20 new i s and 60 rep powerful dipole bending magnets

L L] +* current to the magnets from the new service collimators to reinforce machine protection. to free up space for the new
1000 ] *® *e 5 tunnels near ATLAS and CMS. collimators.

: et * pelfom‘lance Improvement
0 PP 2 +9 and consolidation
04ttt
200 2015 2020 2025 2030 2035 F Bord ry
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Beispiel 1

Aim: reduce the effect of the crossing angle

New crossing strategy under study to soften the pile-up density:
some new schemas have interesting potential as “crab-kissing”, to be

Crab Cavities, Increase “Head on”

Without crabbing Without crabbing

discussed with all expenmeants

. b m———"e e m e —— -

NTW '17, 2. September 2017

3 proto types available
Cavity tests are on-going

/ 1 Test with beam in SPS foreseen in
: 2015-2016

Beam test in LHC foreseen in 2017

LHC upgrade and luture outiock
Frodérick Bondry

New Particle Prysics Focitses Sominar
DESY, 2nd July 2014

TSS: Teilchenphysik
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Beispiel 2 Squeezing the beams: High Field SC Magnets

Quads for the inner triplet s o ProETes inacelemtormagnets
Decision 2012 for low-B quads % HLHC
Aperture & 150 mm — 140 T/m g . -
(Bpeak 12.3 T) s Nbm —
operational field, designed for 13.5T | ¢ = 4 e erm
2 o SRHIC
=> Nb,Sn technology | ..
8 n Ring (resistive) ' '
(LHC: 8T, 70 mm) 1975 1985 1995 2005 015 year

Brriptet Sigma Sigma*
triplet

Ees e e

B

Status & prospects LHC accelerator and HL-LHC plans
High Energy Physics Advisory Panel

Frédérick Bordry
10" Decamber 2015

NTW '17, 2. September 2017 TSS: Teilchenphysik




HL-LHC-Detektoren

ATLAS und CMS brauchen massive

Upgrades, um am HL-LHC zu bestehen
Spurdetektoren aufgrund von
Strahlenschaden am Ende ihrer
Lebensdauer
Faktor 10 mehr Pile-up
Auch Trigger, Kalorimeter ... brauchen
Upgrades

Grol3es Projekt fur die weltweite HEP-

Community bis 2025!

F&E lauft auf Hochtouren.

Produktion startet in wenigen Jahren
Siehe DESY-Aktivitaten am Ende des
Vortrags

P. Vankov

NTW '17, 2. September 2017 TSS: Teilchenphysik 32



FCC: Future Circular Collider

= 80-100 km Ringbeschleuniger am CERN

“ pp (hh)-Kollisionen bei 100 TeV
= Braucht Hochfeldmagnete: 16-20 T
= e*e—Collider als erste Stufe?
= Magnetentwicklung ftr FCC-hh braucht Zeit...
= Hohe Luminositat (Speicherring!)
= Energielimit bei ca. 350 GeV
= Higgs-Top-Factory
= eh-Collider (,Super-HERA")?
= Design-Studie am CERN lauft
= Ergebnis als Input flr Europdaische Strategie
= Das ,next big thing® am CERN (aul3er
CLIC)?
* Realisierung nach 2035

NTW '17, 2. September 2017 TSS: Teilchenphysik



FCC: Future Circular Collider

42 TeV with 8.3 T using present LHC dipoles

.{F\"a [ ] . .
g 80 TeV with 15T based on Nb;Sn dipoles
& 4 . o
..g? A 100 TeV with 20 T based on HTS dipoles
e A

P i S

* Schematic of an 80 — 100 km ¢
- - long circulartunnel »

L3
"'--.-"""

NTW '17, 2. September 2017 TSS: Teilchenphysik 34






Alignment Shafts Query

Choose
Vdvaria

alignment option
tion v20172  [v]

Tunnel elevation at centre:322mASL

Grad. Params

OAD

Azimuth (°). 235
Slope Angle x-x(%) 03

Slope Angle y-y(%): 0.08

SAVE CALCULATE

Alignment centre

X: 2499041 Y: 1107760
CP1 CcP2
Angle Depth Angle Depth
LHC 37° 49m -40° 83m
SPS 121m 126m
Ti2 121m 126m
Ti8 5Tm 118m

A © 0 L & & O

Geology Intersected by Shafts

Shaft Depth (m) Geology (m)
Point  Actual Molasse SA Wildflysch Quaternary Molasse Urgonian Limestone
Total 2449 66 0 492 1892 0 0

Alignment Profile

1800m

1600m

1400m

1200m

Okm 10km

— Quaternary

—Lake

— Wildflysch

~— Molasse subalpine

—Molasse
Limestone

—Shaft

= +Alignment

20km 30km 70km 80km 90km

40km 50km 60km
Distance along ring clockwise from CERN (km)

V' M ertens Geology Intersected by Tunnel Geology Intersected by Section

NTW '17, 2. September 2017

4.7%

TSS: Teilchenphysik
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FCC: Future Circular Collider

W. Riegler

NTW '17, 2. September 2017 TSS: Teilchenphysik
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FCC: Future Circular Collider

6T, 12m bore solenoid, 10Tm dipoles, shielding coil 4T, 10m bore solenoid, 4T forward solenoids , no shielding coil
- 65 GJ Stored Energy - 14 GJ Stored Energy

-> 28m Diameter _) -> Rotational symmetry for tracking and trigger !

- >30m shaft - 20m Diameter (= ATLAS)

-> Multi Billion project - 15m shaft

- = 1 Billion project

NTW '17, 2. September 2017 TSS: Teilchenphysik 38



FCC: Future Circular Collider

Precision chambers
(MDT)

Barrel toroid ‘ 12m

Trigger chambers coil
{RPC) |
y[m]

............... 10 10

9

8§
7 =
6 6 ]
-------- 5 S — u
..... 4 4F S - ™
P 3L - 1 | |
N, 2 2 - EE= S u
........ 1 J—— =
- = A 0 === S=S=== =
20 18 16 14 12 __n /B 1 23 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25

CSC chambers
y[m]

10

9

8
7 =
6 -
. 5 AR N
W. Riegler 4 p = -
3L | —1 B
5 — e ]
1 — -
. — = =
NTW '17, 2. Septe 123 456 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 2

z|m]

z[m
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FCC: Future Circular Collider

W. Riegler:

NTW '17, 2. September 2017 TSS: Teilchenphysik
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FCC: Future Circular Collider: Pile-Up 1000

W. Riegler

NTW '17, 2. September 2017 TSS: Teilchenphysik 41



FCC: Future Circular Collider

28 30 32 34

L ] Technical Design Phase : Stlria'cegyI Updi;te 202I6 - aslsumer; proj:act r:IeE:isicmI
— — — i 1 i | |

Dipole short models .
- Dipole long models
H 16 T dip
:li: 16 T dipoles preseries
[}
71 1 | | | 1 - - 16 T series production
= I Civil Engineering FCC-hh ring
§ ~ CETLtoLHC LHC Modification
- | | | ! | : Installation + test FCC-hh

CE FCC-ee ring + inject
i s+ ecs——
e Injector
= Installation + test FCC-ee
1 + - - + - - . 3
=<
M. Benedikt s

~| FCC Study Status and Plans
Michasl Benadikt

| 37 FCC Week, Berlin, 28 May 2017

NTW '17, 2. September 2017 TSS: Teilchenphysik 42



Statt dessen: High-Energy LH

Realitat statt Traum?

Aber vielleicht auch nicht wirklich billig?
Gleiche Magnetentwicklung (16-20 T)
wie fur FCC
Ca. 28 TeV, 4-mal HL-LHC-Lumi?

gy e

ngG?grwd-Sacon}ex | "' {
Meyrin \ v { \ /
S ]
N\, Vil r‘»‘\\
B 20 B
— o A 4 =)
N N [} o R

Satigny, v

Aalemo

NTW '17, 2. September 2017 TSS: Teilchenphysik »



Oder China: SppC und CepC?

CepC: ,Circular Electron-Positron Collider”
SppC: ,,Super Proton-Proton Collider”
Phase 1: e*e-Higgs-Factory, 240 GeV
Phase 2: pp-Kollisionen bei Ecn=50-90 TeV
50 oder 70 km Umfang

Timeline: Baubeginn 20217 ee 20287
pp > 20427

A good example is Qinghungdao (& £ )

P e u""'-.lv' MV =
£y T R 4 Grmuangano
Py 2 Belng ] LR
) arionmm » .=
' "\ ! ! r p
' gy S— Lt
aan o =L (‘.\\Uz:k" artf
J ' ¥ 4 — v‘ 5
! AT Feb. 24, 2014 Y. F. Wang
Tianjing ' e b A
Cxwn
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Oder China: SppC und CepC?

Civil Construction Site selections (some main places)

1)
2)
1) Qinhuangdao
(i 2) Shanxi Province 3
J :.' .. '4 i s."___l'r'l_,_lf(,i—)_lx | m 3 N Sh h d H k
-l | (SN E o o) ) Near Shenzhen and Hongkong

-~
&
¥l
S ﬁ‘l FaiIr)
. § . Y -
L L0 : "'-m@ ] ""ﬁ, x~§“@“ Surface

buildings
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The case for ete= ?

> Hochste Prazision in der
Messung der Higgs-Kopplungen
nur an Lepton-Collidern.

NTW '17, 2. September 2017

Projected Higgs coupling precision (7-parameter fit)

10%F
-
99| mm
8%|-
7%
6%
5%
4%
39%
2%
1%
0%

TSS: Teilchenphysik

HL-LHC 14 TeV, 3000 fb™ (CMS-1, Ref. arXiv:1307.7135)
HL-LHC 14 TeV, 3000 fb (CMS-2, Ref. arXiv:1307.7135)

ILC 500 GeV, 500 fo' ® 350 GeV, 200 fb”' ® 250 GeV, 500 b’
ILC 500 GeV, 4000 fo' ® 350 GeV, 200 fb"' @ 250 GeV, 2000 b’
ILC ® HL-LHC 3000 fb™' combination




The case for ete= ?

T quarks > 95%CL upper limits for masses of new
u - particles expected from current /
uinos .

J —400 future machines!
ewkino

RPV stop
stop

Hpp, 100 TeV, 3000/fb
upp, 33 TeV, 3000/fb
any NLSP Hpp, 14 TeV, 3000/fb
Hpp, 14 TeV, 300/fb
squarks u pp, 8 TeV, 20/fb
Hee, 3 TeV, 1000/fb
WIMPS Hee, 1 TeV, 1000/fb
uee, 0.5 TeV, 500/fb
0 1000 2000 3000
mass (GeV)

NTW '17, 2. September 2017 TSS: Teilchenphysik 48



Kosten von ee-Collidern .

Kostenskalierung von ~200 GeV-Maschinen _ 5/ '_‘,/
vor langer Zeit abgeschatzt »s LEP scaling ~E / uncertainty /
B. Richter, NIM 136 (1972) 47. / /
Speicherringe skalieren mit ~E2 20 / /
Linearbeschleuniger skalieren mit ~E ” /

Ubergang bei ca. 300 GeV
Unklare Unsicherheiten

Cost (AU)
O

Die Zukunft von ee ist (irgendwann) linear! .
5 — ILC scaling ~E
0.
200 400 600 800 1000

Ecn (GeV)
N. Walker

NTW '17, 2. September 2017 TSS: Teilchenphysik 49



Luminositat von ee-Collidern

=+=CLIC

~E-FCC-ee (4 IP)

=i~|LC (TDR baseline) .
=8=|LC (HL scenarios)
=#=|LC (HL scenarios 2)
~~CepC (21P)

g

Peak Luminosity 1034 cm-2s-1
£

\
A

0.5
o 500 1000 2000 N. Walker
Centre of mass energy (GeV)

NTW '17, 2. September 2017 TSS: Teilchenphysik 50



Der Groldvater: SLAC

Ring- versus Linearbeschleuniger:

(LEP): 44 kHz

frep(ILC) einige bis 100 Hz (Leistung!)
Faktor 1000 verloren!

Rettung: Beam-GroRe!

3
y \
A

frep

- -
FFTB T : '50 nm
TESLA — X 5nm SX

NTW '17, 2. September 2017 TSS: Teilchenphysik 51



International Linear Collider (ILC)

NTW '17, 2. September 2017 TSS: Teilchenphysik
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International Linear Collider (ILC)

Physics

Beam
(interaction point)

Beam

(time structure)

Accelerator
(general)

NTW '17, 2. September 2017

Max. E_,
Luminosity
Polarisation (e-le+)

&BS

a, f o,

G;

Ve, | ve,
By ! By
bunch charge

Number of bunches / pulse
Bunch spacing

Pulse current

Beam pulse length

Pulse repetition rate

Average beam power
Total AC power
(linacs AC power

500 GeV
1.8x10% cm-2g-1
80% / 30%
4.5%

574 nm/ 6 nm
300 um

10 um /35 nm

11 mm/0.48 mm
2x1010

1312
554 ns
5.8 mA
727 us
5 Hz

10.5 MW (total)
163 MW
107 MW)

N. Walker

TSS: Teilchenphysik

RTML
7 mrad

30m radius

e- Linac
Beamline

central
reqion

e- axtraction
&

-2 e+ injection

~ 5.6 km

~30.5 km

e-le+ DR

~3.2 km

-2 e+ extraction
&

e- injection

e+ Linac
Beamline

= 1.4 km
7 mrad

RTML
Mot To Scale

53
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TECHNISCHE

International Linear Collider (ILC) [t

©Prof. Dr.-Ing. T. Weiland

Supraleitende Beschleunigungskavitaten
2K He-gekiihlt
16000 Kavitaten in 1800 Kryomodulen
Gradient: ~¥35 MV/m — Kostentreiber
Q-Faktor 101°!
e =y

~

1|

—

NTW '17, 2. September 2017 TSS: Teilchenphysik 54



International Linear Collider (ILC)

60 T | T T ® I
CEBAF: CW SRF Linac
XFEL & ILC: Pulsed SRF Linac
ILC 1 TeV Upgrade
0 Very High Gradient R&D
A e
— . PXFEL1 C 500 GeV
.E P LC ac _Il' module x 250 V linase
Multi-cell cavity* 0 B . .
E 30 | P . o . . ’ r
b TESLA goala TTF SASE FEL run FLASH European AFEL 14 Gev lnae
L] O N
w CEBAF 12 GeV Upgrade CEBAF 12 GeV
design goal x 11 GeV linac
20 0 ﬁ
CEBAF
module rework
n
10 CEBAF CEBAF CEBAF
design goal 4 GeV physics run 6 GeV physics run
[] I Y —
n | | | | | | |
1975 1980 1985 1990 1995 2000 2005 2010 2015
Year RLG courtesy R. Geng (Jlab)
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European XFEL

-

“Wndulator Tﬁp nels

Injector.on DESY
campus

Experimental Hall _
in Schenefeld \,. i

-
~

Linear Accelerator'17.5 GeV fyom o t.

\:,

NTW '17, 2. September 2017 TSS: Teilchenphysik



European XFEL

European XFEL
High-speed camera for the nano-world

S " ﬁHELMHOLTZ

- oy [GEMEINSCHAFT
European & -
XFEL :

e MO B =
L4 [ ml—

European XFEL

Ultrafast Science
Single Molecule Diffraction
High Energy Density Matter

2 km superconducting LINAC
17,5 GeV

1.145 Mio €

First Beam 2016

NTW '17, 2. September 2017 TSS: Teilchenphysik
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European XFEL

NTW '17, 2. September 2017 TSS: Teilchenphysik 58



European XFEL

Industrialisation for XFEL

> Mass production:
[7]100 cryomodules
[7]800 cavities

> Largest deployment of this SCRF
technology to date....

> Large unbiased sample
[Z]critical for ILC

NTW '17, 2. September 2017 TSS: Teilchenphysik 59



ILC Iin Japan?
Japan hat Interesse am ILC angedeutet. Dieses Interesse wurde weltweit begrifst.

Japan hat einen moéglichen Bauplatz identifiziert.
Langwieriger politischer Prozess in Japan. Entscheidung 20187

o ’ 4
# .Mq_mnp.mg /

.,‘s‘i_dsgurqsl\. .At;.nhrk;mva

M y
.Snlpln'g »
.

D y ) Otart”
DUnhua ..Y.n\]| . e £
Uiaoyuan, & Wiadiwostok Sapporo. 4 omakomal

@ 2Y21Ye 3 Hakodate
1 . 3 )

= Baishan -

Anshan Chongjin

Aomor| We support the International
24 Hachinohe Linear Collider Project.

NORDKOREA Akita
’ e B |

’
S.ik;:*
H B
JAPAN
fnhnhmh

Kanazawa  dUtsunomiya
. F W0
Jaeqgu-jikhalsi
Matsue . ore) j
\ INagoya = piifcktur Tokyo
Himejin®
LN Matsusaka

3 .

Osaka
Rukuoka

.

Kumamoto
.

Kagoshima
AR

300 km
R




ILC Iin Japan?

Elevation(m)

o
g
g
z
o
3

T. Sanuki
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ILC in J apan? mmobmﬂeﬂgnsﬁgrt- CFS 3.11 Seismic Observation 19

M. Miyahara
NTW '17, 2. September 2017

uERP i

— : . ":... ' ' H romgusnani KW il |

:
\

i _SSUMITA on Red wave form: Surface

TR ) Granite Z g Blue wave form: -106m
b ranite £Lone |
in IWATE Pre.' - . ._

LDk e "

Acceleration comparison of the Surface
& underground at SUMITA in IWATE

LT

Observation Data
- ncceleraﬂun {gal} Rate
800 Observation points rection “}:.‘.’12‘: .
KiK-net Observation Network 333.4 83.7 0.25
(Kiban:Bedrock, Kyoshin:Sirong-Motion) E-W 384.2 86.8 0.23
Data by "National Research Institute for L
Earth Science and DisasterPrevention” -0 3889 L 0-13
2012/3/23 CF5 Baceline Technical Review
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ILC Iin Japan?

NTW '17, 2. September 2017 TSS: Teilchenphysik 63



ILC Iin Japan?

v

=] [

|LC'C7<’EE1!®B]:// ESEETTIITIm ;

NTW '17, 2. September 2017

TSS: Teilchenphysik
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ILC Iin Japan?

NTW '17, 2. September 2017

= ReseMom.

TSS: Teilchenphysik
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ILC Iin Japan?

\

CRey.Hori/KEK

NTW '17, 2. September 2017 TSS: Teilchenphysik 66



CLIC — The Compact Llnear Colllder

Falls 1 TeV nicht genug? Py ok

. Legend:
X e=mm CERN existing LHC
Kalte Technologie? " eses CLIC 500 Gev

eeoe CLIC3TeV
» eeee |LC 500 GeV
Design-Studie wie FCC sese LHeC

Hohere Gradienten notig?

Neues Zwei-Beam-Konzept

o
=
]
s
€
3
2
p
@
T
€
5
s
b
3
o
[
4

NTW '17, 2. September 2017




CLIC — The Compact Linear Collider

Two-Beam Acceleration Concept

> Low energy high current beam produces RF for
high-gradient accelerating cavities

> Project technically not as advanced as ILC, i.e. is
not yet ,construction-ready”

(7]possible ,next big thing“ at CERN?

drive beams
these electron beams provide the RF power to the main accelerators

detector

-— _—

/
electron main accelerator electrons . positrons positron main accelerator
main beams =

NTW '17, 2. September 2017 TSS: Teilchenphysik



g:
380 GeV

380 GeV | 3 TeV
0.38 3
1.5 59
(VR 2.0
50 50
352 312
0.5 0.5
72 100
11 50
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The Staged Linear Collider

> In principle, a linear collider can run on any energy between ~90 GeV and several TeV
[7]linear colliders are scalable, it is mostly a question of cost....

> Develop a staged approach
[7]start where interesting physics is guaranteed, extend to higher energies later

—

1 I I

ILC250 ILCsso0 ILCs00 ILC 1000 ILC144+
CLICaso CL|C1+++
> [LC2s0 CLIC380: Higgs measurements (mass, spin, couplings), EW physics, (...)
> [LC350 CLIC3s0: Top physics, (...)
> ILCso0: Higgs self coupling, Top-Higgs Yukawa coupling, (...)

> ILC1000+ CLIC1000+: SUSY, whatever comes, (...)
> CLIC is the only viable multi-TeV option, PWA accelerators later e BresseripE

NTW '17, 2. September 2017 TSS: Teilchenphysik 70



Gliederung

Einschub: Politik und Finanzierung

Auslassung: “Plasma wakefield’-Beschleuniger und Myon-Collider



“Pushing the envelopes”
Physik:
Energie und Luminositat? Nobel Prize
Energie als Kostentreiber: _
Hadronen: Hochfeldmagnete Risk
Leptonen: Gradient 500m
Luminositat treibt Leistungsverbrauch
Zumindest fur Leptonen
Das treibt die Betriebskosten
Umweltaspekte?
Schlussendlich: EUR / GeV!
Flr ein bestimmtes Risikoniveau

Kann nur durch F&E abgemildert werden.

NTW '17, 2. September 2017 TSS: Teilchenphysik 72



Leistung Leistung Leistung

&00.0

=#=|LC (baseline) _ - -
=8=|LC (upgrade 1) - -
500.0 =ar=|LC (upgrades 2}
E =B=FCC-ee
—+=CLIC
=
= 400.0
2
[+]
o
O 300.0
<L
=
a2
40}
E 2000
@
w
100.0
N. Walker
0.0
LHC: <100 MW! 0 500 1000 2500 3000
Centre of mass energy (GeV)
NTW '17, 2. September 2017 TSS: Teilchenphysik 73



Leistung Leistung Leistung

Project Particles Energy Status Power Cost First Beam Host
N pp ~ 975 MCHF 5

LHC-HL (OAJAA) 14 TeV approved | O(100 MW) (machine) 2025 CERN
g PP - pre- o o >>2035

LHC-HE (PAJAA) 28 TeV ' conceptual / / (oot LHO) CERN

pp } pre- ? ? i

SppC (oAANED) 50-100 TeV conceptual 7 : >2042 China
g PP L pre- 2 2 >>2035

FCC-hh (oAANED) 80-100 TeV conceptual / / (postLHO) CERN
. o pre- ~250-300 " >>2035

FCC-ee e'e 90-350 GeV conceptual MW : (PostLHO) CERN

CepC ete 90250 Gev _ P'™ ~300 MW ? >2028 China

conceptual
s construction- 7.98 G$

ILC e'e 0.25-1 TeV ready 120-300 MW (500 Gov) >2027 Japan
o ) ) O(8) GCHF = >>2035

CLIC e'e 0.5-3TeV | conceptual 270-590 MW (500 GeV) (PostLHO) CERN

60-120 GeV (p)
SENTFIINE Neutrinos <10GeV(v) | ,approved" ? 0(1.5) G$ 2028 FNAL
. PiEe 279 279 279 277
ptu 3 TeV conceptual 27 (dd 27 27

NTW '17, 2. September 2017
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Leistung Leistung Leistung

FCC-hh (20T magnets)
S -

o Sppd
& Comparison of Colliders HE-LHC (20T magne})
& at the Energy Frontier . LI
E » . LHC = ® HL-LHC
= 3 \\\' -
g 10°F & -
b ; 7 ILC 500
- l.. o 1 “> - -~ ‘
g Tevatron » - ILC 250-350 B poeso
g .+~ HERA .~ i
E e, . Vi LEP2 &
g 10’ SppS.*" e LEP,SLC
§ : i . Tristan ¥
b= « PETRA &
! ¢ PEP
K .
~ : .
.~ * CESR KEK-B \ .
¥ E BRe Spear2 * PEP-I ® SuperKEKB
3 l Doris
.-'® Spear
<" * Adone
' VEP-2 e DAFNJ
1 F * ACO
* VEP-1
10 - ' L L I 1 I 1

1960 1970 1980 1990 2000 2010 2020 2030 2040...
Year of First Physics
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mittel DFG
ca. 21% /4%

HGF ca. 30 M€/a (dazu MPG et ‘ ((\ // u i

0
8% 206

Average annual expenditures

6 M€
5 M€ 9% 20 M€
% ; 29%

%\%lschung(HEP 20 M€/a) r f

Fundin(] Hadron&Nuclear 2012: vtandes-

DFG (SFBs, Projekte etc.), EU, ...

CERN-Beit+

® Particle Physics
® Hadron & Nudlei
Condensed Matter

m Astrophysics
W Astroparticle Physics

34% 21%

Un|ver5|taten (finanziert tber die Lander, Grundausstattung)
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Gliederung

Teilchenphysik: DESYs Strategie und zukinftige Orientierung
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Projektgeld — Beispiel HL-LHC-Upgrades

Prague, Uppsala, Valencia

“  Weltweites Projekt bis ca. 2026 Freiburg: Freiburg: Freiburg: —
. . Sensors Modules Petal } E?(?SaSpYA
In D: Beteiligung aller relevanten Partner:  Assomiy
“ 90 MEUR von BMBF fiir die Universitdten zur e Borfmund | &Testing
. . ybrids Modules
Ertlichtigung von ATLAS und CMS:
“ 15.7 MEUR von HGF fur DESY (und KIT / GSI) Bortmupd: f DESY/NIKHEF CERN
Sensors , Support Structure ATLAS
“ 10 MEUR von DESY fiir die Detector Assembly ! &Cooling
il DESY: | DEsy: |/ [/ ~Tc-TT==e=e
Facility. | Sensors | | Modules | A
< Further international T
DESY: E partners: L
/ NIKHEF, NBI, Melboumne, A
S

Current Endcap of the CMS tracking Planned endcap of the ATLAS
detector in the TIF at CERN Silicon-Tracker
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Detector Assembly Facility

Building 25¢ - Cleanroom Planning

1655
1310 Wandaberstand

4720

3000
900 —~220. 50 (RR-Decke)
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DESY-Strategie in HEP

NTW '17, 2. September 2017

Big data,
information

and data
analytics

Detectors at
large facilities

TSS: Teilchenphysik

Activites:

+ Data analysis
* Interpretation
» Guidance

* New directions

Tools:

+ Data analytics

» Grid & cloud and HPC

+ Strategic planning, design,
construction, operation
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‘Lifecycle Competence”

' Development

Conception
Design

T
! _

D CMS preiiminary 129fb (13TeV)
ata . PR T
Best fit values ad i . Comblned tio 5
i 3, (singlet compusition) 2 (singlet compositio
Preservation Hiaiue e bl e O & Per category £ o Operation
-
Moo= 7554 u 077 B Kty
. s <2.2 H 977 % .
M C o 220< 5 <488 % Bopmpons ™ 095 ‘2
488 < 5y’ < 949 -
" 04 949< g);:: 13.28 m,, Profiled
o P T g | et By
———— L T Physics
- . o M, 19177 3
Interpretation w analysis
1 1 L 1 s

-2 0 2 4 6

i
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Belle /
Belle Il

Portfolio

Theory

ILC/ILD

& Computing

TSS: MUTAG 2016 - Fundamental Particles and Forces 12 December 2016 + 19



20257

HL-LHC lauft an

Belle Il lauft langsam aus
ALPS Il ist durch

|AXO?

MADMAX?

ILC?

DUNE

Beschleuniger- und Detektor-R&D
2?77?77

NTW '17, 2. September 2017




Schlussfolgerungen

Higgs-Entdeckung: Eine neue Energieskala fiir neue Beschleuniger!
200-500 GeV: Masse, Quantenzahlen, Kopplungen, Top
Bis ~1 TeV: Higgs-Potenzial
Prazision und Energie: Die Suche nach dem Unbekannten ...

LHC / HL-LHC als einzige genehmigte Projekte
LBNF/DUNE das einzige weitere konkrete groRe HEP-Projekt
Was dann? - Was ist das Narrativ der Teilchenphysik?

Elektron-Positron konnte den LHC komplementieren
Linearcollider kbnnen am ehesten in die leptonische TeV-Welt eintauchen
Grol3e Speicherringe sind bis 350 GeV interessant (CepC, FCC-ee)

Grolde Hadron-Collider fir bis zu 100 TeV sind in Diskussion (SppC, FCC)
Kein “physics case” — Schuss ins Blaue

Magnet-F&E notig
Myon-Collider, PWA?

Think about money!
“Take home”-Botschaft: Es dauert, es ist teuer, und es braucht die ganze Welt!



Needed: Combination of different sources of information

> Colliders provide only part of the information we need to unravel the mysteries.

= Need hadron colliders, lepton colliders, low-energy / high-intensity machines,
neutrinos, astroparticles and cosmological observations — and all must fit!

- (\ e
Joachim Mnich | The Future of High-Energy Accelerators | IPAC17 May 19, 2017 | Page 41 \‘Q
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But beware ...

= Super-conduction Super
Collider SSC (USA)

= pp collider in 87 km tunnel

first ideas in1983,
construction since 1987,

= stopped in 1993 by Congress, with half
the tunnel ready. Reason: Cost increase...

= Others tried to think big before!

= UNK in Serphukov: 21 km pp storage ring

with up to 6 TeV CMS energy (planned 1983)

= |ater de-staged to a 2*600 GeV machine (U-600).

= in 1998, 75% of the U-600 dipoles available and
mostly tested. A quarter of the ring ready for

installation.

= complete stop in 1998; since then tunnel and
equipment kept under safe conditions.

Joachim Mnich | The Future of High-Energy Accelerators

NTW '17, 2. Septéimber zuis

IPAC17
123, I€lLIElpIlySIK

May 19,2017 | Page 65
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Im Jahr 2000

SLAC
e*e 3,1/9 GeV

NTW '17, 2. September 2017

= ——
g DESY
ep 27/920 GeV [
T

CERN
e*e 200 GeV

,:N»’

o g

TSS: Teilchenphysik

KEK
e*e 8/3,5 GeV
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Im Jahr 2030 ...?

LBNF/DUNE

e

NTW '17, 2. September 2017

TSS: Teilchenphysik
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Not covered ...

Flavour-Physik (Belle Il)
Neutrino-Physik (LBNF/DUNE, Hyper-K)
Axion-Physik etc. (ALPS Il etc.)
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