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1st Stars e/ T
about 400 million yrs.

Big Bang Expansion

| today

13.7 billion years



Astroparticle Physics and Particle Physics

+  Astroparticle Physics looks at objects of
cosMmic accelerators over a wide

spectrum of energies Particle Ph Y cles
. Gamma rays employs controlled
accelerators at fixed

Protons and electrons 5V\,gy91,es

Heavy 1oNns

- Neutrinos



Rotational Curves of Galaxies

Quter rim of galaxies is
seen to rotate faster
than expected from
Newtonian mechanics

Observations

cm hy droge®

there IS more mass
than IS seen
INnteracting

-7 o - R (x 1000 ly) .
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Example of Dark Matter Search at the LHC
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Search for Exotic Compact Objects

WIMP miracle

dark matter as a
weakly-interacting
particle with mass
~100 GeV

flurry of experiments
with sensitivities In
the region >10 GeV

WIMP-nucleon cross section [cm?]
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Search for dark photons

Hypothesis: Dark sector not directly

interacting with SM fields coupling e€

Coupling through kinetic term with
MIXiNg €

! | | o | prolmpt-].:ikelllll
y(1s) Pr@)>1GeV, p(u)>20GeV
Y(2S) ~
v(35) -u:u+
o wEp

S o
o
Il %'
“ o
<

[
o
L w [=) ~J

Dark photons A" couple with
strength 10-5<e<10-2 and would

open a portal for searches
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Astroparticle Physics and Particle Physics

- Astroparticle Physics looks at objects of
cosmic accelerators over a wide spectrum

of energies Particle Ph 551,05
. Gamma rays 6VM}PL05$ controlled
accelerators at fixed
+ Protons and electrons ) ‘F)(
EnergLes
+ Heavy Ions
- Neutrinos

- Graviton



Observation of Gravitational Waves
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While mostly using its accelerators for research CERN establishes
formal contacts to neighbouring fields...



CERN Recognized Experiments

Number Experiment First Recognized valid until

Recognized experiments must have substantial participation of

ohysicists from several CERN Member States. s e e occ e
Recognized experiments must already be approved by relevant
agencies and be reasonably funded.
Whenever an experiment requests this status the case will be e o oeoze
nandled by the Recognized Experiments Committee, where the
requirements will be defined and discussed. The Committee will

RE 21 CBM 2011 31-DEC-2019

oresent to the Research Board the recommendation for granting
:%E StatbS RE 23 CTA-PP 2011 31-DEC-2017

The Research Board will judge whether recognition by CERN is
appropriate, iIn which case this should not be taken to imply that Advancee
CERN has in any sense approved the experiment. - o o orc s

RE 35 SNO+ 2017 31-DEC-2019




CERN Recognized Experiments mentioned in APPEC Strategy

-+ 18 of 28 currently listed Recognized
Experiments are mentioned in the new
APPEC Strategy

Charged particles
Neutrinos

Dark matter

Gravitational Waves

Number

RE 1
RE 2b
RE 3
RE 6
RE 7
RE 8
RE 10
RE 14
RE 17
RE 18
RE 23
RE 26
RE 27
RE 28
RE 30
RE 31

RE 33
RE 34

Experiment

AMS

Pamela

Auger

Antares

Fermi (former GLAST)
LISA-PF
lceCube

Katrin

Magic

ArDM

CTA-PP
Borexino

NEXT

Advanced Virgo
KM3NeT Phase 1
Euclid

LIGO
JUNO

First Recognized

1997
1999
1998
1999
2000
2000
2005
2007
2008
2008
2011
2012
2013
2013
2014
2015

2016
2017

valid until

31-DEC-2019
31-DEC-2018
31-DEC-2018
31-DEC-2019
31-DEC-2018
31-DEC-2018
31-DEC-2018
31-DEC-2019
31-DEC-2017
31-DEC-2017
31-DEC-2017
31-DEC-2017
31-DEC-2018
31-DEC-2018
31-DEC-2019
31-DEC-2018
31-DEC-2018
31-DEC-2019




HIgQgs Particle

+ Higgs Is the fundmental scalar of particle physics
+ Higgs particle couples to mass

- Portal to new physics



H — fermions
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HL-LHC schedule

LHC

Run 1 ‘ Run 2

LS1 Mald 13.5-14 TeV

13 TeV
Iﬂlﬂ consolidation
B TeV button colllmato
i TeV i F ra II\

2011 2012 2013 2014 2015

TB%
ol hl'l'l FIH
LT et

Run3
LS3 14 TeV
energy
ﬁxj?ﬂ
m
HL-LHC Rrsinosity
installation =

2024 2025 2026

experiment

LS2 (2019-2020):
J LHC Injectors Upgrade (LIU)

1 Civil engineering for HL-LHC equipment P1,P5
d First 11 T dipoles P7; cryogenics in P4

1 Phase-1 upgrade of LHC experiments

upgrade phase 2

LS3 (2024-2026):
d HL-LHC installation
1 Phase-2 upgrade of ATLAS and CMS

Schedule driven by radiation damage
to Lmner triplet (eol: 2023)



A few physics example for HL-LHC

measurement of Higgs couplings bl
deviations may be at the few %-level Wi;
h ___< D)
. : 2My
access to second generation couplings H—pp ,
CMS Phase Il Simulation = 300/fb

20-30% larger discovery potential (8 TeV)

Mass reach [TeV]

porecision measurements
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Future Circular Collider FCC

- Study for a 100 km ring providing collisions at 100 TeV cm

- employs injector chain of CERN



FCC Conceptual Design Report by end 2018

- pp-Collider (FCC-hh) - sets the boundary conditions

100 km ring, Js=100 TeV, L~2x1035

HE-LHC is included (~28 TeV)

" Schematic of an
4 80-100 km
‘ long tunnel

ete-Collider as a possible first step

Js= 90 - 350 GeV,
[ ~1.3x1084 at high

eh-Collider as an option

A = . -
’ . — FCC Week 2017
4 / MAY 29 - JUNE 2
/ —  BERLIN, GERMANY
a4 5
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Js=3.5 TeV, L.~1034



Neutrino Physics at CERN in the LHC era

- with the ESPP of 2012...
...decision to end CNGS In 2012

- Establishment of a Neutrino Platform at CERN

* as a springboard for European Physicists to engage in accelerator based
neutrino physics in the US and in Japan VR

+ Detector development (initial emphasis on Lar TPC)

- Extension of EHN1 hall

Charged particles from SPS
available



Short baseline programme at Fermilab

+Jo resolve experimental
iInconsistencies in the
measured v-spectrum

- SBND (near detector) />3

- MicroBooNE
(operating)

+ MiniBooNE

- refurbished ICARUS
arrived at Fermilab
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J-PARC at Neutrino Platform

3% precision H2O/CnHr
Cross-section ratio

- Study of v, energy
reconstruction

+ wide angle B coverage

+ complementary to
ND280

3% precision H20 / CH x-section ratio

Wagasci

Wagasci collaboration

‘The B2 experiment’

» 3D scintillator grid filled with water
e Side MRDs and end MRD (magnetized)

e Excellent phase space coverage

/1

A | som/ .
2.5cm/{ 4 J ; . :
I |

Side MRD Detectar
- 4 Modules

- 5120 Channels

sideview

#
if
I"

H,O/CH Detector
- 2 Water Modules
- 2 Plastic Modules

Downstream MRD Detector

- Magnetized Steel / Scinfillator Detector

3mm thick
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L.ong baseline neutrino programmes

- Fermilab Is constructing a
long baseline neutrino facility
(LBNF), a wide band neutrino
beam to the DUNE experiment
(40 kt LArTPC) in South Dakota

Sanford

Tokyo Is considering Hyper-K
(water Cherenkov detector) at
Kamioka

L=295km OA=2.5deg

- (Goals: neutrino-oscillation
parameters, mass hierarchy and
CP-violation, ...

Lol: The Hyper-Kamiokande Experiment arXiv:1109.3262v1




CP violation

Both Nova and 12K see slight
poreference for GP violation in neutrino
sector Nova

angle around 270°

good prospects for large mass
detectors

- — Normal w2 AlnL (0% CL) =

_ [ — Inverted

12K

Op (radians)



LAr Technology

LarTPC large scale active detectors

few mm precision

good energy resolution




Neutrino Platform at CERN

To develop experimental
technigues, e.g.
orotoDUNE

— single phase LArTPC
— double phase LArTPC

Building blocks of
PUNE detector




Preparing the protoDUNE cryostat structures at CERN

poreparing the cryostat
iINNer structures

active volume bxoxo6 ms3

at the neutrino platform




| BNF / DUNE - far detector

Sanford Lab Reliability FY16 — 18 (~30M$)

R0Ss shaft rehab; Hoist motor rebuild...

Pre-Exc Construction FY17 — 18 (~15M9)

Rock disposal systems

R0SS headframe upgrade, more...

—xcavation & Surface Construction
=Y19 — 22 (~300M9)

Cryostats/Cryogenic Systems FY20 — 25
(In kind)




Summary

- Astroparticle Physics and Particle Physics share many concepts

=Xperimental technigues

* precision particle spectra

- QObservation of high energy gamma rays and neutrinos spurs additional interest in cosmic
accelerators

- Consistent description of the evolution of the Universe from quantum phase to large scale
structures

Detection of gravitational waves establishes a new observational discipline;
mMulti-messenger identification of neutron star merger is an experimental triumph

+ QGraviton is a new particle



