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CERN Programme

- CERN programme is largely driven by the strategy that has been formulated by
ts users

+ European Strategy of Particle Physics

+ describes the large facllities

- leaves room for small additional programmes
+ updated every > 5 years

- Implementation monitored by Councill



European Strategy for Particle Physics and updates

Accelerating science and innovation ;
Societal benefits of European research in particle physics &+
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European Strategy European Strategy
Update Update

2013 ~2020

full impac’c of run 2



Energy Frontier

-+ The discovery of the Higgs boson is the start of a major programme of work to
measure this particle’s properties with the highest possible precision for testing
the validity of the Standard Model and to search for further new physics at the
energy frontier. The LHC Is in a unigue position to pursue this programme.

Europe’s top priority should be the exploitation of the full potential of the LHC,
Incluaing the high-luminosity upgrade of the machine and detectors with a
view to collecting ten times more data than in the initial design, by around
2030. This upgrade programme will also provide further exciting opportunities
for the study of flavour physics and the quark-gluon plasma.
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Experimental Tools of the Research Programme at CERN
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Extraordinary LHC Performance in 2016

- Batch Compression Merging st —BCMS 25ns—
and Splitting scheme is 2| TER .
boosting bunch brightness: R
burphes Co\lldg more effectively : : i o L
— INncreased pile-up g | I
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-+ Machine availability has
essentially doubled (meticulous LHC Status o
attention to operation) B OPERATION

>

2015 2016

B STABLE BEAMS

- Considerably more physics data
to digest




LHC Luminosity 2016 so far

. . LHC 2016 RUN (6 5 TeV/beam) LHC 2016 RUN (6.5 TeV/beam)
+ Instantaneous (peak) luminosity 10— B
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ATLAS Data Sample

’474/43

2015: 4.2 fo ' delivered

2016: <15 fo ' used for ICH

Total Integrated Luminosity [fb™]

- £ =91-98% (toroid)
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CMS Data and Preparation for extended Winter Stop

—Y

- 1S

Plle-up Is a challenge; difficult above 40

- Install a 4-layer pixel detector (BPIX) and
3 disc FPIX in endcap

- |nstall Si
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ALICE — Data Taking

- Resume TPC cluster compression
- RCUZ In place; firmware updates
- TPC field distortions persist
+ proportional to rate

- related to to edges of IROC chambers

38 ic%le-c ..... ............. ............. Pb-Pb 2015, IR = 4.7kHz

S Can be recovered Wi'th 2_ ..... ‘ ............. ............. " ........ ....... .............. ............. —

methods foreseen for ¥
upgraded TPGC "L TT IR
1.0 before/ after correction
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Total size of the files

Recorded triggers, 10°
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~ High Level Trigger:
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|
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|
|
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High Level Trigger:
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~ 5.4 PB stored .
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- ALICE Performance 201 6, pp Vs =13 TeV
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~ ALICE Performance 2016, pp Vs = 13 TeV
- 2016-08-29 07:57:36

C Seen:7.147 pb'/12 pb™

- Dimuon: 6.104 pb™'/ 10 pb

T MSL:0.418 pb™/ 0.5 pb™

- VO HM: 3.328 pb™'/ 5.0 pb

T CALO high: 3.359 pb™'/ 6.2 pb
- CALO low: 0.341 pb ™'/ 0.60 pby
- PHOS: 2.086 pb™/5.0 pb™
- DG:0.263 pb/0.82 pb
C INT7:0.011 pb™/0.016 gb’}
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| HCb Data Taking

L/\/Cb

.............................

. Software High Level Trigger

Partial event reconstruction, select
HLT1 displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

9.

Full offline-like event selection, mixture

HLT2

of inclusive and exclusive triggers

S AR VIR

12.5 kHz Rate to storage

\ 4

$

Full stream TURBO
(i.e. full raw event) (i.e. trigger objects)

Disk usage [%]
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Dynamic adaptation to LHC
machine conditions to maximise
pohysics output

-
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- | = 60% projection
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[ | = 80% projection
| Reduce HLT1
L rate from Go back up
L 130 kHz to 110 kHz
- to 115 kHz \
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to ~82 kHz \ t
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L/\/Cb
| HCb Data Sample

Data taking efficiency LHCb Integrated Luminosity in pp collisions 2010-2016
~90% th rOughOUt the year g ® 2016 (6.5 TeV): 1.29 /fb 2012
O R e e S
. g 18F— PY 2012 (4.0 TeV): 2.08 /fb ....................................... ..................................
1.3 fb™! collected which E Lef .. o 2om@sTevpimm |
provides a larger than bb- g

sample than in 2012
because of the higher
cross section at 13 TeV

Date



some selected physics results
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PbPb collisions

Event 250756
Run 168821
Sun, 29 Nov 2015 21:13:03

Silvia Borghi LHCC, 2 December 2015



muon system

PbPDb collisions =&

s ECAL
S tracking

lumi counters

®* LHCDb iIs participating in Pb-Pb collision runs

LHCh s

* Unique fully instrumented experiment
In the forward region

-10 -8

®* Physics motivations:
* Probe colour screening and quark

luon %Iasma (QGP) temperature L
rough sequential melting of
quarkonium states oo

e Structure of nucleons, hadronisation,
central exclusive production, ... -
—

* Focus on peripheral collisions in o
Pb-Pb, with a centrality up to 50% —+——

____Date____ Datasample

PbPb 25 Nov.-.... Il
PbAr 27 Nov.-...

-10 -8

Data taking
ongoing

Silvia Borghi LHCC, 2 December 2015 52



AL/CE
Pb-Pb: J/P suppression at 5 TeV

Nnuclear modification

faCtOr RAA: D:<1'4 i| OI IALICEJ/F:Vb_;t:l \Mf 5.02TeV,25<y <4,p_<8GeVic _ D:<1'4;_ ‘Incri:\éeEtl/:jb:’:\/%on-/;;i::Ii;}-/5<y <4
10 gl m ALICE, Pb—Pb |5, =276 TeV,2.5< y < 4p <8 GeV/c ] 12F n ALICE,Pb—lib\/%:f.76TeV,2.5<y<4
R N(J/w)AA _L;.ju O PHENIX, Au-Au s, = 0.2 TeV, 1.2 <lyl < 22p >0 GeV/c * ; B PHENIX, Au-Au |s, = 0.2 TeV, 1.2 <lyl < 2.2 ‘
= L
<Nbin>N(‘]/w)pp q:';ui_l: - o.sf—H _ -
00} HEM@“ gl @ o6 % 0 @
very different behaviour ¢~ Fee I T8 S eye B B
2 n O ] 02r@m m [& :
petween LHC and RHIC  bcoooiicirecorreoomid b o
| 0 50 100 150 200 250 300 350 400 0 > A 6 8 10
(VS both centrality and pr, Nt p, (Gevic)
most straightforward New and precise 5 eV data
explanation: c-cbar support even further increase

recombination at LHC



Higgs Boson at 7 and 8 TeV (Run 1)

ATLAS and CMS have

combined thelr Run 1 data
to extract most precise
measurement of HIggs

coupling

Higgs (125 GeV)
compatible with SM

ZH WH VBF

ttH

Y

2z|
ww |

™

1l

ZZ

ww |

T
1Y

ww [

™

bb |

7Y

ww |
™

ATLAS and CMS
LHC Run 1

-o- Observed +1o
w0 Th. uncert.

CMS and ATLAS combined 7 and 8 TeV
results Run 1 legacy papers:

Mass: Phys. Rev. Lett. 114, 191803
Rates and couplings: arXiv:1606.02266

— Mass has been measured to
0.2% precision
my=125.09+0.24 GeV

— Angular distributions
consistent with spin 0 and
even parity

— All couplings are consistent
with SM within 2.5¢

Coupling strengths




Higgs Production at 13 TeV (Run 2)

0 Tolalli > e [T AT 8 ool ATLAS Preliminary o, ma-ioscey -
Overall Significance of 3 ssfanaspraimnay s i | 5 ™ 0070000 malisy
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Higgs production: N e f R : ;
E‘ B 7, Uncertainty ] I
~10 0 g ¢ - |
20 o - l
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" E 7 8 9 10 11 1z 13
- 1. . (s [TeV]
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| > P LHC Rt DI
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+2.4 B = —*lo
55'5_3_4 pb SM My, [GeV] T —-0-— —;;0
' ' HZZ _E-.__
H—DbDb, I.e. the dominant decay : =
' " I‘LWW _-é.-_
remains an experimental i —
T _i*—
challenge L S
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I R T A T Y

Parameter value



Top Production

. Top Cross and Top-quark pole mass measurements July 2016
S — N
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Search for Diphoton resonances

GMS Experiment at the’ L HC, CERN
Data recorded: 2015-Nov-02 21:34:00.662277 GMT

% }/Run / Event / LS: 260627 / 854678036 / 477

my=745 GeV




Di-Photon Search

Data of 2015 showed indications of
excess at 730-750 GeV with a
significance of ~20 (global),

~3.5 O (local)

New data with much increased
statistics do not show the Y
enhancement +

Discussion spurred many theoretical
discussions and exercised the
flexibility of interpretation

data-fitye, ,,

|||||||||||||||||||||||

—— Background-only fit
Spin-0 Selection
Vs =13 TeV, 2015, 3.2 fb™

ra =
" T

"""""" 1500 2000
m(Y,Y) [GeV]

CMS Freiminary 2.7 fb™" (13 TeV, 3.8T)
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Search for di-lepton resonances

124 07 (13 TeV, ea)

- T T T YT T
@ 10° E —— Observed 85% CLimat =~ _
:i- 10* S Ml A W W Expeched 35% CL bt medan
£ s
10 I Expected 95% CL bt 1 8.4 5
2107 I -
u ., [ Expected 85% CLame 250 -
10° _é - —Z, (LO%1.3]
10 s b cor T (O3 1
<
1 i ME’} 3.65 TeV
107" t - .
107 N
.E I 1L _§ 1 I. L i 1L

107780100 200 300 1000 2000 3000 e eluetristelololclalulotelislalel bttt etttk et
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Search for Supersymmetry

+ Limits extended Into
the TeV mass range
for specific channels

pp =80, g —tiX  icHerzoms

| | | | | I | | I | 1 I 1 1 1 1 1 1 | 1 I 4
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£ F ZSUS16018lop () 126 — Onsenved
Y - (=) (o . ’
Run 1 analyses 1600 Z 55 16.015. 1-iop (ag), 120 1

—SUS-16-020, =2-kep (55]). 12.9 10"
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Precision Physics from LHCbD

CP violation in N\o-decays”? N SN
RS " LHCb — Full fit
z - (a) — A= pT AT
: : : 21500- -~ Part-rec. bkg. -
Search for CP-violating asymmetries > |- Comb, bke.
in decay angle distributions of final £ 1000f A e
state i
S0~ ¥ _
b T
5.2 5.4 5.6 5.8 6

m(prx*r) [GeV/c?]

Observe CP violation with a
significance of 3.3 O

(First time observation in baryonic
systems)

) -

—i ¢ ¢ S F ;:
—20F =

o al:080 5 2/ndf=30.5/10 E

| 2 3
|D| [rad]

Asymmetries [ 107%]
-




CP Violation in Charm decays — LHCDb

+ Jest can be done Iin direct or
indirect (time dependent
analysis) decays

LHCb =

A (K K[%]
-
w
|
E _
O
30'

- Entering the 10 regime

+  Approaching sensitivity for
measurement of expected | _
CP violation in SM 051 i _

—0.5 0 0.5
A p( ) [%]

AAcp = (—0.10 £ 0.08 (stat) £ 0.03 (syst)) %




High-Luminosity LHC (HL-LHC)

FP7 Design Study completed in 2015

STRATEGY REPORT
ON RESEARCH
INFRASTRUCTURES

- first (short) 11 Tesla magnet operational

- HL-LHC now underway as a project at CERN

+ and recognised as a landmark on the ESFRI list 2016

e . .
- ] i




High-Luminosity LHC (HL-LHC)

- 5x103* cm=?s! levelled;
.e. factor 5 over design

- tovyield 3 ab' by ~2035
* requires
+ focussing B*=15 cm

+crab crossing

“CRAB” CAVITIES &

16 superconducting ,crab* -2.?.
cavities for each of the ATLAS .

and CMS experiments to tilt the

beams before collisions.

CIVIL ENGINEERING

2 new 300-metre service tunnels and
2 shafts near to ATLAS and CMS.

FOCUSING MAGNETS

12 more powerful guadrupole 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
high-temperature superconductor to carry
current to the magnets from the new service
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.

COLLIMATORS

15 to 20 new collimators and 60 replacement
collimators to reinforce machine protection.



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)



Brief physics case for HL-LHC

measurement of Higgs couplings Bt
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

= I S " T " = T o I ) T |

| I I P
£
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News from Councill

- HL-LHC has been approved in June 2016

+as a technical project @ the cost of
950 MCHF

- MidTerm Plan 201 /7-2021 has been
approved; cumulative budget deficit
imited to 400 MCHF

+ the detalled funding for an EIB credit
ine has been approved in Sep 2016

140,000
120,000
100,000
80,000
60,000

40,000

HL-LHC Annual Budget [kCHF]

20,000

CERN/SPC/1068
CERN/FC/6014
CERN/3255
Original: English
30 May 2016

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE

CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Action to be taken

Voting Procedure

16-17 June 2016

SCIENTIFIC POLICY
For recommendation to the COMMITTEE .
Council 298th meeting
13-14 June 2016
2/3 of MS represented and voting
. FINANCE COMMITTEE 70% of the contributions of MS
For re°°mme“df‘;“’“ tothe 356th meeting represented and present for the
Counci 14-15 June 2016 Voting (abstentions counted as
votes against)
RESTRICTED COUNCIL | 273 of MS represented and voting
For approval 181st Session (abstentions not counted)

The High-Luminosity LHC (HL-LHC) Project

The Council is invited to approve the HL-LHC project, described herein, which, as part of the
LHC programme, implements the highest priority of the European Strategy for Particle

Physics.

The High-Luminosity LHC Project

Abstract

The scientific case for a luminosity upgrade of the Large Hadron Collider (High-Luminosity LHC, HL-
LHC) is presented. It includes measurements of the Higgs boson properties with unprecedented
precision and increased potential in the search for new physics. Construction is expected to be
completed by the mid-twenties, and by the mid-thirties the HL-LHC should have provided a tenfold
increase in the integrated luminosities recorded by the experiments. Main upgrade components
include new-technology supercoducting magnets and current leads. The cost of the collider upgrade,
which will be realised within a constant CERN Budget, is estimated to be 950 MCHF. The main
technical challenges, as well as the ongoing R&D work and the main milestones of the implementation
plan, are described.

3|Page

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026



Energy Frontier

- Jo stay at the forefront of particle physics, Europe needs to be in a position to
oropose an ambitious post-LHC accelerator project at CERN by the time of
the next Strategy update, when physics results from the LHC running at 14
TeV will be available.

CERN should undertake design studies for accelerator projects in a global
context, with emphasis on proton-proton and electron- positron high-energy
frontier machines. These design studies should be coupled to a vigorous
accelerator R&D programme, including high-field magnets and high-gradient
accelerating structures, in collaboration with national institutes, laboratories
and universities worldwide.




Highest energy hadron colliders



Future Circular Collider FCC

| %
.

o-'--

- European Design Study
- ~100 TeV pp ina ~100 km ring



High-field magnets

-+ Key to high energies
- FCC and

- HE-LHC = use of high field magnets in existing LHC ring

Nb3zSn may lead to ~16 T magnets
HL-LHC magnets provide a ~1.2 km test of the technology

an insert of HTS may increase field to 20 T



Magnet R&D

- LHC: nominal 8.3 T; exercise 9 T (being studied)

- HL-LHC:
11 T dipoles In dispersion suppression collimators
12-13 T low-f quadrupoles ATLAS and CMS IR’s

{ ) |
i1} I)i;)islx Viod«

Dec 2015: 2 in 1 dipole
of 1.8 m length reaches
nominal 11.3 T.



Conceptual Design Report by end 2018

- pp-Collider (FCC-hh) - sets the boundary conditions
100 km ring, {s=100 TeV, L~2x10°°

HE-LHC is included (~28 TeV)

e"e’-Collider as a possible first step Schematic of an

% 80-100 km
| g long tunnel

. Js=90 - 350 GeV. \‘
| ~1.3x10°* at high

eh-Collider as an option

. /s=3.5TeV, L~10*



Site investigations @ CERN

Studies are site independent. - FCC@CERN benefits from existing
iNnfrastructure.

Ahgnment Profile

1900m —'Qukatemary
= L_axe
900m —Molasse
300m o Calcaiye
—~Urgonian
T = *Alignment
£800m —Shaft
; 500m
<
= 400m

. 90-100 km ring fits geology

Om
Okm 10km 2km O0%m _ 40km SOkm S0km 70km 80km 280km
Distance along ring clockwise from CERN (km)



3-D Model and Injectors @ CERN

PSB

LINAC4 0.16 — 2 GeV (x13)
0-160 MeV (H-)

<

Spa 226 GeV (x13
26 — 450 GeV (x17)

HEB
0.450 - 3.3 TeV (x7)

To FHC
3.3-50 TeV (x15)

High-Energy Booster (HEB) is “refurbished” LHC
— New power converters to achieve fast ramp (50 A/s)
— Resulting filling time 30 mins



FCC-hh Parameters

Parameter

LHC

collision energy cms [TeV] 100 71.2

dipole field [T] 16 20 3.3

#IP 2 main + 2 2 2 main + 2
bunch intensity [101] 1 1 (0.2) 2 1.1 2.2
bunch spacing [ns] 25 25 (5) 25 25 25
luminosity/lp [1034 cm-2s-1] 5 ~25 12 1 5
events/bunch crossing 170 | ~850 (170) 400 27 135
stored energy/beam [GJ] 8.4 6.6 0.36 0.7
E-loss/turn 5 MeV 2 MeV [ keV [ keV
synchrotron radiation/beam 3 MW 5.8 MW 5.4 KW 9.5 kW




L ayout of FCC-hh and FCC-ee

- Closed orbit solution now available for both machines.

2 rings + -
C 1 booster ™"

in FCC-hh "
tunnel

D “90/270 straight” - Common Common _
~4.7 km RF — e e RE &6

FCC-ee
compatible with
FCC-pp tunnel

H G F layout

1.4km

m= ArC (L=16km,R=13km)
== Mini-arc (L=3.2km,R=13km)
m= DS (L=0.4km,R=17.3km)

== Straight

Coll 2.8km Coll 2.8km

Extr 1.4 km F C C_ h h Extr 1.4 km

As the separation of 3(4) rings is within 15 m,
one wide tunnel may be possible around the IR.



Circular Lepton Colliders

energy/beam [GeV] 45 120 175 120 105
bunches/beam 90000 770 78 50 4
beam current [mA] 1450 30 6.6 16.6 3
luminosity/IP x 1034 cm2s? 70 5 1.3 2.0| 0.0012
energy loss/turn [GeV] 0.03 1.67 7.55 3.1 3.34
synchrotron power [MW] 100 103 22
RF voltage [GV] 0.08 3.0 10 6.9 3.5

FCC-ee
- 2 rings
- 2 IP with crab

waist

CepC (China)

— 1 ring with
possible double ring
sections



FCC detector concepts for 100 TeV

Driving requirements:

BL2 ~10 x ATLAS/CMS for 10% muon momentum
resolution at 10-20 TeV. Requires 1um resolution

- large-bore, high-field solenoid
- return flux captured by twin solenoid

- Coverage with tracking and precise calorimetry up to
In|~5 for light particles

- forward dipole a la LHCb: B~10 Tm

Twin Solenoid:

Spokes

Twin Solenoid:




FPossible Timeline

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

L
B —

CDR by end 2018 for next ES update




Highest energy In lepton colliders



Compact Linear Collider CLIC

ete” collider 1-3 eV

819 klystrons 819 klystrons

circumferences | | | 15 MW, 142 ps
delay loop 73 m

15MW,142ps | | |
drive beam accelerator CR1293m drive beam accelerator

— =1 € SN LT — CR2439m R 2 < M EA 1< 1 S—

2.5km g h 2.5 km

currently only option for the eV
region

Drive Beam

decelerator, 24 sectors of 878 m

2.75 km- 2.75km

e~ main linac, 12 GHz, 100 MV/m, 21 km IP e* main linac
< N /[
48.3 km -
‘ : 880 G V _t- c Main Beam
exploring eV operation e |
PDR predamping ring booster linac
BC bunch compressor 2.86 to 9 GeV
k‘ St rO n S f? BDS beam delivery system
- IP  interaction point
= dump e~ injector,

decisive iInput to next update of

Furopean Strategy for Particle - CDR 2013
Physics - CTF3 has provided key results

- experimental programme will end 2016
- ready for a demonstrator



ete” collider

+There Is a strong scientific case for an electron-positron collider,
complementary to the LHC, that can study the properties of the Higgs boson
and other particles with unprecedented precision and whose energy can be
upgraded. The Technical Design Report of the International Linear Collider
(ILC) has been completed, with large European participation. The initiative from

the Japanese particle physics community to host the ILC in Japan is most
welcome, and European groups are eager to participate.

Europe looks forward to a proposal from Japan to discuss a possible
participation.



International Linear Collider ILC

ete” collider s = 0.5 TeV
(upgradeable to 1 TeV)

precision Higgs and Top
programme and beyonad

2km

- Project is mature (TDR 2012)
- hosting evaluated by Japanese government
- International project (without host laboratory)



INnternational Linear Collider

- Ministry MEXT continues to evaluate the implications of hosting ILC in Japan
cost, manpower (skills)

|CFA decided to prolong the mandate of the Linear Collider Board (LCB) for
(WO years

slightly streamlined structure



V-physSICS

Rapid progress in neutrino oscillation physics, with significant European
INnvolvement, has established a strong scientific case for a long-baseline
neutrino programme exploring CP violation and the mass hierarchy in the
neutrino sector. CERN should develop a neutrino programme to pave the way
for a substantial European role In future long-baseline experiments.

Europe should explore the possibility of major participation in leading long-
baseline neutrino projects in the US and Japan.



Short baseline programme at Fermilab

- JO resolve experimental
iInconsistencies in the

' - SEN o wwonmﬁ?'ﬁaﬁ m2t 7
measured v-spectrum : a‘ gy vooe o m '’
ok Ry | %oo’ Ot g W,———-.ﬂﬁ‘t
- “ ICARUS T600 WAL 00T Fir Do *
- Using 3 : o S g 4
: _ £ MiniBodNE. T\ 4 ok

NMicroBooN#

+ LAr-ND (near detector)

W

\)(\e g

. ) - y | ' % 3 ST .|
- MicroBooNE oy ri— . . Ay | g
W : 7 hOm Ned e‘tictor ’

"~} SBND

- refurbished ICARUS ‘f




L.ong baseline neutrino programmes

- Fermilab iIs planning a
long baseline neutrino facility
(LBNF), a wide band neutrino
beam to the DUNE experiment
(LArTPC) In South Dakota

Sanford

- KEK 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




LAr Technology

LarTPC large scale active detectors

few mm precision

good energy resolution




Membrane cryostats

y

\.

icense

GTT |




Neutrino Platform at CERN

To develop experimental
technigues, e.g.
orotoDUNE

— single phase

— double phase

AEBCHNMEL I -ZRLEY R

hese prototype detectors will
enerate a data stream comparable to
that of ALICE in Heavy Iron Running




| rogramme
International Framework of Neutrino Prog

+ no v-beams at CERN

- foster European engagementt |ir;] )
short- and long-baseline neutr
programmes

- Memoranda of Understanding

have been concluded end of
2015

| ted by
being supplemen
addgnda on Work programme

AL

oLl
NEUTRINO PROTOC

RGY
OF ENE OF)
THE DEPARTMEEI\;TOF AMERICA (D
T

OF THE UNITED STA

CERN engages n
external projects

EXPERIMEN TS PROTOCOL 11
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THE EUROPEA

N ORGANIZATION
F

ORN UCLEAR RESEARCH (CERN)
and

THE DEPARTMENT OF ENERGY
E UNITED STATES OF AMERICA (DOE)

and

THE NATIONAL SCIENCE FOUNDATION
OF THE UNITED STATES OF AMERICA (NSF)

THE CO~OPERATION AGREEMENT

Concerning

SCIENTIFIC AND T

ECHNICAL CO~OPERATION
IN NUCLEAR AND PARTICLE PHYSICS

2015




Beyond the LHC flagship project — at CERN



Physics-Beyond-Colliders (PBC

Physics

- *Beyond
“Colliders

+ Workshop 6-7 Sep 2016
+ Convened by
- C Vallee, J Jackel, M Lamont

+ saw 342 registered participants

- Will contribute to ESPP update
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Particle Physics Programme on LHC injectors

NA61 / NA62 / NA64 / COMPASS
(+ neutrino platform R&D)

Plasma acceleration
R&D on the former
CNGS extraction line

TI2 ),

HiRadMat /
| TT60

Vibrant antimatter

i '5 E
program on the et
: “'Eﬁ\—b—l REX/HIE
Antiproton Decelerator: - v
. n-10 I
bright future s T P
: -z (] CTF3
secured with current ¢

LEIR

ELENA upgrade e

NB: recent stop of major programs (e.qg. CNGS) leaves room for new significant initiatives

C. Vallée, SPC 299, Sept. 13th 2016 Physics Beyond Colliders 3



Fixed Target Programme

. NABT sil”mE: N —
2020

LEGACY TPCs WITH ALICE READ-0UT

‘\ NEW Tof DETECTORS
. (teD wmRPCs 2)

- Charm deconfinement CUI /

PROJECTILE

* support for v-programme

SIDE-BACKIIARD DETECTAR
(aLicE 178 2)

- COMPASS -

]
=y "y
. T~

+ Drell-Yan with pbar and K-beams



Search for Hidden Particles

- NAGBZ
+ rare K° — 11V decays

- then search tfor HNL

. SHIP

- Preparing for Comprehensive
Design Report

NA62: (K - mvv) rare decay

= B
102 g4

10°® E
104 E‘: DDDDDD
Wish to run ~1 year in beam dump mode 10° B
10° B2 s
after LS2 to look for Heavy Neutral Leptons 107 Bt
10® > K
10° | -
- possible intermediate step towards SHiP -
o 10-1210’1 o “‘I l II“IiIO IIII1IO2 Mass
Compact beam dump: ~11 A, Cu-based beam-defining collimator (TAX)
radioprotection-compliant even if target removed
Decay volume ~ 60 m long (in vacuum):
reasonable acceptance to long-lived states
i — LKr calor
i TAX l ) v Neapne L veto
i \—'777’7’47 : - i -8 V X & | SAC
target el e RICH IRC
Om 50m 100m 150m -~ 200m 250m
Large-angle vy veto Straw chamber spectrometer
C. Vallée, SPC 299, Sept. 13th 2016 Physics Beyond Colliders 9

New idea: NA62+ for (K° = m°vv) rare decay

Detector layout for K; — #0%vv

T AFC

80 m 105 m 155 m 241.5m



Precision EDM Measurements using electrostatic ring

102° e-cm sensitivity would correspond to 100 TeV for new physics energy scale.
Pure electrostatic ring applicable to proton only

10.4m.
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2 7\ Electrode spacing 3 cm
-« field by vertical beam position x| o
“x  geparation between CW/CCW ks Deflectorshape Gyineneal
’»/“ ) ) k-*\;"' Harmonic, RF[MHz] 100, 35.878
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V. Anastassopulos et al, https://arxiv.org/abs/1502.04317 Dispersion, max [m] sOm



Strategy Roadmap

+ The CERN Council started first discussion on next Strategy Update
+await results of LHC Run 2

+expect conclusion of ILC evaluation in Japanese ministry of Science etc.
(MEXT)

+ Next ESPP Update currently expected for spring 2020
- LHC will work the energy frontier

-+ and then many more ideas that have to be cast into strategies



Conclusion

Internationally balanced strategies have proven to be powerful means of

+setting priorities among physicists anad

+ ascertaining financial support for the large infrastructures of our fielo

+ QGiven the long lead times it is important that they be carried out in the
respective timeframe

- Strategies need to be updated and adjusted every 5-8 years, I.e. whenever an

important implementation step has been made or nature has reveal another
Secret



