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There must be more than the Standard Model...



Afterglow Light
Pattern

380,000 yrs.

Inflation »

Fluctuations

Dark Energy
Accelerated Expansion

Development of
Galaxies, Planets, etc.

Dark Ages
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1st Stars e/ T
about 400 million yrs.

Big Bang Expansion

| today

13.7 billion years



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) .




...executing the ongoing (worldwide) Strategy for Particle Physics
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Example of Dark Matter Search at the LHC
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L HC Physics Programme in a broader context



Goal of LHC - |dentify the Physics beyond the Standard Model

+ EXplore an energy regime that has - Look for small deviations (small
not been chartered before couplings) from the Standard Model
+ have entered 13 TeV regime In + Precision measurements of (rare)
production mode processes
* Luminosity need tn both cases

- 14 TeV after Long Shutdown 2 - Higgs particle as a portal
and possibly 15 TeV (study

group)



| HC schedule

LHC

Run 1 ‘ ‘ Run 2
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Extraordinary LHC Performance in 2016

>

- Batch Compression Merging
and Splitting scheme is
boosting bunch brightness:
obunches collide more effectively
— INncreased pile-up
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- Machine availability has

essentially doubled (meticulous LHC Status [ 2fabebeam

attention to operation) ® Preparation and Injection

>

2015 first part of 2016

- Considerably more physics data
to digest




Experimental challenge - pile-up
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With every hard interaction of protons many
other protons in the bunch collide
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| HC Luminosity 2016 in pp

- |Instantaneous (peak) luminosity
drives pile-up

+Availabllity leads to increased
computing and data transfer rates

Peak luminosity (10* cm2s ')

- >10 PB/month
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LHC

Run 2017 In full swing

HC resumed full operation after extended

winter stop which saw replacement of

but O
Jad

@)

5

SPS dump (vacuum leak)
sick LHC dipole in sector 12

nserve sudden background bursts near

‘upole 16L2 leading to occasional dumps

robably due to residual N» (intensity limitation)

—Xperiments carried out their upgrades

CMS pixel detector, etc.

20

15

10

Delivered integrated luminosity (fb ')

LHC 2017 RUN (6.5 TeV/beam)

—o— ATLAS 19.465 fb ™'
—A— CMS 19.325 fb'
—0— LHCb 0.752 fb™*

H—o— ALICE 5.560 pb !
PRELIMINARY
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Month in 2017
( 2017-08-30 06:24 including fill 6146; scripts by C. Barschel )




Extending mass reach — example searches for Supersymmetry
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Vector boson and theoretical understanding

-+ Rate of interaction, I.e. the
Cross section for pp-
collisions varies dramatically

*high mass cross sections
are of very low rate

*requires very high
selectivity (trigger, event
selection)

June 2016

CMS Preliminary

CMS measurements

vs. NNLO (NLO) theory

7 TeV CMS measurement (stat,stat+sys) +—

[ [ @)

8 TeV CMS measurement (stat,stat+sys) +——

13 TeV CMS measurement (stat,stat+sys)— .
Y | | 1.06 £ 0.01+0.12 5.0 fb™
Wy, (NLO th.) = o = 1.16 = 0.03 + 0.13 5.0 fb™
Zy, (NLO th.) o 0.98 + 0.01+0.05 5.0 b
Zy, (NLO th.) — — 0.98 = 0.01+0.05 19.51fb
WW+WZ : — 1.01+0.13 £ 0.14 4.91fb"
WW —t—o—t——t 1.07 +0.04 = 0.09 4.9 fb™
WW ro—— 1.00 = 0.02 = 0.08 19.4 fb™
WW o« 0.96 + 0.05 + 0.08 2.3 fb”
W7 R 1.08 £ 0.07 £ 0.06 4.9 b
WZ ey 1.04 + 0.03 = 0.07 19.6 fb
WZ 0.82 + 0.07 + 0.07 2.3 b
-7 o 0.97 +0.13 £ 0.07 4.9 b
77 o 0.97 = 0.06 = 0.08 19.6 b’
77 | | O.8€|3 +0.11+0.04 2.6fb"
Al resits at: 1Production Cross Seé?ion Ratio: o..,./o0O °

http://cern.ch/go/pNj7 ] exp theo



Higgs Boson at 7 and 8 TeV (Run 1)

ATLAS and CMS have

combined their Run 1 data to
extract precise measurement

of HIggs coupling

Higgs (125 GeV) compatible

with SM

ZH WH VBF
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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




Events / 2 GeV

H — 4 7 and combination with H — yy

CMS arXiv:1706.09936 Submitted to JHEP
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—— :
Vs =13 TeV, 36.1 fb" Total Stat. [ Syst
Total  Stat. Syst.
I
LHC Run 1 p—— 125.09 £0.24 (£ 0.21+0.11) GeV
H—ZZ*—41 = 124.88 + 0.37 ( £ 0.37 + 0.05) GeV
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CMS arXiv:1706.09936
ImH = 125.26 + 0.20(stat) 4+ 0.08(syst) GeV
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H — fermions

H— 11 H — bb

35.91b" (13 TeV)
T I T T T T

— . lllllllllllll.l.lllllllllrl_lllllllllllllll. ZH_)vabb ’V
_ CIVII S | ATLAS Preliminary Vs=7+8+13 TeV 7
: ! ] L dt=4.7+20.3+36.1 b’ )
U S| ng _ Preliminary - —Total Stat.
] | O-jet | (Tot.) ( Stat. , Syst.)
T T i 0.82 foq':z
h*h - 1 Run? : +0.42 4024 +0.34
i . 131‘1’?09_}3" _ : ko= 1.19 _0.36 -0.23 7 -0.28 )
s " -0.37 i :
e Th "R VBFo 31
— 1'07T0.:?9 _ -
Run1 g - 0 51 +0.40 +0.31 +0.25 )
i . . . -0.38 -0.30 * -0.23
Hin | —— | o
0.24 L
€ i l Comb. e +0.28 [;+0.18 +0.21
'M i 1 : 090 7556 (lo1s: 019
, | , , , , | , , \ \ | \ ) | | | | I ) I | - l 1 Ll I
0 1 2 3 -1 0 1 2 3 4 5 6 7 8
_— bb
Best fit 1 G/O'SM MVH

490 from run 2 3.50



cObSe a
Omp;,, top
O _} lheqy Oftb
a’)&[ ,el‘a
B vy e
and l, . decayf 02034
bdatarom the
CMS and LHCb (LHC run I)

Extremely rare oMS nd e B o) I S — _
decay in 60— —4— Data —
Staﬂdard MOde‘ B —— Signal and background _]
QV B 0 _ —

L 50 Bs — wiu
é B | —— B° s utu~ ]
o L — - — Combinatorial background —
Y 40FE . . —
o =i B e A R » L N Semi-leptonic background —
3 B — =— Peaking background -
5 30— —
5 [ =
- — 'R —
qv) [ 1 ~. —
_ 4+ O - Yo —— —— N
b M B 20— —
W+ 0 5 £ 4| T 3 -
BO t Z ) — | s~" —
S ; 10 __ ~s~ o
W~ - AL . L =
S e n A4 : -

0 W | i -1 S e
5,000 5,200 5,400 5,600 5,800

2
mﬂm- (MeV/C )




BY = yy  combined result of CMS and LHCb
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From limit to measurement for B® = pp

The rare decay was
kKnown to be particularly
sensitive for new physics.

25 years of experimental
research to reach SM
sensitivity.

Compatible with SM —
new physics not hiding
here’?

Limit (90% CL) or BF measurement
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70”'0144
Measurement of BR(Bs—up) and search for Ba—=pu -

Re-analyse Run 1 data with improved selection (background halved) and add 1.4
fo! of Run 2 data

First single-experiment observation of Bs—py mode; measurement of BR has same
orecision as previous Run 1 LHCb-CMS combined analysis [Nature 522 (2015) 68].

B(B! — ;™) = (3.0 4+ 0.6 (stat) T35 (syst)) x 1077 (7.80)

(\g 350 I ' . . ' | —.Tota.l I/\ 09:
> LHCb — - Bl BO - - —10 © o C L 7 08¢ E
= 308 e e B(B” — pu p) < 3.4x10 95% C.L. | = .} E
o BDT > 0.5 T 0.7 .
v HsH ====== Combinatorial T - .
- ) e Bl =, 06} E
S 20 = B TE) UV, — 0.5 =
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2 s B D 04¢ -
= P U - .
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~+ " 4 + 0.2F —
5 4. S| + - E
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O .......... - L Lowm )2 S g | H H 1 1 O: XIO
5000 5500 6000

m. - [MeV/c?] BF(BS — WYL )



Measurement of Rk

Expect pu and ee-branchings to be the LHCb-Paper-2017-013
same — apart from well understood mass

contributions
So far a ~2.5 o effect
P B B(BO—> K*O/ﬂ',u ) B(BO—) K*Vete )
K27 B(BY— Kk (= ptu))/ B(B'— K®Jh)(— ete)) ¢
v, Z Y
2.0 —T— —T ] AL L L B B B B s w
*K ; 1.0 __ .......................................................... P PGS _— b f,C, U S
S 5[ T - = LS B° K
0.8 m d d
loE | 0.6 L ] )
i il - ® LHCh . A 4
= 1 + = - I BIP ] / //
23 - 0.4 v CDHMV ] ) Y
0.5 ® LHChH - B EOS ) 5 Wl oo W
- o BaBar - 0.2 - ® flav.io ™ - —~— -
. LHCb A Belle 1 - LHCDb * IC ] B° K
ool v v 0 vy ool v v v v v 1] d d
0 5 10 15 20 0 1 2 3 4 5 0 g

¢ [GeV?/c] ¢* [GeV?/c]
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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
- gl m ALICE, Pb—Pb |5, =276 TeV,2.5< y < 4p <8 GeVic . 12F O AL|CE,Pb—libm=f.76Tev,2.5<y<4
R N(J/w)AA _L;.ju O PHENIX, Au-Au |5, = 0.2 TeV, 1.2 <lyl < 22p >0 GeV/c * : m PHENIX, Au-Au |5, = 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  *} LI . I W2 ey B
2 w E 02rm m &
petween LHC and RHIC  afecoooiicreerreoomiod b o
(VS bO’[h Cen’[ra”ty and p—l—) 0 50 100 150 200 250 300 350 <litloo> 0 > 4 6 8
most straightforward New and precise 5 eV data
explanation: c-cbar support even further increase

recombination at LHC



Strangeness production in high-energy pp

- ALICE
~ @pp, S =7TeV
O p-Pb, Vs =5.02 TeV

Strangeness
INncreases In high-
multiplicity pp-
collisions
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High Luminosity LHC



High-Luminosity LHC approved by Council in 2016

High-Luminosity (HL-LHC)

== (") CIVIL ENGINEERING “CRAB” CAVITIES { i
7y 2 new 300-metre service tunnels and 16 superconducting ,crab“ f

2 shafts near to ATLAS and CMS. cavities for each of the ATLAS ==
and CMS experiments to tilt the
beams before collisions.

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

- tovyield 3 ab! by ~2035

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.

requires

- focussing B*=15 cm

* crab crossing

SUPERCONDUCTING LINKS BENDING MAGNETS

_Electrical transmission lines based on a COLLIMATORS 4 pairs of shorter and more
high-temperature superconductor to carry 15 to 20 new collimators and 60 replacement powerful dipole bending magnets

current to the magnets from the new service collimators to reinforce machine protection. to free up space for the new
tunnels near ATLAS and CMS. collimators.



| HC-Injector upgrades — Linac 4 taken into operation®

- Commissioning started
2014

+ protons have been
accelerated to
160 MeV

* using TI-mode
structures PIMS for
high energy
acceleration

Inawguration 9.5.2017

*not yet connected to booster



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

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

| I I P
£
&
11+



SM Physics Menu on the LHC and HL-LHC Running Schedule

Credits: A. David @ GRC 2017

& 150fb-’ - -300fb"’

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

2028 2029 2030 2031 2032

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

202> 3000fb"!

: . . : -
o 'S 'S

— Beware: 20 Years ex’crapotatiow
— Nature maa Y choose to serve
surprlses




Phase |l Detector upgrades

— replace radiation-damaged components
— enable detectors to withstand the rates at phase ( performance



ATLAS ITk strips TDR (Phase || Upgrade)

- Settled on 5 pixel + 4 strips system E 1400 ATLAS simulation | -
o 1500 f_ITk Inclined h10 _f

+ Only the strips are evaluated in TDR - 1000¢ 20
although status of pixel mentioned F E
600 -

| | 400" I

- The pixel TDR will follow at 200y ERR I S E
g L a S LI N S A Ry -

2017 0%~ 500 1000 1500 2000 2500 3000 3500

Z [mm]

+ Large document
(>500 pages)




Planned deluge of Technical Design Reports (TDRs)

_Experiment | System | Date |CORE mcsr SOURCE _

61 TDR ITkStrip

ATLAS
ATLAS
ATLAS
ATLAS
ATLAS
ATLAS
CMS
CMS
CMS
CMS
CMS

ITkStrip
Muon
LAY
Tile
TDAQ
ITkPixel
Tracker
Barrel Cal
Muon
Endcap Cal
Trigger DAQ/HLT

Dec-16
Jun-17
Sep-17
Sep-17
Dec-17
Dec-17/
Jul-17

Sep-17
Sep-17
Nov-17/
>2019

34
36
9
43
59
112
11
25
64
24

SD
SD - sFCal
SD
SD
SD
SD
SD
SD
SD
SD

SD=

Scoping

ATLAS

Letter of
Docume
CERN-L
CERN-L

CMS

Documents

Intent + Scoping
Nt

CC-2012-022

CC-2015-020

Technical Proposal +

Scoping
CERN-L
CERN-L

Document

CC-2015-010

CC-2015-019



Highest energy hadron colliders

From European Strategy of Particle Physics

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.



Future Circular Collider FCC

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

- employs injector chain of CERN



High-field magnets

-+ Key to high energies
- FCC and
- HE-LHC = use of high field magnets in existing LHC ring
Technology
Nb3Sn allows ~16 T magnets that need to be developed (size, cost, industry...)
HL-LHC magnets provide a ~1.2 km test of the technology (11 T magnets)

an insert of HTS may increase field to 20 T (requires considerable research)



International Collaboration on Magnet Development

+ Nb3Sn magnets: international R&D programme

+several European countries and US LARP
programme and ItS successor

World record field 13.8 T
r Y

VLHC 10 T Dipole

LARP 200 T/m TQ quadrupole

VLHC R&D LHC upgrades R&D

4 T | .
1999 2000 2001 2002 2003 2004

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

/’us‘_\_

HEE

tesla

Field progress in accelerator magnets

14

12

10 _—“b# -

,/
-
-
"
-

o~
-
o
-
e
-
-

SO N & & »

1975

Ed
-
-
-
-
-
-
-
B
-

SPS & Main Ring (resistive)

1985 1995 2005 2015 year

¢ Field(T)

1.2KM of LHC modified

HFDC (R&W) !
40 mm 10 T dipole 10 T dipole

HFDA
43.5 mm

HFDM-LM
Dipole mirror

TQC

quadrupole

TQM-LQM
90 mm 200 T/m Quadrupole

mirror

MBHSP MBHSM
60 mm 11 T dipole Dipole mirror

MBHDP
60 mm 11 T dipole




FCC 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)

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

e"e -Collider as a possible first step

Js= 90 - 350 GeV,
| ~1.3x10°* at high

eh-Collider as an option

A = . -
’ . — FCC Week 2017
4 / MAY 29 - JUNE 2
/ —  BERLIN, GERMANY
a4 5
[ ||||I|||I1| 1t

Js=3.5 TeV, L~10*



Highest energy with lepton colliders



Compact Linear Collider CLIC

ete” collider 1-3 eV

currently only option for the eV
region

380 GeV study has been completed
both for 2-beam and klystrons
approach; now explore 250 GeV

decisive iInput to next update of
European Strategy for Particle
Physics

819 klystrons
15MW,142ps | | |

drive beam accelerator CR1293m drive beam accelerator
R~ 1¢.-1 /U E!1<] > S— CR2439m — 1< A1) —

2.5km g h 2.5 km

819 klystrons

cumferences | | | 15 MW, 142 us

cir C
delay loop 73 m

Drive Beam

2.75 km- 2.75km
IP

e~ main linac, 12 GHz, 100 MV/m, 21 km

N\ [

48.3 km

booster linac
2.86 to 9 GeV

PDR predamping ring

BC bunch compressor
BDS beam delivery system
IP  interaction point

B dump

- CDR 2013
- CTF3 has provided key results

- experimental programme ended 2016
- ready for a demonstrator



ete” collider

From European Strategy of Particle Physics

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

- e*e collider /s = 0.5 TeV
(upgradeable to 1 TeV)

+ staged version for
Js = 0.25 TeV being promoted

precision Higgs (and Top)
programme and beyonad

- Project is mature (TDR 2012)
- hosting evaluated by Japanese government
- expect (some) statement by the end of 2018

Ministry MEXT continues to
evaluate the implications of
hosting ILC in Japan w.r.t. cost,
manpower (skills)



V-PNYSICS

From European Strategy of Particle Physics
Europe should explore the possibility of major participation in leading long-baseline neutrino projects in the US
and Japan.



Neutrinos at CERN

- Long tradition
- detection of neutral currents at Gargamelle in 1973
-+ CDHS and CHARM...

- More recently

+ CNGS

- sending neutrinos from CERN to Gran Sasso



CNGS 20006 - 2012

- CERN v-beam to Gran Sasso

200 x10"®
= - Integrated Protons on target:
target beam instumentation  helium bags dacay tube hadron stop muon datectors °. 1 80 ___ 201 2 .
dmsmm:'?'m / mm\ /Kd a —  Total: 18.24 E19 pot -
C_‘ ‘ 2160 — 3.9E19
e e ..’2:’;',‘,0 Sy Eiom | @ 2011:
: Gin % 140 |- 4.84E19
| — =
| 100 m 992 m 182m &5m 67T m 5m g 120 '-_
L . S DL PLLEC L s L 2010:
e 4.04E19
CERN NEUTRINOS TO GRAN SASSO E .
Underground structures at CERN 80 Sy,
= 2009:
60— 3.52E19
40 — 2008:
- 20071 q.78E19
20 ~2006:  0.08E19
-0.08E19 /
o___. A A -t L L L 1 1 l | | 1 L
Jul. 2006 Aug. 2008 Oct. 2010 Dec. 2012
Time

1.8x10%° p.o.t.

/06 /2003
CERN-AC-DI-MM




OPERA

- 5 v were detected In
emulsion detector

+ Detection of vy = W«
osclllations

ECC brick |

ot
-
-t
ol

electronic
rackers

emulsion layers

interface
films (CS)

The OPERA Detector

31 walls @rick watts=TT)
+ 1 spectrometer

spectrometer

31 Walls

(each containing
3328 bricks)

In total there are
206336 bricks
~ 1.8 kton




ICARUS at Gran Sasso

- LArTPC

Cathode e electron drift direction

+search for vy = Ve

osclllations and
L SND effect

‘ Pvu—bve < 54)(1 O_S
@ 90%CL

wire chambers

) SearCh fOr VU — V1 drift of elebthons
osclllations L PoTOTI




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



Fast entry into Short Baseline Programme at Fermilab

+ |CARUS
- ended data taking at LNGS
- pioneered LarTPC technology

+ gpace at LNGS had to be cleared



|ICARUS overhaul at CERN (WA104 - NPO1)

» Detector upgrade
- more PMTs
 new cathode, inner cabling
* new electronics
- Scintillator layer (cosmic tagger)
+ New cryostat and cryogenic plant

- Reassembly of the 2 T300 modules Iinside cryostats and shipment to Fermilab



Sterile neutrino search

Daya Bay 90% CL_

1 LI | LI 1 02
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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

-

T
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o
"4
"

=
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e
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es

MicroBooNE

==
=
=<
=
e
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et
e

__=-=-=iT & MiniBooNE , _ -
= - (operating) -

é.
(relocated)



ICARUS Trip
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(CARUS arrival at Fermilab

 Novel cryostat
technology for ICARUS

- pbased on GTT

Route Route Schedule ‘ PG - \, \ ]H i -:T- ‘Hﬂ, alt/T ] ;.' : "
technology well T i \|\ 5 ”Il‘lll .
eStab“Shed for Atr.t:::;l 14 June 2017 e ' :
' (CH)
vessels carrying owmowt 150010

iquid gases

Arr. Antwerp
(NL)

Dep. Antwerp

*  Much more o
demanding on

4 truck

stability e

21 June 2017

earliest/latest on
23/30 June 2017

appr. 23-24 days
after departure
from Antwerp

appr. 2 days after
dep. from Burns
Arbor




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

at the neutrino platform




DUNE Collaboration

ROBERT RATHBUN

EEINE HIINE'
B E 0 ﬂuuﬂ_ |

T —




ing of SURF July 2017

Groundbreak

ilab

& Ferm

i

ENERGY

@ @

@Sanford UVE




| 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)




International DUNE Project

Dual-Phase DUNE FD: 20 times repication of Dual-Phase ProtaDUNE
{gnitém - 12m) DUNE Conoaptued Diasign Papart, My 2013

Active LAr mass: 12096 kon, 1id mass:_10.643 kton, N. of channels: 153600

Snad i gy with DAD  Tield cage
UITEA crotes .

LA -y
ey s

DUNE project Office
Installation and Integration

FAR DETECTOR - Dual Phase

s Ao A .01

NEAR DETECTOR

ProtoDUNE-

N SP | N ProtoDUNE-DP
CERN Twiki, CENF, FNAL Wiki, BNL Wiki



Summary Neutrino Platform

- CERN offers a platform for Neutrino detectors R&D and later construction. CERN is

supporting this platform in an active way both for the infrastructure
detectors construction, installation and commissioning

- A large neutrino test area (EHN1-1 extension) with charged beams
been constructed and Is being made operational

-+ CERN will assist the EU neutrino community in their long term com

are reacting on demands from the community, in particular for mar

and for the

capabillities has

mon plans. We
v R&D aspects.

In the short term, the CERN Platform is helping in getting a Short Baseline
operational at FNAL with an agreed physics program ... and later a Long Baseline.

Near detectors are now appearing as new R&D projects.




Towards 2020 Update of European Strategy for Particle Physics

— LHC and HL-LHC exploitation (/)
— Prepare for the next step at the energy frontier
— Rich diversity programme...



| HC and its injector chain used for physics

L HC CMS

LHC

ALICE TT20 LHCDb

ongoing Run 2 @ 13 TeV

North Area

Injector rtin e
|eClors Suppo 9 )
TN ATLAS
. HiRadMat
Fixed target programme | e —
T2 BOOSTER
ISOLDE (isotopes) S )/ Em
75%ofallp .. <D o
— uNAC2 YRS L) CTF3
n_ |OI_ neutrons N\ LEIT;i O \p
lons

AD-programme



Physics Beyond Collider Study

Physics

*Beyond
“Colliders

- Kickoff meeting held in September 2016
Follow-up In Novemlber 2017

- Study of fixed target programme

...even with LHC beams

SMOG

SHIP sensitivity to HNLs SHIiP:

.‘w

Flagship program for a comprehensive investigation
of the Dark Sector in the few GeV domain

Exploits the unique high-E/ high-1 SPS features

HNL coupling b SM U

idden Sector
decay volume

078D, >1076 7, >1020 y
2x1020 pot (in 5 years)

1 1 ol
HNL mass (GeV)

AD

Spectrometer
-, Particle ID
Search for Hidden Sector

particles (decays in the
decay volume)

Similar layout as NA62,
with larger acceptance to

reach the c / b mass range

Emulsion

: 2 spectrometer
ctive muon shield P

Beam Dump Facility
already under study
at CERN

C. Vallée, SPC 299, Sept. 13th 2016 Physics Beyond Colliders 12

Search for DM (scattering on atoms)
v, physics (specific event topology)

Dark sector search complementary to SHiP:
invisible decays from missing energy
First implementation in 2016 by NA64 on an electron test beam

Wish to extend the method tou /n/K/p beams
(+ possibly higher intensity e’s with AWAKE techno)

I Source of A”s: Invisible decay of invisible state! -

Mu2

level <101 2.7 O-9/e_ vacuum vessel

magnet

S.Andreas et al., arXiv: 1312.3309
S.G., PRD(2014)

Physics Beyond Colliders 13




Physics

Physics Beyond Collider Study cont’d -*Beyond

“Colliders
Study of an all-electric storage ring 10 Storage ring
e 1077 :: v
Q0 ~~ oo for proton EDM:
— = ~~ current limits = CP violation test
- \ gt m $:p ! tong % . ;‘_J.,ﬂ\‘% @ 10—21 L e
\\k kg k1 k2 K1 kg k/”/. G\‘ﬁ‘ 1028 “ G I
s, M 4 1 ,,/ L E 2<o <) ——— . Goa exp._gt
kg : 1027—— susY e <F COSY (10*e cm)
P o L 10°
oY = k3 k4/, 102 " S — Goal dedicated
S - _— : -29
p o : i X ring (10“°e cm)
- ® Design sensitivity: 4x102° e-cm ' .
I ky : _ k4 "\
.. Requires: )
. K3 3 3 .
- ., - ¢€lectrostatic deflector SMV/m | -
{kz -- magnetic shielding ko %ute,,
., - high precision SQUID BPMs to

| K monitor the total radial magnetic ., -
«  fleld by vertical beam position u\;
s separation between CW/CCV\L"?' AL

’/f,/ka k4 . kg\“\\ -SeV\/SLtL\/LtH 0_{' 10—2_3 e-CW\ ODYYCS'POV\/dS tO
/., k3 3 X 1
,/k"/k? S v 100 TeV for WEW phgsws scale



Summary

ohysics return

+ by exploring the highest energies

=xperimental Programme of LHC extremely rich; long range experimental programme guarantees

* by searching for violations of the SM In (highly sensitive) rare decays

Preparing Update of the

HC and HL-LHC

—uropean Strategy for

—nergy Frontier (FCC / CLIC)

Particle

PhysICS

+ Accelerator based neutrino programme (US & Japan)

via neutrino platform

+Vibrant physics programme

Beyond Colliders

2018 (end): reports on Phgsics
2019: community discussion
with tnput from other reglons



