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Happy Anniversary, LIP!

initially founded as the national centre to
support research at CERN and now an active
and lively Research Centre in Portugal

Much of the initial success is owed to the
visionary Jose Maria Mariano Rebelo Pires Gago
a politician turned scientist on the European

Landscape




There must be more than the Standard Model...



e.g. Dark Matter



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) .




Planck — Map of the Fluctuations of the Cosmic Microwave Radiation




Energy Density of the Universe

- Known matter makes up

~5% of the Universe

Atoms Dark

- Dark matter constitutes 4.6% Energy
29 72%
Dark
- Ihe expansion of the Matter
Universe Is accelerating 23%

+ Dark energy
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Example of Dark Matter Search at the LHC
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...and many more open guestions



Topics and Experimental Methods

Dark sector
- WIMP miracle’??
- Significance of electroweak scale ~250 GeV
Exploration of the highest energies
Preponderance of particles over anti-particles

Flavour physics



CERN Physics Programme in a broader context



| HC and its injector chain
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Goals of LHC

- |dentify the Physics beyond the Standard Model
+  EXplore an energy regime that has not been chartered before
+ have entered 13 TeV regime In production mode

- 14 TeV after LS2 and possibly 15 TeV albeit with lower luminosity

+ Look for small deviations (small couplings) from the Standard Model

+ Precision measurements of (rare) processes



| HC schedule

LHC
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| HC Configuration 2018

- More bunches

Optics 2017 ATS
Beam type BCMS (25ns)
also good for LHCDb o
Bunch intensity 1.15-1.3 x 10" p/bunch
| #bunches per train 144
’ Leveued p”e_up ~6Oa bunCh Total number of bunches 2556
luminosity similar to 2018 Initialibaseline B* 30 om
Final B* (by leveling) (*) 27/25 cm
° \ﬂ’[FOdUCtIOﬂ Of B*_anti_ Y52 xing angles(*™) 160/200/160/-250
levelling down to 25 cm oS bump emm

* Use of B* levelling initially at end of fills to make it operational,

’ as
o\‘awavw’uoauﬁ LM:,&@'WW of requiring closing of TCTs in IR1 and IRS by an additional o wrt to
’ ‘ W Y
e density v 2017
?Wm Leavw ovevrLap ** same ATLAS Xing angle polarity as in 2017, continuous crossing

angle anti-leveling



Exploiting the fills — maintain high luminosity for extended periods

Continuous crossing angle

Fill 6639, 2319b

reduction (anti-levelling) — e w7003 countesy & SAWIK N e
-160 Urad — -4 80 Urad ] : | crossing angle step B* rjduction
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and OUthing bUﬂCheS g 1.0 A m R T T T T \ @
interfere less) ] xing angle reduction o——
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Great start in 2018

Luminosity goal for 2018 Delivered Luminosity 2018
o0 fb-1 — 7 —
L Preliminary
. = 6| +ATLAS:6.289 fb-1 7
a month of PbPb running 2 +CMS: 6.183 fb-1 4
= LHCb : 0.188 fb-1
towards the end of the year é > || T ALICE : 0,00141 fb-1
=
: )
special runs g 3
£
. £ 2
Total cross section at -
lower energy etc. a 1

0 Ly —— % 1 Ak AA—A A&
ABr ADr Abr Apr ABr ABr ABr May May My Miy
Date



Event Pile-Up and Luminosity Levelling at LHC (2017)
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Plle-up affects physics

+ For low pile-up: 2 separate vertices

Z = py ATLAS

EXPERIMENT

1 hard interaction and many

Run Number: 338220, Event Number: 2718372349

minimum-pias interactions )
o
2 a\Le
o ' . avd’SO
for high pile-up e

+ possibly more than 1 hard
interaction + min-bias

— \: \\S\ \‘\\"“\"\
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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
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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




Higgs Production at 13 TeV (Run 2)

Overall significance of

HIgQgs production:
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H—DDb, I.e. the dominant decay

remained an experimental

challenge In Run 1
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H — bb observed at LHC

12 ATLAS Preliminary e Data ]
- {5=13TeV, 36.1 fb" B VH — Vbb (1=1.30)-
{0F. oot m-toen
| 243 jets, 2 b-tags
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+ HIggs boson couples to mass

—

preferential decay to heaviest quark
(b-quark, BR=58%)

+overwhelming background from
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- Use associate production with W or /
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H — 1T at LHC

* HIggs boson couples to mass

-+ among fermions the decay to T-leptons
s preferred (T-quark, BR=6.3%)

+ T-detection challenging

* ThTh, €Th, UTh- MOdes Used

4.9 o from 13 TeV data
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Observation of ttH coupling
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Top Production

Top cross section
and mass
measurement are
key ingredients In
oredictions for
Physics beyond SM

NNLO + NNLL
calculations give
excellent
description of O

Inclusive tt cross section [pb]
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MSTWO8 approx. NNLO
DO o(tt), 1.96 TeV

DO Note 6453-CONF (2015)
MSTWO8 NNLO

DO o(tD), 1.96 TeV

arXiv:1605.06168 (2016)
MSTWO8 NNLO

. 172.80 ¥338 , ., GeV |

Top-quark pole mass measurements July 2016
DO o(tD), 1.96 TeV
PLB 78@ (2011) 422 e 167.50 *220 , 5 GeV
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ATLAS o(tt), 7+8 TeV
EPJC 74 (2014) 3109

ATLAS tt+] shape, 7 TeV
JHEP 10 (2015) 121
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Search for Supersymmetry

+ Limits extended Iinto
the TeV mass range
for specific channels
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From limit to measurement for BO — pu

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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Measurement of BR(Bs—up) and search for Ba—=pu

Candidates / ( 50 MeV/c?)

35H l — T()lull . g 0.9
LHCb — = DBl> 0 + — —10 0 — 0.8
= BDT >05 - = pru B(B — ll- ﬁl- ) < 34 X 10 @ 95 A) CL =. 0.7
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! "« Boh b n 0.6
20 """" B?s)% T[—(K—) IJ-+ Vu et 05 [
....... B, 1 1 T -
15 0 o M (04F
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10 E-., | = Bem Jy v, 0.3 -
5 - ‘N 7 ‘ + E
bt sl Thiy -a FeEens A, J ..... A\ 01 ~
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Re-analyse
of Run 2 data

First s

precis

ngle-experiment observation of

Bs— UY Mode; measurement of

|ON as Previous

B(B? — ™) = (3.0

- 0.6 (stat) 703 (syst)) x 1077

—

3

Run 1 data with improved selection (background halved) and add 1.4 fb-

R has same

Run 1 LHCb-CMS combined analysis [NATURE 522 (2015) 68].
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First measurement of effective lifetime of Bs—pp

- Start to measure new observables for

[LHCb-PAPER-2017-001]

ultra-rare decay: effective lifetime

- e.g. first measurement of the effective
Ifetime, which with more data will become

a powerful probe of New Physics models

LHCDb

BY — p*u” candidates / (1 ps)
S = N W RE YN a0 \O

< IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII

10
Decay time [ps]

- 0.44 (Stat) -

- 0.05 (syst) ps




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 )
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Other B-Anomalies

+  Eagerly awaiting significant result
of single experiment to shed light
on the question of lepton flavour

anomalies still this year
025

universa”ty 7~ I T T T T [ T T T T ' T T T T ' T T T T l _
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———— LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015) -}

04 ) Average R(D*)=0.252(3) S. Fajfer et al. (2012) ]
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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
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explanation: c-cbar support even further increase

recombination at LHC



|dentified particle production in Pb-Pb collisions at /snn=5.02 TeV

* Precision tracking and particle identitfication over a wide range in pr

‘;\107 T [ | | | [ | Tl | [ Ig ";\10751 I [ | | | [ | [ I L Ig ‘;\1072( Il [ | | | L | [ | [ Ig
2 - 1 O F + - 3 O F — :
> 108 T+ T . > 0% K"+ K - > 100 P+P .
3 $105%x2°  [91510%x2 - o $105%x2°  [91510%x2° - o $705%x2°  [#1510%x2° -
= 10° ¢ 110-20% x 2 20-30% x 2°  _ = 10° +110-20% x 27 20-30% x2° = 105 ¢ 110-20% x 27 20-30% x 2°  _
~ . 30-40% x2° & 140-50% x 2* = ~ = 30-40% x2° & 40-50%x 2 = ~ = 30-40% x 2° [ 140-50% x 2' =
%‘ A 9 150-60% x2° [#]60-70%x2° = %‘ A ~9150-60%x2° [®160-70%x2° % - 9 50-60%x2° [#]60-70%x2° =
—10% X F8]70-80% x2'  [®]80-90% —10%E A F8170-80%x2'  [®]80-90% —10* f\ F8]70-80% x2'  [®]80-90%
Q ..... . . - Q - 0... . . 3 Q - A :... . . 3
) 108 °re, ALICE Preliminary - ) 108k .:.‘-, ALICE Preliminary - ) 103k o 0.0, ALICE Preliminary -
— = -~ EZ = E’ =
= ".:o:++ Pb-Pb |s,,=5.02TeV = = H '.:-::. Pb-Pb |s,,=5.02TeV = = S ’0.:0.:33 Pb-Pb |s,,=5.02TeV =
O % - o %e - - A -
B 102 o % %, 0w = B 102l o E 402 N, e E
= o] ... _._'.'-’-.-.-_._ E - ... N Q *F‘a E E\... @ = g o E
10 :.':“0 +*:+:+ E 10¢ ® % “e E‘E:E'E E 10 N.o %, - D:n > E
= = = O = = =
: %, 0...++ —e _._—o—__::=o= = = ..'o. %_ %o :::F‘:¢EE = g . .o.:O. ® E:E‘:‘:. ]
1 ... - _._-0- o ® o E 1 .. ~.. ® e = == 1 4 %, .... Q o] =
= o _._-0-_._ -, e 3 = ® ‘~ DOHE.E >-_ i N 3 = e - . j::%fﬁ =
1L % * To Y —— l 1L ..E‘E’ ’oa‘ ¢ ] [ ..’ PR - ? i
10 g_ % _‘_-.-"' _._-.-‘.'_.__._—.—' o = 10 = 0..‘ *e.e* .. g - o = 10 = o, ‘.%mif*:.: o . —bf =
- - > —o— —e 3 - - T *— = - % - .
1025 Te e UL T 1025 Mo et 1025 T e g
s o=

107°F - e, 10 ey e T = 107°F an&: :ﬁT 5
- 3 - = =N - ==
4 = 4 = 4 E*B =
10 E Uncertainties: stat. (bars), sys. (boxes) ? 10 ? Uncertainties: stat. (bars), sys. (boxes) = 10 = Uncertainties: stat. (bars), sys. (boxes) 3
10—5_1 |1 I 11 | | | | | | 1 1 | L1 | l 11| l l— 10—5_1 | I 11 | | | | | | 1 1 I L1 | I L1 | | l— 10—5_J | | I L1 | | | | I |1 1 | 1 | | L1 | l l—

0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12

P (GeV/c) P, (GeV/c) P, (GeV/c)



Strangeness production in high-energy pp

Strangeness

INncreases In high-
multiplicity pp-
collisions PO Vg

-~ ALICE
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High Luminosity LHC



High-Luminosity LHC (HL-LHC)

- 5x1034 cm—=2s-1 levelled;
.e. factor 5 over design

- to yield 3 ab1 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.



NlbsSn Magnet Development

1.2 km of accelerator have to be
redone

- Inner triplet NlbasSn quadrupole,

e miens NbsSn inner triplet
- short and stronger dipole, quao!rupo\e:
NbsSn. 11 T full-size prototype at
| FNAL
7\, 08
A W
potn W g 2018




Linac 4 taken into operation

- Commissioning started
2014

+ protons have been
accelerated to 160 MeV

* uSINg T-Mode
structures PIMS for hlgh
energy acceleration

/.

- Connection to booster
N LS2




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)



Just a few physics example for HL-LHC

measurement of Higgs couplings W.Z
99 ollgie L =1
deviations may be at the few %-level Wi;
h ___< _
access to second generation couplings H—=pp . W

use Higgs as a portal to new physies

CMS Phase Il Simulation ® 300/fb

| | I F
o
o
\F

Mass reach [TeV]

20-30% larger discovery potential (8 TeV)

L Pl (¥ F= L 2 I + | ]

porecision measurements



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
NbszSn 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 HIS may increase field to 20 T (requires much 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
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¢ 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~2x1035 ~.\
- HE-LHC is included (~28 TeV) :' ~ “
ete-Collider as a possible first step " '°“9‘""":: ;' W

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

eh-Collider as an option

(M FCCWEEK2018

72 - b ~ 4 ‘
~ - n . ' !
L -— . iy - ~
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Highest energy with lepton colliders



Compact Linear Collider CLIC

e+e- 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



e+e- 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

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

staged version for /s = 0.25 TeV
being seriously discussed

2km

precision Higgs (and Top)
programme and beyond

Ministry MEXT continues to - Project is mature (TDR 2012)
evaluate the implications of - hosting evaluated by Japanese government

hosting ILC in Japan w.r.t. cost - international project (without host laboratory)

manpower (skills) Japanese qovernment has to make a statement
before end 2018



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.



Short baseline programme at Fermilab

+ [0 resolve experimental
iInconsistencies in the
measured v-spectrum

- SBND (near detector)

- MicroBooNE (operating)
- MiniBooNE

- refurbished ICARUS

waiting for installation at
FNAL
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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

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




Neutrino Platform at CERN

To develop experimental
technigues, e.g.
orotoDUNE

— single phase LArTPC
— double phase LArTPC

These prototype detectors will
generate a data stream comparable to
that of ALICE in Heavy Iron Running




Towards 2020 Update of European Strategy for Particle Physics



Physics

Physics Beyond Collider Study #Bcyond

“Colliders

- Meetings held in Sep 2016 and Nov 2017 N L i —

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)

- Study of fixed target programme

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

- NAG1, NAB2, NAG4, COMPASS, ...

Beam Dump Facility
already under study
at CERN

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

Emulsion

: 2 spectrometer
ctive muon shield P

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

- even with LHC beams

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

SMOG

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




NAG62:

K+=2a*vv in-flight

Process

Expected events in R1+R2

NAG2 [\

Result from 2016 data

¢ Data Control Sample

K*—m*n® decays .
Minimum bias

MC Control Sample

ok
—
th

MC K*r*n(y)

R1 4 4 R2

K* — n"wvw (SM)

0.267 £ 0.0014¢¢ = 0.0204, = 0.032,44

Total Background

0.15 + 0.090¢ + 0.01

dN/(0.00065 GeV?Z/ch
=

K+t — ntn%(v) IB
Kt — utv(vy) IB
Kt —ntn ety
Kt —sntata™

Upstream Background

0.024
0.0187 5017

= n+0.090
0 -01)0_0‘030 ’

Single Event Sensitivity
SES =

0.064 £ 0.007 s¢q¢ = 0.0064,s
0.020 == 0.0034¢4¢ £ 0.003,s¢

stat :t O-Oogsyst

0.002 £ 0.0014¢q¢ = 0.0025,

stat

(3.15 -

= 0.01 444+
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Results

K+=2>mtvy

K - wtvw MC
e &
« 0o —+-data

* *e

0.12

0.1
0.08
20.06
0.04
0.02
0
—-0.02
-0.04
—-0.06
-0.08 '

[GeVZch

2
m;,

A QoY hoe o™ 000 0

A T Y

|

| |
15 20 25 30 35
7f momentum [GeV/c]

One event observed

Results

BR(KT — 7ntwvp) <11 x 107 @ 90% CL

BR(KT —» 7ntvp) < 14 x 1071Y @ 95% CL

One event observed in Region 2

Full exploitation of the CLs method in progress

The results are compatible with the Standard Model
For comparison: BR(KT — ntuw) = 28753 x 1071 @ 68% CL

BR(KT — ntup)gy = (8.4+1.0) x 107

BR(KT — 7t D) ey = (17.37152) x 107 (BNL, "kaon decays at rest”)

NAGZ ()

Results: RICH ring for the event

150

100

Rete
50 |

-50

-100

-150

o
| B | (=] |e=e] | | P P I E= J_J_l | e L I | B | | R I | B
B

200 it b

—-300 250 —200 150 -100 50 0 50
Mom 15.3, Mirror 24 ( 258.8), Frac M 1.000 0.000, PMT 1.000 0.000

In-flight technique works
Expect ~20 SM events with data

collected before LS2

Input to European Strategy

Solid extrapolation to ultimate
sensitivity




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

g e n Sewnsttivity of 1029 e-cm corresponds to
” " 3 X ’
,/k“/k? I p? 100 TeV for new phystes scale



Ewopeans@ European Particle Physics Strategy Update

Update

DRI

Jan.2018 Dec.2018 2nd half of Jan.2020
Call for proposals Closing submission Strategy Update

for venues for Open Call for scieietillgi';?r?1tﬁ community input Drafting Session
Symposium and P (deadline Dec 18, 2018) T
Strategy Drafting

Session March.2018
. ond 2
(deadline May 15, 2018) ‘C/all for nominations of O’;aelgog\/nrr?gos?tﬁ
PPG & ESG members March.2020

4 days Strategy Update

June.2018 Sept.2019 submitted to Council
Council decision on Physics Briefing
venues and dates Book available

consultation &

Sept.2018 consensus building
Council to launch the

Strategy Update process &
establish the PPG and ESG

by community |

vkl ibeatt May.2020
Physics results appearing : C |t
after May 2019 will be taken QLN ) =l plplrehis

into account in the process | Strategy Update

organisation &
Input preparation




Summary

—Xperimental Programme of

guarantees physics return

+ by exploring the highest energies

HC extremely rich; long range experimental programme

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

Preparing Update of the

- LHC and HL-LHC

—uropean Strategy for

- |LC (depending on Japanese input)

- highest energies (CLIC, FCC, ...)

+Vibrant physics programme beyond colliders

Particle

°hysics

20182 (end): reports on ’Phgs'ws
2019: oommuwi‘cg discussion
2020: Update pubLLoLH released



