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Evolution of our tools for discovery (Detectors)

Zinc sulfide screen  Gold foil  Collimated beam
of a-particles




Evolution of our tools for discovery (Accelerators)

Primary cosmic rays

Mont Blanc
(4807 m)

o

This cosmic ray imagesa modified versioh of arforiginal picture prodiiced by CERN ',




Evolution of our tools for discovery ( Data collection)

40 MHz Level-1. Specialized processors _
- Particle identification: high p, electron, :i
muon, jets, missing E; .

- Local pattern recognition and energy )
evaluation on prompt macro-granular E

information from calorimeter and muon
detectors

Bubble Chambers, Cloud e g
Chambers, etc. o T L LT

- DAQ was a stereo High trigger Ievels.l—a[:[h[t[h[h—[h[b[h

Network and CPU farms [ Computing Services ]

phOtograph" - Clean particle signature
o o - Finer granularity precise measurement
— Effectively no Trigger: wics. offoct

R

b
:

- Kinematics. effective mass cuts & event topology
- Track reconstruction and detector matching
- Event reconstruction and analysis =~ 100 Hz

Leval 1

Trigger
Event o
| Managar Switch

-
[ Computing Services ] + E




From individual efforts to global enterprises




From Space to Deep Underground




Three Frontiers of Particle Physics

Origin of Mass

Origin of Universe

Unification of Forces

New Physics
Beyond the Standard Model



Understanding building blocks of matter to
understand our Universe
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Dark Energy

Accelerated Expansion

Afterglow Light
Pattern  Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years




Benefits of particle physics research for society

Bob Wilson (first Director of Fermilab) who, when asked by a
Congressional Committee "What will your lab contribute to the defense
of the US?", replied "Nothing, but it will make it worth defending".

Radiological Use of Fast Protons

. ° ROBERT R. WILSON
BOb Wllson IS known as the father of Research Laboratory of Physics, Harvard University
proton therapy for his 1946 paper on Combridge, Nasmachusets
”R a d i OI Og i ca I use Of f as t P ro tOﬂS o EXCEP’T FOR electrons, the part;lcles per centimeter of paatil, or specific ioniza-
. . " which have been accelerated to high tion, and this varies almost inversely with
Wh lCh fl rsts ug g es tEd the Idea Of energies by machines such as cyclotrons or  the energy of the proton. Thus the specific
Van de Graaff generators have not been ionization or dose is many times less where

directly used therapeutically. Rather, the proton enters the tissue at high energy

USin g p ro ton S f or medical treatm en t' the neutrons, gamma rays, or artificial than it is in the last centimeter of the path

radioactivities produced in various reac- where the ion is brought to rest.
tions of the primary particles have been These properties make it possible to

annlind ta medical nrahlame Thic has in irradiate  infteneelv a  strietlvr  laecalizsed

The Neutron therapy facility at Fermi lab treated its first patient
on September 7, 1976. In 1989 Fermilab designed and built a
Proton Accelerator for Loma Linda University Medical Centre —
the first hospital based proton therapy centre

Current : 58 Under construction : 52



Societal application

Now there are over 20,000 accelerators in the world :

Generating radio-isotopes for medical imaging
Generating X-rays for medical and material imaging
Generating electrons to strengthen heat-shrink tubing
Generating X-rays for food sterilisation

Accelerating ions to implant semi-conductors
Accelerating ions to silver-coat heart valves

High intensity super-conducting X-ray synchrotrons for material/medical
research




Non-particle physics application of accelerators

Systems Built
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Thorium Reactor

O nN~40%
\7
600MW. 1550MW,,
Energy
n~50% gain:
155

accelerator sub critical reactor
22Th + n —2%Th —2%Pa (27d)— U



Technological Application

4 Cancer Therapy; Pharmaceutical Imaging )
[ Accelerators b Food Sterilisation; Nuclear Waste Transmutation
Nuclear Thorium Reactors
lon Doping of Semiconductors
- J
4 N

[Radiatinn Detectursb

-

Radiation Dose Monitors, Medical Imaging
Cargo scanners, Fissile Material Detection

{ MicroElectronics }‘. Eye Implants, Radiation tolerant PCBs

{ Advanced Computing

4 Ny

Pixel medical detectors

. A

New drug simulations
Design of new medical treatments




CERN DD/OC

Tnformation Management: A Propo:

Information Management: A Prop

Abstract

This proposal concems the management of general information about acceler
CERN. It discusses the problems of loss of information about complex evoivi
solution based on a distributed hypedext sytstem.
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“The quest for fundamental knowledge as embodied by particle
physics is the hallmark of a civilised nation. Difficult questions in
basic science require innovative technical solutions and a wide
range of science disciplines have benefited from the technological
advances generated by studies in particle physics.”

Sir Paul Nurse: Nobel Laureate (2001) in Physiology or Medicine



Outstanding questions in particle physics today

Higgs boson and EWSB

*  my natural or fine-tuned ? UL E LG I

* why 3 families ?

L er i . 5 &
>if natural: what new physics/symmetry: « masses and mixing

* does it regularize the divergent V|V, cross-section « CP violation in the lepton sector

at high M(V\V|) ? or is there a new dynamics ? * matter and antimatter asymmetry
 elementary or composite Higgs ? * baryon and charged lepton number
« jisitalone or are there other Higgs bosons ? violation

e origin of couplings to fermions

«  coupling to dark matter ? Physics at the highest E-scales:

* how is gravity connected with the other forces
 do forces unify at high energy ?

* doesitviolate CP ?
* cosmological EW phase transition

Dark matter:

* composition: WIMP, sterile neutrinos,

» axions, other hidden sector particles, one
type or more ?

 only gravitational or other interactions ?

Neutrinos:

* v masses and and their origin
* what is the role of H(125) ?

* Majorana or Dirac?

e CPviolation

The two epochs of Universe’s accelerated expansion: . additional species sterile v ?

* primordial: is inflation correct ?
which (scalar) fields? role of quantum gravity?

* today: dark energy (why is A so small?) or lan Shipsey’s slide at ICHEP-2016
gravity modification ?



1ematic of an
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Delivered integrated luminosity (fb ')
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The spectacular success of the LHC

LHC 2016 RUN (6.5 TeV/beam)

Month in 2016
(2017-02-25 21:50 including fill 5456; scripts by C. Barschel )
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LHC & Beyond

* So far the picture is that Higgs behave like a standard
model particle within a large uncertainty.

Unfortunately LHC will continue to provide a fuzzy

picture of Higgs.

Questions remains--

*Is it truly elementary ? 0.3

Self interaction of Higgs. 0251 = ATLAS 3000 17 :

*What is the shape of the electroweak 0.2}

symmetry breaking potential ? And how itis .. ] | I

restored at high scale ? ol I I |
*Is there more than one fundamental Higgs yg I [ I I'I N
field ? it | 1]
*Higgs decay to invisible or exotic modes. M % % % x4

m ATLAS 300 fb]
m CMS 300 fb

A program focused on Higgs couplings to fermions and vector
bosons to a precision of a few percent or less is needed to answer

these questions.

Need to put it under a more powerful microscope.




Dynamical Property of Higgs

?

: > / T\

What is the shape of the symmetry breaking potential and how it is restored at high scale?
Observable is the Higgs self coupling cross section — not measurable at LHC




Higgs self coupling

Crucial to test the shape of V,, and hence origin of E.W. Symmetry breaking
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Prospects at HL-LHC

" Measurement of oyn and determination of AunH are one of the main points of
the physics programme at the HL-LHC (3 ab™ of data)

®m  [wo alternative approaches to estimate the sensitivity to HH production

o parametric simulation of
ATLAS upgraded detector response
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Need new accelerator in the intensity frontier




Where we want to go ?

Future accelerator




No Evidence for SUSY @LHC

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: March 2017
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Particle Physics before LHC

Entering data driven physics era



International Linear Collider

e+ bunch

Damping Rings IR & detectors compressor

e- source

S BHRER e+ source
compressor positron
main linac
11 km

central region
5km

electron
main linac
11 km

P
>

2km ~

STy Wy Wy W W W W,

hmﬂqiqi«@qgﬂ@“3.n

1.3 GHz SCRF cavities @ 31.5 MV/m
1.6 msec Pulse length
14 mrad crossing angle




SiD Detector @ ILC




ILC Physics

P(e, e*)=(-0.8, 0. 3), | =1 25 GeV

40

3ption {fb)
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Cross section
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L] I L] L] L]

T ||||
— SM all fth
—Zh

— WW fusion i
ZZ fusion

250 300 350 400 450 500

\ s (GeV)

Higgstrahlung e*e- 2 Zh
(i) Determine the total width 7, & absolute
normalisation of Higgs coupling.
(ii) Allow us to observe Higgs decay to invisible
or exotic mode.
(ii) Coupling to e*e or u*u gives precise mass of
Higgs boson (AM ~ 30 MeV).

Projected Higgs coupling precision (7-parameter fit)

10%F HL-LHC 14 TeV, 3000 fb (CMS-1, Ref arXiv:1307.7135) ~ ===========" —
I I HL-LHC 14 TeV, 3000 fb™" (CMS-2, Ref. arXiv:1307.7135)
QOA)_-ILCEDOGV 500 fby' @ 350 GeV, 200 fb'! @ 250 GeV, 500 ' ... ..... ]
ILC 500 GeV, 4000 fb" ® 350 GeV, 200 b @ 250 GeV, 2000 fb*

| I ILC & HL-LHC 3000 fix' combination
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Higgs coupling deviation from SM
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Future Circular Collider Study

Goal: CDR for European Strategy Update 2018/19

International FCC collaboration
(CERN as host lab) to study:

 pp-collider (FCC-hh)
- main emphasis, defining
Infrastructure requirements

~16 T = 100 TeV pp in 100 km

e 80-100 km tunnel infrastructure in
Geneva area, site specific

« e*e collider (FCC-ee),
as potential first step

Schematic of an
80 -100 km

* p-e (FCC-he) option, integration
one IP, FCC-hh & ERL

* HE-LHC with FCC-hh technology



Motivations for FCC-hh

Ultimate discovery machine

directly probe new physics up to unprecendented scale
discover/exclude:

- heavy resonances “strong” m(q¥) ~ 50 TeV, [1606.00947]
“weak” m(Z) ~ 30TeV,
- SUSY m(gluino) = 10 TeV,

m(stop). = 5TeV

Precision machine
probe Higgs self-coupling to few % level, and %-level precision for top
yukawa and rare decays
measure SM parameters with high precision
exploit complementarity with e*e” by probing high dim.operators in
extreme kinematic regimes [1606.09408]



lepton collider parameters

Physics working point Z WW ZH tt, .,
energy/beam [GeV] 45.6 80 120 175 105
bunches/beam 30180 | 91500 | 5260 780 81 4
bunch spacing [ns] 7.5 2.5 50 400 4000 22000
bunch population [101!] 1.0 0.33 0.6 0.8 1.7 4.2
beam current [mA] 1450 1450 152 30 6.6 3
luminosity/IP x 103*cm2s-1 210 90 19 5.1 1.3 0.0012
energy loss/turn [GeV] 0.03 0.03 0.33 | 1.67 7.55 3.34
synchrotron power [MW] 100 22
RF voltage [GV] 0.4 0.2 0.8 3.0 10 3.5

identical FCC-ee baseline optics for all energies
FCC-ee: 2 separate rings, LEP: single beam pipe



Hadron collider parameters

parameter HE'LHc*Zntaﬁve (HL) LHC
collision energy cms [TeV] 100 >25 14
dipole field [T] 16 16 8.3
circumference [km] 100 27 27
#I1P 2 main & 2 28& 2 28&2
beam current [A] 0.5 1.12 (1.12) 0.58
bunch intensity [10%] 1 1(0.2) 2.2 (2.2) 1.15
bunch spacing [ns] 25 25 (5) 25 25
beta* [m] 1.1 0.3 0.25 (0.15) 0.55
luminosity/IP [1034 cm2s1] 5 20 - 30 >25 (5) 1
events/bunch crossing 170 | <1020 (204) 850 (135) 27
stored energy/beam [GJ] 8.4 1.2 (0.7) 0.36
synchrotr. rad. [W/m/beam] 30 3.6 (0.35) 0.18




Towards defining the FCC-hh detector

Physics objects will be more boosted

. o o(E A
Tracking: (p) ~ pJIQ calorimeters: (E) N — @ B
P BL E VE
Tracking target :achieve 0/ p = 10-20% @10 TeV
Keep calorimeter constant term as small as possible.
Long-lived particles live longer:

ex: | TeV b-Hadron travels 10 ecm before decaying
| TeV tau lepton travels 2 em before decaying

W ot i = II|
— re-think reconstruction, include dE/dx ? ix %ﬂl

Require high granularity (both in tracker and calos):

Low top pr High tap py m

ex: W(10 TeV) will have decay products separated by DR = 0.0



FCC-hh Reference detector
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FCC-hh detector performance studies
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FCC-hh detector performance studies

Muons
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CERN Circular Colliders & FCC

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

- Constr. Physics LEP
Construction Physics LHC — operation run 2
HL-LHC - ongoing project Construction Physics

< ~20 years >
FCC — design study Construction Physics

Must advance fast now to be ready for the period 2035 — 2040
Goal of phase 1: CDR by end 2018 for next update of European Strategy



Mean while in China

e+ e- Linac
(240m)

Low Energy Booster(0.4Km) Proton Linac

P4 (100m) IP3
Boostcr(soxm)
CEPC Coljige, Rin £(50Km)
SPPC Colliger Ring(SOKm)
0 l o ) o 0
e I N I3e] e}
o o o o o
N N N N N
Pre-studies HaD Construction Data taking
Engineering Design
(2013-2015) (2016-2022) (2022-2028) (2028-2038)
o o (=]
I ] <
o o o
N N N
R&D and CDR Engineering Design Construction

(2014-2030) (2030-2035) (2038-2045)



CEPC Design

» Critical parameters:

SR power: 51.7 MW/beam
8*arcs, 2*IPs

8 RF cavity sections (distributed)
RF Frequency: 650 MHz

Filling factor of the ring: ~70%

|-RF- |

€ =54.752 km

1P3

¥ RF ¥ RF

MEEE-!EE-
Beam energy [E] GeV 120 Circumference [C] 54752
Number of IP[Np] 2 SR loss/turn [Ug] GeV 3.11

Bunch number/beam|[ng] 50 Energy acceptance RF[h] % 5.99

SR power/beam [P] MW  51.7 Beam current [I] mA 16.6
emittance (x/y) nm  6.12/0.018 Bp(x/y) mm 800/1.2

Transverse size (x/y) um  69.97/0.15 Luminosity /IP[L] cm?2s? 2.04E+34



Electroweak Observables

At the Z'pOIe, the CEPC Electroweak Fit: Sand TObIlque Parameters
can produce up to 10** "} cureni G — B
Z bosons,measuring the 1o} ! oo
couplings of the Z to |
the 10 level, and 0.051

improving the limitson !

precision electroweak |
observables by an ~0.05/
order of magnitude or . 105
more. i

-0.15E.,

~0.15 - 010 005 ODD 005 010 015
S
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New accelerator techniques nature

Dream beam
ccelerators

The dawn of M

W

Offshore Protein folding
tuna ranches Fscape from

t Nsome

Aand
—

» Wakefield Acceleration using plasmas or dielectrics
e Direct Laser Acceleration
e Both particle beam (PWFA) and laser (LWFA) driven wakefield
approaches may offer effective gradients of O(1 GeV/m). But luminosity is
to be insured.

PWFA

Dielectric LWFA

accelerating
structure




Power of Loops
The intensity frontier/Precision frontier

Peak Luminosity Trends (e*e” collider) SuperKEKBI

BEPC-II

TRISTAN

1970 1980 1990 2000 2010 2020



70 * Phase I (2018)

= Goal of Belle 11/SuperKEKB " Doams butno.

60
collisions;
i : s : s « Tune accelerator
S Re R R S e Pl oreeeenoees optics, etc.; vacuumn
i i i : i i i scrubbing
STREEE SOt e T . B « Beam Background

i e s i 5 ; 5 studies with
ORI ST I T L e dedicated BEAST

3 : : : : : IIl detector

S p— S p— B RS 9 months/year
; f 20 days/month * PhaselIl

. . . e BV e * First collisions
L SR S S ET——. NS Wetet ; : + Beam

; ; ; ; j ; ; Commissioning
B A S i . A * Background
P P o L iy . P P measurements with

Phase i Phaselll " | | | BEAST II/&
s | Pl s s s « Physics run with

2 > . ¥ : : : : Physics run wit
C _"' g ] g s s g > Belle IT w/o VTX

S - el iV BV IV BRI I PR .
D17 2018 2019 2020 2021 2022 2023 2024 2025 on Y(45) and Y(685)
* Phase III

Calendar Year . 13’11}*51{?.5 T

o LHCb phase-1 Upgrade >
——e HL LHC ey

2019 2027 2024 2027 2030

50

40

(ab™)

30
20

Integrated lumin

10

x103%

Peak luminosity
(cm3s7)

Runz RUI’\S RUF‘I4

Install LHCb Install HL-LHC and Proposed
Phase-| Upgrade ATLAS & CMS LHCb
2018 Phase-Il Upgrades Phase-l|

Belle-l — Upgrade




Physics Reach Belle Il & LHCb upgrade

Ubservable Expected th, | Expected exp. Facility
ACCUTACY uncertainty
CEM matrix
|Via| [K = méy] e 0.1% K factory
V| [B — Xobv] *E 1% Belle 11
[Vas| [By — wiv] * 4% Belle II
sin(2¢y ) [eEK S FrE 8102 Belle I1/LHCh
P 1.5° Belle 11
i ok a° LHCh
CPV
S(B. — w) *E 0.01 LHCh
S(B, — &) = 0.05 LHCDh
5(Bs —+ oK) e 0.05 Belle 11/LHCh
S(Ba —»'K) ik 0.02 Belle 11
S(B; — K*(— K%")7)) 4k 0.03 Belle 11
8(B. —+ t)) wE 0.05 LHCh
S(Bg — o7)) 0.15 Belle II
AL, sk 0.001 LHCh
Az, wokok 0.001 LHCh
Acp(Ba — v) * 0.005 Belle 11
rare decays
B(E — 1v) ** 3% Belle 11
B(B — Drv) 3% Belle 11
B(By — pv) we 67 Belle 11
B(B, — pp) ek 10% LHCh
gero of App(B — K pp) ** 0.05 LHCh
B(B — K™w) B 30% Belle 11
B(B - s7) 4% Belle 11
B(B, — ) 0.25-107% | Belle IT {with 5 ab—")
B(K — mw) = 10% K -factory
B(K — emv)/B(K — pmv) Bk 0.1% K -factory
charm and 7
B(t — py) o 3.1077 Belle 11
lg/plp Bk 0.03 Belle II
arglg/po e 1.5° Belle 11




Muon g-2 program

g-2@ FNAL g-2/EDM in MLF @ JPARC

1 ‘ TT 1T ‘ TTTT | TT 17T ‘ TT 1T ‘ TTTT ‘ TT 17T | MTTTTTTTT TTT1T
DHMZ —A—
180.2+4.9
| » Ultra cold pu* accelerated to 300MeV/c
HLMNT ——
182.845.0 . i Goals
. . — g-2:3 o deviation from the SM
181585 | * 0.5ppm > 0.1 ppm
i — EDM: CP violation in the lepton sector?
i e <18x10Pecm=>2x10%ecm
BNL-E821 04 ave. e W] . .
208.916.3 | * Extensive R&D on-going
New (g-2) exp. ‘4 — Beam intensity to test BNL g-2 results can
XXX+1.6 ks be realized soon
11 ‘ L1l ‘ | ] | I ‘ L1l ‘ | ] ‘ I | 1 Ii‘ | ] ‘ L 111

140 150 160 170 180 190 200 210 220 230
a -11 659 000 (107'%) New Muon g-2/EDM Experiment at
. J-PARC with Ultra-Cold Muon Beam

1. Ultra-cold u~ beam is injected to storage magnet.

2. Pulse kicker stops muons in storage area

3. Positron tracker measures e+ from p->e*vv decay for the
period of 33ps (5 x lifetime)

8
Final result by 2020 ’



cLFV (u—>e)
 — 0 TN 0

Muon Beam Spectrometer

Transport Solenoid

Detector Solenoid __comse=ny
— Mu2e @ FNAL

Production Solenoid

=

B ety A=
‘::A&;s)

——
Stopping Target Tracker Calorimeter

Production Target Collimators

* u-e conversion search
— u+(A,2Z) e +(AZ)
— Delayed 105MeV e
— Present upper limit ~101?

* Phased approach
— Phase-I: Beam study & Search < 104

— Phase-ll: Search <1016
e Construction started!!

.J"'-L-'-__- -y

COMET @ JPARK

Cniorimmier Temchar




0 0

Rare Kaon Decay L — T VUV

W~
Z9

KEK
E39 la Not yet dlscovered
SM prediction is very small ~2.4e-11 but precise
New . . . )
Phyi Discovery beyond SM prediction = Discovery of
. New Physics
4 SM (2.76 +0.40) K"—>z'vy
4Step | x10 1t -
JO ¢ @IPARC
— < Step 2

NA 62@CERN, 1 result announced



Important remaining questions in neutrino physics

What is the dominant flavour content of v, ?
— 6,; Octant

Neutrino mass.
Neutrino mass ordering.

Is o, non-zero ? ( CP violation in neutrino sector)

Direc or Majorana ?

51



NOvVA Experiment
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T2K Experiment
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Accumulated POT

T2K: Current status

Accumulated POT: 15.3 x10% (2016 Oct.)—> 22.5 X 10%° (2017 Apr.)
— v-beam: 7.7 x10%° (2016 Oct.)-> 14.9 X 10%° (2017 Apr.)
—  v-beam: 7.6 X 102°
J-PARC MR achieved continuous 470kW beam delivery to NU beam-line.
— Trial of 510kW beam extraction to NU beam in Apr. 2017
The results of v oscillation analysis using the data until 2016 may had been published.
— Phys. Rev. Lett. 118, 151801
Preliminary results of improved analysis with new event selection was relased 2017 Feb.
— Best measurement of the neutrino oscillation between 2nd-3rd generation.
— The CP conservation hypothesis (6=0, ) is excluded at >90% C.L.

New results with doubled v-beam data will be released in 2017 Summer.
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T2K proposes to collect 20x10%! POT data to

search for evidence of CP violation in the lepton
sector with 3o sensitivity. (arXiv:1609.04111 [hep-ex])
— J-PARC PAC recognizes the scientific merit and gave
stage-1 status in 2016.
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Hyper-Kamiokande (HK) (2026~)

N—— B MRS\ 0 C \(ain Ring
0.52Mton=520kton 4 = L (:L(EK-JAEA, Tokai)
(380kton fiducial) )/ [N e e R KA ,

Beam power : 1300 kW
POT goal U/sec

Dista

» a"(\\ess 90kt x2)

5 ca(~1000km) under discussion
Observation of CP violation at 8¢6(6 = — g)
— Precise measurement of CP phase

— Discovery of proton decay w x10 sens. 3/ Achieved
— Determination of mass hierarchy




Long Base-Line Neutrino Facility, Fermilab to Homestake
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DUNE Experiment at South Dakota
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CP Violation Sensitivity

DUNE Sensitivity
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Three detector SBN program at Fermilab

Distance from Active

= Detector BNB Target LAr Mass
: SBND 110m 112ton
— MicroBooNE 470 m 87 ton
B T e [GARUS 600 m 476 ton
E : a

\’)I SBN NEAR

DETECTOR

NOvA SBN FAR
PROT( DETECTOR

- i MicroBooNE

MiniBooNE . Near Detector
Far Detector SBND

ICARUS
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file:///F:/INO/presentation/DAE-DST-Detector.pptx

Mass hierarchy including hadron information

Top band

sm 6,,=0.6
—— sm 29 =0.075
—=— sin? 29]3 =0.09
—— sin® 20, = 0.105

45 - 45

& Normal Hierarchy = Inverted Hierarchy
40 Bottom band Top band 40 Bottom Jband

. smG ;=04 | smG o T — 60 i sm9 ;=04 |
350 o sin?26, = 0.075| | —o— sin? ze13 =0.075 35 o sin’ 228,,=0.075
305—k—sm 20,,=10.09 —a—sm 20,,=0.09 30§+Sm 2913"009

| —=— sin’ 2913—0 105 || —— sin’ 2913-0 105 = sin’26,,=0.105
p 7 7, NSRS O —————— - _§25_— -------- B

- = -
201 < 20—
15 :_ """" G i S 15 ; VVVVVVVV
10 i_ e L. 10— o

""""""""""""""""""""""""""""""""""""""""""""""""""""""""" L NMar mallzed
Margmahzed | 0 g
Os 10 15 20 S
Exposure (Years x 50 kt)
Ao Normal Hierarchy 55
E Marginalized with priors
20| —~— 2D (Eu’ cos Gu)
B 3D (E ,E,cos 6,) /
had 13

ino

‘Il\ll

B

sin® 0, (true) = 0.5, sin* 26, , (true) = 0.09

10 15
Exposure (Years x 50 kt)

10
Exposure (Years X 50 kt)

62



Arbitrary unit

Proposed JUNO Experiment in China

AE 3%

E JE
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0SBV in near future
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KamLAND-Zen sensitivity
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Direct detection of Dark Matter Search : Now and in future
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DAMIC Search for low mass WIMPs

3-phase
CCD structure
Poly gate
electrodes coherent elastic scattering
e
~—Buried
n—-— p channel
(10 kQ-cm)
Photo-
sensitive
<> volume g TZ
(500 pm)
S . Bias
Transparent voltage \
rear window
(a) A CCD pixel (b) WIMP detection in a CCD
DM-nucleus Sl coherent scattering
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Dual Phase TPC- Principle

S1; === Photon (A =178 nm)=—== Detected by PMTs
from Scintillation process
S2: === Flectrons drift
Extraction in gaseous phase
Proportional scintillation light
3D reconstruction : 2 X,Y from top array
Z from Drift time

(S S2 Nuclear

J =) Recoil

n ' _—
LX/ Drift time

Recoil

Electronic }

C : )
Lw me' J




Dual Phase TPC - background vs. signal discrimination
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60-cm

PandaX-1l

PandaX-Il @ CJPL (China)

=g
) 60-cm ]
""*-\
500 kg sensitiyve tanget

New stainless steel
vessel with lower
radioactivity

55 R11410 (top)

8 R8520 (veto)

eflon with better
reflectivity

Electrode rings fully
covered by Teflon

55 R11410 (bottom)

Overflow chamber
inside the vessel

WIMP-nucleon cross section (cnf)
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60 cm x 60 cm, ~ 400 kg fiducial

- 2nd largest operating LXe TPC
-3.3x104 kg.day = 0.1 t.year

- No excess

- Data tacking for the 2 next years

10—42

This work (Run8+Run9)
PandaX-II Commissioning (Run8)
XENON100, 2012
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LUX new results Sl limits

LUX @ SURF (USA)

WIMP-nucleon cross section [zb]

-49 cm x 49 cm, ~100kg fiducial
- 332 live-days

-3.4 x 104 kg.day = 0.1 t.year
- No excess

- Stopped

WIMP Mass [GeV/c?]
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XENONIT : First ton scale detector
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Future: LZ & XENONNnT

LZ = LUX + ZEPLIN

e Same location than LUX

e Turning on by 2020 with

1 000 initial live-days

e 10 tons total, 7 tons active,

= =
XENONNT: .“
® Quick upgrade of TPC and inner S
cryostat gll!
¢ All major systems remain unchanged 5|i.i. |
e Construct TPC in parallel to :I"-
XENONIT operation §|'L
Dl ]

e Upgrade starting 2018
e 8 tons total, 6 tons active




High-voltage

feedthrough ™., ¢

array .

Double wall !
cryostat e 1

PTFE
reflector

DARWIN the ultimate

Connection to cryogenics,
purification, data acquisition

- TPC with

central dark
matter target

- Cathode

- Bottom

photosensor
array

DM detector

» Aim at sensitivity of a few
10%° cm?, limited by irreducible
v-backgrounds

e R&D started

e 50 tons total LXe
40 tons TPC, 30 tons fiducial



WIMP-—nucleon cross section [cm?]
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Perspectives
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* no roadmap to guide us.

* but will have many candles to guide us in the
darkness.



