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But first...
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| Gravitational WWaves

|

A

GW170817: Observation of Gravita‘tfognal Waves from a Binary
Neutron Star Inspiral

B.P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration)
Phys. Rev. Lett. 119, 161101 — Published 16 October 2017

» il : p 1

|See taik by Tessa Baker!

e S

T

| 4 GW170817 Falsifies Dark Matter Emulators

/

Sibel Boran, Shantanu Desai, Emre Kahya, Richard Woodard
(Submitted on 17 Oct 2017)

On August 17, 2017 the LIGO interferometers detected the gravitational wave (GW) signal (CW170817) from the coalescence of binary neutron stars. This
signal was also simultaneously seen throughout the electromagnetic (EM) spectrum from radio waves to gamma-rays. We point out that this simultaneous
detection of GW and EM signals rules out a class of modified gravity theories, which dispense with the need for dark matter. This simultaneous observation
also provides the first ever test of Einstein's Weak Equivalence Principle (WEP) between gravitons and photons. We calculate the Shapiro time delay due to the
gravitational potential of the total dark matter distribution along the line of sight (complementary to the calculation in arXiv:1710.05834) to be about 1000
days. Using this estimate for the Shapiro delay and from the time difference of 1.7 seconds between the GW signal and gamma-rays, we can constrain
violations of WEP using the parameterized post-Newtonian (PPN) parameter 7, and is given by |yow — 7em] < 3.9 X 1078,
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Physics World

GW170817 Falsnﬁes Dark Matter Emulators

Sibel Boran, Shantanu Desai, Emre Kahya, Richard Woodard
/ (Submitted on 17 Oct 2017)

On August 17, 2017 the LIGO interferometers detected the gravitational wave (CW) signal (CW170817) from the coalescence of binary neutron stars. This

/ signal was also simultaneously seen throughout the electromagnetic (EM) spectrum from radio waves to gamma-rays. We point out that this simultaneous

i detection of GW and EM signals rules out a class of modified gravity theories, which dispense with the need for dark matter. This simultaneous observation
also provides the first ever test of Einstein's Weak Equivalence Principle (WEP) between gravitons and photons. We calculate the Shapiro time delay due to the
gravitational potential of the total dark matter distribution along the line of sight (complementary to the calculation in arXiv:1710.05834) to be about 1000
days. Using th|s estimate for the Shapiro delay and from the time difference of 1.7 seconds between the GW signal and gamma-rays, we can constrain

o —8
"° Modified Gravity (MOG), the speed of gravitational radiation il el
and the event GW170817/GRB170817A
Lig dependent on

t f= 1
on violation of the weak equivalence principle (WEP) [1, 2]. Together with constraints on
gravitational Cherenkov energy loss, this rules out, or severely constrains, many of the mod-
ified gravity theories — scalar-tensor, vector-tensor, bimetric —that have been proposed to
avoid the need for dark matter and/or dark energy [3-9].
; matter
- :Iwaves travel on null geodesics of the theory’s one metric. Despite a recent claim
4 to the contrary, MOG satisfies the weak equivalence principle and is consistent with

.‘—

4 observations of the neutron star merger and gamma ray burster event GW170817/
d GRB170817A.

In MOG, there’s only one metric, so survives...

Alex Murphy - HEP FORUM - Cosener’s House — 29 Nov 2017 8
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Dark matter candidates (e.g. WIMPs) are predicted to annihilate or
decay to Standard Model particles, leaving distinctive signatures in
| y-rays, neutrinos, positrons, antiprotons, or even antinuclei.

{ J
: /

o

—> Look for imprints of dark
‘| matter on the energy
spectra or spatial
distribution of gamma-ray
photons or charged cosmic
rays.

GC halo

Galactic Centre dSph

nature
o e e physics

Indirect dark matter searches in gamma and

cosmic rays

Jan Conrad' and Olaf Reimer®*
Extragalactic
Galaxy clusters diffuse

‘ Galactnc diffuse ‘

A few recent highlights...
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* Line at 3.5 keV reported by XMM-Newton and Chandra

« Stacked data from clusters of galaxies, Perseus cluster,
Andromeda galaxy, Galactic center (Bulbul et al, arXiv:
1402.2301; Apd 789:13, Boyarsky et al, arXiv:1402.4119).

—
' o D
. P //

p J L/’"

._.
n

Flux (cntss™ keV™)
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|
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34 3.6
Energy (keV)
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Bulbul et al, ApJ, 789,:13 (2014); arXiv: 1402.2301

Alex Murphy — HEP FORUM - Cosener’s House - 29 Nov 2017

11



New data from Hitomi/Astro-H’s very brief observation...

» Better spectral resolution

) | +{W§Mk’qﬂ'{ A W AN “hMMWW
R TR TR
5 ‘;’u,WHW,’W’”|’“’<*4|‘WWW*M AR

3.6
E (observed), keV
Hitomi Collaboraiton: ApJ, 837, L15 (2017); arXiv: 1607.07420
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New data from Hitomi/Astro-H’s very brief observation...

» Better spectral resolution
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We find no unidentified line at the reported high flux level. Taking into account the XMM measurement uncer-
tainties for this region| the inconsistency with Hitomi is at a 99% significance for a broad dark-matter line and
at 99.7% for a narrow line from the gas. We do not find anomalously high fluxes of the nearby faint K line or
the Ar satellite line that were proposed as explanations for the earlier 3.5 keV detections. We do find a hint of a

f::::::::-‘ ;':’:::::::::E
A 'HWWMWMwﬂmw'w”w kil

29 30 31 32 3.3 3.4 35 36 3.7 3.8 3,9 4.0 4.1
E (observed), keV

Hitomi Collaboraiton: ApJ, 837, L15 (2017); arXiv: 1607.07420
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f Galactic centre excess

DATA-MODEL

Without dark matter: Fermi LAT Collaboration, arXiv:1511.02938
1.2-10 GeV

- ' AN

' . ‘?1 ) g : ."

R

4 . 4
Calactic longtude | cex)

I+ Goodenough and Hooper (arXiv:0910.2998.)

/__» Morerecent analyses also find an excess... (e.g. arXiv:1711.04778)

« But... There are limitations in all interstellar emission models (e.g.,
cylindrical symmetry, the gas distribution, interplay with point sources)

« ...and the GC excess is only a small fraction of the total observed
emission (~5-10% in a 15°x15° region)

« ‘Consistent’ with 50 GeV WIMP annihilations to b-quarks

« Astrophysical sources not ruled out (e.g. #(100) x millisecond pulsars...
SKA may be crucial here)

Alex Murphy - HEP FORUM - Cosener’s House — 29 Nov 2017
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High energy psitron excess

-+ 2008 — PAMELA reperts excess of h+g|rk
energy posﬂrons Confirmed by AMS- 02 &+ | Ananomalous positron abundance in

cosmic rays with energies 1.5-100 GeV

| ' _ B Altmetric; 132 Citations: 1485 More detail »
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High energy psitron excess

B_ B Altmetric: 132 Citations: 1485 More detail »

-+ 2008 - PAMELA reports excess of hrglrk
energy posrtrons Confirmed by AMS- 02: &+ Ananomalous positron abundance in

cosmic rays with energies 1.5-100 GeV

Electron and positron fluxes

& [F Preliminary results %) &
(>5250 _ Please refer to forthcoming publication on PRL - 25 5
" 200 16,500,000 +++ H \ _log »
‘_' — electrons ++ + + - =
I | 5 .
@ t ++ + ] @
o 1501 N u 1 15
E r ; 44 il : m_E..
i W oor ;) " sosmono : { + | L
X — 00 positrons - X
' - ¢ ¢ - +
q'>e' : 00. : m@
50— s ¢ =
B o Energy [GeV] 2
o A 111 } 1 | 1 11111 1 ] | I | 1 1 1 ) N I | | 0
1 10 102 10°
But is this due to Geminga W Xu Lepton-Photon2017

& PSR B0656+14) or DM?
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High energy psiron excess

+2008 - PAMELA"‘r"eoerté‘fexcess of hiagh- | . -
“energy positrons. C By 2024, AMS will distinguish Dark ibundance in
/4 Zalinge £ 28 1.5-100 GeV

/ 7

Matter from Pulsars

AMS 2024 MC
W Xu Lepton-Photon2017

DM model
My =1TeV

lllllIlllllllllllllllllllll

Energy [GeV]
11 N L o aanl | L 1 g aaaal | R T
1 10 10° 10°
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-But why wait t

il 2024...2
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_But why wait till 2024...7 e

~ High AItit:"l‘J\deWateffCherenkqv;(l;lAWC) Gamma-Ray e
- Observatory (And Electron Diffusion near Geminga) "~

Science 17 Nov 2017:
Vol. 358, Issue 6365, pp. 911-914
DOI: 10.1126/science.aan4880
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Why wait till 2024...2

B PH\VSICAL REVIEWD T
Bl covering particles, fields, gravitation, and cosmology 1 7/ 1 1 / 1 7

/‘ Highlights Recent Accepted Authors Referees Search Press About N

/ Acces
/ HAWC observations strongly favor pulsar interpretations of the
cosmic-ray positron excess
Dan Hooper, llias Cholis, Tim Linden, and Ke Fang
Phys. Rev. D 96, 103013 — Publish
. |Hooper et al: “...positron fluxes ARE due to pulsars...”
e _
W SCIENCE tore evs soumas i caere 17711717
/

SHARE REPORT

@ Extended gamma-ray sources around pulsars constrain
o the origin of the positron flux at Earth
S

A. U. Abeysekara', A. Albert?, R. Alfaro®, C. Alvarez*, J. D. Alvarez5, R. Arceo®, J. C. Arteaga-Velazquez®, D. Avila Rojas?, ...
+ See all authors and affiliations

“5 HAWC: “... It's not due to these pulsars — the surrounding dust
is too thick to allow the positrons to propagate to Earth...”
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f Dwarf Spheroial searches

/i
i

~+ Very DM dominated systems — clean from many systematics and

backgrounds

« Search for a signal in 25 dwarf spheroidal galaxies, 6 years of Fermi

/
)

i

= No S|gn|f|cant
emission found

« Constrains DM

explanation for
galactic centre
' excess

* (Again, there are
plenty of
astrophysical
caveats)

(ov) (em?s™!)

ll! -

10~%4}

1025}

1026 L

102"

—

/ LAT data (PRL 115, 231301 (2015))

+

L

—— Pass 8 Combined dSphs b
—  Fermi-LAT MW Halo
-=- H.E.S.S. GC Halo
MAGIC Segue 1
@ Abazajian et al. 2014 (10)

Gordon & Macias 2013 (20)

— Daylan et al. 2014 (20)
Calore et al. 2015 (20)
P

bh

10! 10°
DM Mass (GeV/c?)

10°

10*
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ndirect Searches: Summary

Several intriguing hints of potential signals
have been claimed, e.g. in x-rays, gamma
rays, leptons...

-~ ‘ I

Conventional astrophysics backgrounds
| remain a limitation — but are being addressed

There is a strong complementarity of indirect
searches, and a complementary to direct &
accelerator searches

Alex Murphy — HEP FORUM - Cosener’s House - 29 Nov 2017
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. A necessary evil... o
/}7 ; o
Vastly reduces muons - vé‘ ;
/ PP
, The reet can be can v /toed in ant|- 30':— -
commdence shleld but secondary : : Feniran:
; ioka
@99”9?3 may: be an |seue ok S
< /J - St Il
- Cosmogenics -~ S
| May requwe underground material )
) 10°F
precfuctlon or purification : .
« Remaining laboratory n/y fluxes : ury
s d o e e b b a g baaNg L aay
Depend on local geology, 1000 2000 3000 4000 5000 6000 ' @ CJPL
Depth, meters water egqurwarewe—

geometry
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/

. ; A b arXiv:1509.02910
B Modelling muon fluxes and impacts

g
:

Number of events
g z
= =
Ll!llv'v' ™T
~—
o= oy
Cr®
g

willh V)

15000 |-
10000 -

5000 -

aall el bbby ala b o d oty ala gl A"l‘l‘ll
0 50 100 150 200 250 300 350
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...removing sources of radiation”
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/

8 Cleanliness... cleanliness... cleanliness...

v

rXiv.org > physics > arXiv:1708.06086

Laboratory background

-~ | Physics > Instrumentation and Detectors

measurements Low Background Gamma Spectroscopy at the Boulby

Underaround Laboratorv
. HPGe screenmg (e g. BUGS E

/ suite Boulb
@ y) - Identification of radiopure titanium for the LZ dark matter

> |CPMS/ i // experiment and future rare event searches

Materlals assays

Astroparticle Physics

Volume 96, November 2017, Pages 1-10

e neutron actlvatlon/ i) A Astroparticle Physics
R &
& E&k Volume 97, January 2018, Pages 80-87

* radon emanatlon pIateout Pe

_,/

' Materlals cleanlng Chromatographic separation of radioactive nobl

from xenon

Modlfylng manufacture
- 4(" Deap mvolvement in -

/

manufacture (e.g. LZ titanium)
* Underground manufacture (e.g.
electroformed Cu for Majorana
demonstrator)
« Radon purging
» Target purification, Kr removal...

Alex Murphy - HEP FORUM - Cosener’s House — 29 Nov 2017



Following Araujo

Improved surface effects |
Improve volume effects |
Improve scalability

.
Ny
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Following Araujo

. R 1

Improved surface effects |
Improve volume effects |
Improve scalability

Improve resolution
Lower threshold
Reduce noise

~
B
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1 / Scintillators
s Y & © | Targets: Nal, Xe, Ar
oy | ANAIS, MiniCLEAN, DAMA,
. | DEAP-3600, DM-ICE,
— ~ || KIMS, LIBRA, PICOLON, (NAIAD),
)lzlght & bubbles | SABRE, XMASS, (ZEPLIN-I)
e :
arXiv:1702.08861
[PRL 118, 231301]

£ Light & Heat
/ Bolometers

Targets: CaWO04, BGO, i
Al203 =
(CRESST), ROSEBUD
cryogenic

s

Bolometers
Targets: Ge, Si, Al203, TeO2

Following Araujo

Light & Ionisation
Detectors Targets: Xe, Ar
ArDM, Argo, LUX, WARP,
DarkSide, DARWIN, Panda-
X, XENON-100, XENON-1T,
(ZEPLIN), LZ, XENON-nT

CRESST-I, CUORE, CUORICINO

Heat & Ionisation
Bolometers Targets: Ge,Si
CDMS, (EDELWEISS)
SuperCDMS, (EURECA)

Bubbles & Droplets
CF3Br, CF3I, C3F8, C4F10
COUPP, PICASSO, PICO, SIMPLE

lonisation

Ionisation Detectors
Targets: Ge, Si, CS2, CdTe
CoGeNT, CDEX, D3, DAMIC,

- DRIFT, DM-TPC, GENIUS,
IGEX, MIMAC, NEWAGE,

NEWS, TREX

Alex Murphy - HEP FORUM - Cosener’s House — 29 Nov 2017
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Rapid progress — faster than exponential!

Cryogenic

Superheated fluid

c\/l-\
&
2
c
9
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7p
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Liquid Argon

Inorganic crystal

[ [ | | | |
1995 2000 2005 2010 2015 2020
BEN(E
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! DARK MATTER '

D  ®ENDS

Present day
THE :
SEARCH
GOES ON
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B World status - _

— &Y S

J

1 Results from a Search for Dark Matter in the Complete LUX
Exposure LUX
// D.S. Akerib et al. (LUX Collaboratiqn) 370 kg
/11 Phys. Rev. Lett. 118, 021303 — Published 11 January 2017 ~1 OO kg fIdUCIaI
Phy§<§ See Viewpoint
Dark Matter Results from 54-Ton-Day Exposure of PandaX-ll
Experiment PandaX-Il
= Xiangyi Cui et al. (PandaX-ll Collaboration) 580 kg
Phys. Rev. Lett. 119, 181302 — Published 30 October 2017 . .
N igtes ~300 kg fiducial
/ 7| PhySICS See Viewpoint: T M
fi~— a—— -
Y S j w, b=
First Dark Matter Search Results from the XENONI1T Experiment XENON-1T
E. Aprile et al. (XENON Collaboration)
Phys RZ\f LZtt. 119, 181302 j P?:ghlsohr;d 30 October 2017 2000 kg

~1042 kg fiducial

-
Ph)’SICS See Viewpoint: T
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N \World status - _

%N .
—— 3 7

1 Results from a Search for Dark Matter in the Complete LY
Exposure LUX XENON-1T PandaX-Il

<4 < >

/r’ D.S. Akerib et al. (LUX Collab 10—43 T 7T T LB B B B R R T S B I A R 2 | T
/1 Phys. Rev. Lett. 118, 021303 - '

Ph)’.SvIEE See Viewpoint

. (L,—'IO'44
P §

Dark Matter R —'10-45

Experiment ©

| Xiangyi Cui et al. (Pand =
Phys. Rev. Lett. 119, 181 8 10746
—

;’\ T PhY.STC‘S See Viewpoint Q
F— — a
Y . -47
/
et J - 1 10
‘— m
First Da E
E. Aprile et a ~-48
Phys. Rev. Le 10
PhySTCS se

lllllll 1

| -

TI'I1] lllllm] ll”"n] ll”"lrl llll"'l llllllll'l J

lll‘

100 200 1000 200
WIMP mass [GeV/c?]

710 2030

10000
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World stus - S

PRL 118, 071301 (2017)

| CGE\ 10% 7 CGE\ 10 | .
1 9 as E \ e PandaX-11 (this work) ] l J: ) = \\ ~ PandaX-1I (this work) 3
. o V) as L. \ ) — J
1 § ; g_ \\ o % \ § = : \. —_— tt:l)\['xt 3
-36 — XENON100 v\ .
180\ \ 1 3
/g7 E 1 8
/’ g " E ] /’ S
I/ s 10 E‘ -5 Jo 1 g
g 10% T P )
Q E b e
é’ 104 g_ﬂ,jf_“_c,‘_f;‘. 1 S E
SR O I—— 1 AL
g 10* i o’ ’ a
10 10° 10° .-
WIMP mass (GeV/c) { iy WIMP mass (GeV/c?)
:
/’i o8} m=50 GeV/c2 _ osk m=1000 GeV/c* 3
, 3 —PandaX-ll 7 — Picdi: E
I osl -l osf i W
0.41 i ol 0.4F —CDMS =
L v . 1< e PICO 7
0.2:— E 0.2F 3
Q.
0= = o = =]
& o : & of | \\ =
Hap e 02F 2
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N World sttus —Aions/ALPs

'QCD axions emitted fromlvthe Sun

; )
"
J} i
IO q E l L l\”l ..I ,l" LA I r I l()-ln
: \ ‘.f':‘\y
: N
107 |- X RN .
E XMASS T 107"
[__SolarNeutring”_ b T / N
- EDELWEISS-ICDEX-IN / TME
910" N, B XENON100 i
bo< -" } e ’*. > O . 0 107
s — — — — — — — -—ﬁrv:'/,oG\
I _PandaX-II NN
. ")
E ..-C’T\\/ -‘. Q‘ ]0_”
Cen S
= RedGiant
1073
10
107 107 107 1072 10” 1 10

Axion mass (keV/c?)

Electron-recoil signatures

Galactic DM ALPs

T

T 1[1”]

—

: 1 ' 1 ' I T L] | ] -
- Solar Neutrino‘/ 3

XENON100
o
LUX_~

EDELWEISS-1I

\f,ﬁ‘{ CDMS

ALP mass (keV/c?)

More to come soon...!
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Not to mention...

Emphasise the huge
contribution from
LUX ER & NR

+——| calibrations! Wide

arXiv:140f - )
Radio arXiv:1612.04284 [pdf] energy range, high
0 ..v. Removing krypton from xenon by cryogenic distillation to the ppq level stat, low systematics!
C FpC XENON Collaboration: E. Aprile, J. Aalbers, F. Agostini, M. Alfonsi, F. D. Amaro, M. Anthony,
T. Berger, P. A. Breur, A. Brown, E. Brown, S. Bruenner, GC. Bruno, R. Budnik, L. Bitikofer, J. C:
; iinV:ls Conr" . . . . . . . . .
,’ Triti = * | arXiv:1o11.103Z2Z |par, other)
A Measurement of light and charge yield of low-energy electronic recoils in liquid xenon

arXiv:1608.05381 [pdi

Low-energy (0

arXiv:1708.02566 [pdf, other] . Gibson, M. G. D. Gilch

arXiv

Ultra-Low Energy Carnpration or LUX Detector using ““" Xe Electron capture

L. W. Goetzke, E. Aprile, M. Anthony, C. Plante, M. Weber
Comments: 17 pages, 9 figures
Journal-ref: Phys. Rev. D 96, 103007 (2017)

g kinematics
rinski, E. M. Boulto
yo=eeCutter, T. J. R. Dav

—

irXiv:1408.6206 [pdf, ps, other]
Measurements of proportional scintillation and electron multiplication in liquid xenon using thin wires
E. Aprile, H. Contreras, L.W. Goetzke, A.]. Melgarejo Fernandez, M. Messina, J. Naganoma, GC. Plante, A. Rizzo, P. Shagin, R. Wall

LUX Collaboration: D. S. Akerib, S. Alsum, H. M. Aradjo, X. Bai, A. J. Bailey, J. Balajthy, P. Beltram

Davison, A.
3D Modeling of Electric Fields in the LUX Detector pravdna ¥ 7
LUX _— l.l 1] - _— o~ a s -h ~ -l . n - . - . -~ -~ . - . -~ -h - -ala.)
D. B arXiv:1710.02752 [pdf, other] r.)
R.J. Position Reconstruction in LUX t. S
(S 1rXiv:1709.10149 [pdf, other]

Signal Yields of keV Electronic Recoils and Their Discrimination from Nuclear Recoils in Liquid Xenon
E. Aprile, J. Aalbers, F. Agostini, M. Alfonsi, F. D. Amaro, M. Anthony, F. Arneodo, P. Barrow, L. Baudis, B. Bauermeister, M.

{ A. Brown, E. Brown, S. Bruenner, G. Bruno, R. Budnik, L. Bitikofer, J. Calvén, J. M. R. Cardoso, M. Cervantes, D. Cichon, D. C

Cussonngaq, _M.. P. Dec_ow_sk_i_,_ P. de Pgrio_. P. Di C.e.mgi, A. Di Giova_npi, 5 Digli.o, G. Eu‘rin,J. Fei, A D Ferglla, A. Fiegqth. W._l

Ever improving understanding of xenon physics and instrument performance
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in 2016

[« XENON-1T and PandaX-Il are still running...

|+ Anticipating major updates for ? DM2018@UCLA

A//. i

200 Rn220
Kr83m

175 NR Calibration
LED

—
1"
o

—
N
v

100

Science run time (days)
w ~
o w

»N
w
- - -

HSRO

XENON mid October....

0
2016-11 201612 2017-01  2017-02 2017-03  2017-04 2017-05 2017-06 2017-07 2017-08  2017-09 2017-10
Date
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XENON-

1T ‘First results...’

/ [}

B,

' g

S

=

S

B

o3

@

£ 200 F

I T B 100 L (c) Dark matter search
L. Q : : 5 25 3
Lo g6 1 5, 1q 15 120 P % 4 993

03 10 20 30 40 50 60 70
Corrected S1 [PE]

“Anomalous
leakage events”

New run is at
rather low
electric field...
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Wht’s next fo Le TPCs?

« LUX removed... LUX-ZEPLIN under construction
~|* XENON-1T planning to upgrade to XENON-nT
« PandaX-Il planning to upgrade to PandaX-4T

,—"/V/ b S, /

]
- P
Ay

The LZ Dark Matter Experiment

Instrumentation conduits

Water tank

Gadolinium-loaded
liquid scintillator veto

High voltage
feedthrough

Liquid xenon
heat exchanger

120 veto PMTs —

7 tonne liquid xenon

time-projection chamber 488 photomultiplier tubes (PMTs)

Additional 180 xenon “skin” PMTs

10 T Xe, 7T active, 5.6T fiducial 4T sensitive
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I1z.ac.uk

UK focus...

BRISTOL *

Bk Universicy of ;Q'%THE UNIVERSITY Imperial College
.:OfEDlNBURGH London

Jmive
b
Oy

Titanium Cryostat

J

UNIVERSITY OF

LIVERPOOL

OXFORD

Ithertord Appaeran | st story

TPC Monitoring Sensors

OD Optical Calibration System

o A
University

UCL

[—]
[—]

/s Of
"G Sheffield.

Calibration
— Delivery

Skin PMT Validation

Liquid Xenon Testing

1 ,'-'”P
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a 10-42
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WIMP mass [GeV/c?]
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Argon, single phase, large! SNOLAB

Yo TN |
NATIONAL : \.
7 GEOGRAPHIC ﬁ) R AL
/ e B b
/ » N L
/’ 7§ et s ! ~\ 1‘.\

4] UNIVERSITY OF Univecsi
ALBERTA Garleton 9t (RS
I m 'y
bed | ) / N
Queens s S b

R
et/ Lg
|

&
R — !

US = == CQ TRIUMF lPﬂ‘é& i W
sitvof Snssex © B8 ™ Canadions ly{a,‘ ’v,: ] ?

Courtesy J. Monroe

DEAP-3600 Detector (single-phase)

3600 kg argon

in sealed ultraclean
Acrylic Vessel (1.7 m ID)

Vessel 1s “resurfaced”
in-situ to remove
deposited Rn daughters
after construction

255 Hamamatsu
R5912 HQE PMTs 8-inch

(Light Sensors)

50 cm light guides +
PE shielding provide neutron
moderation

Steel Shell immersed in 8 m
water shield at SNOLAB
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| I( / % "w"’/Jx
-~ ¥ _ WY g
First results: |
S Y —
Toq (keV_)
12 14 16 18 20 22 24 26 28 30 32
ELO LS ANEE S RS SRR SRS DR I SAK ML LI 5E IEES F
Bt !
w L .
0.8 44 10°
/ [ ]
0.6 | R
" 10°
0.4 (-
! 10
0.2

— PE
J —

| 4.77v’;rlive da\y's#= 12,066 kg-day exposure
L ) B g
Energy threshold: 80 PE (projection was 120 PE)
Fiducial mass: 2 tonne (projection was 1 tonne)

No events observed in ROI.
Leading result in LAr, first at tonne-scale.

Courtesy J. Monroe

Cut Livetime Acceptance % # evt.
Physics runs 855d

= Stable eryocooler 563d

£ Stable PMT 472d 128153
Deadtime corrected 468 d 780

. Max charge fraction 09.584-0.01 647

£ per PMT

= Event time 09.85+0.01 645

" Neck veto 97.49+0.03 23

Max scintillation PE

g s o 75.08108| 7
i fraction per PMT .08 06| 7
% Charge fraction in on ao+0.11
2 ; iy 90.9210- )
“ the top 2 PMT rings 0.9270.10|
Total 468d 96.9410.03 66917572 0
A 1042 R B T et St SR
.
.
- . —— XENON1T (2017)
L10.43 ' —— DarkSide-50
.
.
.
.
.
10-45
10% - : :

- —— XENONIT projection
=== DEAP-3500 projection
102 10° 10¢
m, (GeV/c?)
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Courtesy J. Monroe

Physics Exposure, 04.11.2016 - 10.07.2017 DEat
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172 livetime days at 3256 kg

4.72 livetime days at 3322 kg [Nov16 - Jul17]

[Aug16]
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Slide from MG Boulay — TAUP 2017, Sudbury
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DarkSid-SO
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Phys. Rev. D 93, 08110%(R) — Published 8 April 2016, Erratum Phys Rev 85 10 102 10) 10‘
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Next: Global Argon Dark Matter Collaboratlon

DarkS|de + DEAP + mlmCLEAN + ArDM bjSO researchers, collaborating on
INFN & NSF-funded 20 t LAr experiment-at LNGS: DarkSide-20k.

Complementary with LHC: background free exploration of high masses with direct search
//" First Iarge-,sca]”é/use of large area cryogemc SiPMs

-
A
1//

UK efforts on callbratlonftﬂ\Q
large area SiPMs response

/
i

.§ 2000':—:- Entries 200126A
g 18005:; Gain: 63.2
uoog- o, 4.42
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Courtesy J. Monroe
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! rXiv.org > physics > arXiv:1707.08145 Search or Artic
(Help | Advanced s

Physics > Instrumentation and Detectors {\\ o /]
DarkSide-20k: A 20 Tonne Two-Phase LAr TPC

for Direct Dark Matter Detection at LNGS L
C. E. Aalseth, F. Acerbi, P. Agnes, |. F. M. Albuquerque, T. Alexander, A. Alici, -;\,}:\J

/ A. K. Alton, P. Antonioli, S. Arcelli, R. Ardito, . J. Arnquist, D. M. Asner, M. Ave,
H. O. Back, A. |. Barrado Olmedo, G. Batignani, E. Bertoldo, S. Bettarini, M. G.
Bisogni, V. Bocci, A. Bondar, G. Bonfini, W. Bonivento, M. Bossa, B. Bottino, M.
Boulay, R. Bunker, S. Bussino, A. Buzulutskov, M. Cadeddu, M. Cadoni, A.
Caminata, N. Canci, A. Candela, C. Cantini, M. Caravati, M. Cariello, M. Carlini,

~

M‘Carpine"i' A. CaSI(‘"’"‘ C Catalanarei \l Caraudalla D Caualeanmea C©
Cavuoti, R. Cereseto,
Cocco, M. Colocci, S.
D. D'Urso, M. D. Da R
authors not shown)
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j) \-_/\ i Q... 2015) mo‘l??.gz-o.-cnon
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| PICO-500

_ Bubble chamber, SNOLAB
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6 detectors
— 1 tower

Initial Payload:

T1: 6 Ge iZIP

T2: 4 Ge, 2 Si iZIP
T3:4 Ge, 2 SiHV
T4:4 Ge, 2 SiHV

. Chal;ge & phonon Signﬁl.S\f\
- 100 mm o, 30 mm ke
|+ Operated at 30 mK

2016 2018 2019
B4 o R b ok St s

I 2
CFl approved S e ! Main construction phase |
-_ 2/3

CD 4

CFI application
DOE/NSF proposals Start of

operation

Schedule
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~ | Exploit anisotropic recoil direction to
‘= uniquely confirm the DM signal

b Directional Searches

S - DRIFT: Discovery of minority carrier capability (allows fiducialisation)
SR« SF,: Negative lon TPC v minority carriers v high F content v +low A v
c » Working towards an array of 10 SF; ~m® modules

with ~keV threshold. d-,

* New funded activities now in ltaly, Australia, Japan. W\l s ({11
) A * CYGNUS-KM vessel (Kobe/Japan) is built & used Al (e
~~ todown-select readouts (use DUNE electronics?) O Wit il

"+ The US now has some DOE money.
» Cooperation with MIMAC, France

Courtesy N. Spooner

Nuclear Emulsions for WIMP Search

lirectional measurement arXiv:1604.04199

Track length and Ellipticity
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Nal(Tl) tests of DAMA [

-
\ .
\

DM-lce -+ KIMS R. Muruyama
SABRE cosinus  COSINE-100 > 5o
*GranSasso+.Austram PICOLON “ ANAIS Kcanfr:

DM-Icel7 -

| ~\ % South Pole

‘—Jll

Phys.Rev. D 80 052006 (2014) (Csl)

3
(V4
/
A
/N
/

Astropart. Phys. 35 (2012) 749 .

Phys. Rev. D 90 092005 (2014) \ e
Phys. Rev. D 83 042001 (2016) &~ %
Phys. Rev. D 95 032006 (2017) ey
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A ‘different’ direct search

PHYSICAL REVIEW X 7, 041034 (2017)

Search for Axionlike Dark Matter through Nuclear Spin Precession
in Electric and Magnetic Fields

C. Abel,' N.J. Ayres,"” G. Ban,” G. Bison,’ K. Bodek," V. Bondar,” M. Daum,” M. Fairbaim,® V. V. Flambaum,’
P. Geltenbort,® K. Green,” W. C. Griffith,’ M. van der Grinten,” Z. D. Gruji¢,'® P. G. Harris,' N. Hild,? P. Taydjiev,”*
S.N. Ivanov,”* M. Kasprzak,” Y. Kermaidic,'' K. Kirch,'*® H.-C. Koch,? S. Komposch,*'? P. A. Koss,” A. Kozela,"
J. Krempel,'” B. Lauss,’ T. Lefort,” Y. Lemiére,” D. J. E. Marsh,® P. Mohanmurthy,>'> A. Mtchedlishvili,> M. Musgrave,""
F. M. Piegsa," G. Pignol,'" M. Rawlik,'*" D. Rebreyend,'" D. Ries,"**'? S. Roccia,"® D. Rozpedzik,* P. Schmidt-
Wellenburg,® N. Severijns,” D. Shiers,' Y. V. Stadnik,” A. Weis,'® E. Wursten,” J. Zejma,* and G. Zsigmond®

nEDM Collaboration/Paul Scherrer Institute

1 . — i . /‘
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e Copper vessel -

NEWS
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CRESST-IIl 7 .'

2 b ebebnt

+ probably many more...
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Huge progress over the past 2 decades. ~5 orders of magnitude in
sensitivity, detector physics, low background physics

Expect major updates from DEAP3600, PandaX, XENON-1T...
in ?February?

UK well placed with LUX-ZEPLIN & others for next decade at least.
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One day, net tee far in the future...

SCIENTISTS KNOW THAT THERE
SHOULD BE MORE MATTER IN
THE UNIVERSE THAN WHAT WE

brewrockit@yahoo.com www.gocomics.com/brewsterrockit

MEASUREMENTS SHOW PART
OF THE MATTER OF THE
UNIVERSE 1S MISSING!

BUT NOW,
THEY THINK
THEY'VE

| BET IT WAS
IN THE LAST
PLACE THEY

11/06 ©2017 Tribune Content Agency, LLC, All rights reserved
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“4850 Feet Below The Hunt ' for Dark Matter”
https://www- youtube com/watch’?v YxMGWQIVIoR1 0

,/ Y 3 i /' J

- “Dark Matter/Hunt Wlth LUX—ZEPL/N (LZ)”
https:// TTWWW. youtube com/watch’?v bKCsiK4ZZBY
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Targets - Dark Matter Annihilations

Extra-galactic §Milky Way Halo§Galactic Center

-

o A )

"HOF  Hubble Deep Field -4 '
: Large DM content,
nearby source, O(10)
larger flux than extra-
galactic

Small halo model
dependence, boost
factors

Very dense DM
accumulation, nearby
source

Diffuse flux, spectral
feature

Anisotropy Extended Source

Very strong
dependence on DM
density profile

Signal weak compared Relatively independent

to Galactic signal from DM halo profile

Clusters of - -
Galaxies

»
-

.

Large DM content,
high boost factors
from sub structure

No astrophysical
backgrounds

Point source Extended source

Cored profiles
favored, less flux

Understanding of
boost factors

-&'-— " w—y m -&' WRE o -1“ o -&?u— W
(% ) ~ »
For discovery observations at multiple sources with different
observatories (Multiwavelength !) that yield a consistent picture
TAUP2017 @ Carsten Rott



Indlrect Searches

Decaylng DM

Example, O(TeV DM candlda‘te decays through a
’ d|menS|on 6 operater suppressed by the GUT scale.

Take Ppy= 0.4 GeViem3
dN/dt = 104 51 m2
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 Liquid xenon TPC basics...
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\,_ N 1wo-Phase TPC basics

CE Photomultiplier
)\ ' Tube

G v, ( 1 - Anode Grid
25 X@ —

| Liquid Xe - E

| s / Cathode Grid
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\,,_ Liquid Xenon TPC basics

N
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= 0
a|dwesjayd
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s op hi . \ . . .
S eation Liquid Xenon TPC basics
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