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Sanford Underground Research Facility
Lead, South Dakota, USA

Guatemala
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2008: LUX funded
(DOE + NSF)

Sept 2016:

WS-2013 decommissioning

(95 live-days) WS-2014/16 May 2016: Seart
(332 live-days) WS2014-16
finished

Analysis still
ongoing

2006: LUX July 2016: 332-day WS
collaboration Nov 2013: First WS results result announced
formed reported (85.3 live-days) b 5015. Reanalysis of :.| . <f.7 June2017:LUX
July 2012: LUX . |1 == WS2013 published installed in a
moves UG \ . : P museum

PRL, 116, 161301 (2016)
PRL, |16, 161302 (2016)
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{ top hit pattern:
e j(-y localization
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{ top hit pattern:

~ x-y localization —
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Ratio of S2 to S1 depends on the type of incident particle - allows
ER (B, gamma) : NR (neutron, WIMP) discrimination >99.5%
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phe/sample

100¢

phe/sample

N

nuclear recoil (NR) signal

501
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NR w/ small S2/S1
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Phys Rev, D 97, 102008, 2018
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ER from 3H

15 20 25 30
S1 detected photons
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Phys Rev, D 93, 072009, 2016
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2.45 MeV neutrons
from a DD neutron
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Nuclear recoil energy (keV)
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Phys Rev Lett, 116, 161301, 2016
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WIMP-ncIeon spin independent analysis
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22— . == =
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50

WIM P-nucleon cross section [zb]

2017 : 427 live-days: lowest 90% CL exclusion = 0.11 zb at 40 GeV/c (PRL, 118, 021303, 2017)

103 —10~%
| C
102| 110748 —
; 5
101 ] 10-“%
K 5
10° Pandax-ll {107 §
’ 54 tonne-day §
101} {10-%d
g XENONIT =
[ | tonne-year =

10t 107 108 104 10°
WIMP Mass [GeV/c?]

Alex Murphy - EUNPC- Bologna - 3 September 2018



Impressie proress in the ‘benchmark’ SI limit!
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Axions/ALPs ‘ |

-« Peccei-Quinn solution to the strong-CP

i

problem
 Two models considered

/ » QCD axions produced and emitted from

the Sun

» Galactic keV scale axion-like particles (a

DM candidate)
* An electron recoil band search

detector response to
solar axion w/ mass
<< kinetic energy
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Electron-recoil signatures

8 Axions/ALPs

'QCD axions emitted from the Sun /| Galactic DM ALPs

%
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Phys. Rev. Lett. 118, 261301

More to come soon...!
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” arXiv:1807.07113
Annual modulations
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o— arXiv:1807.07113
& Diurnal modulations

AAAAAAAAAAAAA
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h On-going LUX nalyses:

- Effective field theories analysis
~*Migdal and Bremsstrahlung ER-boosted searches
!« Neutrinoless double beta decay of 134.136Xe
~ * Two-neutrino double electron capture of 124Xe
~ « Lightly ionising particles

+ lots lots more...
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...LUX - ZEPLIN
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LUX-ZEPLIN (LZ) detector

7.0 T active LXe
5.6T fiducial

Instrumented
Xe skin detector

Neutron
conduit

50 kV cathode
high voltage

17 tonnes e
Gd-LS ?
Outer
Detector

o 1=
LXe supply & return

Technical Design Report, arXiv:1703.09144. Lower PMT cable conduit 2
0



- Key Facts!

.. is the successor to LUX and ZEPLIN-II|

...will be hosted by the Sanford Underground Research Facility

- will havé ~9 T totarl, 7 T active, 5.6 T fiducial mass of liquid xenon
..which is about 50 times that of LUX (fiducial)

...will have a skin region, outer detector and water tank for

-background suppression

..Low energy NR sensitivity limited by astrophysical backgrounds
..will reach a SI WIMP sensitivity of 1.6x10-*® cm? at 40 GeV/c?
..will have sensitivity to a range of other New Physics processes

..Is being constructed NOW; will be running by 2020
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Rate [counts/kg/day/keV]

"’Backg round Single Scatter ER events
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i

Rate [counts/kg/day/keV]

115(1)01111101001 15100201002500 0 11 15101 — ll(l)Ol — 11%01 — 1200
Electronic recoil energy [keV] Electronic recoil energy [keV]
Energy spectra of electron recoil background from various sources.
222Rn dominates at low energies.

Environmental background and components are not major sources of
background events.
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- Background Single Scatter NR events
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« Single scatter NR before (left) and after (right) skin and OD

coincidence rejection

« Rate at low energy (<4 keV) dominated by 8B CNNS
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- Background Single Scatter NR events
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volume before (left) and after (right) rejecting events in
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day run with a 5.6 tonne fiducial mass.
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R Axions and ALs

- , _ https://arxiv.org/abs/1703.09144
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LZ projected :
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® Solar QCD axions (left) and galactic axion-like particle (right) sensitivities for
5600 live ton-days
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8 To summarise. ..

| , , at o g ress
tlII lots to do

Alex Murphy - EUNPC- Bologna - 3 September 2018



l To summarise. .

G r at P ro gress
t|II lots to do

RoII on 2020!

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

Main focus remains WIMPs, but opportunities exist for other New
Physics

Roll on 2020!
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h Event yields from known sources

: ER NR
| Background Source
+5.6tonnes = (cts) (cts)

'//1000'd Detector Components 9 0.07
o Surface Contamination 40 0.39

+ 1510 65keV SN Laboratory and Cosmogenics 5 0.06
4. g Xenon Contaminants 819 0

B Wi
e — 222Rn 681 0
- - 220Rn 111 0
o - natKr (0.015 ppt g/g) 24 0
- v \ S natAr (0.45 ppb g/ 3 0

j-,. s J\_ //‘ M-

136Xe 2vRB | 67 0
Solar neutrinos (pp+7Be+13N) 255 0
Diffuse supernova neutrinos 0| 0.05
Atmospheric neutrinos 0] 0.46

Total 1195 1.03

with 99.5% ER discrim., 50% NR eff. 5.97 0.51
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b Event yields from known sources

,, ER NR
, : Background Source
5.6 tonnes 2 COMED
1000 4 Detector Components 9 0.07
L a
y yS - = Surface Contamination 40 0.39
'+151086. 5 keV ;I\ Laboratory and Cosmogenics 5 0.06
/ \ Xenon Contaminants 819
Radon domlnattes 229Rn 681
E’R backgrounds B 220Rn |
B _ natKr (0.01 5 ppt g/g)
] 4 1 v - I |
o ve Scattering of Physics
solar v’s; 136Xe 2vBp 67 0
PP - Solar neutrinos (pp+7Be+13N) > [255 0

(atomic electron

. Diffuse supernova neutrinos 0| 0.05
recoils)

Atmospheric neutrinos 0| 0.46
Total 1195 1.03

with 99.5% ER discrim., 50% NR eff. 5.97 0.51
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b Event yields from known sources

: ER NR
, Background Source
+5.6tomnes 2 COMED
1 OOO q Detector Components 9 0.07
L a S
y o < Surface Contamination arc  0.39
' +15106. 5 keV Laboratory and Cosmrzgznics 5 0.06
/ / Xen<ii contaminants 819 0
N eutans e 222Rn 681 0
1ncludmg alpha-n - 220Rn 111 0
7 1T ¢ S natAr (0.45 ppb g/ 3 0
136Xe 2vRB 67 0
Cohe.rent Solar neutrinos (pp+7Be+13N) 255 0
scattering of Diffuse supernova neutrinos 0| 00
atmospheric \tmospherieneutrine
v’s on Xe Total 1 195 1 03
nuclei with 99.5% ER discrim., 50% NR eff. 5.97 0.51
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b Event yields from known sources

, ) ER NR
, Background Source
+5.6tomnes 2 (cts) (cts)
1 OOO q Detector Components 9 0.07
L a S
y o < Surface Contamination 40 0.39
'+15106. 5 keV Laboratory and Cosmogenics 5 0.06
/ / Xenon Contaminants 819 0
A\ g 222Rn 681 0
e B 220Rn 111 0
o - natKr (0.015 ppt g/g) 24 0
/ - Slmple WIMP 3 natAr io.45 pr i Iii 3 0
search BOX “Cut 13636 210
” e 2v 67 0
& Count™ type xolar neutrinos (pp+7Be+13N) 255 0
numbers :

sunernova neutrmos 0
Atmospheric neutrings 0

1195 1.03

with 99.5% ER discrim., 50% NR eff. 5.97 0.51
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b Event yields ar not the whole story!
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. The matter content
—_— of the Universe
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' arXiv:1711.09906
Migdal ad Bremstrahlung effects olan. Kehhoofor & MoGabe
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Migdal and Brmstrahlung ffects

DM i
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» Migdal: Recoiling nucleus ‘leaves

the electron cloud behind’, with H COU H@] @h@w

consequent |on|sat|on and
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emission from accelerating

nuclear charge ﬁh@m Hg@] E@@ ﬁ[m
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fact dominate over NR for low WIMP ﬁf@@] [@H@D oo

mass due to kinematics
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