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.. Is the successor to LUX

- Key Facts!

...will be hosted by the Sanford Underground Research Facility
...willhave ~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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Sanford Underground Research Facility
Lead, South Dakota, USA
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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
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{ top hit pattern:
e j(-y localization

z Iocallsatlon

f] 7
/ [
/ %
i
/
/
£
j
j
/ . ' NN
" N L
R e
) . -
g
j\ i 4 e
— |
f \
e 7 J L

o
-
N
c"—//
?\
a
9V
w g 2
0 Te]
q- A
(aw]
-
<] -
o o
Vo]
@
y e -5_ —] -
0
Tp]
o o
S 3
a|dwes;ayd

Hs

Alex Murphy - DMUK - IPPP - 13 June 2018



{ 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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LZ-global statu ‘

* Requirements - defined
f DeS|gn complete la
- Baseline sensmwty studles complete
~ + Construction — WeII underway
\. AssayCampaign — mostly completed
- Advanced sensitivitystudies — well underway
- Mock data challenges: 2017, 2018, 2019
* First dark — 2019
» Science Data - 2020
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/

UK hardware contributions

nearly complete

Skin PMT Validation

= Calibration
Delivery

R

1/3 TPC PMTs, Xenon Bases

TPC Monitoring Sensors =|

-
-

sive The
BAKC University of ¥ THE UNIVERSITY Imperial College univensity or (IR o i u,m-ersnyA
B BRISTOL &Y of EDINBURGH Loﬁdon 9 LIVERPOOL kKo o) o - UCL

N2 Sheffield. —eet
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y UK deliverable

» Mostly reported on at the last DMUK...

 Brais LOopez Paredes

/ https://indico.fnal.gov/event/1 3260/contribution/1 //material/slides/0.pdf
A Cryostat ~ delivered to ,S,URF”/
~ « Cleanliness — ICPMS, HPGe: Complete*
A3 PMTs — manufactured, assayed, tested, delivered
« PMT bases — manufactured, asséyed, tested, delivered
] Internal sensors — almost complete
5 Calibration source delivery system — complete
« OD optical calibration system — almost complete

« Simulations

» Skin PMT testing — New responsibility — ongoing
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E UK deliverable ‘

» Mostly reported on at 7tfhe last DMUK...
 Brais LOopez Paredes
https //|nd|co fnal qov/event/ 1 3260/c0ntr|but|on/ 17/material/slides/0.pdf

]
/
/

'« Cryostat — dellvered to SURF
~ « Cleanliness — ICPM;S, HPGe: Complete*
\-.3” PMTs — manufactured, assayed, tested, delivered
 PMT bases — manufactUred asséyed, tested, delivered
Internal sensors almost complete
. Callbratlon source delivery system — complete
« OD optical calibration system — almost complete

 Simulations

« Skin PMT testing — New responsibility — ongoing
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R = ey
N b

Outer cryostat vessel in the SAL at SURF /*1
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R Skin PMT tests

 Validate [gain, resolution, dark rate, afterpulsing]
' of 93 1”7 PMTs before installation to LZ. i

Need to test at 170 K; maintain cleanliness

/ = i
I, /f,/ r/,/ ] // -

"""" Peak Mean: 46.18(0.96)

........ Peak Width: 18.02(0.9)

8520-406

Gain: 5.8 + 0.1 E*6
Resolution: ~40%.

Gain (E*6)
©

Vollg:g V)
Ule) U(l) Pb210 The) Th(l) K40 U235 Co60 Co57 Cs137
Thisresult | 0.5(1)  0.30(4)  <1.2 <007 011(2) 6.76) <004 031(3) 0056(3) 0.04(1)
Xenon100 <15 0.25(4) - 0.5(1) 0.5(1) 8.9(9) 5 0.75(8) - <.02
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ASSAY

)

SIMULATION

N

Known source
event rates
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- Background Single Scatter ER events
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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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" Backg round Single Scatter NR event
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« Single scatter nuclear recoil events in the LXe active
volume before (left) and after (right) rejecting events in
coincidence with veto system (LXe skin and the Outer

Detector (OD).
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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 4 Xenon Contaminants 819 0

e 222Rn 681 0

- - 220Rn 111 0

o - natKr (0.015 ppt g/g) 24 0

| AR e S natAr (0.45 ppb g/ 3 0
J y \ ) : _

~ | 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!

5.0 1 L 1 Ll [ T ] 1 L l T 1] T 1 I 1 T T ] I 1 1 T T I L 1 1 T I 1] |l 1 1 I 1] 1
= o
e . ° o (-]

=1+ CNNS of B
iy dominates at

Ll lowest energy
5 | (36 events for
& 4.0 5600 ton.days!)
3 | ;
235] 1+ PLR approach
= | to identify

3.0 signal/set limits

2-5 ] v by e e by e by b e b e b

0 10 20 30 40 50 60 70 80
Slc [phd]
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SI WIMP-nucleon cross section [cm?]

S 3 R https://arxiv.org/pdf/1802.06039.pdf
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m Expected limits on spin-independent cross-sections for 1000 days of live
time (left) and discovery potential (right).
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8 More Science -

SD interac‘ti‘ons, axi’ons, axion-like particles (ALPs), sub-GeV
dark matter, leptophillic axial vector DM, astrophysical

| neutrinos, Ovpp’s, ...

-36 =35
]0 '1|||'I T T 1]""[ Ll T ll'lrll ]0 : T '1'[' T T f']l'l] T Ll 'lll]'l
LZ sensitivity (1000 live days) 'l LZ sensitivity (1000 live days)
o ]0_37 !: Projected limit (90% CL one-sided) T _36 |\ Projected limit (90% CL one-sided)
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]0 L 1 Loko4h L L il 1 [ S b X | 1 L oLgiig Ly ] — s il Lof g L L L 1 L - |
10 100 1000 ¢ 10 100 1000
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with a 5.6 tonne fiducial mass.

SD WIMP-neutron (left) and WIMP-proton (right) scattering for a 1000 live day run

https://arxiv.org/pdf/1802.06039.pdf
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d More Science

SD interactiohs, axions, axion-like particles (ALPs), sub-
GeV dark matter, leptophillic axial vector DM, astrophysical
| neutrinos, Ovpp’s, ...

/ -9
/10
f

—

i i 3 XENON100
: ? LZ projected / ;%SVZ -? 3 [ : LZ projected _ -
10—13 -7 llllu' i Alllll‘/l llllll‘ -1 lllll'l A A L LAY 10‘14 A A A A i A A A 1
10°° 107* 107 1072 10°" 1 2 3 4 5 6 78910
m, [keV/c?] m, [keV/c?]

Solar QCD axions (left) and galactic axion-like particle (right) sensitivities for a
1000 live day run with a 5.6 tonne fiducial mass.

https://arxiv.org/abs/1703.09144
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8 To summarise. ..

| , , at o g ress
tlII lots to do
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l To summarise. .

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

RoII on 2020!
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One ek, net toe tr in the future...

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

CAN SEE.

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
PLAOCE THEY
L
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