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LU¿ to ÍZ

LU¿
●2013-2016 
●250 kg liquid xenon
● On-going legacy data analysis 

● 7 tonnes of liquid xenon
● 494 PMTs
● additional veto w/ 131 “skin” PMTs
● ‘First dark’ 2020
● Science data from 2021
● Plan 1000 live days

LÁ



How ƓơƄ dƞƓeƜtƎƑ ưƨrƊƬ
❄ Signals due to particle interactions:

☆  S1 : Primary Scintillation Signal 
(prompt photons, directly 
measured by PMTs)

☆  S2: Secondary Ionisation Signal 
(from electroluminescence of 
electrons extracted in gaseous 
phase)

❄ Energy and Position Reconstruction 
by S1-S2 Signals



LÁ Ôkiƍ P´Õ ƯalƈƃƚƭiƎn



● Significant hardware validation task

● 100x 1” VUV-sensitive PMTs

● Class 1000 cleanroom at the ATC

○ Cleanliness maintained throughout!

● Cryostat to test at 175 C (and 300 C)

● Measured Gains, Resolutions, Dark rates, 

Afterpulsing

● Designed and build measurement rig

● Developed software to analyse waveform 

data



P´Õs: SinƆƥƄ pƇƨƭoƄlƞƂƭroƍ Ɲƀtƚ



Gains Dark rates

P´Õs: SinƆƥƄ pƇƨƭoƄlƞƂƭroƍ Ɲƀtƚ



LÁ Ôkiƍ P´Õ ƯalƈƃƚƭiƎn
● Not mentioned: all tubes pressure tested

● Not mentioned: all tubes HPGe radio-assayed at Boulby

● Cryostat data collection complete

● Last of the PMTs to be returned to the US next week

● Data analysis continues; PMTs generally meeting specs.

● Next… 

○ Radon emanation tests at SDSMT...
○ Acceptance testing at SURF...
○ Installation...
○ Commissioning... 

Above: Pressure test rig at the SMC. 
Below: PMTs being inserted @Boulby



XI¨ ÖlƓƫaLƎ-1800
➢ Surface alpha counter
➢ Background rates 50+ better than conventional proportional 

counters.
➢ Can measure samples in days rather than weeks/months.
➢ Important for next generation of low background experiments
➢ Measurement of 0.13 ⍺/khr/cm2 amongst lowest ever reported

Sample Duration 
(hrs)

Alphas Surface 
Area (cm2)

Emissivity
(⍺/khr/cm2)

Stainless Steel 
Tray

168 342 1800 1.24 ± 0.07

PTFE Liner 168 103 1800 0.38 ± 0.04

LZ Titanium 168 4779 707 46.65 ± 0.67

LZ Titanium
(Citric Acid)

168 2302 707 22.07 ± 0.46

ULB Copper 168 13 707 0.13 ± 0.04



Low EƍƄƫgƘ EƥecƓƫƎn RƞƂoƈƥ ScƢeƍƜƄ
ER vs NR

● Conventional WIMP search looks for nuclear 
recoils (NRs)

● But dark matter is not necessarily WIMPs!
● Electron recoil (ER) searches gaining 

importance, e.g. solar neutrinos, axions...
● Difficult as background 𝛾 rays and β particles 

cause electron recoils.



SolƀƑ µƞuƭrƈƍƨ-EleƂƭrƎƍ SƜƚtƓeƫƈnƆ: EfƅeƜt Ǝƅ Sƨƥar ´ƄƓƚƥliƂƈƭy 

Next: 
Check how 
this affects 
Sensitivity for 
Low ER 
Searches



SolƀƑ µƞuƭrƈƍƨ-EleƂƭrƎƍ SƜƚtƓeƫƈnƆ: EfƅeƜt Ǝƅ AƭƨmiƂ BƈƧdƢƍƠ 

Ref: [1] Jiunn-Wei Chen et. al., “Low Energy electronic recoil in xenon detectors by solar neutrinos” 

Next: 
Check how 
this affects 
Sensitivity for 
Low ER 
Searches

https://doi.org/10.1016/j.physletb.2017.10.029


ComƏƭƎn SƂƚƭteƑƈƧg: EfƅeƜt Ǝƅ AƭƨmiƂ BƈƧdƢƍƠ

Simulated Events=1.25E+07

Next: 
Run High Statistic Sims to 
compare event rates



Low EƍƄƫgƘ ER ´odƄƋƬ
Solar axions
❄ Couple to electrons via axio-electric 

effect (analogous to photoelectric 
effect).

❄ Energy spectrum -> signal model:

❄ LZ sensitivity projection:

ALPs and HPs
❄ ALPs = Axion like particles
❄ HPs = Hidden photons
❄ Monoenergetic peaks at particle mass



MirƑƎƫ DƚrƊ ´aƭtƄƑ
Model
❄ Hidden sector isomorphic to standard model.
❄ Each SM particle has a mirror partner.
❄ Mirror electrons interact with Xe atomic 

electrons via kinetic mixing - giving ER signal.

UPDATE: Shielding Effects
● MDM captured by 

interactions with the Earth 
builds up over time.

● Captured MDM interacts with 
incoming mirror electrons. 

● Two effects:
○ deflection by mirror 

e.m. field
○ collisional shielding

References:
Theory: B Holdom PRLB. 166 196 (1986), R. Foot, H Lew, R Volkas PRLB. 272 67 (1991) 
Phenomenology: J.Feng, JCAP 0907:004, R.Foot IntJModPhysA.29.1430013,
Shielding effects: R.Foot, arXiv:1806.04293 (June 2018)

https://www.sciencedirect.com/science/article/pii/0370269386913778?via%3Dihub
https://www.sciencedirect.com/science/article/pii/037026939191013L?via%3Dihub
http://iopscience.iop.org/article/10.1088/1475-7516/2009/07/004/meta
http://www.worldscientific.com/doi/abs/10.1142/S0217751X14300130
https://arxiv.org/pdf/1806.04293.pdf


M«Î AnaƋƲsƈƒ
New signal model

Dashed line - no shielding. Solid 
line - with shielding. Reduction 
below 2keV.

LUX analysis in progress, using 
Run3 (2013) data.

Result: 90% CL on kinetic 
mixing parameter vs mirror 
electron temperature.



MerƑƲ ªhƑiƬtƌƀƬ
anƃ ƀ HƚƩpƘ µeư ÚƄƚr!

Find us at @SURF



Nuffield Placement - Kristy Hopley
Trailer - https://youtu.be/-wZoenzMXGI
Film - https://youtu.be/VwhdRge1BIg

https://youtu.be/-wZoenzMXGI
https://youtu.be/VwhdRge1BIg
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XI¨ ÖlƓƫaLƎ-1800

➢ A alpha counter which employs electronic background 
suppression to achieve background rates a factor 50+ 
better than conventional proportional counters.

➢ Fast counting time, can measure samples in days rather 
than weeks/months.

➢ This combines with the new generation of BUGS detectors to expand screening 
capability for next gen low background experiments

➢ Not only to reduce backgrounds but to measure contaminations
○ Feed to background models



XI¨ ÖlƓƫaLƎ-1800
Sample Duration 

(hrs)
Alphas Surface 

Area (cm2)
Emissivity
(⍺/khr/cm2)

Stainless Steel 
Tray

168 342 1800 1.24 ± 0.07

PTFE Liner 168 103 1800 0.38 ± 0.04

LZ Titanium 168 4779 707 46.65 ± 0.67

LZ Titanium
(Citric Acid)

168 2302 707 22.07 ± 0.46

ULB Copper 168 13 707 0.13 ± 0.04

➢ Achieved a measurement of 0.13 ⍺/khr/cm2 

amongst lowest ever reported
○ XMASS Kamiko Group report similar 

sensitivity

➢ IBM made a similar measurement at a surface lab and achieved 0.3 
⍺/khr/cm2.

➢ Boulby system limited by Rn in Ar gas supply
○ Fitting low-Rn charcoal trap



The definitive expectation for 
what LZ will deliver.

The benchmark!

Notable 2018 Publications



‘Bremsstrahlung’ and ‘Migdal’ 
effects.

A standard WIMP interaction 
involves a scatter with a xenon 
nucleus

→ There are inevitable residual 
atomic emissions 

Here we use these to increase 
sensitivity to low energy recoils

→ Improved response to low mass 
dark matter

First major experiment to use this 
technique ‘in anger’

Notable 2018 Publications

Alex - Lead internal review committee



Notable 2018 Publications

● Testing DAMA. 
● Are there annual 

modulations in 
bulk event rate? 
(esp. in 2-6 keV 
bin)

● No!

World leading limit strongly 
excludes modulation seen 
in DAMA. 



The full technical description 
of the methods ‘behind’ the 
science results.

Alex - Lead internal review 
committee

Maria Francesca, Lea - 
contributed 

Notable 2018 Publications



Demonstrates a measured 
trigger efficiency between 
99% and 100% over the full 
fiducial volume of the detector

Alex - internal review 
committee

Notable 2018 Publications



Novel single photon counting 
technique 

Novel analysis technique

Not much Edinburgh 
involvement 

Notable 2018 Publications



New measurement of the 
singlet-to-triplet scintillation 
ratio for electron recoils (ER) 
below 46 keV

First-ever measurement of 
the NR singlet-to-triplet ratio 
at recoil energies below 74 
keV.

Not much Edinburgh 
involvement 

Notable 2018 Publications


