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LZ: overview

= WIMP search experiment
= Location: 1.5 km underground @SURF (US)
= LZ (LUX-ZEPLIN), ~250 collaborators

= Two phase (liquid and gas Xe)
time projection chamber (TPC)
> Total mass: 10 t
> Active mass: 7 t
= Low-energy threshold: ~5 keV

=

= Two veto systems: §
> Xenon skin sl &

> Liquid scintillator (Gd-LS) & ’Xﬁ% g

outer detector cryostat™

outer
detector
= Underground installation starting in 2019

= Physics data taking from 2020

arXiv:1703.09144
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LZ: detection principle

= Particle interactions in the active
region create:
> Prompt scintillation (S1)

--L:;{_A‘ GXe > Electrons from ionisation

Y o drifted upward to GXe

o delayed proportional
scintillation (S2)

LXe

= Both energy and position can be
reconstructed from S1 and S2

Particle

52 phe 454 phe = Two distinctive types of particle
oo interactions:
0 o > Electron recoil (ER):
S s ST P o :
= 52 phe A B’s,v’s, v-e scattering
S oo | | | | > Nuclear recoil (NR):
’ P e WIMPs, n’s, v-N (CEVNS)

Ibles Olcina 4 I0P Meeting @Bristol ¢ 26/03/2018 2



LZ: analysis strategy

- \ ... .1 = ERand NR events discriminated from
PO A their different S2/S1 proportion

= =————" = ERand NR bands obtained through
< DN T : .
= T & calibration
% NRband -
(e} \ \
& = Many y and n events occur close to the
= S ourlines | TPC wall
isoncontour lines | . wa
\ N > Veto them: Xe skin and OD
e g > Define a fiducial region: 5.6 t for
SRR I he WIMP search
30 40 S0 60 70 80 the Searc
Slc [phd]

Simulated dataset inside the fiducial volume for the
full LZ exposure (1000 days X 5600 kg)

ER: electron recoil
NR: neutron recoil
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R ___P0% g j f@u

dE,. 2 myup .UA

107"

§ 107 ?‘\\ My = 10 GeV
. = N —— My = 50 GeV
WIMP signal model S e S el
= E \ — My e = 1000 GeV
§ 107 : 5
= WIMP differential scattering rate gt
107
~Vesc :

VYmin (Er)

> Astrophysics: local DM density (p,), WIMP galaxy Recoil energy [keV]

escape velocity (Vesc), WIMP velocity distribution (fg)
> Nuclear physics: nuclear form factor (F)
> Particle physics: WIMP mass (myvp), WIMP-nucleus
scattering cross section (o)

S2c¢ [phd]
3,

= NEST software package (arXiv:1307.6601) 10° i

> Estimates charge and light production in LXe -

> Accounts for anti-correlations between ¥ EhYWmP ”71317?(6’5
ionisation and scintillation | | Meanx 1753

> Incorporates calibration results from LUX that 10° e tha.;gvx ff.?i

go down to ~1 keV (arXiv:1512.03506)

01020304050 60 70 80 90 100 °
Slc [phd]
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Backgrounds to the WIMP search

Nuclear recoils Electron recoils
F 10! e
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Background mitigation strategy

> Underground installation of the detector

Extensive radio-assay campaign for detector materials
Strict surface cleanliness programme

Xenon purification to remove 8°Kr and 3°Ar

Active vetoes: Xe skin and outer detector

Rate [counts/kg/day/keV]

Y VY VY

t I I I
0 50 100 150 200

Electronic recoil energy [keV]
_— —_— _— —_— _— —_— _— —_— _—
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Backgrounds to the WIMP search

NR background events in the WIMP region of interest (6 — 30 keVnr) are
highly suppressed by the veto system:

Before veto After veto
10% 10%
140 140 £
[ I R
120 120 e,
: : Hold,
100 | 10" 5 100 | | 10" 5
[ (] 1 (]
| z\ 1 2‘
I O 1 [}
= 80 2 = 80+ S
71 5 B i g
N [ > N i >
60 100 2 60 0o =
: 100 £ L 100 5
[ o 1 1 Q
Q 1 Q
40} 40 b e
' ' i
20 20 + 15 -
s 107! : . 10~
0 Lt 0‘——r‘--.-—--r----r.--—---r'.'-—-'iﬂ-.]
0% 20% 30% 40? 502 0% 20% 30> 40? 502 60?2 702
12 [cm?] 2 [em?]
Integrated counts for Integrated counts for
5.6 tonne FVx1000 days: 10.4 5.6 tonne FVx1000 days: 1.0
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.Z likelihood function

L(O' ) V|CD) ? Extended term / Event probability model
Ng 1 Nb
Pois(ng|u)| * 1_[; us(0) fs(xelmwimp) + z Upfo(Xe|V)
e=1 b=1

X

<__’_—/

Np
1_[ fp (gp |Vp) Constraint term
p=1

Projected
background spectra WIMP spectra

Legend .‘"“-.-~ﬁ‘¢’//a"",.
> Observables: x = {§1,52}

i LZ detector response + NEST
> Parameter of interest: oywvp—n
> Nuisance parameters: I
b=N

v="{up},_," Model PDFs

> Global observables: I
b=Np
= yObJSp= .y .
g = ko) opJpy Likelihood function
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LZ sensitivity: methodology

= To calculate the projected exclusion upper limit to a particular WIMP cross section,
a one-sided profile likelihood ratio test statistic is used:

0,0 ; 0<¢g, <0
—21n (A )} 6 <o 1o .
q — < (O' V)
o A greater incompatibility between
L 0 o>0 data and tested cross section
— S+B
1
. . . obs - B'Only
Many Monte Carlo trials are simulated do _ median ALT

to construct distributions under the
NULL (S+B) and ALTERNATIVE (B-only) 10
hypotheses

> For sensitivity studies: 107

q2°s = median(f(q,|B- only))

O\ N\ \
\\\\\

4o
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LZ sensitivity to Sl interactions

10_42 T MNMT TTT | T T T T T T TT I T T T T T T 1T I =
= LZ sensitivity (1000 live days) — LUX (2017) §
& 10 43 ;_ Projected limit (90% CL one-sided) ___ XENONIT (2017) _;
& = 0 =lo expected —— PandaX-II (2017) 3
= g +20 expected .
= - . .
£ 107 T\ = Minimum point
O - ‘ - _
A \ > 1.6x107%8 cm? at 40 GeV/c?
g 1077 E
3} - -
(= Z pMSSM11 .
S 0% \ (MasterCode. 2019 _ The lower part of the 20
2 - \ 2 band is not included
& - - - -
= 10 e \ = > The actual limit will be
= - \ | : ﬁm/w’e‘“ 3 power-constrained at —1o
20 S—__ it @5
—49 B | L1111 I | 1 1 L1 1 11 I L1 1 11 I B
10 10 100 1000

WIMP mass [GeV/c?]

» LZ projected sensitivity paper: arXiv:1802.06039
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LZ sensitivity to Sl interactions

WIMP-nucleon cross section [cm?] at 40 GeV/c?

107%

1074

107

10748

107

7

LUX (2017)
— \ g
- XENONIT (2017) =
B XENONIT (2 ty) _

LZ sensitivity
= Projected limit (90% CL one-sided) s
N | 10 expected |
| | 1 L1 1 11 | | | | L1 1 11 | | | | 1111 |
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Projected discovery significance

10—43

1074

10—45

1074

1074

10—48

SI WIMP-nucleon cross section [cm?]

107

LZ sensitivity (1000 live days)
Projected limit (90% CL one-sided)

------ Projected 30 significance

------ Projected 50 significance
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10 100
WIMP mass [GeV/c?]

= Minimum points
> 3.8x107*8 cm? @40 GeV/c? (30)
> 6.7x107*8 cm? @40 GeV/c? (50)

L LI

IIIIIII

IIIlIlIl

pMSSM11
(MasterCode, 2017)

.

|1 IIIITJl

.
-
PEe
_____
- -
- .-
-
e
-
-
-

11 IlIIlll

50 discovery
within reach!

Getting ready to characterise WIMP
signals from the very start:

107#

PRELIMINARY

10

LB RRIL |

1045

¢

1074

e input
x best fit

T llllllll T lllll“'l

10 *8 Ll 1ol T | L
10 10° 10° 10t

WIMP mass [GeV/c?]

SI WIMP-nucleon cross section [cm?]
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Summary

* The LZ experiment is fully optimised for a WIMP search
> 7 tonnes of Xe active mass
> Robust background control, after lessons learned from LUX and ZEPLIN
> Veto system to suppress extra NR backgrounds

= Likely to probe most of the remaining WIMP parameter space
before new astrophysical backgrounds come in

> 100 times more sensitive than current best limits
> 50 discovery potential

= Other searches are possible too

> SD interactions, axion-like particles (ALPs), astrophysical neutrinos, 0OvSf’s, ...

= Physics data taking from 2020!!



BACKUP



WIMP search: present and future

10_42 3\ ] | LI | | | | L | | | | | | =
-} —
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LZ sensitivity: SD interactions

SD WIMP-proton cross section [em?]

|

WIMP-proton

10—35

L T T T T T
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N

SD WIMP-neutron cross section [cm?]

(GABIT2017)
10 100 1000

WIMP mass [GeV/c?]

= Minimum point
> 2.7%x107*3 cm? @40 GeV/c?

= Natural Xe contains odd-neutron isotopes: 12°Xe (26.4%) and 3'Xe (21.2%)
Structure factors taken from arXiv:1304.7684




Backgound count estimates

Background Source

External Backgrounds

Internal Backgrounds

Total

Detector Components

TPC PTFE.
Grid Wires and Rings
Field Shaping Rings

QOuter Detec!
Surface Contamination
Dust (intrinsic activity, 500 ng/cm2)
Plate-out (PTFE panels, 50 nBg/cm2)
210Bi mobility (0.1 uBa/kg)
lon-misreconstruction (50 nBa/cm2)

210Pb (in bulk PTFE, 10 mBg/kg

Laboratory and Cosmogenics

TPC Sensors and Thermometers
PMT Conduits, HX and Tubing
HV Conduits and Cables

Laboratory Rock Walls
Muon Induced Neutrons

222Rn (1.81 ,Ba/kg)
220Rn (0.09 ;Balkg)
natKr (0.015 ppt g/g)

natAr (0.45

b gl

136Xe 2vBp

Atmosp

Solar neutrinos (pp+7Be+13N)
Diffuse supemova neutrinos
heric neutrinos

Mass (kg)

Total (with 99.5% ER discrimination, 50% NR efficiency)

U early
(mBg/kg) (mBg/kg)

0.02
7.39
5.49
21.8
3.18
3.61

U late

0.02
2.76
1.14
5.82
0.46
2.30

Th early
(mBa/kg)

0.03
2.49
0.72
2.29
0.46
0.61

Th late
(mBg/kg)

0.03
2.28
0.65
1.88
0.56
0.76

Co60
(mBq/kg) (mBglkg)

0.00
10.0
0.00
1.32
1.23
1.4
0.31

K40 o

0.12 225

28.0 16.3
2.00 41.0
61.0 6.75
1.39 5.87
25 26.5

2.62

ER (cts) NR(cts)

Cosmogenic Activation 0.2 -
Xenon Contaminants 816 (1]
678
111
24.5

2.5

67
255

0
0

1192
5.96

0.07

0.006
0.005
0.011
0.001
0.001
0.001
0.018

0.05
0.05

0.16
0.12
0.06

0.00
0.06

1.03
0.51



Detector parameters

Detector Parameter Value
Photon Detection Efficiency (PDE)
PDE in liquid (g;) [phd/ph] 0.119
PDE in gas (g1 gzas) [Phd/ph] 0.102
Single electron size [phd] 83
Effective charge gain (g5) [phd/e] 79
PTFE-LXe reflectivity 0.977
LXe photon absorption length [m)] 100
PMT efficiency at 175 nm 0.269
Other Key Parameters
Single phe trigger efficiency 0.95
Single phe relative width (Gaussian) 0.38
S1 coincidence level 3-fold
S2 electron extraction efficiency 0.95
Drift field [V ecm™ '] 310

Electron lifetime [ps] 850




