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 Evidences & upper limits: DAMA & 1-phase Liquid Noble gas experiments

Recap of Lecture 17

- DAMA-Libra: 𝟐𝟓𝟎 𝒌𝒈 𝑵𝒂𝑱 scintillator crystals at 𝐿𝑁𝐺𝑆 (low background)

seasonal variation of rate over many years– is this a WIMP or systematics?



Exp. Particle Physics - ETPG. Drexlin – ATP-1 #18Feb. 1, 20233

 Evidences & upper limits: DAMA & 1-phase Liquid Noble gas experiments

Recap of Lecture 17

- other 𝑵𝒂𝑱 experiments (and 𝑳𝑿𝒆/𝑳𝑨𝒓 detectors) exclude WIMP interpretation

- scintillation process of liquid noble gases: formation of excimers &

subsequent decay lead to emission of 𝑽𝑼𝑽 light (𝑳𝑨𝒓 requires 𝑾𝑳𝑺) 

- DAMA-Libra: 𝟐𝟓𝟎 𝒌𝒈 𝑵𝒂𝑱 scintillator crystals at 𝐿𝑁𝐺𝑆 (low background)

seasonal variation of rate over many years– is this a WIMP or systematics?

- argon detectors: intrinsic background from 𝛽 −decay of 𝟑𝟗𝑨𝒓 ( UAr)

big advantage: pulse shape allows to suppress background (´WIMP sprinter´)

- xenon detectors: cryodistillation of 𝟖𝟓𝑲𝒓 - very pure target in fiducial volume
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 XMASS* - a single-phase 𝑳𝑿𝒆 −detector at the Kamioka mine in Japan 

Liquid Xenon experiments: XMASS

*Xenon detector for Weakly Interacting MASSive Particles

- XMASS-I exposure: 𝑴 ∙ 𝒕 = 𝟖𝟑𝟐 𝒌𝒈 ∙ 𝟏𝟔𝒎𝒐𝒏𝒕𝒉𝒔

𝑴 = 𝟖𝟎𝟎 𝒌𝒈 (𝟏𝟎𝟎 𝒌𝒈 𝒇𝒊𝒅𝒖𝒄𝒊𝒂𝒍)

𝑋𝑀𝐴𝑆𝑆 − 𝐼
𝑇 = 165 𝐾

- search for yearly modulation in data: no signal!

scintillation-

light
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 Projected increase in single-phase target mass by factor 30

Liquid Xenon experiments: XMASS

𝑋𝑀𝐴𝑆𝑆 − 𝐼𝐼 (planned)

Ø = 2.5 m

𝑋𝑀𝐴𝑆𝑆 − 1.5

𝟓 𝒕 (𝟏 𝒕 fiducial)

𝑋𝑀𝐴𝑆𝑆 − 𝐼

𝟐𝟒 𝒕 (𝟏𝟎 𝒕 fiducial)
- 2017: joining XENON (2-phase-detector)

𝑴 = 𝟖𝟎𝟎 𝒌𝒈 (𝟏𝟎𝟎 𝒌𝒈 fiducial)

- single-phase detector lacks 𝑷𝑰𝑫 provided by scintillation + ionization
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 Read-out of scintillation light + ionization: much better 𝑷𝑰𝑫

Liquid noble gas experiments: 2-phase detectors

t1

tn

ti

PMTs

𝑳𝑨𝒓

𝑳𝑿𝒆

WIMP-

scattering

fiducial 
volume

- all single-phase-projects with 𝑳𝑨𝒓 & 𝑳𝑿𝒆 (read-out   

of scintillation light only) were cancelled!

 

𝑳𝑿𝒆 𝑳𝑨𝒓
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Liquid noble gas experiments: 2-phase detectors

 Read-out of scintillation light + ionization: much better 𝑷𝑰𝑫

gas

liquid

P
M

T

P
M

T

𝒆−

2-phase-noble gas detectors: the ultimate in DM

𝑬𝒆𝒙𝒕
gaseous noble gas: read-out of ionisation signal

via process of electroluminescence (𝑬𝑳)

𝑬𝑫 liquid noble gas: transport of the ionisation signal

via electric field - constant drift of 𝒆− to gas phase

top- & bottom PMT array: read-out of both the

scintillation- & electroluminescence- light signal

Ar (Xe) as detector medium with (without) WLS
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 Operating temperature: thermodynamics of the liquid & gaseous phase

Liquid noble gas experiments: 2-phase detectors

hn

gaseous phase

liquid phase
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 Operating temperature: thermodynamics of the liquid & gaseous phase

Liquid noble gas experiments: 2-phase detectors

- cryo-cooling has to ensure

𝑻 = −𝟏𝟎𝟖…− 𝟏𝟏𝟐 °𝑪 to

maintain the liquid state

- operation of Xe-vessel at a

pressure p ≈ 𝟏 𝒂𝒕𝒎

- fine-tuning of temperature

in the above range allows to

adjust the pressure level of

the gaseous phase above

the liquid level



Exp. Particle Physics - ETPG. Drexlin – ATP-1 #18Feb. 1, 202310

 Top and bottom PMT arrays to detect 𝑽𝑼𝑽 scintillation & light from 𝑬𝑳

Liquid noble gas experiments: light detection

hn

gaseous phase

liquid phase

PMT array

PMT array
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 Top and bottom PMT arrays to detect 𝑽𝑼𝑽 scintillation & light from 𝑬𝑳

Liquid noble gas experiments: light detection

hn

PMT array

PMT array

hn

𝐸𝑅 hn

- detection of prompt scintillation light in the 𝑽𝑼𝑽 range

particle

PMT array

PMT array
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 Operated as Time Projection Chamber (𝑻𝑷𝑪) to obtain 3D information

Liquid noble gas experiments: drifting of 𝒆−

hn

𝐸𝑑

electrodes with ∅ = 𝟏. 𝟓 𝒎 as mesh structure

- generation of a homogeneous drift field 𝑬𝑫 by 

applying HV to gate electrode

cathode

gate electrode

n
e

g
. 
H

V
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 Operated as Time Projection Chamber (𝑻𝑷𝑪) to obtain 3D information

Liquid noble gas experiments: drifting of 𝒆−

hn

𝐸𝑑

5
Τ

𝑐𝑚
𝜇
𝑠

𝒆−

- field cage by ´guard rings´ to ensure homogeneity of 𝑬𝑫
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 Applying a strong field to ´extract´ 𝒆− into gaseous phase to induce 𝑬𝑳

Redout of delayed light (𝑬𝑳) after drifting of 𝒆−

hn

PMT array

𝐸𝑒𝑥𝑡𝑟

ℎ𝝂

anode: 

+𝐻𝑉

- electrons are being

accelerated by a strong

field 𝑬𝒆𝒙𝒕𝒓 towards the

anode in the gas phase

- electrons collide with

gas atoms, this causes

electroluminescence

- electrons detected by

𝑬𝑳 light via PMT arrays
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 𝑻𝑷𝑪 principle: 𝑷𝑴𝑻 hit pattern for (x,y) position, drift time 𝒕𝑫 for z position

Liquid noble gas experiments: signals 𝑺𝟏 and 𝑺𝟐

- scintillation light 𝑺𝟏 & ionisation signal 𝑺𝟐: perform background discrimination

particle

𝑆1 𝑆2

time

𝒕𝑫



Exp. Particle Physics - ETPG. Drexlin – ATP-1 #18Feb. 1, 202316

 Particle Identification via ratio 𝑺𝟐 / 𝑺𝟏 ( ratio of delayed / prompt light)

Liquid noble gas experiments: quenching of S2

- ionization signal 𝑺𝟐: strong quenching in case of nuclear recoils

𝑺𝟐𝑺𝟏

time 𝒕

a
m

p
lit

u
d

e

time 𝒕

a
m

p
lit

u
d

e

𝑺𝟐
𝑺𝟏

𝑺𝟐 / 𝑺𝟏 = large 

𝑺𝟐 / 𝑺𝟏 = small

drift time

electron

recoil

drift time

nuclear

recoil
𝝌𝟎

𝒆−

quenching:

yes – no ?

𝑆2
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 Particle Identification via ratio 𝑺𝟐 / 𝑺𝟏 ( ratio of delayed / prompt light)

Liquid noble gas experiments: quenching of S2

- particle discrimination due to quenching of 𝑺𝟐 for nuclear recoils

quenching:

yes – no ?

𝑺𝟐 / 𝑺𝟏 = large 

𝑺𝟐 / 𝑺𝟏 = small

𝝌𝟎

𝒆−
- very helpful for 𝑷𝑰𝑫: 

signal 𝑺𝟐 is ´amplified´ by

electroluminescence

- recoil energy 𝑬𝑹
signal 𝑺𝟏 is independent of

particle type (no quenching)

 𝑺𝟏 determines energy

of primary interaction

 we aim for a very (very)

low threshold for 𝑺𝟏!

𝑆2
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 DarkSide 50: the first TPC in a series of experiments of increasing size

2-phase-experiments with argon: DarkSide 50

𝑳𝑨𝒓

bottom 

PMTs

(19)

cryostat

top 

PMTs

(19)

TPC

argon

supply- location: hall C at 𝑳𝑵𝑮𝑺

- total active mass: 𝒎 = 𝟓𝟎 𝒌𝒈

- depleted 𝟑𝟗𝑨𝒓 − fraction from an 

´underground argon´ source in the US
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 Setup: 𝑻𝑷𝑪 surrouned by an inner & outer

veto detector against external background

2-phase-experiments with argon: DarkSide 50

outer 𝑯𝟐𝑶 Cherenkov-

veto for 𝝁 − identification 

inner liquid scintillator

veto aginst 𝝁 − induced

neutrons

- outer veto: using the former Counting Test Facility CTF

of Borexino solar 𝝂 − experiment
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 A prototype for todays much larger DM-detectors… 

DarkSide 50 – TPC setup in more detail

𝑒−

cathode (up to −𝟔𝟎 𝒌𝑽)

3 − 𝑖𝑛𝑐ℎ PMTs (Hamamatsu R11065)

𝑬 − field forming 𝑪𝒖 − rings: 𝑬𝑫 = 𝟐𝟎𝟎 Τ𝑽 𝒄𝒎

PTFE (teflon) – reflector + WLS (TPB*)

extraction grid for drifted 𝒆−

for transition liquid → gas

anode (grounded) in gas-phase: 𝑬𝒆𝒙𝒕𝒓 = 𝟐. 𝟖 Τ𝒌𝑽 𝒄𝒎

3
6
𝑐𝑚

𝟏
Τ

𝒎
𝒎

𝝁
𝒔

𝑳𝑨𝒓

*Tetra-Phenyl-Butadiene
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 A prototype for todays much larger DM-detectors… 

DarkSide 50 – TPC setup in more detail

𝑮𝑨𝒓

3
6
𝑐𝑚

2
𝑐𝑚

extraction grid

𝑳𝑨𝒓

- first measurements with atmospheric argon were

unsuccessful due to a very high 𝟑𝟗𝑨𝒓 background 

3
6
𝑐𝑚

𝑳𝑨𝒓
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 A prototype as proof-of-principle of 𝑼𝑮𝑨𝒓

DarkSide 50 – background overview

3
6
𝑐𝑚

- then: measurements with underground argon (𝑼𝑮𝑨𝒓)

 reduction of 𝜷 − decay rate by factor ~ 𝟑𝟎𝟎

- background contributions:

- 𝜷´𝒔 (𝟑𝟗𝑨𝒓) : ~ 𝟗𝟎𝟎𝟎𝟎events / 𝒌𝒈 / day

- gammas (𝒆−): ~ 𝟏𝟎𝟎 events / 𝒌𝒈 / day

- muons: ~ 𝟑𝟎 events / 𝒎𝟐/ day

- alphas: ~ 𝟏𝟎 events / 𝒎𝟐/ day

- 𝑾𝑰𝑴𝑷 signal*:

- 𝑨𝒓 − recoils: ~ 𝟏𝟎−𝟒 events / 𝒌𝒈 / day 

𝜷

𝝁

*for 𝜎𝑆𝐼 = 10−45 𝑐𝑚2 & 𝑀𝑊𝐼𝑀𝑃= 100 𝐺𝑒𝑉

𝟑𝟗𝑨𝒓

𝜸
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 background rejection verified by 𝑷𝑺𝑫

DarkSide 50 – PID performance

3
6
𝑐𝑚

𝜷

𝝁

𝟑𝟗𝑨𝒓

𝜸

- excellent performance of the 𝑻𝑷𝑪 in DM search
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 background rejection verified by 𝑷𝑺𝑫

DarkSide 50 – 𝑷𝑰𝑫 performance

3
6
𝑐𝑚

𝜷

𝝁

𝟑𝟗𝑨𝒓

𝜸

- long exposure using unterground argon:

532 days from 8/2015 – 10/2017

𝑴 ∙ 𝒕 = 𝟏𝟔𝟔𝟎𝟎 𝒌𝒈 ∙ 𝒅𝒂𝒚𝒔

- ´blind´ analysis with predefined signal box:

0 WIMP-events after ´unblinding´

- present DarkSide 50 exclusion limit:

𝝈𝑺𝑰 < 𝟏. 𝟏𝟒 × 𝟏𝟎−𝟒𝟒 𝒄𝒎𝟐

(for 100 GeV-WIMP)

- breakthrough result for 2-phase-Ar-detectors
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 Uniting all previous argon-based project in a global argon collaboration

Darkside 20k: towards a global argon DM-detector

DarkSide-20k

20 𝑡 𝐿𝐴𝑟

PMTs

ArDM

ℎ
=

3
.5
𝑚

DEAP-3600

global

Ar-collaboration
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 Veto-detector & 𝑻𝑷𝑪 for DarkSide 20k

Darkside 20k: towards a global argon DM-detector

20 𝑡 𝐿𝐴𝑟

d
𝑟𝑖
𝑓
𝑡
=
2
.4
𝑚

𝒆−

cryostat

(Ø = 3.4 𝑚)

20 𝑡 𝐿𝐴𝑟

𝒆−
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 Veto concept & 𝑻𝑷𝑪 for DarkSide 20k

Darkside 20k: towards a global argon DM-detector

outer active veto (AAr)

inner active veto (AAr)

𝟒𝟎 𝒕 𝑻𝑷𝑪 (UAr)

passive PE

acrylic TPC

electronics & mechanics

total argon mass: 𝟓𝟎 𝒕
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 Design parameters of DarkSide 20k

Darkside 20k: set-up of 𝟓𝟎 𝒕 argon 𝑻𝑷𝑪

20 𝑡 𝐿𝐴𝑟𝑆𝑖 −
𝑃𝑀𝑇𝑠

d
𝑟𝑖
𝑓
𝑡
=
2
.4
𝑚

- fiducial volume: 𝟐𝟎 𝒕

- octagonal PTFE* (teflon) panels &

𝑪𝒖 − elements for forming of 𝑬 − field

*Polytetrafluoroethylene

8280 photosensors:

𝑺𝒊-PMT-panels

𝑨 = 𝟓 × 𝟓 𝒄𝒎𝟐

silicon-PMT
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 Timeline & goals of DarkSide 20k

Darkside 20k: ongoing & future timeline

20 𝑡 𝐿𝐴𝑟

d
𝑟𝑖
𝑓
𝑡
=
2
.4
𝑚

𝒆−

2022: ongoing installation works at 𝑳𝑵𝑮𝑺

2023: expected start of measurements

2023…28: planned time period for data taking,

expecting a result free of

background

exposure: 𝑴 ∙ 𝒕 = 𝟐𝟎𝟎 𝒕 · 𝒚𝒓

combination of 𝑷𝑺𝑫 (Pulse Shape 

Discrimination) & 𝑺𝟏 − 𝑺𝟐 ratio
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 All scales with

exposure in

case of no

background

Darkside 20k: expected sensitivity & comparison

- potential of

2-phase argon

experiments to

push forward to

neutrino floor
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 Coherent scattering of astrophysical neutrinos off target nuclei

Neutrino floor – the ultimate limit for DM-searches

10-42

10-44

10-46

10-48

10-50

- 𝝂´𝒔 from the Sun, all

previous 𝑺𝑵´𝒔 & from

the Earth´s atmosphere:

no shielding is possible
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 Coherent scattering of astrophysical neutrinos: from the 𝑴𝒆𝑽…𝑮𝒆𝑽 − scale

Neutrino floor – kinematics of the scattering

Τ𝑬𝑹,𝒎𝒂𝒙 ~ 𝑬𝝂
𝟐 𝑨

𝜽

𝒁𝟎𝝂

𝝂

𝒌

𝒌´

𝑬𝑹

𝑿𝒆

- primary interaction:

𝑵𝑪 − process via 𝒁𝟎

- coherent interaction:

with all neutrons within

a target nucleus

- kinematics:

recoil of target nucleus
22~ NE nn

N: number of neutrons

in a nucleus

http://upload.wikimedia.org/wikipedia/commons/f/f0/Nucleus_drawing.svg
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 Coherent scattering of solar neutrinos:  𝑴𝒆𝑽 − scale

Neutrino floor – scattering of solar neutrinos

𝜽

𝒁𝟎𝝂

𝝂

𝒌

𝒌´

𝑬𝑹

𝑿𝒆

- energy spectrum:

- kinematics for a

solar 𝜈 (𝑬 = 𝟑𝑴𝒆𝑽)

𝑬𝑹,𝒎𝒂𝒙 ~ 𝟏𝟓𝟎 𝒆𝑽

- example: 
𝟖𝑩 neutrino* 

scatters off a 𝑿𝒆 −
nucleus

𝝈𝝂−𝑿𝒆 ~ 𝟐 ∙ 𝟏𝟎−𝟑𝟗 𝒄𝒎𝟐

- cross section for a

solar 𝜈 (𝑬 = 𝟏𝟎𝑴𝒆𝑽)

http://upload.wikimedia.org/wikipedia/commons/f/f0/Nucleus_drawing.svg
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2-phase-experiments with xenon: overview

active mass: 

𝟖. 𝟑 𝒕
active mass: 

𝟕 𝒕
active mass: 

𝟒 𝒕
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 All three regions (US, Europe, China) operate multi−𝒕𝒐𝒏 𝑿𝒆 − targets

2-phase-experiments with xenon: overview

𝟏𝟎 𝒕 total / 

𝟓. 𝟔 𝒕 fiducial

𝟒𝟑𝟎𝟎𝒎𝒘𝒆

XENON-

nT

𝟑𝟓𝟎𝟎𝒎𝒘𝒆

𝟖 𝒕 total /

𝟔 𝒕 fiducial

𝟔𝟖𝟎𝟎𝒎𝒘𝒆

𝟓. 𝟔 𝒕 total /
𝟑. 𝟕 𝒕 fiducial

-4T

- which continent will win the race to provide the best WIMP sensitivity with xenon?  
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 𝑳𝒁 is the successor from the merger of 𝑳𝑼𝑿 (US) and 𝒁𝑬𝑷𝑳𝑰𝑵 (GB)

Lux-Zeplin (𝑳𝒁) experiment in the US

𝟒𝟑𝟎𝟎𝒎𝒘𝒆

𝟏𝟎 𝒕 total / 

𝟓. 𝟔 𝒕 fiducial

HV-feed

7 tons LXe

inside TPC

120 veto-

PMTs

water vessel

Gd-loaded

Scintillator veto

heat

exchanger

488 PMTs (+180 further)

- operated at Sanford Underground Lab

The LZ Dark Matter Experiment | The status and science of 

the LZ dark matter experiment. (lbl.gov)

https://lz.lbl.gov/


Exp. Particle Physics - ETPG. Drexlin – ATP-1 #18Feb. 1, 202337

 𝑳𝒁 is taking data since 2021, first (initial) data published in July 2022

Lux-Zeplin (𝑳𝒁) experiment in the US

- careful final investigations of the

integrity of the xenon-TPC by

𝑳𝒁-collaborators
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Lux-Zeplin (LZ) experiment: first results

 Data collected from Dec 2021 … May 2022 (60 days) 

- data fully consistent with a

background-only hypothesis

(𝑝 − value: 0.96)  

- world-leading sensitivity (at

present) for masses > 9 GeV

- WIMP-sensitivity at 30 GeV

𝝈𝑺𝑰 < 𝟔. 𝟓 × 𝟏𝟎−𝟒𝟖 𝒄𝒎𝟐
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 Panda X – Particle and Astrophysical Xenon detector: multiple generations

Panda X-4T experiment in Jinping Lab, China 

- presently: 𝟓. 𝟔 𝒕 𝑳𝑿𝒆 (total mass),  𝟑. 𝟕 𝒕 𝑳𝑿𝒆 (sensitive target mass in TPC)  

- 𝑻𝑷𝑪- dimensions:

Ø = 𝟏. 𝟐 𝒎 , 𝒉 = 𝟏. 𝟑 𝒎

- optical read-out via

3-inch PMT-arrays 

Hamamatsu R11410-23

- 𝑻𝑷𝑪 surrounded by

𝑯𝟐𝑶 −veto-detector
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 Distribution of background events in the 𝑳𝑿𝒆 volume in a side view

Panda X-4T: illustration of a fiducial volume
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- software cuts define

fiducial volume

- background dominated

by detector materials

inner region with

lowest background level
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 Data analysis based on an exposure of 𝑴 ∙ 𝒕 = 𝟎. 𝟔𝟑 𝒕 ∙ 𝒚𝒓

Panda X-4T: first results published 12/2021

- best WIMP sensitivity achieved

for 𝑴 = 𝟒𝟎 𝑮𝒆𝑽

- no WIMP excess observed

- WIMP-limit (𝟗𝟎 % 𝑪𝑳) for 40 𝐺𝑒𝑉

𝝈𝑺𝑰 < 𝟑. 𝟖 × 𝟏𝟎−𝟒𝟕 𝒄𝒎𝟐

- limit is less stringent than 𝑳𝒁
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 European experiment (+ US groups): long-term leader of the field

XENON-1T experiment at the LNGS

- measurement phase

from autumn 2016 –

end of 2018

- successor to earlier

XENON10-XENON100

- construction period: 

autumn 2013 up to

autumn 2015 (2 years)

- total (active) 𝑳𝑿𝒆

mass: 𝟑. 𝟑 𝒕 (𝟐. 𝟎 𝒕)
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 Special focus on an extremely low level of background of all 𝑻𝑷𝑪 parts

XENON-1T experiment – 𝑻𝑷𝑪 design

PMT-arrayscryostatdrift rings (field cage)
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 Special focus on an extremely low level of background of all 𝑻𝑷𝑪 parts

XENON-1T experiment – 𝑻𝑷𝑪 construction

extraction electrode

- assembly in clean room

- materials: selection/screening
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 2018: publication of then world-leading DM-results from 270 days of data

XENON-1T experiment – final results

WMP mass

(𝑮𝒆𝑽)

W
M

P
 n

u
c
le

o
n

x
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c

𝝈
𝑺
𝑰
(𝒄
𝒎

𝟐
)

- fiducial mass of –1T

𝒎 = 𝟏. 𝟑 𝒕

- exposure

𝒎 ∙ 𝒕 = 𝟏. 𝟎 𝒕 · 𝒚𝒓

- no WIMP signal in

predefined box

- 𝟗𝟎% 𝑪𝑳 upper limit

for 30 𝐺𝑒𝑉 WIMPs:

𝝈𝑺𝑰 < 𝟒. 𝟏 × 𝟏𝟎−𝟒𝟕 𝒄𝒎𝟐
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 2022: the hunt for WIMPs at LNGS with 𝟖. 𝟑 𝒕𝒐𝒏𝒔 of xenon starts

- special focus on very

low-activity materials

XENONnT experiment – a much larger TPC joins

test of electrodes @ KIT
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 2022: the hunt for WIMPs at LNGS with 𝟖. 𝟑 𝒕𝒐𝒏𝒔 of xenon starts

XENONnT experiment – a much larger TPC joins

the central 𝑻𝑷𝑪 is ready… during assembly work… 
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 2022/23: everything works perfectly

XENONnT experiment – a much larger TPC joins

- drift field: 𝟐𝟎𝟎 𝑽/𝒄𝒎

- all materials were screened &

measured very carefully

(see table below to see what this means…)

outer

inner
vessel

bell

flange

PMTs bottom

PMTs
electrodes

HV feed

guard rings

wires

reflectors

electrodes bottom
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 2022/23: everything works perfectly

XENONnT experiment – a much larger TPC joins

- extremely low background from 𝒏´𝒔

outer

inner
vessel

bell

flange

PMTs bottom

PMTs
electrodes

HV feed

guard rings

wires

reflectors

electrodes bottom
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 Expected signal sensitivity / exclusion limit as function of exposure 𝒎 ∙ 𝒕

XENONnT experiment – projected sensitivity

𝑳𝒁
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 Mission: going down into the neutrino floor with a 𝑻𝑷𝑪 of 𝟓𝟎 𝒕 target mass

DARWIN* experiment – the ´ultimate´ DM-search

- low-energy threshold 𝑬𝒕𝒉𝒓𝒆𝒔,𝑵𝑹 = 𝟒 𝒌𝒆𝑽

*DARk matter WImp search with liquid xenoN

- focus: extremely low background level

from intrinsic & external sources

- remaining: equal contributions from

solar 𝝂´𝒔 & 𝟐𝟐𝟐𝑹𝒏

- many other physics channels:

- search for 𝟎𝝂𝜷𝜷

- astrophysical 𝝂´𝒔

- …
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 A strong team at the ideal underground laboratory

DARWIN – site at LNGS & internat. collaboration
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 Total xenon inventory: 𝟓𝟎 𝒕 – inside the 𝑻𝑷𝑪: 𝟒𝟎 𝒕

DARWIN – design of the xenon 𝑻𝑷𝑪

outer cryostat

inner cryostat

field cage, 92 Cu-rings

support structure

pressure vessel

bottom PMT array

bottom electrode frames

PTFE reflector, 24 panels

top electrode frames

top PMT array



Exp. Particle Physics - ETPG. Drexlin – ATP-1 #18Feb. 1, 202354

 Searching for WIMPs and other rare processes in astrophysics

DARWIN experiment – a broad mission portfolio

planned DARWIN exposure: 𝑴 ∙ 𝒕 = 𝟐𝟎𝟎 𝒕 ∙ 𝒚𝒓

supernova 𝝂´𝒔

solar 𝒑𝒑 − 𝝂´𝒔
axions 

search for 𝟎𝝂𝜷𝜷

WIMPs & ALPs

(galactic halo)
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 Comparison of WIMP spectra to astrophysical neutrinos

DARWIN – expected nuclear recoil spectra

- compare a low mass WIMP

with solar neutrinos ( 𝟖𝑩) :

identical recoil spectra

- compare a 𝟏𝟎𝟎 𝑮𝒆𝑽WIMP

with atmospheric neutrinos:

identical recoil spectra

- neutrino floor as the ultimate

barrier in direct DM searches
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 Comparison of previous, present & future direct searches for WIMPs

DARWIN – expected WIMP sensitivity

- larger masses:

sensitivity to very

low WIMP cross-

sections 𝝈𝑺𝑰

WIMP- mass (𝐺𝑒𝑉)

- lower thresholds:

sensitivity to very

low WIMP masses


