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}‘}J\i Direct WIMP Search

DARWIN

Elastic Scattering of
WIMPs off target nuclei
- nuclear recoill

WIMP

v ~ 230 km/s

Electronic Recoil
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y Nuclear Recoil
Er ~ O(10 keVnr)
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Current Status S

spin-independent WIMP-nucleon interactions

107" e
-39 -
107 E DAMA/I
10740 :E <=
= CRESST-II
— 1074 -
£ el % \
|8.| 10 EE UDL"(DM
S04 DEAP ”*600/
s —44 i— \ — -LukSidu-:‘O
C/Q)J 10 = X‘E,NON“)Q
@45 X1 LUZL—
8 1077 & \ pandd/ =
S & K_/{/_ TENON!
C 107 E e «-_-F——’/‘
1074 & o _XENONIT
W liquid noble gas TPCs:
I07"E"  best results above ~1.8 GeV/c?
10_495 | | 1 IIIII| | | | IIIII| 1 | | [
| 2 3 5 10 20 30 50 100 200 500 1000

WIMP mass [GeV/c?]

some results are missing...
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DARWIN

Dual-Phase LXe TPC ,

TPC = time projection chamber

pos HV A Dark Matter WIMP
E~10 kV/cm . . . . . . = single scatter nuclear recoil
S1 - Light S2 — Charge
- proportional
scintillation
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Time

Amplitude

A Background (B, y)
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Time
neg HV
E~0.5 kV/cm Background (neutron)

« 3d position reconstruction /\J\_
— target fiducialization
_A .

* background rejection :
Time

Amplitude
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. : § DARWIN
The ultimate Limit e

spin-independent WIMP-nucleon interactions
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The ultimate Limit S

JCAP 01, 044 (2014)
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- . DARWIN
Upcoming Projects 2

1074 5 O""»’J{-
Low-mass WIMP T
searches by CRESST,
EDELWEISS, CDMS etc.
ignored here!
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XENON

Xe

Matter Project

% mi"':.:

1%(

e i .
- Q‘&vﬂwﬁ:g\, =

0

XENONNT

DARWIN

JCAP 04, 027 (2016)

 FC sensitivity estimate @ ~50 GeV/c2
| (conservative, no background subtraction)

10—45?
g XENONNT

e

pmmmmm=m====
- N
-

XENON1T

10-46;—

Cross section

=47 | “\
10 i "0.
B W AN
- increase sensitivity by e >
- an order of magnitude

s
’

10~

2020
Year

2016 2018 2022
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2024

4Pd"0/SOPIS/[RLIBIRW/E9/UORNGLIUO/0/USAS/0IDUIAN IR JOYS 9TOZWIPY/:SANY :Woi) Ojul 77

- @ LNGS using existing XENONI1T,systems

(existing p-veto + new n-veto)

N
+150cm
~135cm
y

- 3x larger than XENON1T
5.9t active LXe target
- start science by mid 2019


https://idm2016.shef.ac.uk/indico/event/0/contribution/69/material/slides/0.pdf

DARWIN
DARWIN The ultimate WIMP Detector , -

4

darwin-observatory.org

» | Xe-based
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DARWIN The ultimate WIMP Detector -

JCAP 11, 017 (2016)

DARWIN

\

4

» | Xe-based

Baseline scenario
~50t total LXe mass
~40 t LXe TPC

~30 t fiducial mass

High-voltage
feedthrough .., e

Top
photosensq_r_ ...... i
array .

Double wall
cryostat

PTFE
reflector

.. Connection to cryogenics,
__purification, data acquisition

" TPC with

central dark
matter target

- Cathode
- Bottom

photosensor
array

darwin-observatory.org
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DR | Xe: Krypton Removal

XENON

Matter Project

— DARWIN goal: 0.03 ppt (~ 0.1 x pp-neutrinos)
— removal by cryogenic distillation

XENONLIT: distillation column built by MUnster group eru. ¢ 77, 275 (2017)
natKr/Xe = (0.6+0.1) ppt achieved
by novel online distillation
- |lowest value in LXe experiments ever
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I¥& Lxe: Radon Background ™"

. WIMP ROI: 1-12 keV interval s =TS, meq

— 10 = | Total 550 _
— = mm cryo-pipe )

~ B / (9.2 £ 1.0) mBq crﬁs:gati(lg.n;)rr\;e;;el)
B o

~4 10 E getters

: = materials (1.6 * 0.1) mBq

> -

3 L

o 107 = solar v

= = SSKr 100mm pipe + cables

: — (2.7 £ 0.2) mBq

Q B 136y,

= 6

ch 10 E porcupine

m — (2.1 % 0.3) mBq 3 QDrive pumps

- T | | XENONIT JCAP 04, 027 (2016) ryoeyeton ~13 mBq

10 600 800 1000 1200 1400 1600 1800 (2.4 + 0.3) mBq
Fiducial Mass [kg]
. . _ IVIP[K

Current Strategy avoid Rn emanation — select clean materials eXpertise
XENONI1T goal 10 uBg/kg

measured (12+1) uBgl/kg
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DARWIN

LXe: Radon Background ° -
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DARWIN

pp+'Be neutrinos
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12 14

Strategy XENONnT — DARWIN

— avo
— avo

id Rn by material selection
id Rn by detector design

— NEW: active Rn removal

— cryogenic distillation

XENONAZT distillation column installed @ XENON2100
— demonstrated reduction factor >27 (@ 95% CL)
— dedicated column under development @ M nster I

M. Schumann (Freiburg) — DARWIN

DARWIN goal:
ER background dominated
by solar neutrinos

222Rn factor 100 below XENONI1T
— this is the main
background challenge
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ER Background Rejection

DARWIN

\
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works down to Energy [keVnr]

low-E threshold

Charge-Light-Ratio (S2/S1):
Signal partition in light/charge
depends on dE/dx

— the interaction type

- high light yield should
improve rejection level

M. Schumann (Freiburg) — DARWIN
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DARWIN

DARWIN: Science Channels * -

Nuclear Recoil Interactions

WIMP dark matter  JCAP 10, 016 (2015)
— spin-independent mid/high mass
— spin-dependent

10+ g

—

e
b
i

. Phys.Dark Univ. 9-10, 51 (2015)
- complementary with LHC, indirect det.

B
— various inelastic models (x, n, MiDM, ...) 8
5

107 ;

Cross Section [cmzl

" T w0 .....].03\.. TS
WIMP mass [GeV/c’]
excellent complementarity to LHC searches

p-only complementary to indirect searches
M. Schumann (Freiburg) — DARWIN 17



DARWIN

WIMP Detection

10}

iscriminator [o< log (S2/S1)]

Backgrounds from JCAP 10, 016 (2015)
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DARWIN

DARWIN: Science Channels ° -

Nuclear Recoil Interactions

JCAP 10, 016 (2015)

— spin-independent mid/high mass

— spin-dependent
— complementary with

Phys.Dark Univ. 9-10, 51 (2015)
LHC, indirect det.

— various inelastic models (x, n, MiDM, ...)

Coherent neutrino-nucleon scattering (CNNS)
— 8B neutrinos (low E), atmospheric (high E)

— supernova neutrinos

JCAP 1611, 017 (2016)

PRD 89, 013011 (2014), PRD 94, 103009 (2016)

M. Schumann (Freiburg) — DARWIN

Ll
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No of events [10 ton keV]_I
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I I |
PRD 89, 013011 (2014);
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Recoil Kinetic Energy [keV]
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DARWIN

DARWIN ER Background

4

3.5¢
3 0:_ pp+'Be neutrinos

. 8 DARWIN
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DARWIN = a low-backgrou
low-threshold observatory
for astroparticle physics
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DARWIN

DARWIN: Science Channels ° -

Nuclear Recoil Interactions

JCAP 10, 016 (2015)
— spin-independent mid/high mass

— spin-dependent _ Phys.Dark Univ. 9-10, 51 (2015)
- complementary with LHC, indirect det. 0.8 ? H
— various inelastic models (x, n, MiDM, ...) N we ’
0.6 T
— 8B neutrinos (low E), atmospheric (high E) ;
— supernova neutrinos JCAP 1611, 017 (2016) D_E 0.5 DARWIN %

PRD 89, 013011 (2014), PRD 94, 103009 (2016)

0.43—

Electronic Recoil Interactions 030 |‘
Non-WIMP dark matter and neutrino physics A L T

: 2x107 10° 2«10’ 1
— a.qunS, ALPS JCAP 1611, 017 (2016) g Neutrino Enerxgy [keV]
— sterile neutrinos JCAP 01, 044 (2014) |
— pp, 'Be: precision flux measurements 30t target mass, 2-30 keV Wlndgw
— CNO neutrinos with 136Xe-depleted Xe arxiv:1807.07169 ~ 2850 neutrinos per year (89% pp)

- achieve 1% statistical precision
on pp-flux (- P_) with 100 t x y

M. Schumann (Freiburg) — DARWIN 21



DARWIN

DARWIN: Science Channels ° -

Nuclear Recoil Interactions

WIMP dark matter  JCAP 10, 016 (2015)

— spin-independent mid/high mass

— spin-dependent _ Phys.Dark Univ. 9-10, 51 (2015)
- complementary with LHC, indirect det.

— various inelastic models (x, n, MiDM, ...)

Coherent neutrino-nucleon scattering (CNNS)
— 8B neutrinos (low E), atmospheric (high E)

— supernova neutrinos JCAP 1611, 017 (2016)
PRD 89, 013011 (2014), PRD 94, 103009 (2016) ’

Electronic Recoil Interactions

Non-WIMP dark matter and neutrino physics

— axions’ ALPS JCAP 1611, 017 (2016)

— sterile neutrinos JCAP 01, 044 (2014)

— pp, '‘Be: precision flux measurements

— CNO neutrinos with **Xe-depleted Xe arxiv:1807.07169

Rare nuclear events

— OVBP (=exe), 2VEC (:Xe), ...
JCAP 01, 044 (2014)

M. Schumann (Freiburg) — DARWIN

1m 6t fiducial mass, no enrichment
= - Total Ovpp
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DARWIN

DARWIN: Science Channels ° -

Nuclear Recoil Interactions

1 6t fiducial mass, no enrichment

WIMP dark matter  JCAP 10, 016 (2015) Jotal OvBB

— spin-independent mid/high mass

— spin-dependent . Phys.Dark Univ. 9-10, 51 (2015)
- complementary with LHC, indirect det.

— various inelastic models (x, n, MiDM, ...)

2vpp

S

Materials ?

107

Coherent neutrino-nucleon scattering (CNNS)
— 8B neutrinos (low E), atmospheric (high E)

— supernova neutrinos JCAP 1611, 017 (2016)
PRD 89, 013011 (2014), PRD 94, 103009 (2016) ’

Rate [evts x t! x y! x keV™']
=
|||\|||‘ I |||\|||‘ I ||||||‘ T TTTTII

PR !
2100 2200

L L | L L L 1 L L L L L L 1 1 1 L
2300 2400 2500 2600 2700
Energy [keV]

Electronic Recoil Interactions JCAP 1611, 017 (2016)

Non-WIMP dark matter and neutrino physics — 10" %///////m%///////// 7

_ ai(io-?s’ AL,I[D.S JCAP 1611, 017 (2016) = WW Ty i
- ;Firilger?epurencrilgizn flux measurements zﬁw _ 7y 2rsy

— CNO neutrinos with **Xe-depleted Xe arxiv:1807.07169

Normal Hierarchy

)
L
\\IIII‘ T

y

Rare nuclear events
— OVBP (=exe), 2VEC (:Xe), ... o o

JCAP 01, 044 (2014 e e
( ) mlighlest [EV]
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Monte Carlo Studies Ongoing

DARWIN
\
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DARWIN: 40t LXe TPC

DARWIN

High-voltage

....... Connection to cryogenics,
feedthrough ™.,

purification, data acquisition

array .

ey
e

Double wall
cryostat

PTFE
reflector

samsansnsin

- TPC with
central dark
matter target

=+ Cathode

-+ Bottom
photosensor
array

M. Schumann (Freiburg) — DARWIN

JCAP 11, 017 (2016) ‘
darwin-observatory.org
Challenges
* Size

— electron drift (HV)

— diameter (TPC electrodes)

- mass (LXe purification)

— dimensions (radioactivity)

— detector response
(calibration, corrections)

— Xe gas procurement

* Backgrounds
— 222Rn: factor 100 required
- (a,n) neutrons (from PTFE)
— shielding (n-tagging)

* Photosensors
- high light yield (QE)
- |low radioactivity
- long-term stability

* etc etc R&D needed

25



DARWIN

Test Platforms + R&D

/

— test components at real scale under real conditions in LXe R&D for DARWIN:
— all relevant topics addressed

example: SiPMs in LXe

Am Source

Sensor

Hamamatsu S13370 Yhile
(Gend): 3x3 mm? e

i

! |% x10°®
0.1 020

1 I
0.08

1500 —
1000— ‘
|
0.06

Both test-platforms are funded and currently being designed. FRV LS N

5 .14
Integral [Vs]

M. Schumann (Freiburg) — DARWIN 26



DARWIN Collaboration

DARWIN

4
darwin-observatory.org

* international collaboration (XENON + new)

* ~150 members, 27 institutions
— 70% European groups
— Germany strongest national group
with highly-visible core expertise

* German leadership roles

Drexlin — Exec Board Member
Oberlack — Exec Board Member
Schumann — Co-Spokesperson

* site for experiment not yet chosen,
but close contacts with LNGS
— submit LOI in spring

- unique chance for German-lead
European project

* Current R&D funding:
— two ERC grants (FR, zH) €
— start-up funding
— minor institutional (seed) fundlng
— so far neither BMBF nor DFG

M. Schumann (Freiburg) — DARWIN

German Expertise
* lowest background
o  Xe purification/
backgrnd reduction
- * photosensors:
PMTs, SiPMs
* HV electrodes
* shielding, n-tagging
* DAQ and electronics
e Xe procurement
* neutrino physics

-~ U MUnster (weinheimer)

* etc
® TU Dresden
&~ W (Zuber)

) e

N U Mainz (oberlack, wurm)
MPIK Heidelberg (Linadner)
— ® U Heidelberg (Hansmann-Menzemer,
B o Fischer, Schultz-Coulon)

KIT (Drexlin, Weber, -~
Engel, Holzapfel)

e U Freiburg (schumann) -~

-
\“'u'.-uﬁ"wf*

27



DARWIN

DARWIN Collaboration

/
darwin-observatory.org

* international collaboration (XENON + new) ]

 LXe TPCs
* ~150 members, 27 institutions * lowest background
— 70% European groups * Xe purification/
— Germany strongest national group sr?gtiégsglﬁsggydlon
with highly-visible core expertise PMTs. SIPMs
* German leadership roles « LI\/ alactrndac

Drexlin — Exec Board Member Timeline

Oberlack — Exec Board Member 2018 2019 2020 2021 2022 2023 2024 2025 2026
Schumann — Co-Spokesperson I L | | | | | |

| ﬁ | | | | | | >
XENONNT data taking

* site for experiment not yet chosen,

but close contacts with LNGS 5 ——
— submit LOI in spring " DARWIN R&D T :
Construction Fgg
; Data Takin
- unique chance for German-lead Installation o
European project
MPIK Heidelberg (Lindner)
° g O U Heidelberg (Hansmann-Menzemer,
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DARWIN: Exciting Opportunities

\

DARWIN

4
darwin-observatory.org

DARWIN: much more than
The ultimate Dark Matter Detector

- The low-background, low-threshold
Astroparticle Physics Observatory
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German Expertise
* L Xe TPCs
* lowest background
o  Xe purification/

backgrnd reduction

- * photosensors:
PMTs, SiPMs
* HV electrodes

~ * shielding, n-tagging
* DAQ and electronics
e Xe procurement
* neutrino physics
* etc
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