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’i:!malu Matter

95% of B
the Universe
is dark!

Dark Energy????



http://www.physik.uzh.ch/groups/groupbaudis/xenon/

rmal” Matter

: 2 ¥ L ) -
B i Aatter

about 100'00 dark matter particles
cross an area of 1 cm? per second



http://www.physik.uzh.ch/groups/groupbaudis/xenon/

Evidence for Dark Matter
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" Expect: Kepler Rotation
(as solar system)

r

Bulge
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Galactic Rotation Curves

' Measurement: flat rotation profile ... well beyond visible stars

12 14°° 16 .18
- radius. / kpc
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I Cosmic Microwave Background

I = afterglow of the hot big bang;

Correlation Analysis:
Jypical T variation at typical angular scale”

Multipole moment, ¢
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http://cosmicweb.uchicago.edu

Dark Matter shapes the Universe

£=26.20

~40M years
after big bang



Dark Matter shapes the Univer

“pre e

Simulation Observation (SDSS)
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-' Looking for matter with
the following properties:

— Jinvisible“ i
— ,cold” (= ,,slow®)

— almost collisionless
— stable

vl

syrd electro-weak
symmetry breaking

F |
,,,? generation

everyday matter exotic matter force particles (mass giving)
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Problem:

12 fermions (+12 anti-matter)

-

increasing mass

5 DOSONS (+1 opposite charged W)

no known particle fits the description
— we nheed to look for something new

weakly interacting massive particle (WIMP)




Primordial Black Holes?

Can primordial black holes (PBH) formed in the big bang be the dark matter?

1w 10 5 W0

: MACHD or FEH mass F“IE r MAsses
110-” 10-1%

| H TgaiTt F L |
lens |
2504 -- o M RELnEEE A
B i g 4
N
i B B Hoviesd
E & g BH DM
E DOWE |
-II:I--': .:ru. o b 1. i _.-||. i
1|:|1.| 1|:|.'|" 1|:|15 i n..l:l 10 5 i E_Il:l

MACHO or PBH mass M in grams

constraints in 10-100 Msun range (LIGO):

— PBHs cannot constitute >0.01% of dark matter

— but:

new discussion about PBH dark matter started

108

maybe PBH not dark matter but faster merger rate

M. Schumann (Freiburg) — Exploring the Dark Universe

@ LIGO Hanford data (shifted) @ LIGO Livingston data

- LIGO

-10 : -

0.30 0.35 0.40 045
Time (seconds)

Black holes moving in
early dense universe
accrete matter and
produce X-rays

- ionize atoms

- affect CMB

Astrophys.J. 680, 829 (2008)
PRL 116, 201301 (2016)
PRL 117, 061101 (2016)
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Part 2 - s
Searching for Dark Matter
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+ Cygnus Arm

Dlrect WIMP Search

. lttarlus Arm

Elastic Scattering of

WIMPs off target nuclei _ v
v ~ 230 km/s

¥ 'V ~230 km/s
Perseus Arm

‘@ <- Our Solar System-_

jﬂlﬂgd : 'ﬂu‘
f = *Local or Orion Arm

Y0/000



Direct WIMP Search

Elastic Scattering of
WIMPs off target nuclel
- nuclear recoill

M. Schumann (Freiburg) — Exploring the Dark Universe

WIMP

WIMP

Nuclear Recoil
Er ~ O(10 keVnr)

Detectable
Signal

v ~ 230 km/s

gamma- and beta-particles
(background) interact with the
atomic electrons

— electronic recoil [in keVee]

17



Direct WIMP Search

Elastic Scattering of
WIMPs off target nuclel
- nuclear recoill

A2 Xenon (A=131)
/ Germanium (A=73)
Argon (A=40)
Silicon (A=28)

—
L=
ra

—
=,
L

form factor

Diff. rate [events/(kg d keV)]

my=100 GeV/c?
o =4x10*cm?2

0 ' 10 20 30 40 50 Bﬁ 7o a0
nuclear recoil energy [keVr]

M. Schumann (Freiburg) — Exploring the Dark Universe

WIMP

WIMP
v ~ 230 km/s Nuclear Recoil
Er ~ O(10 keVnr)
Detectable
Signal
R x N
Event rate oc N—=(ox_n)
/ 4 \
Detector Local DM Physics
Density

p,~0.3 GeV/c?

- very small: <1 event/kg/year
— search for rare events

- low-background crucial
18
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The U and Th Chains

Radon (radicactive gas
emanating from the
subsurtace)

Medical exposure 43%
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- = Wel IDE
= = : EXPOSURE
o ! =
L o =T
Industry and research, ,4‘4‘ ,.J'} :
MUclEar Weapons lesting r o

. Thorium

Y: 911 KeV (26.6 %)
Y: 969 ke (13.2 %)

=)
f# Terrestrial radistion

Transiton Metals

Thalliun
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Low-background Screening

& GeMSE JINST 11, P12017 (2016)
£\§ NN \/ue des Alpes Laboratory

Material and
Meteorite (600 I I We)
Screening

Experiment
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F o0 background: — T No:ahield
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Iow—activity Pb 102 l 214py, 214p; MM

L
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10 5/;00 e’e Mn 57 w\ Bt [
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Energy (keV)

low-background HV connector

Identify materials with lowest radioactivity:

* y-spectrometry using HPGe Detectors
» mass spectroscopy: ICP-MS, GDMS .
 neutron activation analysis 1o |
* 222Rn emanation

Counts (keV ™' day™)

500 1000 1500 2500 3000
Energy (keV)
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.,ground Sources

solar neutrino flux:

~6.4 x 10*° s~*cm?
\ -_w\,hlgh E neutrinos 3

— CNNS bg

pp+7Be neu rlnos H‘ NB S|g|)atur“<le
- b, T L & F..J
-~ ER signature = /, hpﬁ s E o i,.

I

A ‘:target-intrinsié bg:
™ a-, B-, y-radiz}tion, n;

neutrons from™ " activation, impurities, . . ' :
(a,n) and sf ~ 2uBpR / - Electronic Recoils Nuclear Recoils

(gamma, beta) (neutron, WIMPS)




Background Suppression

H>0 f Polyetiyiane

Avoid Backgrounds

Shielding
deep underground location
large shield (Pb, water, PE)
active veto (U, y coincidence)

self shielding — fiducialization

Pb

Astropart. Phys. 35, 573 (2012)

Use of radiopure materials

Use knowledge about expected WIMP signal

WIMPs interact only once
— single scatter selection
requires some position resolution

WIMPs interact with target nuclei
— nuclear recoils
exploit different dE/dx from
signal and background

M. Schumann (Freiburg) — Exploring the Dark Universe 28
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I Dual Phase liquid xenon TPC

M. Schumann (Freiburg) — Exploring the Dark Universe

1 New
A Original
1 '
1+ H 2
Viasersoft 1A
100788
3 3 4
2 Li Be
Lithum Berivm
et son2ie2
1 3 12
i
3 Na M
Natium Niagnesium
200 | 2+
19 Z 20
4+ K ? Ca
Kalium, Kakium
o0s | 0%
37 2 38
i
5 Rb % Sr
Rutidium | Swontom
ey 762
o g %5 i
i i
6Cs @ Ba 5071
s i Baiom 3
tazstses | 1373z
14 2 &
i
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Fancium & Redim
(223 1 ez

gaseous Xenon

liquid xenon (LXe)
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Dual Phase TPC
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Dual Phase TPC

O Mmoo ,
Kl
L E
= 3dim vertex
_ reconstruction
2 %2 ls14pE Astropart. Phys. 35, 573 (2012)
Zousf s2:4597PE multi-scatter
gk rejection
0052— 151 us
- sl I
0 TR0 150 200ay 250 300 30300
0\ \ Time [us]

0.2F
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=1 =1
= < —
n —_— n
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L L B e L B
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Time [ps]
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S1[PE]
15

20 25 30
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Figures from XENON100

32



The WIMP Parameter Space

spin-independent WIMP-nucleon interactions

1078

E
10% -
100 -
— 10 i?
E 42 =
S 10 E asymmetric
5 10% dark matter
coupling c%% 104 -
strength 2 1045 L
unknown @ = e WIMPS
I 10k 9en rom SUSY)
1047 = G
10 |
l(]_49_€ | ] IIlIII] | | L1 1 1 1 11 L JlIIll|
1 2 3456 810 20 3040 60 100 200 400 600 1000

WIMP mass [GeV/c?]

WIMP mass
unknown
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High WIMP-masses TPC dominated

|—> >4.5 GeVlc?

10—45

10%

M. Schumann (Freiburg) —

spin-independent WIMP-nucleon interactions

already excluded

- a WIMP with these
properties would
have been detected

CRESST-II
DAMA/Na

CRESST-II

SuperCDMS

| IlIIII | | IIIlII| | L R TR N S T |

2 3 456 810 20 3040 60 100 200 400 600 1000
WIMP mass [GeV/c?]

some projects are missing...

Exploring the Dark Universe 34



B X EN O N

Matter Project
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Xe

IXENON

Matter Project




Xe

XENON

Matter Project

#.;..

largest LXe TPC ever built
cylinder: 96 cm
active LXe target: 2.0t (3.2t total)
248 PMTs
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Matter Project
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Parallel, trigger-less readout: — low threshold
- high throughput (>300 MB/s achieved - 0.8 TB/d):
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I How would dark matter look? PA%E

XENON

Matter Project

... but it's a low-E neutron interaction from calibration!

= —
& 40~ SI:43PE - ~4photons detected "
H 35~ S2:250PE - ~7 electrons detected
© —
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e ] L
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Dark Matter Data Taking Xe

arXiv:1705.06655 % EMaEer Soje':lt

Rn220 E
100 Kr83m :
Ty NR Calibration 1
5 LED I
- 80 1 =
e : Science Run-1”
= 60 Science Run0
3 1
Y a0 : —
7
@
'a .
20 :
G 1
Nov 2016 Feb 2017 Mar 2017 Apr 2017 May 2017
\ f Date
commissioning Xmas continue dark matter
completed calibration search and calibration

dark matter Earthquake! last Friday
search starts
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Calibration and Analysis

arXiv:1705.06655

Xe

XENON

Matter Project

----
s
.
ws®
d
.
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.
.
.
.
R
.
o
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o
o
o
o
o

background-like

\

200
100 b 220Rn calibration
< 3 { 6

——

. () () ()
4000 l{(-\\,: nt e T AT & :'.--.;.
2000 --------------------- ‘ ‘::ﬁ
1000 | g o /

7 signal-like /

400 | P

200 |- 2R | g

100 it 24UAmBe calibration |
- T ‘g i | <0 L %, %07
03 10 20 30 40 50 60 70

Corrected S1 [PE]

M. Schumann (Freiburg) — Exploring the Dark Universe

T

Z (cm)
Events / bin

Used to construct background and
signal models.

use central 1000 kg LXe for analysis
Blind analysis

= region of interest inaccessible during
analysis to avoid human bias
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Blinded Data

figure of merit:  exposure E = target mass [t] X measuring time [d]

arXiv:1705.06655

blinded

Corrected S2 bottom [PE]

50 : 1 u| 1 i L 5
03 10 20 30 40 20 60 70

Corrected S1 [PE]

XENONI1T: 35.6t X d

M. Schumann (Freiburg) — Exploring the Dark Universe

Xe

XENON

Matter Project
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Background Expectation Ne

; XENON
arXiv:1705.06655 Matter Project

figure of merit:  exposure E = target mass [t] X measuring time [d]

Corrected S2 bottom [PE]

8000 I | I I _l,h I |

4000 [

2000 -

1000 |

400 | note:

200 (0.4+0.1) events final unbinned profile likelihood analysis

i from background takes into account

100 £ _ expected » full signal and background distributions

50 %) lq {s i N T I » full parameter space

03 10 20 30 40 50 60 70
Corrected S1 [PE]

XENONI1T: 35.6t X d
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Unblinding...

arXiv:1705.06655

figure of merit:  exposure E = target mass [t] X measuring time [d]

: 15 20 25 30 E
03 10 20 30 40 50 60 70
Corrected S1 [PE]

Corrected S2 bottom [PE]

XENON1T: 35.6t X d

no dark matter candidate observed!

M. Schumann (Freiburg) — Exploring the Dark Universe

Xe

XENON

Matter Project
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An ultra-low background Ne

; XENON
arXiv:1705.06655 Matter Project

figure of merit:  exposure E = target mass [t] X measuring time [d]
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= 30x lower background i
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No Sighal — Exclusion Limit Ne

; XENON
arXiv:1705.06655 Matter Project

spin-independent WIMP-nucleon interactions

f— f—
o o
[ [
Ll ad
L= oo

= T|||| |II|T|TH II|I|T||| ||I||W| IIIIIHI‘ IJIIIHI‘LIIIHWI |||I|T||| IIII|TU| |IIIH'||‘ I]Ilﬂ||| [ TTTTAY

-40
10 CRESST-II
-41
— 10
=
10'42 CRESST-II
&
SuperCDMS
(= o
o 10 =
. — EDELWEISS
e
Q
Q
9]
v -45
§ 10 TENONIT

f— — ot
<o - ]
A & A
oC ~l o]

world's most sensitive result above 10 GeV/c2

10%

| IlIIII 1 1 IIIlII| 1 | N I N [ T |

2 3 456 810 20 3040 60 100 200 400 600 1000
WIMP mass [GeV/c?]

XENONLIT science goal: 5X more sensitive than current result
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XENON1IT — XENONnT PYE

XENON
JCAP 04, 027 (2016) Matter Project

XENON1T XENONNT
- 2t active LXe target - 6t active target
- taking data - science run by 2019

Pl
‘‘‘‘‘

PC design
— data acquisition system
— material selection

UNI

FREIBURG
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I Dark Matter Searches: The Limit

spin-independent WIMP-nucleon interactions

107 g
10_39 — DAMIC
E
104{] ; CRESST-1I
= DAMA/Na
o 104 e /
E 10-42 é— CRESST-I
g 43 - SuperCDMS
g 10 EE EDELWEISS
c%% 104 & §\
W = N LUX
8 1045 E? \\ XENONIT
i = ;NONIT
O 10%E \,\ L L -
& N e, SO e e = . NONRT /L2
E e e —_
10* &=
1049_? ! ] O D AT L i A el 1 ! I R [
1 2 3 456 810 20 3040 60 100 200 400 600 1000

WIMP mass [GeV/c?]

some projects are missing...
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Dark Matter Searches: The Limit

JCAP 01, 044 (2014)

v: Sum

10

[a—

v:hep “*-.
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8107k
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"3 - _E \ \? g Energy [keV]
= . ~. - .
1o | ~ Interac_tlons from coherent neutrlno nucleus
= prpao ozaszacos) < scattering (CNNS) will dominate
10 — ultimate background for direct detection
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I DARWIN The ultimate WIMP Detector °

1078

Cross Section [cm?

— [ —_— — o
o O O O o
O O S &
| o] Ln += (¥8]

10
10%

o

DARWIN

spin-independent WIMP-nucleon interactions
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WIMP mass [GeV/c?]

some projects are missing...
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DARWIN

DARWIN The ultimate WIMP Detector °

Baseline scenario
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spin-independent WIMP-nucleon interactions
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“-....Connection to cryogenics,
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DARWIN The ultimate WIMP Detector = -

JCAP 11, 017 (2016) +

Challenges

* Size
— electron drift (HV)
— diameter (TPC electrodes)
— mass (LXe purification)
— dimensions (radioactivity)
— detector response
(calibration, corrections)

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

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

. etc etc
— new ERC project ,°.‘.',«s

ULTIMATE 6]‘ C

started May 2017 -3

55



Towards the ULTIMATE detector erc

11111

example event
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_ DARWIN
WIMP Detection —
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DARWIN
WIMP Spectroscopy — -

L

200 txy — Reconstruction: 2X10~" cm?
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Exploring the dark with LXe Detectors

10% g
| . 10739 N DAMIC
EELelic MELETS 3 DAMAT
26.8% g \ N\, D
BarEet : ) 10 ‘ N CRESST-11 —
i . 1041 CDMSlite \\ ; /
(o] S~
5 1042 \\ CRESST-II
g 10 EDELWEISS o D
3 44 KENON 100
% 1077 E \\\
@« 45
Z 10 \ .
— xENON'LY
U 10—’16 Ry e o —
\"'-— ——""‘_——-—— g ONGT [ LZ
10 s, — L
— D,\RWEN
10%
1= 1 oo e e L T | 1 IV O O 8
1 2 3 456 810 20 3040 60 100 200 400 600 1000

WIMP mass [GeV/c?]
WWw. Xxenonlt. org

DARWIN

XENON

Matter Project #

wWww. dar Wi n- observatory. org

M. Schumann (Freiburg) — Exploring the Dark Universe 59



	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26
	Folie 27
	Folie 28
	Folie 29
	Folie 30
	Folie 31
	Folie 32
	Folie 33
	Folie 34
	Folie 35
	Folie 36
	Folie 37
	Folie 38
	Folie 39
	Folie 40
	Folie 41
	Folie 42
	Folie 43
	Folie 44
	Folie 45
	Folie 46
	Folie 47
	Folie 48
	Folie 49
	Folie 50
	Folie 51
	Folie 52
	Folie 53
	Folie 54
	Folie 55
	Folie 56
	Folie 57
	Folie 58
	Folie 59

