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Credit: X-ray: NASA/CXC/CfA/M.Markevitch et al.;
Optical: NASA/STScI; Magellan/U.Arizona/D.Clowe et al.;
Lensing Map: NASA/STScI; ESO WFI; Magellan/
U.Arizona/D.Clowe et al. 
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http://chandra.harvard.edu/resources/animations/galaxy_clusters.html
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http://www.nao.ac.jp/nao_news/data/NASA
030211/background.html
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Graphic from Joakim Edsjo
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Strong tension exists among experiments.

DAMA, CoGeNT, CRESSTII ó XENON, LUX, CDMS
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Masaki Yamashita
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Masaki Yamashita
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from arXiv:1310.8327v1 
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Nano Imaging Tracker  
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into account the quantum efficiency of each PMT. The response of
each PMT for single photon detection is also simulated on the basis
of a single photon distribution measured using low-intensity LEDs.

Although our MC considers the non-linearity of the scintillation
efficiency, some deviations exist in the total nPE from data
obtained for gamma rays with energies less than 122 keV. Fig. 8
shows the ratios of the observed n PE and predicted n PE by the
MC. This deviation is treated as the systematic error at the energy
scale of our detector.

13. Vertex reconstruction

The vertex positions and energies of events were reconstructed
using n PE information from the PMTs. For various grid positions
inside the ID, expected n PE distributions in each PMT were
calculated in the MC. We use positions on a Cartesian grid, on
radial lines from the centre of the detector, and on the inner
surface of the detector including gaps between PMTs. These
distributions are normalized so that they can be used as the
probability density functions (PDFs) for each grid position. The
probability, pi(n), that the ith PMT detects n PE is calculated using
the PDF. The likelihood that the vertex is in the assumed position x
is the product of all piðniÞ

LðxÞ ¼ ∏
642

i ¼ 1
piðniÞ ð1Þ

where ni represents n PE for the ith PMT. The most likely position
is obtained by maximizing L.

The performance of the vertex and energy reconstruction was
evaluated using several types of radioactive sources. The upper
panel of Fig. 9 shows the energy spectrum reconstructed using the
same data set in Fig. 7. The energy resolution for 122 keV gamma
rays is 4% (rms). The lower panel of Fig. 9 shows the reconstructed

Table 7
Calibration sources and energies. The 8 keV (n1) in the 109Cd and 59.3 keV (n2) in
the 57Co source are Kα X-rays from the copper and tungsten, respectively, used for
source housing.

Isotopes Energy (keV) Shape

55Fe 5.9 Cylinder
109Cd 8(*1), 22, 58, 88 Cylinder
241Am 17.8, 59.5 Thin cylinder
57Co 59.3(*2), 122 Thin cylinder
137Cs 662 Cylinder

Table 6
Special commissioning run summary.

Run condition Operation term

High-pressure run (0.23 MPa (abs.)) From March 25, 2011 to April 10, 2011
Low-pressure run (0.13 MPa (abs.)) From April 13, 2011 to May 4, 2011
O2 injection run From September 28, 2011 to January 11, 2012
Boiling run From January 4, 2012 to January 10, 2012
Gas run From January 13, 2012 to January 24, 2012

OFHC copper rod and source

gate valve

source exchange

OFHC copper rod

stepping motor

Flange for

moved
along z−axis

guide pipe

Calibration system
on the tank top

ID

Fig. 5. Calibration system on top of the tank. Source placed on the edge of the copper rod is inserted into the ID and can be moved along the z-axis.

Outside view Inside view

PMT (R10789 −11)PMTs and PMT holder

Fig. 6. ID geometry, excluding vessels, in MC. Upper right: geometry of one
hexagonal PMT. Upper left: part of PMT holder and some PMTs. Bottom: entire
PMT holder and PMTs: outside and inside view.

K. Abe et al. / Nuclear Instruments and Methods in Physics Research A 716 (2013) 78–8584
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Latest result from XENON1T science runs

I Spin-independent WIMP-nucleon scattering cross-section
reached for the first time: 7.7⇥10�47 cm2 @ m� = 35 GeV/c2

PRL 119 (2017)

I 2 orders of magnitude improvement for XENONnT.
Guillaume Eurin MPIK Search for dark matter with XENON1T 2018/02/27 19 / 24
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The XENON collaboration

Guillaume Eurin MPIK Search for dark matter with XENON1T 2018/02/27 4 / 24

XENON collaboration

~160 scientists, from 25 institutions

XENONnT
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Masaki Yamashita, UTokyo

研究計画(XENON実験)
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Masaki Yamashita, UTokyoQing Lin(Columbia University)  XENON1T: First Results@ Kamioka Observatory

XENON1T Detector and Subsystems

8

1 m height, 
3.2 t Xe TPC 

Water Čerenkov 
active veto and 
passive shield

建設予定地
Qing Lin (Columbia)                    XENON1T: First Results @ Kamioka Observatory 

Phases of the XENON program

2005-2007
15 cm drift TPC – 25 kg

Achieved (2007)
σSI = 8.8 x 10-44 cm2

2008-2016
30 cm drift TPC – 161 kg

Achieved (2016)
σSI = 1.1 x 10-45 cm2

2013-2018  /  2019-2023
100 cm / 144 cm drift TPC -  3200 kg / ~8000 kg

Projected (2018)  / Projected (2023)
σSI = 1.6 x 10-47 cm2  /  σSI = 1.6 x 10-48 cm2

XENON10 XENON100 XENON1T  / XENONnT

5

ħ10-48cm2ǌwāƧǈ
Ğȓ��wƎ

• XENONnTwƎƲLZwƎƝ�Ŋ�vƕ
• ;ĶƸÌţXENON1TƷĮÔǌ3ƥƔ
�ĶƷ;śLUXƷĮÔǌ2ƍƥƫƕ

• RƖ2019�Ɣ2020�ƵwƎźn�vƕ
• ;ĶƸƢǉƜǆÙ3[ǬǡǑȌǌÌĬèvƧǈƕ
ÄpƷWŢß[ǌ9ąƥƔ	¡ŰƬƠupgradeƕ

• ǬǡǑȌƜǆJ?ƥƔ­ŀȍĐŒǌ~-ƥƔǅǇǅ
ƘÙ3[Ʒ�ŊƵF=ƱƞǈOķ¥ƝƗǈƕ

XENONnTwƎƼƷJ?Ɲŭ5ƱƗǈƲ7ÁƧǈƕ

The	Upgrade:	What	is	needed?	

9	

Michelle	Galloway	 IDM	2016	

New	TPC	and	inner	cryostat	with	

increased	linear	dimensions	 Scaled	XENON1T	design		
	significantly	reduced	time	

	needed	for	design,	construction,	

	and	commissioning	(XENON1T	

	experience!).	

9	

XENONnT	XENON1T	

1.37	m	
1.37	m

	
0.95	m	

0.96	m
	

Materials		
	sources	of	clean	materials	and	

	expected	backgrounds	known	

	based	on	XENON1T.	

Xenon	Gas	
	7.25	t	needed	(7.5	t	inc.	gas)	

	More	than	50%	in	place:	3.7	t	in	

	XENON1T,	acquisition	ongoing.	

�žƸXENONnTƲ.TĒěǌũǁǈƲƥưŏÆƧǈ
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The XENON1T Time Projection Chamber

3.2 t LXe @180 K 
2.0 t active target 

~1 meter drift length  
~1 meter diameter

E. Aprile, DM2018
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