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Aim	  of	  PICO-‐LON�

Ê WIMPs	  Search	  by	  highly	  segmented	  
scintillator	  

Ê 30,000	  layers	  of	  NaI(Tl)	  plate	  

Ê High	  sensitivity	  

Ê Both	  elastic	  and	  inelastic	  scattering	  
Ê The	  same	  target	  of	  DAMA	  
Ê The	  different	  analysis	  of	  DAMA �



DAMA	  (250kg	  NaI(Tl)) � Eur.	  Phys.	  J.	  C56(2008)333	   �



J.Cherwinka	  et	  al.,	  Astrop.	  Phys.	  
35(2012)749 �



Interactions	  between	  WIMPs	  and	  nucleus	  
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H.Ejiri	  K.Fushimi	  and	  H.Ohsumi,	  
Phys.	  Lett	  B317(1993)14	  

We	  planned	  to	  study	  all	  the	  types	  of	  interaction!!	  
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Merit	  of	  PICO-‐LON	  
Why	  NaI(Tl)	  ?	  

Ê  23Na	  &127I	  
Ê  Sensitive	  to	  SD	  and	  SI	  
Ê  100%	  natural	  abundance	  of	  	  
	  	  	  	  	  	  finite	  spin	  nuclei	  

Ê  127I	  
Ê  Sensitive	  to	  EX	  
Ê  Low	  energy	  excited	  state	  

Ê Expect:	  3.60×10-‐3/day/kg	  (Higgsino)	  
Ê Limit:	  	  	  4.98×10-‐2/day/kg	  (ELE	  V	  NaI)	  

Experimentally obtained 
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K.Fushimi et al., Nucl. Phys. B(Proc. Suppl.) 48 (1996) 70  

J.Ellis	  et	  al.,	  PLB212(88)375	  



Signal	  selection	  by	  Spatial	  and	  Timing	  
Correlation	  (SSSTC)	  

Ê Signal	  Selection	  by	  Spatial	  Correlation	  
Ê  Signal	  à	  57.6keV	  γ	  +	  Low	  energy	  recoil	  
Ê  Localized	  event	  in	  space	  and	  time	  
Ê  Background	  à	  U,Th	  chain,	  40K	  etc.	  
Ê Diffused	  event	  in	  space	  and	  time	  

Ê Signal	  Selection	  by	  Timing	  Correlation	  
Ê  Signal	  à	  No	  following	  events	  
Ê  Background	  à	  Time-‐correlated	  events	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  by	  decay	  chain	  (210Pb)	  
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Signal	  Identification	  by	  Segmentation	  
K.Fushimi et al., JPSJ74(2005)3117 
astro-ph/0506329 
H. Ejiri, Ch. C. Moustakidis, J.D. Vergados,  
PL. B639, 06, 218, arXiv hep-ph/0510042 2005.   
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Estimation	  of	  signal	  selectivity	  

Ê  Monte	  Carlo	  simulation	  (GEANT4)	  

Ê  57.6keV	  g	  ray	  (127I*à127I)	  from	  one	  module	  

Ê  g	  is	  detected	  the	  another	  module	  

Ê  Next	  module	  to	  the	  emitter	  module	  

The	  fraction	  which	  is	  detected	  both	  sides	  of	  emitter	  





Specification	  of	  thin	  NaI	  array	  
(PICO-‐LON)	  

Ê 0.1cmX10cmX10cm	  NaI(Tl)	  

Ê 0.1cmX11cmX0.5cm	  Acrylic	  Light	  Guide	  

Ê ESRTM	  reflector	  

Ê 3plates	  (PICO-‐LON-‐III)	  	  

Ê 100plates	  (PICO-‐LON-‐100)	  

Ê 1000à2000à30000	  	  (Future)	  



Estimation	  of	  sensitivity	  

Ê Radioactive	  contamination	  
Ê Uniformly	  contaminated	  in	  NaI(Tl)	  
crystal	  

Ê 210Pb	  	  0.1mBq/kg	  (1/3	  of	  present	  value)	  
Ê 214Pb,	  214Bi	  10µBq/kg	  	  

Ê Monte	  Carlo	  Simulation	  
Ê GEANT4	  





Expected	  sensitivity	  (EX-‐SD)	  

10cmX10cmX0.1cm	  	  
NaI(Tl)	  system	  
	  

	  	  	  	  16	  Plates	  
	  	  100	  Plates	  
1000	  Plates	  
2000	  Plates	  



Expected	  sensitivity	  (Elastic,	  1ton*yr) �
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Fig. 12. (Color online) Light yield distribution of the accepted
events, together with the expected contributions of the back-
grounds and the possible signal. The solid and dashed lines
correspond to the parameter values in M1 and M2, respec-
tively.

6.2 Significance of a Signal

As described in Section 5.1, the likelihood function can be
used to infer whether our observation can be statistically
explained by the assumed backgrounds alone. To this end,
we employ the likelihood ratio test. The result of this test
naturally depends on the best fit point in parameter space,
and we thus perform the test for both likelihood maxima
discussed above. The resulting statistical significances, at
which we can reject the background-only hypothesis, are

for M1: 4.7�
for M2: 4.2�.

In the light of this result it seems unlikely that the
backgrounds which have been considered can explain the
data, and an additional source of events is indicated.
Dark Matter particles, in the form of coherently scatter-
ing WIMPs, would be a source with suitable properties.
We note, however, that the background contributions are
still relatively large. A reduction of the overall background
level will reduce remaining uncertainties in modeling these
backgrounds and is planned for the next run of CRESST
(see Section 7).

6.3 WIMP Parameter Space

In spite of this uncertainty, it is interesting to study the
WIMP parameter space which would be compatible with
our observations. Fig. 13 shows the location of the two
likelihood maxima in the (m�,�WN)-plane, together with
the 1� and 2� confidence regions derived as described in
Section 5.1. The contours have been calculated with re-
spect to the global likelihood maximum M1. We note that
the parameters compatible with our observation are con-
sistent with the CRESST exclusion limit obtained in an
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Fig. 13. The WIMP parameter space compatible with the
CRESST results discussed here, using the background model
described in the text, together with the exclusion limits from
CDMS-II [12], XENON100 [13], and EDELWEISS-II [14], as
well as the CRESST limit obtained in an earlier run [1]. Ad-
ditionally, we show the 90% confidence regions favored by Co-
GeNT [15] and DAMA/LIBRA [16] (without and with ion
channeling). The CRESST contours have been calculated with
respect to the global likelihood maximum M1.

earlier run [1], but in considerable tension with the limits
published by the CDMS-II [12] and XENON100 [13] ex-
periments. The parameter regions compatible with the ob-
servation of DAMA/LIBRA (regions taken from [16]) and
CoGeNT [15] are located somewhat outside the CRESST
region.

7 Future Developments

Several detector improvements aimed at a reduction of the
overall background level are currently being implemented.
The most important one addresses the reduction of the al-
pha and lead recoil backgrounds. The bronze clamps hold-
ing the target crystal were identified as the source of these
two types of backgrounds. They will be replaced by clamps
with a substantially lower level of contamination. A sig-
nificant reduction of this background would evidently re-
duce the overall uncertainties of our background models
and allow for a much more reliable identification of the
properties of a possible signal.

Another modification addresses the neutron back-
ground. An additional layer of polyethylene shielding
(PE), installed inside the vacuum can of the cryostat, will
complement the present neutron PE shielding which is
located outside the lead and copper shieldings.

The last background discussed in this work is the leak-
age from the e/�-band. Most of these background events
are due to internal contaminations of the target crystals
so that the search for alternative, cleaner materials and/or
production procedures is of high importance. The mate-
rial ZnWO4, already tested in this run, is a promising
candidate in this respect.

PICO-‐LON-‐30k �



PICO-LON-III project 

Ê Larger area  15cmX15cmX0.1cm 

Ê Normal PMTs (Ultra bialcali) 



241Am	  source	  	  
Eth	  =	  2keV	  
ΔE/E=24%	  at	  60keV�

K.Fushimi,	  K,Harada	  in	  praparation�



Position	  resolution	  =	  30%	  FWHM�

=	  Source	  pos+on	



KamLAND-‐PICO	  Project�
Ê Install	  NaI(Tl)	  scintillator	  into	  KamLAND	  

Ê Advantages　	  
Ê High	  sensitivity	  for	  WIMPs	  
Ê Low	  background	  
Ê 4π	  active	  shield	  

Ê 2012	  FY~JSPS	  KAKENHI	  Grant	  (B)	  

　　	  No.	  24340055	  was	  approved	  

	  	  	  	  	  	  	  	  15Myen/4years	  



Issues	  for	  PICO-‐LON	  2k-‐30k �

Ê  PICO-‐LON	  module	  
Ê  Long-‐term	  stability	  à	  Test	  in	  2013~2015	  

Ê  Photon	  sensor	  
Ê  PMT	  square	  PMT	  à	  Low	  noise	  but	  limit	  on	  layout	  
Ê  SiPM	  or	  MPPC	  à	  Free	  layout	  but	  high	  dark	  current	  
Ê R&D	  2013~2015	  

Ê  Experimental	  site	  
Ê  PICO-‐LON	  100	  à	  Small	  site	  
Ê More	  than	  1000	  modules	  à	  Larger	  site	  is	  needed	  



Schedule　　(Short	  term) �
2012Oct- 
2013Mar	

2013Apr- 
2013Sep	

2013Oct- 
2014Mar	

2014Apr- 
2014Sep	

2014Oct- 
2015Mar	

NaI Purification	 　� 　�

1-5kg NaI　Production	　� 　�

Thin layer NaI test	 　�

BG simulation&  
Sensitivity	 　� 　� 　� 　� 　�

RI measurement	 　� 　� 　� 　� 　�

Installation bulk NaI	
(4~5kg)	

About 1~2 month & 
Test DAMA result	 　�

DAQ plan & setting	 　� 　�



Schedule	  (Long	  term) �
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