Current Status and Projected Sensitivity of COSINE-100

Y 1 William Thompson, on behalf of the COSINE-100 collaboration Wright

Wright Laboratory, Department of Physics, Yale University, New Haven, CT 06511, USA L a b O P a t 0 P v

Motivation Detection Technique Sensitivity

« Dark matter signal 107 g « Standard halo model: Roughly uniform distribution of dark matter in o WIMP simulation used with Monte Carlo simulations to establish
modulates due to Earth’s - \ \ . PDG 2016 our neighborhood of Milky Way projected sensitivity in no-signal case
o . - - - -
motion in galactic rest S msm o Orbit around Sun induces e * No-signal spectrum simulated as Poisson fluctuations on flat 4.3 dru
frame, with period of one  g107f comsine \ | pamaBRA - modulation in terrestrial dark WIMP Wind backgrouna | | |
year 3| oo Nhe \seuden matter flux  Likelihood analysis between simulated and theoretical spectra used to
i E = . - ] ] i} - - = - =
« DAMA collaboration : -3 CRess « Modulation provides method establish exclusion limits at desired C.L.
o -42 EDMS LEZGMH""’{ P B _ - - -
observes annual £10 CDMS.-Si- | 1% 2 of background reduction o Similar analysis performed to generate DAMA-preferred contours
] . ™ DarkSide50 ~107% = I — T T T T l l
mOdUIatlon at 9-301 In E. Cdelwe LE\ ﬂfr’*‘i:u, CDMS+ / NE1O E 1‘ ﬁ\ l DAMA allowed region (90%C.L., 35, 50)
COnﬂiCt Wlth Other .g » e 10 B arhis % — g \ Prelimiznaryg COSINE-100, 2 years of data
experimen’[S alnu 10 ¢ 9 §10—38 E_ ...... ...... \ ......... 2-20 keV,, Median Sensitivty (90%C.L.)
® Goal: Model independent g _l‘m::utrim:l . 8 § E \ 1-20 keVee, Median Sensitivty (QO%CL)
. & background TUX e T 7 _ , " - g N P - COSINE-200, 2 years of data
teSt Of DAMA USIng Same 10-445 gﬂ'ﬁ[ctlc[cte':cri:nnj - o L g’ 6 |||UStratIOn Of Earth S path through 310—39 §_ ...... \ S : : 1-20 keV,__, Median Sensitivty (90%C.L.)
target material (Na'(T')), 10° 10! 10;] 10° g 5 dark matter halo c=> = : : BE 10: |:|¢:20 |
with similar mass and WIMP Mass [GeVic] s 40| e ]
background DAMA'’s result is in conflict with other O Z e WIMPS interact via coherent E 107 =TT N
r - - - - c —
2-6kev  WIMP searches 1 elastic scattering with a sodium or d F g
- 0.1 g5 : 5 fu 5 T R T T T e e - - = 4 H e L N R N L et
Z 008 £ 1 | ”*E‘%Tﬁjmf‘*“ T T M e T O E A e e e i e 18 20 100INE nucleus =0 E ' =
— ~n e B ! ! ( ) ! | ! | ! | ! | ! { ) ! | ! | E keV - - - - - — — Lo
ERY I R RN % S Crvstal ”ef9y<e>t _  Nuclear recoil emits scintillation 7R S
< 00% B ow o A A T T rystal energy spectrum in : ap | N S0 0 08 0 0.1 OO SOV SN0 OO0 0 0
0. = A Ao N6 O N I B S T = e o light 10 “° E : - =
% R AL Ik TN JNT AR 2B N TN PN T gy gﬂ$T£ s COSINE-100 J = e =
= 002 B | 7 M A DI R SN e N - 5
E-ami:%:%ﬁi % LI AR I AR A 109 N R A N R N R
2008 B F ' ' ' ' ' R e A o s e s WlMP S | -t 1 10 10° 10°
g 008 &b Eur. Phys. J C73 2648 (2013) I u a IO n WIMP Mass (GeV/c?)
0.1 Bl e T Projected sensitivity of COSINE-100 with 1 keVee (2 keVee) threshold in black (red)

with 2 years of data and COSINE-200 in magenta with 3 years of data. DAMA-
preferred contours displayed using data from Eur. Phys. J. C 73:2648 (2013)

. . . Time (day
DAMA observes clear modulation in event rate, with period of 1 year me (da)

Scattering energy spectrum calculated within standard halo model
Rate R of dark matter interactions with energy from E1 to E2 and cross
section o given by:

R(t, By Ey) = jo dE €(QE)P(QE, By, ) 505 o n(E,)
sintillator:
| 8 Nal(TI) crystals for n(E,©) = J ! (‘;' ) i3 * Model- mdepe?dent_
= || == o _ OT darkK matter
@Efﬁmﬁﬂ p Located at Yangyang e Annual modulation, WIMP-Nucleon Recoil Energy, o=1e-41 cm? discovery
(el Er Underground Laboratory : . _ :
— | . function of time ¢, S —m,=20GeV e With 1 keVee
Nal(T)) Crystals In Yangyang, South . . i o — m,= 60 Gev
encoded In mean inverse & F Preliminary | —m,=100Gev threshold
(106 kg) Korea q = [ — m, =500 GeV resnoia,
i _qn—_;; s o S ee . § B —— m, = 1000 GeV _ -
' "%« Detector positioned at ) Dpark rZatter velocity 1 . T COSINE-100 will
RLIT depth of 700 m (~1600 - ’ y Li cover majority of
Lead Shielding (20 cm) VN m.w.e.) OIIOWS |_V|aXW9 lan oL B DAMA-allowed
distribution f(u,t) h parameter space in 2
Schematic of COSINE-100 detector and ——— . — » Detector efficiency e, - . years L T\ < R A
shielding P | energy resolution ®,and " F e Rllan S » Please visit us at ' A TN L e
e Physics run began September 2016 uenching factor Q also i — -//cosi T o
y : J P 1 J ¢ 0ol L hitp://cosine.yale.edu Crystal detectors after installation
e |nitial runWIIIIastforZyearS accounted for. T T e T e e . o
. A £ i t e WIMP d d Energy [keV_] This material 1s based upon work supported by the NSF Graduate Research Fellowship Program under
Next pnhase or experiment. Mass m, reauce _ _ Grant No. (DGE-1122492). Any opinions, findings, and conclusions or recommendations expressed in this
COSINE-200 mass u and dark matter Calculated recoll energy spectra for various material are those of the author(s) and do not necessarily reflect the views of the NSF. We thank the Korea
- - - - : T . WIMP masses. Note linearity of event rate In Hydro and Nuclear Power (KHNP) Company for providing the underground laboratory space at Yangyang.
* TV-VICG dS MassIVve, hlgher ralepurlty d@ﬂSlty P — 0.3 GeV/cm3 cross section for spin-independent We acknowledge the following support: the Institute for Basic Science (IBS) IBS-R016-A1, Republic of
e AIm: 1 dru baCkg round rate ‘ also affect rate int f Korea; the Alfred P. Sloan Foundation Fellowship, NSF Grants No. PHY-1151795 and PHY-1457995,
Yangyang Underg round Laborato ry INtEractions WIPAC, the Wisconsin Alumni Research Foundation, and Yale University, United States; STFC grant ST/

NO000277/1, United Kingdom; CNPq, Brazil.



