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Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

We consider the possibility that thel neutral-current neutrino detectorllrecently proposed by
Drukier and Stodolsky could be used to detect some possi-ble candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10% GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10" GeV.
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l Paired channel

Accidental coincidence(AC) background

* Model: Select isolated S1 and S2, randomly pair them together

* Sideband to test:

« Off-window: the interval between isolated S1 and S2 is larger

than maximum drift time window
 1-hit: events with S1 only containing 1 hit

Boosted decision tree (BDT)
* Remove most AC backgrounds based on 23 variables related

to waveform shape and position reconstruction

Run( Runl

W/O BDT (W/ BDT| W/O BDT |W/ BDT

Off-window Prediction| 180427 0.940.2 417163 1.240.4
Data 205 1 404 0

10% data Prediction 2616 0.124+0.04 3447 0.06+0.02
Data 18 0 29 0

L-hit side-band Prediction |17095+2564| 14+4 |27567+4135| 1545

Data 17374 9 29359 17

Equ. ROI rate [evts/6PE]
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l Paired channel 2 ®

Candidate events
 Total exposure: 1.20 tonne-year

 Some downward fluctuation Total  ——- 8B
102 - AC Total +1o
Z 10! "]: “'_i_”'_i_ﬂ*_‘—a -
Run0 Runl S 10 | =
paired ROI| 2-hit 3-hit 2-hit 3-hit 10" P =
Surface |0.064+0.01 0.06+0.01]0.0120.01 0.02+0.02 RunO === ] 0
ER  [0.01£0.00 0.0040.00|0.014+0.01 0.0140.01 +  ROIdata
Neutron |0.0220.01 0.0240.010.03+0.01 0.0340.01 102y o 1+ Off-window data
AC  |1.0840.28 0.07+0.02|1.15+0.35 0.24+0.08 5 ==
Total bkg. |1.16+0.28 0.15+0.02|1.21£0.35 0.30£0.08 g10 =
®B CEvNS |1.0040.24 0.24+0.09|1.76-£0.50 0.40--0.18 100 — =
Observed 1 0 2 0 Runl T L B
09 05 0 0.5 1
BDT score
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l Cathode estimation 2 ®

selection cut

@Cathode Sample Efficiency: selection cut with loose width cut
Cathode drift time distribution RunO efficiency Run1 efficiency
@ 200 S ! poo e
i ool B . "
140 e 5 o7 m 07t iak* %ﬁ

120 = 0.6 + 0.6- a8
= os}ﬂwﬂH i m sty T

80 = 0.4

60 f_ / _; 0‘3 —«— paired cathode 3 0.3 —— paired cathode é
40 - 0'2; v cathode whsim 0'2; —— cathode wisim
20 J\ = 0.1+ E 0.1 E
S L N I DR A Y A W OFwww\w\\\\\.\\Hl“\\\F o——-L L L L LD

§00 810 820 830 840 850 860 870 880 4 6 8 10 12 14 4 6 8 10 12 14
Drift time[us] nElectron nElectron

Use paired cathode events as background sample
Simulate events at the bottom of detector, these samples are consistent with paired
cathode events

To reduce spectrum statistical fluctuation, use the spectrum under a loose width cut, and
then apply corresponding efficiency from waveform simulation to it
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l Cathode estimation 2 ®

num_sample_in_roi

nominal= - -num_data_in_cr roi :4-8nk cr: 11-15nE
num_sample_in_cr
RunO spectrum Runt spectrum 180 et
E 014:_' LA L L L L L B L '_: E 014} T T I I { —qg) : - -
= C — SI<I10PE ] = - — SI<I10PE S 160 ]
£ 012 S 1025PE g ol2p — S1 10-25PE = i Tl
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0.08 ~SISOPE - 0.08_ T SISSOPE g 120~ =
0.06 HL %ﬁ 0.06F W 2 100; —
0.04% iﬁﬁ% %E_—FEF 0.04%#@; 2 soi:i ;
0.02 0.02— : ]
0 e IR TS T '20""3‘0""4'0”‘_‘50
nElectron nElectron S1 charge region
+ Spectrum with different S1 range give Estimation  lrun0  |Runl
systematic error Result 100+24 104421
* Spectrum with total statistic give the .
P . . 9 Statistical error 12.4% 11.4%
nominal value and statistical error
. . . . 1 (0) (o)
- Difference of results given by efficiency from  Systematic error  18.1% 13.9%

data and simulation give efficiency error Efficiency error  10.6% 9.4% J—
/1 Lo Ul




I MID Estimation Dy

@MD sample

Charge distribution Width distribution
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F e 1 100 ¢ - E 0.16F + 4 014f T .

= un0 livetime E E +=!:¢ — runl livetime E 0.1 4§_ q’:h — rund livetime _i 0.12; + — runl livetime E

=S + 0.121 E 0.1 I E
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« We find that MD rate is related with single electron(SE) rate, so we get MD
samples from deadtime region where SE rate is very high

* The sample in deadtime is consistent with the MD events in livetime

« MD events in livetime are from high US2(2.5-3nE) rate runs
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l MD Estimation

num_sample_in_roi

nominal= : -num_data_in_cr
num_samp le_lTl_CT'
2 SRR 2 el l
£ 0l | = o ] :
=] £ —— run0 large width Q Fo —— runl large width e
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nElectron region

 Different small control regions divided by Estimaton  [Run0  [Runl

S2 charge and width give systematic error  Result 2543
« Spectrum with total statistic give the Statistical error ~ 6.5%
nominal value and statistical error Systematic error  10.6%
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l Signal inefficiency

Run0
3————r————— 71— .

- |Inefficiency: SS1 rate x window §|
61.08 [Hz] x 1 [ms] =6.11% | % 25 Falicidenas ]
« Coincidence: tag ineff (wf-simu) x (SS1 rate x window) T i
18.23% x 362.60 [Hz] x 1 [ms] = 6.61% !
1-ms g Inefficiency
AA ““2I_5””3
nHitS1_paired
true paired
S1 ST S2
SS1 Cuts:
TCut cut = "iS1 _max!=-
188&gS1 max<508&qS2 max<50 &&
Run1: nHitS1_max>1 && nHitS1_max>=2 "; //
- Inefficiency: 72.86 [Hz] x 1 [ms] = 7.29% Inefficiency 351 cut
* Coincidence: 20.01% x 389.07 [Hz] x 1 [ms] = 7.79% TCut cut = "iS1 max!=-

188gS1 max<508&qS2 max<50 &&
nHitS1 _max<2 "; // coincidence SS1 cut
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  𝝂 + 𝑨 → 𝝂 + 𝑨


   E 𝜈 = 40   MeV


  8 . 4 ± 3 . 1 ×   10 6 c  m  − 2  s  − 1


  75 ± 28


    10 . 7  − 4 . 2  + 3 . 7


    12 . 3  − 5 . 4  + 7 . 0
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