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Why CsI[Na]? nm a773 (2014) 56)

* Large N2 => large x-section.

* Cs and I surround Xe in Periodic Table:

they behave much like a single recoiling
?Eecies, greatly simplifying understanding

e NR response.

* Quenching factor in energy ROI
sufficient for ~7 keVnr threshold
(we_have measured this).

* Statistical NR/ER discrimination is

possible at low-E (but will need further

iImproved signal-to-background).
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* Expect ~550 v recoils/year in 14
detector under construction.
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* Large N2 => large x-section.

* Cs and I surround Xe in Periodic Table:
they behave much like a single recoiling
sEecies, greatly simplifying understanding
the NR response.

* Quenching factor in energy ROI
sufficient for ~7 keVnr threshold
(we_have measured this).

* Statistical NR/ER discrimination is
possible at low-E (but will need further
iImproved signal-to-background).
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Why CSI[Na]? m a773 (2014) 56)

* Large N2 => large x-section. Simultaneous ER and NR low-E response measured
via Compton scattering and D-D

they behave much like a single recoiling
sEecies, greatly simplifying understanding
the NR response.

* Quenching factor in energy ROI
sufficient for ~7 keVnr threshold
(we_have measured this).

 Statistical NR/ER discrimination is
possible at low-E (but will need further
iImproved signal-to-background).
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* Large N2 => large x-section. Simultaneous ER and NR low-E response measured
via Compton scattering and D-D
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the NR response.
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iImproved signal-to-background).
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* Large N2 => large x-section.
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* Large N2 => large x-section.

* Cs and I surround Xe in Periodic Table:
they behave much like a single recoiling
sEecies, greatly simplifying understanding
the NR response.

* Quenching factor in energy ROI
sufficient for ~7 keVnr threshold
(we_have measured this).
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PMTs, rugged, room temperature,
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Why CSI[Na]? m a773 (2014) 56)

* Large N2 => large x-section.

* Cs and I surround Xe in Periodic Table:
they behave much like a single recoiling
sEecies, greatly simplifying understanding
the NR response.

* Quenching factor in energy ROI
sufficient for ~7 keVnr threshold
(we_have measured this).

 Statistical NR/ER discrimination is
possible at low-E (but will need further
iImproved signal-to-background).

 Sufficiently low in intrinsic backgrounds
(U, Th ,K-40, Rb-87, Cs-134,137)
Measurements in complete SNS shield
and 6 m.w.e. indicate we are ready)

* Practical advantages: High light yield
(64 ph/keVee), optimal match to bialkali
PMTs, rugged, room temperature,
inexpensive ($1/g), modest afterglow
(CsI[Tl] not a viable option for surface
experiment).

* Expect 7550 v recoils/year in 14 kg AN e P i
detector under construction. Finished 14 kg detector at Uc.  FREE
(boule grown at AMCRYS, detector already at UC) Moved to low-bckg SBA PMT (further ~30% reduction in threshold)
Final characterization ongoing (light yield uniformity)
Installation at SNS ~this spring (once ongoing NIN meas. is over)




Highlights of feasibility study

* Study of backgrounds with 2 kg detector
within a full shield (except n moderator)
at 6 m.w.e. (Tsimilar to SNS basement).

* Threshold ~7 keVnr (4 PE) demonstrated.

* Clear CENNS excess expected following a
2-3 year run with 14 kg detector. Some
~550 ev/year expected in 4-20 PE
region. Measured steady-state
backgrounds are sufficiently low (but
further improvements seem possible ->
neutron moderator, fancier treatment of
discrimination against afterglow).

* GEANT simulation (transport of target
neutrons to basement) using UC cluster.
CPU-intensive! Several sanity checks
erformed. Confirms that basement
ocation should keep target neutrons at
bay.

* v, CC reaction in Pb provides largest
foreseeable background. Several ways to
discriminate CENNS and this reaction.

* Should we measure 2%8Pb(v,,e)%08Bi first?
Advantages: 1) quick measurement
eliminates this unknown, 2) a first v
physics result at the SNS at hand ->
useful for HALO, traction with agencies.
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Highlights of feasibility study

* Study of backgrounds with 2 kg detector
within a full shield (except n moderator)
NS basement).

* Threshold ~7 keVnr (4 PE) demonstrated.
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* Clear CENNS excess expected following
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Preliminaries: in situ NIN measurement
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Preliminaries: in situ NIN measurement
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* If x-sections are what is

expected, we should have a
measurement of CC (+ perhaps
NC) NIN production in Pb within
the next few months.

* Main purpose of ongoing

measurement is to educate
CsI[Na] shield desqn We plan a
much higher statistics
measurement with dedicated NIN
detectors ("NIN-cubes”), also
using other targets (G. Rich talk
tomorrow)

* We need theory help already!
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Dangling ends desperately needing theory input:

1) A best effort at calculating CC NIN
x-section specifically for SNS v
energies. We should be able to
distinguish between predictions from
different nuclear models.

J. Phys. G: Nucl. Part. Phys. 37 (2010) 125101 (10pp) doi: 10, 1088/0954-3899/37/12/125101 Phys. Rev. C78 (2008) 024312.
Low-energy neutrino scattering measurements at =000 T e S T i
future spallation source facilities | — - - - GTBD /'
R Lazauskas' and C Volpe? CC QRPAs calculation s e = QRPA
1600 | — o« = ORPAg ‘

Table 2. Results on the number of events at a neutrino experiment based at a spallation source PORPA 5

facility. The events are calculated assuming 10" v, s™!, in 1 year (3x 107 s), with a fully efficient e L — e FORPA /

1 ton cubic detector. The columns correspond to the considered targets (first column), the rates E | — s == Hybrid

at different distances d (meters) from the source, the material density (fourth column) and the S 420c ,' -
flux-averaged cross sections in the unit 10~#0 cm? (last column). o 200 - ‘ A .

o . . /
W W g b e S|+ua’r|.on.lforfFe, o '/ A
- very similar ror ' oy g

12C (in CygHyg) 1470 384 63 0.992 ~0.14 [10, 13] = A00 } y ’ ;7
160 (in water) 998 261 43 1. 0.131 [56] 6’ r

“Ar 8860 2310 380 1.43 2.56 [44]

Fe 9100 2330 3717 7.87 3.53 [56] 400

10Mo 17300 4420 716 10.28 11.95 [56] 4

208ph iﬁéﬁ 8820 1430 11.34 49.6 [56] b

208Pb + 1n %Aﬁ% 677 23.5 [28] t

208Pb + 2n 9420 ++46- 390 13.5 [28] 00

(this is what is used for the expectations in previous
transparency, post corrections <- checked with authors)



Dangling ends desperately needing theory input:

PHYSICAL REVIEW C 63 025802

16 — I R e
2) Best effort at calculating spectrum of = [0 o - 8.0 NeV, ac 00
neutron emission energies. Presently using a = ol e e e s ]
simple spallation spectrum in Pb as a place E - r7rt e 30 MeV o= 30 (x8)
holder (NIMA 354 (1995) 553). We should be T
able to eventually deconvolve this emission =
spectrum with data from a high-statistics run s
using the NIN-cubes (G. Rich talk tomorrow). 5
3) Is the assumption of isotropic neutron

[ RRETRTI RTRT L I
emission correct? ° 2 3 4En 5[MeVE];
FIG. 6. Neutron energy spectrum produced by the charged-
current (v, ,e”) reaction on “°Pb. The calculation has been per-
formed for different supernova neutrino spectra characterized by the
parameters (7,«). Note that the cross sections for (7,a)=(4,0)
and (3,3) neutrinos have been scaled by a factor of 5.
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Dangling ends desperately needing theory input:

BEAM ON @ ~18.6 MWhr / day
. . . I
4) NC NINs are prompt, but in principle only a ] LI, S o s O O L ALY
o~ o, o —- 2l o neutrons... or 4
10% fraction of CC NINs. We may be able to > [ T . NIN contribution fom v, if |
measure these too, or to at least Place an g 40 _10§ (= beam spill width) 29.9 MeV hits a resonance?
upper limit to the x-section. Best effort T e 3 :
. — - 5EOr n-TOF? \ 5 4
needed to calculate v, NIN x-section at Y ) IE 30 NIN's expected ]
= 1 3,7 3 B
exactly 29.9 MeV (resonances could make a g | OOEO'O”' '“_']L“OO'O T W porTaius
significant difference). We plan to run with el ! £ ]
detectors outside Pb, to help disentangle N¢ < 20 1
NINs from POT neutrons. @t + ]
SUSRLS L ++"
=] L
PHYSICAL REVIEW C 63 025802 S | + + ++ + +++
29D (1,1)X 4+ + ¥ /\r___‘
2.5 [ T T T T I T T T ¥ I T T T T I T T T T l T T T T I T T ¥ T ] 0 -8000 -4000 4000 8000
----- 1+ 3
- — 1 time (ns
2.0 - ;+ 5 ( )
= . o 4 WHAT CAN BE LEARNED WITH A LEAD-BASED . . . PHYSICAL REVIEW D 67, 013005 (2003)
Y] K 4
E B 7 TABLE I Neutrino ¢ross sections in units of 107 % em? as a function of energy (MeV) for emission of one and two neutrons, and
_U 1.5 B u summed over all decay channels, obtained with the Skyrme force SIII. We include the charged-current channel for neutrinos, and the
Y : : neutral-current channel for both neutrinos and antineutrinos.
o L . =
i R i Ve—re Vs p Yy
= 1.0 _- B E, In 2n total In 20 total In 2n total
&) | e 5 0.39%x10°7 0.67x10 1 0.66x 101
- E 10 0.29x 107" 0.09 0.002 0.007 0.002 0.007
- | 1 15 091 1.54 0.06 0.08 0.05 0.08
05 B 20 4.96 651 0.20 0.27 0.18 0.24
: | : 25 14.66 045 17.63 0.46 0.03 0.62 040 0.03 0.54
30 2505 315 3222 087 0.15 122 0.73 0.13 1.04
: ' i ] 35 2927 TO08S a5.37 T LU g 15 18 U306 79
0.0 i TR 40 3356 23.68 64.10 215 0.93 3.48 173 0.76 282
45 3791 38.97 $5.33 297 1.74 525 2.34 1.39 417
0 5 tl(i?, 15 <0 [M V?s 30 S0 4254 53.79 106.16 386 293 7.50 299 226 5.82
excitation ener w e 55 4717 71.63 130.09 4.79 4.56 10.24 3.65 342 7.78
gy 60 52,02 90.05 154.64 5.74 6.63 13.50 4.31 485 10.04
65 5631 108.73 178.75 671 9.17 17.25 497 6.54 12.57
FIG. 3. Excitation spectrum of the 208pp nucleus for photoab- % o e s . s e irll o
sorption (upper part) in comparison to the spectrum excited by neu- 80 67.04 17075 253.92 965 1939 3116 686 1294 2142
: s ; ; 85 69.69 191.16 277.58 10.58 2351 36.43 744 15.39 24.61
tral current neutrino scafttering (lower part), which is deCOIHPOSCd 9% 7195 21173 300.95 11.45 27.90 4188 7.97 17.93 27.82
95 7391 23125 32303 12.23 3247 4739 8.45 2051 31.00

into the dominant multipole contributions.



