Getting at the physics still
hidden In the solar neutrino
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A story of productive interplay between the
Standard Solar Model (SSM) and Standard Particle Model (SM)
with input from Astrophysics & Cosmology & Reactors & Accelerators

2 Solar Neutrinos 2 Atmospheric Neutrinos
a2 Oscillations s Oscillations
1 Getting the Parameters s Getting the Parameters

o New issues? 2 New issues?
(CNO neutrinos?) (sterile neutrinos?)

e What is underway today (Borexino)?
e Next Generation Detectors?
e Other ideas?
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Just so you know, | am currently a

member of

= Borexino (23 years!)

= LENS (15 years!) Made use of excellent summary talks
= NuLat (3 months) by Wick Haxton &

Gabriel Orebi Gann

» Fundamental Symmetries,
Neutrinos, Neutrons and related
Nuclear Astrophysics
Long-Range Plan Town Meeting

» Berkeley Solar Neutrino
Workshop
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4.H, 2 ,He, (+2e* + 2v
10 - - ( e) CNO chain:
T  pep-v 13N, 1°0, and ’F neutrinos
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pp-chain
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T (10 K)
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Sol

Internal structure:
inner core

radiative zone
convection zone

ar Neutrinos

Subsurface flows

R. Bruce Vogelaar
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dFlux/d(R/R,)
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v-Flux [1/cm? s]

Neutrino Production

versus Radius
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- Neutri

Total Rates: Standard Model vs. Experiment Vacuum Oscillation -or- "matter effect + MSW
Bahcall-Pinsonneault 98 resonance"?

In free space:

In matter, v, interact with e- through the
charged weak current as well as the
neutral weak current.

0.47+0.02
ges 2.56+0.23
In a potential:

SuperK Kamioka SAGE
Cl H,0 Ga
Theory ™ “Be m P—P. Pep Experiments m

"B M CNO

Colloquium, Sep 2003 Bruce Vogelaar, Virginia Tech
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Pretty Compelling Evidence for
Osclllatie)

AT OSi |-|r|-‘|1
expec ted number with oscillations
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Figure 12: typical zenith angle
distribution, from Super-K. The
amount by which the data fall short
of the expectation (red line) increases
as the distance travelled increases.

o('Be) / ¢('Be)uqy

Hata et al.
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¢, (x 10°cm?2s

SNO
KamLAND (LMA)

Be-7
PeEp

PP
CNO - tough

pretty much what was
expected

25 ; 35
¢, (x 10° em? s

Daya Bay
Double Chooz
Reno

fortuitously Iarge enough to allow

looking for 6cp but otherwise not

surprising
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neutrinos guarks

Mass States Mass Stests

oy 3PZF§§|e12 3

Normal Inverted

Flawvar

| Flavar
——T ] ol States

5 %72 '
solar~7x10~eV ® Vg ff ®

, N
atmospheric

~2x1073eV?> .
atmospheric

solar~7x10=3e V2
|

Weal Interaction
UDIIEISIU] HESAN

e sin%(2843) = 0.092 £0.017["°]

« tan?(8,,) = 0.457 tg:ggg. This corresponds to 85 = 8., = 34.06 tg}:éi“ ("sol" stands for solar)["©]

e sinZ(28,3) > 0.92 at 90% confidence level, corresponding to 823 = B4 = 45 £7.1° ("atm”

stands for atmospheric)!16]

2 +0.20 -
ol = 759 ¢ x 1077 ev2I18]

2 2 _ 2 +0.13 _
e |Amy,| = |Amo,| = Am, =243 [543 x 1072 eV216]

. ﬂm§1 =Am

« §, a4, dy, and the sign of &mgg are currently unknown
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A .
ey flew) Probing the Unknown
Extended Data Figure 2 | Survival probability of electron-neutrinos measurement. | -
produced by the different nuclear reactions in the Sun. All the numbersare  the MSW-LMA
from Borexino (this paper for pp, ref. 17 for “Be, ref. 18 for pep and ref. 19 considering the

for °B with two different thresholds at 3 and 5 MeV). “Be and pep neutrinos are ~ other compone
mono-energetic. pp and *B are emitted with a continuum of energy, and the represent the =
reported P(v. — v,) value refers to the energy range contributing to the energy range us

Non-=-standard physics effects can alter the shape / position of the “MSW rise”

Non-standard interactions

(flavour changing NC)
Sterile Neutrinos

107 F K
o L

Mass varying
=4 neutrinos (MaVaNs)

06 o —

05 |

04

T T
Am’;;=0.000175 eV J
tan’$,=0.5

survival probabiliy
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Friedland, Lunardini, Pena-Garay, J Z Z g, E [ R oTE 3

neurino ensrgy (MeV) ok L

PLB 594, (2004) L !
Holanda & Smirnov

PRD 83 (2011) 113011

10
E, (MeV)

M.C. Gonzalez-Garcia, M.
Maltom
Phys Rept 460:1-129 (2008)
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But there are some new ISSUes...

LSND
Reactor Anti-neutrino Anomaly

Solar metallicity
Helioseismology

LSND and MiniBooNE

Photons:
surface in ...

04 06 08 1 1.2 14
L/E, (meters/MeV)

Neutrinos: .

P(p, — 7,) ~0.003
core out ...

The L/E values correspond to a Am? ~ 0.1 — 10eV?

P: Huber - p. 15

R. Bruce Vogelaar

r - = e w . = v Nov 3, 2014
“‘ . ‘i,,-ﬁ - . e . P e



olar metallicity
Helioseismology

R. Bruce Vogelaar

1D vs Sun
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Averaged line profiles
(from Asplund 2007)
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A = 808,271 [rm)
x = 2.223 [ev]
log gf = =3.573
log ¢ = 7.420

Spread in abundances from
different C, O lines sources

reduced from ~ 40% to 0%
But abundances significantly reduced Z: 0.0169 = 0.0122

-
T TR Pl TN T TS ST TR TR FEE W

608.250 608,260 608.270 608.280 608,290
Wavelength [nm]

Makes sun more consistent with similar stars in local neighborhood

Lowers SSM 8B flux by 20%
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olar metallicity
Helioseismology

But adverse consequences for helioseismology

| GS98
- AGSS09

0.6

WH, Robertson, Serenelli 2013
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olar metallicity
Helioseismology

1.4
e GS98 (high metallicity)

1.3 . AGSS09 (low metallicity)
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Neutrino Species

Figure 3 : Comparison of predicted solar v fluxes
under the two abundance assumptions (from Ref.
[Sall2]).
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LSND
Reactor Anti-neutrino Anomaly (and strange 5 MeV bump...)

Observed vs. expected Vv, rate as function of baseline

{
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= Gallium anomaly (2.80)
Calibration runs with radioactive neutrino sources at
solar radiochemical experiments Gallex/SAGE
- deficit in the detected v, rate: R =0.76 + 0.09

= Reactor antineutrino anomaly (~2.50)
re-evaluation of reactor neutrino spectra results
- rate deficit in all short-baseline (L=10-100m)
reactor neutrino experiments: R =0.927 £ 0.23

R. Bruce Vogelaar
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Heidelberg ~ Hamburg

Jagiellonian
Krakow

Perugla i TU Dresden

the Borexino Collaboration

SINP
MSU

Virginia Tech .Aao.-,dad o

» IVIOSCOW
Houston &

Kurchjtov

Ambherst Moscow

Los Xﬁgeles St. Petersburg
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Detection principle

Neutrino elastic scattering on electrons of liquid scintillator: e+ v>e +v;

Scattered electrons cause the scintillation light production; ° X o
oz

Advantages: P

e |Low energy threshold (~ 0.2 MeV); ,/

¢ High light yield and a good energy resolution; e(: Ve, Y,

® Good position reconstruction; v, .

f

Drawbacks : \ W

¢ |nfo about the v directionality is lost ; T

e v-induced events can’t be distinguished from the events of ~ / \

B/y natural radioactivity;

Extreme radiopurity is a must for a
precision low energy neutrino

spectroscopy!!! e Rnin Borexino ~ 1x10-1° Bg/kg
e Rnin air ~ 10 Bg/kg




BOREXINO detector
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b0 0% Mg,

External water tank
y and n shield, p water Cerenkov d.
208 PMT in water V = 2100 m3

Stainless Steel Sphere:
2212 PMT + light concentrators
V =1350 m3

Nylon vessels (150 um)
Internal: 4.25 m
Outer: 5.50 m

300 t PC+PPO
Extreme radio-purity

The characteristic onion like
structure of the detector,
with fluid volumes of
increasing radiological
purity towards the center of
the detector.



11C

Fit: y'/NDF = 141/128
'Be: 45.5 + 1.5 cpd/100 tons
: 34.8 £ 1.7 cpd/100 tons

210P0 i: 41.5 £ 1.5 cpd/100 toms
“'c: 28.9 + 0.2 cpd/100 tons
““Po: 488.8 + 7.2 cpd/100 tons

2]I)E3i External: 4.5 i-ﬂ.? cpd/100 tonmns
PP: "pep., CNO (Fixed)

85Kr

\ \/
CNO

Counts / (L0 keV)/x day x 100 tons)

E .; '. \
1 O—] | 1 | | I | I 1'| [ I \ hl| | I [ I .-'Il 'T 1 I | I | | [ I |
00

200 400 600 800 1000 1200 1400 16
Energy [keV]
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Backgrounds before & after
Water Extraction + N, Stripping

i CB46x107
¥
' ana (133.0)

7 29 (656.0)

/(1 keV x 147 days x 755 ton)

Events/(MeVx100txday)

i : N 3
200 400 600 800 1000 1200 1400 1600 1800

Energy [keV]

]
st
=
=
(=]
=
e

0.8 1.0
Eyisible [MeV ]

Before re-purification 2008-2010 After re-purification 2012-2013
Rates in parentheses are i cpd/100t. (with 'C cuts)
Without !C cuts. See arXiv1308.0443v1.
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The #38%U fmd 'mTh Deca r Chains

."?I."Th
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754k
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'y

=R PG

382 d

\J | e
21ap°| mzpbm“‘ 312 M”“..".1|212p<:,,
50.6 m

305m EHI""I

4P| "+ (I " # [P0 =TI 5 2P
164 ps
|?|rupb - '...l'zluBi J}d... 210pg

138 d

v
**Pb
Radon in air deposits 210pR (22 yr) on nylon foil, which later
contaminates scintillator with 219Bi (1 MeV ﬁ) and 21%Po (5 MeV o).
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Conjecture...

3 years of data we already have
could allow first measurement
of CNO IF we could determined
the 219Bi... (currently about 20

B
1161.5 keV

100% cts/100t/d)

O ey Need to keep convective
100 % currents from mixing into
0* fiducial volume on time-scales
of over tens of days to get
measurement.

210PDb is ‘invisible’ to us
This is HARD in practice with
large open volumes.

CNO rate (cpd/100t): | N

. - . With purification, we should be
— ngh metaIIICIty: 4.5 able to get the 21°Pb down first.
— Low metallicity: 3.0

We are tantalizingly close.....

R. B Vogel . e = * - Nov 3, 2014
ruce Vogelaar o . & ‘:"""’, ™ .



Expected signal for CrSOX

Source 8.25m below
detector center:

Cr-v's: no oscillations
5in’20=0.16, Am’=1.5eV?

—— Background: *"°Po(a’s)

—— Background: solar v's/p's

source

number of events [per 0.2m]

[II]IIT[II[I[]I][TI]I]I]I]

e v N I
. . S 8 9 10 11 12 13
Spectral information for BG discrimination distance from source [m]

Expected distance distribution:

= geometry x 1/r? dependent flux

® oscillations shown for best-fit
values = waves discernible

oy ® spatial resolution: ~20 cm

. 1 - e
1 1.2 1.4 1.6
electron recoil energy [MeV]

#[per 133 tx 1 day x 0.1 MeV]

T T TI0m

T [Hlll

et
i
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Expected signal for CeSOX

T T T 1 | L T
l 1BD threshold
.r'ﬂ“x

T
of b !

Extended energy spectrum

- distance + energy dependence
of oscillation pattern is observed

Arbitrary Unit

1

144pPr

15t forbidden,
non unique decay

L1 1

c
o
/

[

s O
o (=]
/ /

Scintillator

Prompt signal
‘:.—7‘—\.\ Delayed
signal

IBD coincidence signature
- almost background-free

N in [10cm R, 100keV] bin

N
o o
W ri
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CrSOX

Activity: 10 MCi
Fiducial radius: 3.3 m
1% source error

1% FV error

1% background error

T TTTTI

T IIIIII|

CeSOX
Activity: 100 kCi

T

CrSOX: 95% C.L.

-~ CrSOX: 99% G.L. Fiducial radius: 4 m

CeSOX: 95% C.L. 1% source error
CeSOX: 89% C.L.

Anomalies: 95% C.L. 1% FV error

|77 Anomales: 99% CL. no relevant background
2x102  3x1072

2x107  3x10™
sin’20,,

- SOX could discover/exclude best fit value at >50

- 95% C.L. region of anomalies can be covered

R. Bruce Vogelaar - el - - Nov 3, 2014



Precision and/or Mult-task Detectors

Luminosity
+

S_NO_ CNO
JINPINg Transition Region
JUNO also
Cryogenic Dark matter
CC hybri d Proton De_cay

| Geoneutrinos
CC scintillator SN monitoring

etc...
yet funding and time-scales remain daunting....

R. Bruce Vogelaar - - = a.—:—a—;—i—:—!_
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Wick Haxton captured it this way:

summary

CN Vs, primordial metallicity
solar system formation

solar
neutrino
puzzle

precise tests of luminosity,
solar variability

precise tests of oscillations:
matter, new interactions

Nov 3, 2014



Gabriel Orebr Gann
captured it this way:

Physics Beyond the SNP

(1) Searching for new physics:

Ve survival probability shape

(2) Understanding stellar formation:
The metallicity of the Sun’s core

(3) Confirming MSWV:
The Day / Night effect

(4) Probing energy loss/generation mechanisms:

Neutrino luminosity (Lv)

(5) Searching for symmetry:
Precision flux & oscillation
parameter measurements

rrrrrrrrrrrrrrr



Experimental Program

® Elastic Scattering detection

® |arge-scale water Cherenkov
® |arge-scale liquid scintillator

® |norganic scintillator
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Large-Scale WGD

Super-Kamiokande
Super-Kamiokande Combined analysis of SK I-IV
AN PRL 112 (2014) 091805

- S S <20

-

2 gq%ﬂ |
:g,zo;
g |
-40r

5 10 S |-
Recoil Electron Kinetic Energy (MeV)

ApN = -3.2%
+ [.] (stat)
+ 0.5 (syst)

=270



Large-Scale WCGD

Super-Kamiokande
Super-Kamiokande Combined analysis of SK I-IV

\ PRL 112 (2014) 091805

~20 , .
L
| Ottt ﬂ.,, | Abn = -3.2%
9, + .1 (stat)
5 | Jr + 0.5 (syst)
“L | =270
i Recoil Eleét?on Kinetic E1r?ergy (MeV)

...  ® 0.99e6T (20* Super-K)

~ .~ ® 1750 mwe depth

~~ e [15,000 8B ES / year

Y e 05% sensitivity to D-N amplitude variation
N S ® 40 confirmation of MSW arXiv: 1309.0184



High stats

Large-Scale L.S: Borexino WfLow h

Low bkg

Target: 300 tons of liquid
scintillator confined by
nylon vessel of R=4.25 m

Unprecedented low LS background!

non-scintillating buffer

stainless steel sphere
6.85 m in radius
2212 inward-facing PMTs

<0.8 counts per [ 238U < 8 x 10-%° g/g (2'“Bi-%!*Po)
year /100t! { 232Th <| x 10-'8 g/g (2!2Bi-2?Po)
2108 =20 + 5 cpd/100t
8Kr <5 ¢pd/100t

outer water tank

2.8 kt of water, 9 m radius
equipped with 208 PMTs
for Muon Cherenkov Veto




%High stats
. . Low t/h
Large-Scale LS: Borexino ™00

Target: 300 tons of liquid
scintillator confined by
nylon vessel of R=4.25 m

Unprecedented low LS background!

non-scintillating buffer

stainless steel sphere
6.85 m in radius
2212 inward-facing PMTs

<0.8 counts per [ 238U < 8 x 10-%° g/g (2'“Bi-%!*Po)
year /100t! { 232Th <| x 10-'8 g/g (2!2Bi-2?Po)
2108 =20 + 5 cpd/100t
8Kr <5 ¢pd/100t

outer water tank

2.8 kt of water, 9 m radius
equipped with 208 PMTs
for Muon Cherenkov Veto




High stats
Low t/h

Large-Scale LS: Borexino ™00

Target: 300 tons of liquid
scintillator confined by
nylon vessel of R=4.25 m

Unprecedented low LS background!

6.85 m in radius
2212 inward-facing PMTs

<0.8 counts per [ 238U < 8 x 10-%° g/g (2'“Bi-%!*Po)
year /100t! { 232Th <| x 10-'8 g/g (2!2Bi-2?Po)
2108 =20 + 5 cpd/100t

outer water tank
85 2.8 kt of water, 9 m radius
Kr < 5 CPd/ I OOt equipped with 208 PMTs
10° for Muon Cherenkov Veto
7 B —— Fit: 3/NDF =99/95
e —— "Be: 470419
10 e ':oxx. 246+32
BLY6E26
— 1 280+04

PP, pep, CNO (Fixed)

Event Rate [evt /(1000 keV x ton x day)|

N\

102 A A A l A A A l A A A A A J_X A A l A A A l A A A
200 400 600 800 1000 1200 1400 1600
Energy [keV]

Phys. Rev. Lett.
107:141302 (2011)



High stats
Low t/h

Low bkg

Large-Scale LS: Borexino

Target: 300 tons of liquid
scintillator confined by
nylon vessel of R=4.25 m

Unprecedented low LS background!

non-scintillating buffer

stainless steel sphere
6.85 m in radius
2212 inward-facing PMTs

year /100t! | 232Th <I x 10-'8 g/g (?'?Bi-2'?Po)
2108] =20 + 5 cpd/100t
8Kr <5 ¢pd/100t

7B —— Fit: */NDF = 99/95
e —— "Be: 470419
— R 246+32

MBI 406426 ( : N O
— 280404

PP, pep, CNO (Fixed)

N //Pep

<0.8 counts per { 238U < 8x 1029 g/g (?'“Bi-2'“Po)

outer water tank

2.8 kt of water, 9 m radius
equipped with 208 PMTs
for Muon Cherenkov Veto

10°

10

Event Rate [evt /(1000 keV x ton x day)|

102 adoa oo s a1 Ak ) | sesssssssss YC rate wE7 0 eeeeeiiaan “C rote =~ 2.5
200 400 600 80 1000 200 vigl = 3.23 -eveenens " cmo v xate « 1.6
Ener \Y g
2y [keV] .
Phys. Rev. Lett.

107:141302 (2011)

10"

—

Events / (day x 100 tons x 10 keV)

J. 5 ’.' : '.‘-_.. ........ J.\‘L N l l.
800 1000 1200 1400 1600
Energy / keV

Phys. Rev. Lett. 108:051302 (2012)
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High stats

Low t/h
Low bkg

Large-Scale LS: Borexino

r .|

Unprecedented low LS background!

Target: 300 tons of liquid
scintillator confined by
nylon vessel of R=4.25 m

non-scintillating buffer
stainless steel sphere

6.85 m in radius
2212 inward-facing PMTs

<0.8 counts per [ 238U < 8 x 10-%° g/g (2'“Bi-%!*Po)
year /100t! { 232Th <| x 10-'8 g/g (2!2Bi-2?Po)
2108 =20 + 5 cpd/100t

outer water tank
85 2.8 kt of water, 9 m radius
Kr < 5 C Pd/ I OOt equipped with 208 PMTs
10° for Muon Cherenkov Veto
= 7 —— Fit: )/NDF =99/95
-é' Be — "Be:4704 19
£ 10 e ':’xx. 246+32 ré/d.of. = 172.3/147
“BL406126
> — 1C: 28004 C N O —— pp v: 144 + 13 (free) = 210Dg: 583 + 2 (free)
g PP. pep, CNO (Fixed) - "Bev: 462 + 2.1 (constrained) = “-CZ 398+09 (constraned)
= 1 e —— pep v: 2.8 (fixed) ~— Pile-up: 321 + 7 (constrained)
S P P = CNO »: 5.36 (fixed) —— 210Bj: 27 1 8 (free)
3 g, / - = 214pp: 0.06 (fixed) = 85Kr: 1 + 9 (free)
o -
_,E 10 104 o,
‘_é % Spoctrum of oyonts in FV pPp v I I '4/0 Stat+SySt
o -~ Spoctrum afyfor TFC votoos s 10° - /
102 Laa ol o\ TR A Y - “C rate =7 00 eeecccccas “C rate = 2.5 _8 /
200 400 600 g)gr [klgf)? % pop vEayh = 3,13 ceeeeeens * CHOvrate = 7.6 'g 102
= § 1 * 40 Synthetic o CNO»
Phys. Rev. Lett. A T Ay 4 8 pile-up |
SO . SO A - — 1 }
107:141302 (2011) » &
>~ ) ° 10"
i 107} 3
~ S N ¥ s T | n
K i el N @ HTF-.. c
- - P — .. ® 10°
E \ w
- R T P T TR 104
Energy / keV

Phys. Rev. Lett. 108:051302 (2012) 10950 500 250 800 350 400 450 500 550
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Large-Scale L.S: SNO+
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Large-Scale LLS: SNO+
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Large-Scale LLS: SNO+
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Large-Scale L.S: SNO+

g Depe, Faet of Standard Rock 3
3l o 2000 4000 6000 8000 10000 | F . ) . L
| r Analytically generated spectra with 5% \E resolution 10° ggm
1 v
- = 10* g & 7Be v
' T E-. S n u —— CNO+210Bi
: |2 WSNO+ == --
S pep 10% - -
: S10% - be7 ] A N
i » = - b8 L ; W e
‘ e F N e cno i1\
03 £ > B F T I TTTTTTTrrTS c11-decays S :._.._‘.:' '._‘-h- _______
: e - : C arn S T U
» Tk -
- C 2 : i
[ 2 C :i 10 E L
10" 3 3 S 10 H T, -
. x = i T 10"
< - : QT R E
o - : e, S
e 1 :
10" 5 — 0 = ! M 1 1E
E E C ] ::- "- -'."-. -
> L E ' [ R R 1T !
o ! H S E 1
o 10-1 hedennd | Ldil | [ | [ [ ] | [ - | [ | [ | [T - | 1 > |
0 02 04 06 038 1 1.2 14 16 1.8 <10°
- 1 visible energy [ ® PP
! s
0 2000 <000 600 8000 §‘° =
oY are wale 03 y 2 <
Depth, metars water equivalent 210 ]4}~C

® | year livetime 85K r
® 50% fiducial volume (negligible external bkg) :

® Assuming Borexino-level purification level !

- III:IIIIXIIIIIIIIIII
0 01 02 03 04 05 06

‘!1

07 08 09 1
E (MeV)

(pp dependent on 1#C, 8°Kr)
( CNO dependent on *1Bi)




Large-Scale LS

® 50kT LS (30kT FV solar), 30% coverage
® Unprecedented statistics at low energy
® 30 discovery potential for 0.1%-amplitude
temporal modulations in ’Be flux
® CNO detection
® Low-energy 8B spectrum (+ CC on '3C)



Large-Scale LLS "Low thh

JUNO

Steel Tank
Water seal
20kt water
6kt MO

~15000 20" PMTs
coverage: ~80%

- L4500 20" VETO PMTs

® 20kT LS detector
mmmmmmmss + @ 700m rock overburden
® Goal of 3% /+/E resolution

Current JUNO

® 50kT LS (30kT FV solar), 30% coverage
® Unprecedented statistics at low energy

Am?y, ~3% ~0.6%
® 30 discovery potential for 0.1%-amplitude Am?, 50, 0.6%
temporal modulations in ’Be flux sin26,, 6% 0.7%

® CNO detection $in20,+ 20% N/A

® Low-energy 8B spectrum (+ CC on '3C)

sin20;, | ~14%> ~4% | ~ 15%




Inorganic LS
LNe (CLEAN):

High stats A
L t/h -1 Scale
ow Background-free

Low bkg fiducial volume

= %=level (ES) pp measurement



Inorganic LS

LNe (CLEAN):

High stats
Low t/h go;l(_ Scalne L
Low bkg ackground-free

fiducial volume

= %=level (ES) pp measurement

r--------
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Liquid xenon
(XMASS, LZ):

T-scale experiments
Requires *100
depletion of '3%Xe




Inorganic LS

LNe (CLEAN):

High stats
Low t/h go;l(_ scale ”
Low bkg ackground-free

fiducial volume

= %=level (ES) pp measurement

LBNF [] High stats
® 40kT LAr [7] Low t/h
e + 50kT WCD? - p5 Low bkg

e CC on ®Ar, E4, = 5MeV

r--------

ve + 0 Ar - OK* 4 e

Transition Rate (evts/day)
Fermi 31
Gamow-Teller 38

1dEig0e
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Liquid xenon
(XMASS, LZ):

T-scale experiments % = =
Requires *100 :
depletion of '3%Xe



VWARAAN
FASANAY

LENS

ject '°In bkg (need 10'' rejection)

CC Detection

T = 4761u5
Ly 4(115keV) + 7(497keV) + 1158n
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owoke GG Detection: LENS

T =476 ~(115keV) + v(497keV) + 1158n

- Delayed triple coincidence helps reject ''>In bkg (need 10'' rejection)

- Q = | 15keV :95% of pp spectrum

- Segmentation helps reject ext bkgs
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WLow ble The ASDC

ASDC: Advanced Scintillation Detector Concept (see ASDC talk, Monday, ). R. Klein)

Water Cherenkov = water-based LS Nucl. Inst. & Meth.A660 51 (2011)
http://underground.physics.berkeley.edu/VWbLSWorkshop.html

Load large water Cherenkov detector with e.g. ’Li for CC interaction
“Salty water Cherenkov detectors” W.C. Haxton PRL 76 (1996) 10


http://underground.physics.berkeley.edu/WbLSWorkshop.html
http://underground.physics.berkeley.edu/WbLSWorkshop.html

Low t/h
[ﬁLow bkg Th@ ASDC
® ASDC:Advanced Scintillation Detector Concept (see ASDC talk, Monday, . R. Klein)

® Water Cherenkov = water-based LS Nucl. Inst. & Meth.A660 51 (2011)
http://underground.physics.berkeley.edu/VWbLSWorkshop.html

® Load large water Cherenkov detector with e.g. ’Li for CC interaction
“Salty water Cherenkov detectors” W.C. Haxton PRL 76 (1996) 10

e Electron ES
= Muoon / tan ES

—— e

. S -
section (10 em#)

Differential cross

.....
..........

Electron Kinetic Energy / MeV

—

Cross section from W. C. Haxton
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Low t/h
ﬁLow bkg Th@ ASDC
® ASDC:Advanced Scintillation Detector Concept (see ASDC talk, Monday, . R. Klein)

® Water Cherenkov = water-based LS Nucl. Inst. & Meth.A660 51 (2011)
http://underground.physics.berkeley.edu/VWbLSWorkshop.html

® Load large water Cherenkov detector with e.g. ’Li for CC interaction
“Salty water Cherenkov detectors” W.C. Haxton PRL 76 (1996) 10
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The ASDC

Events/ 0.05 MeV

Water Cherenkov = water-based LS
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ASDC: Advanced Scintillation Detector Concept (see ASDC talk, Monday, ). R. Klein)

Nucl. Inst. & Meth.A660 51 (201 1)
http://underground.physics.berkeley.edu/VWbLSWorkshop.html

Load large water Cherenkov detector with e.g. ’Li for CC interaction

“Salty water Cherenkov detectors” W.C. Haxton PRL 76 (1996) 10
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Is ultra-clean segmentation possible?
NulLat

LENS detector design.
Applied to reactor neutrinos
Potential for other applications?
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