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A one-page tutorial on
coherent v-N scattering

® Uncontroversial Standard Model process
® | arge enhancement in cross-section

for E,, < few tens of MeV

(0 = N2, possible only for neutral current)

® However, not yet measured... detector technology
has been missing.

Detector mass must be at least ~1 kg (reactor
experiment) + recoil energy threshold << lkeV

(low-E recoils lose only 10-20% to ionization or scintillation)

® Cryogenic bolometers and other methods
proposed, no successful implementation yet

Cabrera, Krauss & Wilczek
Phys. Rev. Lett. 55, 25-28 (1985)
(prehistory of CDMS detectors)

qR«1

long wavelength
"sees" all nucleons
simultaneously

O o< N2

‘V (up to few tens of MeV)

initial and final states
are indistinguishable
(coherence possible)

recoil ~ few tens of eV
for targets of interest

Fundamental physics:

® Largest o,, in SN dynamics: should be
measured to validate models @r. wilson, PRL 32 (74) 849)

® A large detector can measure total E and T of
SN v, V. = determination of v oscillation

PG'H'ern and mass OF v star (J.F.Beacom, W.M.Far & PNVogel, PRD
66(02)033011)

® Coherent o same for all known v...
oscillations observed in a coherent detector

= evidence for v (A.Drukier & L.Stodolsky, PRD 30 (84) 2295)

sterile

® Sensitive probe of weak nuclear charge
= test of radiative corrections due to new
physics above weak scale (mxrauss, pL8 269, 407)

® More sensitive to NSI and new neutral bosons

than v factories. Also effective v charge ratio
(3. Barranco et al., hep-ph/0508299,hep-ph-0512029

® 5 critically depends on My: observation of

SM prediction would increase sensitivity to My,
by > an order of magnitude (acoodd et ai, pL8 266 (91) 434)

Smallish detectors... "v_technology”?

® Monitoring of nuclear reactors against illicit operation
or fuel diversion: present proposals using conventional
1-fon detectors reach only > “3 GWt reactor power

® Geological prospection, planetary tomography...
the list gets much wilder.
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recoils / 100 eV / kg / day
D

| Expected number of neutral-current nuclear recoils in several gases
\[} from a typical reactor neutrino flux and spectrum (10"3vem =257
Gas Recoils/kg/day of which of which
] Ee<1keV Eee< 100eV
% He 8.1 35 0.6
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A
0.2 0.4 0.6 0.8 1
electron equivalent energy (keV)
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physics above weak scale (mxrauss, pL8 269, 407)

® More sensitive to NSI and new neutral bosons

o108 :—%N(MM] ~ Improved sensitivity to than v factories. Also effective v charge ratio
E — v magneﬁc moment (3. Barranco et al., hep-ph/0508299,hep-ph-0512029
% el ; " .
= UF NS (reactor experiment) ® o critically depends on u,,: observation of
% = : ., : e
% it f SM prediction would increase sensitivity to My,
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2005:
Geoneutrinos
detected.

Dawn of
the applied
neutrino
physics era?
Applied Anti-
Neutrino Physics
Workshops
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! 3o cm Polyethylene

Muon Veto

20 cm Pb

- [ 10 kg ME HPGe array
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counts / keV kg day

CoGeNT:

neutrino &
astroparticle physics
using large-mass,
ultra-low noise

germanium detectors

(ANL, CANBERRA, LLNL,
PNNL, SNL, UC, UW)

New PPC HPGe

JCAP 09(2007)009

Applications:
eLight Dark Matter
eCoherent v detection

*Bp decay (MATORANA)
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Extensive constraints on DAMAs claim:
e Light WIMPs

e Dark scalars

e Dark pseudoscalars



One should always start with the foundations:
sub-keV recoil calibrations at ’rheJ(ﬂ?U TRIGA reactor
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One should always start with the foundations:
sub keV recoil callbra’rlons at ’rhe KSU TRIGA reac’ror

Ti post-filter “switches off” the recoils,

leaving all backgrounds unaffected

_ SPEC 4 deconvolutlon
5 :‘ T
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Kavli Institute

for Cosmological Physics

energy (keV)

lonization

Quenching factor measurement @
for recoils at discrete angles “7%

L L] L El l ] L L
- T ‘o‘. o
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- § ‘.c‘.-
i : Ap“a .
e 3

....................................... 4?
- ot A inélastic n scattering (Jones and Kraner 71) 1
= L | elastic n scatiering (Massous et al. 95) -
L _$ L3 thermal n capture (Jones and Kraner 75) -
=~ ®  elastic n scattering (this work) o ,
- eesscsee. Lindhard theory (k= 0.2) GREr: i

L L L 1 1 1 :l l L L Prelparaj.ion

Gidii 0T 1 4
recoll energy (keV)

IV

«Measurements of ionization from nuclear recoils in Ge is in excellent

P.S. Barbeau

agreement with the Lindhard theory prediction.

IEEE NSS, October 27- November 3, 2007



Other nice features brought by the point contact:

That was then... ////

LI |

- (follows charge arrival)

TTTTIITTT]TTTTIYTTI]TTTT TTTI[TITTITTTTITITT[

~ TOP: preamp trace &
‘BOTTOM: 10ns int.+ diff. TFA

D\

f \\ P+ Contact
N+ Contact

~L

Coaxial Ge Detector Configuration

_l111llllllll11llllllllll—_llllllllllllllllllllllll

~ Limited ability to
: distinguish
singles. from multipl

(one bump or two?)

Ch1d  100mYy Chzy 100mY

M 400ns 1.25GSks S00psit
& Ch1 ~ -120mY




This

IS now.

rrrryrrrrrprrrrprrrrPrTrrd

L

~ Different hits get

rrrryrrrryprrrrprerrTrprrd
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LI I U B L O
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Ch1d  100mY @ Chzd  100mY <

M 400ns 1.25GSks
& Ch1 ~ -120mY

S00psht

$80

All this with
optimal energy
resolution and
charge collection

(and one channel)




amplitude of averaged preamplifier traces (a.u.)

_
o
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What is happening?

-

similar |
\ \ charge !
\ \ trajectories

! -

standard coaxial HPGe

#'Am collimated 59.5 keV gammas

N+ / i
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amplitude of averaged preamplifier traces (a.u.)

radial. ™ s ~
degeneracy = ~. ~

in multiple ~~ ~ %
depositions is broken Ef—_ p
‘canacitance
{(and noise)
drops with
size of p+

gradient of impurities electrode

(provides axial drift)

P-type modified electrode \

#!'Am collimated 59.5 keV gammas

0 —
10 Ne /
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-600 400 -200 0 200
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Detectors stu

m

U. Chicago (PPCI)
PNNL (PPCII)
LBNL (SPPC)
LANL (MJ70)

ORNL (MJ&0)

U. Chicago (BEGe)

ORNL (Big BEGe)

MAJORANA PPCs

50 mm & x 44 mm
50 mm & x 50 mm
62 mm & x 44 mm
72 mm & x 37 mm
62 mm & x 46 mm
“standard”
20mm & x 10 mm

90 mm & x 25 mm

BP signal is single-site

Many backgrounds are multiple-site1so

460 g
527 g
800 g
800g
740 g
450¢g
179

850¢

1.82 keV

2.15 keV
2.1 keV

2.15 keV

Canberra

counts / (0.8 keV

20K

Raw Th spectrum

I sssnsssss Aftor TFA peak count + width cu

interaction mteraction

mostly multiple-site j single-site (DEP)

100

~97% BR
demonstrated

5

e

Mﬁ

1.55 1.6 1.65

energy (MeV)
Move to commercial “BEGe”
detectors (quasiplanar PPCs)

18 PPCs on order for
MAJORANA demonstrator (60kq)
(six already at LANL)

Crystal storage underground
following characterization
(summer 2009)




MAJORANA as a DM detector

10" ¢

. Light WEMPs (e.q. riw\ssm)
:i" 10° Simulated M2
;: o [ low-energy background
£ (P.S.Barbeau Ph.D. Diss.)
S ;ﬁnngaﬂg,-‘&hﬁ, S

10° £

0 5 10 15
energy keV

10'1....,....L..

20

100 eV \
~

3 ~N
H limit

Majorana: demonstrato
(120 kg-yrs)
15 days exposure to

cosmogenic activation
| | | I |
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oe [o)}

—_ T T TTT T Illlmll llllml] IIHml] Illlm|| Illlllq TTTITm

10

100
m (GeV/CZ) NMSSM right-handed sneutrino

arXiv:0903.4677v1

Pseudoscalars etc. (a.k.a.“superWIMPs")

yJORANA-demonstrator

«a ENergy resolution is key:

5

IS

MAJORANA PPCs

3 /
’ DAMA
1 /

2 4 6 8 10 B (keV)
PRELIMINARY
N —
i “DAMA _
E_\ > (corrected & disputed) .

1 10
m_ (keV)



Front End Electronics

Pulse Reset Resistive Feedback
COGENT front ends

(U_Chicago/ANL)
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Front End Electronics

Pulse Rese

COGENT front ends
(U_Chicago/ANL)

X-ray Counts

State-of-the-art

—_— Fo'r 1 pF detectors
|
: 1982 detector
1 a
]
i & Carbon K
[
500 { 4
[
2 Z 1996 detector
] ¥
/J
. --' o runa
o T ' . ..-?-- ‘. '
0 200 400 600
Energy (eV)
We can do

FWHM? (keV?)

0.001 et 1

.
-
-'-
o
e
-------
o
-’
o

-'-

P

shaping time (us)

much better!

upgrade

BEGe-I
BEGe-II

Electronic noise must be
eliminated
at the hardware level.

Design ) i@:
u e C

istive Feedback

bottom top

There is no other way around it

(arXiv:0806.1341)




SONGS-III deployment

SONGS
UNIT 2
Reactor
3.4 GWt




“Tendons” ! SONGS deployment

HDPE Lumber <

Muon Veto [

Ge Detector Inside
AC Veto

BaDAss
(Background Detector Assembly)

Ground
level




Backgrounds well-understood SONGS deployment

~30 m.w.e. equivalent

“Clean” (outside of containment)

Additional fast n and Rn channels to be added
10

Physics of Atomic Nuclei, 2006, Vol. 69, No. 8, pp. 1263-1298. B U L L L L L
1,(h), J(h) -
muon rate @ SONGS X
2 -—
10°¢ ‘\J_(O) 190 —16.6% of surface (UC) i RX off | RX on
B \ H
QA—X\J(X)=0. 166xJ(0) i 2063 +/- 67 1920 +/- 86
I N - *++++***+++++.+++++"‘++++*+++
1L
10% +++++++++++++++++++++++++++
100 = .
5 |
0 - o B H
B 2 ! Absence of reactor-related
[0 _
= backgrounds
L 3 i
10—1 1 X 1 1 1 1 1 1 1 1 ) o
0 20 40 60 80 100 2 } 4 t 1
x2.6to converttomw.e.=~32mw.e. hm o ++++ ++ bt +++++++++++++ B
Fig. 2. Vertical muon intensity I, (k) [m~2s~! sr™!]and C 98.1 +/- 12 94.5 +/- 11 )
the integral muon flux J(h) [m~2 s~!] vs. the standard - ;
rock overburden thickness h. E
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F UG surface . - thermal neutrons
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,,% 107 %
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° {Cp\t\ v
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Backgrounds well-understood SONGS deployment

~30 m.w.e. equivalent

W 7] . H 6
Clean” (outside of containment) il P—
(removed via PSD)

Additional fast n and Rn channels to be adfled

Physics of Atomic Nuclei, 2006, Vol. 69, No. §, pp. 1293-1298. 103 kev
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The bottom line:

e Have met our background goals.
Factor 72 larger background
than CDMS, at 30 m.w.e.

Expected anti-nu signal (resolution folded in)

e Demonstrated long-term stability, [ / ‘T ' ' ' '
absence of RX-associated -
backgrounds. [ & _
_ 150 | i i
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Reactor Monitoring: Right technological timing
(HPGe technology flourishing:
segmentation, encapsulation, arrays and (silent) mechanical cooling)
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Reactor Monitoring: Right technological timing
(HPGe technology flourishing:
segmentation, encapsulation, arrays and (silent) mechanical cooling)

_— Measurements with a BEGe2020 detector
With CryoPulse 5 ON & OFF \ Vs shapmg time
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New generation of recondensing Dewars add /

almost no microphonic noise and need topping {not refilling)
every ~ 1lyr (can be filled from N2 gas cylinder!)

Ideal for reactor deployment.
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11 kg,
encapsulated,
single cold finger

A reality
fast approaching?

SONGS
UNIT 2

Reactor
3.4 GWt

(CANBERRA) it 100 eV threshold,

the equivalent

of a few tons of
liquid scintillator

(plus an additional
x10 in rate beyond!)
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FWHM resolution : < 2.3 keV
Efficiency: > 55%
Alu wall thickness: 0.7 mm
Cap-to-Ge distance: 0.7 mm.
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