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•  Standard	
  Model	
  Process	
  
•  Independent	
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  flavor	
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•  Never	
  Been	
  Measured!	
  
•  MN	
  >>	
  Eν	
  	
  &	
  4	
  momentum	
  
conservaFon	
  dictates:	
  

	
  
	
  
	
  

	
  

	
  
	
  

CNS:	
  Recoil	
  Energy	
  Scales	
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InteracFon	
  Products	
  
Semiconductors	
  

Exploring Low-Mass Dark Matter Candidates Workshop Richard Schnee 

CRESST Cryogenic Detectors 

  Target crystals operated as 
cryogenic calorimeters (~10mK) 
  energy deposition in the crystal: 
→  mainly phonons 

•  temperature rise detected with                 
W-thermometers 

•  measurement of deposited energy 
E (sub keV resolution at low energy) 

→  small fraction into scintillation light L 
(characteristic of the type of particle) 

  Separate cryogenic light detector 
to detect the light signal 
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CoGeNT:(
•  (P*type(point(contact((PPC)(Ge(detectors(

•  Minimizes(detector(capacitance(allowing(for(low(
energy(thresholds((~0.4(keVee)(

•  Designed(for((for(Majorana,(looking(for(0νββ(decays(

•  Also(can(be(used(to(search(for(low(
mass(WIMPs(

•  Recent(results(from(440(g(PPC(
operated(at(Soudan(

•  hQp://arxiv.org/abs/1002.4703(
(2010)(

•  Earlier(results(from(shallow(site:(

• ((Aalseth(et(al.,(PRL,(101,(251301(
(2008)(

CoGENT	
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CNS	
  Measurement	
  via	
  scinFllaFon	
  simply	
  not	
  
possible	
  due	
  to	
  small	
  branching	
  raFos	
  	
  



1)	
  Direct	
  IonizaFon	
  Measurement	
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What is happening? �

•  With	
  a	
  large	
  external	
  E-­‐
Field,	
  separate	
  e-­‐/h+	
  pairs	
  
and	
  drid	
  to	
  electrodes	
  	
  

•  Huge	
  Advance:	
  PPC	
  
Geometry	
  
•  Shrink	
  instrumented	
  

electrode	
  to	
  lower	
  
capacitance	
  

•  Majorana	
  Family	
  
•  CoGENT	
  
•  Malbec	
  



Impressive	
  Energy	
  Threshold	
  

CoGeNT:�
neutrino & �
astroparticle physics�
using large-mass, �
ultra-low noise �
germanium detectors�
(ANL, CANBERRA, LLNL, �
PNNL, ORNL, SNL, UC, UNC, UW) 
(mostly a tentacle of MAJORANA)�

Conventional �
HPGe coaxial �
detector�

PPC HPGe�
~400 eV threshold, �
working on �
further reduction �

PRL 101 (2008) 251301 �

Extensive constraints on DAMA’s claim: �
•  Light WIMPs �
•  Dark scalars �
•  Dark pseudoscalars�

PPC HPGe�

JCAP 09(2007)009 �

Applications: �
• Light Dark Matter�
• Coherent ν detection �
• ββ decay (MAJORANA) �

J.I. Collar, DM10 Santa Monica �J.	
  Collar	
  

ee	
  

IonizaFon	
  Energy	
  	
  (keVee)	
  



IonizaFon	
  Suppression	
  in	
  Nuclear	
  
Recoils	
  

Electron	
  Recoils	
  

Nuclear	
  Recoils	
  

N
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d	
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Yi
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d	
  
(Q
/E

r)	
  
	
  

Ge	
  

Recoil	
  Energy	
  or	
  Er	
  (keVr)	
  

•  A	
  400eVee	
  electronic	
  
recoil	
  energy	
  threshold	
  
corresponds	
  to	
  a	
  2keVnr	
  
nuclear	
  recoil	
  energy	
  
threshold	
  

•  SuperCDMS	
  and	
  
Edelweiss	
  use	
  this	
  
fact	
  to	
  disFnguish	
  
nuclear	
  recoils	
  from	
  
electron	
  recoils	
  



CNS	
  Recoils	
  are	
  Really	
  Small!	
  

ATR:	
  
110	
  MW	
  
11m	
  from	
  core	
  	
  

Ge	
  IonizaFon	
  detectors	
  must	
  improve	
  energy	
  
threshold	
  by	
  ~x2	
  



2)	
  Phonon	
  Measurement:	
  	
  
Thermal	
  Detectors?	
  

•  100%	
  of	
  Recoil	
  
Energy	
  Measured!	
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Thermal	
  Detectors	
  
•  SensiFve	
  to	
  crystal	
  heat	
  
capacity,	
  CSi	
  	
  

•  Slow:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ~500ms	
  ⌧fall /
CSi

GPb

Formaggio,	
  Figueroa-­‐
Feliciano,	
  &	
  Anderson	
  	
  
(Arxiv:1107.3512)	
  
	
  

Thermal	
  phonon	
  
detectors	
  not	
  ideal	
  for	
  
Reactor	
  Experiments	
  



Athermal	
  Phonon	
  DetecFon	
  Principles	
  
•  Become	
  insensiFve	
  to	
  
absorber	
  heat	
  capacity	
  (250g	
  
Si	
  /	
  750g	
  Ge)	
  	
  by	
  collecFon	
  
and	
  concentraFon	
  of	
  
Phonons	
  

•  FallFme:	
  150us	
  (Si)/750us	
  
(Ge)	
  

•  More	
  Complex	
  =	
  More	
  losses	
  
– TheoreFcal	
  Max	
  Efficiency:	
  
40%	
  

– SuperCDMS	
  Efficiency	
  (εp):	
  
10-­‐15%	
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Best	
  SuperCDMS	
  Energy	
  ResoluFon:	
  S12C	
  

S12C	
   Tc	
   Measured	
  
FWHM	
  	
  /	
  Threshold	
  

Flat	
  
FWHM	
  	
  /	
  Threshold	
  

Side	
  1	
   62-­‐69mK	
   102eV	
  /	
  301eV	
   55eV	
  /161eV	
  

Side	
  2	
   96-­‐105mK	
   175eV	
  /	
  518eV	
   143eV	
  /427eV	
  

Lots	
  of	
  Noise	
  Work	
  in	
  
the	
  future	
  



S12C	
  
Low	
  Tc	
  



Phonon	
  SensiFvity	
  with	
  Tc	
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We’ve	
  just	
  recently	
  begun	
  
to	
  stably	
  fabricate	
  
50-­‐70mK	
  W	
  Films	
  for	
  
SuperCDMS	
  SNOLAB	
  



Phonon	
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UCB	
  just	
  commissioned	
  
fridge	
  with	
  base	
  =	
  20mK!	
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Why	
  Such	
  Huge	
  Tc	
  Dependence?	
  

For	
  t<250us,	
  all	
  channels	
  
have	
  same	
  phonon	
  response	
  

�E � AAl|vs puck|
lpuck

Model:	
  at	
  long	
  Fme	
  scales,	
  
homogenously	
  distributed	
  
ballisFc	
  phonons	
  bounce	
  around	
  
in	
  the	
  crystal	
  unFl	
  they	
  are	
  
collected	
  by	
  the	
  Al	
  collecFon	
  fins	
  

•  BallisFc	
  phonon	
  collecFon	
  Fme	
  
>>	
  TES	
  fall	
  Fme	
  

•  ωphonon	
  collecFon	
  <<	
  ωtes	
  	
  
•  Bandwidth	
  mismatch!	
  

Direct	
  TES	
  
ExcitaFon	
  

Summed	
  
Phonon	
  Pulse	
  



3)	
  Indirect	
  IonizaFon	
  Measurement	
  via	
  Luke	
  Phonons	
  

•  	
  Luke-­‐Neganov	
  Gain	
  

	
  
•  Field	
  Emission	
  	
  
•  Current	
  Devices:	
  	
  Eb	
  <	
  25V/cm	
  	
  Why?	
  	
  	
  	
  	
  	
  	
  

(75V	
  for	
  1”	
  iZIPs)	
  
•  Single	
  e-­‐/h+	
  sensiFvity	
  requires	
  

phonon	
  trigger	
  threshold	
  of	
  ~75eVp	
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PJV. Luke et al . / Cal or i met r i c i oni zat i on det ect or

Fi g . 1 . Schemat i c st r uct ur e of t he det ect or .

t i on wi t h t he di ode. One mi l di amet er br ass wi r es act i ng
bot h as el ect r i cal connect i ons and mechani cal suppor t
bet ween t he di ode- t her mi st or and t he subst r at e wer e
at t ached usi ng el ect r i cal l y conduct i ve epoxy [ 7] . The
heat capaci t y of t he Ge at 0. 3 K i s 7. 5 x 10 - ` 1 J/ K
whi l e t hat of t he ot her at t achment s i s est i mat ed t o be
2 x 10 - 10 J/ K. The t her mal conduct ance of t he br ass
l eads i s = 1. 5 x 10- 7 W/ K whi ch gi ves a t her mal
decay t i me const ant of = 1. 8 ms .

The ci r cui t used i s shown schemat i cal l y i n f i g. 2. The
i nput FET of t he ampl i f i er was mount ed i nsi de t he 3He
cr yost at and i s mai nt ai ned at a t emper at ur e of - 120
K. The bypass capaci t or kept t he vol t age acr oss t he
t her mi st or const ant dur i ng a pul se [ 8] . Si gnal s f r omt he
ci r cui t wer e f ur t her ampl i f i ed and f i l t er ed usi ng a
pseudo- Gaussi an shaper wi t h a t i me const ant of 1 . 2 ms .

Fi g. 3 shows spect r a obt ai ned usi ng an 241Amsour ce
wi t h t he det ect or oper at i ng at 0. 3 K. The oper at i ng
4vi edî uons wer e kept unchanged except f or t he di ode
bi as . Li near i ncr ease i n si gnal ampl i t ude wi t h i ncr easi ng
bi as vol t age can be seen. A spect r umobt ai ned wi t h zer o
di ode bi as and wi t h 17 t i mes hi gher ampl i f i er gal a: i s
shown i n f i g. 4. Wi t h zer o bi as, t he det ect or act ed as a
passi ve cal or i met er . The noi se of t he syst em as mea-
sur ed usi ng an r ms vol t met er connect ed t o t he out put of
t he shapi ng ampl i f i er r emai ned const ant wi t h i ncr easi ng
bi as unt i l I /d > 140 V at whi ch poi nt t he noi se began t o
i ncr ease shar pl y, pr esumabl y due t o t he onset of exces-
si ve l eakage cur r ent ( f i g. 5) . The maxi mumsi gnal - t o-
noi se r at i o, obt ai ned at Vd = 140 V, cor r esponds t o an

i ct aYOl l l t , : a i zc of 160 el l FWHM.
Based on t he val ue of dR/ dT of t he t her mi st or and

t he heat capaci t y of t he det ect or , i t shoul d be possi bl e
t o obt ai n an avt. waavaaer t r oni mc noi sees l evel. of .'. . : v
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Future	
  R&D	
  
•  IonizaFon	
  Detectors	
  
–  Improve	
  Baseline	
  Noise	
  

•  Athermal	
  Phonon	
  Detectors	
  
– Lower	
  Sensor	
  Tc	
  	
  
– OpFmize	
  Sensor	
  Layout	
  For	
  Energy	
  ResoluFon	
  
– Understand	
  /	
  Remove	
  Excess	
  Phonon	
  Sensor	
  Noise	
  

•  Luke-­‐Neganov	
  Gain	
  IonizaFon	
  
– Understand/Improve	
  Voltage	
  Breakdown	
  
–  	
  Athermal	
  Phonon	
  R&D	
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• Not yet measured!

• Simple elastic scattering of neutrinos on nuclei:

Z0

�

N

�

N recoil
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