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WHY SCATTERING ON NUCLEI?

WHY VERY LOW TEMPERATURE DETECTORS?

COMPARISON OF CRYOGENIC DETECTORS.

SUPERHEATED SUPERCONDUCTING COLLOID DETECTOR (SSCD)

a) PHYSICS OF SSCD;

b) GRAINS: PRODUCTION/SELECTION/QUALITY;
c) IRRADIATION TESTS;

d) ELECTRONIC READ OUT USING SQUID'S.
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1) SOLAR NEUTRINO DEFICIENCY
IS OUR SUN WELL UNDERSTOOD?

ARE NEUTRINO OSCILLATING 7
{F YES, WHAT KIND OF OSCILLATIONS ?

. IF YES, WHAT 1S NEUTRIND MASS 9

2) [IARK MATTER PROBLEM
Is 1T BARYONIC 7 .
IF 1T 1S WEAKLY INTERACTING ARE THIS MASSIVE NEUTRINOS ¢

IF NOT MASSIVE NEUTRINOS THEN :
S-NEUTRINCS, TAJORANA NEUTRINOS, PHoTINOS, SHADOW-MATTER

Axions, FaMiLIONS MAJORONS
MAGNETIC MONOPOLES

||||||||||||||||||

/340 = /975 image of a.rfquly.n'e:.-
.‘k’.""e aboul intevnel stwelvve and evoleliow ?l.sﬁ-n,

However, 3 Grral .reiuvfi/é vevolvlions veve
slovioal Jy < stromoneoys :

1) #inematics of soler SoSlens:

Igcho Brese D Cperwias <> NEWTON
) _”;’uem/k:s‘ o A Selevres escope

Hubble => Bl BANG CoSMHolos
1) Kinomaties "f shews 10 Selevy

Gelavies 1v clustess
DO MATIER => 2 2 2 2

V.C.umn £T AL ARJ, 2383(1B0)471
A.Boswa ,AstrRun.J.256(198D) 1925
FABRICANTESORENSTEIN, W . J 257 (1985)435
S.Kent, prePRINT 2281,0FA, 1936

FABERSSALLAGHER , a1, PEv AsTron, AsTroPrysIcs 17QF79135

HUCHRAZGELLER LA, J. 257 (1933

Press & Davis LAp.J 25901500448

Davis 2 Peesies,Ap,J, 257193205

BarcaiL & Soweira, .0 Ap.J. Suer, S5U9HYG7

BAHCALL % CASERTANO ,”ScMe REGULARITIES IN "1ssing Mass Prosuem™, 145 preprinT 1985
PRIES,UNES, ...V.lapearenr €T AL ,PREPRINT 2731,0FA L1935




M. Goodman, g Witten, phys. Rev. p3t, 3059, (1985)
I. Wasserman, Cornell Preprint DE 3065 (1985)
A. K. ki

. . D. N, Spergel, Phys. Rev. 033,
3495 (1986)

Where M = mass of WIMP, 3

: ndm= mass of target nuclei,
IA] is reduced amplityde

and depends on type of WIMP,
For solar cosmions (L, Hall et al.)

JAl2 (Z+N)2 very large!

For s~neutrinos. massive Dirac ne
A2 % N2

utrinos

!large! L

For Photinos, majorana neutrinas

[Al2 & J(I+1)  rsmayy, only odd isotopes!

f

S-NEUTRINO © COUNT-RATE PER KGADAY

FROM TORL LEAD , TIN , ALUNINIUM

-
-

~N A ea®
T TTTIm

1) . E
IU' g .
& | . -
. A
2 -
' * . : - 3
% 3
L] R 1
4 . . M(GEY)
i 1 i [ Y At
2

A ¥ ] '

LANERS S

Ty

-]

20

-~
o

-
o
L4
-]
-

S-NEUTI.HNO 1 ENERGY DEPOSITION ETH=0, S+EMAX

CALUMINIUH (4) |, TIN (0) AND LEAD

LI RN R T

T T T TTTm

[ Ll Lty 1 It il

H{GEY}
| P

40

+ 0 80 100

-



Y] DRUIER, K.FREESE, B.SAE06LL,
Wevek 1996
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SIGNATURES OF EVEN] DUE TQ WIMP's

Expected nuctear ry ~ail spectrum

. Incident mass target nucisus A
|| '
ot {

"cul off 80 £ = Incident energy x f(M/A)

Variation with material:
(2) coherent Interactions

{b) spin-dependent interactions

Fale x energy

rale

JFMAMJJASOND

NMustraiive form of nuclear recoil spectra, showing
mass~dependent cut-off, expected varlaiton with target
materfal for coherent or spin-dependent inleractlons, and
expecled annual modulat lon dye to earih's orbltal motlon.
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To remedy this situation, one would like a clear signature which distin-
guishes the WIMP aignal from other Sources of background, Drukier, Freese
and Sperge]* showed that, due to the earth’s motijon around th
signal would have An annual sinusoidal mog
Thus, they showed it woyld be poasjble,
data was not pure background®

¢ sun, the WMP
ulation which peaks in late apring.
in principle, to demonstrate that the

toward the usefulness of modulation, In rel.5, modulation was viewed as a method
of confirming » suspected WIMP signal; given this point of view, WIMP detec-
tion requires 5 large signal ¢o Roise ratio, and thys a reliable undentmdinz of
background levela, We argue that modulation can itaelf be used aa the primary
means of detecting WIMPs {rather than as confirmation), even jn the presence

and thus relatively sma| €Toas-sections,

&ppear more Promising than previously
thought, Thus, & clear underlunding of

modulation is important not only in the
analysis of data, but also in the design of experiments,



TYPES OF DETECTORS

Counts 20
1) SEMICONDUCTING: Silicon Germanium

15[ ] S. Ahlen, F. Avignone, R. Brodzinski, A. K. Drukier,

I ! ] G. Gelmini, G. Spergel. Preprint CfA: 2292 (March 1986)

J bt N UM B N R LR ¢ R () { Sensitive oan.y for M > 15 Gev!
O URER VT LR Y T Unsensitive to photinos/majorana neutrinos!

I ! FHIyIh | ]
sl _ 2) HYBRID BOLOMEVERS

[ ] ' A. K. Drukiea, L. Stodolsky, preprint MPI 1982

[ | - ] E. Fiorini, ™ 0. Nitinikoski, Nim 224, 83 (1984)
T P N | d S. H. Mosels,, J. C. Mather, JAP 56, 1257 (1984)

300 s B. Cabrera e* al., Phys. Rev. Lett 55, 25 (1985)
High Debye Temperature Material Absorber + Thermometer
Covnds ad: choice of absorber

T T crystal [high&q, Low atomic number] e.g. B, Si, Al203
refractory metal superconductors (Ir, Os, Rh, Ru,

Mo, W} [high &4, high atomic number]
! i o il AN 3) SUPERCONDUCTING BOLOMETERS!!!

ek SRR (18T _ Absorber is Also Thermometer

: superheated superconducting collojd detector
I ' ] superconductiag tunnel junctions
OOL_L—‘—-L—L I ] |
100 200 300




(ou' émﬁﬂaﬁvg /,;w/zé:/e detec s
WY BOLOMETRIC DETECTORS? |

ther mally- Isolsted volume —

]
The recoiling heavy nuclei are too slow to ionize. snckdent particle @
»
\ N

. recolling nucisus H
Pionization & exp -(3 * Egap/Eexcitation) initiel phonon wave
In Germanium for WIMP'S with M = 10 GeV , scstlarad phonons (thermelsed) ‘7‘?(7{\
Egap = 0.7 ev '

Eexcitation < 0.1 eV

Fig 4-3 Conversion of nuclear recoll energy Lo phonon wave, and
subsequently to a rise in temperature after scattering
and thermalisation of phonon distribution,

Most_of energy goes into tattice vihration.

0 10 20 o0
ENERGY DEPOSITED ou Ce (KaV) 8 80 toa Ho

+ Exnnmn.\‘cl dq‘\‘q o' C'«Sl«u et al.

lo LIR LR | l TETT l ll LILIR | I TTTT I Trri t L] l'] LI B | I TrrF I LI I LR LA l ITrTY
_ ! o Av.vA \-J oy V‘ A‘..lvn\n Aale
4 1 nolse level 0.3 keV
a WITH NO THRESHOLD - voltage
i smma WITH THRESHOLD - signal
1 ‘ J (temperature) |-
i : - L + single 6 keV ghoton
W [ 4 (AT/T= 107 at 0.35K)
e} 3 i
4 :_. r 1 1 1 1 1 1 1
: + . 0 1 2 3 4 5 6
+ 7 time (ms)
- + "I" + .*. h AR e b - N
2p ] Fig4b Temperature pulse produced by 6 keV X-ray in silicon ¥
i ' | {from MacCammon et al [39] ).
o lllllljl'llllljll I ll'll||11|11|4|..I....I,...].,.,-‘ ' e = '5-“:?




suspenaion of super hesled non-inductive coils of
syperconducting granvies fine 3uperconducting wirs
in megnetie field

f (a) terget s thermometer

(b) terget ¢ separsle thermometer

T— @ (oeremmir

¢g: superconducling te

pure crystals (eg Gads, Indy, LiF, BN) reaistive leyer
supercondu:lun(:q MLTH, Nb, Ho, ll)

tunnel junction

yer
implented thermistor

Flg.?, Some allernallve posslblll!tes for scale-up
of calorimetric detection principle.
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CRYOGENIC WIMP'S DETECTORS

TABLE 1:

I Materisl Challenges

Detector Masa

lst generation detectors ("solar cosmions*)

1988

Better SQUID'a
colloid quality

High 2

0.3%K

0.01g

§S5CD

1988

Better thermistors

100 channels

Si

0.1°9K

0.0lg

MC

L -

1989

absorber/thermometer

Specific heat data
coupling

High 2

0.1°K

0.0ig

MC

2nd generation detoators (S-neutripo, massive Dirac neutrino)

1991

0.05°K High 2 Background

100g

85CD

10 channels SQUID's

3rd generation detectors {photinoa)

1992

0.02°K Al, V, Ga  Background

10kg

55CD

100 channels SQUID's

1992

Background read-out

0.01%€ B, Li, F
T < 10 mK

10kg

BFC

MC = microcalorimeters, BPC = ballistic phonon calorimeters

A. K. DRUKIER Fal] 1986

PERHEATED SUPERCONDUCTING COLLO ECTOR: STATE OF ART

ALSO:
L. Stodolsky et al., MP] f.Physik. MUNICH
F.V. Fellltzsch et al,, TU, MUNICH

6. Waysand et al., ORSAY/SACLAY/PARIS/ANNENCY
A, Kotlicki et al., UBC, VANCOUVER

Superheated superconducting colloid detector vel. SSC vel, Super-Cn

- looks like nuclear emulsion,
- Works as bubble chamber;
- 1s read-out 1lke MWPC or Maanetlic tape.

Jﬂgﬂi
1. What Is It? How does It work?
(Mechanism of change of state of Irradiated grain)
2. Grains production and selection.
3.: Collective effects.
4. Electronic read-out.
5. lIrrad’ation experiments,
Paris VI, Orsay, 1970-86/ZTTF, Munich, lQBg;ngU. Munlich. 1984
6. How to detect single grains f]ios,

Parfs vI, Orsay, 1980-86/TU, Munich, 198«IUB§‘ Vangouxg;, 1985
7!

What next?




A)

8)

0

D)

SUMMARY

THE SUPERHEATED SUPERCONDUCTING COLLOID DETECTOR CAN
BECAME A VERY IMPORTANT TOOL OF ASTRONOMY/PHYSICS
IN THE NEXT FEW YEARS.

THE SSC DETECTOR EXISTS | ,WAS TESTED EXPERIMENTALLY

AND PHYSICS OF INVOLVED EFFECTS IS RELATIVELY WELL

UNDERSTOOD,

THE SSC SHOULD BE EXPERIMENTALLY TESTED AT VERY
LOW TEMPERATURES, SAY 50 MILLIKELVINS.

TO REACH THE ULTIMATE SENSITIVITY AND 100% 90E ¥E NEED
EXPERIMENTS/IMPROVEMENTS IN

- ELECTRONIC READ-QUT USING SauiD's,

~ GRAINS PRODUCTION/SELECTION,

- COLLECTIVE EFFECTS ,E.c. THERMAL = AVALANCHE,

v A -

H i

Superconducting

i--u E e ]

Mormal

oT

t =TT,
. o1 42
H(T) = H (0)*(1-t2)
AT = Aoy (1-thH 112
A(T) = A(D)*(1-t2)

For spherical graias ngalns’ g\Hc

oY




SUPCRHEATED SUPERCONDUCTING COLLOID DETECTOR (SSCD).

SSCD CONSISTS OF COLLECTION OF SMALL R = 1-10 pm
SUPERCONDUCTOR GRAINS IMMERSED IN DI-ELECTRIC

TYPICAL TYPE 1 SUPERCONDUCTORS: Cd, In, Sn, Hg
MOST OF OUR EXPERIENCE IS WITH In and Sn
FOR Sn:  H. = 3306, T, - 3,3%

WHY SSCD IS SO SENSITIVE BOLOMETER?

SIZE OF GRAINS IS VERY SMALL vg = 10711 - 1979 ¢,

SPECIFIC HEAT  €y(T) = o1® 4 47
e.9.. LM =3 ev/ Pkl prsom® o
=280 ev/ p> k1 AT 0,49
=790 ev/ p3 k'l AT 1.0%

ENERGY THRESHOLD

Etn'“" A x Vg X C (M) x AT(H)

A - DEPENDS ON GRAIN
vg- 1S GRAIN VOLUME (SEE FIGURE 5)
AT(H} - INFLUENCED BY DIAMAGNETIC INTERACTIONS OF GRAINS

ELECTRONIC REAS-OU” OF SiC

USES MEISSNER EFFECT, 1.E,

EXISTING ELECTRONICS

W Si-FET pAseD CHARGE SENSITIVE aMPLIFIErRs ( 3000K)
2Y=S0Y, s R=5 Hicrows, L=0,5 my => S/) =5
GA-As BASED CHARGE SENSITIVE AMPLIFIERS (4,2 °K)

aY=8Y, ; p- 2 mrcrons ,L=0.3 mu = S/N =5
JOSEPHSON-JUNCTION FLIP FLOPS (4,2°K)

ay~orp 5 R=1 micron LL=1.0 mn=> S/N<S

= swip's (4,2°K)

0 =10 Vg 3= 1 micron Rigop= 5:0°cH /NS
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Fig.l a ; ELECTRON MICROSCOPE PHOTOGRAPHY OF TIN GRAINS (R = 4 pm ) USER IN UBC EXPERIMENT




Filter Microscope j-/"l 7
50 » B2 4S5
452 p=Z 40 44.82 5.6 %
407% P= 36 40.8 T 6.8 %
36 p> 32 38.0 2 5.5 %
32z87% 28 34.029.8%
283 p = 25 32,2 :55%
5y 82 20 22.2 6.1
207 px 15 17.2 = B.6 %
157% 97 19 12.6 2 7.5
102p= 5 6.8212.5 %
5P (big)- 4.0215.0 %
5% # (wedium) 3.2230.0 %
5% 0 (small) 2.0°50.0 %

e R

piffraction [}rl]

51.7 25.2%
6. 2828
38.9 2 4.3 %
36.5 2 6.8 %
33,7 5.8 %

16.0 £ 8.3 %
17.4 2 8.6 %

4.276.3%

S12€ DISTRIBUTION N{%)31 D<S. MICRONS

SIZE DISTRIBUTION

125<D<28 MICRONS
SCALE : 1 # = 2.5 MICRONS

-~ -

T e T " I

0.5 B i o S —
] 2ND MEDIUM
o.a | 3
0.3 b 3
0.2 | 3
0.1 F 3
5 \ SIZE(#) ]
0,0 Eus i i haa " 1 —d o
P 5 10 15 20 25 20
SCALE 1 1 # = 1,2 MICHONS
0.5 . . . . i
- 0.4k
0.3}
o.2
oa E
3 SIZE(#)
0.0 L > 3 —J-‘-al‘-- PR | o d g
1] E 10 15 20 25 a0
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GRAINS QUALITY

FOR SINGLE GRAINS, TuE OBSERVES THE PERFECT HYSTERESIS CURVE..E.
CHANGE OF STATE 1S VZRY NARROW,

FoR SELECTED ,WELL SPACED GRAINS AH/HMU.SZ (UBC mesuLTs),

FOR LARGE CORRECTION OF GRAINS THE HYSTERESIS CURVE IS FAR FROM PERFECT,
1.E. CHANGE OF STATE 1S BROAD AH/H5H3 5% .THE REASONS ARE:

1) SoME GRAINS ARE 4GT SPHERICAL  cA,5%

2) SOME GRAINS HAVE DEFECTS CA.5%

3) THERE 1S DIAMAGNSTIC INTERACTION BETWEEN THE GRAINS WHICH ARE RANDOMLY
DISTRIBUTED INSIDE OF DIAELECTRIC, ‘ .
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N lcounts)

i ¥ + b L L]
140 keV Yy irradiation
wol ¢ o 4
Tc source
- 10um «® «25um -
Ta15K
00 |- + .
00 - e
00 |- -
L]
[] 1 1 1 . 1’ [ ] .
[} [ £ .02
(AH/Hin

Fig. 7: Counts after 20 min.
for sample d) irradiated with

140  keV ys  wversus
(AH/H)min-

! 1 T I T
wel ‘6keV yirradiation

N (counts)

%Fe source
- } 0pmed <25um
Ts_ 15 K

[ - 1 1 [ 1
¢ 0.25% 050%
(&H/ My

.-3\’

N {counts}

L] L) T ¥
ml f§ irradiation i
%01 sourca
- * 10pme®<2S5um -
wol Ta15K ]
wl | -
"l -
¢
- ‘ ‘ . -
L 1 1 1
0 0.25% 15% 015%
(AH/Hipy,

Fig. 8: Counts after | hour
for sample d) irradiated with
E < 714 keV B~ versus
(AH/H) .

Fig. 10: Number of counts
after 1 hour for sample d) ir-
radiated with 33Fe y's.

D. Pevret- &allix JL. Gonzoles - Mectyes , LAPPICERN

[RRADIATION EFFECT 1S PROPORTIONAL TO SAMMA-FLUX

[ Y

SSC IRAADTATED 'WITH TECHNITIUN]

200.90

ACTIVITIES 10.4,1,8,2,26,2,88 MILLIC

= XeASURED EFFECT , CONTINOUSE LINES = EXPONENTIAL DECAY

OF ACTIVITY

169.69

129,98

L B R R ]

4400

ED) Carrecled

SSC-coll dem / Tal 450K

Detector efticlency for differenl source positions

WHEN THE SOURCE IS MovED OFF DETECTOGR EFFECT DECREASES AS R'2

—yi—




IRRADIATION TESTS - municy 1980-82 (A.K.DrRuk1ER)

TESTED : TIN AND INDIUM SSCD (FILLING FACTORS 1-10%)

(GRAINS RADIUS =5 MIcRoNs ,AR/R =39%)

RADIOACTIVE sources : Ga-67( 80 key) L1c-99M (140 keV)

EDEPOSITED = r§1'R * 1.5 keV/micron = 10 geV
SECONDARY PHOTONS  { 20 kgV)
MEASURMENT METHOD
MEASURING THE MAGNETIC PERMEABILITY VIA,
RESONANCE FREQUENCY CHANGE IN LC oscriLaTor

Mol dan, To 43¢

" Backgrouad
L S1hi¢ I ded
M Gpen

Source 2.5 all 2l dislance ¢ ca fron deleclor

-

— 3

i INTEGRATING EFFECT DUE TO SOURCE OVER CA. 1 MIN

TESTS OF SSC AS PARTICLE DETECTOR

Co,In,SH.HG  LOW MELTING POINT TYPE-1 SUPRACONDUCTORS

R= 1 - 20 Microns

MINIMUM 1ONIZATION PARTICLES  (DE/DX =1.5 keV/MIcCRON)

E %3 KEV

DEPOSED

Protons (15 keV -~ 150 xeV)

1970  C.VaLetTE ,ORSAY ( He , BETA RADIOACTIVITY)

1971 C.VaLerte,A.K.DrRukiER (SN, ALPHA/BETA RADIOACTIVITY)
1972 L.RoSenBLUT ET AL.,Rennes (SN, A FEw MEV ELECTRONS )
1973-5 L.Yuan,C.VALETTE,G. Wavsanp,A.K.Drukier ,DESY ,HamMBURG -
(SN, 1-5 GEv ELECTRONS & TR)
1977 J.leaLson,L.Sn1abower,A. K. DrRukiER ,WARSAW
(SN/Lt ,THERMAL NEUTRONS)
1977-83 G.Wavsanp,C.VaLeTTE, D, HueBeR,ParLS
A.K.Drukier ,ZTTF.MunicH
(Sn/In ,pHoTONs 30-300 eV)

J,

1984 d.Se1peL ,TU MunicH
(Cp ,PHOTONS ~90-140 xeV)

\H/

1986 A Uohlick eu’.u!;_&dﬁk} Youcoovey

(Sn, Potus 90 4kev)
198%  K.Pwteel of of, WP [ Pbpi, fiimich

(Sne L1854, bip sivgle proin)

= JOgF D. Dernd- balliv ef of. , CERN
i ?.ﬁ,.-{z.u, EdeV photous )

P i

{

(
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DEVELOPMENT OF SQUID READ-OUT FOR SSCD - UBC SUMMER 1985

A.K.Druk1€r,A.KoTL1cKI, M. LEGROS, B, TuRRELL

-y
L'“«d' PUMPING LINE

¥ pPOT
COmPETIR
] ' 4Pk fEAt SHIEL strwont
-1 S
/ N\ /
/ \
| _
\ /
\ / T L8
“~ _ o TENPERATHRE
~—— = | CORONA R, ws REGmLATER
\COI.LOID APPARATUS
(sae ligure 18) I---—)
FIGURE 34 NIGK COARENT
. POWER SUPPLY
LEGEND
A 11 v I—_‘ 1
RACTO
$7ca sounce :‘* EonTA l I
& THERMOMETER l I
h ] :itl'lq
[~ QT FoATER |
CoPPER ATERATIE i I
NESISTANGE | I —_
D IRIGE
BRASS .
- i i
m COLLOID SAMPLE
E NYLON INSULATION
d REMOTE SHUTTER

FiG, 1 A SHOWS THE BASIC DESIGN OF EXPERIMENT ;
F16.1 B SHOWS HOW THE APPARATUS 1S MOUNTED IN THE 1°K REFRIGERATOR.

—735 - ' -2
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POWER SPECTRUM
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