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Halo Models - Data Comparison

Jan
« Dark Matter Halo Models . . Sizes g Velogifies NOTTO SCALE -
v DAMA is creating certain amount of confusion o i“ .;_'. :], :
concerning comparison of data from various o e

experiments

- Effectively they varying halo model to reduce
apparent o associated with positive signal making it

look more difficult to test
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Very Typical WIMP Signal
* Low Thresholds Vital

v Graph shows integrated event rates for E>Er for Xe (green), Ge (red) and S (blue)
v Large nuclei enhanced by nuclear coherence, however, in reality <<A? ...
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Dark Matter Direct Detection:

History & Future

90% CL Limit on Cross section for 60 GeV WIMP (scalar coupling)
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Dark Matter - Majorana - Issues

Segmentation

v Expect significant reduction in low energy Compton continuum
- Need to Monte Carlo how configurations affect low energy b/g
- SEGA will also allow us to study this

v 1 keV threshold more realistic in segments
- Although 1 keVee not vital, <4 keVee OK

PSA
v Not realistic in true region of interest <20 keVee?
(o,n) Neutrons

v 40 cm poly will give ~0.001 mdru neutrons (based on CDMSII simulation,
not yet confirmed by experiment...but it won’t be far off)

v We could use a significantly thinner poly shield
Punch Through Neutrons
v 0.1 mdru at 2000 mwe with 40 cm poly

Muons in Shielding Pb will be dominant source of neutrons for 2000
mwe

v 0.5 mdru at 2000 mwe

CDMS Il Shield
(outside)

40 cm poly
18 cm Doe Run Pb

5 ¢cm Ancient Pb
10 cm Poly
(inside)
Monte Carlo, not
yet verified by Exp.
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Background Projections

Event Expose  Raw Post Subtract Sys'tic

Rate [ 1000 Events Reject rejection 90% CL 90% CL
[mdru] | kg-day] [counts] [%] [counts] [counts] [counts]

GAMMA
CDMS | * 800  0.011 254 99.85% 0.4 i i
CDMS I 260 250 19,500 99.50% 08 16 5
Heidelberg-M * 40 0.25 0 n/a
CryoArray 13 500 195,000 99.95% 97 16 5
BETAS
CDMS | * 300 0.011 95 95.00% 5 _
CDMS i 20 250 1,500 95.00% 75 CDMS Il Shield
CryoArray 1 500 15,000 99.50% 75 (outside)
NEUTRONS 40 cm poly
ANRO k/OLislady  Annd AN “An AN o 18 cm Doe Run Pb
CDMSIi(an)  0.001 ‘ 5 cm Ancient Pb
CDMS Il (Sh)Muons 0.5 [«Z50 38 (99.00%)Velo 0.4 10 cm Poly
CDMS Il (RKMuons 0.11 | 2.50 8  (multi) n/a (inside)
CryoArray (Sh) 0.5 500 7,500 99.90% 8 Monte Carlo, not
CryoArray (RK) 0.0055 500 83  (multi) n/a yet verified by Exp.

dru=1event keV-'kg-'day! Energy Range 10-40 keV
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TAUP 2003 IGEX Talk S. Cebrian

f‘ig IGEX-DM: Low energy background
_

1.0 ¢ MO may
0.9 ~"0/61re‘dl |
0.3 BACKGROUNmf\;Ls .
4-10 keV: 0.22 c/keV/kg/day o
2 E || Since summer 2001, neutron
il 10-20 keV: 0.10 c/keV/kg/day shielding improved (40 cm)
£ 0.6 ¢ 25-40 keV: 0.04 c/keV/kg/day —
Y. -
E s . (194 kg-days)
Z o4 | Further increased neutron
S shielding (80 cm)
S 03 —H (82 kg-days)
L Ltr‘l11
(.1 Sp=s u
\ N e o el e St
0 10 20 30 40 50
Energy (keV) A thorough study has been carried out to

Gaitskell - More than 40 cm poly has no effect at this level (each 10 cm makes ~10x reduction in
(a,n) neutrons, so even 40 cm was overkill ¢.f. CDMS results)

- A. Morales et al, Phys. Lett. B 489 (2000) 268-272.

radioactivity? neutrons’

cosmogenics? tritium?
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Annual Modulation

Jan
»  Annual Modulation - Specific Instrumentation T ;S Veooies NOTTO oM
Issue (D e
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» Compton Calibrations 5 zwsw rom mean sl |
+Direct pulsing of channels at many different levels § ° R
& 2r (green) % dev against bg of 1 evitkeVig/day
. Yoz 3 4 8 & 7
v Note that we may have both event modulation above
and below recoil spectrum pivot point | WP mass = 150 GeV|
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Cosmogenic Activation

60-90 days at Sea Level & 1 year cool
v Most “possibles” contribute << 5 mdru

68Ge
v Production 0.5-1 atoms/kg/day (4, ~ 270 days)

v GaK(L) x-ray lines 10.4(1.2) keV will contribute peaks 50(5) mdru-keV given 90 days at SL
Not removed by crystal growth
So K energy region will need to be bracketed
Also use time correlation with chain events ~5 x effective reduction - need to model
Tritium
v 110-140 atoms/kg/day (clock starts after crystal growth)

v Max in decay spectrum @ 3 keVee is 0.005 cts/keVee/day/300 3H atoms
This is implies <~2 days above ground required, transport under shielding
IGEX data seems consistent with production rates quotes above

v This is clearly a major constraint on production/transport protocols
2vpf as Background
v Raw <0.1 mdru below 60 keV

v 2% Dead layer will not create significant process to convert high energy events (10 decays/kg/day) into low
energy range (say 0-20 keV where we would need >0.1 /kg/day to be a problem)

v Should Monte Carlo - but not worried
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TAUP 2003 IGEX Talk S. Cebrian

f‘ig IGEX-DM: Low energy background
_

Exposed for ~120 days above ground

Tritium Best Fit 0,30 Data taken in Canfranc during 97.05 days
2.58 clkg/day |1T—0 | after a decay period of 1632 days
—>  — e
0,25 A flat contribution of 4Q mdru subtracted
T
Tritium [Hess] || © 0,20 -
1.85 c/kg/day \%‘
% 0,1
=<
Tritium [Lal] || 2 —»

o
—
o

|

1.48 c/kg/day

cou

Tritium [Cosmo] /0795/! -----------------------------------------------------

0.92 c/kg/day

Energy ( keV)

A substantial part (but not all) of the remaining background may be due to 3H

Gaitskell - | think they have underestimated above ground exposure calc slightly
However, looks like activation estimates consistent with the data
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TAUP 2003 IGEX Talk S. Cebrian

f‘ig IGEX-DM: Results
—

Exclusion plots substracting the tritium contribution from the IGEX spectrum

" (nbarn)
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|
— =MC COSMO code

- - -Best Fit to H3 spectrum
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IGEX2002

o tritium estimat

~ big uncertainty in the

e
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Monte Carlos

« Monte Carlos
v What low energy component arises from our estimates of high energy lines?

v Internal vs External
+ Internal gives Highest Peak vs Continuum

« NOTE: We simply want to see what low energy continuum might be possible. | do not
advocate ...

v ... Subtraction

« Will not be well received by community, and personally, | don’t think it adds any sensitivity
for discovery of DM. Doesn't help in annual modulation either.

v Segmentation
- We need to study optimum config for DM, and how this compared to DBD optimization
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Screening

« How do we modify screening strategy for low energy region?

* Are there possible mechanisms for low energy emitters to get to active
surfaces of detectors?
v Rn-plating / 210Pb, 3H, 14C
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GENIUS (Reminder)

» Background Model at Low Energies
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Figure 3.1: Background originating from cosmic activation of the Ge erystals at sea level with
10 days exposure and 3 vears deactivation. For " Ge an initial saturation sctivity was assumed
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TAUP 2003 IGEX Talk S. Cebrian

“T=\ PROSPECTS of Dark Matter Searches with Ge
_

»  Background of 0.002 c/keV/kg/day is

reasonably expected.
Anticoincidence between crystals 1.0000 -
Lower components/detector mass -
ratio i
Further radiopurity of components |
(from lessons learned in IGEX) o 0.1000 -
»  Quantitative study (simulations) of the %D -
GEDEON background is now in progress. == - ‘ ‘ ‘
>
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Conclusions

« Smdru
v Seems reasonable/achievable goal
v Tritium protocol is most significant concern - can we do <2 days SL in phase | of
experiment?
«Underground production becomes mandatory later
* Are we putting ourselves at a disadvantage for DM by being
conservative at this stage

v But how realistic is it to talk of 0.5 mdru?
v At this stage it would seem “fanciful” - need more details fro, SEGA/MEGA

v To make a lower target rate credible we would need to describe low energy
screening infrastructure that will be used to get down there
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GENIUS (Reminder)

» Background Model at Low Energies

- T L) I T 1
= Ty 1
= | = 10 1
- &Y E i
_-E' ] .._cn T8 | i
i) i 1
= 10 = 1 _
o = Smnspactrum
= |0 o 10
= i o 0 :
! ST !
1] 1o -
10 1]
- v 1
||l | $ | ]|_| ! 1
lalder symmm
1] ' m‘mﬁ‘] | -..:-Ii,-r“.-'rrllr 10 e? i 1 i i L bttt i i |
e |}’l I 1 ' q‘,1 ) 13 S0 A0 100 S0 {0 TO0
||' i I' 1 i |I [ N | l: ) F: \_
0O 20 4 & B0 0D 120 M40 160 180 nergy [keV]

Energy [k
Figure 1.2 Simalated spectra of the dominant bockgroand soamrees for o pitrogen tank of 13
dimmeter. Shown are the comtribstions fom the tank walls, the detector holder system, in

1
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