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Abstract: A wide range of results have led to a confusing situation in the area of direct WIMP detection. I'll review the status of these results. The
features of the results imply that amost any explanation will require a departure from standard assumptions (Maxwellian halo, elastic WIMP
scattering or otherwise) so I'll review the techniques to compare experiments without appealing to these assumptions. In particular, I'll comment on
the status of light WIMPs and the iodine interpretations of DAMA (such as inelastic dark matter) in light of the most recent results.
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WHAT THE HECK IS GOING
ON?

* A whole bunch of experiments have data
» To leading order; no one agrees with anyone

* So let’s talk about that
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DAMA

2-6 keV

= : 'DAMA/LIBRA ~ 250 kg (0.87 tonxyr) -
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Residunls (epd/kgkeV)

Time (dav)

« What is it: annual modulation in santillation events in [00/250
kg Nal(T1) crystal - DM!?
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'_i -ﬂhg 1087 tomxvyr)

Residunls (epd/kgkeV)

Th:(dlr}
« What 1s it: annual modulation in santillation events in 100/250
kg Nal(T1) crystal - DM!?

* Whats to like: single hit, stable phase, low energy, no candidate
“conventional’’ explanations
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Residuals (epdkg/keV)

Time (day)
« What 1s it: annual modulation in santillation events in |100/250
kg Nal(T1) crystal - DM?

* What's to like: single hit, stable phase, low energy, no candidate
“conventional” explanations

* What's not to like: null results from other exps, data are still
unavailable, no event discrimination
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[T USED TO BEVERY SIMPLE

Light WIMP  Heavy WIMP  Alternative WIMP
Spin independent inelastic DM magnetic IDM

spin dependent [1odine, w/ deexcrtation
dipole thallium, luminous DM
magnetic]

resonant DM
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eovints £ 00 LER kieV 0033 kg 56 days

LN

 COGENT

» What is it: events in an ionization experiment, x |0 larger than
expected background - DM!?
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popnts /00126 keV 0033 kg B days
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 COGENT

» What is it: events in an ionization experiment, x10 larger than
expected background - DM!?

* Whats to like: excellent energy resolution/calibration, good

statistics
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cotints /00165 keV D30 kg 56 days

» What is it: events in an ionization experiment, x| 0 larger than
expected background - DM!?

* What's to like: excellent energy resolution/calibration, good
statistics

* What'’s not to like: no discrimination, hasn't been mercilessly
beaten for a decade, modulation not clearly overlapping
exponential, null results from other exps
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Light Yield

CRESST

2 ‘N""‘

signal region
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Light Yield

CRESST

signal region
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Energy [keV]
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Light Yield

signal region Energy [keV]

* What is it: an excess of events in a CaWO4 detector,
consistent with Oxygen scattering (~10-40 keV)
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Light Yield

0 | 50 100 150
signal region Energy [keV]

* What is it: an excess of events in a CaWQ4 detector;
consistent with Oxygen scattering (~10-40 keV)

» What's to like: good discrimination vs electron recoill, not
muon induced neutrons
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Light Yield

0 l 50 100 150
signal region Energy [keV]
* What Is it: an excess of events in a CaWQO4 detector;
consistent with Oxygen scattering (~10-40 keV)

« What's to like: good discrimination vs electron recoil, not
muon induced neutrons

* What's not to like: lots of events at high (|15 keV+ energy,
should have been seen elsewhere), signal lies left, nght, above
and below clear background sources, still have only seen 2 of 9
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detectors, naively low energy looks too clean to be WIMP




EXCITING LIGHT WIMPS

* DAMA scattering through Na

« CRESST scattering through O (and Ca)

*» CoGeNT low energy scattening on Ge
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IS THIS CONSISTENT?

WIMP-nucleon cross section [pb]

10 10 100 1000
WIMP mass [GeV]

NB: This is not a metric space!
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IS THIS SELF-CONSISTENT?
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IS THIS SELF-CONSISTENT?

Detector 5 (9 accepted events)
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so Is it modulating?
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LIGHT WIMP SUMMARY

* Nothing overlaps
» Modulation i1s way higher than expected

* Simple extrapolation leads to conflicts with null results

* What to do?
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The model'builder’s last refuge...




NHAT HAPPENS 1O THIS PLOT?

m-ﬂ - - - .
i T DAMA + CoGeNT

- — CoGeNT

g P — DAMA
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T. Schwetz, IDM. 29 July 2010 —p. 31
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THE GOAL

What can we say about direct detection experiments without
making any appeal to halo models?

* Find Dark Matter
« Determine DM macc
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TWO KEY POINTS

o= [ et
dR = NTA[Tp (E ) ( ‘ ) Vs = - i
dEp = 2m,u? © oL
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TWO KEY POINTS
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1) all the energy dependence is in two functions
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TWO KEY POINTS
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1) all the energy dependence is in two functions

F*(Eg)

~ [MrEgR 2)thereisa |-| mapping
Umin = 2412 between velocity and energy
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THE IDEA: PART |

* Suppose you want to compare two experiments, | and 2

[E'Iow,Elhi gh] =-> [Vl*lwmin, vl,highmin]

nap the energy range studied in experiment | to a velocity
space range
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THE IDEA: PART |

* Suppose you want to compare two experiments, | and 2

[E'Iow,Elhigh] => [Vu“min, Vl’mghmin]

nap the energy range studied in experiment | to a velocity
space range

map velocity space range back to energy space for
experiment 2

[v I,Iowmim v i rhighmin] —> [Ezlo*’Ezhigh]
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THE IDEA: PART |

* Suppose you want to compare two experiments, | and 2

[E'iows E'high] => [V!"'*%“min, VN8N Lin]

nap the energy range studied in experiment | to a velocity
space range

map velocity space range back to energy space for
experiment 2

[v%nin, VIPER Lin] => [EZiowsEZhigh)
we now have an energy range where the
experiments are studying the same particles

[E' oo nign] <=> [Eliow,E2uign]
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Vmin[Km/s]

Approx. range

O Na Si Ar Ge Xe

CoGeNT (Ge): 2- 4
DAMA (Na): 6- 13
CRESST (O): 15 - 40

Pirsa: 11000106 TABLE I: Conversion of energy ranges (all in keV) between various experiments/targets for a 10

43-8639-7T836-7230-60 2-4 13-25
66-14 6-13 55-12 46-10 3.1-6719-42

I5-40 14-36 12-33 10-28 69-19 43- 12

Page 40/90

e

dR T TRl - . i ST

F—




THE IDEA: PART 2

Invert:
dR ‘TMrp 2m p2 dRy
= o(E Upnin ) =— g(v) = — -
dBr ~ 2m g2 O CR) 9 Vmin) 9) = Ny Mrpo(Er) 4By
(2) 2 2 xri2)
dR> () — Cs F2(E;) dR; (MMT Ez)
T 4 | 2 a2 =l
T ) G e )
ey i

A direct prediction of the rate
at experiment 2 from experiment |
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But if these are not the current data, then |

don't know what to say...
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moaule | E;r |Kev] | acc. events
Cho05 12.3 11
Ch20 12.9 6
Ch29 12.1 17
Ch33 15.0 6
Ch43 155 9
Ch45 16.2 1
Chd7 19.0 5
Ch51 10.2 9
total - 67

acepied everds / kaV
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plots from preliminary data)
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Bin | CoGeNT Ge Na (Q=0.3) Si 5] Xe
. | 0509 [2.3.3.8] 1525 | [4576] (5.8.9.9] [1.42.3]
090+0.72 | 023+0.18 |0.078+0.062 | 0.035+0.028 | 0.011 £ 0.009 | 0.72 £ 0.58
5 | [09.1.5] (3.8.6.1] 2540] | [7.6.11.9 19.9.15.6) 2337
0.37+£055 | 0.1+0.149 | 0.035+0.052 | 0.015+ 0.023 | 0.005 £ 0.008 | 0.31 +0.46
g | [1:5:23] L [6.1.89] [4.0,5.8] [11.9.17.5 (15.6.22.8] [3.7.5.4
0.48+0.22 | 0.136 £ 0.063 | 0.049+0.022 0.021 £0.01 | 0.007 = 0.003 | 0.41 £0.19
g | 2331 [ [89.116] (5.8.7.6] [17.5,22.8] [22.8,29. 8] 54,7]
0.27+£023 | 0080068 | 0.029+0025 00130011 0004 =0004 02302

Pirsa: 11090106
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CoGeNT signal

Bin | CoGeNT Ge Na (Q=0.3) Si 0 Xe

: 10.5,0.9] [2.3.3.8] [1.5.2.5] 4.5.7.6] (5.8.9.9] [1.42.3]
0.90+0.72 | 023+0.18 | 0.078+0.062  0.035+0.028 | 0.011 £0.009 | 0.72+0.58

5 | 10915 (3.8.6.1] [2.5.4.0] [7.6.11.9] 19.9.15.6] 2337 |
0374055 | 0.1+0.149 |0.035+0.052 0.015+0.023 | 0.005=0.008 | 031 +0.46

5 | (1523 6.1.8.9] 4.0,5.8] [11.9.,17.5] [15.6,22.8] 3.7.5.4
0.48 £ 0.22 | 0.136 £ 0.063 | 0.049+0.022 | 0.021 £0.01 | 0.007 £ 0.003 | 0.41 £0.19

g | (2331 [8.9.11.6] 5.8.7.6] [17.5,22.8] (22.8.29 8] 54,7]
027+023 | 0.08+0068 | 00290025 00130011 | 0004 =0.004 | 02302

Pirsa: 11090106
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CoGeNT signal

Bin | CoGeNT Ge Na (Q=0.3) | Si 5) Xe
= 0.5.0.9 [2.3.3.8] [1.5,2.5] 4.5.7.6] [5.8.9.9] [(1.42.3)
0.90+072 | 0.23+0.18 |0.078+0.062 | 0.035+0.028 | 0.011 £0.009 | 0.72 £ 0.58
2 [0.9.1.5] [3.8.6.1] 2540] | [7.6.119 [9.9.15.6] [2.33.7]
0.37+0535 | 0.1+0.149 | 0.035+0052  0.015+0.023 | 0.005+ 0.008 | 0.31 £ 0.46
3 1523 [6.1.8.9] [4.0,5.8] [11.9.17.5] [15.6.22.8) 3754
0484+ 0.22 | 0.136 = 0.063 | 0.049+0.022 | 0.021 £0.01 | 0.007 =0.003 | 0.41 £0.19
3 2.33.1] [8.9.11.6] [5.8,7.6] [17.5.22.8] [22.8.29.8] [54.7]
027+ 023 || 0.08+0.068 | 0.029 +0.025  0.013+0.011 | 0.004 £ 0.004 | 0.23+02

Pirsa: 11090106

CoGeNT modulation/CRESST signal
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CoGeNT signal

Bin | CoGeNT Ge Na (Q=0.3) | Si 5 Xe

, | 10509 [2.3,3.8] 1525 | [4576] [5.8.9.9] [1.42.3]
090+072| 023+0.18 |0.078+0062 0.035+0028 | 0.011+0.009 | 0.72+0.58

5 | [09.15] (3.8.6.1] 2540 | [7.6.1L9] [9.9.15.6) 2337
037+055 | 0.1+0.149 |0.035+0.052  0.015+0.023 | 0.005=0.008 | 0.31 £ 0.46

3 [1.52.3] [6.1.8.9] [4.0.5.8] [11.9,17.5] [15.6.22.8] 3.75.4
048+ 0.22 | 0.136 £ 0.063 | 0.049+ 0.022 = 0.021 £0.01 | 0.007 = 0.003 | 0.41 £0.19

g | [2331] [8.9.11.6] 5.8,7.6] [17.5,22.8] [22.8.29 8] [54.7]
027+023 | 0080068 | 0.029+0.025  0.013+0.011 | 0.004 = 0.004 | 0.23+0.2

CoGeNT modulation/CRESST signal

For XENON 00 need full efficiency Green'’s functions to

Pirsa: 11090106

calculate limits
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LIGHT SUMMARY:

» BEven if you abandon halo model constraints, | don't know how
to fit everything together (w/o introducing something like
double scatters a la MiDM)
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HEAVY WIMPS FOR DAMA

* What if the scattering is off iodine?

» inelastic DM, resonant DM, but otherwise?
» KIMS (Csl), COUPP (1)

« XENONI0OQ (Xe - similar to | in mass)

« CRESST (W - but related)
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KIMS

E__g e - Trying to fit this
-t => pull for lots of SA

Calibration?

Can you even find
NRs with this?
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HEAVY WIMPS FOR DAMA

» What if the scattering is off iodine!?

* inelastic DM, resonant DM, but otherwise!
» KIMS (Csl), COUPP (1)

« XENONI0Q (Xe - similar to | in mass)

* CRESST (W - but related)
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KIMS

?E — - Trying to fit this
-+ => pull for lots of SA

Calibration?

Can you even find
NRs with this?
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< 20f l -emmn | Jotal scintillation energy (E q(E))
PN it falls at high energies
= | 113
= 10f .
S | —r :
S o - Seems unphysical
| , - I'lt use g=0.12
(V] 20 4 60 80 100 120 140
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KIMS Nuclear recoil event rate
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Excluded?

DAMA q=0.07,
KIMS g=0.12

From a model independent :
yerspective, |-scattering is still
llowed by KIMS. (And may be it

i
95 100 105 110 115 120 125

ven better depending on NR Sowm
Pirsa: 11090106 eﬁ\lciency.)
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» Single bubble background of
0.026 events/kg/day at 15 keV
threshold

» One 2-bubble event at same
threshold (two 3-bubble events at
10 keV threshoid)

» We have found lower radicactivity
salts for the piezos

» Replacing the pressure windows
with synthetic quartz viewports

DAMA predicts:
0.036/0.031 100%/87% e**cleﬂC«

(0.023-0.049)/(0.02-0.0 m_.
90% CL
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Leff=0.19, g=0.08
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Leff=0.19, q=0.08
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Leff=0.19, q=0.08
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Not a requirement: magnetic and spin dependent
s couplings can suppress
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What CRESST said about IDM at TAUP
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WIMP-nucleon cross section [ph)
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Factor of 4
“ruled out”
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Factor of 100
“considerable tension”
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w0 10’
WIMP mass [GeV/c’]

Factor of 4
“ruled out”
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Is CRESST really pointing
toward light WIMPs?
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Is CRESST really pointing
toward light WIMPs? MiI:

2.0 O events

/.3 Ca events

19.6 W events
(67% W)
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Is CRESST really pointing

toward light WIMPs?

irsa: 11090106
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(67% W)
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26.5 W events
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Is CRESST really pointing
toward light WIMPs!? MiI:

0rr——— 2.0 O events
: : === CRESST 2o
: 5?__ ' == e 19.6 W events
1 u— = o — :
to| = (677 W)
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R s = 3.8 Ca events
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10 100 1000

WIMP mass [GeV] (85% W)

Without seeing the full data set, the presented fits
and 1IDM limits all indicate that an excess in the W band
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DAMA=>CRESST

prsa: 11000106 m=150, d=150
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DAMA=>CRESST yields pretty good rates
= (compared to guesstimate W band rates)
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SUMMARY
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SUMMARY

* More data has led to more confusion

Pirsa: 11090106 Page 76/90




SUMMARY

* More data has led to more confusion
» Hopefully more data will help

* Something about insanity and expecting different results

Pirsa: 11090106 Page 77/90




SUMMARY
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SUMMARY

* [hat said, | don't know how to get CoGeNT/CRESS I/DAMA
to work with the limits for light WIMPs
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SUMMARY

* That said, | don't know how to get CoGeNT/CRESST/DAMA
to work with the limits for light WIMPs

» Of course, | don't know what CoGeNT is right now, nor
CRESST
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SUMMARY

* That said, | don't know how to get CoGeNT/CRESST/DAMA
to work with the limits for light WIMPs

« Of course, | don't know what CoGeNT is right now, nor
CRESST

» | also don't know the limits from XENONI0O at high S|
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SUMMARY

* That said, | don't know how to get CoGeNIT/CRESS I/DAMA
to work with the limits for light WIMPs

» Of course, | don't know what CoGeNT is right now, nor
CRESST

* | also don't know the limits from XENONI0O at high S|

» Something here about more data
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SUMMARY
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SUMMARY

* | do know that lodine interpretations of DAMA are workable if
you can evade XENON (e.g. magnetic dipole or SD)

» | also expect that inelastic scattering can explain the CRESST
excess - maybe with DAMA
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SUMMARY

* | do know that lodine interpretations of DAMA are workable if
you can evade XENON (e.g. magnetic dipole or SD)

» | also expect that inelastic scattering can explain the CRESST
excess - maybe with DAMA

* What is the smoking gun result?
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What CRESST said about iIDM at TAUP
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M=T0 Ge\. o=116keV. vesc=500 km/s. ve=235km's
6=0.93¢-3 pb

] Excluded!?

DAMA q=0.07,
KIMS g=0.12

From a model independent

Yyerspective, |-scattering is still ':
llowed by KIMS. (And may be -

! )
85 90 95 W00 105 170 115 120 125

ven better depending on NR o
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T CeleT); g
& 20 I -eamawx | otal scintillation energy (E q(E))
E,S 18 . falls at high energies
ng .: ;3
R T Seems unphysical
I SOUTVOUTUUUTUUITOUTORION | - I'lf use g=0.12
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KIMS Nuclear recoil event rate
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3.07
I.E M=T0 GeV. =116keV. vesc=508 km/s. ve=235km's

DAMA q=0.07,
KIMS q=0.12

From a model independent
yerspective, |-scattering is still
llowed by KIMS. (And may be

ven better depending on NR
Pirsa: 11090106 eﬁi Cien Cy.)

Excluded?

]
95 100 1W0S 170 115 120 125
5 (kaV)
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KIMS

—— Trying to fit this
=> pull for lots of SA

Calibration?

Can you even find
NRs with this?
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