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Abstract: We analyze the recently released CoGeNT data with a focus on their time-dependent properties. Using various statistical techniques, we
confirm the presence of modulation in the data, and find a significant component at high (Eee \gtap 1.5 keVee) energies. We find that standard
elastic WIMPs in a Maxwellian halo do not provide a good description of the modulation. We consider the possibility of non-standard halos, using
hal o independent techniques, and find a good agreement with the DAMA modulation for QNa
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CoGeNT

330 g Ge detector, very low threshold
)ata taking [Dec. 4, 2009-Soudan fire]

pans 458 days, 442 live days

Collaboration kindly provided time-stamped data

t days E ksVes
G.419763 0.576587
0.587532 0.362542
B.677681 1.11571
0.840586 1.35503
0.961931 0.4149%23
1.016340 2.22568
1.028054 1.B2074

1.029199 2.67582
1.358892 0.872435
1.834660 0.329431
1.8920%6 0.36685%3

1.919%07 1l.308038
2.395%85 1.055B3
2.408826 1.04175
2.492828 0.646&3

2.500264 0.443454
2.503603 1.04213

Pirsd 17086084 0567712
2.6T4741 l.28464

H events/bin
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CoGeNT

330 g Ge detector, very low threshold
)ata taking [Dec. 4, 2009-Soudan fire]
pans 458 days, 442 live days

Collaboration kindly provided time-stamped data

t days E ksVes =
0.419763 0.576587 1.5 - 3.1 kEVEE {Eff.CDITECted}
0.587532 0.3162542

3.677681 1.11571

2.840586 1.35503 l'dl
2.961931 0.4149223
1.016340 2.22568
.028094 1.82074
.02919% 2.67502
.3I5B892 0.872435
.B834660 0.329431
1.892096 0.31668%9
1.919907 1.30808
2.395%85 1.05583
2.408826 1.0417S
2.492828 0.6463
2.500264 0.443454

counts/day/keVee

2.503603 1.04213 _'
ArsB178d8s 0.563312 0 100 200 300 400 Page 556
2.67T4741 1.2B464
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Statistical techniques

After taking into account cosmogenic backgrounds
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Fit what remains to R(t) = Ap(1 + A; cos(w(t — tp))

Ay contains DM piece and constant background

SHM predicts g = 152 days




Statistical techniques

3inned in energy and time (least squares)
3inned in energy unbinned in time (max likelihood)
—ompletely unbinned (max likelihood)
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What’s in the data?
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Modulation frequency (Lomb-Scargle)

Oscillation period [days]
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Statistical techniques

3inned in energy and time (least squares)
3inned in energy unbinned in time (max likelihood)
—ompletely unbinned (max likelihood)
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Modulation frequency

Oscillation period [days]
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Modulation amplitude

05 - 15 keVee (etf. cormected)

(Binned)

1.5 - 3.1 keVee (eff. corrected)
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Modulation frequency (Lomb-Scargle)

Oscillation period [days]
365 60 30 20 15 10 p—valueof null hypothesis
05—3.1keV

8

90% (any freq)

Z 6

- 30% (1 freq)

S " e — >

= 4 0.0 — 3.1} keVes i_

2 -
{ { Te =

:'_; | ﬂ 0% (1 freq)

£ 2

Q

J

0O 01 02 03 04 05 06

w Ida}'s_l]

Pirsa: 11090084 Page 13/56




Modulation amplitude

05 - 15 keVee (etf. corrected)

counts/day/keVee
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=

(Binned)

1.5 - 3.1 keVee (eff. corrected)
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Modulation amplitude (Binned)

4D 05 - 1.5 keVee (eff. corrected) 1.5 - 3.1 keVee (eff. corrected)
o 14
S35 3 .
> | & 2 &
=< 30 — =<
= =10
=25 =
= £ 038
s 20 — =
S S 06
15 04 |
0 100 200 300 400 + 0 100 200 300 400
days since Jan 1™, 2010 days since Jan 1%, 2010
Free Ay = T.devents/day/kg/keVee| Ay = 2.7 events/day/kg/keVee
h A; =014 to =107days | A; =0.18 = 116 days
ase
P Ax? =47
MB Ay = 7.5 events/day /kg/keVee | Ay = 2.7 events/day /kg/keVee
phase |41 =009 A, =0.14
Pﬁa 00]552 da}?ﬁ A X 2 T, 2 " 3 - Page 15/56




Phase and amplitude (Maximum likelihood)
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Phase and amplitude (Maximum likelihood)
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d.values

p—valucof null hypothesis p—valucof null hvpothesis
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Phase and amplitude (Maximum likelihood)
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d.values

p—valucof null hypothesis p—value ot null hypothesis
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d.values
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E,[keVee]
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Data Summary

There is modulation in the data 2-3 sigma
Most significant at high recoil energy, ~20% modulation

Best fit phase ~106 days

Does not appear to be consistent with vanilla WIMP (MB
alo etc)
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Data Summary

There is modulation in the data 2-3 sigma
Most significant at high recoil energy, ~20% modulation

Best fit phase ~106 days

Does not appear to be consistent with vanilla WIMP (MB
alo etc)
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What about
Maxwell
Boltzmann?
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DM fits

f(0) o (7%

— &"ex</"0) O(eac — v)

vese = 990 km/s wvg = 220km/s

Scenario Spect+Mod  Spect only  Mod only  Mod only iDM
(c; > 0) Mod only

d.o.f. 72 [n/a] 47 |[n/al 68 68 67
7 /107* em? 13.8 [8.9] 10.1 [8.2] 6.0 8.6 64
m, | GeV 72 [81 7.7 [8.2] 10.0 12.0 16.3
o/ keV 24

/1.5) [—5.9) (8.7\

0 —4.6 0.4

c./(cpd/kg/keVee) 2.5 [2.5] 25 [2.6] 1.5 -1.0 0.4
23 1.1 .2

23/ \17/  \us/

Pirsa: 11090084 11 57.3 [11/.1] 50.8 [n/al 3.7 51.4 5103 page auss




DM fits

f([‘) & 4 (e—'l';'/’t-'ﬁ — Esf_/v )e(rUESC i U)
Vesc = D00 km/s wvg = 220km/s

Null: 2 = 58.2 for 70 degrees of freedom

Scenario Spect+Mod  Spect only  Mod only  Mod only iDM
(e; > 0) Mod only
d.o.f. 72 [n/a] 47 [n/al 6] 68 67
o /107 em? 13.8 [89] 10.1 [8.2] 6.0 8.6 64
m, | GeV 72 [81] 7.7 [8.2] 10.0 12.0 16.3
3/ keV 24
L5 (—5.9) (8.7
0 —4.6 0.4
c./(cpd/kg/keVee) 25 [25] 25 [2.6] 1.5 -1.0 0.4
2.3 1.1 1.2
2.3 \ 1.7 / \1.5/
Pirsa: 11090088\ 57.3 [n/a] 50.8 [n/al 53.7 51.4 513 pageazse




M fits ..

Pirsa: 11090084
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)M fits .
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CoGeNT updates

Makes “tension” with MB even larger

- Correchon foctor
will /mprove with sfalhstics)

Data projected on energy = PRELIMINARY (work in progress)

a—

PN'- 90 — dashed ine: 12 GaV/ic , 1.5E-5 pb (CRESST like?)

= - solid line: best WIMP fit from 2-0 energy-time analys:s
.n' - circles. best fit 10 bulk events (pulser analys:s)
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hd

& & 8
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What about other
halo models?

Pirsa: 11090084




CoGeNT updates

Makes “tension” with MB even larger

- Correchon Foctor
will improve with sfahishics

Data projected on energy PRELIMINARY (work in progress)

dashed ine: 12 GaVic , 1.5E-5 pb (CRESST lika?
solid line: best WIMIP fit from 2-0 energy-time analysis

i strcies . Dest 1t (0 Dulk evertls (puiser analysis )

3

T Ir|'

Events /( 0.027 )

8 8 &§ 8 8
1*}!})4“”1] 1 |

-
o
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What about other
halo models?

Pirsa: 11090084




Halo model independence

dR _ NrMrp / - (T E)
1 U

E
dER 2m, pt? 7(ER)

¥ .
"TILLTL

glv)

dR
dER

larget
specific

min = 2442 minimum DM velocity ...
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Halo model independence

Nt = sNaym, /Mt

Solve for g(v)
2m, 1 dR,

9(Vmin) = Narkm, po(ER) dE,
(1121 ( ) — (1}?2
dEl — 9 mirn dEg

"he master formula (Sl): |
Cr =" 2 + [ (A™ - Z2'))

dR, CcY F}E,) dR, {i2M;}’
(E,) = -+ E5
iE, 2) = (1) A2 dEp ‘[[1}
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Halo model independence

dR NrMrp /Lm‘“

dEg 2m, p?

glv)

dR
dER

larget
specific

MrER Recoll energy uniquely determines
L oon 2112 minimum DM velocity ...




Halo model independence

NT = kNsm,

Solve for g(v)

2m,, p° dR,

P Vi) = v -
Nakm,po(ER) dE,
dR, (v, ) dR>
dEl — J\Unin) < dEz

"he master formula (Sl):

Cy =k LZEM 4§, (A - 2%

dR, (2) F2(E, dR M;
E. (£2) = Cj:(r“ = dEl (#1 :1}E)
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CDMS (Ge) and CoGeNT

(easy one since both Ge)

Comparison with CDMS
5
CDMS 90% rate UL
8 4 S— CoGeNT med., best fit phase
2: CoGeNT mod., MB phase
=< 3
ey
502
= |
E l:..l 1
- | & D :
> J f T
* *
0
0.0 05 1.0 1D 20 Z.9 30

Energy |keVee]

Modulation should be large in CDMS
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CRESST (O) and CoGeNT

~0oGeNT CRESST (O)
0.5, 1.5] — [5.8 — 15.6] Expect ~| | modulation events,

1.5,3.1] — [15.6, 29.8] they see ~30

(my, =T7GeV)

Xenonl00 and CoGeNT

All about Leff: 1.5keVee — 3.7TkeVnr
Leff = 0.07 = (N 15, ~ 30)

MNeed L.y < 0.04 to get event rate down




JAMA and CoGeNT

CoGeNT to DAMA with Q=03.m, =7 GeV
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-onclusions-CoGeNT

f CoGeNT modulation is from DM it is not a MB halo
Should compare to other results in halo-independent way

-onclusions-global
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-onclusions-CoGeNT

f CoGeNT modulation is from DM it is not a MB halo
Should compare to other results in halo-independent way

-onclusions-global
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onclusions-CoGeNT

f CoGeNT modulation is from DM it is not a MB halo
Should compare to other results in halo-independent way

-onclusions-global

_but at least DM is not moving faster than c!
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CDMS (Ge) and CoGeNT

counts/kg/day/keVee

Ln

B

[sd

]

[a—

oS <
[

(easy one since both Ge)

Comparison with CDMS

CDMS 90% rate UL

— CoGeNT med., best fit phase
CoGeNT mod.. MB phase
:
* P fan

0.5 1.0 1.5 2.0 .4k, 3.0
Energy |keVee]

Modulation should be large in CDMS

irsa: 11090084

CDMS modulation analysis??
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DM fits

2 2

2 [p2 —_17 s
f(v) x (e /Y _ e ILE-‘jf’/"‘“)E:)(L-‘*.EM — )
Vesc = D00 km/s v = 220km/s

Scenario Spect+Mod Spect onlv  Mod only Mod only iDM
(c; > 0) Mod only
d.o.f. 72 [n/a] 47 |[n/al 6] 68 67
7 /107* cm? 13.8 [8.9] 10.1 [8.2] 6.0 8.6 64
m, | GeV 72 [81] 7.7 [8.2 10.0 12.0 16.3
3/ keV 24
L5 (—5.9) (8.7
0 —4.6 0.4
¢./(cpd/kg/keVee) 25 [25] 25 [2.6] 1.5 -1.0 0.4
2.3 1.1 1.2

| 23 \ 1.7 / \ 1.5/
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DM fits

f(v) ox (677 /% — &7 %xe/ %) O(veac — )

vese = 990 km/s wvg = 220km/s

Null: ? = 58.2 for 70 degrees of freedom

Scenario Spect+Mod  Spect only  Mod only Mod only iDM
(e; > 0) Mod only

d.o.f. 72 [n/a] 47 |[n/al 68 68 67
/107 em? 13.8 [8.9] 10.1 [8.2] 6.0 8.6 64
m, / GeV 72 Bl 7 B2 10.0 12.0 16.3
o/ keV 24

(1.5 (— 9. ‘}\ (‘7{ "\
0 —4.6 0.4
¢,/ (cpd/kg/keVee) 2.5 25 25 [2.6] 1.5 —1.0 0.4
2.3 1.1 1.2

~. \2.3 \ 1.7 / \1.5/
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Modulation amplitude

05 - 15 keVee (etf. corrected)

(Binned)
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