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Indirect Limits from Neutrinos

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

/
X

olven a massive object (e.g. earth core or sun)

/
\ X4

WIMPs can get trapped in gravitational potential, if
they loose energy via nucleon scattering

/
X4

search for neutrino emission from WIMP annihilation
above backgrounds such as atmospheric neutrinos

\/

assume WIMP capture rate=WIMP selt-annihilation
rate for a constant WIMP density inside the object

/
X4

infer nucleon scattering (governing the capture rate)
from search for annihilation

) Michael Smy, UC Irvine
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Search for Solar WIMPs

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

/
X4

sun 1s large accumulation of protons, few neutrons

/
L X4

therefore probe spin-dependent cross section

\/
X4

look for excess neutrino emission 1n solar direction

/
L X4

WIMP pair annihilation to termions 1n a single channel

< light qq channel: make and stop @ (<100 MeV v’s)

/
0‘0

vt channel (>~2 GeV):
< bb channel (>~5 GeV):
> WTW-/t t channel (>~100 GeV):

3 Michael Smy, UC Irvine
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Super-K Atmospheric v Samples
e
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‘m m fully contained  partially contained

| only ’ (=no activity in  (=no particles go
| no upward d f
e entering PV Outer detector) rom outer to 1nner
il actuvity particles * \\d@tGCtOI’
! : ,
= sample divided by multi-GeV (good sub GeV (poor
momentum, PID, #ot tracks angular C()r.) angular Cor.)
< only FC events have v
measured energy multi-ring single-ring
< only multi-GeV events have / \ / \
well-measured v dir. & E € }{6\ n-like & }{6 \\}1 -like
> “uandupparcaways [ NN
Muons <g00d dlr bUt no E) 4 Michael Smy, UC Irvine
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Energy spectrum of atm. vin SK
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Total events
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90% C.L. Bayesian Limits
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o
Neutrino Flux > o,.,(SD)
calculated using DarkSusy:
<= WIMP energy density: [T J— ob channe
p:O?)GeV/ Cmg E D tautau channel .
: _g- 10 -15 X o
= crcular solar van=220km/sec; g :
Maxwellian WIMP velocity — § |
with 3D dispersion s [
va=270km/sec 2 .
> -17
: : ' c 10 ¢
< elastic scattering off nuclei; 8 :
only axial vector coupling (SD) o
10 Ly B
< equilibrium between capture 1 " WIMP mass(GeV)
and annihilation
< evaporation negligible >~4GeV e e
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Systematics

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

fit systematics (don’t aftect results much):
neutrino oscillation parameters, atmospheric neutrino flux
uncertainties, neutrino interaction, reconstruction, etc.

Capture:

total SD capture error<7%b; larger for increasing WIMP mass
(hydrogen has no form factor; solar model dependence 1s small
since most of the sun 1s still hydrogen; negligible evaporation
above 4 GeV; solar diftusion 1s negligible for low WIMP masses
but rise to ~3% at 200 GeV)

SI sensitivity of solar WIMP search 1s surprisingly good

9 Michael Smy, UC Irvine
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Light Quark Channels

(Rott, Siegal-Gaskins, Beacom)
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-

< quarks
hadronize,
make pions,
stop them

< produce low
ENergy Ve's:
TC+_>}J+Vp;
pt>etvyve;
v > Ve (P~1)

Neutrino yield N,,

2 52 Vep——»e‘f'n

11 Rott, Siegal-Gaskins, Beacom: arXiv 1208.0827v1
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Light Quark Channels

(Rott, Siegal-Gaskins, Beacom)

o

- less stringent than bb, t1-

< less dependency on annihilation channel

———

| .
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12 Rott, Siegal-Gaskins, Beacom: arXiv 1208.0827v1
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Search for Annihilation in Galactic Halo

NS
Ce®

/
0‘0

/
0‘0

/
0’0

N
2 < o
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related to positron excess of |

AMS/PAMELA/FERMI |
(hot topic) RS

10° f % Annihilating DM

signal strongly peaked @

galactic center

GC duty cycle ~71% (upp) ey

0]

and 100% (FG/PC) oo . 27,201,059

< fit atmospheric v samples

assume 100% annihilation ~ with a DM component
to one single fermion pair ~ for each channel

c0s Bsun>cos Bac = place limit on <oav>

Michael Smy, UC Irvine
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Neutrino Spectrum from DM
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Search for Annihilation 1n Galactic Halo

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
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cosOg.”

bb channel shown
100 GeV WIMPs shown

no significant excess seen

WIMP v flux 1s the same 1n

each flavor
currently updating to SK-1V
stay tuned for published

limats!
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Future of this Analysis

\/
%}

analysis has backgrounds, so it improves with square root of exposure

\/
Qf

Hyper-K: expect at least ~factor of five improvement

\/
%}

HK: add. improvement from containment ot larger energy deposits

\/
Qf

perhaps improvement from n tagging using Gd doping (light quarks)

EGADS Gd Pretreatment 24‘0 50 -CIn P T

Facility System
selective water+Gd
Filtration System

H Hyper-Kamiokande detector

1 b ‘;‘ '“7'. A
"\ ,-':‘ ‘ 3 % ‘ ‘
| :’ 1 ,4» e & \,_- 4 |
b el =i} ] -4 :
_4 | ‘ kY b A
A - x T
-uu__-: s 4
/ UDEAL: water

200 ton (6.0mx6.5m) transparency
Michael Smy, UC Irvine 16 Courtesy A. Kibayashi
Okayama Universit M&wertank S[JSSO4 measurement
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Conclusions

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

< 1n spite of a detector mass far below IGECUBE,
Super-K WIMP searches remain interesting,
especlally in the low mass region

< search tor solar WIMPs, terrestrial WIMPs
(update of 2004 result will come soon!), and
annihilation 1n the galactic center/halo

17 Michael Smy, UC Irvine
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