Open Meeting for the Hyper-Kamiokande Project, 21-23 August 2012 Kavli IPMU



® Motivation and Signals
® Current Results
® Sensitivity estimates for Hyper-K

® Discussions and Conclusions
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Neutrino detectors are extremely
competitive for probing WIMP Nucleon
scattering cross section

DAMA/Libra
... 130 GeV Line!?

Motivation

Neutrino signals can be used to set a
conservative limit on the total dark
matter self-annihilation cross section

Neutrino signals have been able to test
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rtance of N
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® Galactic halo, Galactic center, Dwarf
spheriodals, Cluster of Galaxies, ...

® Gamma-rays extremely competitive for low WIMP
masses, but any detection would likely require an
independent confirmation of neutrino signals

® high masses(>1TeV) - large neutrino telescopes are
most competitive

® Dark Matter in the Sun

® Discovery channel for neutrinos

® Due to significant neutrino absorption at high
energies, Solar WIMP signals are detected in the
energy range below 100GeV

® Dark Matter in the Earth

® Capture mechanism highly favors low-mass
(<50GeV) WIMPs

® Very large uncertainties for any flux prediction as
annihilation and capture rate are not expected to be
in equilibrium
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@urrent Results and Sensitivity Estimates

Carsten Rott - Hyper-K Meeting Kashiwa Aug 21-23,2012 6 WIMP Sensitivity



Sensitivity estimates

® Dark Matter Captured in the Sun

® Review of Super-K High-Energy Neutrino
Search

® | ow-Energy Neutrinos from the Sun

® Dark Matter in the Galactic Halo
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WIMPs can get gravitationally

captured by the Sun

e Capture rate, ['c,depends on
WIMP-nucleon scattering cross
section

Dark Matter accumulates and

starts annihilating

= Only neutrinos can make it
out

Equilibrium: The capture rate

regulates the annihilation rate

(Ia=I'c/2)

* The neutrino flux only depends

on the WIMP-Nucleon
scattering cross section

T[]

r VVIMP Capture

Rott, Siegal-Gaskins, Beacom 2012
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The capture rates scales as:

['c ~pymyloa for my ~ ma

I'c ~pm,2ca for my >> ma

number density + kinematic suppression
MmaA - is the target mass
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@omparison of tracks and cascades

For neutrino energies where the average Q/O
muon track length approaches the
detector diameter:

: .. Cascade
Vu Ve signal rates similar Track ¥

but R(v2™) >> R(Ve™)

Vrand NC events also contribute to
signal cascade rates

Fully contained events

Better energy resolution
Utilize all data (not just up-going)

Treat all flavors in a similar way

Less dependence on “muon
propagation”

Avg. Atm. v E2d¢/dE [GeV cm_zs_lsr_l]

102 10
E, (GeV)

10 10
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T. Tanaka et al. Astrophys. J. 742, 78 (2011)
R. Abbasi et al. Phys. Rev. D 85, 042002 (2012)
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T. Tanaka et al. Astrophys. J. 742, 78 (2011)

R. Abbasi et al. Phys. Rev. D 85, 042002 (2012)
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New: Preliminary lceCube 2012 Results

T. Tanaka et al. Astrophys. J. 742, 78 (2011)

R. Abbasi et al. Phys. Rev. D 85, 042002 (2012)
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T. Tanaka et al. Astrophys. J. 742, 78 (2011)
R. Abbasi et al. Phys. Rev. D 85, 042002 (2012)
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® Hyper-K LOI

® (Conservative estimate (by
lkeda-san) based on scaling the

HyperK LOI

Super-K upmu results (Tanaka et
al 201 1) of SK-I-lI-lll to Hyper-K
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New Hyper-K Sensitivity

Super—K 2012 s
Hyper—K Syrs - -

Scaling of achieved SK-|
+lI+1ll results to Hyper-K
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New Elyper-K Sensitivity Comparison

swer-k 2012 = | §caling of achieved SK-I

Hyper—K Syrs - -

0" [ +II+1Il results to Hyper-K

,,,,,
o
+

______
.
......
.....
.....
.....
.....
aant

Syrs of Hyper-K compared to
lceCube upgrade PINGU
Syrs of data

Hyper-K compares favorable

| to other indirect searches for
3

N I(OGZeV) 1 WIMP masses below
X ~20-50GeV

PINGU Sensitivity based on effective volume and
applying it to Rott, Tanaka, Itow (201 I)
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LOW energy neutrinos

C. Rott, J. Siegal-Gaskins, J.F.Beacom (arXiv1208.0827)
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Neutrino yield N,

HOMNVA E ne L’r“gy/ [

Nleutrinos from the Sun Solak
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Possible annihilation channels: AN
qq,gg,cc ss, bb tt, WW-, ZZ, T T ,|.l U, VV‘ ete,YY N
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Neutrino Spectrum in the Sun (normalized to unity)

Y 0.04
5 0.035 Vu The Sun and Earth is transparent to neutrinos
& below 50MeV, but matter enhanced-mixing gives:
0.03 P 7) ~ 2/3
Ve — Vo) == 2/.
022 29.8MeV P, — ) ~1/6
0.02 l
0.015 ) .___\_,.U
0.01f Ve !
: 52.8MeV
0.005 ':l
0 :
20 30 40 50 60 70 80 90

Neutrino Energy [MeV]

Carsten Rott - Hyper-K Meeting Kashiwa Aug 21-23,2012 22 WIMP Sensitivity



P A A

NSensItivi

lculation. Super=i

~\ 4 Q
- 4 (L

To visualize the signal has been scaled to be “detectable”

- All backgrounds

—
o
|
|
A\

------------ Background Components

'

1

1

. . . . I
Simple selection criteria
:

1

1

-xsuxs Signal Rate

— Signal Rate smeared

-' . :I-M/ﬂ:l'

Number of Events in SuperK-1 / MeV

U
o L
o))
S

I | T I I I | I I I I | I I I I

70 80 90

20 30 40
Limit at 90%C.L. (one-sided Gaussian) is ngo=15 Energy [MeV]

Carsten Rott - Hyper-K Meeting Kashiwa Aug 21-23,2012 23 WIMP Sensitivity



WIMP Sensitivity.Supe

Rott, Siegal-Gaskins, Beacom 2012
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THIS WORK SUPER-K (2012) = = = =
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K

Previous searches
relied on high energy
neutrinos directly from
the decays of
annihilation products

Model the full hadronic
shower in the Sun

WIMP sensitivity
continues to improve
for low masses

New key detection
channel to compliment
other searches

Minimal dependence on
annihilation channels
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Improvements for Hy

DEI-=IS

® >Syears of Hyper-K (0.56Mton) data
® Very conservative:
® just based on statistics ~6 improvement
® Conservative with gadolinium

® background reduction by factor of 5

® Optimistic

® |event in background free environment ~400
Improvement
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Galactic Halo
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Neutrino 2012

SuperK - Galactic Search

)
X R / Preliminary 90% CL UPPER LIMIT
10-16 ll | IIIIIII | IIIIIII [ lllllll [ lllllll |
o’ b l
R V 107 e J.Beacom et al. ‘, above fines
X Phys. Rev. D76, 123506 (2007) is excluded
18 = [ceCube "'11,, b
Search for a diffuse signal from Milky 10 ngs-ReV- D84, 022004 2011)  \°"
— b \
Way halo 1019 — ] Super-K
- — v (NFW) IceCube™_
® Assume annihilation into VV,bb, i 1920 -
or WW E b =
210 bb =
Use all samples e-like + mu-like FC+ &4 B
PC (2806 days)+UPMU (3109 days) 2107 E 5 .7 e
. 23 Super-K -
Use all neutrino flavors and 107 .- - E
topologies 1024 & =
FC  UPMU  PC 0?5 L =
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[mprovements for Hype=K

® Syears of Hyper-K (0.56Mton) data
® Very conservative:
® just based on statistics ~6 improvement
® Energy resolution
® significant improvements possible

® (Can the thermal relic cross section be breached ?
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@utloolk and Conclusions

Disclaimer: Some thoughts but more discussions needed
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Outlook

Up-going muon neutrino effective area

® Dark Matter Annihilation in the Sun: ~102
E Hyper-K LOI arXiv 1109.3262
® Reasonable high-energy neutrino yield S 10
(T*T1,bb,...) <
2 1
® Expect Syears of Hyper-K data §10_1
would be more sensitive than T
DeepCore (15yrs) for WIMP masses 1072
below ~50GeV 10°
® IceCUbe W|th PINGU |n'ﬁ” WOUICI 10_4 e —— Hyper-K
be more sensitive above ~20GeV
10° —— IceCube+DeepCore
® Direct detection is expect to have KMINET
reached similar or better sensitivity 10°°
forWIMPmassesabove~|5Gev 10-7 IIIIII| | | lIIIII| | | IIIllI| | | | I
_ , 10 10° 10° Jo°
® For suppressed high-energy neutrino E, (GeV)
Y|e|d (qq’e+e_’yy’ ) :rl\)ll(?vltl(;aet:og:zagg|<[:a|l,s,?r.0|§/‘lj.h';'aylor, R. J. White, S. Casanova, and F. A. Aharonian, Astropart. Phys. 30, 180 (2008),

IceCube: R. Abbasi et al. (2011) arXiv:1109.6096v1
e Hyper-K most sensitive for indirect
searches, however not completive
with direct searches unless WIMP
mass is between 4-10GeV
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Conclusions

e v ,v_sensitivities for Solar WIMPs compare favorably to
tracks (v,)

e Hyper-K will be most important to cover the WIMP mass
region of 4-50GeV for indirect searches

® Discovery potential in physical interesting region or potential
to study astro-physical properties of WIMP distributions

® New low-energy neutrinos from the Sun could offer very
exciting unique prospects for Hyper-K

® Gadolinium could significantly improve sensitivity in low-mass
neutrino channel

Carsten Rott - Hyper-K Meeting Kashiwa Aug 21-23,2012 32 WIMP Sensitivity



Backup
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example COUPP

COUPP-500kg expected sensitivity at SNOLADB

s

—h
o

Spin—-dependent proton cross—-section (cm2)

10*

WIMP Mass (GeV)

Eric Vdzquez-Jduregui IDM 2012 July 26, 2012

COUPP-500kg ready for physics in 2016
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- — \
) - Fermi combined DSG analysis (10 DSGs), 2 years
mE [ - Fermi combined DSG analysis, 10 years
i B Galactic Halo, 100 h, CTA array B (Ring Method)
g — Fornax Cluster, 100 h, CTA array B b,,,.,. = 1.09)
- 10_23 n , 100 h, CTA array B
© —
(o) -
v -
10-24 —
10%° =
,,,,,,, WIMP parameter space
-26 A,'.’ . e T e e e s 3 i FERSATREFEMCES R 3 i T A s e ] ]
10 > 3 4
10 10 10
mMpy [GeV]

torthcoming special issue ot Astroparticle Physics
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Energy & angular fit

¢ Test the contribution of WIMP induced event to atmospheric neutrino data by
minimizing x2 distribution
e Derive 90% Bayesian upper limit on allowed WIMP induced events

SubGeV olibe Tdcy ¢ SubGeV elihe Odcy ¢ W SutGeV ke Oy @ : St Gol/ e Yicr @
g

T SubGeVedheloye T SdGeV edhe My ¢ SubtGeV j-like Odcy @

A

—— et - ——

H8 48 B4 BT A [ L 9 45 © i3 — —

SWoeY 2" Gke TN MuiGeV e-de 3 HultiGeV s<kw

SutGev ' .live 'R - HultiGeV .-like

— black cross: SK I-III Data
Blue solid : atmospheric MC
Red dashed : WIMP induced events (arbitrary normalized)




Event spectrum in Super—-K [MeV™']

@) VV - - 1

oy Neutrino.Signe

Rott, Siegal-Gaskins, Beacom 2013

Signal + Backgrounds

Backgrounds

1 Signal w/o
: energy resolution

30 40 50 60
Visible energy [MeV]
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{

® | ow signal rates - large detector
® Well defined targets
® Sun, Earth, Galactic Center, ...
® Good flavor ID (tau) would really help

® Gadolinium and other background rejection
methods could improve sensitivity further
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WIMP Signal comparisor

Rott, Tanaka, ltow JCAP09(201 )029

® Example:Assume my=100GeV and annihilation

rate of 1fb (10-3°cm?) E X"}
>0) % 10° ‘
® ~245x 10%/s A=
00 10° m, = 100.0 GeV
@ ——xx—bb
’ : S
® Event rates (of starting events) assume an opening > S R,
. . eutrino Energy log, (E /(Ge
angle around the Sun that is equivalent to the e !
kinematic angle S | i
& 5 107} :;;:“’i
o i —x = WW
o A I t heri tri fl > B el
ssume angle average atmospheric neutrino flux = : |
> @ o]
(Honda) as background P
= 10° |
® Event rates for neutrinos + antineutrinos of each 51 oo Energy g, (E/(Gev)
flavor — Event Rate-v;ghannel . mx —
e § 102 _ :%:bb-r i
® Regardless of annihilation channel the signal looks % ¢
. . . *qc-; 10-4
similar g & "
0.0
'G|- 10°
> : . . 1
0.5 1 1.5 2 2.5

Neutrino Energy Iogm(Ev/(GeV))
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® Expanding searches to new
neutrino flavors will significantly
enhance the sensitivity to

C.Rott, T.Tanaka, Y. Itow JCAP09(2011)029

(arXiv110%7.3183)

Solar WIMP Sensitivities compared to Limits

10 e
WIMP | n IOG eV ran g e SMton - years, Hard/Soft W=10°, v,—channel ““;‘“'
R SuperK Hard / Soft (2011) _
IceCube Hard/Soft (2012) B v
® Benefit from better energy 102 k DecpCore Sens. -
. C. Savage et al. PICASSO (2009) ========-
resolution | JCAP 0904 (2009) 010 COUPP (2010) -+ |
!
® |ower atmospher’ic heutrino :gj 10° /* """ _____,__——"""‘-_“__... '''''' ’:
a \\-;.,______..--:"’"'——T ___________________ x;;‘ ————
background 7o B N X
e FEP et e
® Despite limited angular S I .
. o o El ..................... )( : a3 “
resolution competitive A :
% S ' /,/’ ‘‘‘‘‘‘‘‘‘‘‘‘
sensitivities can be Obtalned 10_4 _—______________-.\_.\’/,/"E """""""" — """"""""""""""""""""""" —
o ] N . N L
Test of models motivated by 0! 102 10 e

anomalous annual modulation M. (GeV)
signals possible by Hyper-K
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Compute

® Assume a generic detector

o Consider vertex contained events
(starting events)

® results can be scaled to any
detector size

® Compare different opening angles
around the Sun

4

10

Detector

Solar WIMP Sensitivity 200 kton-years — v_ channel

LI R |
.

w1 — bb, W(E) = 68%

-y —bb, W¥=30° -

xx—>bb, W¥=10° -~
=TT, WE) =68% —— T

w—=Ttrt, WY=300 -

C =TT, WY=100 --o--

2 10°
[ ] L|)=3O A
z z |
* Wv=lo °
) g s
*  Y(E)=68% 1077 e e
® Assume 3 different energy cuts: [ =" T
o  my[10GeV,100GeV] Ern=1GeV 104 - | _
e my[l00GeV,ITeV] Erh=10GeV o |
2 ‘ /
e m[ITeV,I0TeV]  Ern=100GeV 10" 10° 10° 10*
Mx (GeV)
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slavor Channel Comparisor

Solar WIMP Sensitivity 5 Mton-years

® Best results are O TS0 S bb, v —channel
. . . ¥y — bb, v —channel ——
obtained with the q X — OD. ’i-channel o
10- + XX—)‘L' T , v.—channe] ----&-- .-
: —> 1T 1, Vv,—channe]l ----=---
electron neutrino _ %HH, " —

channel

® TJau neutrinos
important for VWIMP

masses above
|00GeV o 1010 1o
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! v ’ ) b I' q "
4 4 b b

W™ ';‘ T ',;‘ \ b '/“ \ q
®) % %

energy neutrinos from annihilation / decay products
W Wt bb qq e'e

highest energy neutrinos

fewest neutrinos

Benchmarks Hard channel
Br 100% Soft channel
Specific 0

Model

lceCube Collaboration “Use
of event-level neutrino
telescope data in global fits for

theories of new physics”
arXiv1207.0810

‘Ctotal(ntota E|’¢) = Lnum(ntotl'l/)) H Lang,z'(QS;hb) Lspec,i(Nz'l’(/)) see: Scott, Savage, Edsjo and
1=1

low energy neutrinos fro

see: Rott, Siegal-Gaskins, Beacom arXiv1208.0827

Carsten Rott - Hyper-K Meeting Kashiwa Aug 21-23,2012 44 WIMP Sensitivity



Maant

naliak!

\ a \ ‘—j'/‘/ﬁ
) VAV po
A=A A 1 1 o

\k

T. Tanaka et al. Astrophys. J. 742, 78 (2011)

R. Abbasi et al. Phys. Rev. D 85, 042002 (2012)

Data from

107 ¢ o <os” CDMS(2010)+XENON100(2011) - Super-K 2011, bb
Lg% [ =~ ICIAMANDA 2001-2008, & -~ Super-K 2011, W W SKI-I1I
. =—= IC/AMANDA 2001-2008, W+ W~ (* KIMS 2007
10% [ — - COUPP 2011 (2806(:'3)’5)
3 7 form, < my
107" k B FC |-ring e-like
| FC l-ring m-like
-35
~ 10 -
=
= -36
~ 107 F 10GeV b b-bar
TR
© 1037 20GeV b b-bar
10-33 ... 50GeV b b-bar
3 [ Prelim SuperK.2QI2(bbf ’ 100GeV b b-bar
10‘ :-o e o o ©
" Prelim SuperK 20I2AT11 - T 0 0.225 0.45 0.675 0.9
100 === "
Energy / Angular Fit
10% 5 E— — ————————— Derive 90% Bayesian
10 10 10 10 limit 1 d
WIMP mass (GeV) upper limit on allowe
Significant improvement in low-mass WIMP region ! WIMP induced
see:
events

Preliminary Super-K Limit Neutrino 2012
Preliminary IceCube/DeepCore Limit IDM 2012
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rlc Matter.at all sca

¢¢ . 9
bvidence™ “Indirect Targets” for v
s o Universe | ™ . Individual sources and diffuse

DE!

CMB’ Universe h

“Structere Local Group Eiimgg\lactic

" formiation .. T \

o f/' /" Mil k)' Way ‘Galaxies
. Galaxy .

1
1
1
)
A}

. Rotation ¢urves

Begeman, Broels & Sanders (1991)
'

Gravitafional LenSing in the
Galaxy Cluster Abell 2218
NASA / A Fruchter / STScl.

. - :
L .‘\ T
’ 0"¢4-" '
o il .
Ny .. .
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Neutrino 2012

Thermal Relic

<0av> - total self-annihilation cross section averaged over the relative velocity distribution

: o &
® |f dark matter is a WIMP () AN O o
. . 0 = >
that is a thermal relic of the [ ey freeze out -
early Universe, then its <Oav> o
is revealed by its present-day > 0| ]
mass density 2 |
?’ﬁ\ 10-5 _— (OV)weak ]
® FEvolution is determined by the = N —
. (] U-
competition between £ 1ot (OVer,
production and annihilation Z ]
g 1015 [ .
® Common temperature T (=Ty) S (OVistrong -
dn d(nag) : Equilibrium
— +3Hn = = (o4v) (n2, — n” 00
dt a3dt (e, ) 10° 10" 10° 10°
x=m/T time =
Neq = g(MT/(21T))*?exp(-m/T) m,= |1 GeV = <0av>~4.5¢102¢ cm3s”!
G Jungman, M. Kamionkowski, K. Griost, Phys. Rept., 267 (1396) 195 m,>5GeV = <gav>~2+10-26 cm3s”!
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New DeepCore Solar VWIMP Sensitivity

ey 0.05<Q,h*<0.20 MSSM model scan
lceCube 79-string 318days (May :,E‘ 10 _ oo, < G CDMS(2010)+XENON1002010) | 7
2010 - May 2011) L - ----#-- |ceCube-79 (bb) :
g 1 0_35 | —— IceCube-79 combined (W'W", 1"t for m, < m,, = 80.4GeV) i
Analysis performed separately % ‘ @ ----- IceCube-79 (bb) Summer
for austral summer (Sun above & —— IceCube-79 (W'W') Summer :
horizon) and austral winter (Sun  » 10 @ """ IceCube-79 (bb) IChigh ]
below horizon) o —— IceCube-79 (W"W) IChigh :
g I @ """ IceCube-79 (bb) DC-low i
0 107k S —— IceCube-79 (W'W') DC-low .
S : E
s | _
Q 38| _
o 107 §
A= : :
o : ;
3 107
< : ]
10—40 - |
Compare distribution of the final - PRELIMINARY S :
sample to these PDFs of 101k | AN __
backgr_ound and_ S|gngl to 10 102 10° 10°*
determine most likely signal Neutralino mass (GeV)
content and combine likelihoods, Rlope
_ L [L
weighted by relative livetime L(p) = H f(W|p), where Ff(W|p)= fo(W) + (1 — )fbg(‘U)
see also: ~ Nobs nobs

74 -2 M. Danninger and E. Strahler “Search for Dark Matter Captured in the Sun with the lceCube Neutrino Observatory”
76~ 1 | Miller “Search for Secluded Dark Matter using the IceCube Neutrino Observatory”

Carsten Rott - Hyper-K Meeting Kashiwa Aug 21-23,2012 48 WIMP Sensitivity



aApture kFate

C.Rott, T. Tanaka, Y. Itow, JCAP09(2011)029

A. Peter et al. Phys. Rev. D79 (2009) 103532

Effect on Capture Rate rc

14 Uncertainty WIMP Mass m,
[ Vd:270km/s, Vslm—220km/s ------------- : 10 GeV | 100 GeV 1 TeV
[ v4=300km/s, vg,,=220km/s ] Dark matter density fig%% i?&% t}g&%
1.3 i v4=240km/s, vg,,=220km/s ——— ] Capture process (Planets) < 1% ~ 1% +20%
- v=270km/s, v, =240km/s ----------- : Solar composition ~ 1% ~ 1% ~ 1%
B 12 L v=270kn/s, vg, =200km/s ~----------- 1 Solar _velo<;ity | +6% +15% | +£18%
= =L I Velocity dispersion +8% +12% +10%
= I T ] Velocity distribution Large enhancements possible
g[_‘U 11 : /// e — _f:: Evaporation small ~ 0% ~ 0%
e _ _ While uncertainties in the dark matter
— N ] distribution can result in significantly different
Z annihilation rates in the Sun, results tend to be
09 [ = . on the conservative side
T e ; Direct detections have to deal with the same
0.8 D e sy, uncertainties, and interpretations of results is by
10 10~ 10 10 no means simpler

WIMP Mass m, (GeV)

Sun irons out fluctuations in the local density or

Assume a Maxwellian velocity distribution of the WIMPs outside velocity distribution
the potential well of the Sun with a dispersion of vqg
Circular velocity of the Sun is assumed to be vsun=220km/s
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Neutrino 2012

Accelerator Bounds

Bal et ol JHEP1012

X X
1072 F
10732
~ ;
i g 1073 r
M s
. g 107 -
/ —
10_41 r = DAMA . -'
wyHu XY uX CDMS ----- I
107# & R B R P B -
U U 05 10 5 0 100 500 1000

my (GeV)
Direct detection enhanced over collider
production if exchange has light mediator
M < pr{1jet)
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05 10 50 100 500 1000
m, (GeV)

osp-p (cm?)

10-33 :
103 F

10737

10-%

10-4

\
[ \
—wYvrx
— dy"Y’d Xy, x \(\2%&\
SY*Y’S XYuY X AN xenont¥
~ -
7 LT iy
: S5
05 10 50 100 500 1000
m, (GeV)

Paper analyzed implications of CDF monojet search
in “direct detection” plane
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