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Dark matter?

® Observations of ‘unknown not-interacting massive
matter’

DISTRIBUTION OF DARK MATTER IN NGC 3193
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Dark matter?

® Seed for cosmological structure formation is needed
(cold dark matter)

® There’s no explanation from our current
understanding (no candidate in standard model(SM) )

Bolshoi
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Search for the particle dark matter?

e we don't have certitudinous strategy where to look at
but we have ‘wishful thinking’ what we hope it to be -
WIMPs, for example.

e cra of data - models and strategies being motivated and
constrained constantly

e unlike higgs, discovery of dark matter(DM) will be the
starting point to understand it
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Search for the VWIMPs!?
“WIMP”

! ] seeking for a particle which can sorely
A 1 explain DM relic density by its
I R
-10f ~~~——3 oxz] annihilation rate.
I Y :
R -
: - 1 “WIMP miracle”
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.—um = weakly interacting massive particles
were there, in supersymmetry(SUSY) ;

which accommodates not only nice
A dark matter candidate but also other
beyond-SM issues...

“Crossing symmetry”’

X
sall

: the small annihilation cross section
indicates the small scattering with
ordinary matters
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What current WIMP searches mean by "WIMP’

<assumptions on distribution>
* virialized, form a DM halo in our galaxy, responsible for
local density near the Sun (0.3GeV/cm3)

<assumptions on scattering to ordinary matter>
* ‘elastic’ scattering off nuclei

* only single interaction types (SD or SI)

* [sospin conserving interaction

<assumptions on annihilation to ordinary matter>
* “Majorana particle”
* single branching ratio
— pair annihilation to a singl6e pair of fermions/bosons
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WIMP search

 constrain VWIMP- € time
nucleon scattering . f
cross section X (collider)

[inle =
(indirect)

- constrain WIMP annihilation cross
section / lifetime

[ceCube
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Indirect WIMP search

FermiLAT : 10-30 GeV
Bump in the GC
FermiLAT : 130 GeV Line

v/ Gamma-rays
[

|
5 W/Z/q '4) in the GC
WIMP Dark —~ -
Matter Particles s
Ecm~100GeV ~| e LA
X WH/Z/g e\
e Neutrinos
N\ Vu
sl'\\
positron anomalies < 100 Ge %l\’e
PAMELA, FermiLAT,AMS 3'1
—— + a few p/[:—), d/d
Anti-matter

Up-to now, except colliders, only neutrino search haven’t made
any claim of anomalies from any target source.

= does it mean this way of detection is so trusty?

9
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Indirect WIMP neutrino search
Baksan
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4 ways to do WIMP search using neutrino

® use muon yields (lceCube, Antares, BAKSAN,
previous SK)

® use contained neutrino yields (DeepCore, brand
new SK)

® use low energy neutrino yields (Carsten Rott et
al(1208.0827), not yet done)

® produce WIMPs in a neutrino beam (deNiverville et
al(1205.3499), not yet done)
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what is speual about lndlrect WIMP
search Iboklng at the Sun er' the Earth’
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Capture process of the WIMPs in the Sun

|) As the Sun passes through Galactic
plane,WIMPs can scatter off a nucleus
inside the Sun.

Scattering

»
Ini . . nnihilation
2) remaining kinetic energy < escape e Anvinilat

velocity -
-> gravitationally bound Scattering

3) Undergoes additional scatters from
elements and settles to the core. wiwmp

O

detector

* This scattering is the same with %
what we are waiting for in direct .
detections

— Both sets limit on the WIMP-nucleon scattering cross-section
|3
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WIMP scattering to ordinary matter

SI interaction SD interaction

2,2 2 ,,2
4mxm‘,\.. G4

-

gsr =

m(m, +my)? (Zfp+ (A= 2)fn)" osp=32
X ]

* Spin Independent(Sl) interaction :
WIMP couples to the mass of nuclei
Dominant when the nuclei has large mass number

* Spin Dependent(SD) interaction :
WIMP couples to the spin of nucleus
Dominant when the nuclei has many unpaired proton

| 4

o J+1
(ap < Syvy > +an < Spy >)°

J
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direct detections vs solar WIMP search

direct search solar WIMP search
scatters where underground laboratory inside the Sun/Earth
scaterstownicn | "0 g2t Nl el | mainly Hycrogen » ew heaver
signal heat, ionization, scintillation neutrino

Spin-dependent

50g H direct detection ~ 10-500m2 neutrino detector
Spin-independent

1kg Ge direct detection ~ 104-108m2 neutrino detector M.Kamionkowski Phys.Rev.Lett.74 5174(1995)

“Sun is a large Hydrogen WIMP detector for free”
Strong sensitivity to SDlscross-section
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How neutrino flux can be produced from
WIMPs

® WIMPs pair annihilates to various fermions
and bosons
(remind:‘single branching ratio assumption

Fig. 16. Diagrams contributing to neutralino annihilation into fermions.

® energetic neutrino are produced by decay & >
hadronization

® among final products, neutrino is special : can
escape solar medium

* Equilibrium between annihilation rate and capture rate”
= Free from the huge uncertainty of annihilation cross section
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How the neutrino flux looks like on delivery £

'l B T Attt e
- § ot ;
- , neutrino(left)/anti-neutrino(right) -
’ ’ g flux for 10GeV, bb channel 14
10 : . 10 ’ E
[y

Super-K " ¥

®

neutrino undergoes

® oscillation AT

\\

which effectively mix flavors <

including matter effects inside the Sun and
the Earth

.
\I

® interaction inside the Sun which brings
absorption of high E neutrino by charged
current (CC) interaction &

energy loss by neutral current (NC)

interaction &
tau neutrino regeneration

|7
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How the neutrino flux looks like at detector

WIMPsim(]. Edsjo,
http://www.fysik.su.se/
~edsjo/wimpsim/) &

DarkSUSY (P. Gondolo et
)« Propagation inside the Sun/vacuum/the Earth
considering oscillation & interaction

al., ]CAP 07 (2004) 008

T em o ann
|

for10GeV, b
1 lsisss saalasssel, |

8 Gavevatag mds WimpSin www s yein za agdas/mmmncim
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Neutrino fluxes at detector

Channel: §
v

I

Mass: 6

0 010203040506 07 08 09 1

z=E,/m,

Simulation package DarkSUSY/WIMPsim
calculates

dN/dz (10™ cm™ ann™)

* particle physics for WIMP candidate (CMSSM

neutralino)

» Capture/annihilation process

W phrysse

8 A
10 | I | ] ot |
Antineutrino fluxes at detector
Mass: 6
Channel: 5
7
10 =
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5 \
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| WIMP flux simulated
| for SK site with 3 flavor
i oscillation parameters
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Back-ground

* Atmospheric neutrinos(GeV) produced by cosmic rays are
back-ground.

Atmaospheric neutrine source T 107 Frejus v
osp “ %, : Fre}us v
K+ —p p+ +V o 107 B &= SuperKy,
H £ AMANDA v,
20 - o unfoldin
e +V . +V, 2 107 forward fold.
- . = : S 104 IcefC;:jpe Vi
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dflux/dE ~ E-2.7 @
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|°91o (E, [GeV])

back-ground for me, but signal for oscillation analysis fellows ;
initial flux prediction matches well with observation,
detector performance for these energy-ranged neutrinos are

well understood.
|19
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Super-Kamiokande
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Super-Kamiokande

* The world largest water Cherenkov detector located in
Kamioka mine i
* 50kt pure water (22.5 kt f'duual) S ' '

* Inner detector(ID) covered wﬂ:h ~| IOBO Qf ,?.Q" 'PMT W|th ~

acrylic cover E R ST 1 ,-;-=;£e?.- 5:,.,."'.3.
e 2m outside detector(OD) for muon vefg' :‘:'.. o ’ :
SR spkarsitoy j.-‘{."-;‘f-,‘,"”-'?:‘i";" 554 :
Analysis : .
* Neutrino oscillation : atmosp’h'e.r
* Nucleon decay R 0
°Astrophy5|cs . ’ N
;

21
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WIMP search using muon yield

® |ow back_ground Effective area S=1200m? Effective target

( 1000m  volume
® large effective area Q
® good angular resolution : NV
look into signal region N w

after applying angular cut for 1TeV v ~1000m "
(SK tank height : 40m)

\/
<

neutrino (Contained) : o<E V=const N«E

muon (stopping, through-going) : o<E V<E N«E2

p

(b,b-bar) (W+,W-)

¥

So famr A‘|"1ta|;es, IcéCleem, Super-Kamiokande and BAKSAN
have reported nullresults (no VWIMP)
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Search for light WIMPs

Accumulated claimed signal

from direct

detection(DAMA,CoGeNT,CR
ESST,CDMS si) for 5~20GeV
WIMP

CDMS Ge / XENONI0/100
conflict

Xenon |0, Xenon |00 has come close
to demonstrating sensitivity to a
~8GeV WIMP,

but Will be nice to have another
independent experiment here

24
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Search for light WIMPs in SK

Super-K, the most sensitive detector for few GeV neutrino,
(lower energy threshold compared to lceCube, though the
fiducial volume is much smaller)

has power to search for light WIMPs.

DAMA gx. =03
DAMA g, =045
CoGeNT
— CDMS
3 Solar WIMP Sensitivity 200 kton-years - v, channel
10~ T Y T N !li' 104 . S— —
: ! ¥ — bb W(E)= 68%
- : %x — bb ¥=30°
- vy — bb W=10°
10 - xx— Tt Y(E)=68% -
XX —>tT T ¥=30°
—=>tr ¥=10° -~
B 10} - i
2,
b\
101} - il .
T R : | -
102} S—wave 10
2.0 3.0 5.0 7.0 100 150 200 lOl 102 103 104
m ,|GeV] M, (GeV)
Right : Kappl,Winkler, 1104.0679 Rott, Tanaka, Itow, 1 107.3182
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How the events look like in SK

Energy spectrum of atm. v in SK
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" PC B Upmu xpecte event ratio

m By using contained
events, signal
acceptance
significantly increase
for light WIMPs.
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how BG does

in CosOsun distribution

in zenith distribution

1.7.5(Govj[
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WIM

C<P .
will
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200
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o

1-2.5(GeV/c)

how does the signal look like in SK, and

"I MultiGeV e-fike_v, | = :SK I-IV Data
o —— :Atmospheric neutrino MC
e L L :WIMP induced neutrino MC
“t (for 6GeV bb-bar sample,
wf . . . .
L with arbitrary normalization)
-1 05 0 05 1
P signal -
& “ MultiGeV e-like_V, ~.[SubGeV e-like Odcy e
be flat . -
> ’”F&!i—f-_‘_—f—*—t—.-’—__’_
’ -0—_‘__;4—0-'=*="‘_T~;_:;: 44
405 0 05 1 4 05 0 05 1
"t MultiGeV u-like | ~ [SubGeV u-like 1dcy e
o T ey
T 05 0 05 1

from the Sun
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To use contained events : fitting approach

V

b
nucleon g

SC (“'\t'\f‘[ ng
U

Low E v High E v

® angular resolution get worse to stay with angular
cut approach

® uyse fitting between data and MC, as we do to
constrain oscillation parameters

® bonus : use energy information,
use e-like events

28
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e-like nulike 1dea explained

“IsubGeV e-like Odcy e| “[SubGeV y-like 1dcy e

1% - S P S e :;:-_*_—o-—s——;——’-—i—_H angUIar

| distribution

) ' L ' , | PP |
-1 0.5 0 0.5 1 -1 -05 0 0.5 1

i0

:x SubGeV e-like Odcy e| ws.iSubGeV y-like 1dcy e

2500 000

2 te | 500} :—':’:[
| ook = | momentum

distribution

)
o

S— 500

50

C' ' A s 4 2 A -
10™ 1 10" 1

If there was a miss of our understanding in data
because of unexpected extra component (VWIMP-
introduce neutrino), which has been until now
accommodated with systematic errors, now will reveal.
during fitting every bin simultaneously, the ‘tendency’
of misunderstood data will be filled with new WIMP
contribution, and let us I<ncz;/v how much of it we need.
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Test signal contribution by pulled X2 method

Maximum log likelihood fit for poissonian distributed
SK data to “atmospheric neutrino + WIMP induced neutrino”
to find best fit value of

X — QE#ofbms[ij(’(l 4 Ejfjnej) + ,B.V,YVIAJP(]- + Ekfifek.) . I'\;Tctlata_+_

A 1+ 55(2) + 2w )
NZC(1HZ;fl'e)) + BN TMP(1 + g filex) oy "oy

N datalp

‘pulled’ way allows to accommodate systematic errors in the

fitting
sz/c‘)ek =0

30
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Set Bayesian upper limit

/9))‘% uppe
Lo | L | !
0 0.1 0.2 0.

| T

02 04

best fit WIMP
contribution

3

limit

What if our data favors

‘negative contribution from
WIMP?

Unphysical | Physical

region region
glala)
flal o) ./ ¢ of area
in physical

region

Y

o or o A
Confidence limit 1 — ¢

-> calculate Bayesian upper limit

31

with flat prior
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90% upper limit on WIMP-induced
muon neutrino flux

10
e
o 7t channel
5 —— bb-bar channel
E‘1015 —  m® channel
-
—
O, 14b-..
c10 Free
- E NG .
4 [ ol
= S
C1013:- .......
c :
°c r N
g L —— SKI-IV data N
1012? ............
- [ Sensitivity - 90%
L e . 2 1 1 PO T T T |

2

10
WIMP mass[GeV]

“flux « annihilation « capture « scattering X-section”
Upper limit on flux -> upper limit on scattering X-section

10
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90% Upper limit on SD scattering X-section

used SK |-V data (3903days)

—
o
i ‘
wy
' 4

—

— SKI-IV 2013, tr / bb / w'w channel
— =-=:=  SKI-Ill 2010, bb / W'W  channel
SIMPLE 2011
PICASSO 2012
DAMA/LIBRA 2008

IceCube 2012, =/ bb channel
wisssn wssss wooo« Baksan 2012, tr/bb/w'w channel

-
o
-

"L
sant
santd
puntd
sb?®
pet
ah
pat®
lllll
llllll
llllllllllll

-
o

p—y
o

----- “iers == SKI-IV, bb-bar/ W*W /1"t channel
o | " " " PR T T N A |
10 10°
WIMP mass(GeV)

—
o
'

WIMP-proton SD gross section[pb]

result shown in 3 lines to be model
independent
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90% Upper limit on Sl scattering X-section

—_
o ; ,,,,,,,,,, used SK I-IV data (3903days)
e =\ ° °
I \ preliminary
- 10 | Eg ==
8 == DAMA/LIBRA 2008
v 5 == CoGeNT 2010
B A . S CRESST Il 2011
o - 5 _ Sl ' CDMS Il Si 2013-only 90% / 68%
=10 e R ~————  CDMS Il Si 2013
O e XENON10 S2-only 2011
(T) XENON100 2012
c
o
9 10
©c F |\ D) .,
g e, ,
i
o ——  SKI-IV, bb-bar / W*W" / t*t” channel
E 10 -q ' | N 1 1 PR TR T T A |
S 10 10°
WIMP mass(GeV)

The result surprisingly competes with human-made direct
detectors.

— important result from a very different detection strategy &
uncertainties thag direct searches.
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S0, how much trusty is this result?

* [t is good strategy in terms of sensitivity.
Since suggested in early 80’s, solar WIMP search has been most
powerful analysis in SD WIMP search, & functioned as good
independent/multiple attempt in SI WIMP search.

* |s it good strategy in terms of reliability?

35
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consider in

Uncertainties

Interpretatio
n

nuclear physics uncertainties * .

(form factor, solar compositi

WIMP number evolution
(Evaporation, Equilibrium condition,"..)
astrophysical uncertainty ¢

> |n propagation :
oscillation,
Interaction <«

> Detector systematics & neutrino

interaction, event reduction, selection,

reduction, reconstruction
36

=~ treated in
‘pulled
method’
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uncertainties in neutrino propagation,
detector response

not that enormous(results are driven by rather statistical error)
well-understood,
properly treated by pulled-method,
should be studied for individual detector (not for this talk)

(for example, for SK analysis 73 error sources are considered)

Systematic Erro lue o
MA in QE and single = -24 10
CCQE cross section 066 1.0
Single meson § uetic 0SS M 78 20
DIS cross sectic Eae 0 Ge\ )16 1.0
DIS cross sectic .27 5
Coherent  pre tion 1.53 100
NC/(CC) 51 20
Nuclear effect in "0 nucl 38 30
Nuclear effect in pion ¢ 08 1.0
¥y CON natx 1.0 30
NC in FC p-like (hadre 46 10
CCQE & /v, (i ) 14 054 1.0
CCQE u/e rati 1.12 1.0
Single = duc 200 40
ingle oduc O )04 1.0
" dec noer b-GeV ing e-like O-d )48 0.5
pelike 1 .77 0.8
e-like 1.d 39 4
u-like O-d ) )
p-like 2-
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uncertainties in particle physics

“As an experimentalist, not responsible for search for models
accommodating current all results from colliders, direct searches,
CMB measurements, but still we can’t 100% escape from the
particle physics concern because of ‘assumptions’ we put.”

<assumptions on scattering to ordinary matter>

* ‘elastic’ scattering off nuclei

* axial vector(SD) and/or scalar(Sl) interaction types
* [sospin conserving interaction

how model-independent WIMP searches are!?
-> need to look back into the particle physics

assumptions we put
38
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Search for light LSP in next-to-MSSM

® |n model space, Neutralino in MSSM < 20GeV is essentially closed.
But we can find theoretically well-motivated light WIMPs in nMSSM

(" )

Neutralino in thg MSSM |
r Extremely light sbottom

S|

1074 We re Very low transverse energy of the jets

might avoid LHC constraints
" \
0 here \\

15 < M; < 25 GeV. small cos 0,

E
= 0 Neutralino coannihilation with sbottom
.g Arbey, Battaglia, Ma di ™~
1308 o Arbey, Battaglia, Mahmoudi 1308.2153
10 . o Betale Hahmoud BB
g e - | f\ \.
g 10-%4 Fornengo et al. 1304. o »\ 10-8 g
c 72
S0 10~ g
= =
T 107 > 10710 g,
= o Béjpater et al. 1308.3753 e ETOO heavy
Too low T e for|{us
-49 R S A L5 2 A 1013
for|us 107 10 100 1000 10"
WIMP Mass [GeV/c’) Cerdeno, TAUP2013
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Find a light WIMP candidate in next-to-MSSM
(go to ‘weird models’)

DAMA/LIBRA
_XENONTO.

~

T NMSSM Cerdeno

1 10 10"
[‘T.]WIMP ((” e\/

“The mass of the LSP can be considerably smaller in
the NMSSM and can still be compatible with the
WMAP constraint on the relic density.

Also NMSSM allows a scattering cross-section
consistent with the rate observed by CoGeNT and
DAMA.”
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‘normal’ WIMPs are not all after all

THE ZOOLOGY OF DARK
MAT TER

Three basic categories of dark matter:

Reasonable  Weird Crazy

\

sometimes also

yes ,
called “normal’” s it an axion? ——> Is it the usual yes

KSVZ or DSVZ axion? > Sounds
s your model a 4’
WIMP? reasonable
Yk‘ [l

neutralino?

o

do you invoke new
states or forces to

(also "wrong™)

yes
sitanMSSM——

neutralino?
\ Sounds

welrd

explain one of. yes
DAMA, CoGeNT, ~ has the paper been
PAMELA, Fermi ~ cited a large number

excesses, etc? iy of times? \ Sounds
el

azy

41 Neal Weiner, TAUP201 3
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break a ‘still’ model-dependent assumption

In our ‘weird’ model, customary assumed ‘isospin
conserving interaction’ needs to be generalized ->
|sosp|n-V|oIat|ng dark matter’ (IVDM)

oS1 = (Lt (A—Z)fn)*

MSSM
wino/higgsino,
Isospin-conserving g

SI interaction SD interaction

Actually not ‘weird’ but ‘more general’ thought this is...

42
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More motivations for IVDM

Feng, Kumar, Marfatia, Sanford 2011

phenomenologically, it has been popular
as a remedy to reconcile conflicting

results (1003.0014, 1102.4332,
1103.3270, 1 110.5338, | 112.4849,
1212.2043, 1302.5416, astro-ph/0408346,
| 106.4044(about SK solar WIMP)

107F

of (pb)

1108.0518(about soli ™ ™} =07
_ many more) \
% g 10°3%F O\ \»\‘
strength of solar WIMP analysis : ol e
solar analysis has strong sensitivity for VI my (GeV)

Frandsen et al. 2013

Due to the Sun chemical composition with
approximately 73% of hydrogen (less
susceptible to destructive interference between
proton and neutron couplings). (fn/fp < 0). cA=fA—[fZ+f( z) [ xFF
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Search for isospin violating DM

WIMP-nucleon Sl Cross section[pb]

10 XENON100
MS Ge
.| CoGeNT 8.4kg-days 2008, WIMP-nucleon
. _DAM , No ion channeling
- kg-days 2011
10 ¢ = ~CDMS Si c58 90%

3

8 9 10 20
WIMP mass(GeV

5 6 7

90% Upper limit on S| scattering X-section
for IVDM case (fn/fp = -0.7 assumed)

44
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Cruciality of ‘capture = annihilation equilibrium’

which i don’t want to reveal in the places i have to advertise my analysis...

log, ,(c>"/(pb))

-30 -29 -28 -27 -26, -25
log, (<o, v>/(cm °s7))

equilibrium condition scanned for CMSSM neutralinos

-> needs to be done for individual target model

45
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uncertainties in nuclear physics

<foam factor>

relevant only when scattering off heavy nuclei ->
relevant to Sl scattering,

SD : pure Hydrogen detector is free from this
discussion

while others are affected as much as similar in
amplitude to that of astrophysical uncertainties
(D. G. Cerdeno et al, 1208.6426)

S| ;. foam factor is expected to affect the solar analysis
result max ~ 20% for heavy WIMP candidate
<SD cross-section calculation>

G4 u? ,J +1
17; (ap < Sp(N) > +an < Sp(w) >)2T

Typically,“odd group assumption” for direct detections

-> relevant for pure Hydrogen detector
46

Osp — 32
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uncertainties in astrophysics

e After all,it is from ‘indirect detection’, isn’t there
huuuge astronomical uncertainties there!

we don’t know. 10— 3
about this ' well ’

e h

<uv>(cm33—1)

0
mx(GeV)

FIG. 8: 10 and 20 parameter regions on the m, — (ov) plane
for the DM annihilation scenario. The lines show the 95%
upper limit of Fermi «-ray observations of the Galactic center
(thin lines, with different normalization of the local density
corrected, [50]) and dwarf galaxies (thick lines, [51]) for pu*u~
(black solid) and 77~ (blue dashed-dotted) channels respec-
tively.

1304.1482 Yuan et al. 47

21 _| found a comment about AMS interpretation...

The Galactic center Y-rays
exclude the parameter space

to explain the e excesses.
However it may suffer from
the uncertainties of the
density profile of DM in the
halo center.

I’'m afraid if this is general
impression of people about
any cosmic ray WIMP
search?
but...
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pulsar or something big between the Sun & us.

Astrophysical uncertainties

surprise |) not THAT much source of uncertainties (no

surprise 2) most of them shared with direct detections

LSS

voids, walls, filaments

halo mass functions

concentration-mass relation

Halos

halo shapes

density profiles

pseudo-phase-space density

mass (or V) functions

density profiles

central density

) Substructuljc

spatial distribution

streams

folds & caustics

local density

Loca_l

tidal streams

dark disk

Astrophysical

Dwarf galaxy abundance

Dwarf galaxy kinematics

Stellar streams

Gravitational lensing

Indirect Detection

Extra-galactic DGRB

Galactic DGRB

Clusters

Galactic Center

Milky Way Dwarfs
Dark Subhalos

Local anti-matter

Neutrinos from Earth & Sun

Substructure boost

Sommerfeld boost

Direct

“Vanilla™ ~ 100 GeV DM

light / inelastic DM

axions

directionally sensitive experiments

48

. VNbchﬂentaupZOlB
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direct detections vs solar WIMP search

: : solar WIMP
uncertainty range direct searches )
neutrino searches
LoFaI DM halo 0.25 GeV/cm? < p0 | ~ 2.8 times | ~ 2.8 times
density(p=0.3GeV/ | <0.70 GeV/cm’®
escape velocity of
local halo -600km/s large >
(544km/s)
Vsun=220km/s 200 ~ 270km/s
. rather small
Loca.l DM v.eIOC'ty deviations from
d'Str'bUtlon Maxwellian, etc
function(VDF)
Extra structure of i.e. existence of
: < large
WIMPs dark disc

Same source but very different effect

-> need to be carefully studied individually

49

Tuesday, January 14, 14




T

= =
i €
»

p—

—

—
-

1" ;

WIMP-Nucleon Cross Section [cm”)

XENON1 OO
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good to have very different detector

® at low mass where DD signals suddenly disappear

Expec Il

-’.__,—)

XltN()NI()()(Z(HZ)
,'.\ ot ” ‘I

1" CL)

ot ™

3() 4() 50 lﬂ() ﬂ()

Baud|s taup20 | 3 WIMP Mass [GeV/c’)

_— 1.1 - o
o : 7
$1.075 F = v, =498km/s | &
» 1.05 E— """ Vg = §
S 1.025 E 8
- E eeae o
o 1F /--— =
20975 F a
S 095 O
0.925 F
0.9 SEPEPRTITT BETERTITT BRI,
4 10 10° 10°
Datk- WIMP mass[GeV]

1 i i i
300 400

-l
-l

1 075
1.05

—
o
N

- O,

0.975
0.95
0.925
0.9

normalized + f(:

Our Model
Standard Halo

= A W = Eddington (Isotropic)

o Wechsler, taup2013
— — V,=498km/s . . .
E e v s ® with/without high
e velocity tail cut
=~ only few % for ID.
1 10 10° 10°

V\SI(I)MP mass|[GeV|]

Koun, Rott, Itow 13012.0273
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good to have very different detector

® what happens for possible modification of

low velocity region!?
i.e. dark disc?

Existence of co-rotating invisible structure,
dark disc in the solar neighbor, claimed to be
robust by cosmological simulations

0.012

-
3

S

~—

SMH
SMH + dark disc(p, / p, = 0.25)

00 SMH + dark disc(p, / p,, = 1)

0.008

0.006 K

0004 VDF of strong dark
disc(blue, 50% of

: ,
ho / halo density), 25%
o Ml ity STt (pink)

0 100 200 300 400 5S00 600 700 800
u(km/s]
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Abundance in low velocity region can boost neutrino detection
(Bruch et al,0902.4001, Ling, 091 1.2321)

-
\
- L.
- .
e 8 1
W‘.
- - - — J

Capture boost (SD)

Existence of dark disc
makes the current
interpretation of solar
WIMP search versus
direct detections
stronger

40
35
30
25
20
15
10

S

0

40
35
30
25
20
15
10
S

Paq/ Py =0.25
aq/ Py =1

Capture boost (Sl)

10% 10° 10°

WIMP mass|[GeV]

SD Cross section(WIMP-nucleon)[pb]
d & A 0w N 6..

%)
Il ll (L tnswm

| EEEl mgg%&m o
_ 8‘3%345.33.%’ zozg*y%m

— Paa’ Py =0.25
3 Paa’/ Py =1
3 Koun, Rott, Itow
| 2 3 s 13012.0273
1 10 10 10 10
WIMP mass|[GeV]

SD-pro

ellmlnary
Hr .
A dashed : dark disk
| __ass umptlon
* " WIMP mass(GeV)
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Conclusion

Solar WIMP search is a very strong strategy to examine light WIMPs.

m new analysis using neutrino yields : Increased signal acceptance using low
energy & electron neutrino,

fitting with angle + energy + flavor informations

b SK result is current world’s best in finding no WIMP competition in SD
cross-section below 200GeV,

S| result excludes most of the claimed signal region with tautau channel,
(consistent with recent LUX data) set the limit for very light WIMP (<8GeV).

Solar WIMP search uncertainties are not that enormous

- Astrophysical error sizes similar to direct detections; should be seriously
( ) taken in parameter space

m [ndependent method & different responses to errors; can be a
complementary method to untangle direct detection uncertainties

Thank you for listening to & inviting me!

53
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Back Up

54
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cture rate nsde the Sun

~

16§ 28 56

ma{GaeV)

Figure 3.11: The capture rate of the Scalar-coupled WIMP in the Sun
: Black solid : Total, Red dashed : H, Orange dotted : He, Yellow
dotdashed : O, Green longdashed : Si, Blue twodashed : Fe, Violet

solid : the rest.
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Spin-independent WIMP-proton
scattering cross section : Earth analysis

-
o

| CDMS.Si:c58:2013, 99%
7f ;PP . CDMS:Siic58:2013,68% : @
et - DAMAZLIBRA 2008; no‘ion channelmg

10 T
. CoGeNT 2010
.38 CRESST Il 730!(9 days 2011 : B
10 <...CDMS.:Si;c34.c58. Combmed 20‘!3 ..... -

- CoGeNT 8.4kg-days 2008, WiMP-nucleon|
: XENON10D S2:-only: search 2011 :
: XENON1OO 7650kg days 2012

Hyper -K 5yrs SOIaf, 't charinel

40 F . \GE=5=—— Hyper-K 5yrs earth; bb-bar channel
10 Ny «. —\— H‘VW"K 5Yl'808ﬂh. W’W'chnnnel— ....... =
10 M L N ._..:“f ................. i Hyper-K sensitivity : based on SK 2010
of | VO — | analysis(l108.3304, Tanaka et al.)
10 : HK effective area : | 8times SK.
asf i iii ™ L N -1 Syrs of HK will improve sensitivity by 3.4
107 it M Sl o) 3
o P eartthL.o.e—l assumed

2

WIMP mass(GeV)

WIMP-nucleon Sl Cross section[cm?]

The Earth is known to have better power for Sl search than the Sun.
However, the theoretical uncertainty on ‘equilibrium’ is more critical than the Sun.

* Heavy element rich : strong sensitivity to Sl cross section
* Resonant mass effect(stror’e for WIMP mass ~ Fe, Si..)
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Uncertainties in capture process

METTY 4
Hydro.gen Hydrogen no impact
detector is form = not much above 4GeV
factor error affects 7 negligible
free! P - for low mass
WIMP
form factor solar solar eva solar
model poration | diffusion
‘recently went
4 back to ‘free
| % 3% <|% <|% space’(Sivertss
20GeV 8 . 3 : on&Joakim,
50~ 1201.1895)
100GeV | % 4% <|% <|%
200GeV | % 6% <|% <|%

combined all errors affect the solar analysis result
< 7% for SD

taken account in conversion to VWIMP-proton scattering cross-section limit
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