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OUTLINE

Indirect searches for dark
matter induced neutrinos
at Super Kamiokande:

1. Galactic Center
& Halo 2017 .

2. Earth 2017 _—

3. Sun 2015

Low-energy photons

Positrons
Quurks
(4]
e
Medium-energy Electrons
\ gamma rays

g Antlprotons

Protons

eptons

Supersymmetric
neutralinos

Bosons

Decay process )
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* measures solar, atmospheric,
cosmic & accelerator neutrinos

e Far detector of T2K
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Atmospheric neutrinos: main background
in DM-induced v searches
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" atmospheric neutrinos at SK

FC Sub-GeV
— FC Multi-GeV
B PC Stop
[ZZ2 PC Through

N
— z

Super-Kamiokande I-IV v , |
Frejus v,
IceCube v, unfolding
IceCube v, forward folding
AMANDA-II v, unfolding —_— L,
AMANDA-II v, forward folding 1
ANTARES v ,
HKKMII v Vv, (w/ osc.)

Monte Carlo
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UPMU

upward through-going u

10 . 10? 10°
Neutrino Energy (GeV)

interactions

in rock below ~10 events/day
data period: 1996-2016
~50 000 events in total




Dark matter searches at Super-Kamiokande

Search for excess of neutrinos form Earth/Sun/Milky Way Detector @

I
! HGC' Hsun
i or 6

zenith

FIT: for each tested WIMP mass, find configuration
of ATM 'V + DM signal that would match DATA the best lepton ,

direction !

Galactic WIMP search Earth WIMP search Solar WIMP search I
point-like source

MuitiGeV p-like “F MultiGeV p-like

-
-
-
p—
s

L —JOL

05 0 05 {1 1 05 0 05 1
cosB f cosO,

P T T S R R

DATA
: : : —— ATM MC (BKG)
II} these .coordmate systems. signal is easy to with oscillations
distinguish from atmospheric neutrino background WIMP signal

enhanced
for illustration
P.Mijakowski



Signal simulation EXAMPLE: Earth WIMP search

muon neutrino flux produced in WIMP

E2 * dN/dE [per ann. GeV]

Simulate DM signal before annihilation in the Earth’s core
. . . 1077 g
detection > DarkSUSY & WlmpSIm - WIMP mass = 100 GeV
P. Gondolo et al., JCAP 07, 008 (2004) 1o A onerame
M. Blennow et al., arXiv: 0709.3898 (2008) - —
— —_W
£107%p
&\.'g ;
EXAMPLE: Galactic WIMP search 8 ol
differential V. 'V energy spectra per DM annihilation for °
M,=100 GeV (oscillated throughout Galaxy) oo
W'W', bb, i*11” after oscillations ;
104% o o - 105 52
- —W'Wv,, ] X107
10% | C S
= u.,.u. V.V 3 1'6—_-‘5 bb annihilation channel
10l e ] o WIMP mass
E 14 === 1TeV
= - angular . 100 GeV
1L = 12 distribution of — 10 GeV
= &R muon neutrins
10" 5 & from the Earth’s
- §> 085" core
107 °© 0.62—
i 04f
10-3 | Lt N o,
10" 1 10 10? 02f
E"[Gev] E 1 |41|||| .
% 2 4 6 8 N0 iz 14 16 18 20

\O
180 Bzenith




Galactic WII\/IF?'séa(ch.

» diffuse signal from entire Galaxy,
peaked from Galactic Center

» GC visibility with SK: e
~71% with UPMU, 100% FC/PC 7

» search constrains DM self-
annihilation cross section <oV>

Halo profiles

= = Moore
m— NFW
m Kravisov

‘.‘M
“
T

&80 100 120 140 160 180
6 (angular distansce from GC)

Expected signal intensity strongly depends on halo model
NFW is considered as a benchmark model in this analysis

P.Mijakowski 8



lepton mom.

& COSGGC 'm;— SubGeV e-like Odlcye ‘; © SubGev ;.l-llike OdIcye ] SubIGeVu-]Iike 1dlcye 1 s Upsltop u =
. . . o 1 ao0- - 1000~ - o

distributions, : = ", ] " 1 N

. n ] s NG C y +

5326-5629 live- soo I o ERRY E T E

daYS, 1 996'201 6 4 05 0 05 1 ‘31_4).50451 '31__#&51 T 05 0 05 1

1505 T T T - C T T T ] 100 T T T ] 1000 T T T ]

F MultiGeV e-like v, MultiGeV e-like V, PC Stop Non-Showering .

NFW halo model
assumed

Fit results are

null WIMP
contribution

Galactic WIMP search: data

FIT based on

example: 5GeV WIMPs bb ann. channel

50: + :

500

0 0.5 1
150'_ T T T ] 150'_ T T T . [ T T T ] F T T T
C O n S I St e nt W I t h E MultiRing e-like v, E - MultiRing e-like ¥, ] ol PC Through E 200:— Showering 1
100~ = 100 3 C . r + ]
j_—ﬁh—‘ I ‘=F‘|—"=|=‘:l; ] T e ML
sof- &l 3 sof—F + . 2 1 " + ]
C L L F— | C L L — L L L L J C L L L .
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
T T T ] E T T T E T T T
MultiGeV y-Ji 1 awf iRing u-like ] o E
ol ultiGeV p-like B 4ooE MultiRing n-like : 400 MultiRing Other - COSBGC
- B 300;—!: 3 300 -
m 2008 = —f—_._ e .E 200 ey —E
200 = E E S e R _I_ DATA
1 100 g 100 3
C . N 2 ] SK1-4, 1996-2016
-1 -0.5 0 0.5 1 1 -0.5 0 0.5 1 -1 0.5 0 0.5 1
c0s0gc cosOgc cosOgc
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proportions of the signal in various samples are reflected

WIMP

before fit



Galactic WIMP search: fitted number of DM-induced V’s

ANNIHILATION, NFW PROFILE ANNIHILATION, NFW PROFILE
?1400 ?IIIII Trorrrm Trorrrm Trorrrm 7T IIIIIII I_ ? _‘III Ty Ty Ty L IIIIIII T 7
o - E © 1000 - —]
&1200F bb E 2" TET! ]
= 1000 ® best fit = = 800f ®  bestfit =
- E e 99% C.L. sensitivity 3 Y o eeees 99% C.L. sensitivity ]
.g S00E == 90% C.L. sensitivity E _g 600 — ".. = 90% C.L. sensitivity -]
£ 600f = = C ]
o 3 400 — —
2 a00F 3 e T F .
g C 3 T - .
8 200F = g 2001 .
3 = = 3 C ]
© 0f= - © L u
_% C = .g 0I-..'l'lllllllllllllll.'.'lllllllllllllll.'.'llllll—l
s -200F 3 s C * ]
(=] C - a r N
ul = -200 — —
‘5 400F E e r .
I+ 600 :_ i _: 3t 400 E K =
g o livetime: FC/PC 5325.8 days, UPMU 5629.1 days B g L livetime: FC/PC 5325.8 days, UPMU 5629.1 days i
£ -800 ol Ll Ll Ll Lol 1= £ T TR | 1l Ll Lol Ll
. = =
Fit results are 1 10 102 10° 10* 1 10 102 10° 10°
i ) M, [GeV/c?] M, [GeV/c?]
CO n S I Ste nt Wlth ANNIHILATION, NFW PROFILE ANNIHILATION, NFW PROFILE

nu” WIMP 'g 500:....| AL e e e ’g sootmll A s e e
o - W+W- E g f |
contribution S 400 e besthit 3 S wof o besthit E
W [ r=eer 99% C.L. sensitivity 3 v F 99% C.L. sensitivity 3
g 300 - — 90% C.L. sensitivity = e 300 = 90% C.L. sensitivity =
s = 4 ‘= - 3
H 200 e, — H 200 - —
c E RTTI 3 c E P 3
3 100 Th— g 100 =
o o m o £ 7
= 0 o 3 3 0 C @ 3
;f o 3 é E . ¢ *e o 4.0 L
G -100— ~__‘—’-—-.‘:f:’:-‘ 3 S 00F - . 3
‘s E "’_.....“. E % E E
#* 200 = #* 200 -
g - livetime: FC/PC 5325.8 days, UPMU 5629.1 days - g - livetime: FC/PC 5325.8 days, UPMU 5629.1 days .
E 300 vl v vl vl il g 300l v v vvnd vl vl el S

1 10 10? 10° 10* 1 10 107 10° 10*

M, [GeV/c?] M, [GeV/c?]

~150 systematic uncertainty terms included in the fit ~ p-values in backup
P.Mijakowski 10



Galactic WIMP search: bpwm self-anninilation cross section

90% CL UPPER LIMIT (NFW)

10'17¥ L 1 1 O B B 1 N B N R R T TTTTTE
— — - bb IC86 3yrs halo cascades =
108 EPJC 76 (2016) 531 ]
SR bb IC86 3yrs GC tracks . =
— arXiv:1705.08103 [hep-ex]x .
10‘19 _ —#— Super-K bb % __
= == Super-K W'W’ [} =
== Super-K u'u 5‘_ -
:_—. 10‘20 E_ Super-K v¥ 'l_'_‘_ bF IC _E
(7)) E I"s E
nE 102" = R =
= — - 1C*.
S bb sk
Fit results are A 102
consistent with ° = WHu-SK y .
23| "*-o—o\._ = __|
null WIMP 102 S i
: : - vv SK vv IC =
contribution 1024 ]
o = =
90 /o CL upper 105E -
limit on DM self- = [0 SC2l0 - xpectation for DM as thermalreie =
annihilation Cross 10-26T Lol Lol Lol Lol Lol
section <g,V> 10 1 10 10° 10° 10*

M, [GeV/c?]
ddro _ (0,°V) J R.p. dN

dE 2 A dm- M. dE
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Galactic WIMP search: bpwm self-anninilation cross section

90% CL UPPER LIMIT (NFW)

10-17¥ | IIIIIII| [ IIIIIIII [ IIIIIII| [ T TTTTI [ IIIIII%
— - - - bbAntares 2007-2015 =
1(]‘18 = Phys.Lett. B769 (2017) =
E —&— Super-K bb E
10‘19 — —#— Super-K W'W" —
= —— Super-K p'u =
p— =20 | Super-K v¥ — —
) 107 ¢ bb =
n; 102! - -. Antares 7
| O, = bb SK

Fit results are g 102 = -
consistent with o E wtu-SK . el
‘23 I e o i o, e
null WIMP 0ee -
i i : — M+M- b‘-"ﬁ T I
contribution 102 v -
) - =
90 /o CL upper 1075 E
limit on DM self- = [0 SC2l0 - xpectation for DM as thermalreie =
annihilation Cross 10-26T Lol Lol Lol Lol Lol

10 1 10 102 10° 10*

section <o,V>

M, [GeV/c?]
ddro _ (0,°V) J R.p. dN

dE 2 Y4n-MdE
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Earth WIMP search

* Spin-independent interactions dominate in the capturing
process — scalar interaction in which WIMPs couple to the
nucleus mass

* If the mass of DM matches heavy element,
the capture rate increases considerably

Sivertsson & Edsjo, 2012
10" F——————— e —vertsson & Bds5, 2012
i —— Gauss (free space)
A "Best" from LE 2004 ]
1015:_ ---------- Unbound —:
—_ E —-—- Bound (with hole) 3
- ——  Total 1
G ~—~ Total (with hole | The peaks correspond to resonant
O ].015 = i —— Total (with hole) red. SD |
PE: A N Total (with hole) red. sI | capture on the most abundant elements
£ i IR : 16y 24 28Q; 56 e
% 10ulf o = 102 cm? 0, “*Mg, “5Si and *°Fe and their isotopes
i N :
c 3 ‘\‘._.."T\\\ 1
s 107
© : 5 WIMP-nucleon SI scattering cross
v [ \ \\\ ] R .
5 102 _: section 0,,can be constrained and
Q. E 3 \\\\ ] . .
S _ _‘ N : compared with results from direct DM
10 3 detection.
1010- | M S e S
10 100 1000 10

WIMP mass, M (GeV)
P.Mijakowski 13



Earth WIMP search: data

example: 25GeV WIMPs T*T" ann. channel

FI T b d Sub-GeV e-like 0-dcy e Sub-GeV p-like 0-dcy e Sub-GeV u-like 1-dcy e 400 Up Stop
ased on “oor 1000
lepton mom. WI ST L MJ;TF‘”""L _J":_F‘-’L -
& €080 gith =
distributions, ° ‘ ° ° °
5326_5629 ||Ve_ Multi-GeV e-like v, 400k Multi-GeV e-like ¥ o PC Stop g Non-showering 1
days,1996-2016 = ++ +
Fit results are | e - :
ConSIStent Wlth 200 Multi-Ring e-like v, Multi-Ring e-like ¥ PC Thru Showering p
null WIMP + soaf .l
contribution ,wﬂ 'Mﬁh{
| . i : :
90 % upper limits — _ _ _ cosf
Sl VVIMP Multi-GeV p-like 400l Multi-Ring u-like Multi-Ring Unclassified
on - ot
dpovirie) J,.JNL ot el 4 DATA
- * SK1-4,
scatiterlng Cross L | | . | | L | | 19965016
Seclion OX'n cos zenith cos zenith cos zenith — ATM MC
WIMP
proportions of the signal in various samples are reflected before fit

P.Mijakowski
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Earth WIMP search: fitted number of DM-induced Vs

SK preliminary

* FIT based on g F . bb
8 - T, e BestFi
|ept0n mom. = 20— e, 9(()9"5/: CltL sensitivity
& COS 78' D 99% CL sensitivity
distributions, *g o
5326-5629 live- g of
days,1996-2016 E
g -100 |—
. = f
* Fit results are o
. . e - ) L PRI A | L L L R SR |
consistent with 10 107
M, [GeV/c?]
null WIMP
contribution 300
S - T
% 200 :— e BestFit
* 90 % upper limits R oo 90, OL senitity
on S| WIMP- T s
nucleon 3 of _ LT
scattering cross L
. 5 10—
section O, _, s f
B 200
= N | L |
10 107
M, [GeV/c?)

P.Mijakowski



Earth WIMP search: wimp-nucieon si cross-section limit

ORI baced o SK preliminary
10°¢
lepton mom. = — SKFIV,bb DAMA/LIBRA (2008) ~ JCAP 0904:010,2009
& cos 10% == = SKHIV, ¢ ANTARES, 2007-2012,bb - pp, ¢ park Univ. 16 (2017)
distributionS, o = — — ANTARES, 2007-2012, t*t
: £ S IceCube, 2011-2012, t7/W*W " Euro.Phys.J.
9326-5629 live- S 40l C77, 82 (2017)
days,1996-2016 $ -
0 —
® 107 =
: ” =
* Fit results are 8 =
consistent with 2 10% & O N—
null WIMP S - e T
. . —41
contribution g 107E
< :
S0t
* 90 % upper limits = =
on SI WIMP' 10—43 —
nucleon -
SCatterlngCI’OSS 10—44 Lol L o] l Loyl L Lol
tion 10 102 10° 10*
seclion o, , M, [GeV/c?]

P.Mijakowski 16



Solar WIMP search

* DM particles passing through the Sun can elastically
scatter with nuclei and loose energy

* WIMP density increases in core, leading to DM
annihilation until equilibrium is achieved:
capture rate = annihilation rate

- Scattering cross section O,,, can be
constrained and compared with results from

dlreCt DM deteCtlon more: G.Wikstrom, J.Edsj6 JCAP

04, 009 (2009)

Published analysis: K.Choi et al.,
Phys. Rev. Lett. 114, 141301 (2015)

P.Mijakowski
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Solar WIMP search

example for: 200 GeV WIMPs, T*T" ann. channel

FIT based on lepton £ 2000 SubGeV angle g S0 MultiGeV angle
mom. & COSBSUN —— —— —‘—_'__._ 600:'__5_ _._—#—_6__’_
distributions, 1000} 400- ’
3903 days of SK data 2001
(1996-2012) %05 o0 0.5 1 %05 0 05 1
Cosesun Cosesun
£ 6000 £ _
No excess of v's from 3 SubGeV energy 5 4000 MultiGeV energy
the SUN as compared wor T/
to atm bkg 2000 2000
100'1 T 1 01 1Io 10?
90% CL upper I|m|t on momentum[GeV/c] momentum[GeV/c]
2 400 2
WIMP-nucleon § | PC + stopping muon angle | & 6Through-going muon angle
scattering cross section * 300-__:&:*::*___‘:_’_:*:__;_*_ t ol .
oXn for T+t-, bb and 200F R st
W*W- channels 100} 200 l
T 95 0 05 -1 ‘T 05 0 05
] b . cosesun ) e ) Cosesun
—f— DATA — AatMMC B WIMP

P.Mijakowski SK1-4, 1996-2012 before fit 18



Solar WIMP search: wiMP-nucleon SI & SD cross section limit
90% CL upper limit

-
o
n

-y
o

[pb]
- T IIIIIIII

n SD cross section
Q

proton §
o
o

WIMP-
S

10

10°°

spin dependent interactions

T llllllll

= SK |-V, bb

_ 7 DAMA/LIBRA (2008)
= SKV, 7" JCAP 0904:010,2009
| == SKHV,WW  —— LUX WS2013+WS2014-16

arXiv:1705.03380
—— PICO-60, 2016-2017
arXiv:1702.07666 _
...... lceCube, 2011-2014, bb
...... lceCube, 2011-2014, t°1
...... IceCube, 2011-2014, W'W

Eur. Phys. J.C(2017)77:146

LI IIIllll T IIIIIIII

T T lllllll

,,,,,,,,,,
*a

» -t?

| I il I
L L1l | L1111l | 11111l | L1111l

10 102 10° 10*
M, [GeV/c?]

published: K.Choi et al., Phys. Rev. Lett. 114, 141301 (2015)

P.Mijakowski

107"
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e 2 =
==} ~ (=2}

WIMP-nucleon Sl cross section[ pb ]

-
<
o

10—10 [ ||||||

spin independent interactions

Dl 0 0l

= SK |-V, bb DAMA/LIBRA (2008)
m— SK |-V, 17 T JCAP 0904:010,2009
— SK -V, W'W — LUX, WS2013+WS2014-16

arXiv:1608.07648
—— PICO-60, 2016-2017
arXiv:1702.07666
IceCube, 2011-2014, bb
lceCube, 2011-2014, t°1
IceCube, 2011-2014, W'W
Eur. Phys. J.C(2017)77:1f1,6

.

10 10°
M, [GeV/c?]

10°

10*
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Future: KM3NeT / Hyper-Kamiokande

* Open positions in our group to work on indirect DM detection
with present and future water Cherenkov detectors

PhD & Post-Doc positions available (call closes October/1st)

KM3NeT

* Modular
neutrino
research
infrastructure
the
Mediterranean
Sea (aim for
several km3)

* 2 parts:
ARCA (ltaly)
& ORCA
(France)

P.Mijakowski 20
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Summary

DM induced neutrinos has not been observed at Super-Kamiokande so far

Galactic WIMP search (2017, E—_S
Piotr Mijakowski

® upper limits on <0, V> for wide range of WIMPs masses (1 GeV to 10 TeV)

® strongest limits < 20-100GeV among Vv experiments

Earth WIMP search (2017) il

Katarzyna Frankiewicz
® upper limits on spin-independent WIMP-nucleon cross-section

* high sensitivity to resonant capture region = currently the strongest limits
from v experiments <100 GeV

Solar WIMP search (2015)

® strongest limits < 20-100GeV among Vv experiments

21
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Super-K data samples

Fully-contained

) 'V energy
reconstruction

» Vv direction info

» el identification
possible

P.Mijakowski

Partially-contained

» partial E, info
(lepton leaves
detector)

» v direction info

Upward-going muons

UPMU

upward through-going w

interactions
in rock below
detector

A A upward stopping w
J I

I I

U VH

Vv

» no E, info

» excellent v direction info

» downward-going
muons are neglected

(mainly cosmic ray W)
25



Galactic WIMP search: ON-/OFF-source

expectation for DM-
induced neutrinos

Different approach: search for large-scale

anisotropy due to DM-induced Vv's from Milky
Way

ntrie

AN~N-Nf= AN 0v)

off-source

. bkg Sig
N o+ Nog

0.5

* Analysis uses ON-/OFF-source concept to estimate background directly
from data
* Independent on MC simulations and related systematic uncertainties

P.Mijakowski 26



ON- & OFF-source results

N -N

ON OFF

NowtNoe: SK 1-4, 1996-2016

A=

UpThruShower mu
UpThruNonShower _mu
UpStop_mu

PCThru

PCStop

MultiRingOther
MultiRing_mulike
MultiRing_elike_nuebar
MultiRing_elike _nue
MultiGeV_mulike
MultiGeV elike_nuebar
MultiGeV _elike _nue
SubGeV piOlike
SubGeV_mulike 2dcy
SubGeV_mulike_1dcy
SubGeV_mulike_0dcy
SubGeV_SingleRing_piOlike
SubGeV _elike_1l1dcy
SubGeV _elike_0Odcy

'lll[lll][llllll[]IllllllllllllllIllllllll
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Galactic WIMP search: p-value’s

10°

bb

T T T T T T T 1177 T T T 1177

=8= bb observed best fit
win expected for <oV>= 10%

wnn expected for <cV>= 10°%
umnn- expected for <cV>= 10?1

TITEEH L e R L

LsaatianI

Ll Lol [ | L

10 10° 10° 10*
Mx [GeVlcz]
ww

_\Irg II\HIII| I\I\IﬂTl T TTTIT
Q |Q

TT
N
Q

\Hll I\I\m]]_w T
Q

1T
>
Q

T T T T T T T T T LI B N

=8= W'W" observed best fit
' expected for <cV>= 10"

Lol Lol Lol Lo

10 102 10° 10°
Mx [GeV/czl

[Ty

103 \|||||\| \||\|||| T T TTTTT T T TTTT

=0= |1*1" observed best fit

107 s expected for <cV>= 10°%
wn expected for <oV>= 102

10-5|> Il |||||\| Il ||\||||5 1 |||||\| Il 111111
1 10 10? 10° 10
2
M, [GeV/c]
A%
103 T T |||T|I{ T T ||||T|| T T |||T|w T T ||I|Ii::
== vV observed best fit .
10? s expected for <sV>= 10°% E
v expected for <oV>= 10% 3
10 i expected for <cV>= 10°%
1 E
107
E2

10

10-5”‘ 1 llllllll:‘ 1 llllllll 1 llllllll 1
1 10 102 10°

M, [GeVic?]
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Galactic WIMP search: signal llustration 10GeV bb-bar

2000 T T T T = |5oo[_— T T T ] [ T T T i T T T = T T T ]
- SubGeV e-like 1dcy e 7 - SubGeV e-like Odcy e | SubGeV y-like Odcy e | SubGeV p-like 1dcye 1| 3% Up stop 11 ]
1500 3 c — S o e 3 .
- - |000|:-— v ] P . L ) i ’ _'__'_ : 200
1000 = C ] -+ it N -+
- 3 - 200— — 500 — -
: : sw;—j B - 1w F
500 = C ] L 4 C ] ]
nE 1 ! 1 1 3 e— 1 I 1 . oF I 1 ] e'——!-’_T_._'T'_rt 0 ! .
-1 08 06 04 02 0 -1 05 0 0.5 1 1 05 0 0.5 1 1 05 0 0.5 1 1 05 0 0.5 1
T T ] 150 T T T ] _ 1o00/— T T T ]
aooE SubGeV n?-like 1-R —: C  MultiGeV e-like v, ] MultiGeV e-like Vv, - . Non-Showering L 4
600 1 10f E 1 i
_: —I I I I I + - 500'—q==—’=£-F=m——
3 50— — r ]
nF 1 ] 0: L | AA_IJ_: " - . . . -
-1 -0.8 -0 6 -0 4 -0 2 0 -1 05 0 0.5 1 1 05 0 0.5 1 1 05 0 0.5 1
1o00/— T I T I _ 150 T T I ] 150"_ T T T ] T T I i
. SubGeV -like 2dcy e MultiRing e-likev, - - MultiRing e-likeV, 1 PC Through -
- - - — 400 —
_ 1 o o toob E i
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Galactic WIMP search: signal llustration 100GeV bb-bar
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Galactic WIMP search: signal llustration 1000GeV bb-bar
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Galactic WIMP search:

residuals for 5GeV bb-bar best fit
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Signal illustration for Earth WIMP search

Tt ann. channel

WIMP mass = 3 GeV
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Signal illustration for Earth WIMP search xmnn’; g:a:“%egev
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Signal illustration for Earth WIMP search E&S";;E?i”i%l GeV
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Signal illustration for Earth WIMP search E&S“n’;i?i”'}?l GeV
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Signal illustration for Earth WIMP search JJ&S“;;E??E%[ GeV
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Signal illustration for Earth WIMP search

T Tt ann. channel
WIMP mass = 1 TeV
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