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Preview

Enhancement Estimated values
Vector v ~several times
Axial-vector X X
Tensor X X
Scalar v ~several times
Pseudo-scalar V4 ~30%




Evidence of DM
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Death by Dark Matter

Jagjit Singh Sidhu!, Robert J. Scherrer?, Glenn Starkman'
' Physics Department/CERCA/ISO Case Western Reserve University Cleveland, Ohio 44106-7079, USA and
2 Department of Physics & Astronomy, Vanderbilt University, Nashville, TN 87235

Macroscopic dark matter refers to a variety of dark matter candidates that would be expected
to (elastically) scatter off of ordinary matter with a large geometric cross-section. A wide range of
macro masses Mx and cross-sections ox remain unprobed. We show that over a wide region within
the unexplored parameter space, collisions of a macro with a human body would result in serious
injury or death. We use the absence of such unexplained impacts with a well-monitored subset of
the human population to exclude a region bounded by ox > 107% — 1077 em? and Mx < 50 kg.
Our results open a new window on dark matter: the human body as a dark matter detector.




What is dark matter

We do not exactly know!

Interactions

Neutral, non-baryonic, weakly interacting particle!
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Ways of probing DM

Nuclear Matter
guarks, gluons

Direct
Detection

1° Dark Matter
(mass ~ GeV - TeV)
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recoil energy
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phonons

Dark Matter

Leptons
electrons, muons,
taus, neutrinos

Photons,

Indirect Particle

Detection Colliders
DM SM

DM coupling to SM induces + interactions.

W, Z, h bosons
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Detecting technologies

CoGeNT, CDEX, Texono, DAMIC,
Malbek

Ge

lonization

XENON, LUX/LZ. ArDM, PandaX,

Darkside, DARWIN Super-CDMS, EDELWEISS

Photon Phonon

Nal, Xe CaWwO04, BGO Al2Os,LiF

DEAP3600,CLEAN,DAMA,KIMS, XM

ASS, DM-Icem ANAIS,SABRE CRESST CRESST-1, CUORE



Where to go for Direct detections

WIMP—nucleon cross section [cm?]
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Status of direct detections
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Neutrino floor
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Two relevant issues

Precision calculations of the direct detection
cross section.

Understanding the neutrino floor.

Neutrino flux

Neutrino interactions



Neutrino sources in the universe
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Neutrino Flux [cm?.s.MeV]
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Neutrino sources in the universe
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Neutrino interactions

a=e,u,t
a=e,lu,t

New effective interactions with matter

New gauge interactions

NSI

New Yukawa interactions

=11, iys, v 7Ys0 O}



Neutrino oscillations
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CONHERENT
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CHARM
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Combined constraints

Couplings|Constraints || Couplings | Constraints|| Couplings | Constraints || Couplings | Constraints
Cors 0.051 ¢y 0.035 ¢, 4.863 X 0.484
Cics 0.051 Chs 0.034 5% 6.256 iy 0.686

eX 0.866 s 0.579 ¥ 11.87 s 1.603
T 0.632 Cly 0.064 . 0.996 X 0.178
Car 0.866 Chr 0.093 X, 0.996 0 0.250
oX 1.680 ey 0.215 X 2.123 ¢ 0.500
X 0.123 iy 0.084
Cav 0.112 Chy 0.072
(S 2.123 e 0.566




Neutrino floor in the SM

Event rate [(ton.year.keV)'1]
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Neutrino floor in the SM
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Neutrino floor in the SM

WIMP-nucleon cross section [cm?]
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Neutrino floor with exotic neutrino interactions
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Numerical results-1: vector interactions with
Xe131

....... - dsnbflux_8
—————————————— dsnbflux_5
_____________________ - -=-=-=-= dsnbflux_3
1 04 N e i "Be(384.3keV) —— Atm v,

-------------------- h _ ------- 'Be(861.3keV)

———
——— -
- -
- -~
-~ [
~o ——— -

-~
~~o
s\a ~
RES

i (e
-
~—
~ —a
~
~
~
~

A\
A\ \
. s
\
N\
| \
\. ‘\‘
Lo \
IS A
1 A \
et i St e PR, ST & S
1 \, 1“ --------
1 \ 1 T=ea
1 B [ ~e
1 N ~..
1 vy .

~.
~

Number of events (ton-year)'1

0.001 0010 _ 0.100 T 10 100
Energy threshold (keV)



Numerical results-1: vector interactions with
X131

WIMP-Nucleon cross section (cm?)
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Numerical results-2: axial-vector interactions
with Xe131
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Numerical results-2: axial-vector interactions

with Xe131
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Numerical results-3: scalar interactions with

Xe131
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Numerical results-3: scalar interactions with
X131
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Numerical results-4: pseudo-scalar interactions
with Xe131
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Numerical results-4: pseudo-scalar interactions

with X131
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Numerical results-5: tensor interactions with
Xe131
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Numerical results-5: tensor interactions with
X131
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Numerical results-6: vector interactions with
Ge72
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Numerical results-6: scalar interactions with
Ge72

WIMP-Nucleon cross section (cm?)

A

S
N
(-

— SM

A

<
1N
N

—- SM+Scalar

—

S
AN
L

A

S
1N
o)

A

<
1N
(00]

A

S
N
()

1 10 100 1000
WIMP mass (GeV)



Conclusions

NSI

Vector

Axial-vector

Tensor

Scalar

Pseudo-scalar

— SM
—- SM+Vector

& Definitely DM signal

NS

& New DD technique is needed
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