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WIMP-nucleon cross section (cm2)

First LUX results

LUX collaboration, 2013
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Time to rethink the 10 GeV elastic scattering DM paradigm.

=> see. K. Zurek’s talk yesterday



Qutline

® entertain a neutrino model that can explain the direct detection
anomalies that are often interpreted in terms of light-DM. The
model stands fairly unchallenged by LUX.

based on M.Pospeloyv, JP 2012 & 2013

e further astrophysical observables

preliminary explorations



Direct detection - big picture

Snowmass 2013 / Billard et al, 2013
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NeLItrinO PhYSiCS Pospelov (2011)

Harnik, Kopp, Machado (2012)
Pospelov, JP (2012)

With DD eXPe riments Pospeloy, |P (201 3)

new neutrino

new force => for MeV-scale v, NC-like coherent
\l, scattering on nuclei
£eff — _GB(DbfY'qu)JB L ( 2
) 2EV)
Eax — = OD(keV
1‘ R 2N ( € )

baryon current

A E, 10710 V2 E
Lose = ~ 1 AU Y
Am? ( Am? ) ( 10 MeV)




NeLItrinO PhYSiCS Pospelov (2011)

Harnik, Kopp, Machado (2012)
Pospelov, JP (2012)

With DD eXPe riments Pospelov, JP (201 3)

new neutrino g
The scenario we have in mind:
new force
\l, |. stronger than weak interaction
£eff — _GB(EbfY'UJVb)JB,,u GB/GF > 1
T 2. oscillation lengths
baryon current 5 Lose » 10° km

A E, 10710 V2 E,
Losc — ~ 1A
Am? v ( Am? ) (10 MeV)




Enhanced interactions with J 3

o, N (elastic) A?
0., N (inelastic)  E2R3,

~ O(10%) M. Pospeloy, 201 |

=> Dark Matter searches become competitive with neutrino experiments

=> D breakup in SNO does not constrain this scenario

® Coherent neutrino nucleus scattering with G3(N/2)* = GHA?

d 1
dc;’se = —GHE] [Z(4sin® 0w — 1) + NT* (1 + cos )



Enhanced interactions with Jp

* vector coupling of left-handed neutrino v} to quarks

Dty = (O + i 95Via)vs D=0+ iV

* Gg/GFr » 1 requires light mediator mass my = O(MeV — GeV)



Adding new light neutrinos

Am?: two limiting cases 4

* large splitting |[Amj;| » |Am?,
Amii
short baseline anomalies

(LSND, MiniBooNE, reactor)

2
Arrnatlrn.

1,2,3



Adding new light neutrinos

Am?: two limiting cases

* large splitting |[Am7;| » |Am@2j

short baseline anomalies
(LSND, MiniBooNE, reactor) 3

e smaller than SM splitting with AmZ.,
one neutrino |

little considered in the recent literature, 2,4
Amé



“Neutrino oscillation portal”

* appearance probability of “flavor”

2 B
Amz, L
Pﬁa = ZUSijBk EXP (—i ;nEkl )
L v

Am? 5L
~ sin® (2651 ) sin” ( TEB ) (o # )

2
AmAB

e effective angle with the new state “b” A
: 3
sin” (29?5) =4 Z U(;kkUbk U=V3x l_[Rz4((9@4)
k>A 1=1

e if all mixing angles 6, between groups A and B for which a non-negligible
phase ¢4 exists are zero, then sin”(2651) = 0

(L.

=> appearance of new flavor is protected by small Am”



“Neutrino oscillation portal”

* in the following, consider the setup 3
o = COS (92471(2) — sin 924%2, Am?xtm.
n4 = sin (92471(2) + cos (924712
U = Us R* (054) Oos # 02,4 :
Amg,

* considering small new angles 0,4 < 0.1 keeps the standard oscillation
8 8 P
picture largely intact

* Am? < 10~8eV? guards new interaction from detection in terrestrial neutrino
beams

Py <107* for L < 10°km, (£, = 1MeV)



“Neutrino oscillation portal”

* portal may not guard new interactions on

—10 2
L. — A E,, < 1 AU (10 eV ) ( b, )

Am? Am? 10 MeV

 appearance of v in the solar neutrino flux!

=> coherent NC-type scattering in direct detection experiments

dR(t) df; do
iEn [ ] 2. / o B 4B, dEg P BV
t
appearance probability
overall flux average over

modulation neutrino spectrum i



CDMS-Si 201 3
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Josef Pradler - HEPHY/TU DM 2013 - I3
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events / 0.1 keVee

CRGeNT
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Light Yield

CRESST-I
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Angloher et al EPJC 2012

® 8 CaWOy4 crystals, 730kg days

® 67 events, only half
understood as background
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A joint explanation of anomalies’
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Lisht DM vs. 1/,
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signals look alike
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=> complementary targets needed



Inelastic signals

e C-excitation in Borexino

120 +UVy, — U +12 C*(444 MGV) — UV +12 C+ 7y

¢

. " sensitivity:
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C-line would
show up here




Inelastic signals
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A joint explanation of anomalies’
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Neutrino oscillation portal

* portal does not guard new interactions on

ArE 1010 eV* E
LOSC — — & 1A -
Am? v < Am? > (10 MeV>

AT E, 10710 V2 E,
= ~ 1kpc
Am? Am? 1 PeV

* Are IceCube’s recent measurements of non-atmospheric
highest energy neutrino flux affected by the new state?

LOSC




lceCube

high energy neutrino flux
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lceCube
reported features

* atmospheric origin excluded (40)

Glashow resonance

* consistent with isotropic flux 10 b

E*®(E) ~107°GeVem s tsrt

* potential cutoff above ~ 2 PeV?

—_—
|

where is the “Glashow resonance”
@ 6.3 PeV? mw = \/QmeE,,

number of events in 662 days

(3-6 events are missing) 0.1

bkg. 1
data ——
L e 1 | 1 Ll
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A new window into neutrino
physics!?

The measurements of the high-E neutrino flux will primarily educate us
about the origin of high-E cosmic rays.

see, e.g., Murase et al., Laha et al,,W.Winter

But lceCube, at those energies, may also tell us more about new physics
in the neutrino sector. Can we:

* induce signals in excess of the VWaxman-Bahcall bound?
e “suppress’” events in the Glashow resonance region / spectral cut off?
* change observables like shower/track ratio or sky-distribution?

* relax the relation between diffuse gamma rays and nu-flux?



lceCube
event topologies

v, ..tracks vV, ...Showers
~ 40% of £, deposited

Ve,r ...Showers
(for sub-PeV 1)



DIS cross section
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DIS cross section

d*c g B G%q% E, mn

dxdy 2 (1 + Q?%/m3,
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* A new light mediatorV cuts
off cross section at lower energies

=> |less PeV for more TeV events

=> effective suppression of events in
the Glashow resonance region!



DIS average inelasticity
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are favored!



lceCube observable
shower/track ratio
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lceCube observable
shower/track ratio

Friedland et.al, 2012
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combination of largish vector masses together with large coupling
is excluded by collider monojet constraints.



lceCube
further avenues

=> we can entertain variants of the
model and increase the energy
deposition in the scattering, e.g.

If a “neutrino oscillation portal”
would be operative, astrophysical (work in progress)
signals may be the only means to

probe such an extended neutrino
sector.



Summary

® “neutrino oscillation portal” guards enhanced interactions of new “sterile”
neutrinos

® A new neutrino that couples with stronger-than-weak interactions to
quarks provides alternative explanation to the dark matter direct detection
anomalies; model “wins” when compared to 10 GeV-ish DM explanations.

® variants of the model may also have interesting implications for the
recent non-atmospheric (sub)-PeV IceCube neutrino observations



Outlook

® Using the “neutrino oscillation portal” we may, e.g. combine v, with eV-scale
sterile neutrino scenario; joint explanation of DM anomalies and neutrino
short-baseline anomalies possible!?

® |aboratory searches of 1/,: on-shell production of baryonic vector V,, in
fixed targets

® carly Universe:
=> Nt little affected (see also Kopp & Dasgupta 201 3)

=> coherent flavor transformation?

For Am? = 0(1071%) eV* MSW condition met at 7' ~ MeV
effects on BBN yields of light elements!?



