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A flourish of DM experiments

Credit:Arxiv:2007.08796 Credit:Arxiv:1806.02229

XENONNT PandaX-4T
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A flourish of DM experiments

Also:
Lux-Zeplin
Darwin
Credit:Arxiv:2007.08796 Credit:Arxiv:1806.02229
XENONNT PandaX-4T
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The aim is WIMP

Goal of The Experiments: DM

But can we use it for Neutrino Physics?

Very Large Target mass: > 500 kg to a few tons

Usually WIMPS: large masses (for neutrino standards) > 1 GeV.
Can observe Electron and Nuclear Recoil

Very low detection threshold (~ 1 keV).
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Xe is a good Target!

Xenon works very well at detection:

Large Target density: 131 nucleons and 54 Electrons/atom
Good at self-shielding (decrease in bkg)
Efficient Scintillator: Xe} — 2Xe+~y (~178 nm).

can distinguish nuclear recoil (NR) from electron recoil (ER)
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Time is key for discrimination

The Detection Process

Eur.Phys.J.C 77 (2017) 12, 881
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Time is key for discrimination

The Detection Process
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- Dual-phase Time Projection Chamber (TPC) GasXe e S
installed inside of a cryostat filled with Lq/Gas Xe. B o

- Particle collides with LXe producing e~ or nuclear

recoil forming Xe5 that decay promptly into 178 mm Liquid Xe

light (S1). e

- The ionized electrons are drifted by a field and ionizes I S
the GXe which produces a second scintialion light (S2) "'1Dm

at later time. Field

- S1/S2 produced by NR and ER are different! (can Cathode

reach 99% discrimination power) Bottom Screen
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Flux [1/(MeV cm? s)]

Neutrinos produces ER!

What About Neutrinos?

10 1 Solid: unevolved flux — pp - Neutrinos can interact with
Dashed: evolved flux — 13N K
101 Loy __ 159 electrons in Xe (for example,
— VIF Weak CC)
EB - Xenon binding energy: 12
® eV (5p°) to 33.3 keV (1s?)

— E, > 12 eV produces ER.

103 4
Solar neutrinos have at least

107 1 == 7Be : 4.93 x 10° [1/(cm? s)] E, ~ O(100keV)

___/ x 10.44% (384keV)

=14
10 x 89.56% (862keV)
10-3 tapep : 1.44 x 108 [1/(cm? s)]
107! 10° 10t
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Flux [1/(MeV cm? s)]

Neutrinos produces ER!

What About Neutrinos?

10% 1 Solid: unevolved flux — pp - Neutrinos can interact with
Dashed: evolved flux — 13N .
101 Loy 150 electrons in Xe (for example,
17 Weak CC)
EB - Xenon binding energy: 12
— e
P eV (5p°) to 33.3 keV (1s?)
— E, > 12 eV produces ER.
103 A .
Solar neutrinos have at least
* /% 7Be : 4.93 x 10° [1/(cm? 5)] E, ~ O(100keV)
wa x 10.44% (384keV) Very Intense Flux (specially
X 89.56% (862keV) .
. L pep : 1.44 x 10° [1/(cm? 5)] PP chain (E, < 400 keV))
10 10-1 1(')0 1(')1 Astrophys.J. 835 (2017) 2, 202

E, [MeV]
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Have we detected Solar Neutrinos in DM detectors?
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XenonlT excess

100 ’
| 5
%
~
=60 } ’ ’
< } |
6 40 —— Background )
Lé { Data

20

05 10 20 30

T, [keV]

8/20



New excess near threshold!

XenonlT excess

excess

1001
o\ | 5
>
~
60 ’ ’
= } |
6 40 —— Background )
Lé { Data

20

) 10 50 30

8/20



New excess near threshold!

XenonlT excess

excess
Z
~5
>
£
\
wn
=
@ 40 —— Background )
>
m t  Data
20
0 T T T T
2F - -
o | " ttrte..,
-2 F o
I ] L \ \
0 5 10 15 20 25 30

285 observed versus 232415 expected ~ 3.50. /20



New excess near threshold!

XenonlT excess

excess

Statistics maybe?

Z
~5
>
N
\
wn
=
@ 40 —— Background )
>
|2} { Data
20
0 T T T T
2F - -
o | " ttrte..,
-2 F o
I L L \ \
0 5 10 15 20 25 30

285 observed versus 232415 expected ~ 3.50. /20



New excess near threshold!

XenonlT excess

excess
Statistics maybe?
1) They check for a
= time dependency the
<
:, excess.
=
E
6 4() —— Background )
Lé t  Data
20
0 T T T T
2t . -
CHE S
-2} o

285 observed versus 232415 expected ~ 3.50. /20



New excess near threshold!

XenonlT excess

excess

Statistics maybe?
1) They check for a

= time dependency the
i excess.
ey
< 2) Changed threshold
5 40 —— Background ) assumptlon
Lé { Data
20
() T T T T
2+ N N
o [ trreenl,
2 «
| 1 1 1 1
0 5 10 15 20 25 30

285 observed versus 232415 expected ~ 3.50. /20



New excess near threshold!

XenonlT excess

excess

Statistics maybe?

1) They check for a
= time dependency the
f excess.

% 2) Changed threshold
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Maybe a Tritium?

Unacounted background?
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BSM physics?

New physics
Let's assume it is not bkg nor statistics
Bonus: We can find new effects that can be constrained in DM exp.

We proposed new physics related to (solar) neutrinos

PLB 810 (2020) 135787
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SM Solar neutrino via Weak Current

Events of SM interactions with neutrinos occur via weak-current

G2 2
i = m@[é’% +ef (1 — - glg]

1%

Ve

e

Y

T,/E, $0.1 = JZ ~ mostly Flat
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New Interactions

Let's generalize it with new interactions

do _ 5 T (v¥y&)2(2me+ T )+(yvEyg)* Tr
dr, enr 87rE3(2meTr—{—m§))2

Ve

Ve o

12/20



New Interactions

Let's generalize it with new interactions

Scalar
do __ o'm T@z(2me+7—r)+()’g}/ﬁ)2Tr
dr, enr 87rE3(2meTr—{—m§))2
Ve
Ve o
e

12/20



New Interactions

Let's generalize it with new interactions
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New Interactions

Let's generalize it with new interactions
Scalar Pseudo-Scalar

do (2me Tr + m2)(ysvyg)z(zme-l-Tr)—l-(yEyﬁ)z Tr

T, — s 8mE2(2m. T,—l—mé)2

Vs

Ve 10}

e

Lint = V(ys + vsyp)ovs + é(yE + ysyp)egp + h.c.,
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j—% = (2m.T, + m?)

Sterile neutrino gives low E enhancement!

(Y¥yE)?(2me+T,)+(ypyE)? T,

8mE2(2me T,—I—mé)2
80 ;I i
1 i —— sM
Vo my= OkeV | yys=72x10"" | If: mg, mg =0 at low T,
60!l ‘\\ —m== s =150 keV | yhy§ =72 x 1071
— : L — 7 26 — B —-12
= \ ms = 0keV [ ypyp =5.5x10 Scalar F¢ but Pseudo-Scalar const.
= [ ms = 150 keV | yhyp = 5.5 x 10712 r
=
S 40 If: ms = 80 keV at low T,
=
IS 2
NS Scalar 25 and Pseudo-Scalar 7=
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mey = 0keV
e
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30

Sterile neutrino gives low E enhancement!

de _ (2m, T, + mz)(y§y§)2(2me+Tr)+(yﬁyﬁ)2Tr
r S

0 keV | y4ys = 5.5 x 10712
\

— SM

—— my= OkeV|ylys=72x10"1
—m== s =150 keV | yhy§ =72 x 1071

— my=

ms = 150 keV | yhyp = 5.5 x 10712

FE, =300 keV
me = 20 keV

8mE2(2me T,—I—mé)2

If: mg,my =0 at low T,

Scalar % but Pseudo-Scalar const.
r

If: ms = 80 keV at low T,

2
Scalar &5 and Pseudo-Scalar 2=
T: T,

mg > 0 needed for NSI bounds.
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Another important detail for mg > 0
Kinematic cuts!

Conservation of momentum /energy requires a minimum kinetic energy
2)

1) Only the CM energy s = me(me + 2E,) can be transformed into m
Also, if all energy becomes m;

2
S
2 final momentum is not conserved!
80 ,
\ — SM
Vo my =150 keV | yhys = T2 1070
60 ly\\ """" ms = 150 keV | yhy$ = 5.5 x 10712
i
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= \
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Another important detail for mg > 0

Kinematic cuts!
Conservation of momentum /energy requires a minimum kinetic energy

1) Only the CM energy s = me(me + 2E,) can be transformed into m
2) Also, if all energy becomes m?

2
S
, final momentum is not conserved!
80 ,
\ — SM
Vo my =150 keV | yhys = T2 1070 .

" g f— o= 150 KV | i — 55 < 10-2 | INteresting! If we have
& enough resolution, we can
€ even get the mass of ms from
L0 DM experiments

20 ™

(A bit trickier due to nuclear
effects and detector resolution)
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Event numbers looks promissing!

Finally the event numbers
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Event numbers looks promissing!

Finally the event numbers
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yse,y;’ < 5x 10710 at 95% C. L. from BBN rro 90 (2019) 1, 015016

Caveat: Those bounds usually assume m, =0, y” or y€ # 0 at a time

There are also stronger bounds from stellar cooling, but they are model dependent

PRD 102 (2020) 7, 075015

. . V € 2
NSI constrains for vector mediators: €os = ﬁ — [g¥g®| < 10714 (£%5)” for
€ea bounds, but it is hard to find bounds for sterile couplings. e o1 (2001) 114
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Final thoughts
Electron Recoil Events on Xenon-based (DM) detectors can be used to search for v physics
Solar neutrinos can produce events, but obscured by background (hopefully in future?)

The XenonlT excess can be explained by vvge.

Works very well for: light mediator (~ 10 keV) and massive sterile neutrinos (~ 100 keV) -
from solar neutrino flux.

In any case: bounds on such couplings are interesting and are competitive for DM exp.
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VoM + m%vrel and V! = vy —
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£ Vrel
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Can’t be (usual) CDM

Can it be Cold Dark Matter signal?

Simple calculation using (non-relativistic) kinematics:

X+e —xte

— — —>f — —
VoM + oo Veel and Vg = VoM — o Viel

Mme

m, Vf 2 m Vi 2 — — max __
el melel — 2pliont - Vel = 17" = 2mevpm(vbm — ve)

(for my, >> m,)

2m, ~ 103 keV and DM halo with vpy <2 x 1073
T/ < 0.2 keV
In fact should be v, 2 0.1 (prp 102 (2020) o, 005002) )

Note: Exotic scenarios are allowed (eg x + x + e — x + e PRL 125 (2020) 13, 131301)

20/20


https://arxiv.org/abs/2006.10735
https://arxiv.org/abs/2002.04038

