THEORETICAL INTERPRETATIONS

OF THE XENON1T RESULT
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My favourite explanation (a disclaimer)

| Consumer Notice:
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Toro Principle
If you rotate a plot by 180 degrees and you are still excited,
you probably shouldn't write a paper about it
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Dessert, Foster, Kahn, Safdi
2006.16220

B, + shifted axion HH  SR1 data
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An unphysical axion tlux from the sun gives a “better fit” to the
data
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Claim: if this signals a bkg mismodeling that can happen with equal probability at

lower energies, the axion p-value is ~ 0.1

Real Message: Toro Principle



From the original talk by the collaboration (backup slides)

g8 0,0,0,0,0,0

F Time dependence consistent with all three: w

Time
Dependence

¢ Constant in time
¢ “Solar” modulation signal

® Tritium decay

_ W,
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« Modulation + const (p=value: 0.73)
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e Const (0.70)

Rate [Events / dav]
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WHY THEORISTS LIKE

SREREI
Ui wamoaw

INOH1S HﬂOA

e UV Motivation from String Theory

e Strong CP

e Generically predicted in a class of
solutions to the Electroweak Hierarchy

Problem

e Simple and predictive cosmology

YOUR STRONG , ¥
cP PROBLEM! ¢




AXION-LIKE PARTICLES

Loosely, Goldstone Bosons of a symmetry broken at high
scales

fo >0
Derivatively coupled to the SM

g(0a)Osm
3 couplings are used in Xenon's analysis
L D —ig4eaéyse — goraFp F* —iaN (g3, + gfm%)N

g = —1.19¢0, + g2,



AXIONS FROM THE SU

4 1WN31804d dJ

L " DNOYLS HNOA
S

maSTGD

I 1 I
-~ ABC axion
400 ~— 97Fe axion
; Gae = DX 10-12 Primakoff axion
2 300F geff = 1x10° -
S Jay = 2%10710 GeV!
E
& 200
=
@
&
100
00 5 10 15 (

Energy [keV]

Yae

YOUR STRONG , 'Y
CP PROBLEM!




AXIONS FROM THE SUN
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DETECTION IN XENON
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Axio-electric effect ~ Photoelectric effect
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RELAXION
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INOHLS dNOA

relaxion .
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Budnik, Kim, Matsedonski, Perez, Soreq
2006.14568
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TIP OF RGB STARS

I ‘ r é iN11904d dJ

DNOHJ.S dnoA

Extra cooling from the axion delays the explosmn

(i.e. more He in the core) increasing the peak luminosity

T ~10%° K ~ 10 keV

For a recent review relevant to Xenon1T:
Di Luzio, Fedele, Giannotti, Mescia, Nardi
2006.15112
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WHAT DOES IT TAKE TO EVADE
STELLAR COOLINGY?

I ‘ r 4 W11804d dJ
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L

M medium 7& Mvacuum

SM example: Photon

DeRocco, Graham, Rajendran
2006.15112
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WHAT DOES IT TAKE TO EVADE

STELLAR CQOL\NG2

BNOHJ.S dnoA

M medium 7& Mvacuum

In practice you need to work for it:

— a ~
LD EFF g1oX1X2 — 929XeX1 — Mxix1 — gN¢NN + —hGhGh

1.New confining gauge group
2.New fermlons Parameter| Value
3.New long range force gN 107>
: V9192 |3 x 107
4 New source of tuning me 101 eV
A <1078
15
DeRocco, Graham, Rajendran (]I\)/_‘; 107 GeV
2006.15112 30 TeVv
| Ah 30 TeV
'cp proBLEM ¥ | fn  |3000 TeV




WHAT DOES IT TAKE TO EVADE
STELLAR COOLING®
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STELLAR COOLING

Inverse Primakoff
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STELLAR BASINS
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Particles emitted near threshold can be captured on long-lived orbits

E ~m
E—m
FP(R) <0
m

' w=m(1+12, /2)
Small phase space (and hence
N production rate)
@@ T but astrophysically long times

10“‘""'//’%'6.& I T T~ 107 y
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local axion energy density p [GeV/cm®]

AXION BASIN
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INELASTIC DARK MATTER

X X

Dirac mass + small Majorana mass

Baryakhtar, Berlin, Liu, Weiner

2006.13918



INELASTIC DARK MATT

primordial iDM, ¢ = 3 keV, my, /m, = 3, ap = 0.5 primordial iDM, 6 = 100 keV, my, /m, = 3, ap = 0.5
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DARK PHOTON

DARK PHOTON DARK MATTER
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| XENONI1T excess .
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HB cooling hint ........
].0_17 Ll Lol Lot i
10° 10° 10* 10°
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An, Pospelov, Pradler, Ritz
2006.13929




The most appealing new physics explanation put forward by the
collaboration requires some model building work (or Primakoft
events in the detector).

There are simple alternative new physics explanations that can
(superficially) fit the excess (e.g. inelastic pseudo-Dirac dark
matter)

Once the initial excitement will be over (maybe it already is) we
will be left with a few interesting theoretical results (for instance
stellar basins)

L
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PANDAX-I

arxXiv:1707.0792

Same axion production and detection mechanisms

PandaXII XenoniT
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PANDAX-I

Excludes Xenon Excess
arXiv:1707.0792

Same axion production and detection mechanisms
PandaX-I| xenonlT
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