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Sianals vs Models

Y

o Time for a debate...

- Nature isn't pretty

model

) - no discoveries yet
builder y

- can still be consistent

-model space is infinite

P

This talk: signal approach
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Direct detection searebe_s

o Types of searches

Elastic scattering Bosonic agsorption
WIMPs dark photon
x freeze-in axion-like particle

o Progress getting expensive

XenonlT ~ $107
DARWIN ~ $108

o About to hit v floor

o Different sianals?
= big gain/small cost
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Elastic scattering @ ol

BERKELEY LAB

o Elastic scattering (T' = n, e);
X X ]
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RBosonic arsorption @)
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o Absorption of bosonic dark matter

X
T
'3
T i
3
o Recoil energy: Er ~ m,, FH
. 2
O nghter DM (by ~ v ) E XENONI) —
. . XENON100 ---
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0 Metastable for m, < MeV
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Fermionic arsorption

>
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"Neutral current"
X v

T T

0 Mass range:

"Charaed current"

keV MeV
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Neutral current processes

o Operators of the form,

X v
1 - 'R \ 1
T T
o Neutrino carries away most of energy:
E, ~ my El ~ mi/QmT

o Look for (smaller) nuclear recoil:
my ~ MeV,mp ~ 10 GeV = E} ~ 0.1 keV

o Related ideas: [Kile, Soni - 0908.3892]
[Graham, Harnik, Rajendran, Saraswat - 1004.0937]
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Features

BERKELEY LAB

o Elastic scattering (CaWOy,):
Scattering in CRESST
—_ 12
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Features

BERKELEY LAB

>
>

o Peak at £y ~ 771?,""2771'/‘, width AFp/Er ~ 107

Scattering in CRESST
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Features

BERKELEY LAB

>
>

o Peak at Fp ~ mi,/er, width AFRp/Ep ~ 107

Scattering in CRESST
= 107 T ———
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o No neutrino floor
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X decays

BERKELEY LAB

>
>

o Complete models will have decays:

/ ~ = 17
X — v XFuotv « often zero
vy

==HEAO-1
==INTEGRAL

% — COMPTEL

10* ==EGRET

== FERMI

1027

T [sec]

10%

001 01 1 10 102 105 10t
my [MeV]

[Essig, Kuflik, McDermott, Volansky, Zurek - 1309.4091]
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X decays

BERKELEY LAB

>
>

o Complete models will have decays:

A = 4
X = XFuotv «— often zero

X — vvv [XIiv] [PT'jv]  « can vanish to O(A™%)

100

I [10-®s1]

[Gong,Chen - 0802.2296]
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X decays

BERKELEY LAB

>
>

o Complete models will have decays:

- = v
X = VY XFuotv « often zero
X — vvv [X[iv] [PTjv] «— can vanish to O(A™%)
X —ee v [xI'iv] [el'je] « loop induced
X1— x2 e e + FSR
10%9 X —
(&
; q
10%)
7 v
210
~ ~HEAO-1
108 = INTEGRAL
= COMPTEL
=EGRET
107 ~—FERMI eJr
1 [T R TCRTi) 14

m; [MeV][Essig, Kuflik, McDermott, Volansky, Zurek - 1309.4091]
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X decays

>
>

BERKELEY LAB

o Complete models will have decays:

10%

¢ vy

~HEAO-1

= INTEGRAL «
=COMPTEL
= EGRET

= FERMI

R il —4
~ 27 iA A )

10 Y

10%:

001 0.1 T 10 102 100 10* 14
my [MeV] d

[Essig, Kuflik, McDermott, Volansky, Zurek - 1309.4091]
X = VY
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X decays

>
>

o Complete models will have decays:

X = VY XFuotv « often zero

X — vvv [X[iv] [PTjv] «— can vanish to O(A™%)
Y —ete v [xI'iv] [el'je] «— loop induced

X — V7YY (XT'v] F F* <« loop induced

X = VYYY (XI'v]| F FY*Fl + ... «— small
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Projected sensitivity

>

o Projected sensitivity (onc = mi/47rA4)
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Projected sensitivity

Y

o Lithium target (°Li and "Li)
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Projected sensitivity

Y

o Larger experiments
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Projected sensitivity

Y

o Hydrogen target
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BERKELEY LAB

Projected sensitivity

>

o Current experiments-larger thresholds
o Need m, = MeV

o Tune away decays?
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Charaed current processes

o Operators of the form,
X +

N N’
o Induce a 8~ or BT decay in a nucleus:
X+n—-opte = x+4N -, AN+e”
X+pon+tet = x+3N - 2 N+et

BT Hyd : ile, i - 0908.3892
o et gets most of x energy on Hydrogen: [Kile, Soni ]

Sterile v: [Lasserre et al - 1609.04671]
o B~ transition allowed if,

My > My = Ma z41 +me — Ma z
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Kinematics

>
>

BERKELEY LAB

o Best transition in SM: '0/Dy — "2 Ho (2.6keV)
o Thresholds in known experiments:
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=

BERKELEY LAB

Compute rate

o Rate analogous to neutrino scattering:

R~ Nr2XF(Z, E)ornop

My
o Coulomb enhancement
1000
~ 100F
3]
N
R
10§
L Z=10
13 L L L L
1.0 15 2.0 2.5 3.0
. E.[MeV]
o Focus on stable isotopes
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Sianal @N- i

>
>

o Multiple detection opportunities:

0.15 Blxe Blog
0.10

0.05

0.00 —.—

-0.05

AE [MeV]

] W

-0.10
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Sianal

>
>

o Multiple detection opportunities:

Shoot off electron + Nnuclear recoil

5=

0.15 Blxe Bleg

0.10

0.05

AE [MeV]

\
b

0.00

-0.05

-0.10

Signals vs Models  Direct detection Neutral current _



Sianal @)

>
>

o Multiple detection opportunities:

v decay
X t e~ \ ol
osf - BlXe Blog
0.10
> 3
§ 0.05 >
=3 N
rg 0.00—.—5
-0.05
-0.10
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Sianal

>
>

o Multiple detection opportunities:

Swiallow an electron + Nnuclear recoil

9~0-0<@

3 31 —~
0.15 Blxe Blog

0.10
= 1+
> 3
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-0.05 \\\

-0.10% | N
Details depend on isotope
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Decays

BERKELEY LAB

>
>

o Same decays as neutral current
o x —> vy
o x — v
o x — vete™

o X —vyy
O X — VYyYY-..
o Can all be suppressed by additional m%v or A?
+
X U e
w
d

(&

o Current experiments probe un-tuned parameter space!
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Direct constraints

BERKELEY LAB

Y

o LHC: A = 3 TeV
o (3 decay test of V' — A structure: (vI'e)(nl'p)

[1803.08732 - Gonzalez-Alonso, Naviliat-Cuncic, Severijns]

0*-0* I 1

~1268 z° b I

oo b B |
.

b,=20.004

Ve

F1) I S —
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Zof daughter "
-1272 An

Ca/Cv
rrareet 0

$87.972204

-1.276

s79425061 4 | [ ¢
;s Lot

875
199019952000 2005 2010 2015 2020

-128
0983 0984 0985 0986 0987 0988 .

ICV (GFV2 ]
o Fermion absorption: no interference (O(G7*A™*) vs O(G'A™?))
o Constraints satisfied if A = TeV
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Projected sensitivity

o Projected sensitivity
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Projected sensitivity

Y

o Direct detection

10746 —
1074
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N
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10
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17/‘22
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Projected sensitivity

Y

o 0v2p
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Projected sensitivity

Y

o Neutrino monsters

—46
10 T T T T || T \ T T I('{:\{{"\'I’"
LHC
1074
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BT sianal

Y

o Alternative: 5% decay
X+p—on+et

o May be only signal (asymmetric DM)

o Rate suppressed in heavy elements

1) Pauli 2) Columb
blocking repulsion

o Focus on Hydrogen targets (Borexino,SuperK)
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B* projections

>
>

o Projections from neutrino experiments:
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BERKELEY LAB

Modifying kinematic endpoint

o Can also have DM altered S* spectra

o Tritium - popular transition Ho3He4+e +v

+imy

: L L+,
| —— —

Sterile v

~
\
FARY

AM 98T =Py

Electron Spectrum (dI' / dE, )

/
i
I
/
I
!
/
I

v
/ \

Electron Kinetic Energy ( Ke )
[Long, Lunardini, Sabancilar - 1405.7654]

o Small experiments (typically ~ gram)
o PTOLEMY (100 gram)
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=

g endpoint

BERKELEY LAB

>
>

o Projections... need some optimism

1
ﬁ[l_’%z(l + Ays) n][ey" Pry
L MR | L PR R R R

1074 1073 0.01
m, [MeV]
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Conclusions

Y

o Simple question...

Can fermions re arsorred in DM experiments?

Fermion Arsorption \
N?al cilent C\I?ed c<znt

nuclear electron Forbidden  Allowed

)

Bt B
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R elation to sterile neutrinos

o Fermion absorption can occur for “classic” sterile neutrinos

o Only interaction through mixing: (£ o (sgms)vsv)

S0
X ———e— U
o Direct detection is related to  Decay

107 g
v v,e RNt
s ) :: 10 E.
z £ 10710 g
W Z ‘:’ 1071 g
Fao2 2

N N/ gw»ls g /

10”

Dark matter mass My, [keV]
[lots of people - 1602.04816]

A? ~ mW/Sg (100 TeV) (hard)
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Model (NCH

o UV completion: U(1) broken at a TeV (my = TeV)

Lo gx( D QeGua + QXX’YMX)Z :
qgeu,d

o “Protophobic’ Q, = —1/3, Qq = 2/3
o Integrating out Z’:

9% QqQ
Lo P X pylnyy,x
Z/

o So far model only has elastic scattering
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Model (NCH

o Now suppose we have some mixing between x and v:
LOoH (y17 + y')_() Prl + mxPrv +m'yx
o Mixing between states:
y'v

m
0R ~ - and 0L =
m m

o Set mixing between left handed states to be small (v — 0):

2
L5 QXqux'SGR

ny,n XvuPrv + h.c.
m,

o Additional interactions induce x — 3v

o'y g o sSR => easy to suppress
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Model (COH

>
>

o Consider hypercharged, SU(2)-singlet, scalar, = (Y = 1)

o It can have interactions:

L > gx (Qe¢™ XPre + ¢~ QquPrd)

o Integrating out scalar:

LD gXQqu ===y PreuPrd

m?

¢
X _
o Leading decay: u, d ¢
. w
Y v
o+

5%



Electron scattering

o xe — ve: natural place to look for fermion absorption

o B, ~ mi/me
0 keV DM = E, ~ eV
o Reach Tremaine-Gunn!
o Decays are suppressed

(no x — e*e v, small m)
o Only have

X — VY, VY, 3, ...

o Direct detection: Hard to compute

o Future work...
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Indirect detetion

>
>

Rich indirect detection signatures
Decays always present

Excess of events in baryon rich regions
CMB constraints:

o O O O

2
nxnb <UU>Xn—>ep = nX <UU>XX—>3+ e—
Qb myp
= (oV = —— oV -
< >Xn—>ep QX mX < >Xx—>e+e

=2 x 107 38¢m?

©)

(much larger than our parameter space)

©)

Can you do better with specialized indirect detection?
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