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BOOSted Dark Matter Note: Throughout this talk, we denote DM as

Dark Matter particle with sufficient kinetic energy

Multi-component DM Semi-annihilation
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Kinematics
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Note: v = 776 km/s, m; = m(1*'Xe) ~ 122 GeV are used in the graph




Boosted Dark Matter from Semi-annihilation

¢ can be SM species!

* Single Component DM is enough for semi-annihilation
* | ess uncertainty in the BDM flux

* Monochromatic kinetic energy distribution
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Boosted Dark Matter from Semi-annihilation

What’s the matter?

Almost every studies on semi-ann BDM model simply ‘assumes’
an additional semi-ann process and analyze the BDM flux/detection rate

This may be misleading:
because the BDM flux and detection rate are highly correlated with other
phenomenological quantities so they must be analyzed simultaneously

Only a few work address this point




The Goal of This Work

BDM Detection

Elastic scattering
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The Goal of This Work

BDM Detection @ f=====-=--- Main Goal!

Elastic scattering

cross-section BDM Flux * Explain the link:

how the quantities are
correlated in semi-annihilating

BDM models
DM Relic
* Present how semi-annihilating
models should be analyzed.
DM annihilation DM semi-annihilation
cross-section cross-section

Indirect Detection Signal

By-product Flux




The BDM Detectability

The Primary Object on Any BDM Model
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The BDM Detectability

The Primary Object on Any BDM Model

BDM Detection
scattering
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Relic Density of BDM

Boltzmann Equation for semi-annihilating DM
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The Annihilation of semi-annihilating DM model

BDM Model aiming at direct detection naturally implies an annihilation channel
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Detection Annihilation

Possible Exception: electrophobic & lighter than pion




The Annihilation of semi-annihilating DM model

Sufficient annihilation is also required for enhancing the visibility of BDM

Differential Rate per target mass Annihilation and o, share the
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Semi-annihilating model’s
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The Boosted By-product

¥ 3
Semi-annihilation

(Kinetic Energy /m,)

Y ¢] By-products!
€ Always have greater kinetic energy than BDM
5 qu + Additional flux from annihilation
Annihilation * No reason for ignoring them




Summary of Flow

BDM Detection

6
Elastic scatt_erlng BDM Flux
cross-section
Constraint 3: |
DM Relic Model dependent |
Constraints
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Relic Density Analysis
DM annihilation DM semi-annihilation
cross-section cross-section
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By-product Flux Indirect Detection Signal



Spoiler

Semi-ann BDM model’s main advantage:
Single component DM setup seems hard to realize in a realistic model



Example Model 0

Simplified version of M. Aoki and T. Toma’s Model (arXiv:1405.5870)

L = P(i7" D = my) + [ Dunf? + 10X + (y/mbPoLi + b0 + he. ) = V(H, 7, x)

A\ o b\
V(H,0,x) = g | HI? + p[n]* + m3IxP® + 5 H|* - y n)* A 4X|><|4
,UN
+ Xa[HInl* + Xa(H ') (0" H) + Xy [H P X + Ay Inl* [x[? + (M;(HTU)XT - h.c.>
Role SU(2)gw VEV

" DM Singlet : Higgs SSB
X |Additional Scalar Singlet 0 ﬁ (770) _ ( Cor Sa> <¢H>
n |Additional Scalar|Doublet: 7 = (n™ n°)T| 0 X —Sa  Ca) \ QL

(0 (0 (0 (0

< - | ¢H,L
" y " P i G y

Semi-annihilation process




Example Model 0

Simplified version of M. Aoki and T. Toma’s Model (arXiv:1405.5870)

L = P(i7" D = my) + [ Dunf? + 10X + (y/mbPoLi + b0 + he. ) = V(H, 7, x)
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DM couples only to the electron (among leptons) - i ﬂ Ly
for simplicity and to evade LFV constraints T )
Example of LFV

Total seven parameters for DM rellc
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Relic Density Parameter Scan

First Constraint on parameters

Constraint 1:
Relic Density Analysis

Parametric Estimate
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(For m, < m, < My, > M o+ limit)

We take this relation as a guide for setting the scan ranges.
A Monte-Carlo scan then maps out
which regions of the parameter space remain viable.
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BDM Detectabllity

Two kinds of the targets: electron and nucleus . .
Elastic scattering
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Dipole Form Factor is used
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Nuclear Target

(One-loop suppressed but still

comparable to electron target) See 1405.5870 for 5,




BDM Detectabllity: Few Remarks

Before considering other bounds BDM Detection

_|__

BDM ER Event Rate vs (ov)g,/{ov):, ¢ (All Relic, e = 1)
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Boosted By-product

Boosted Neutrino!

Constraint 2:
Indirect Detection Signal

Boosted-neutrino Signals vs Galactic 119 — v Bounds
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Significant neutrino flux from semi-annihilation




Model Specific Bounds

Bound from yy — ete™

Constraint 3:
Model dependent

Indirect-detection Bounds on 1) — eTe™ (s-wave)
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Model Specific Bounds

Bound from Collider

Constraint 3:
Model dependent
Constraints
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Note: Gray region is approximate bound.
Some points within the gray region survive due to their low branching ratios.



BDM Detectabllity

Two kinds of the targets: electron and nucleus . .
Elastic scattering
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Dipole Form Factor is used

1-F?)  ra=(1+5)

Nuclear Target

(One-loop suppressed but still

comparable to electron target) See 1405.5870 for 5,




BDM Detectabillity

How phenomenological bounds carve BDM detectability BDM Detection
BDM ER Event Rate vs <av>8a/<av>gzﬁ_ (All Relic, e = 1)
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BDM Detectabillity

How phenomenological bounds carve BDM detectability BDM Detection
BDM ER Event Rate vs <Uv>sa/<av>gzﬁ_ (All Relic, e = 1) BDM ER Event Rate vs <0v>sa/<av>fu+1§_ (Survivors, € = 1)
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Few survivors with lower detectability!




Conclusion

 Boosting Dark matter via semi-annihilation is well motivated due to Its
simplicity.
But the general methodology for analyzing Semi-ann BDM model has not
been developed.

 We argue careful analysis is needed for the semi-ann BDM model.
In particular, their annihilation and by-product detectability are important.

» We apply our methodology to a simple model with yy — yv

There, the neutrino signal outpaces the BDM signal, suggesting that a
realistic semi-annihilating BDM model is not easy to construct.

Thank You For Your Attention!




Backup




Kinematics

Detector Threshold list

XENONNT |LUX-ZEPLIN| PandaX-4T
NR 3.3 keV 5.4 keV 1.1 keV
ER 0.5 keV 0.9 keV ~1 keV

Lighter DM at the sub-GeV scale is
hard to detect with conventional
techniques!




The Boosted By-product

Which kinds of by-product are possible?

Bosonic DM - Bosonic EM neutral by-product (which could be off-shell)

» Additional Dark Species - (Multi-component DM model)

« SM option 1: off-shell &, Z. (y, g seems not plausible.)

— In this option, semi-ann of sub-GeV DM should be 2 — 3 process!
d—N—(S(EK 5mimi>
Monochromatic BDM Energy spectrum £« myJ'is no more valid!

« SM option 2: EM neutral mesons (JZ'O etc)
— DM mass must be greater than m_o




The Boosted By-product

Bosonic semi-ann BDM to SM induce energetic secondary photon!

Y Y
. Secondary photon from
g h< boosted charged particle in galactic media
o ‘

q
< %:f/%
i IR Secondary photon from neutral pion decay




The Boosted By-product

Which kinds of by-product are possible?

Singlet Singlet
Fermionic DM - Fermionic EM neutral by-product Y y
Single
» Additional Dark Species - (Multi-component DM model) _331_;_@__
: : : Doublet
 SM option: exclusively neutrino
To respect SU(2); symmetry, three options Sinejet ol
» Option 1: DM charged under SU(2); (Seems not good) /

» Option 2: mediator coupled to DM & neutrino charged under SU(2);
(at least two mediators, each SU(2), singlet and doublet required)

* Option 3 : DM interact with right-handed neutrino.




Comparison

Boosted DM vs Boosted Neutrino

BDM vs Boosted-neutrino Detectability of Surviving Points

100 4L 8yt v CEvNS HK coverage (proj.)
BDM NR JUNO coverage (proj.)

— BDM ER *  JUNO/HK reach

|| 10 ’ I

=3 _::::._,,______‘ﬁ_{_&_ .

W -we=Ilt
~— N N RN e N e e
/F-—i\ 10_4 i ol re e I

7 . .

- oo % &

S
£ 107 T e
T 2

+~

S 1ot ’ .

= ® “e

O N

'U Qo © ° o ®

D ™ ®" o © ° o) o ©° (]

§ 10_10 ) . . ¢ I ..‘. o*’

o,

G>§ 12

107+
104 —
1072 1071

DM Mass my, |GeV]

In this example model, BDM is produced but by-product is far more visible!



