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What is boosted DM?

e A small DM component with kinetic energy exceeding the galactic escape
velocity and not gravitationally bounded to the halo.

e [WO cases:

o Annihilation/decay of heavy DM into lighter, fast-moving DM (classic
"boosted DM")

o Scattering off energetic SM particles like cosmic source (our case:
“upscattered DM”)

e Though distinct, “upscattered DM” is often grouped under “boosted DM”
and thus, we too jumped on the same bandwagon.
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Why Boosted DM?

« Standard halo DM is non-relativistic.

 For m ~ 1 GeV, KE is roughly 1 keV, which is barely above detection
threshold

* Direct detection sensitivity drops sharply below GeV scale due to limited
energy transfer in DM-nucleus scattering
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Why Boosted DM?

« Standard halo DM is non-relativistic.

 For m ~ 1 GeV, KE is roughly 1 keV, which is barely above detection
threshold

* Direct detection sensitivity drops sharply below GeV scale due to limited
energy transfer in DM-nucleus scattering

|
Typical velocity: v~ 1077¢ = K~ Emﬂ ~mx10® = K~ 1keV
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Dark matter halo

Cosmic ray source
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Dark matter halo

Cosmic ray source

Formation of Cosmic ray up-scattered DM
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Dark matter halo

Cosmic ray source

XENONNT

Formation of Cosmic ray up-scattered DM
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Cosmic ray source

imilarly Diffused Supernova Neutrino background
up-scatters DM.

,, -~

XENONNT

Dark matter halo Formation of Cosmic ray up-scattered DM
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e Sources: CR electron, CR proton + He, DSNB
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Boosted Dark Matter Flux

e Sources: CR electron, CR proton + He, DSNB
* Restricting analysis to heavy mediators

 Light mediators are already ruled out as they lie within current
constraints.

 Model independent approach

 We consider cases where the cross-section Is constant and energy-
dependent cross-section scalar mediated and vector mediated
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CR - Boosted Dark Matter

AdD P 00 d(I)LIS do
O _p L A,
AT, ~ "M, J iy, dT; T,

| ) 2T (m; + M)
TMNT) = = —m ) [1£4]1+=2 2
- \ M,(2m; — T,)>

Tushar Gupta ICDMS 2025, Queen's University



Tushar Gupta

CR - Boosted Dark Matter
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CR - Boosted Dark Matter

dCD)( o0 dq).LIS da
—~ =D, J - dT
dTl y Tmin(T,) dT’ dT
DM number
density

] T, 2T, (m; + M)
TMiN(T ) = m; | [1£4]1-
- 2 \ M,(2m; — T,)?
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CR - Boosted Dark Matter

dT)( rmn(T,)
DM number Differential
density Cross-section
where,
| T 2T (m. + M. )*
Tl,mm(T)() — £ m, 1+ .1 +—2 £ -
2 \ M,(2m; — T,)
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CR - Boosted Dark Matter

C tant da)(i Oyi h 7'max le T zm’.Ti
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onstan ar, e LT T4+ M)2I(2M,)
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CR - Boosted Dark Matter

y— doy; 0y here 77Max T7 +2m,
— ,  Where —
onstan dT, T 4 T; + (m; + M)/ (2M,)
P
Scalar @ I ﬂ M, + T,)2m; + M, 1))
dr, » O\ 42 ScrL ™
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CR - Boosted Dark Matter
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CR - Boosted Dark Matter

Constant w0 i where T I+ 2mT,
onstan = , =
dT, — Tmax o T; + (m; +M,)*(2M,)
2
Scalar <@> _ (_M% ) CM, + L)em + M, 1)
X max
dT)( el 4,0!5( SCRT)( d
Vector do,, M, <2M%(mi T)" = TGm+ My)y" + 2M,T) + M,T, )
=0, —
4 vect ' Z'M’%( Scrl 7™

 For CRp+He, we need to add a

scattering form factor for DM-nucleon Gig*) =
interaction
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CR - Boosted Dark Matter

" do,; O, - max T? +2m;T,
= , Wwhere =

onstan dT,  Tmax LT T4 (my+ M)2I(2M,)
Scalar i\, (M) EME L)@+ M,T)

dT)( scal 8 4’“ l%( SCRT)I(n N

2 _ . 2 . 2

Vector i\ _, (M <2M%(mi T L+ M+ 2M ) M”T)f)

M)\ sl P

* For CRp+He, we need to add a 1
: 2
scattering form factor for DM-nucleon G(q”) = (1 + g2/A2)2

Interaction
* Spin-independent scattering
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DSNB - Boosted Dark Matter

 Hypothetical flux, parameters from numerical simulations of supernova
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DSNB - Boosted Dark Matter

dq))( _ Dyato j > dq)zt/()t dGX Y dE
I 1%

 Hypothetical flux, parameters from numerical simulations of supernova
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DSNB - Boosted Dark Matter

dq))( _ Dyato joo dq)zt/()t dG)ﬂ/ dE
I 1%
do O
§77 §77
— (T E)—-T
ar, = T, o T

 Hypothetical flux, parameters from numerical simulations of supernova
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CRe + Neutrinos

(Electrophilic)

Boosted Dark Matter Flux

CRn + Neutrinos

(Nucleophilic)

ICDMS 2025, Queen's University



Tushar Gupta

CRe + Neutrinos

(Electrophilic)

Boosted Dark Matter Flux

dT

X dT,

CRn + Neutrinos
D (dq>%> ) (dq)%) (Nucleophilic)
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Boosted Dark Matter Flux

- - Constant
—— Vector
5
v 10°
FEN
@N
UX
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Boosted Dark Matter Flux

- - Constant
—— Vector

m M,=10" MeV

m M,=10"MeV

m M,=10° MeV
10° 10° 10" 10°
T, (MeV)

- Constant

—— Vector

T,d®,/dT, (s'cm™)

CRe + Neutrinos

(Electrophilic)

tot
avy ([ do, dP,
dT dTl’ dT

x 2/ CR X/ DSNB

Scalar

CRn + Neutrinos
(Nucleophilic)
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CR - Boosted Dark Matter

dT)( rmn(T,)
DM number Differential
density cross-section
where,
| T 2T (m. + M. )*
Timm(T)() — “ m, 1+ [1+—2 ‘ ;
2 \ M,(2m; — T,)

Tushar Gupta ICDMS 2025, Queen's University



Boosted Dark Matter in Detectors

X
—— = I, 8 (Ex T,
Ak ryine \ 9Ly
Number of Differential
target nuclel Cross-section
where,

- E, 2ER(m; + M)()Z
T)( (ER) — 2 M)( 1 i \1 | ml(ZM)( B ER)2
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CR - Boosted Dark Matter

Constant i % \here T T + 2mT
— , WICTIC —

onstan dT, ~ Ty Yo T4 (mp+ M) (2M,)

Scalar o\ _ M (2M,, + T,)(2m; + M,T))
dT)( scal 8 4’“ l%( SCRT)I(n .

Vector o\ (M, <2M%(mi T)" = TA(m;+ M,)* + 2M,T)) + M,T; )
dT)( vect : Zﬂl%( SCRT)I(naX

* For CRp, we need to add a scattering G(q?) =
form factor for DM-nucleon interaction | (1 +q*/A7)?

* Spin-independent scattering
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Boosted Dark Matter in Detectors

do,. o, T? + 2M.T
Constant =~ = ——, where Eg* = - ){2%
do,, m, \ 2m;+ Eg)2M; + m;Ep)
Scalar i) i\ a2 S B
2 2 2
Vector AN (2, (M, + Ep)? = Egl(m, + M,)? +2mT, ) + mER
Er ) o  \ M s, Eps
» For nucleon recoil rate, we express it in bp = N

terms of electron equivalent energy as
Lindhard quenching factor
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Constraint in CRe + Neutrinos (Electrophilic) case

Heavy mediator (Super-K)

Solar reflection
(XENONI1T)
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Constraint in CRp + Neutrinos (Nucleophilic) case

Heavy mediator XENONRNT) Heavy mediator (Super-K)
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Backup 1

dR (B © 4O do, )
o~ Yex EN N: TJ ——dl
dEy exp ruincg,y AT, dEy *

dR  dR 1
dEx  dEx O(E,) + Byl

2
R (DCReO-)(e T (I)DSNBG)(eG)(V

k(1 +3e%1° +0.7¢%° + ¢)
1 + k(1 + 3€0-15 4+ 0.7¢0-6 + ¢)

Q(Ey) = e = 11.5Z7"°(Ey/KeV), k=0.145

Tushar Gupta ICDMS 2025, Queen's University



Backup 2

Constant
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